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ABSTRACT 

 

The 3D EXPERIENCE PLATFORM is a business experience platform. It provides 

software solutions for every organization in your company form  Marketing to sale to 

engineering that help you, in your value creation process, to create differentiating 

consumer experience, with a single, easy to use interface, it powers Industry solution in a 

collaborative, interactive environment. It is available on premise and on cloud.  

 

DASSAULT systems offers industry leading application delivered on the 3D 

EXPERIENCE platform: Design &Engineering, Manufacturing & Production Simulation, 

Governance & Life cycle, 3D Design Experience for Professionals, as well as a broad 

catalog of services 
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CHAPTER-1 

INTRODUCTION TO 3D EXPERIENCE 

 

 Consumers today demand experiences that enrich their lives in meaningful ways. 

Experience thinking is a framework for innovation, focusing on engaging consumers with 

breathtaking experiences that are smarter, intuitive and sustainable. Experience thinking 

persuades the organization to define the product and related services in the context of the 

customer usage – a holistic approach to creating value for the customer. Experience thinking 

encourages companies to consider all aspects of the consumer’s experience – only possible 

when all the players in the innovation process from marketing, sales, design, engineering, 

manufacturing and the supply chain work collaboratively.  

 

 The 3DEXPERIENCE platform and apps digitalize the customer experience, with 

capabilities to analyze, design, simulate, engineer and realize experiences. Innovators develop 

a deep understanding of their customer’s operating environment by analyzing social and 

usage information on the platform with a data-driven approach. The experience is modelled 

in the context of the operating environment, capturing intelligent interactions between the 

environment, consumer, product and digital capabilities that harness operational data and 

provide insightful services. Enterprises then simulate and optimize their offerings 

encompassing all customer scenarios. During the operating lifecycle, this model is enriched 

with valuable insights gleaned from the usage data, setting the stage for the next cycle of 

innovation.  
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3DEXPERIENCE is the most advanced software for product and learning innovation, is 

available in the cloud or on-premises, within your own operating environment. Both options 

bring new capabilities to educators and students who want to experience the engineering 

practices of industry leaders for increased employment opportunities in the new global 

economy. Years of collaboration with educators and students across a wide variety of 

institutions and disciplines has led to a flexible, tailored set of learning solutions. 

3DEXPERIENCE for Academia encompasses a suite of world-class integrated applications: 

 CATIA for product design 

 DELMIA for digital manufacturing  

 SIMULIA for realistic simulation 

 ENOVIA for collaborative innovation 

 3DEXCITE for high-precision rendering and interactive immersion 
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3DEXPERIENCE platform builds on the V6 digital architecture and adds information 

intelligence, dash boarding and social collaboration capabilities. Businesses now create a 

private social collaboration environment on the platform and involve employees, partners, 

suppliers, consumers and other stakeholders as active participants in the innovation process. 

Leading organizations now adopt a big-data approach to understand all aspects of the 

customer experience in a data-driven manner and then model and simulate all aspects of the 

customer experience – virtually perfecting the experience before launching the product to 

market. 

3DEXPERIENCE ESSENTIALS 

3DEXPERIENCE Essentials is a broad application set built on the Business and Industry 

Innovation baseline, encompassing a vast set of Dassault Systems solutions. 

The ideal basis for universities or technical colleges to support their transition to project-

based or student-centered learning, 3DEXPERIENCE Essentials provides a complete digital 

framework for team-based ideation, contextual learning, collective innovation, solution 

creation and various methods for project evaluation. 3DEXPERIENCE Essentials includes 

advanced ENOVIA capabilities for configuration management, requirements management, 

change management and compliance processes.  

 The Essentials package bundles a large sub-set of CATIA design functions and 

enables conceptualization and detailing of virtually. 

 Using DELMIA digital manufacturing tools makes machining, robotics and rapid 

prototyping an integrated exercise, ensuring manufacturability of designs and 

streamlining of manufacturing programming.  

 Right-first-time practices are reinforced through mechanism simulation and 

associative stress analysis using SIMULIA and ergonomics simulation.  

 The fundamental capabilities of additive manufacturing are built-in for powder-bed 

fusion additive manufacturing, including nesting, automated support design and laser 

path optimization.  

 Converters to and from other applications, as well as 3D printing output formats, are 

available for exchanging data with various partners and devices. 

 A fundamental enhancement in 3DEXPERIENCE Essentials is the possibility to 

create hybrid assemblies mixing new data with legacy models from version 5. New 

functionalities can so be applied on existing courses examples without re-creating 
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them. Projects started in V5 for instance students’ competitions can easily progress in 

the up-to-date version. 

Common apps and services to connect everyone to the platform 

 The 3DEXPERIENCE platform provides the underpinning apps and services that 

enable the transformation to a digital, data-driven, model-based environment. The common 

apps and services provide an effective way to connect everyone early in the innovation 

process. Social collaboration with 3DSwym is a great way to harness the innovative ideas 

from everyone. With the 3DDashboard users monitor the things they care about – follow 

online trends, be alerted by data feeds, and at the same time monitor enterprise processes and 

data. Users see everything that's happening, 24/7, all in one dashboard. With 3DDrive users 

securely store their documents on the cloud, access them from any device and share them 

with co-workers and collaborators across the value chain. Users collaborate instantly using 

3DMessaging with immersive visualization of 3D assemblies with 3DPlay.  

 

In this internship program we learned about CATIA, SIMULIA and DELMIA. 
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CHAPTER-2 

CATIA 

    2.1 Introduction to CATIA: 

 CATIA is the mechanical design software and is capable of addressing the complete 

product development process, from product concept specification through product in service 

in a fully integrated and associative manner. CATIA mechanical design discipline products 

accelerate core activities of development from concept to detailed design on to drawing 

production .mechanical design products also address sheet metal requirements and mold 

manufactures using dedicated applications that dramatically enhance productivity and 

strongly reduce time to market. 

 In 3D Experience CATIA is present in 3D icon which consists of 3D Modelling apps. 

Workbenches in CATIA 

 Part Design 

 Generative Shape Design 

 Assembly Design 

 

2.2 Part Design 

Catia provides you so many features which make creating complex mechanical design in a 

simple task. The objects created in sketcher are converted into the solid part with the help of 

part modeling tools. 

Features 

 Advanced complex features for dedicated best practices 

 Knowledge templates repository approach 

 Comprehensive specification approach for value added process reducing geometry 

definition and rework 

 Process features oriented 

2.2.1 Tools  

 Pad  

 Pocket 

 Shaft 

 Groove 

 Hole 
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 Rib 

 Slot 

 Multi-Section Solid 

Pad: Pad tool has the ability to convert any sketch into solid part with given length. If any 

geometry also there in between the outer boundary pad operation considers it as an empty 

space. 

 Select pad tool  

 Define types of pads that are 

 Dimension 

 Up to next 

 Up to last 

 Up to plane 

 Up to surface  

 Select sketch 

 if you want it to be hollow than select tick option and give limits of thickness 

 If you want to extrude body in both sides than check option more and again select 

type and dimensions for second side. 

 Select OK for implementation 

Pocket: Pocket is just opposite operation of pad. Operation process is same as pad tool, all 

other options are also same as pad the only difference is removal of material in spite of 

generating solid part. 

Shaft: Shaft tool is an operation in which any sketch rotates about an axis and forms a solid 

part. From this operation we can generate any geometry which is symmetric about an axis. 

 Draw the sketch with axis line. 

 Switch out from sketcher and select Shaft Tool to revolve sketch 360 degree. 

 Axis should be draw with sketch. 

 Select OK for implementation.   

Groove: Groove is just opposite operation of shaft. Shaft makes solid part by revolving any 

sketch about an a groove removes material by revolving about an axis. Sketch profile must be 

closed one for this operation. 

Hole: This operation makes a hole that tab be used for bolted joint or for a tap or for any 

locator pin. Hole can be made thread 
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Rib: Rib operation will increase a 2D profile along to the center curve and create a 3D solid 

object. steps are as follows. 

 Draw a Center curve  

 Select a plane at perpendicular direction of the end point of a Center curve 

 Draw Profile at that Plane  

 Switch out the sketcher  

 Select rib tool 

 Select profile first 

 Select center curve 

 If all given parameter are correct then it will show you a preview  

 Select OK for implementation 

Slot: Slot is just opposite operation of rib. All the procedure of working is same but slot 

removes material according to sketch and rib makes solid part. Here also we follow 

same procedure as in rib. 

Multi-section Solid: Multi-sections solid   can be created by joining two or more section 

curves along the calculated or user-defined guiding curves. One or more leading curves can 

be used. The result is a closed volume. Some other important tools used in part design are   

 Fillet 

 Chamfer 

 Draft 

 Shell 

 Thickness 

 

2.2.2 Procedure  

 Open 3d experience  

 Click on 3d icon at top left corner  

 Select part design 

 Click on body  

 Click on sketcher  

 Select the plane to draw 

 Draw the profile of the required part  

 Click on exit icon  

 Select the required operations like pad, shaft etc. 
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For another operation on the same part select another body  

 By using sketcher draw another profile 

 Perform pad operation  

 Based on the required add or remove the body from another body. This process is 

known as Boolean operation. 

 Perform operations like fillet, chamfer as for the requirement. 

 

Fig. 1 
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Fig. 

 

Fig.  
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2.3 Generative Shape Design 

 Generative Shape Design helps to design advanced shapes based on a combination of 

wireframe and extensive multiple surface features. t provides a large set of tools for creating 

and editing shape designs and, when combined with other products such as CATIA Part 

Design, it meets the requirements of solid-based hybrid modeling. 

2.3.1 Tools  

 Extrude surface 

 Revolve 

 Sphere 

 Cylinder 

 Sweep 

 Fill 

 Join  

 Split 

 Trim 

 Boundary  

Extrude Surface: This tool extrude surface from already created profile on perpendicular 

direction of plane selected. 

 Select the tool 

 Select profile and plane extrusion 

 Now give limits that is length of extrusion in both sides 

 Select ok to implement the work 

Revolve:  This tool is used to create circular surface. 

 Draw a open sketch with a axis line 

 Select revolve tool 

 Select profile to be revolved  

 Select axis line if it is not in sketch  

 Define start angle and end angle  

 Select OK to implement 

Sphere 

 Select sphere tool  

 Select center point  

 Remain sphere and default  

 Define the radius of sphere  
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 Select the sphere limitations 

 Select OK to implement 

Cylinder: Draw Cylinder through specify point and direction 

 Create a point on a plane 

 Select cylinder tool  

 Specify center point  

 Select plane for direction 

 Specify radius 

 Specify length1 and length 2 

 Chose minor extent or Reverse 

 Direction When required 

 Select OK 

Sweep: This the most important tool used in surface design. we can use this tool for 

generating any type of surface that may be straight or it may be twisted or curvilinear form. 

Types of sweep 

 Explicit sweep 

 Linear sweep 

 Circle sweep 

 Conical sweep 

Fill: Fill command is used to crate surface between some intersecting curves but it must be 

closed. 

 Select tool 

 Select curves 

 Choose continuity 

 Press OK 

Join 

 The Join tool is used to join two adjacent surfaces or two adjacent curves. 

 Choose Join button from the Operation toolbar  

 The Join Definition dialog box is displayed 

 You are prompted to select the elements (curves or surfaces) to be joined 

 Select the elements that you need to join 

 Remember that there should not be a large gap between the entities to be joined. 

 Choose the OK button from the Joint Definition dialog box to complete the join 

operation 
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 The surfaces or curves that are joined together will behave as a single entity 

Split: Split This tool will split the surface about any curve and the selected surface. 

 Select split tool 

 Split dialog box will open  

 Select a surface to split 

 Select a curve at surface as a cutting element. 

 The resulting surface will ready to preview for you. 

 Select other side to change side of split 

 Select OK 

Trim:  The Trim tool allows you to trim two intersecting surfaces or curves with respect to 

each other 

 When you choose this tool, the Trim Definition dialog box will be displayed 

 Choose a surface as the first element and the other surface as the second element. 

 One side of each surface will be displayed as transparent. 

 You can choose the other side button to reverse the sides of surfaces to be trimmed. 

Figure shows the surface Trimmed using the Trim tool. 

 Figure shows the trimmed surface when the other side buttons are selected for both 

 Surfaces from the Trim Definition dialog box. 

Boundary: Boundary tool will defines the boundary of a surface according to you. This will 

useful if want to use semi boundary of any sketch for our next operation 

 Create surface as shown figure 

 A dialog box open  

 Select surface whose boundary need to redefine 

 Select limits for new boundary 

 These limits must cross that existing surface at any point and the selected limit sketch 

will not overlap with surface 

 Ok for implementation 

2.3.2 Procedure  

 Open 3D Experience 

 Click on 3D icon at the top left corner  

 Select generative shape design 

 Click on sketcher 

 Select the plane to draw the profile 
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 Draw the profile  

 Extrude the surface of the profile 

 By using offset planes  draw remaining profile and extrude the surfaces 

 Fill the closed curves according to requirement 

 Join all the surfaces  by using join command 

 Trim the extra projections by using trim command 

 After joining all the surfaces inn single surface fillets are made 

Components designed by using generative shape design: 

 

Fig. 

 

Fig. 

 



 

 

19 

 

2.4 Assembly Design 

Assembly modeling is the process of creating designs that consist of two or more Component. 

Assembled together at their respective work positions. The components are brought together and 

assembled in Assembly Design workbench by applying suitable parametric assembly constraint to 

them. The assembly constraints allow you to restrict the degrees of freedom of components on their 

respective work positions. The assembly files in CATIA are called Product files 

.  

2.4.1 Product Structure Tools 

Inserting a existing part: This tool inserts a part which is already created and saved into 

.CATPART file. This insets the part in non position mode. 

Insert a new part: This toll gives us a way to create a new component in the assembly workbench. 

Insert new product: This tool is used for inserting another product in the same assembly file. This 

is used where assembly are there in the same product. 

Replacing a Component: If you places wrong component in assembly then use this tool for 

replacing it by a correct one. 

 Select a component to replace  

 now select replace component tool 

 The window will open which contains CATPART files 

 Select new part 

 Select OK for Implementation. 

Multi Instantiation: This is a tool which can create multiple copies of an inserted part without 

inserting it again and again. It can set them at specified direction and distance from its parent part. 

 

2.4.2 Move Tools 

Manipulation: Manipulation tool is a small subgroup of tools used for moving a component inside 

the assembly design workbench. This tool includes the tools used to rotate, translate, and move 

tools. Manipulation tool consists of 

 Drag along X-axis 

 Drag along Y-axis 

 Drag along Z-axis 

 Drag along any axis 

 Drag along XY Plane 

 Drag along YZ Plane 

 Drag along ZX Plane 
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 Drag along any  Plane 

 Drag around X-axis 

 Drag around Y-axis 

 Drag around Z-axis 

 Drag around any axis 

Snap Tool: The snap tool is used to move the component by snapping the geometric element of the 

first component on selection of the geometric elements. The element selected first will move to 

snap the second element. 

Explode: Explode is command which will breaks your assembly or subassembly and will show 

you all its -components individually. 

 

2.4.3 Constraints 

Coincidence Constraint: This constraint will make coincidence the centre lines of two cylindrical 

components 

Contact constraint: This constraint will connect surfaces of components. The connected 

components have no space between these two surfaces. 

Offset constraint: Surface constraint will create zero gap between two surfaces but if it is desired 

to make some distance then offset tool is used. 

Angle constraint: This tool I used for placing two components at an angle. 

Fix together: This is a constraint which fixes two components together. If you want to perform 

any manipulation operation or you are assigning any constraint on any of these components it will 

automatically applies on other because they both are fixed together. 

 

2.4.4 Procedure  

 Open 3D Experience 

 Click on 3D icon at the top left corner  

 Select assembly design 

 Import all the parts required for the assembly. 

 Click on insert existing part 

 Click on physical product at the top of the tree located at top left corner. 

 Select all the parts and import them to the assembly window. 

 Perform the manipulate operations to move the parts and place them in sequence. 

 Fix one part as the reference and assembling should be carried. 
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 Give coincidence constraint to the parts. 

 Then give contact constraint to the parts to complete assembly 

Assembly of screw jack: 

 

Fig. 
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CHAPTER -3 

SIMULIA 

3.1 Introduction 

SIMULIA is a complete suite of powerful and realistic solutions that enable users to 

explore the real-world behavior of product, nature, and life.  SIMULIA makes virtual 

testing a standard business practice that improves the product performance, reduces 

physical prototypes and innovation .It allows the simulation of the designed model by 

various input parameters. 

Workbenches in SIMULIA 

 Material Definition  

 Structural Model  

 Structural Scenario 

3.2 Simulia Procedure: 

  Material definition 

 Open 3d experience software 

 Design a component using part design  

 Then for simulation click on V.R  

 Select material definition. 

 After opening material definition create a material and name it as steel. 

 In top left corner of the 

window a tree related to the 

material is appeared. It 

contains Material 

appearance domain and 

Material simulation domain. 

Click on material simulation domain 

and add required properties of the 

material like density, Young's 

modulus, poison ratio etc. 
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 Go to part body created before. 

 Click on pick material option in the tool bar located at bottom 

 Go to material editor tab and click on steel and the click on product to apply the 

material. 

Structural model 

 Go to V.R and click on structural model. 

 Click on finite element methods option which is appeared on the tree. 

 Click on nodes and elements then toolbar bar is appeared at the bottom. 

 Click on mesh icon and select the mesh type. 

 Give mesh size and then apply the mesh by selecting the body. 
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 Click on finite element methods. 

 Click on properties and select solid section. 

Structural scenario 

 Go to V.R and click structural scenario and select simulation type. 

 

 Click on setup from the toolbar located at the bottom and click on finite element 

model appeared in the dialogue box 
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 Click on procedure and choose the type of procedure. 

 

 Click on restraints and choose type of support. 
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 Click on loads and apply the loads required. 

 

 Click on simulate and the click on simulation checks. 
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 Simulation status is appeared. 

 

 

 

 Finally click on simulate and note down the results. 
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CHAPTER-4 

DELMIA 

4.1 Introduction 

 DELMIA-Digital Enterprise Lean Manufacturing Interactive Application is powered 

by the 3DEXPERIENCE platform. 

 DELMIA Digital Manufacturing drives manufacturing innovation and efficiency by 

planning, simulating, and modeling global production processes. DELMIA allows 

manufacturers to virtually experience their entire factory production from the impact of 

design to determining how to meet global demand. These simulation activities allow 

manufacturers to better address and shift processes so as to quickly respond to the 

competition, or to take advantage of new market opportunities. 

 DELMIA Digital Manufacturing capabilities extend visualization beyond the product 

into manufacturing—providing the ability to simulate manufacturing processes before the 

physical plant or production line even exists. By proving out plant level considerations such 

as manufacturing approaches and material flow in the early stages of product development, 

the product concept can be analyzed to determine the best approach to make the product. 

 

Workbenches in Delmia 

 Manufacturing Item Definition 

 Process Planning 

 Equipment Allocation 

 Assembly Evaluation 

  Time Motion and Study 

4.2 Delmia Procedure: 

Importing product 

 Open 3d experience. 

 Click on import and import the product which is in .3dxml format. 

 Right click on product from the tree. 

 Then click on open with and select open with advanced. 

  Click on expanded with all representative children. 
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Manufacturing item definition 

 Go to V.R  click on manufacturing item definition 

 Right click on manufacturing item definition window and the click on product A1. 

 Click on manufacturing assembly and create manufacturing item product scope and 

click on product. 

  Click on Authoring from toolbar at bottom and click on Create / Update 

manufacturing. 

 Insert required number of manufacturing assemblies and spilt the product in to 

different components by using assignment manager. 
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Process planning 

 Go to V.R click on process planning. 

 Click on general system. 

 Click on manage scope and create scope. 

 Insert no. of general systems as per requirement. 

 Insert general operations and loading operations in the general systems. 

 Select the components from the tree and place them in them general operations and 

loading operations according to the assembling order. 

 Click on product flow from the tool bar and create flow between the general operation 

and loading operation in the general system and also create flow between the general 

systems. 

 

 

Equipment allocation 

 Go to V.R click on Equipment allocation 

 Right click on PPR context from the tree then click on insert resource, click on 

manufacturing cell, click on main layout , click on create stations  

 Create 4 stations each station must have one conveyor and one storage. 

 For creating storage and conveyor click on station, click on insert resource. 

 Import station with conveyor file of .3dxml format. 

 Copy the imported file and open equipment allocation tab and paste it in main layout. 

 From the imported file copy storage and conveyor and paste them in the stations 

created before. 
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 Click on create scope and create scope between main layout and general system. 

 Click on station, click on assignment manager and export general system operation to 

the station. 

 Define part position and place on conveyors. 

 

Assembly Evaluation 

 Go to V.R click on Assembly Evaluation. 

 Click on General system and Right click on Loading operation and then Create 

Track. 

 Copy the Current track to the other operations. 

 Click Live Simulate on toolbar located at bottom. 
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CONCLUSION 

From this Internship, I have learnt  

 Modelling of solid parts by using CATIA part design. 

 Creating complex shapes and surfaces by using Generative shape design. 

 Assembling of parts to form a assembled component. 

 Meshing and simulating structural components with different 

supports and loads by using SIMULIA. 

 Basic concepts and procedure of DELMIA. 
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ABSTRACT

The 3D EXPERIENCE PLATFORM is a business experience platform

It provides software solutions for every organization in your company form

Marketing to sale to engineering that help you, in your value creation process,

to create differentiating consumer experience, with a single, easy to use

interface, it powers Industry solution in a collaborative, interactive

environment. It is available on premise and on cloud. Explore the entire portfoli

Dassault systems offers industry leading application delivered on the 3D

EXPERIENCE platform: Design &Engineering, Manufacturing & Production

Simulation, Governance & Life cycle, 3D Design Experience for Professionals,

as well as a broad catalog of services



Chapter – 1

INTRODUCTION

CATIA isacronymforComputer Aided Threedimensional Interactive Applicatio

n. It is one of the leading 3D software used by organizations in multiple

industries ranging from aerospace, automobile to consumer products.

CATIA is a multi platform 3D software suite developed by Dassault Systems,

encompassing CAD, CAM as well as CAE. Dassault is a French engineering

giant active in the field of aviation, 3D design, 3D digital mock-ups, and

product lifecycle management (PLM) software. CATIA is a solid modelling

tool that unites the 3D parametric features with 2D tools and also addresses

every design-to-manufacturing process. In addition to creating solid models and

assemblies, CATIA also provides generating orthographic, section, auxiliary,

isometric or detailed 2D drawing views. It is also possible to generate model

dimensions and create reference dimensions in the drawing views. The bi-

directionally associative property of CATIA ensures that the modifications

made in the model are reflected in the drawing views and vice-versa.



The first release of CATIA was way back in 1977, and the software suite is still

going strong more than 30 years later. While CATIA V6 is just being released,

the most popular version of CATIA is V5 which was introduced in 1998. That

said, it is important to note that each version of CATIA introduces considerable

additional functionality. For example, V4 (introduced in 1192) offered

enhancements to the Assembly Modeling Product including easy-to-use

graphical tree-based assembly management. V5 and V6 saw changes in the way

data is handled. DassaultSystemes typically offers new updates, releases and

bug fixes for each version. The CATIA software is written in C++. It runs on

both Unix and Windows.

CATIA started as an in-house development in 1977 by French aircraft

manufacturer AVIONS MARCEL DASSAULT, at that time customer of

the CADAM software to develop Dassault’s Mirage fighter jet. It was later

adopted by the aerospace, automotive, shipbuilding, and other industries.

Initially named CATI (conception assisteetridimensionnelle interactive –

French for interactive aided three-dimensional design ), it was renamed CATIA

in 1981 when Dassault created a subsidiary to develop and sell the software and

signed a non-exclusive distribution agreement with IBM.

In 1984, the Boeing Company chose CATIA V2 as its main 3D CAD tool,

becoming its largest customer.

In 1988, CATIA V3 was ported from mainframe computers to Unix.



In 1990, General Dynamics Electric Boat Corp chose CATIA as its main 3D

CAD tool to design the U.S. Navy's Virginia class submarine. Also, Lockheed

was selling its CADAM system worldwide through the channel of IBM since

1978.

In 1992, CADAM was purchased from IBM, and the next year CATIA

CADAM V4 was published.

In 1996, it was ported from one to four Unix operating systems, including

IBM AIX, Silicon Graphics IRIX, Sun Microsystems SunOS, and Hewlett-

Packard HP-UX.

In 1998, V5 was released and was an entirely rewritten version of CATIA with

support for UNIX, Windows NT and Windows XP (since 2001)

In the years prior to 2000, problems caused by incompatibility between versions

of CATIA (Version 4 and Version 5) led to $6.1B in additional costs due to

years of project delays in production of the Airbus A380.

In 2008, Dassault Systems released CATIA V6. While the server can run

on Microsoft Windows, Linux or AIX, client support for any operating system

other than Microsoft Windows was dropped.

In November 2010, Dassault Systems launched CATIA V6R2011x, the latest

release of its PLM2.0 platform, while continuing to support and improve its

CATIA V5 software.

In June 2011, Dassault Systems launched V6 R2012.

In 2012, Dassault Systems launched V6 2013x.

In 2014, Dassault Systems launched 3DEXPERIENCE Platform R2014x and



CATIA on the Cloud, a cloud version of its software.

In 2018, Dassault Systems launched 3DExperience Marketplaces to connect

CATIA Users, with manufacturers, standard parts creators and engineers.

In 2019, 3DExperience Marketplaces launched an Add-in in Catia, to connect

directly manufacturers with designers.

Chapter – 2

WHAT DOES CATIA DO:-

CATIA provides the capability to visualize designs in 3D. When it was

introduced, this concept was innovative. Since DassaultSystemes did not have

an expertise in marketing, they had revenue sharing tie-up with IBM which

proved extremely fruitful to both the companies to market CATIA.

In the early stages, CATIA was extensively used in the design of the Mirage

aircrafts however the potential of the software soon made it a popular choice in

the automotive sector as well. As CATIA was accepted by more and more

manufacturing companies, Dassault changed the product classification from

CAD / CAM software to Project Lifecycle Management. The company also

expanded the scope of the software.



CATIA can be used at different stages of the design - ideate, draw, test and

iterate. The software comes with different workbenches (“modules”) that allow

CATIA to be used across varied industries – from parts design, surface design

and assembly to sheet metal design. CATIA can also be used for CNC.

CATIA offers many workbenches that can be loosely termed as modules. A few of

the important workbenches and their brief functionality description is given

WORKBENCHES:-

● Part Design

● Generative Shape Design

● Assembly

Part Design:

The most essential workbench needed for solid modelling. This CATIA module

makes it possible to design precise 3D mechanical parts with an intuitive and

flexible user interface, from sketching in an assembly context to iterative detailed

design.



Generative Shape Design:

Allows you to quickly model both simple and complex shapes using wireframe

and surface features. It provides a large set of tools for creating and editing shape

designs. Though not essential, knowledge of Part Design will be very handy in

better utilization of this module.



Assembly:

The basics of product stru

can be learned quickly. 

parts to form a machine o

 structure, constraints, and moving assemb

y. This is the workbench that allows conn

e or a component.

mblies and parts

nnecting all the



CHAPTER-3

SIMULIA

INTRODUCTION:-



All platform users can benefit from the value of simulation by utilizing the

capabilities in the simulation data science discipline taking Simulation process

&data management (SPDM) to the next level. Powerful results analytics allows

users to use simulation results to inform decision making. Democratization of

simulation results and reuse of simulation methods is enabled through

dashboard accesses to a company’s library of published methods and best-

practices. With simulation analytics, simulation knowledge and its value

becomes available for all platform users

WORK BENCHES USED IN SIMULIA :-

● Material Definiton

● Structural Model

● Structural Model

MATERAL BROWSER :-



PROCEDURE :-

Go to V.R →  Material De

Click on Create Material

Add domain

Material Simulation do

Mechanical →  Elastic →

STRUCTURAL MODEL 

 Definition

rial →  Enter the steel and tick the simulati

domain →  Double click Density valu

→  Young’s modulus

DEL :-

lation domain in

alue (8020) →



PROCEDURE :-

Go to V.R→ Structural m

Then Click →  Model (Ac

(10) →  Select the object →

STRUCTURAL SCENA

l model click →  Fem controls →  click none

Action Bar) →  Mesh →  Octree tetrahedron

ct →  Mesh

ENARIO :-

ne

ron →  Mesh size



PROCEDURE :-

Go to V.R →  Click Struc

Click Setup →  Select Fin

Procedures →  Static pertu

Then you will obtain dou

Restrain →  Clamp →  Sel

Loads →  Force →  Click 

Simulate →  Simulate che

ructural Scenario →  Simulate type

Finite Element Metod and click ok

erturbation

ouble ticks

Select one surface →  Click ok

ck on body →  Give force in Z direction

heck →  If there are no errors →  Click simumulate →  Ok
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DELMIA



INTRODUCTION:-

Manufacturing is debately the  most important step in the creation of a product

designs and concepts mean nothing if no part is produced in the end. Its

important to have the manufacturing processes done in the most  efficient way

safetly,and with as few errors as possible. This could range from reducing

errors in the machining itself to reducing errors in the assembly of products

with Delmia  from the 3D Experience platform introduced by Dassault systems,

these worries will be a thing of the past.

As described in the introduction Delmia is an app within the3DExperinence

platform that mainly focuses on aiding the manufacturing process.Depending

on the enabled disciplines, these are things such as the machining of parts,how

robotics interacts and behave,the ergonomics of the work conditions, and many

more and with over 40 different disciplines that cover a wide variety of facets in

the manufacturing process. Companies are sure to find exact ones to aid in their

operations

WORK BENCHES USED IN DELMIA:-

● Manufacturing item definition



● Process planning

● Equipment allocation

● Assembly evaluation



MANUFACTURING ITEM DEFINITION :-

PROCEDURE  :-

→  Go to V.R →  manufacturing item definition→  click on manufacturing

assembly→  create manufacturing item product scope and click on product

→  View →  shading with materials

→ Authoring →  Create / Update manufacturing →  Next



PROCESS PLANNING :-

PROCEDURE  :-

→  Go to V.R →  Process planning →  General system click →  Manage scope →

Click the create scope →  Product 1



EQUIPMENT ALLOCATI

PROCEDURE  :-

→  Go to V.R →  Equipm

resource → Manufacturing 

Every station has 1 conveyo

→ Station →  Insert Source

→ Station →  Insert Source 

ATION :-

ipment allocation →  Click on PPR Cont

ng cell and Rename Station as 10,20,30,40

eyor, 1 storage

ce →  Conveyor

ce →  Storage

Contex→  Insert

0



ASSEMBLY EVALUATI

PROCEDURE :-

Go to V.R →  Assembly Ev

Click on General system →

Copy the Current track to th

Click Live Simulate →  (Bo

TION :-

Evaluation

→  Right click on Loading operation →  Cre

o the other operations

Bottom bar)

Create Track
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1.ABOUT THE ORGANISATION

National Small Industries Corporation (NSIC), is an ISO 9001-2015 certified
Government of India Enterprise under Ministry of Micro, Small and Medium Enterprises
(MSME). NSIC has been working to promote, aid and foster the growth of micro, small
and medium enterprises in the country. NSIC operates through countrywide network of
offices and Technical Centers in the Country. In addition, NSIC has set up Training cum
Incubation Centre managed by professional manpower.

Mission: “To promote and support Micro, Small & Medium Enterprises (MSMEs)
Sector” by providing integrated support services encompassing Marketing, Technology,
Finance and other services.

Vision: “To be a premier Organization fostering the growth of Micro, Small and Medium
Enterprises (MSMEs) Sector”.

Schemes of NSIC:

NSIC facilitates Micro, Small and Medium Enterprises with a set of specially tailored
scheme to enhance their competitiveness. NSIC provides integrated support services
under Marketing, Technology, Finance and other Support service.

Technology Support:

Technology is the key to enhancing a company's competitive advantage in today's
dynamic information age. Small enterprises need to develop and implement a technology
strategy in addition to financial, marketing and operational strategies and adopt the one
that helps integrate their operations with their environment, customers and suppliers.

NSIC offers small enterprises the following support services through its Technical
Services Centers and Extension Centers:

1. Advise on application of new techniques.
2. Material testing facilities through accredited laboratories.
3. Product design including CAD.
4. Common facility support in machining, EDM, CNC, etc.
5. Energy and environment services at selected centers.
6. Classroom and practical training for skill upgradation.
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NSIC Technical Services Centers are located at the following places:

Name of the Centre Focus area

Chennai Leather & Footware

Howrah General Engineering

Hyderabad Electronics & Computer Application

New Delhi Machine Tools & related activities

Rajkot Energy Audit & Energy Conservation activities

Rajpura (Pb) Domestic Electrical Appliances

Aligarh (UP) Lock Cluster & Die and Tool making

Neemka (Haryana) Machine Tools & related activities



3

2.INTRODUCTION

Energy requirement for refrigeration and air conditioning applications bears a
huge share of total energy consumption around the world. Since, thermal comfort plays
a very important role on the health, working efficiency and activities of all living
beings, especially, temperature and humidity. In the excessively hot climates it is
necessary to reduce the temperature and humidity whereas in the cold climate there is a
need to increase the temperature. When the temperature drops below thermal comfort
level, especially in the winter season, The heating systems are employed. In some
countries, where the atmospheric temperature is very low, natural heating like solar
energy is not sufficient, the heat pump and fuel fired systems are proven to be suitable
heating devices. In hot climates, thermal comfort achieved through the use of
refrigerators and air conditioning systems.

Refrigeration:

The term “Refrigeration” may be defined as the process of removing heat
from a substance under controlled conditions. It also includes the process of reducing and
maintaining the temperature of a body below the general temperature of its surroundings.

In other words, the refrigeration means a continued extraction of heat from a body whose
temperature is already below temperature of its surroundings. In a refrigerator, heat is
virtually pumped from a lower temperature to a higher temperature.

Applications of Refrigeration:

1. Food processing preservation and distribution.
2. Chemical and process industries.
3. Special applications such as cold treatment of metals, medical, construction, ice

skating etc.
4. Comfort air conditioning.

Air Conditioning:

“Air conditioning” is the process of removing heat and moisture from
the interior of an occupied space to improve the comfort of occupants. Air conditioning
can be used in both domestic and commercial environments.

Air conditioners often use a fan to distribute the conditioned air to an occupied
space such as a building or a car to improve thermal comfort and indoor air quality.
Electric refrigerant-based AC units range from small units that can cool a small bedroom,
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which can be carried by a single adult, to massive units installed on the roof of office
towers that can cool an entire building. The cooling is typically achieved through
a refrigeration cycle, but sometimes evaporation or free cooling is used. Air conditioning
systems can also be made based on desiccants (chemicals which remove moisture from
the air). Some AC systems reject or store heat in subterranean pipes.

Welding:

Welding is a fabrication process that joins materials, usually metals or
thermoplastics by causing fusion, which is distinct from lower temperature metal- joining
techniques such as brazing and soldering, which do not melt the base metal. In addition
to melting the base metal, a filler material is typically added to the joint to form a pool of
molten material (the weld pool) that cools to form a joint that, based on weld
configuration (butt, full penetration, fillet, etc.), can be stronger than the base material
(parent metal). Pressure may also be used in conjunction with heat, or by itself, to
produce a weld. Welding also requires a form of shield to protect the filler metals or
melted metals from being contaminated or oxidized.

Although less common, there are also solid state welding processes such as
friction welding in which the base metal does not melt.
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3.REFRIGERATION AND AIR CONDITIONIG

In air refrigeration, the air is used as a refrigerant. In olden days, air was widely used in
commercial applications because of its availability at free of cost. Since air does not change its
phase i.e. remains gaseous throughout the cycle, therefore the heat carrying capacity per kg of
air is very small as compared to vapour absorbing systems. The air- cycle refrigeration
systems, as originally designed and installed, are now practically obsolete because of their low
coefficient of performance and high power requirements; however, this system continues to be
favoured for air refrigeration because of the low weight and volume of theequipment.

Refrigeration essentially means continued abstraction of heat from a substance
(perishable foods, drinks and medicines etc.) at low temperature level and then transfers this heat
to another system at high potential of temperature.

The basic elements of an air cycle refrigeration system are as follows:

Compressor

Cooler or heatexchanger

Expander

Refrigerator

Air- Conditioning

The air conditioning is that branch of engineering science which deals with the
freezing point of water.

They conducted their experiment with the bulb of a mercury thermometer as their object and
with a bellows used to speed up the evaporation. They lowered the study of conditioning of air
i.e. supplying and maintaining desirable internal atmospheric condition for human comfort,
irrespective of external condition. This subject, in its broad sense, also deals with the
conditioning of air for industrial purpose, food processing, storage of food and other
materials.

Air conditioning refers to the simultaneous control of temperature, humidity, cleanliness
and air motion within a confined region or space.

The basic elements of an Air- Conditioning system are as follows:

1. Circulation fan

2. Compressor

3. Condenser

4. Dryer

5. Evaporator
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6. Supply Duct

7. Supply outlet

8. Return outlet

9. Filters

Modern air conditioning emerged from advances in chemistry during the 19th century, and
the first large- scale electrical air conditioning was invented and used in 1902 by American
inventor Willis Carrier. The introduction of residential air conditioning in the 1920s helped
enable the great migration to the sun belt in the United States.

In 1758, Benjamin Franklin and John Hadley, a chemistry professor at Cambridge
University, conducted an experiment to explore the principle of evaporation as a means to
rapidly cool an object. Franklin and Hadley confirmed that evaporation of highly volatile
liquids (such as alcohol and ether) could be used to drive down the temperature of an object
past the temperature of the thermometer bulb down to −14 °C (7 °F) while the ambient
temperature was 18 °C (64 °F). Franklin noted that, soon after they passed the freezing point
of water 0 °C (32 °F), a thin film of ice formed on the surface of the thermometer's bulb and
that the ice mass was about 6 mm (1⁄4 in) thick when they stopped the experiment upon
reaching −14 °C (7 °F). Franklin concluded: "From this experiment one may see the
possibility of freezing a man to death on a warm summer's day.

A simple vapor compression refrigeration system consists of the following equipments: i)
Compressor ii) Condenser iii) Expansion valve iv) Evaporator.

Fig: 2.1. Typical single- stage vapour compression referigeration.

The schematic diagram of the arrangement is as shown in Fig.2.1. The low temperature,
low pressure vapor at state B is compressed by a compressor to high temperature and
pressure vapor at state C. This vapor is condensed intohigh pressure vapor at state D in the
condenser and then passes through the expansion valve. Here, the vapor is throttled down to a
low pressure liquid and passed on to an evaporator, where it absorbs heat from the
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surroundings from the circulating fluid (being refrigerated) and vaporizes into low pressure
vapour at state B. The cycle then repeats. The exchange of energy is as follows:

a) Compressor requires work, δw. The work is supplied to the system from the
surroundings.

b) During condensation, heat δQ1 the equivalent of latent heat of condensation etc, is
lost from the refrigerator.

c) During evaporation, heat δQ2 equivalent to latent heat of vaporization is absorbed by
the refrigerant.

d) There is no exchange of heat during throttling process through the expansion valve as
this process occurs at constant enthalpy.

Figure shows a simple vapor compression refrigeration cycle on T- s diagram for
different compression processes. The cycle works between temperatures T1 and T2
representing the condenser and evaporator temperatures respectively.
The various process of the cycle are as given below:

i) Process 2-3: Isentropic compression of the vapor from state 2 to 3. If vapor state is
saturated or superheated, the compression is called dry compression. If initial state
is wet the compression is called wet compression.

ii) Process 3-4: Heat rejection in condenser at constant pressure.

iii) Process 4-1: An irreversible adiabatic expansion of vapor through the expansion
value. The pressure and temperature of the liquid are reduced. The process is
accompanied by partial evaporation of some liquid.

iv) Process 1-2: Heat absorption in evaporator at constant pressure. The final state
depends on the quantity of heat absorbed and same may be wet, dry or
superheated.
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Thermodynamic properties of Refrigerant:
1. Boiling point : It should be low.
2. Thermal conductivity : it should be high
3. Specific heat : It should be low
4. Freezing point : it should be low.
5. Toxicity : it should be low
6. Evaporative pressure : it should be high.
7. Condensation pressure : It should be low.
8. Latent heat : It should be high.
9. CPO : It should be high.

REFRIGERENT:
1) It is heat carrying medium.
2) It carries heat from low temperature to high temperature system.
3) Liquid + vapour mixture.

Selection of Refrigerant:
1) Performance: High efficiency, Low cost.
2) Safety: Non toxic.
3) Environmental impact: It should be low.

Types of Refrigerants:
1) Chlorofluorocarbons (CFC) :R11, R22, R114, R113.
2) Hydro cholrofluoro carbons (HCFC) :R22.
3) Hydrofluorcarbons (HFC) :R410a, R407, R1234yf, R134a.
4) Hydrocarbons(HC) :R600a.

Comparison of Air-Conditioners:

Non- Inverter Inverter

On/Off type Continuous on

Current consumption high Low power consumption

Fixed frequency(50HZ) Variable frequency

Outdoor unit starts (ODU) after
3mins

Indoor unit and outdoor unit starts
at a same time

Constant speed Variable speed
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Types of refrigerators:

1.Single door refrigerator.

2.Double door refrigerator.

Difference between single and double door refrigerator:

Single door Double door

Single door is also called as directcool
refrigerator.

Double door refrigerator is also called as
freezer.

Plate and tube evaporator coil. Tube and fine evaporator coil.

Cooling temperature is
up to - 18degrees.c

Cooling temperature is
up to - 24degrees.c

Psychrometry process:
1. Sensible cooling.
2. Sensible heating.
3. Humidification.
4. Dehumidification.
5. Coolinganddehumidification.
6. Heating and humidification.

It takes more time to reach set
temperature It takes less time

Capacitors required for starting
purpose No capacitors required

PCBs are placed in IDU PCBs are placed in IDU AND
ODU

R22 Refrigerant isused R4100 Refrigerant isused

Suction pressure (60- 80psig) Suction pressure (120- 150psig)

Discharge pressure (270- 290psig) Discharge pressure (440- 480psig)
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4.WELDING

Welding is a fabrication process that joins materials, usually metals or thermoplastics, by
causing fusion, which is distinct from lower temperature metal- joining techniques such as
brazing and soldering, which do notmelt thebasemetal. In addition tomelting thebasemetal, a
fillermaterial is typically addedto the joint toformapoolofmoltenmaterial (theweldpool) that
cools to forma joint that, basedonweldconfiguration (butt, full penetration, fillet, etc.), can be
stronger than the base material (parent metal). Pressure may also be used in conjunction with
heat, or by itself, to produce a weld. Welding also requires a form of shield to protect the filler
metalsormeltedmetals frombeing contaminated oroxidized.

Methods of Welding:
Some of the best known welding methods include:

 Oxy-fuel welding–also known as oxyacetylene welding or oxy-welding, uses fuel gases
and oxygen to weld and cut metal.

fig: 3.1 Oxy- Fuel Welding

 Shielded metal arc welding (SMAW) – also known as "stick welding" or "electric
welding", uses an electrode that is coated in flux to protect the weld puddle. The electrode
holder holds the electrode as it slowly melts away. Slag protects the weld puddle from
atmospheric contamination.
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Fig: 3.2 Shielded Metal ArcWelding

 Gas tungsten arc welding (GTAW)– also known as TIG (tungsten, inert gas), uses a
non- consumable tungsten electrode to produce the weld. The weld area is protected
from atmospheric contamination by an inert shielding gas such as argon or helium.

Fig. 3.3 Gas Tungsten Arc Welding

 Gas metal arc welding (GMAW) –
commonly termed MIG (metal inert gas),
uses a wire feeding gun that feeds wire at an
adjustable speed and flows an argon- based
shielding gas or a mix of argon and carbon
dioxide (CO2) over the weld puddle to
protect it from atmospheric contamination.

Fig. 3.4 Gas metal arc welding

 Submerged arc welding (SAW)– uses an automatically fed consumable electrode and a
blanketofgranularfusibleflux.Themoltenweldandthearc zoneare-protectedfromatmospheric
contaminationbybeing"submerged" under the flux blanket.
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Fig. 3.5 Submerged Arc Welding

 Electroslag welding (ESW) – a highly productive, single pass welding process for
thicker materials between 1 inch (25 mm) and 12 inches (300 mm) in a vertical or close
to vertical position.

Fig. 3.6 Electroslag Welding

 Electric resistance welding (ERW) –a welding process that produces coalescence of
laying surfaces where heat to form the weld is generated by the electrical resistance of the
material. In general, it is an efficient method but limited to relatively thin material.
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Fig. 3.7 Electric resistance welding

Classification of WeldingProcesses:

Welding processes can be classified based on following criteria;

1. Welding with or without filler material.
2. Source of energy of welding.
3. Arc and Non- arcwelding.
4. Fusion and Pressurewelding.

1. Weldingcanbe carriedoutwithorwithout the applicationof fillermaterial. Earlier only
gas welding was the fusion process in which joining could be achieved with or
without filler material. When welding was done without filler material it was called
‘autogenous welding'. However, with the development of TIG, electron beam and
other welding processes such classification created confusion as many processes
shall be falling in both the categories.

2. Various sources of energies are used such as chemical, electrical, light, sound,
mechanical energies, but except for chemical energy all other forms of energies are
generated from electrical energy for welding. So this criterion does not justify proper
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es classification embraces all the arc welding processes in one class and all other
processes in other class. In such classification it is difficult to assign either of the class
to processes such as electroslag welding and flash butt welding, as inelectroslag
welding the process starts with arcing and with the melting of sufficient flux the arc
extinguishes while in flash butt welding tiny arcs i.e. sparks are established during the
process and then components are pressed against each other. Therefore, such
classification is also notperfect.

3. Fusionwelding and pressure welding is most widely used classification as it
covers all processes in both the categories irrespective of heat source and
welding with or without filler material. In fusion welding all those processes are
included where molten metal solidifies freely while in pressure welding molten
metal if any is retained in confined space under pressure (as may be in case of
resistance spot welding or arc stud welding) solidifies under pressure or
semisolid metal cools underpressure.

Fig. Classification of Welding Process
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Fig. Classification of Pressurized welding
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5.WELDING INSPECTION (NDT)

5.1 Non- Destructive Testing:

Nondestructive testing or non- destructive testing (NDT) is a wide group of analysis
techniques used in science and technology industry to evaluate the properties of a material,
component or system without causing damage The terms nondestructive examination (NDE),
nondestructive inspection (NDI), and nondestructive evaluation (NDE) are also commonly used
todescribe this technology.

Since NDT does not permanently alter the characteristics of article being inspected, it
is a highly valuable technique that can save both money and time in product evaluation,
troubleshooting, and research. The six most frequently used NDT methods are:

5.2 Types of NDT:
1. Visual inspection.
2. Penetrant testing.
3. Magnetic particle inspectiontesting.
4. Ultrasonic testing.
5. Radiography testing.
6. Eddy current testing.
7. Leak test.
8. Thermography.
9. Vibrational analysis

5.3 Selection of NDT:

Magnetic particle Inspection (MPI): It is a non- destructive testing (NDT) process for
detecting surface and shallow subsurface discontinuities in ferromagnetic materials such as
iron, nickel, cobalt, and some of their alloys. The process puts amagnetic field into the part. The
piece can bemagnetizedby direct or indirect magnetization.

Direct magnetization occurs when the electric current is passed through the test object and a
magnetic field is formed in the material. Indirect magnetization occurs when no electric
current is passed through the test object, but a magnetic field is applied from an outside source.
The magnetic lines of force are perpendicular to the direction of the electric current, which may
beeither alternating current (AC) or some form of direct current (DC) (rectified AC).

The presence of a surface or subsurface discontinuity in the material allows the magnetic flux
to leak, since air cannot support asmuchmagnetic field per unit volume asmetals.
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Fig: Magnetic particle inspection

Liquid Penetration method:

Visible dye penetrant is a NDT (Non Destructive Testing) method. It is a simple test
to perform, and a good way to test welds before carrying out more expensive techniques like x-
ray testing.

It will show up bad cold lap, cracks, holes... basically any defects where a very fine dye
can penetrate, hence the name. It can be used for various things, not just weld testing. It can be
used to test the presence of a crack in a cylinder head for example.

The simple kits come in 3 parts, usually in aerosol cans. Namely, a cleaner, a penetrant,
and a developer. There are four types of dye penetrant system:

 Water washable : the dyes wash away withwater.
 Lipophilic : the dye dissolves in oil for removal.
 Hydrophilic : the dye washes away with a water rinse, but

detergents are necessary.
 Solvent removable : the dye is removedwith a cleaning solvent.

There are five levels of testing, from Level ½ (Lowest sensitivity) to Level 4 (Highest
Sensitivity). Operatives carrying out this testing should be qualified to do so, and reports,
sometimes with photographic evidence, might be requested.
Step 1 - Precleaning
First any loose material needs to be removed, togetherwith any
silica on top of the weld. It is important to remove the silica, or
you can get false results. A good scrape and wire brush sorts
this out in mostcases.
Then apply some of the cleaner to remove any oil etc.Wait for
thecleaner todrycompletely before applying penetrant.

Fig: Pre cleaning
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Step 2 - Penetrant
Once cleaned, apply the penetrant (a bright red liquid
dye). Spray plenty on the welds.
Leavethedyetopenetrate,normallyforabout 20 minutes.
The time scale is usually printed on the can or on the
product data sheet. The photographs show a solvent
removable system.

Fig: Application of Penetrant
Step 3 - Postcleaning

Cleaning again. You need to remove
excess dye from the area, which is
easier said than done. It is important not
to spray the cleaner on the area directly,
or you risk washing the dye from the
flaw. Use a dry tissue to remove excess
dye, then spray cleaner onto a clean
cloth for final cleaning.

Ultrasonic Testing(UT):
Ultrasonic testing (UT) is a family of non- destructive testing techniques based on the

propagation of ultrasonic waves in the object or material tested. In most common UT
applications, very short ultrasonic pulse- waves with center frequencies ranging from
0.1- 15 MHz, and occasionally up to 50 MHz, are transmitted into materials to detect
internal flaws or to characterize materials. A common example is ultrasonic thickness
measurement, which tests the thickness of the test object, for example, to monitor pipe
work corrosion.

Ultrasonic testing is often performed on steel and other metals and alloys, though it
can also be used on concrete, wood and composites, albeit with less resolution. It is
used in many industries including steel and aluminium construction, metallurgy,
manufacturing, aerospace, automotive and other transportation sectors.
Step 2: Instrument settings are input.
Step 3: The probe is scanned over the blade root. In this case, an indication (peak in the data)
through the red line (or gate) indicates a good blade; an indication to the left of that range
indicates a crack.
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FIG 4.7 Projectional Radiography

Fig: Ultrasonic Testing
Principle: A probe sends a sound wave into a test material. There are two indications, one from
the initial pulse of the probe, and the second due to the back wall echo. RIGHT: A defect creates a
third indication and simultaneously reduces the amplitude of the back wall indication. The depth
of the defect is determined by the ratio D/Ep.

Radiography:
Radiography is an imaging technique usingX- rays to view the internal formof an object.

To create the image, a beam of X- rays, a form of electromagnetic radiation, are produced by
an X- ray generator and are projected toward the object. A certain amount of X- ray is
absorbed by the object, dependent on its density and structural composition. The X- rays that
pass through the object are captured behind the object by a detector (either photographic
film or a digital detector). The generation of flat two dimensional images by this technique
is called projectional radiography. In Computed tomography(CT scanning) an x ray source
and its associated detectors rotate around the subject which itself moves through the conical
x ray beam produced. Any given point within the subject is crossed from many directions
by many different beams at different times.

Information regarding attenuation of these beams is collated and subjected to
computation to generate two dimensional images in three planes (axial, coronal and sagittal)
which can be further processed to produce a three dimensional image.
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6.Conclusion

In this internship programme, I have learnt about

 Different metal joining processes and their applications, with hands on experience.

 Different non-destructive techniques – their principles and implementation with

hands on experience.

 Working of refrigeration and air-conditioning machines followed by their assembly.
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PROJECT WORK SITE 

Bharat Heavy Electrical Limited (BHEL) Heavy power Equipment plant (HPEP) unit, 

Ramachandrapuram, Hyderabad, is the project work center. 

 

            BHEL is a heavy engineering industry which was started in 1960’s by the government of India 

as a public sector company with the collaboration of SKODA of Czechoslovakia, to manufacture 

power generating equipments such as Steam turbines, Alternators, Exciters, Condensers etc. In 

1970’s the company undertook the collaboration with Nuovopigaone of Italy to manufacture 

Centrifugal Compressors, for industrial uses. In 1976 BHEL entered into collaboration with SIEMENS 

of West Germany and since then is manufacturing precise steam turbines of siemens model for use 

in power generation and compressors drives. In 1980’s the company collaborated with General 

Electric (G.E) USA to manufacture Gas Turbines (G.T). 

 

Now BHEL (Hyderabad) unit is a leading Heavy Engineering Industry, certified by B.V.Q.I for 

ISO 9001 quality systems. With the collaboration from various industrial corporations it is 

manufacturing various types of Steam turbines, Alternators, Exciters, Centrifugal Compressors, Gas 

turbines, Heavy Duty Boiler Feed Pumps, Bowl Mills, Oil Rigs, Switch Gear equipment of minimum 

Oil Circuit Breakers etc. and is supplying to the country and abroad with an annual turnover of 

about Rs 1500 crores. 
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1.1 STEAM TURBINES MANUFACTURED IN BHEL –HYD  

 

 Various types of SIEMENS model turbines are manufactured at BHEL – Hyderabad according 

to the requirement of any customer to suit his boiler steam parameters. 

They are: 

           Type                                                 Turbine 

 G                 -                 Back pressure type 

 EG               -    Extraction back pressure type 

 EHG            -  Extraction back pressure type with high inlet parameters 

 HG               -  Back pressure type with high inlet parameters  

 K                  -  Condensing type 

 EK                -  Extraction condensing type 

 WK              -  Double flow condensing type 

 EMG            -  Electrochemically machined rotor of back pressure type 

 EHNK          -   Extraction condensing with inlet parameters and high                         

                   speed type 

 NK                -  Straight condensing with high speed type     
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1.2 CLASSIFICATION OF STEAM TURBINES 

 Steam turbines may be classified into different categories depending on their construction, 

the process by which heat drop is achieved, the initial and final conditions of steam used and their 

industrial usage as follows: 

1.2.1.  According to the Number of pressure stages:  

 Single – stage turbines with one or more velocity stages usually of small power 

capacities, mostly used for driving centrifugal compressors, blowers and other 

similar machinery. 

 Multistage impulse and Reaction turbines, made in a wide range of power capacities 

varying from small to large. 

     1.2.2.  According to the direction of steam flow:        

 

 Axial turbines, in which the steam flows in a direction parallel to the axis of the 

turbine. 

 Radial turbines, in which the steam flows in a direction perpendicular to the axis of 

the turbine. One or more low pressure stages in such turbines are made axial.  

1.2.3  According to the Number of cylinders: 

 Single cylinder turbines 

 Multi cylinder (2, 3 and 4 cylinders) turbines, which can have single shaft, i.e. rotors 

mounted of the same shaft, or multiaxial, having separate rotor shaft and have their 

cylinders placed parallel to each other.  

 

1.2.4  According to the method of governing: 

 Turbines with throttle governing in which fresh steam enters through one or more 

(depending on the power developed) simultaneously operated throttle valves. 

 Turbines with nozzle governing. 

 Turbines with bypass governing in which steam besides being fed to the first stage is 

also directly led to one, two or even three intermediate stages of the turbine. 

 

 



11 

1.2.5 According to the Principle of Action of Steam: 

 Impulse turbines. 

 Axial Reaction turbines. 

 Radial reaction turbines without any stationary guide blades. 

 Radial reaction turbines having stationary guide blades. 

 

1.2.6 According to the Heat Drop Process: 

 Condensing turbines with exhaust steam let into condenser with Regenerators, 

Condensing turbines with one or two intermediate stage extractions at specific 

pressures for industrial and heating purposes. 

 Back pressure turbines, the exhaust steam from which is utilized for industrial and 

heating purposes. 

 Topping turbines, which operate at high initial conditions of steam pressure and 

temperature and are of the back – pressure type, the exhaust from these is further 

utilized in medium and low – pressure condensing turbines. 

 Back – pressure turbines with steam extraction from intermediate stages at specific 

pressures. 

 Low – pressure (Exhaust pressure) turbines in which the exhaust steam from 

reciprocating steam engines, power hammers, presses, etc is utilized for power 

generation. 

 Mixed – pressure with two or three pressure extractions with supply of exhaust 

steam to its intermediate stages. 

 

1.2.7 According to the Steam Conditions at inlet: 

 Low – pressure turbines using at pressures 1.2 to 2 ata. 

 Medium – pressure turbines using steam at pressure up to 4.0 ata 

 High – pressure turbines using steam at above40 ata. 

 Very high pressure turbines using steam upto 40 ata and higher pressure and 

temperature. 
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       1.2.8  According to their Usage in industry: 

 Stationary turbines with constant speed of rotation primarily used for driving 

alternators. 

 Stationary turbines with variable speeds meant for driving turbo blowers, air 

circulators, pumps etc. 

 Non stationary turbines with variable speeds employed in steamers, ships, railway 

(turbo) locomotives etc. 

1.3 STEAM TURBINE POWER PLANT CYCLE 

 

 Steam turbine power plants are based on the Rankine cycle investigated by a Scotch 

Engineer and Scientist William Rankine (1820 -1872). Rankine cycle for Steam turbine power plant 

with ideal turbines and pumps and superheated and saturated steam as a working fluid respectively 

as shown below. A conventional power plant steam for such a consideration is also shown: 

 

 

 

Fig.1.1 Ideal Rankine cycle for superheated steam on T-S axes. 
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Fig.1.2 Ideal Rankine cycle for saturated steam on T-S axes 

 

 The steam turbine is fed with steam under temperature t1, pressure p1, and enthalpy h1. 

Expanding within the turbine, steam produces work Wt and goes into the condenser under 

conditions p2 and h2. Hence its rejects heat Qr to cooling water and the resulted condensate with 

enthalpy h3<<h2, but with the same t3=t2 and pressure p3=p2 comes to the pump. At the expense 

of the pump work Wp, the feed water pressure and enthalpy rise to values p4 and h4 with which 

feed water enters the steam generators where it is heated and evaporated due to the heat added 

Qa. 
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 Ideal Rankine cycle with superheated steam as a working fluid consists of the following 

processes: 

      1-2      Adiabatic reversible (without any thermal losses) expansion in the turbine 

2-3 Isothermal (under constant temperature) and isobaric (under constant pressure)            

                 heat rejection within the condenser . 

3-4 Adiabatic reversible compression to the saturated liquid to the steam generator  

pressure by the pump. 

 

4-B-C-1          Isobaric heat addition in the steam generator 

                       4-B: Heating feed water in economizer 

                       B-C: Heating in boiler  

                       C-1: Heating in super heater 

For saturated – steam cycle the steam expansion process in the turbine begins from C, and with 

complete condensation in 3 with subsequent compression by the pump. 

 Thermal efficiency of ideal Rankine cycle for superheated –steam turbine power plant can be 

defined as : 

                                                     d Wnet           (Wt-Wp)                      (h1 - h2) - (h4 - h3) 

        nth     =                                      =                                     =     

                                     Qa                  Qa                                  (h1 - h4) 

 

                =     {(h1-h2) / (h1-h4)}        x     {1 – (h4-h3)/ (h1-h2)}                       

                =       nth   x    (1-Wp/Qa) 

Here nth is the gross thermal efficiency that is without regard to the expense of energy with in the 

cycle . 

If pump working is neglected, then the efficiency,           nth  = (h1-h2) / (h1-h4) 
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1.4  STEAM REHEAT 

 In the cycle with steam reheat instead of through adiabatic steam expansion from initial 

steam pressure p1 to end pressure p2, steam expands within the HP turbine part to the intermediate 

pressure (point5) and then is heated isothermally to steam reheat temperature (point 6) and then 

expands within IP-LP part to same end pressure p2 as shown below. In this case, for ideal cycle the 

thermal efficiency is approximately given by:  

                                                                     (h1- h5)+ (h6 - h2) 

                             nth        =                  

                       (h1 - h4)+ (h6 - h5) 

Conventional power plant scheme 

 

 

Fig.1.3 Ideal Rankine cycle for steam reheat 
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1.5 COMBINED CYCLE POWER PLANT 

Combined cycle (CC) power plant generate electricity by both gas and steam turbines within the joint 

unit and use the waste heat of gas turbine exhaust gas in the steam turbine cycle. Combined cycle 

allows attaining quite high values of thermal efficiency due to the high level of the upper cycle 

temperature (inlet gas turbine temperature) and the low level of the bottom cycle temperature 

(temperature at the steam turbine exhaust) CC units have lesser capital cost and require less time 

periods for launching than conventional steam turbine ones. 

The CC –unit thermal efficiency is calculated as:                   

                              nc =   Ncc / Qt      =  ( Nqt + Nst ) / Qt                                                      

                                   =  ( Qqt.nqt+Qst.nst ) / Qt                                    

                                           Where Qt is the total heat amount in the unit 
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CONSTRUCTION OF STEAM TURBINE 

2.1   CONSTRUCTIONAL FEATURES OF INDUSTRIAL STEAM TURBINES 

 BHEL Hyderabad is a major contributor of power equipment to industries like cement, 

fertilizer, refineries, petrochemical, steel, sugar; paper etc .Its product profile is as follows 

 Steam Turbines 

 Gas turbines 

 Compressors and Blower pumps 

 Heat exchangers 

 Generators 

 Switch gear equipments 

 Pulverisers 

 BHEL Hyderabad also caters to the needs of the power generation units (utility) like NTPC 

and State electricity boards. It has started its operations in early 1960’s and has started manufacture 

of steam turbines with M/S Bruno collaboration later with the M/s Skoda BHEL manufactures 

standard turbines of 110 MW , 60 MW and small turbines of 5 MW rating until early 1970’s. The 

design under both the collaborations is of impulse type. In early 1970’s BHEL has gone for the 

collaboration with M/s Siemens for reaction type of turbines (50% reaction). 

 BHEL Hyderabad manufactures steam turbines of siemens design covering a wide range of 1 

MW to 200 MW .catering industrial and utility purposes .these turbines are categorized as industrial 

steam turbines which are versatile , flexible an d adopted to suit customers requirements for varying 

applications  

 Many industries require both electric power and heat in the form of steam at the same time 

.it is very economical if the steam is expanded in a steam turbine to generate full or part of the 

electric power requirement. So depending on the ratio of the heat to the power requirements 

required quantity of steam is taken cut off from exhaust (back pressure turbine) or from 

intermediate stage of the turbine to meet the heat requirement s thus the process requirements 

largely determine steam parameters and design features for the steam turbines. Hence turbines are 

required to the designed for specific applications in order to increase overall economy. 
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2.2 TURBINE FOR INDUSTRY  

Customer requirements:  

 The following are the important design parameters specified by the customers while 

ordering the turbines for processing industries: 

1. Inlet steam pressure and temperature  

2.          Exhaust steam temperature and pressure or cooling temp 

3. Number of extractions 

4. Extraction steam temp ,pr and flow quantities 

5. speed for the drive turbine depending upon the type of driven equipment  

6. power output or inlet steam flow  

7. special loading requirements 

 

2.3 SELECTION AND DESIGN CRITERIA OF STEAM TURBINES  

 Different industries have varying requirements of inlet steam conditions varying from  4.0 

bar / 140 deg C to 140 bar / 565 deg C , extraction pressure varying from 2.0 bar to 55 bar for back 

pressure turbines and 0.06 bar to 0.5 bar  for condensing turbines .  

 The speed of the turbine can vary between 3000 rpm to 15000 rpm depending on the driven 

equipments requirements and economic considerations. This variety of design parameters which is 

further complicated by operating economics, challenges the designer with the problems of uniting 

two contradicting requirements i.e. designing the turbine for each individual applications and on the 

other hand economy and manufacturing with standardized and rationalize design of components  

2.4 STEPS INVOLVED IN THE DESIGN OF STEAM TURBINES  

1. Perform thermodynamic and axial thrust calculations to decide diameters and axial length of 

blading  

2. Perform rotor dynamic calculation and suggest any change of lengths and diameters to 

repeat step one 

3. Select suitable turbine extensions and diameters to meet above blading geometry 

4. Select suitable materials to meet steam parameters 

5. Select suitable governing system and protection system  

6. Prepare ordering / manufacturing documents incorporating above selections 
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2.5 TYPES OF STEAM TURBINES  

The necessity to keep down the production costs lead to standardization of the types of steam 

turbines , such as back pr , condensing , extraction back pr and extraction condensing , injection 

condensing. 

 Condensing turbines  

 Back pr turbines 

 Multiple extraction turbines  

 Injection condensing turbines for combined cycle plant 

 Reheat condensing turbines for utility type  

 

Most of the industrial steam turbines are high speed turbines for the power output range of 

1-30MW with speed reduction by turbo gears which in turn means smaller sizes and higher 

efficiency for the turbine for the output of 30MW and above the turbine speed is 3000rpm  

The main features of industrial steam turbines are  

 The turbine is fixed at the rear end and expands towards the front side of the turbine. The 

rotor is fixed at the thrust bearing which is housed in the front bearing pedestal and 

expands towards the rear bearing. The casing which gets expanded in turn pushes the front 

bearing pedestal by the same amount. This sliding  of front bearing pedestal results in 

moment of thrust bearing in the rotor of the same amount  and hence the expansion  of the 

outer casing is nullified 

 Customizing of steam turbines modules to meet the customers needs based on building 

block system in a particular series of turbines optimum flow path designed can be done 

depending upon case to case 

 Type of governing system is nozzle governing type that has very good part load efficiency  

 

2.5.1 BACK PRESSURE AND EXTRACTION BACK PRESSURE TURBINES 

                      

 Back pressure steam turbines are normally employed where the process steam is required at 

one single pressure extraction. Back pressure sets are used where process steam is required at two 

different pressure levels. In both the cases power generation is only a by product .These turbines are 
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extensively used in sugar plants and small paper plants where clients desire more power from these 

turbines, the requirement can be met by designing the turbine to pass more steam. Excess steam 

after meeting the process steam requirements can be dumped in dump condenser. 

 Back pressure turbines are also employed as topping turbines .i.e. the exhaust steam from 

back pressure turbines are fed to another steam turbine called bottom in turbine .this arrangement 

has been adopted in some old power houses, which were operating on low pressure cycles and 

where only boilers were replaced, but steam turbines residual life is considerable .low pressure 

boilers were replaced with high pressure boilers. Back pressure topping turbine was employed, to 

reduce the steam pressure to the levels at which the old steam turbines in the power can accept. 

This arrangement has improved the operating economics of the old power houses 

 

 

To meet the specific requirements of a leading chemical plant in India, BHEL designed a back 

pressure turbines with siemens assistance, to operate with high inlet steam temperature of 565 deg 

c .this set is already manufactured at Hyderabad works and supplied. 

  

2.5.2 CONDENSING TURBINES 

 

 Condensing turbines are primarily employed for power generation. These turbines can be 

provided with uncontrolled extraction where clients require steam in small quantities. Uncontrolled 

extraction avoids extraction controlled valves and therefore throttling losses are reduced even while 

providing small quantity’s of process steam. 

  Another application of uncontrolled extraction is wander controlled system. In wander 

control system two bleeds are provided. One bleed is at high pressure and another at low pressure. 

In part load operations HP bleed meets the process steam requirement. At full load operations, the 

LP bleed will meet the steam requirement. This arrangement  reduces energy losses due to 

throttling, considerably. Condensing turbines are employed mostly in industries like cement where 

process steam requirement is not required  
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2.5.3 EXTRACTION CONDENSING 

 

  Where customer gives equal importance for meeting the process steam and power needs, 

extraction condensing sets become ideal choice. The benefit is, power generation can be maintained 

at the required levels even when process steam needs to fluctuate. In paper and pulp industries, 

process steam requirement of digesters fluctuate, while power requirement of the paper plant 

remains almost constant. Hence in all medium and large paper plants, extraction condensing sets are 

employed.  

 

2.5.4 EXTRACTION INJECTION CONDENSING TURBINES 

 Extraction turbines are not restricted only to the provision of extracting steam, but may also 

be employed as induction turbines, i.e. excess steam in LP bus line can be used economically for 

power generation in such turbine with out difficulty as in case of extraction turbines, the turbines 

governing system for maintain constant pressure  

 In the line can also be used for these injection turbines. Injection condensing turbines are 

employed in combined cycle plants and in fertilizers industries.  

 

2.6 APPLICATIONS  

 The steam turbines are utilized in several industries viz.. Paper, fertilizers, chemical petro 

chemicals, sugars, refinery, metallurgical etc foe power generation and mechanical drives already 

described. The following illustration explains the selection - application criteria of industrial turbines 

 

2.7 BLADING 

 The type of blading used is impulse reaction type. The first stage of the industrial turbines is 

mostly with impulse type. Rest of the blading is of reaction type. This arrangement in helps in 

achieving better part load efficiency’s which an important feature in industrial turbines is. The baldes 

are machined from the solid and integral shrouds at the tip the blades are fitted in the rotor so that 

the shroud of each blade butts together to form continues ring. This helps effectively to dampen the 

vibration because of the friction of the butting surfaces. The moving baldes always have inverted T –
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root type .for the last stage LP blades of the condensing turbines fork root –fir tree root blades are 

used. These blades are twisted and tapered and are fitted with damping wires are pins to dampen 

the vibrations. These blades do not have shrouds. Chrome steels (13%) is material used for the 

blades. 

            The steam thrust exerted on the rotor, which is inherent in reaction turbines, is compensated 

by balanced piston gland in the front section of the turbine and by the thrust bearing in the front 

bearing pedestal.  

 

 

Fig.2.1 Assembly of Blade in Rotor 

 

 The valves chest is integral to the outer casing where the governing valves and emergency 

stop valves are directly bolted.  
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2.8 CATEGORIES IN STEAM TURBINE 

Industrial steam turbine are categorized into different series like  

-2 series  

-3 series 

-4 series 

-2 SERIES TURBINES: 

 These series of turbines are of standard type and have been designed for the best efficiency 

for range parameters. Based upon the inlet conditions like pressure temperature, material selection 

is varied. Designs being the standard further based on then steam flow quantities size of the turbine 

is selected .in these series of turbines the fixed blade grooves are machined directly in the outer 

casing and guide blades are inserted.  

Different sizes of -2 types of turbines are: 

 

G250-2     EK/K 600-2 

G300-2   EK/K 800-2 

G400-2                                    EK/K 1000-2 

G500-2   EK/K 1100-2 

G800-2   EK/K 1400-2                   

                         EK/K 1800-2  

 

“G” stands for back pressure turbine 

“K” stands for condensing turbines 

“E” stands for controlled extraction  

The number besides the letter indicates the area of the exhaust of the turbines  
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-3 SERIES TURBINE: 

 Based on customer’s requirements and steps involved in design, the turbine is divided into 
different sections: inlet section, transition, exhaust or condensing section .these sections can be 

combined with each other. The figure shows the various sections of these series and possible 

combinations of withy one size of admission section. the admission sections are supplied in two 

versions , one fro normal initial steam  conditions up to 100 bar / 510 deg C  and for high steam 

initial steam conditions up to 140 bar /540 deg C  .the size of the section is geometrically graded in 

the ratio to 1.25 to form different sizes of section .The parts associated with front section as front 

bearing pedestal, control valves, safety devices like emergency stop valves are fixed for a particular 

size. Also the same is done for the exhaust sections. With this arrangement for a particular front and 

rear section selected the connecting parts to the sections are common from case to case. now the 

length of the middle are transition section can varied based upon the number of blade stages 

required and the number of extractions required . with this concepts, besides optimizing the flow 

path, the use of standard and proven components like casings , guide blade carriers , bearing 

pedestals, nozzles, servo- motors, stop and governing valves fro a particular model are ensured 

.unlike the -2 series the blade grooves in these turbines are made in the guide blade carriers which is 

supported in outer casing . 

  Robust drum type rotors with integral shrouds, labyrinth glands for sealing of rotor ends and 

inter stage blading, ensure greater reliability and efficiency. These turbines usually employ a gear 

box between turbine and generator to achieve optimum efficiencies. 

 

-4 SERIES TURBINES: 

 These types of series are called as centre admission steam turbines with counter flow for the 

mid range of power, between 30MW to 150 MW. Using these concepts results in the compact single 

casing solution in many cases up to 100 MW. The flow path is initially towards the front and in inner 

casing after being admitted in the centre. 

The steam reverses the direction on the reaching the end of inner casing to flow around 

inner casing and expands towards the rear end of the turbine. This process of reverse flow of steam 

helps in control the axial thrust to a large extent. The rear portion of the turbine is constructed 

based upon the building block principle as explained in -3 series, front being a standard fro particular 

range of inlet parameters. These turbines are directly coupled to the generator. The valve blocks in 

these turbines are separate and hence faster startups of the turbine .these turbines are best suited 

for combined cycle plant application. 
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2.9 NEW SERIES TURBINE: 

 

  These types of turbines have been developed by BHEL in the range of 15 to 20 MW to cater 

the special requirements of industries like sugar and cement w.r.t low inlet parameters and high 

extraction requirements for operation during season and power generation during off season 

periods. in view of the above certain cost saving features have been incorporated . the outer casing 

casting have been simplified by separating the valve chest the valve chest is cast separately and 

bolted to the outer casing there by limiting the importance of selection of material to valve chest . 

The middle section and the rear section of the turbine are based on the building block concept as 

that of -3 turbines. 

These turbines operate in the speed range of 6000 to 8000rpm. The flow path design of the 

above turbines confirms to the SIEMENS design practices. provision has been given for an extraction, 

which is useful for the process of NOX control CCP applications .the detailed design analysis is done 

with flow path design , mechanical design which includes rotor dynamics , design analysis by finite 

element methods and computational fluid dynamics for flow analysis. 

REHEAT STEAM TURBINES FOR 100 TO 150 MW TURBO GENERATOR SETS 

INTRODUCTION 

 Reheat steam turbines of 100 to 150MW capacity are required in utilities and combined 

cycle plant application. Turbines in this range normally employ 3 cylinder design. BHEL Hyderabad 

has developed a new two cylinder design suitable for conventional high parameters power plants 

feed water heating. The high pressure (HP) and intermediate pressure (IP) cylinders of conventional 

plants are integrated into a new combined HP-IP cylinder resulting in saving of overall length and 

weight because of removal of one pedestal. 

 

 The two cylinder BHEL design is a result of joint development with SEIMENS –Germany. 

SIEMENS has developed two cylinder designs for combined cycle power plants during 1990‘s and 

there are working well at various sites all over the world. 
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2.9.1 PARAMETERS OF STEAM TURBINES 

Modules being used:   K30-16+N30-2X3.2M*M 

Inlet                         :   126.0ATA\535 C 

Reheat                     :   28.8ATA\535 C 

Power                     :   120 MW 

Speed                      :   3000RPM 

 

2.9.2 FEATURES OF COMBINED HP-IP TURBINE 

 Because of double shell construction, the outer casing of combined HP-IP turbine is split 

horizontally the inner casing is a single and supported in the outer casing HP- valves and IP valves are 

bolted to the outer casing obviating the necessity of a separate valve room.  

 The steam inlet to HP blading stages is at the middle and the steam flows in the IP balding 

stages in the reverse directions compared to HP blading stages. The reverse steam flow design 

reduces axial thrust and results in smaller balance piston diameter. All the bearing pedestals are 

fixed to the foundation in 2 cylinder design .the total weight of the steam turbine is reduced by over 

100 tonnes and overall length is reduced by about 2.5 mt, when compared to three cylinder design. 

It is possible to dispatch the completely assembled turbine from works as a single unit weighing less 

than 100 tonnes. About two months in manufacturing cycle time is possible because of the 

simplified design for the two cylinder design. 

 

2.10  LP TURBINE 

 The LP turbine casing consists of a double flow unit and has a triple shell welded casing. The 

outer casing consists of the front and rear valves. Two lateral – longitudinal support beams and the 

upper part. The front and rear valves as well as the connection area of the upper parts are 

reinforced by means of circular box beams. The outer casing is supported by the ends of the 

longitudinal beams on the base plates of the foundation .The steam from the LP turbine is admitted 

at the middle of the LP turbine through cross around piping . 
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2.10.1 DESIGN ANALYSIS 

 All the new components are designed robustly keeping in view of the long term operational 

requirements analysis for the structural integrity, relative expansions and life. Estimations is carried 

out using state of the art finite element computer programs. Solid modeling and CID have been used 

to reduce the design development cycle time .Natural frequencies and unbalance response of the 

rotor bearing system are determined using advanced rotor dynamic computer programs. The root 

bearing systems having very good vibrations behavior is finally selected by making suitable 

modifications to rotor diameters initially selected. 

 

2.10.2 TURBINE CONROL SYSTEM 

 Electro hydraulic turbine governing system with high pressure (160bar) hydraulics is adopted 

for two cylinder design. Triple modular redundant processor is used for electronics. The system is 

compatible for interfacing with plant high level systems. 

HP electro hydraulic actuators are used for control valves and stop valves .160 bar HP  control 

system results in faster response better stability during transient conditions compared to the 8 bar 

system used in 3 cylinder design . 

 

2.11 AUTOMATIC TURBINE RUN-UP SYSTEM 

Automatic turbine run up systems has the following sub group controls, which enables the 

systems to come inline automatically after fulfilling required pre conditions  

 Lube oil system 

 Cooling water system  

 Control oil system  

 Gland steam system 

 Turbine drains 

 Condensate and evacuation system 

 Warm up  

 Electro hydraulic turbine controller(EHTC) and turbine stress evaluator (TSE) 

 LP bypass system 
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PARTS OF STEAM TURBINE 

3.1 THE VARIOUS PARTS OF STEAM TURBINE  

3.1.1 NOZZLE: The nozzle expands steam of comparatively low velocity and high static pressure 

within considerable increase in velocity. The nozzle is so positioned as to direct the flow of steam 

into the rotor passage. 

3.1.2  DIFFUSER: It is a mechanical device that is designed to control the characteristics of steam at 

the entrance to a thermodynamic open system. Diffusers are used to slow the steam's velocity and 

to enhance its mixing into the surrounding steam. In contrast, a nozzle is often intended to increase 

the discharge velocity and to direct the flow in one particular direction. 

 Flow through nozzles and diffusers may or may not be assumed to be adiabatic. Frictional 

effects may sometimes be important, but usually they are neglected. However, the external work 

transfer is always assumed to be zero. It is also assumed that changes in thermal energy are 

significantly greater than changes in potential energy and therefore the latter can usually be 

neglected for the purpose of analysis 

3.1.3 BLADES OR BUCKETS: The blades or buckets form the rotor flow passage and serves to change 

the direction and hence the momentum of the steam received in the stationary nozzles. 

3.1.4 GUIDE OR GUIDEBLADES: Often a turbine is arranged with a series of rotor flow passages. 

Intervening between the blades comprising the rotor passages are rows of stationary guide blades. 

The purpose of this guide is to reverse the direction of steam leaving the preceeding moving blade 

row so that general direction of steam leaving the preceeding moving blade rows is similar. If guide 

blades were not provided, opposing force would be exerted on the rotor which would largely negate 

each other. 

3.1.5 CASING SHELL OR CYLINDER: The turbine enclosure is generally called the casing although the 

other two names are in common use. The nozzle and guide are fixed on casing, which in addition to 

confining the steam serves as support for the bearings. Sometimes the word cylinder is restricted as 

a cylindrical form attached to inside of the casing to which the guides are fixed. 

3.1.6 SHAFT, ROTOR, SPINDLE: These terms are applied to the rotating assembly which carries the 

blades. 
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3.1.7 DISC OR WHEEL: The moving blades are attached to the disc which in turn is keyed to the 

shaft. 

3.1.8 DIAPHRAGM: The diaphragm which is fixed to the cylinder or casing contains the nozzle and 

serves to confine the steam flow to nozzle passage. 

3.2.9 PACKING: Packing in the form of carbon rings minimizes the leaking in the annular space 

between the diaphragm and shaft. 

3.1.10 THRUST BEARINGS: Usually a combination of Kingsbury and collar types absorbs the axial 

forces. 

3.1.11 EXHAUST HOOD: The exhaust hood is the portion of the casing which collects and delivers 

the exhaust steam to exhaust pipe or condenser. 

3.1.12 STEAM CHEST: The steam chest is the supply chamber from which steam is admitted to the 

nozzles. 

3 1.13 GOVERNOR: The governing system may be designated to control steam flow so as to 

maintain constant speed with load fluctuations to maintain constant pressure with variation of 

demand for processed steam or both. 

3.1.14 THROTTLE OR STOP VALVES: The throttle and stop valves are located in the steam supply line 

to the turbine. The stop valve is hydraulically operated quick opening and shutting valves designed 

to be either fully opened or shut. On small turbines the stop valves may be manually operated but in 

any case is intended for emergency use or when fully shut down. The throttle valve is used in smaller 

turbines in addition to stop valve as a means of regulating steam flow during the starting or stopping 

the operation.  
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CHAPTER-4 

TURBINE CASING 
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TURBINE CASING 

 

4.1  STEAM TURBINE ELEMENTS 

4.1.1 TURBINE CASING AND GUIDE BLADE CARRIER 

 Steam flow through the turbine is in the axial direction. After leaving the body of the 

emergency stop valve the live steam enters the valve chest with control valves which forms an 

integral casing with the upper half of the outer casing. The valve chest is designed as a traverse tube 

with opening at both ends for assembly. 

  The turbine casing is divided into an admission and exhaust section. Back pressures as well 

as condensing turbines have admission sections of identical design. Depending on the inlet steam 

conditions, the admission sections of comparable size are designed with casings of different wall 

thickness. The admission section will be completed by an exhaust section of adequate size. The 

overall length is adjusted by cylindrical or conical spacer rings. The turbine casing halves are flagged 

and assembled by bolts. 

4.1.2 INNER CASING 

 Owing to a virtually symmetrical design of the casing all its cross sections show practically 

the same amount of thermal expansion. Substantial thermal stresses in the inner casing need not be 

expected because it’s outer and inner walls are exposed to almost the same steam temperature. At 

the level of the shaft axis, the inner casing is supported on shims and is free to thermal expansion. 

Eccentric guide pins in the outer and inner halves of the casing present deviations of the inner 

casing. Similar positioning elements between the inner and outer casing are connected with control 

valve through steam tight L - section which allows for thermal expansion. The lower part of the inner 

casing incorporates two balancing areas for compensating the vertical downward thrust generated 

in the fine nozzle chambers of the inner casing. The balancing steam by which counter acting 

pressure is produced flows from the outer nozzle boxes through drilled passages into the L - ring 

shaped steam compartments where compensating thrust is built up. 
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 The inner casing with its caul ked in sealing strips has also the function of labyrinth gland for 

the compensating piston. It also serves as a support for the guide blades carrier. 

 

4.1.3 NOZZLE BLOCKS  

  

 The nozzle block is designed as a half shell and is kinematically supported by the outer casing 

in the regulated stage, the corresponding lower in the outer casing is designed as a simple blinding 

shield in order to avoid excessive windage losses. The nozzle groups are inserted in to the nozzle 

block. The nozzle block is connected with the steam chamber by L - ring seals in the same manner as 

the inner casing with the control valves. The nozzle block also serves as a guide for the balancing 

piston gland. 

 The guide blade carriers are inserted with a lathe turning circumferential groove in to the 

corresponding webs of the outer casing. They are positioned in the lateral direction by eccentric 

guide pin and adjusted to the correct height by shims. 

 

4.1.4 TURBINE ROTOR AND BLADING  

  

 The turbine rotor is integral with the disc of the control stage wheel and is forged from solid 

blank. Except for the control stage, the blading is of the reaction type. The running blades have their 

root, shaft, and shrouding milled from the same forging. The running blades in the drum stages have 

roots of the inverted T type. Normally only the roots of the control stage blades are forked. But 

occasionally the last row of LP blades depending on the centrifugal stress to which they are 

subjected, may be designed with fork roots too. But due to large assembly cycle time, these roots 

are being converted back to the T root form. The guide blades are manufactured from drawn bar 

material and have pronged roots. The guide blade tips are fitted with riveted shroud strips. 
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4.1.5 BLADE TIP SEALING AND SHAFT GLANDS 

 Radial steps machined on the circumferential surfaces of both the stationary and moving 

blades rows together with oppositely situated sealing steps in the guide blade carriers and on the 

turbine rotor and forming efficient labyrinth seals. The point at which the shaft passes through the 

casing are like wise sealed by labyrinth glands with caul ked in sealing strips. The shells of these 

glands are mounted in outer casing in the manner which leaves them free to follow thermal 

expansion. And central portion of the gland leak steam is drawn off to a region of LP. This limits the 

amount of leak stream discharged. 

 

4.1.6 GOVERNORS AND CONTROLS 

 An emergency stop valve provided at the entrance of the turbine gives the initial steam 

access to the admission chest. During normal operation the stop valve is held open by oil pressure 

against the counter acting forces of a compression spring. In an emergency pressure in the trip boil 

circuit is suddenly relieved and the stop valve is closed immediately. The control valves of the steam 

regulate the steam through out the amount which is required for obtaining the desired output or 

speed. There are hydraulically actuated by servo oil. The control valves are adjustably suspended 

from a valve beam by means of two spindles and via a lever system. The beam cam can be moved by 

the actuator which is mounted on the steam chest. The control element serves as a transmitter for 

control impulses in the governing system. It is operated in the front bearing pedestal. 
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ABSTRACT

The 3D EXPERIENCE PLATFORM is a business experience platform

It provides software solutions for every organization in your company

form Marketing to sale to engineering that help you, in your value

creation process, to create differentiating consumer experience, with a

single, easy to use interface, it powers Industry solution in a collaborative,

interactive environment. It is available on premise and on cloud. Explore

the entire portfoli

Dassault systems offers industry leading application delivered on the 3D

EXPERIENCE platform: Design &Engineering, Manufacturing & Production

Simulation, Governance & Life cycle, 3D Design Experience for

Professionals, as well as a broad catalog of services
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Chapter –1

INTRODUCTION

CATIA isacronymforComputer Aided Threedimensional Interactive Applic

ation. It is one of the leading 3D software used by organizations in

multiple industries ranging from aerospace, automobile to consumer

products.

CATIA is a multi platform 3D software suite developed by Dassault

Systems, encompassing CAD, CAM as well as CAE. Dassault is a French

engineering giant active in the field of aviation, 3D design, 3D digital

mock-ups, and product lifecycle management (PLM) software. CATIA is a

solid modelling tool that unites the 3D parametric features with 2D tools

and also addresses every design-to-manufacturing process. In addition

to creating solid models and assemblies, CATIA also provides generating

orthographic, section, auxiliary, isometric or detailed 2D drawing views.

It is also possible to generate model dimensions and create reference

dimensions in the drawing views. The bi-directionally associative

property of CATIA ensures that the modifications made in the model are

reflected in the drawing views and vice-versa.
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The first release of CATIA was way back in 1977, and the software suite is

still going strong more than 30 years later. While CATIA V6 is just being

released, the most popular version of CATIA is V5 which was introduced

in 1998. That said, it is important to note that each version of CATIA

introduces considerable additional functionality. For example, V4

(introduced in 1192) offered enhancements to the Assembly Modeling

Product including easy-to-use graphical tree-based assembly

management. V5 and V6 saw changes in the way data is handled.

Dassault Systemes typically offers new updates, releases and bug fixes

for each version. The CATIA software is written in C++. It runs on both

Unix and Windows.

CATIA started as an in-house development in 1977 by French aircraft

manufacturer AVIONS MARCEL DASSAULT, at that time customer of

the CADAM software to develop Dassault’s Mirage fighter jet. It was later

adopted by the aerospace, automotive, shipbuilding, and other

industries.

Initially named CATI (conception assistee tridimensionnelle interactive –

French for interactive aided three-dimensional design ), it was renamed

CATIA in 1981 when Dassault created a subsidiary to develop and sell the

software and signed a non-exclusive distribution agreement with IBM.

In 1984, the Boeing Company chose CATIA V2 as its main 3D CAD tool,

becoming its largest customer.

In 1988, CATIA V3 was ported from mainframe computers to Unix.
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In 1990, General Dynamics Electric Boat Corp chose CATIA as its main 3D

CAD tool to design the U.S. Navy's Virginia class submarine. Also,

Lockheed was selling its CADAM system worldwide through the channel

of IBM since 1978.

In 1992, CADAM was purchased from IBM, and the next year CATIA

CADAM V4 was published.

In 1996, it was ported from one to four Unix operating systems, including

IBM AIX, Silicon Graphics IRIX, Sun Microsystems SunOS, and Hewlett-

Packard HP-UX.

In 1998, V5 was released and was an entirely rewritten version of CATIA

with support for UNIX, Windows NT and Windows XP (since 2001)

In the years prior to 2000, problems caused by incompatibility between

versions of CATIA (Version 4 and Version 5) led to $6.1B in additional

costs due to years of project delays in production of the Airbus A380.

In 2008, Dassault Systems released CATIA V6. While the server can run

on Microsoft Windows, Linux or AIX, client support for any operating

system other than Microsoft Windows was dropped.

In November 2010, Dassault Systems launched CATIA V6R2011x, the

latest release of its PLM2.0 platform, while continuing to support and

improve its CATIA V5 software.

In June 2011, Dassault Systems launched V6 R2012.

In 2012, Dassault Systems launched V6 2013x.
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In 2014, Dassault Systems launched 3DEXPERIENCE Platform

R2014x  and

CATIA on the Cloud, a cloud version of its software.

In 2018, Dassault Systems launched 3DExperience Marketplaces to

connect CATIA Users, with manufacturers, standard parts creators and

engineers.

In 2019, 3DExperience Marketplaces launched an Add-in in Catia, to

connect directly manufacturers with designers.

Chapter –2

WHAT DOES CATIA DO:-

CATIA provides the capability to visualize designs in 3D. When it was

introduced, this concept was innovative. Since Dassault Systemes did not

have an expertise in marketing, they had revenue sharing tie-up with IBM

which proved extremely fruitful to both the companies to market CATIA.

In the early stages, CATIA was extensively used in the design of the Mirage

aircrafts however the potential of the software soon made it a popular

choice in the automotive sector as well. As CATIA was accepted by more

and more manufacturing companies, Dassault changed the product

classification from CAD / CAM software to Project Lifecycle Management.

The company also expanded the scope of the software.
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CATIA can be used at different stages of the design - ideate, draw, test

and iterate. The software comes with different workbenches (“modules”)

that allow CATIA to be used across varied industries – from parts design,

surface design and assembly to sheet metal design. CATIA can also be

used for CNC.

CATIA offers many workbenches that can be loosely termed as modules. A

few of the important workbenches and their brief functionality description is

given

WORKBENCHES:-

 Part Design

 Generative Shape Design

 Assembly

Part Design:

 The most essential workbench needed for solid modelling. This CATIA

module makes it possible to design precise 3D mechanical parts with an

intuitive and flexible user interface, from sketching in an assembly context

to iterative detailed design.



Gudlavalleru engineering
college

Page



Gudlavalleru engineering
college

Page

Generative Shape Design:

 Allows you to quickly model both simple and complex shapes using

wireframe and surface features. It provides a large set of tools for creating

and editing shape designs. Though not essential, knowledge of Part Design

will be very handy in better utilization of this module.

Assembly: 

The basics of product structure, constraints, and moving assemblies and

parts can be learned quickly. This is the workbench that allows

connecting all the parts to form a machine or a component. 
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CHAPTER-3

SIMULIA

INTRODUCTION:-

All platform users can benefit from the value of simulation by utilizing

the capabilities in the simulation data science discipline taking

Simulation process &data management (SPDM) to the next level.

Powerful results analytics allows users to use simulation results to inform

decision making. Democratization of simulation results and reuse of

simulation methods is enabled through dashboard accesses to a

company’s library of published methods and best-practices. With

simulation analytics, simulation knowledge and its value becomes

available for all platform users

WORK BENCHES USED IN SIMULIA :-

 Material Definiton

 Structural Model

 Structural Model
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MATERAL BROWSER :-

PROCEDURE :-

Go to V.R→Material Definition

Click on Create Material→ Enter the steel and tick the simulation domain

in Add domain

Material Simulation domain → Double click Density value (8020) →
Mechanical→ Elastic→ Young’s modulus
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STRUCTURAL MODEL :-

PROCEDURE :-

Go to V.R→ Structural model click→ Fem controls→ click none

Then Click→ Model (Action Bar)→ Mesh → Octree tetrahedron → Mesh

size (10)→ Select the object→Mesh
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STRUCTURAL SCENARIO :-

PROCEDURE :-

Go to V.R→ Click Structural Scenario→ Simulate type

Click Setup→ Select Finite Element Metod and click ok

Procedures→ Static perturbation

Then you will obtain double ticks

Restrain→ Clamp→ Select one surface→ Click ok
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Loads→ Force→ Click on body→ Give force in Z direction

Simulate→ Simulate check → If there are no errors→ Click simulate→
Ok

RESULTS OF SIMULIA
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CHAPTER-4

DELMIA

INTRODUCTION:-

Manufacturing is debately the most important step in the creation of a

product designs and concepts mean nothing if no part is produced in the

end. Its important to have the manufacturing processes done in the most

efficient way safetly,and with as few errors as possible. This could range

from reducing errors in the machining itself to reducing errors in the

assembly of products with Delmia from the 3D Experience platform

introduced by Dassault systems, these worries will be a thing of the past.
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As described in the introduction Delmia is an app within

the3DExperinence platform that mainly focuses on aiding the

manufacturing process.Depending on the enabled disciplines, these are

things such as the machining of parts,how robotics interacts and

behave,the ergonomics of the work conditions, and many more and with

over 40 different disciplines that cover a wide variety of facets in the

manufacturing process. Companies are sure to find exact ones to aid in

their operations

WORK BENCHES USED IN DELMIA:-

 Manufacturing item definition

 Process planning

 Equipment allocation

 Assembly evaluation
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MANUFACTURING ITEM DEFINITION :-

PROCEDURE :-

→ Go to V.R → manufacturing item definition→ click on manufacturing

assembly→ create manufacturing item product scope and click on product

→ View→ shading with materials

→Authoring→ Create / Update manufacturing→ Next
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PROCESS PLANNING :-

PROCEDURE :-

→ Go to V.R → Process planning→ General system click → Manage scope

→ Click the create scope→ Product 1
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EQUIPMENT ALLOCATION :-

PROCEDURE :-

→ Go to V.R → Equipment allocation → Click on PPR Contex→ Insert

resource→Manufacturing cell and Rename Station as 10,20,30,40

Every station has 1 conveyor, 1 storage

→Station→ Insert Source→ Conveyor

→Station→ Insert Source→ Storage
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ASSEMBLY EVALUATION :-

PROCEDURE :-

Go to V.R→ Assembly Evaluation

Click on General system→ Right click on Loading operation→ Create Track

Copy the Current track to the other operations

Click Live Simulate→ (Bottom bar)
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ABOUT THE ORGANISATION 

 

National Small Industries Corporation (NSIC), is an ISO 9001-2015 certified 
Government of India Enterprise under Ministry of Micro, Small and Medium Enterprises 
(MSME). NSIC has been working to promote, aid and foster the growth of micro, small 
and medium enterprises in the country. NSIC operates through countrywide network of 
offices and Technical Centers in the Country.In addition, NSIC has set up Training cum 
Incubation Centre managed by professional manpower. 

 

Mission: “To promote and support Micro, Small & Medium Enterprises (MSMEs) 
Sector” by providing integrated support services encompassing Marketing, Technology, 
Finance and other services. 

Vision: “To be a premier Organization fostering the growth of Micro, Small and Medium 
Enterprises (MSMEs) Sector”. 

 

Schemes of NSIC: 

 

NSIC facilitates Micro, Small and Medium Enterprises with a set of specially tailored 
scheme to enhance their competitiveness. NSIC provides integrated support services 
under Marketing, Technology, Finance and other Support service. 

Technology Support: 

Technology is the key to enhancing a company's competitive advantage in today's 
dynamic information age. Small enterprises need to develop and implement a technology 
strategy in addition to financial, marketing and operational strategies and adopt the one 
that helps integrate their operations with their environment, customers and suppliers. 

NSIC offers small enterprises the following support services through its Technical 
Services Centers and Extension Centers: 

1. Advise on application of new techniques. 
2. Material testing facilities through accredited laboratories. 
3. Product design including CAD. 
4. Common facility support in machining, EDM, CNC, etc. 
5. Energy and environment services at selected centers. 
6. Classroom and practical training for skill upgradation. 

 



2 

 

 

NSIC Technical Services Centers are located at the following places: 

Name of the Centre Focus area 

Chennai Leather &Footware 

Howrah General Engineering 

Hyderabad Electronics & Computer Application 

New Delhi Machine Tools & related activities 

Rajkot Energy Audit & Energy Conservation activities 

Rajpura (Pb) Domestic Electrical Appliances 

Aligarh (UP) Lock Cluster & Die and Tool making 

Neemka (Haryana) Machine Tools & related activities 
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INTRODUCTION 

 
 
Energy requirement for refrigeration and air conditioning applications bears a 

huge share of total energy consumption around the world. Since,  thermal  comfort  plays  
a  very  important  role  on  the  health,  working efficiency and activities of all living 
beings, especially, temperature and humidity. In the excessively hot climates it is 
necessary to reduce the temperature and humidity whereas in the cold climate there is a 
need to increase the temperature. When the temperature drops below thermal comfort 
level, especially in the winter season,  The  heating  systems  are  employed.  In some 
countries,  where  the atmospheric temperature is very low, natural heating like solar 
energy is not sufficient, the heat pump and fuel fired systems are proven to be suitable 
heating devices.  In  hot  climates,  thermal  comfort  achieved  through  the  use  of  
refrigerators and air conditioning systems. 

 

 

Refrigeration: 

The term “Refrigeration” may be defined as the process of removing heat from a 
substance under controlled conditions. It also includes the process of reducing and 
maintaining the temperature of a body below the general temperature of its surroundings. 

In other words, the refrigeration means a continued extraction of heat from a body whose 
temperature is already below temperature of its surroundings. In a refrigerator, heat is 
virtually pumped from a lower temperature to a higher temperature.  

Applications of Refrigeration: 

1. Food processing preservation and distribution. 
2. Chemical and process industries. 
3. Special applications such as cold treatment of metals, medical, construction, ice 

skating etc. 
4. Comfort air conditioning.    

 

Air Conditioning: 

                              “Air conditioning” is the process of removing heat and moisture from 
the interior of an occupied space to improve the comfort of occupants. Air conditioning 
can be used in both domestic and commercial environments. 

Air conditioners often use a fan to distribute the conditioned air to an occupied 
space such as a building or a car to improve thermal comfort and indoor air quality. 
Electric refrigerant-based AC units range from small units that can cool a small bedroom, 
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which can be carried by a single adult, to massive units installed on the roof of office 
towers that can cool an entire building. The cooling is typically achieved through 
a refrigeration cycle, but sometimes evaporation or free cooling is used. Air conditioning 
systems can also be made based on desiccants (chemicals which remove moisture from 
the air). Some AC systems reject or store heat in subterranean pipes. 

 
 

Welding: 

 

Weldingis a fabrication process that joins materials, usually metals or 
thermoplastics by causing fusion, which is distinct from lower temperature metal-joining  
techniques such  as brazing and soldering,  which  do  not melt the base metal. In addition 
to melting the base metal, a filler material is typically added to the joint to form a pool of 
molten material (the weld pool) that cools to form a joint that, based on weld 
configuration (butt, full penetration, fillet, etc.), can be stronger than the base material 
(parent metal). Pressure may also be used in conjunction with heat, or by itself, to  
produce a  weld.  Welding also requires a form of shield to protect the filler metals or 
melted metals from being contaminated or oxidized. 

Although  less  common,  there  are  also  solid  state  welding  processes  such as 
friction welding in which the base metal does not melt.
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REFRIGERATION AND AIR CONDITIONIG 

 

Inairrefrigeration,theairisusedasarefrigerant.Inoldendays,airwaswidely 
usedincommercialapplicationsbecauseofitsavailabilityatfreeofcost.Since 
airdoesnotchangeitsphasei.e.remainsgaseousthroughoutthecycle, therefore the heat carrying 
capacity per kg of air is very small as compared to vapourabsorbingsystems.Theair-
cyclerefrigerationsystems,asoriginally 
designedandinstalled,arenowpracticallyobsoletebecauseoftheirlow 
coefficientofperformanceandhighpowerrequirements;however,thissystem continues to be 
favoured for air refrigeration because of the low weight and volume of theequipment. 

Refrigerationessentiallymeanscontinuedabstractionofheatfromasubstance 
(perishablefoods,drinksandmedicinesetc.)atlowtemperaturelevelandthen 
transfersthisheattoanothersystemathighpotentialoftemperature. 

Thebasicelementsofanaircyclerefrigerationsystemareasfollows: 

Compressor 

Cooler or heatexchanger 

Expander 

Refrigerator 

Air-Conditioning 

The air conditioning is that branch of engineering science which deals with the 
freezingpointofwater. 

Theyconductedtheirexperimentwiththebulbofamercurythermometerastheir 
objectandwithabellowsusedtospeeduptheevaporation.Theyloweredthe study of conditioning 
of air i.e. supplying and maintaining desirable internal atmospheric condition for human 
comfort, irrespective of external condition. This subject, in its broad sense, also deals with the 
conditioning of air for industrial purpose, food processing, storage of food and other 
materials. 

Air conditioning refers to the simultaneous control of temperature, humidity, cleanliness 
and air motion within a confined region or space. 

The basic elements of an Air- Conditioning system are as follows: 

1. Circulation fan 

2. Compressor 

3. Condenser 

4. Dryer 
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5. Evaporator 

6. Supply Duct 

7. Supply outlet 

8. Return outlet 

9. Filters 

Modern air conditioning emerged from advances in chemistry during the 19th century, and 
the first large- scale electrical air conditioning was invented and used in 1902 by American 
inventor Willis Carrier. The introduction of residential air conditioning in the 1920s helped 
enable the great migration to the sun belt in the United States. 

In 1758, Benjamin Franklin and John Hadley, a chemistry professor at Cambridge 
University, conducted an experiment to explore the principle of evaporation as a means to 
rapidly cool an object. Franklin and Hadley confirmed that evaporation of highly volatile 
liquids (such as alcohol and ether) could be used to drive down the temperature of an object 
past the temperature of the thermometer bulb down to −14 °C (7 °F) while the ambient 
temperature was 18 °C (64 °F). Franklin noted that, soon after they passed the freezing point 
of water 0 °C (32 °F), a thin film of ice formed on the surface of the thermometer's bulb and 
that the ice mass was about 6 mm (1⁄4 in) thick when they stopped the experiment upon 
reaching −14 °C (7 °F). Franklin concluded: "From this experiment one may see the 
possibility of freezing a man to death on a warm summer's day. 

A simple vapor compression refrigeration system consists of the following equipments: i) 
Compressor ii) Condenser iii) Expansion valve iv) Evaporator. 

 

Fig:2.1. Typical single- stage vapour compression referigeration. 

 

The schematic diagram of the arrangement is as shown in Fig.2.1. The low temperature, 
low pressure vapor at state B is compressed by a compressor to high temperature and 
pressure vapor at state C. This vapor is condensed intohigh pressure vapor at state D in the 
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condenser and then passes through the expansion valve. Here, the vapor is throttled down to a 
low pressure liquid and passed on to an evaporator, where it absorbs heat from the 
surroundings from the circulating fluid (being refrigerated) and vaporizes into low pressure 
vapour at state B. The cycle then repeats. The exchange of energy is as follows: 

a) Compressor requires work, δw. The work is supplied to the system from the 
surroundings. 

b) During condensation, heat δQ1 the equivalent of latent heat of condensation etc, is 
lost from the refrigerator. 

c) During evaporation, heat δQ2 equivalent to latent heat of vaporization is absorbed by 
the refrigerant. 

d) There is no exchange of heat during throttling process through the expansion valve as 
this process occurs at constant enthalpy. 

 

Figureshows a simple vapor compression refrigeration cycle on T- s diagram for different 
compression processes. The cycle works between temperatures T1 and T2 representing 
the condenser and evaporator temperatures respectively. 

The various process of the cycleare as given below: 
 

i) Process 2-3: Isentropic compression of the vapor from state 2 to 3. If vapor state is 
saturated or superheated, the compression is called dry compression. If initial state 
is wet the compression is called wet compression. 

ii) Process 3-4: Heat rejection in condenser at constant pressure. 

iii) Process 4-1: An irreversible adiabatic expansion of vapor through the expansion 
value. The pressure and temperature of the liquid are reduced. The process is 
accompanied by partial evaporation of some liquid.  

iv) Process 1-2: Heat absorption in evaporator at constant pressure. The final state 
depends on the quantity of heat absorbed and same may be wet, dry or 
superheated. 
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Thermodynamic properties of Refrigerant: 

1. Boiling point   : It should be low. 
2. Thermal conductivity  : it should be high 
3. Specificheat   : It should be low 
4. Freezing point   : it should be low. 
5. Toxicity   : it should be low 
6. Evaporative pressure  : it should be high. 
7. Condensation pressure  : It should be low. 
8. Latent heat   : It should be high. 
9. CPO    : It should be high. 

 
REFRIGERENT: 

1) It is heat carrying medium. 
2) It carries heat from low temperature to high temperature system. 
3) Liquid + vapour mixture. 

 
Selection of Refrigerant: 

1) Performance: High efficiency,Low cost. 
2) Safety: Non toxic. 
3) Environmental impact: It should be low. 

 
Types of Refrigerants: 

1) Chlorofluorocarbons(CFC)  :R11,R22,R114,R113. 
2) Hydrocholrofluorocarbons(HCFC) :R22. 
3) Hydrofluorcarbons(HFC)  :R410a,R407,R1234yf,R134a. 
4) Hydrocarbons(HC)   :R600a. 

 
 
Comparison of Air-Conditioners: 

Non-Inverter Inverter 

On/Off type Continuous on 

Current consumption high Low power consumption 

Fixed frequency(50HZ) Variable frequency 

Outdoor unit starts (ODU) after 
3mins 

Indoorunitandoutdoorunitstartsat
a sametime 
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Types of refrigerators: 

 

1.Single doorrefrigerator. 

2.Double doorrefrigerator. 
 

Difference between single and double door refrigerator: 
 

Single door Double door 

Single door is also called as directcool 
refrigerator. 

Doubledoorrefrigeratorisalsocalledas 
freezer. 

Plate and tube evaporator coil. Tube and fine evaporator coil. 

Cooling temperature is 
up to - 18degrees.c 

Cooling temperature is 
up to - 24degrees.c 

 
Psychrometry process: 

1. Sensiblecooling. 
2. Sensibleheating. 
3. Humidification. 
4. Dehumidification. 
5. Coolinganddehumidification.  
6. Heatingandhumidification. 
 
 

 

Constant speed Variable speed 

Ittakesmoretimetoreachset 
temperature 

It takes less time 

Capacitors required for starting 
purpose 

No capacitors required 

PCBs are placed in IDU 
PCBs are placed in IDU AND 
ODU 

R22 Refrigerant isused R4100 Refrigerant isused 

Suction pressure(60- 80psig) Suction pressure(120- 150psig) 

Discharge pressure(270- 290psig) Discharge pressure(440- 480psig) 
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WELDING 

 

Weldingisafabricationprocessthatjoinsmaterials,usuallymetalsorthermoplastics,bycausi
ngfusion,whichisdistinctfromlower temperaturemetal-
joiningtechniquessuchasbrazingandsoldering,whichdo 
notmeltthebasemetal.Inadditiontomeltingthebasemetal,afillermaterialis 
typicallyaddedtothejointtoformapoolofmoltenmaterial(theweldpool)that 
coolstoformajointthat,basedonweldconfiguration(butt,fullpenetration,fillet, 
etc.),canbestrongerthanthebasematerial(parentmetal).Pressuremayalso 
beusedinconjunctionwithheat,orbyitself,toproduceaweld.Weldingalso 
requiresaformofshieldtoprotectthefillermetalsormeltedmetalsfrombeing contaminated 
oroxidized. 

 
 
Methods of Welding: 

Some of the best known welding methods include: 
 

• Oxy-fuelwelding–alsoknownasoxyacetyleneweldingoroxy-welding, 
usesfuelgasesandoxygentoweldandcutmetal. 

 
 
 
 
 
 
 
 
 
 

 
 
 

fig:3.1 Oxy- Fuel Welding 
 

• Shielded metal arc welding (SMAW)– also known as "stick welding" or 
"electricwelding",usesanelectrodethatiscoatedinfluxtoprotecttheweld 
puddle.Theelectrodeholderholdstheelectrodeasitslowlymelts away. Slag protects the 
weld puddle from atmospheric contamination. 
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Fig:3.2 Shielded Metal ArcWelding 
 

• Gastungstenarcwelding(GTAW)–alsoknownasTIG(tungsten,inertgas), uses a non- 
consumable tungsten electrode to produce the weld. The weld area 
isprotectedfromatmosphericcontaminationbyaninertshieldinggassuch as argon or 
helium. 
 

 
Fig. 3.3 Gas TungstenArc Welding 

 

• Gasmetalarcwelding(GMAW)–
commonlytermedMIG(metalinertgas),uses
awirefeedinggunthatfeedswireatanadjustable
speedandflows anargon-
basedshieldinggasoramixofargonandcarbon
dioxide(CO2)over 
theweldpuddletoprotectitfromatmosphericc
ontamination. 

 
 
 

Fig. 3.4 Gas metal arc welding 
 
 

• Submergedarcwelding(SAW)–
usesanautomaticallyfedconsumableelectrodeandablanketofgranularfusibleflux.Themolten
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weldandthearc zoneare-protectedfromatmosphericcontaminationbybeing"submerged" 
under the flux blanket. 

 

 
Fig. 3.5 Submerged Arc Welding 

• Electroslagwelding(ESW)–ahighlyproductive,singlepasswelding 
processforthickermaterialsbetween1inch(25mm)and12inches(300mm) 
inaverticalorclosetoverticalposition. 

 
 
 

Fig. 3.6 Electroslag Welding 
 

• Electric resistance welding (ERW)–a welding process that producescoalescence of 
laying surfaces where heat to form the weld is generated by the 
electricalresistanceofthematerial.Ingeneral,it is anefficientmethod butlimitedto relatively thin 
material. 
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Fig. 3.7 Electric resistance welding 

 
 
 
 
 
 
 
 

 
Classification of WeldingProcesses: 

Welding processes can be classified based on following criteria; 
 

1. Weldingwithorwithoutfillermaterial. 

2. Source of energy ofwelding. 
3. Arc and Non- arcwelding. 
4. Fusion and Pressurewelding. 

 
1. Weldingcanbecarriedoutwithorwithouttheapplicationoffillermaterial. Earlier only gas 

welding was the fusion process in which joining could be 
achievedwithorwithoutfillermaterial.Whenweldingwasdonewithout 
fillermaterialitwascalled‘autogenouswelding'.However,withthe 
developmentofTIG,electronbeamand other welding processes such classification 
created confusion as many processes shall be falling in both the categories. 

2. Varioussourcesofenergiesareusedsuchaschemical,electrical,light, 
sound,mechanicalenergies,butexceptforchemicalenergyallotherformsof energiesare 
generated from electrical energy for welding. So this criterion does not justify proper 
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es classification embraces all the arc welding processes in one class and all other 
processes in other class. In such classification it is difficult to assign either of the class 
to processes such as 
electroslagweldingandflashbuttwelding,asinelectroslagweldingtheprocess starts with 
arcing and with the melting of sufficient flux the arc extinguishes 
whileinflashbuttweldingtinyarcsi.e.sparksareestablishedduringtheprocess and then 
components are pressed against each other. Therefore, such classification is also 
notperfect. 

3. Fusionwelding and pressure welding is most widely used classification as it 
covers all processes in both the categories irrespective of heat source and 
weldingwithorwithoutfillermaterial.Infusionweldingallthoseprocessesare 
includedwheremoltenmetalsolidifiesfreelywhileinpressureweldingmolten 
metalifanyisretainedinconfinedspaceunderpressure(asmaybeincaseof resistance 
spot welding or arc stud welding) solidifies under pressure or semisolid metal 
cools underpressure. 

 
 

 

 

 

 

 

 

 

 

 

 

 

 

Fig. Classification of Welding Process 
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Fig. Classification of Pressurized welding 
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WELDING INSPECTION (NDT) 

4.1 Non- Destructive Testing: 

Nondestructivetestingornon-destructivetesting(NDT)isawidegroupof analysis 
techniques used in science and technology industry to evaluate the properties of a material, 
component or system without causing damage The 
termsnondestructiveexamination(NDE),nondestructiveinspection(NDI), 
andnondestructiveevaluation(NDE)arealsocommonlyusedtodescribethis technology. 

Since NDTdoesnot permanentlyalterthecharacteristics of article beinginspected, it is a 
highly valuable technique that can save both money and time in product 
evaluation,troubleshooting,andresearch.ThesixmostfrequentlyusedNDT methods are: 
 

4.2 Types of NDT: 

1. Visualinspection. 
2. Penetranttesting. 
3. Magnetic particle inspectiontesting. 
4. Ultrasonictesting. 
5. Radiographytesting. 
6. Eddy currenttesting. 
7. Leaktest. 
8. Thermography. 
9. Vibrational analysis 

 
4.3 Selection of NDT: 

 
MagneticparticleInspection(MPI):Itisanon-destructivetesting(NDT)process for detecting 
surface and shallow subsurface discontinuities in ferromagnetic 
materialssuchasiron,nickel,cobalt,andsomeoftheiralloys.Theprocessputs 
amagneticfieldintothepart.Thepiececanbemagnetizedbydirectorindirect magnetization. 

Directmagnetizationoccurswhentheelectriccurrentispassedthroughthetest object and a 
magnetic field is formed in the material. Indirect magnetization 
occurswhennoelectriccurrentispassedthroughthetestobject,butamagnetic field is applied from 
an outside source. The magnetic lines of force are 
perpendiculartothedirectionoftheelectriccurrent,whichmaybeeither alternating current (AC) or 
some form of direct current (DC) (rectified AC). 

The presence of a surface or subsurface discontinuity in the material allows 
themagneticfluxtoleak,sinceaircannotsupportasmuchmagneticfieldper unit volume asmetals. 
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 Fig 4.1 Magnetic particle inspection 

Liquid Penetration method: 

 
 Visible dye penetrant is a NDT (Non Destructive Testing) method. It is a simple 
testtoperform,andagoodwaytotestweldsbeforecarryingoutmoreexpensive techniques like x- 
raytesting. 
 Itwillshowupbadcoldlap,cracks,holes...basicallyanydefectswhereavery 
finedyecanpenetrate,hencethename.Itcanbeusedforvariousthings,notjust weldtesting. It can be 
used to test the presence of acrackinacylinderheadforexample. 
 Thesimple kitscomein3 parts,usuallyinaerosolcans.Namely, acleaner,a penetrant, and a 
developer. There are four types of dye penetrant system: 

• Water washable : the dyes wash away withwater. 
• Lipophilic  : the dye dissolves in oil forremoval. 
• Hydrophilic  :

 thedyewashesawaywithawaterrinse,butdetergentsare necessary. 
• Solventremovable : thedyeisremovedwithacleaningsolvent. 

 
Therearefivelevelsoftesting,fromLevel½(Lowestsensitivity)toLevel4 (Highest 

Sensitivity). Operativescarryingoutthistestingshouldbequalifiedtodoso,andreports, 
sometimeswithphotographicevidence,mightberequested. 

Step 1 - Precleaning 

Firstanyloosematerialneedstoberemoved, 
togetherwithanysilicaontopoftheweld.Itis 
importanttoremovethesilica,oryoucanget false results. A good 
scrape and wire brush sorts this out in mostcases.  
Thenapplysomeofthecleanertoremoveany 
oiletc.Waitforthecleanertodrycompletely before 
applyingpenetrant. 

 
 

                                                             Fig. 4.2 Pre cleaning 
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Step 2 - Penetrant 

Oncecleaned,applythe penetrant(a brightred liquid dye). 
Spray plenty on the welds. 
Leavethedyetopenetrate,normallyforabout 20 minutes. 
The time scale is usually printed on the can or on the 
product data sheet. The photographs show a solvent 
removable system. 

 
 

Fig. 4.3 Application of Penetrant 
Step 3 - Postcleaning 

Cleaning again. You need to remove 
excess dye from the area, which is 
easier said than 
done.Itisimportantnottospraythecleaner
on 
theareadirectly,oryouriskwashingthedye 
from theflaw.Use a dry tissue to 
remove excess dye, then spray cleaner 
onto a clean cloth for final cleaning. 

Ultrasonic Testing(UT):       
Ultrasonic testing (UT) is a family of non- destructive testing techniques based on the 

propagation of ultrasonic waves in the object or material tested. In most 
commonUTapplications,veryshortultrasonicpulse-waveswithcenter 
frequenciesrangingfrom0.1-15MHz,andoccasionallyup to50MHz,are 
transmittedintomaterialstodetectinternalflawsortocharacterizematerials.A 
commonexampleisultrasonicthicknessmeasurement,whichteststhe 
thicknessofthetestobject,forexample,tomonitorpipeworkcorrosion. 
 Ultrasonictestingisoftenperformedonsteelandothermetalsandalloys, 
thoughitcanalsobeusedonconcrete,woodandcomposites,albeitwithless resolution. It is used 
in many industries including steel and 
aluminiumconstruction,metallurgy,manufacturing,aerospace,automotiveand other 
transportationsectors. 
Step 2: Instrument settings are input. 
Step3:Theprobeisscannedoverthebladeroot.Inthiscase,anindication(peak 
inthedata)throughtheredline(orgate)indicatesagoodblade;anindicationto 
theleftofthatrangeindicatesacrack. 
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FIG 4.7 Projectional Radiography 

 

 

Fig: 4.5 Ultrasonic Testing 

Principle: A probe sends a sound wave into a test 
material.Therearetwoindications,onefromtheinitialpulseoftheprobe,and 
thesecondduetothebackwallecho.RIGHT:Adefectcreatesathirdindication 
andsimultaneouslyreducestheamplitudeofthebackwallindication.Thedepth 
ofthedefectisdeterminedbytheratioD/Ep. 

Radiography: 

RadiographyisanimagingtechniqueusingX-raystoviewtheinternalformofan 
object.Tocreatetheimage,abeamofX-rays,aformofelectromagnetic radiation, are produced by 
an X- ray generator and are projected toward the object.AcertainamountofX-
rayisabsorbedbytheobject,dependentonits densityandstructuralcomposition.TheX-
raysthatpassthroughtheobjectare captured behind the object by a detector (either 
photographic film or a digital detector). The generation of flat two dimensional images by 
this technique is called projectional radiography. In Computed tomography(CT scanning) 
an x ray sourceanditsassociateddetectorsrotatearoundthesubjectwhichitselfmoves through 
the conical x ray beam produced. Any given point within the subject is 
crossedfrommanydirectionsbymanydifferentbeamsatdifferenttimes. 

Information regarding attenuation of these beams is collated and subjected 
tocomputationtogeneratetwodimensionalimagesinthreeplanes(axial,coronal and sagittal) 
which can be further processed to produce a three dimensional image. 
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Conclusion 

In this internship programme, I have learnt about 

• Different metal joining processes and their applications, with hands on experience. 

• Different non-destructive techniques – their principles and implementation with 

hands on experience. 

• Working of refrigeration and air-conditioning machines followed by their assembly. 
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ABSTRACT 

 

The 3D EXPERIENCE PLATFORM is a business experience platform 

 

It provides software solutions for every organization in your company form  

Marketing to sale to engineering that help you, in your value creation process, to 

create differentiating consumer experience, with a single, easy to use interface, it 

powers Industry solution in a collaborative, interactive environment. It is 

available on premise and on cloud. Explore the entire portfoli 

 

Dassault systems offers industry leading application delivered on the 3D 

EXPERIENCE platform: Design &Engineering, Manufacturing & Production 

Simulation, Governance & Life cycle, 3D Design Experience for Professionals, 

as well as a broad catalog of services 

 

 

 

 

 

 

 

 

 

Chapter – 1 
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INTRODUCTION 

 

CATIA isacronymforComputer Aided Threedimensional Interactive Applicatio

n. It is one of the leading 3D software used by organizations in multiple industries 

ranging from aerospace, automobile to consumer products. 

 

CATIA is a multi platform 3D software suite developed by Dassault Systems, 

encompassing CAD, CAM as well as CAE. Dassault is a French engineering 

giant active in the field of aviation, 3D design, 3D digital mock-ups, and product 

lifecycle management (PLM) software. CATIA is a solid modelling tool that 

unites the 3D parametric features with 2D tools and also addresses every design-

to-manufacturing process. In addition to creating solid models and assemblies, 

CATIA also provides generating orthographic, section, auxiliary, isometric or 

detailed 2D drawing views. It is also possible to generate model dimensions and 

create reference dimensions in the drawing views. The bi-directionally 

associative property of CATIA ensures that the modifications made in the model 

are reflected in the drawing views and vice-versa. 

 

The first release of CATIA was way back in 1977, and the software suite is still 

going strong more than 30 years later. While CATIA V6 is just being released, 

the most popular version of CATIA is V5 which was introduced in 1998. That 

said, it is important to note that each version of CATIA introduces considerable 

additional functionality. For example, V4 (introduced in 1192) offered 
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enhancements to the Assembly Modeling Product including easy-to-use 

graphical tree-based assembly management. V5 and V6 saw changes in the way 

data is handled. Dassault Systemes typically offers new updates, releases and bug 

fixes for each version. The CATIA software is written in C++. It runs on both 

Unix and Windows. 

 

CATIA started as an in-house development in 1977 by French aircraft 

manufacturer AVIONS MARCEL DASSAULT, at that time customer of 

the CADAM software to develop Dassault’s Mirage fighter jet. It was later 

adopted by the aerospace, automotive, shipbuilding, and other industries. 

Initially named CATI (conception assistee tridimensionnelle interactive – French 

for interactive aided three-dimensional design ), it was renamed CATIA in 1981 

when Dassault created a subsidiary to develop and sell the software and signed a 

non-exclusive distribution agreement with IBM. 

In 1984, the Boeing Company chose CATIA V2 as its main 3D CAD tool, 

becoming its largest customer. 

In 1988, CATIA V3 was ported from mainframe computers to Unix. 

In 1990, General Dynamics Electric Boat Corp chose CATIA as its main 3D 

CAD tool to design the U.S. Navy's Virginia class submarine. Also, Lockheed 

was selling its CADAM system worldwide through the channel of IBM since 

1978. 

In 1992, CADAM was purchased from IBM, and the next year CATIA CADAM 

V4 was published. 
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In 1996, it was ported from one to four Unix operating systems, including 

IBM AIX, Silicon Graphics IRIX, Sun Microsystems SunOS, and Hewlett-

Packard HP-UX. 

In 1998, V5 was released and was an entirely rewritten version of CATIA with 

support for UNIX, Windows NT and Windows XP (since 2001) 

In the years prior to 2000, problems caused by incompatibility between versions 

of CATIA (Version 4 and Version 5) led to $6.1B in additional costs due to years 

of project delays in production of the Airbus A380. 

In 2008, Dassault Systems released CATIA V6. While the server can run 

on Microsoft Windows, Linux or AIX, client support for any operating system 

other than Microsoft Windows was dropped. 

In November 2010, Dassault Systems launched CATIA V6R2011x, the latest 

release of its PLM2.0 platform, while continuing to support and improve its 

CATIA V5 software. 

In June 2011, Dassault Systems launched V6 R2012. 

In 2012, Dassault Systems launched V6 2013x. 

In 2014, Dassault Systems launched 3DEXPERIENCE Platform R2014x  and 

CATIA on the Cloud, a cloud version of its software. 

In 2018, Dassault Systems launched 3DExperience Marketplaces to connect 

CATIA Users, with manufacturers, standard parts creators and engineers. 

In 2019, 3DExperience Marketplaces launched an Add-in in Catia, to connect 

directly manufacturers with designers. 
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Chapter – 2 

 

WHAT DOES CATIA DO:- 

 

CATIA provides the capability to visualize designs in 3D. When it was 

introduced, this concept was innovative. Since Dassault Systemes did not have 

an expertise in marketing, they had revenue sharing tie-up with IBM which 

proved extremely fruitful to both the companies to market CATIA.  

 

In the early stages, CATIA was extensively used in the design of the Mirage 

aircrafts however the potential of the software soon made it a popular choice in 

the automotive sector as well. As CATIA was accepted by more and more 

manufacturing companies, Dassault changed the product classification from 

CAD / CAM software to Project Lifecycle Management. The company also 

expanded the scope of the software. 

 

CATIA can be used at different stages of the design - ideate, draw, test and iterate. 

The software comes with different workbenches (“modules”) that allow CATIA 

to be used across varied industries – from parts design, surface design and 

assembly to sheet metal design. CATIA can also be used for CNC. 

CATIA offers many workbenches that can be loosely termed as modules. A few of 

the important workbenches and their brief functionality description is given  
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WORKBENCHES:- 

• Part Design 

• Generative Shape Design 

• Assembly 

 

Part Design: 

 The most essential workbench needed for solid modelling. This CATIA module 

makes it possible to design precise 3D mechanical parts with an intuitive and flexible 

user interface, from sketching in an assembly context to iterative detailed design. 

 

 

 

 

 

 

 

 

 

 

Generative Shape Design: 
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 Allows you to quickly model both simple and complex shapes using wireframe and 

surface features. It provides a large set of tools for creating and editing shape 

designs. Though not essential, knowledge of Part Design will be very handy in better 

utilization of this module. 
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Assembly:  

The basics of product structure, constraints, and moving assemblies and parts can 

be learned quickly. This is the workbench that allows connecting all the parts to 

form a machine or a component.  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

CHAPTER-3 
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SIMULIA 

 

 

INTRODUCTION:- 

 

All platform users can benefit from the value of simulation by utilizing the 

capabilities in the simulation data science discipline taking Simulation process 

&data management (SPDM) to the next level. Powerful results analytics allows 

users to use simulation results to inform decision making. Democratization of 

simulation results and reuse of simulation methods is enabled through dashboard 

accesses to a company’s library of published methods and best-practices. With 

simulation analytics, simulation knowledge and its value becomes available for 

all platform users 

 

WORK BENCHES USED IN SIMULIA :- 

• Material Definiton 

• Structural Model 

• Structural Model 
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MATERAL BROWSER :- 

 

 

PROCEDURE :- 

Go to V.R → Material Definition 

Click on Create Material → Enter the steel and tick the simulation domain in Add 

domain 

Material Simulation domain → Double click Density value (8020) → 

Mechanical → Elastic → Young’s modulus  
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STRUCTURAL MODEL :- 

 

 

 

 

    PROCEDURE :- 

Go to V.R→ Structural model click → Fem controls → click none 

Then Click → Model (Action Bar) → Mesh → Octree tetrahedron → Mesh size 

(10) → Select the object → Mesh 
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STRUCTURAL SCENARIO :- 

 

 

 

PROCEDURE :- 

Go to V.R → Click Structural Scenario → Simulate type 

Click Setup → Select Finite Element Metod and click ok 

Procedures → Static perturbation  

Then you will obtain double ticks 

Restrain → Clamp → Select one surface → Click ok 

Loads → Force → Click on body → Give force in Z direction 
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Simulate → Simulate check → If there are no errors → Click simulate → Ok 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

CHAPTER-4 
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DELMIA 

 

INTRODUCTION:- 

 

Manufacturing is debately the  most important step in the creation of a product 

designs and concepts mean nothing if no part is produced in the end. Its important 

to have the manufacturing processes done in the most  efficient way safetly,and 

with as few errors as possible. This could range from reducing errors in the 

machining itself to reducing errors in the assembly of products with Delmia  from 

the 3D Experience platform introduced by Dassault systems, these worries will 

be a thing of the past. 

 

As described in the introduction Delmia is an app within the3DExperinence 

platform that mainly focuses on aiding the manufacturing process.Depending on 

the enabled disciplines, these are things such as the machining of parts,how 

robotics interacts and behave,the ergonomics of the work conditions, and many 

more and with over 40 different disciplines that cover a wide variety of facets in 

the manufacturing process. Companies are sure to find exact ones to aid in their 

operations 

 

 

 

WORK BENCHES USED IN DELMIA:- 
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• Manufacturing item definition 

• Process planning 

• Equipment allocation 

• Assembly evaluation 
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MANUFACTURING ITEM DEFINITION :- 

 

 

 

 

 

PROCEDURE  :- 

 

→ Go to V.R → manufacturing item definition→ click on manufacturing assembly→ 

create manufacturing item product scope and click on product 

→ View → shading with materials 

→Authoring → Create / Update manufacturing → Next 
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PROCESS PLANNING :- 

 

 

 

PROCEDURE  :- 

 

→ Go to V.R → Process planning → General system click → Manage scope → Click 

the create scope → Product 1 
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EQUIPMENT ALLOCATION :- 

 

 

 

 

PROCEDURE  :- 

→ Go to V.R → Equipment allocation → Click on PPR Contex→ Insert resource → 

Manufacturing cell and Rename Station as 10,20,30,40 

Every station has 1 conveyor, 1 storage 

 →Station → Insert Source → Conveyor 

→Station → Insert Source → Storage 
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ASSEMBLY EVALUATION :- 

 

 

 

PROCEDURE :- 

Go to V.R → Assembly Evaluation 

Click on General system → Right click on Loading operation → Create Track 

Copy the Current track to the other operations 

Click Live Simulate → (Bottom bar) 
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ABSTRACT 

Utilities  department  deals  with  the  generation  and compression  of  industrial  gases  like  Oxygen,  

Nitrogen,  Argon,  Acetylene, Compressed  air,  Industrial  grade  dry  air  and  chilled  water  for  Air 

conditioning systems.The utilities department consists of mainly 4 departments.They are Air Separation 

Plant,Compressor House-1 & 2,Chilled Water Plant – 3,4,5,6&7 and Liquefied petroleum gas plant.The 

Utilities  play a  vital  role  in the steel manufacturing process  by  directly  participating  in  the process  

and  by playing  a supportive role  for  reliable  and  safe  operation  of  different  steps  of  the  

manufacturing process.All  customers  expect  the  uninterrupted  delivery  of utilities  in  all  the  sections  

round  the  clock  even  during  power  failures  for safe shutdown of various units. Towards  the  

fulfillment  of  RINL  –  VSP  goals,  Utilities department  has  always  accorded  top  priority  for  

minimization of  energy consumption,  optimization of  operating  &  process  parameters  and    up- 

gradation/   automation  of  plant equipment and machinery. 
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1.INTRODUCTION TO VISHAKAPATNAM STEEL PLANT 

 
Visakhapatnam Steel Plant-General Features 

Visakhapatnam Steel Plant (VSP), the first coastal based steel plant of India is located to 16 km 

south west of city of destiny i.e. Visakhapatnam. Bestowed with modern technologies, VSP has an 

installed capacity of 3 million tons per annum of liquid steel and 2.656million tones of saleable steel. At 

VSP there is emphasis on total automation, seamless integration and efficient upgradation, which result 

in wide range of long and structural products to meet stringet demands of discerning customers within 

India and abroad.  

VSP products meet exalting international quality standards such as JIS, DIN, BIS, BS etc. VSP 

has become the first integrated steel plant in the country to be certified to all the three international 

standards for quality (ISO-9001), for environment management (ISO-14001) &for occupational health 

& safety (OHSAS-18001).the certificate covers quality systems of all operational, maintenance, service 

units besides purchase systems, training and marketing functions spreading over 4 regional marketing 

offices, 20 branch offices and 22 stock yards located all over the country. 

VSP by successfully installing & operating efficiently Rs.460 Crores worth of pollution Control and 

environment control   equipments and converting the barren landscape by planting   more than 3 million 

plants has made the steel plant, steel township and  surrounding areas into a heaven of green . This has 

made Steel Township a greener, cleaner and cooler place, which can boast of 3° to 4°C lesser temperature 

even in the peak summer compared to Visakhapatnam city. 
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Background: 

On 17 April 1970, the then prime minister of India, Late Mrs. Indira Gandhi announced the government's 

decision in the Parliament to establish a steel plant at Visakhapatnam. The activities kicked off by 

appointing site selection committee in June 1970 and subsequently the committee‘s report was approved 

for site. On 20 January 1971 she laid the foundation stone. Consultants were appointed in February 1971, 

and feasibility reports were submitted in 1972. The first block of land was taken over on 7 April 1974. 

M/s M.N. Dastur& Co was appointed as the consultant for preparing the detailed Project report in April 

1975 and in October 1977 they have submitted the report for 3.4 Mtpa of liquid steel.  

                        With the offer for assistance from government of erstwhile USSR, a revised project 

concept was evolved. Detailed Project Report for a plant capacity of 3.4 Mtpa was prepared by M/s M.N. 

Dastur& Co in November 1980. In February 1981 the contract was signed with USSR for preparation 

of working drawings for coke ovens, Blast Furnace and Sinter Plant. The blast furnace foundation was 

laid with first mass concreting in the project in January 1982. The construction of township also started. 

                         A new company RashtriyaIspat Nigam Limited (RINL) was formed on 18 February 

1982. Visakhapatnam Steel Plant was separated from SAIL and RINL was made the corporate entity of 

Visakhapatnam Steel Plant in April 1982. 

Vizag Steel Plant is the only Indian shore-based steel plant, and it has massive land, up to 19,000 acres 

(7,700 ha), and is poised to become up to 20 MT in a single campus and turnover in 2011-2012 was 

14,457Crores. On 20 May 2009 Honorable Prime Minister Manmohan Singh launched the expansion 

project of Visakhapatnam Steel Plant from a capacity of 3.6MT to 6.3MT at a cost of Rs. 8,692 Crores.  

                        The expansion project is expected to become functional by 2012.it has been rated for 

consecutive five years that it would be  
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Infrastructure 

 

1. Coke Ovens and Coal Chemical Plant 

2. Sinter Plant 

3. Blast Furnace 

4. Steel Melt Shop and Continuous Casting 

5. Light and Medium Merchant Mill 

6. Medium Merchant and Structural Mill 

7. Wire Rod Mill 

8. Steel Melt Shop 

Location: 

The plant is located on the coast of Bay of Bengal and about 16 km to the south west of Visakhapatnam 

Port. It lies between the northern boundaries of National Highway No.5. To the south of the Howrah 

Madras Railway Line. 

Climate: 

Visakhapatnam has warm and humid climate. April to June is hot and December to February to February 

are pretty cold months. The city benefits from the Southwest Monsoons (June to September) & Northeast 

Monsoon (October to December). The average rainfall is 37.8° C. 

Product Mix: 

VSP is producing angles, channels, bars, wire-rods and billets for re-rolling. The plant also produces pig 

iron and 1.44 million tons per annum of granulated also, besides normal by-products from Coke Oven 

and by-product plant. 
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Modern Technologies 

Modern technology has been adopted in many areas of production, some of them for the first time in the 

country.  

They are shortlisted below: 

1. Selective crushing of coal. 

2. 7-metre tall Coke Ovens. 

3. Dry Quenching of coke. 

4. On ground blending of sinter base mix. 

5. Conveyor charging and bell less top for blast furnace. 

6. 100% Continuous Casting of liquid steel. 

7. Gas expansion turbine for power generation utilizing Blast Furnace top gas pressure. 

8. Hot metal de-Sulphurization 

9. Extensive treatment facilities of effluents for ensuring proper disposal. 

10.  Environment protection 

11.  Computerization for process control 

12.  Sophisticated, high speed and high production rolling mills. 

 

Design & Engineering: 

                 The soviet design organization, Gipromez designed the Coke Oven and byproduct plant, 

Sinter Plant and Blast Furnace. Mecon of Ranchi engineered the 7-metre tall Coke Oven batteries with 

dry quenching. Dastur Co., who was the principal consultants for VSP, engineered the remaining 

facilities. 
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Raw Material Linkages: 

The Steel plant gets its supply Iron ore, Limestone, coking coal, dolomite, Manganese ore and finally 

the Steam coal from different parts of the country and has its sources tabulated for easy reference in a 

tabular form below 

 

Raw materials used in the steel manufacturing are: 

 

S.No Name of the Raw Material Used Source of the material 

1. Iron ore Lumps Bailadila 

2. Iron ore Fines Bailadila 

3. Limestone- BF Grade Jaggayyapeta Captive Mine 

4 Limestone –SMS Grade Import/ Indigenous 

5. Dolomite- BF Grade Birmitrapur 

6. Dolomite-SMS Grade Mahakam 

7. Manganese Ore Chipurupalli, Sandar 

8. Coking Coal (Prime indigenous) Pootkee, Bhalgora 

9. Coking Coal (Prime Imported) Vizag Port 

10. Coking Coal (Medium) GidiRamgarh 

11. Steam Coal Ananta Deposit of Talcher 
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2.MAJOR DEPARTMENTS 

1. Raw Material Handling Plant (RMHP) 

 

                 VSP annually requires quality raw materials viz. Iron ore, fluxes, coking and non-coking coals 

etc to the tune of 12-13 million tons for producing 3 Million tones of liquid steel. 

 

2. Coke ovens and Coal chemical Plant (Co &CCP) 

Coke is manufactured by heating of crushed coking coal in the absence of air at a temperature of 1000C 

and above for about 16 to18 hours. 
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               The coal chemicals such as Benzole, Ammonium sulphate etc. are extracted in coal chemical 

plant from CO gas. After recovering the coal chemicals the gas is used as a byproduct fuel by mixing it 

with gases such as BF gas, LD gas etc. A mechanical, biological & chemical treatment plant takes care 

of the effluents. 

3. Sinter Plant (SP) 

 

             Sinter is a better feed material to blast furnace in comparison to iron ore lumps and its usage in 

blast furnaces help in increasing productivity, decreasing the coke rate & improving the quality of hot 

metal produced. 

 

4. Blast Furnace (BF) 

 

Hot Metal is produced in Blast Furnaces, which are tall vertical furnaces. Raw materials are 
charged from the top and hot blast at 1100C-1300C and 5.75 KSCG pressure is blown almost from the 
bottom. The furnaces are designed for 802% Sinter is theburden. . The two furnaces with their novel 
circular cast house and four tap holes each are capable of producing 9720 tons of Hot Metal daily of 3.4 
Million Tones of low sculpture Hot Metalannually. 



9 

 

 
5. Steel Melting Shop (SMS) 

             Steel is an alloy of iron with carbon upto 1.8%.Hot metal produced in blast furnaces contains 

impurities such as carbon (3.5-4.25), silicon (0.4-0.5%), manganese (0.3-0.4%), sulphur (0.04%) and 

phosphorous (0.14%) is not suitable as a common engineering material. To improve the quality the 

impurities are to be eliminated or decreased by oxidation process 

            During the process heat is generated by exothermic reactions of oxidation of metalloids viz. Si, 

Mn, P, and carbon and temperature rises to 1700C enabling refining & slag formation. 

 

6. Continuous Casting Department (CCD) 

                     Continuous casting may be defined as teaming of liquid steel in a mould with a false bottom 

through which partially solidified ingot/bar is continuously withdrawn at the same rate at which liquid 

steel is teamed in the mould.Entire quantity of molten steam produced (100%) is continuously cast in 

radial bloom casters which help in energy conservation as well as production of superior quality 

products. 

7. Light & Medium Merchant Mill (LMMM) 

             The billets for rolling in bar mill of LMMM are first heated in 2 strand roller heater furnace of 

200 T/h capacity to temperature of 1150-1200C. 

             The mill is facilitated with temperature core heat treatment technology evaporative cooling 

system in walking beam furnaces, automated piling & bundling facilities, high degree of automation and 

computerization. 

 

8. Wire Rod Mill (WRM) 

             The mill is equipped with standard and retarded stelmore lines for producing high quality wire 

rods in low, medium & high carbon grade meeting the stringent National & International  standards viz. 

BIS, DIN,JIS,BS etc and having high ductility, uniform grain size, excellent surface finish. 
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Over all procedure of steel plant in making steel 
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3.UTILITIES DEPARTMENT 

INTRODUCTION : 

Utilities  department  deals  with  the  generation  and compression  of  industrial  gases  like  Oxygen,  

Nitrogen,  Argon,  Acetylene, Compressed  air,  Industrial  grade  dry  air  and  chilled  water  for  Air 

conditioning systems. 
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The Utilities  play a  vital  role  in the steel manufacturing process  by  directly  participating  in  the 

process  and  by playing  a supportive role  for  reliable  and  safe  operation  of  different  steps  of  the  

manufacturing process. 

   All  customers  expect  the  uninterrupted  delivery  of utilities  in  all  the  sections  round  the  clock  

even  during  power  failures  for safe shutdown of various units. Towards  the  fulfillment  of  RINL  –  

VSP  goals,  Utilities department  has  always  accorded  top  priority  for  minimisation  of  energy 

consumption,  optimisation  of  operating  &  process  parameters  and    up- gradation/   automation  of  

plant equipment and machinery. 

 

Utilities products & customers 

Products Customers 

1. Oxygen gas, 

2. Nitrogen gas 

3. Argon gas 

4. Compressed air 

5. Dry air 

6. Chilled water 

7. LPG 

 

 

 

 

EMD  (Internal  customer  -  to  distribute  the 

products  to various departments of VSP) 

 

 

 

1. Liquid oxygen 

2. Liquid nitrogen 

3. Liquid argon 

4. Argon gas 

5. Carbide sludge 

 

 

 

arketing  (External  customer  -  as  a  nodal  agency  for selling  t

products  to  all  external  agencies/  out  side parties ) 
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This department mainly consists of 

1. Air Separation Plant 

2. Compressor House-1 & 2 

3. Chilled Water Plant – 3,4,5,6&7 

4. LPG  Plant 

 

 

 

 

 

AN  OVERVIEW  OF  VARIOUS  BRANCHES  IN  UTILITIES DEPARTMENT 

 

1. AIR SEPERATION PLANT : 

Introduction : 

Air  is  filtered  for  removal  of  dust,  compressed  in  a  four  stage  centrifugalcompressor  to  a  pressure  

of  6.4  Kg/Cm2(g),  precooled  to  about 100 ºC  bydirect  contact  with  chilled water and then  Carbon  

Utilities production units & products 

Production units Products 

1.  Air separation plant-1,2,3&4 Oxygen gas, Nitrogen gas, Argon  gas, Liquid 

oxygen, Liquid nitrogen & LiquidArgon. 

2. Compressor house -1&2 Compressed air & Dry air 

 

3. Chilled water plant – 3,4,5,6&7 Chilled water 

4. LPG plant LPG 
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dioxide  and  moisture  areremoved  from  the  air  by  the  adsorbents  activated  alumina  and  molecular 

sieves.  Air  is  separated  in  to  products  Oxygen  and  Nitrogen  by  cryogenicdistillation  of air in  the  

temperature  range of  -  175º C  to  -196º  C. The colder refrigeration required for the system is generated 

by the expansion of highpressure air to low pressure  through a set of reducing valves  and 

ExpansionTurbine. 

  An  intermediate  product  from  the  distillation  column,  crude argon  containing  10%  Argon  is  

enriched  to  90%  Argon  in  a  distillation column  is called  crude  argon column.  Oxygen  in the  argon  

is  removed  withthe  injection  of  hydrogen  and  formation  of  water  in  presence  of  de-oxocatalyst.  

The  water from Argon  is separated through separator & adsorptionsystem  and  Nitrogen  from  the  

argon  separated  by  cryogenic  distillationsystem at pure argon column. 

2. COMPRESSOR HOUSE – 1 & 2: 

Introduction: 

          Compressed air  is required  for  the operation  of  the pneumatic  devices, tools and for general 

purposes and in various production units  of the plant. There are two  compressors  houses,  one  in  the  

Iron  and  Steel making  units,  Blast Furnace, Steel Melt Shop, Sinter plant, Cock Ovens & By- Product 

plant and Thermal  power  plant,  Calcining  plant  and  other  for  Rolling  Mills  Zone  are provided 

based on the plant requirements. 

Brief Process : 

         The  content  of  hard  particles  and  mechanical  mixtures  in  air  must  not exceed 0.5 mg/Nm3 of 

air. Hence air is filtered and cleaned of dust particles, so as to avoid mechanical wear of the rotor and 

prevent it from unbalancing. The air is cleaned in self-cleaning dry type air filters. As it being a pulse 

type system  there  is  no  need  of  changing  the  filters  frequently.  This  filtered  air enters the first 

stage of the compressor through silencer.  Argon  increase.  At the  out  let  of  R10  the  argon  gas  

fraction  containing  less  than  10ppm  of oxygen  is  attained.  Then  the  de  Oxo  argon  is  cooled  in  

atmospheric  cooler E43,  water  cooler E42 and  finally  in  refrigeration unit  X10  up to  100  C and sent  

to  a  water  separator  B11,  where  the  condensed  moisture  is  removed. The de Oxo Argon is dried in 

driers. 

3.CHILLED WATER PLANT : 

Introduction : 



15 

 

           Chilled  water  is  required  for  use  in  air  conditioning  system of  various  plant  control  rooms  

and  electrical  control  rooms  in  addition  to this  ,  it is  also  required  for process  uses  such as  in the  

process  gas coolers in  coke  ovens  and  By-product  plant  and  in  the  pre-coolers  of  the  Turbo 

Blowers  of  Power  plant  and  blower  house.  The  total  Chilled  water requirements  for  various  

process  consumers  as  well  as  for  the  air conditioning  requirements  are  approximately  6223  Cu  

m/Hr  in  3.0  MT stage. 

Brief Process : 

         The  refrigerant  cycle  begins  at  the  evaporator.  The  warm water flowing through the evaporator 

tubes is warmer than the refrigerant in the  shell  around  the  tubes  consequently  heat  is  transferred  

from the warm  to refrigerant  thus  chilling  the  warm  water.  This  heat  evaporates  the refrigerant  at  

a  temperature  corresponds  to  the  lower  pressure  in  to  the 

evaporator. Evaporated refrigerant vapour flows through the pre-whirl vanes of the inlet  guide  

vane  unit  into  the  centrifugal  compression  where  it is partially compressed by the first stage impellor. 

It is then mixed with stream of  gas,  which  comes  from  the  economiser.  The  mixer  of  suction  and 

economiser gas  enters the second stage impellor where it is compressed and discharged  into  the  

condenser.  If  economiser  is  not  used  this  gas  will  be generated  at  the  evaporator  and  would  all  

have  to  be  pumped  from  the evaporator pressure to the condenser pressure. 

 

 

 

 

 

 

4.AIR SEPERATION PLANT 

Overview 

Separation of air in an air separation plant involves the following steps:- 

1. Compressing the air through an air compressor. 

2. Sending the air to air driers to remove moisture, co2 and hydrocarbons. 
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3. Further cooling in the heat exchanger to cryogenic temperatures. 

4. Reducing the pressure of a part of it in the turbine for distillation. 

5. Separating out the components in the distillation tower. 

6. Storing the liquefied gases in tanks for further use. 

 

    From the air-water tower, the cooled air is sent to the driers which remove 

any content of moisture, carbon-di-oxide and hydrocarbons. After this it is passed through a filter 

where any impurities such as activated alumina are removed. Now the air is passed to a heat exchanger 

where its temperature is further reduced to cryogenic levels. From the heat exchanger, this air is sent to 

the medium pressure column in the distillation tower. A part of the air from the heat exchanger is sent 

to the expansion turbine where its pressure is reduced and is then sent to the low pressure column in 

the distillation tower. Finally, in the distillation tower, the compressed air is divided into its 

components and is liquefied. It is then sent into storage tanks where it is stored for further use.  

Air separation plant is one of the major auxiliary units and is adjusted to meet the maximum daily 

demand of gaseous Oxygen, gaseous Nitrogen and gaseous Argon. The plant has the provision for the 

production of liquid Nitrogen and liquid Oxygen for storage and utilization during the period of 

shutdown of the plant.  

MAJOR CONSUMERS: 



17 

 

Total requirements of Oxygen, Nitrogen and Argon all over the plant for three million tones stage is 

24.248 Nm3/hr and 32 Nm3/hr respectively. Out of this Steel Melting Shop (SMS) requires 97.3% of 

Oxygen for LD converters blowing and LD vessel heating. 65.47% of Nitrogen produced is consumed 

by Blast Furnace continuous casting department requirement of Argon for homogenization of steel is 

93.75%. 

The basic principle is separation of main constituents of air i.e. Oxygen (Boiling Point of -182.8 degrees 

centigrade at 1atm pressure) and Nitrogen(Boiling Point of -195.7 degrees centigrade at 1atm pressure) 

that is carried out by liquefying the air and separating by utilizing the boiling point difference for 

distillation. 

BRIEF PROCESS: 

The main equipment in Air Separation Unit consist of  Feed air compressor, Air pre-cooling unit, Air 

purification unit, Air distillation unit, Argon unit, Water electrolysis plant, Cylinder filling station, 

Storage and distribution system, Nitrogen & Oxygen compressors. 

 

Air is filtered for removal of dust, compressed in a four stage centrifugal compressor to a pressure of 6.4 

Kg/Cm2(g), pre-cooled to about 10 deg.C by direct contact with chilled water and then carbon dioxide 

and moisture are removed from the air by the adsorbents activated alumina and molecular sieves. Air is 

separated in to products Oxygen and Nitrogen by cryogenic fractional distillation of air in the 

temperature range of -175 deg.C to -192 deg.C. The cold or refrigeration required for the system is 

generated by the expansion of high pressure air to low pressure through a set of reducing valves and 

Expansion Turbine. An intermediate product from the distillation column, crude argon containing 10% 

Argon is enriched to 90% Argon in a distillation column is called crude argon column. Oxygen in the 

argon is removed with the injection of hydrogen and formation of water in presence of de-Oxo catalyst. 

The water from Argon is separated through separator & adsorption system and Nitrogen from the argon 

separated by cryogenic distillation system at pure argon column. 

 

 

 

 

Schematic drawing of Air Separation unit: 
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FEED AIR COMPRESSORS: 

      Air is drawn through Air pulse filter and then suction silencer. Air filter removes the dust particles, 

then it goes through inlet guide vane and compressed in 4 stages. The suction temperature of Air is 

ambient. After 1st stage compressor, the compressed air goes to 1st water inter cooler & then 2nd stage 

suction. From 2nd stage discharge it goes to 2nd inter cooler & then 3rd stage suction. From 3rd stage 

discharge it goes to 3rd inter cooler & then 4th stage suction. From 4th stage discharge it goes to after 

cooler. Discharge pressures after 1st/2nd/3rd/4th stages are 0.75/2.0/3.8/6.4 kg/cm2 respectively. 

Suction pipe gas temperature of 1st stage to 4th stage is 40 deg.C to 45 deg.C. Discharge gas temperature 

at 4th stage is 900 C to 1050 C. After cooler temperature is normally 40-50 deg.C. To protect the machine 

from surges it has been provided with Anti-surge control valve (ASV). The Feed Air Compressor can 

feed Air directly to unit or through common header. By running any feed air compressor air can be fed 

to any unit through common header. Every Compressor has one oil system. One Auxiliary Oil Pump 

Air 
purification

unit

Oxygen gas

Nitrogen gas

Liquid 

Argon

Liquid 

oxygen

Liquid 

nitrogen

Air 

filter

Atm. 

Air

Argon gas

Vaporiser

Heat
exchanger

Air compressor

Turbine

Argon

Air Water tower
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(AOP) two oil filters, 2 oil coolers are there. Each FAC has Inlet Guide Vanes (IGV) for capacity control. 

Full capacity of Feed air compressor is 110,000 Nm3 /hr. 

AIR PRE-COOLING UNIT : 

 The purpose of pre-cooling unit is to cool down the compressed air which is coming from the after 

cooler of Air compressor at 45 deg.C C. temperature to 8-10 deg.C so that the humidity percentage is 

lowered before entering into driers R01/R02. Pre-cooling unit of each Air Separation Unit consists of a) 

Air Water Tower E10, b) Water Pumps P01/P02 c) Refrigeration Unit X01 with two Compressors C1 & 

C2 and d) Waste Nitrogen Water Tower E11. 

In Waste Nitrogen Water Tower E11 water which is coming from the Pump House-14 at 32- 34 deg.C 

is cooled down to 18 to 20 deg.C by the out coming Waste Nitrogen from the Exchangers E01/E02 

having 12 to 13 deg.C. Water is cooled by evaporative cooling method. The Water from E11 is pumped 

by P01/P02 to Air Water Tower E10 through Refrigeration Unit Evaporator where it is further cooled 

down to 6 to 8 deg.C. The Chilled water at 6 to 8 deg.C from the Refrigeration Unit is coming into direct 

contact with the air at 45 deg.C from Feed Air Compressor in Air Water Tower. There the air is pre-

cooled up to 8 to 10 deg.C before entering into the Driers R01/R02. 

AIR PURIFICATION UNIT: 

Air Purification Unit removes the moisture, Carbon dioxide and Hydrocarbons from Pre-cooled 

Compressed air by Adsorbents present in the Driers and then air goes to Main Exchangers of the Unit, 

through Post Filters where adsorbent final particles are removed. The Air Purification Unit consists of 

a) Main Driers R01 & R02, b) Regeneration Heaters (E-16), c) Post Filters F-11 & F- 12 and d) Silencer 

F05. 

The Pre-cooled Compressed air at 8 to 10 deg.C. Coming from Air Water Tower E-10 enters in to one 

of the Driers R01/R02 which is in line while the other one is under Regeneration. The Driers consists of 

Activated Alumina and Molecular sieves. In the Drier the activated Alumina adsorbs the moisture and 

the Molecular sieves adsorbs the Carbon dioxide and Hydrocarbons and then the dry air passes to the 

Post Filters F11/F12. In Post Filters, the fine particles of the adsorbent which are carried away along 

with the compressed air are filtered and then air passes to the main Exchangers E01/E02, for further 

cooling. The other Drier which is under regeneration is blown in opposite direction with Waste Nitrogen 

at a temperature of 220 to 2400 C. for 1 Hr. 30 min. and after that it is further cooled down to 30-40 

deg.C in 3 hours before bringing it into service. During regeneration, the adsorbed moisture, Carbon 

dioxide and hydrocarbons are removed and then again the regenerated Drier is lined up with air. 
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AIR DISTILLATION UNIT : 

The air from the purification unit is heat exchanged with the out coming products and then it is sent to 

the main distillation column where it is separated into its respective constituents of Oxygen, Nitrogen 

and Argon basing in the difference in their boiling points and densities. The Air Distillation unit 

consists of: a) Expansion Turbine (D01/D02), b) Main Exchangers (E01/E02), c) Main Vaporizer 

(E03), d) Rich Liquid Sub Cooler (E04), e) Sub Cooler (E05), f) Air Liquefier (E06), g) Medium 

Pressure column (K01), h) Low Pressure Column (K02), i)Pure Nitrogen Column (K03), j) Liquid 

Oxygen Filters (R03/R04), k) Liquid Oxygen Pumps (P03/P04), l) Oxygen Separator (B01), m) 

Nitrogen Separator (B02) This unit during initial startup, all gas paths and equipment are to be cooled 

down. The first appeared liquids are to drained from medium pressure column and main vaporizer and 

again liquid are built to the required levels. Then the unit is stabilized in gaseous mode as per the 

guaranteed Figures. After getting required purities of gaseous Nitrogen and Oxygen the main Nitrogen 

 

Oxygen headers are to be lined up instrument and deriming headers from the stabilized unit also to be 

lined up. The unit is stabilized in mixed mode as per the guaranteed figures, the liquid Nitrogen and 

Liquid Oxygen headers are to line up from the unit for filling the liquids in storage tanks.  

The compressed, air free argon moisture, carbon-di-oxide and at temperature of 10 deg.C to 13 deg.C, 

enters in to main exchangers (E01/E02). There it is cooled by heat exchanging with coming gaseous 

products (N2, O2 & WN2). A part of air is taken at an intermediate point of exchangers and sent to the 

centrifugal expansion turbine (D01/D02) equipped with a break generator to provide the necessary 

refrigeration to make up for the thermal losses of the cold box. The other part is cooled in E01/E02 and 

sent to the bottom of the Medium Pressure Column (K01) to reform the separation. In the K01, the up 

flowing becomes enriched with N2 by contact with the down coming liquid. This liquid results from the 
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N2 condensation in the vaporizer/condenser (E03) located at the top of the K01. From top to bottom the 

Medium Pressure Column (K01) gives the following products. 

Poor liquid form 24th plate with low Oxygen content is used as the reflux for Low Pressure Column 

(K02) (which is located on the top of K01) through the Sub cooler (E05). - Rich liquid at the bottom, a 

liquid containing about 39 - 40 % of O2 Sent to the L.P. Column through Rich Liquid Sub Cooler. The 

up flowing gas in the L.P. Column is the vaporized gas in the vaporizer (E03). This Main Vaporizer 

(E03) vaporizes Liquid Oxygen at low pressure by condensation of Nitrogen in K01. The Rich Liquid 

Sub Cooler makes the liquid Oxygen to flow through the liquid Oxygen filters (R03/R04) by a thermo 

Siphon effect. This extra filtration permits to avoid abnormal accumulation of Hydro- Carbons 

particularly Acetylene products in Oxygen path in case of accidental passage of impurities. The Low 

Pressure Column. 

Gives the following products. At the bottom, Liquid Oxygen (LOX) at a purity more than 99.9 %. - Part 

of LOX is sent directly at the out let of cold box for storage by means of LOX pumps. And rest is 

vaporized in the Air Liquefier and then utilized for cooling in coming air through in main heat 

exchangers.  

At the top above 72nd plate Waste Nitrogen (WN2) which is also passed through in main heat exchangers 

for cooling incoming air. Pure N2 is produced on the top of O2 column and it also passed through main 

exchanger. 

ARGON UNIT: 

All three Air Separation Units having one Argon Unit each. Each Argon Unit is designed to process a 

Crude argon flow of 120 Nm3/hr, and to produce about 120 Lt/hr of liquid Argon at 99.99 % purity. 

Liquid Argon produced form Argon Unit is filled in to Cold Converter, or in to liquid Argon tanks, 

depending on the requirement. Argon Unit consists of a) Crude Argon Unit, b) Warm Argon Unit and 

c) Pure argon Unit. 

The purpose of Crude argon Unit is to produce crude Argon consisting of 90 - 95 % Argon, 2-3 % 

Oxygen, and 1- 2 % Nitrogen. The excess Oxygen is removed in the Warm argon Unit and pure Liquid 

Argon (99.99 %) is produced in Pure Argon Unit.For crude argon unit a gaseous flow is taken from the 

low pressure column at 38th tray where argon content is 9-11% maximum. This fraction is taken to crude 

argon column for partial condensation of crude argon stream by vaporization of rich liquid, the liquid is 

collected at the bottom and sent back to K02. The non-condensable gaseous fraction is called as crude 

argon contains 95-98% of argon. The crude argon flows to warm argon unit through E41 exchanger in 
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which, it is warmed to ambient temperatures by exchanging with the purified argon mixture. This 

ambient crude argon stream is compressed up to 3-4 kg/cm2 along with hydrogen gas, in water seal type 

compressor. The hydrogen reacts with oxygen in the crude argon in a reactor R10 in presence of 

Palladium catalyst. Due to the exothermic nature of the reaction the temperature of argon increase. At 

the out let of R10 the argon gas fraction containing less than 10ppm of oxygen is attained. Then the 

deoxo argon is cooled in atmospheric cooler E43, water  

Cooler E42 and finally in refrigeration unit X10 up to 10 deg.C and sent to a water separator B11, where 

the condensed moisture is removed. Argon is dried in driers. Argon gas from driers passes through a dry 

filter to remove dust and passes through E41 heat exchanger where it is cooled with crude argon. This 

argon passes through E45 where it is further cooled with pure argon and becomes liquid. This liquid is 

expanded and send to Hydrogen separator, where the un-reacted hydrogen is sent back to compressor 

suction. This expanded argon stream is fed to pure argon column K11 where the non-condensable gases 

will be removed and the pure liquid argon is collected at the bottom of the pure argon column. 

NITROGEN COMPRESSORS : 

There are six number of Nitrogen compressor installed in ASP to meet the requirement of Blast Furnace. 

The compressor draws the nitrogen from common header, compressed in four stages up to 9.0 kg/cm2. 

The suction temperature of nitrogen is around 15-20 deg.C and pressure is around 1.2 Kg/cm2. In the 

same manner, it is further compressed in third and fourth stages and finally cooled in an after cooler. To 

protect the compressor from surging an anti-surge valve is provided. 

 

OXYGEN COMPRESSORS : 

There are six number of oxygen compressor in ASP to meet the daily requirement of LD converters, 

Oxygen enrichment in Blast furnace cold blast, Oxy-Acetylene torch in Continuous Casing and welding 
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purposes. Three compressors are run with O2 where as one is dedicated for N2 to supply high pressure 

N2 for slag splashing.As oxygen is very hazardous and its leakage may lead to an explosion, a interlocks 

and number of set points are adopted for oxygen compressor. All components and equipment must be 

cleaned and degreased for the use with oxygen, so they are sealed with nitrogen to protect them from 

contamination. Before the compression of oxygen the compressor is purged with nitrogen. The oxygen 

at 25 deg.C and 1.5 kg/cm2 fed to the compressor consisting of two low pressure stages and three high 

pressure stages. It is a 10 stage compressor, 4 stages in LP & 6 stages in HP compressor. The gaseous 

oxygen from ASU is sucked by the compressor through any one of the two suction headers. In low 

pressure compressor oxygen is compressed to a pressure of 7kg/cm2. The oxygen gas is further 

compressed in high pressure compressor. Five coolers are provided for isothermal compression. Finally 

the gaseous oxygen is discharged any one of the discharge headers at a pressure of 40 kg/cm2. The 

oxygen compressor is operated on a semi-automatic control system, comprising the following modes: 

➢ Preservation: The compressor and the oxygen piping is preserved with nitrogen to avoid contamination.  

➢ Oxygen purification: This involves in the transformation and purification from nitrogen to oxygen. 

➢ Oxygen service: In this mode the anti-surge valve is closed and the compressed oxygen gas is 

discharged. 

➢ Maintenance: In this mode the compressor train is isolated from oxygen and nitrogen and atmospheric 

air enters the oxygen piping/compressor. So it is recommended to limit this mode to the minimum and 

keep the compressor train in preservation. 

 

STORAGE AND DISTRIBUTION: 

As the ASP is producing slightly greater than the requirement of products and to avoid interruption in 

the supply of the products to the consumer, a separate storage and distribution system is provided for 

each product. 

Gaseous Oxygen and Nitrogen from cold box is compressed to 40KSCA, 10KSCA respectively by 

centrifugal compressors and supplied directly to the consumers by pipelines. The liquid Oxygen and 

Nitrogen will be stored in storage tanks and pumped to 40KSCA by centrifugal pumps and vaporized by 

water bath type with steam injection and supplied to consumers at the time of emergency. Liquid Argon 

from cold box is collected in the liquid Argon tanks and cold converters. From cold converters liquid 

Argon is vaporized in atmospheric vaporizers and supplied to con casting department at 7 KSCA. 
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CYLINDER FILLING STATION: 

Cylinder filling facilities are provided to ensure supply of oxygen, nitrogen and argon to consumers to 

whom piped supply is not provided. It is proposed to provide a total of 2000 cylinders for oxygen, 

nitrogen and argon in the filling plant. The cylinder filling plant is provided with cylinder testing and 

painting facilities. As argon gas at high purity is needed, argon cylinder manifolds are to be vacuumized 

before filling argon cylinders. Vacuum pump is provided in cylinder filling station for this purpose. 

Liquid Oxygen, Nitrogen and Argon will be pumped by reciprocating pumps to a pressure of 165KSCA, 

vaporized, filled and delivery into cylinders through manifolds of 4, 2, 2 respectively. 
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GASEOUS STORAGE SYSTEM: 

             Gaseous Oxygen from the storage will be stored in 8 numbers if buffer vessels near SMS (Steel 
Melt Shop) of 100m3 water volume at 40KSCA. This pressure is reduced to 18KSCG and supplied to 
SMS. 

            Gaseous Oxygen is stored near ASP in 3 numbers of 100m3 water volume buffer vessels and 
pressure is reduced to 12-18KSCG and supplied for autogenic needs all over the plant. 

           Gaseous Nitrogen is stored in 6 numbers of buffer vessels of 125m3 water volume of 40KSCG, 2 
numbers buffer vessels of 100 m3 water volume at 40KSCG for emergency needs of Blast Furnace. 

           In addition, Nitrogen storage tanks are provided at desulphurization plant and SMS gas cleaning 
plant. 

REQUIREMENTS: 

ELECTRICITY: 

Electric power requirements of ASP are set by LBSS-2. Total power requirement of ASP at 3 million 
tones stage is 64MW approximately. Total connected load is 123.7MVA. 

COOLING WATER: 

There is a closed cycle cooling water system in ASP where cooling water at 36 degree centigrade is 
drawn from pump house-14, which is used as a cooling medium for gas and oil coolers of compressors 
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and expansion turbine and air pre-cooling system. The hot water at 45 degree centigrade is returned 
back to cooling tower for cooling at 36 degree centigrade. 

CHILLED WATER: 

Chilled water is taken from chilled water plant and is used as cooling medium in air-conditioning and 
ventilation systems. 

STEAM: 

Steam is available near the battle limits at 5-12KSCA (MTN) for regeneration of absorbers, 
vaporization of liquids, deriming of heaters etc. 

PUMP HOUSE: 

4 pumps of each 3500m3/hr capacity and discharge pressure of 3.5 kg/cm2 are provided to pump the 
cooled from cooling water for ASP. 

There are 5 cells of cooling towers and total water flow rate is 12000 m3/hr warm water from different 
units will be coming back at 2.5 kg/cm2 and cooled in cooling water tower. 

DERIMING HEATERS: 

2 deriming  heaters are provided for warming up of the plant at the time of shut down and defrosting at 
the timeof leakage if any. 

MAJOR EQUIPMENTS AND RESPECTIVE CAPACITIES:    

Major Equipment Nos. 

Capacities  

(of each unit) 

Air Separation units 3 
500 Tonnes Per Day 

Oxygen 

Feed air compressors 4 1,00,000 NM3/Hr 

Nitrogen compressors 6 18,000 NM3/Hr 

Slag splash Nitrogen 

compressor 
1 15,000 NM3/Hr 

Oxygen compressors 5 15,000 NM3/Hr 

LOX storage tanks 2 1140 tonnes 

LIN storage tanks 3 808 tonnes 
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LAR storage tanks 4 26 tonnes 

AIR SEPERATION PRODUCTS, CUSTOMERS AND APPLICATIONS:  

  

Product Customer Major Applications 

Gaseous Oxygen 99.5% 

purity 

SMS Converter Blowing 

BF Cold blast enrichment 

Gaseous Nitrogen 99.9% 

purity 

SMS Slag splashing 

Coke Oven Coke dry quenching 

Blast Furnace 
Blast Furnace top gear box 

cooling  

Liquid Nitrogen, Liquid 

Oxygen & Liquid Argon 

Other agencies Sales 

Backup system For gaseous pipe line network 

Gaseous argon 99.99% 

purity 
Steel Melt Shop Argon rinsing 

Oxygen, Nitrogen & 

argon cylinders 
Various shops Welding / purging  purposes 

 

Steel Melt Shop Pneumatic grippers  

Sinter Plant Lime unloading 

Coke Oven Winch operation & Gunniting 

Rolling Mills 
Pneumatic cylinders operation & 

Furnace controls 

Rolling Mills Furnace controls 

IT department   

For cooling of systems & Air 

conditioning at IT department 

and Air conditioning. 
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5.CHILLED WATER PLANT: 

Water cooled by the chiller is used to cool buildings for human comfort (air conditioning), or 
to cool manufacturing, laboratory or medical processes (process cooling). ... Chilled water systems 
include both supply and return piping in a closed circuit.Chilled water is taken from chilled water plant 
and is used as cooling medium in air-conditioning and ventilation systems. 

Working: 
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The low-pressure gas enters the compressor where it is compressed to high-pressure gas. The high-
pressure gas enters the condenser where ambient air or condenser water removes heat to cool it to a 
high-pressure liquid. In a water-cooled condenser, water from a cooling tower cools and condenses the 
refrigerant.The high-pressure refrigerant goes to the condenser which rejects the heat using cooling 
water from a cooling tower or air from the surroundings, condensing it into a high-pressure liquid. The 
condensed refrigerant then goes to the expansion unit which has a valve that acts as a metering device 
to limit the flow of refrigerant in the system. 

 

Usuage: 

Most of the water used in the steel industry is used for cooling, to protect equipment and to improve the 
working conditions of the employees. A smaller, but still considerable, amount of water is used as 
process water to concentrate iron ore, cleanse coke-oven gases, quench coke and slag, and descale steel 
(in this report, water used to descale steel is classed as cooling water). A small amount of water is used 
for boiler-feed water and for sanitary and service water. Water used for dust, control in mines and 
concentration plants, for drilling, and hydraulic stripping is classed as other use. Some of the processes 
and equipment used in the iron and steel industry are described below to help the reader to visualize use 
of water in the industry. 

 

6.LIQUEFIED PETROLEUM GAS: 

Liquefied petroleum gas or liquid petroleum gas (LPG or LP gas), also referred to as simply propane 
or butane, are flammable mixtures of hydrocarbon gases used as fuel in heating appliances, cooking 
equipment, and vehicles. 

Highly recommended for applications which involve  
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• Metal cutting, Cutting of carbon steel, Low, Medium & High alloy steel plates/ngots of any desired 
thickness  

• Heating  
• Straightening, soldering, brazing. 

Supply given by the under taking  LPG industries LPG stored in Bullets at Vishakapatnam steel 
plant 

Storage: 

  The is supplied from the LPG industries by the containers through the road transport in high 
pressured containers with safety measures. Then the gas which is in the liquid state is transferred in to 
the storage tanks which are know as Bullets. 

 

  These bullets are 2 types which are located at the open air and the under ground for the safety 
conditions then this LPG is flow through the  pipes into the cylinders then these cylinders are connected 
to the line and flows to the required stations by the pipes with insulation. 

 

 

 

 

7.Conclusion 

 

Thus in this project we have seen the Air Separation Plant, Compressor House-1 & 2,Chilled 

Water Plant – 3,4,5,6&7 and Liquefied petroleum gas plant present in the utilities department. 
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We have also discussed the brief processes involved in those plants. Also observed the the  

generation  and compression  of  industrial  gases  like  Oxygen,  Nitrogen,  Argon,  Acetylene, 

Compressed  air,  Industrial  grade dry air and the chilled water supplied to the plant for the 

human resources and other applications and LPG supplied to the plant and storage of the LPG. 
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ABOUT THE ORGANISATION 

 

              National Small Industries Corporation (NSIC), is an ISO 9001-2015 
certified Government of India Enterprise under Ministry of Micro, Small and 
Medium Enterprises (MSME). NSIC has been working to promote, aid and 
foster the growth of micro, small and medium enterprises in the country. 
NSIC operates through countrywide network of offices and Technical 
Centers in the Country. In addition, NSIC has set up Training cum 
Incubation Centre managed by professional manpower. 

 

Mission: “To promote and support Micro, Small & Medium Enterprises 
(MSMEs) Sector” by providing integrated support services encompassing 
Marketing, Technology, Finance and other services. 

Vision: “To be a premier Organization fostering the growth of Micro, Small 
and Medium Enterprises (MSMEs) Sector”. 

 

Schemes of NSIC: 

 

NSIC facilitates Micro, Small and Medium Enterprises with a set of 
specially tailored scheme to enhance their competitiveness. NSIC provides 
integrated support services under Marketing, Technology, Finance and other 
Support service. 

Technology Support: 

Technology is the key to enhancing a company's competitive advantage in 
today's dynamic information age. Small enterprises need to develop and 
implement a technology strategy in addition to financial, marketing and 
operational strategies and adopt the one that helps integrate their operations 
with their environment, customers and suppliers. 

NSIC offers small enterprises the following support services through its 
Technical Services Centers and Extension Centers: 
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1. Advise on application of new techniques. 
2. Material testing facilities through accredited laboratories. 
3. Product design including CAD. 
4. Common facility support in machining, EDM, CNC, etc. 
5. Energy and environment services at selected centers. 
6. Classroom and practical training for skill upgradation. 

 

 

NSIC Technical Services Centers are located at the following places: 

Name of the Centre Focus area 

Chennai Leather & Footware 

Howrah General Engineering 

Hyderabad Electronics & Computer Application 

New Delhi Machine Tools & related activities 

Rajkot Energy Audit & Energy Conservation activities 

Rajpura (Pb) Domestic Electrical Appliances 

Aligarh (UP) Lock Cluster & Die and Tool making 

Neemka (Haryana) Machine Tools & related activities 
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INTRODUCTION 

 
 
Energy requirement for refrigeration and air conditioning applications 

bears a huge share of total energy consumption around the world. Since,  
thermal  comfort  plays  a  very  important  role  on  the  health,  working 
efficiency and activities of all living beings, especially, temperature and 
humidity. In the excessively hot climates it is necessary to reduce the 
temperature and humidity whereas in the cold climate there is a need to 
increase the temperature. When the temperature drops below thermal 
comfort level, especially in the winter season,  The  heating  systems  are  
employed.  In some countries,  where  the atmospheric temperature is very 
low, natural heating like solar energy is not sufficient, the heat pump and 
fuel fired systems are proven to be suitable heating devices.  In  hot  
climates,  thermal  comfort  achieved  through  the  use  of  refrigerators and 
air conditioning systems. 
 

 

Refrigeration: 

                         The term “Refrigeration” may be defined as the process of 
removing heat from a substance under controlled conditions. It also includes 
the process of reducing and maintaining the temperature of a body below the 
general temperature of its surroundings. 

In other words, the refrigeration means a continued extraction of heat from a 
body whose temperature is already below temperature of its surroundings. In 
a refrigerator, heat is virtually pumped from a lower temperature to a higher 
temperature.  

Applications of Refrigeration: 

1. Food processing preservation and distribution. 
2. Chemical and process industries. 
3. Special applications such as cold treatment of metals, medical, 

construction, ice skating etc. 
4. Comfort air conditioning.    
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Air Conditioning: 

                              “Air conditioning” is the process of removing heat and 
moisture from the interior of an occupied space to improve the comfort of 
occupants. Air conditioning can be used in both domestic and commercial 
environments. 

Air conditioners often use a fan to distribute the conditioned air to an 
occupied space such as a building or a car to improve thermal 
comfort and indoor air quality. Electric refrigerant-based AC units range 
from small units that can cool a small bedroom, which can be carried by a 
single adult, to massive units installed on the roof of office towers that can 
cool an entire building. The cooling is typically achieved through 
a refrigeration cycle, but sometimes evaporation or free cooling is used. Air 
conditioning systems can also be made based on desiccants (chemicals 
which remove moisture from the air). Some AC systems reject or store heat 
in subterranean pipes. 

 
 

Welding: 

 

     Welding is a fabrication process that joins materials, usually metals 
or thermoplastics by causing fusion, which is distinct from lower 
temperature metal- joining  techniques such  as brazing and soldering,  
which  do  not melt the base metal. In addition to melting the base metal, a 
filler material is typically added to the joint to form a pool of molten material 
(the weld pool) that cools to form a joint that, based on weld configuration 
(butt, full penetration, fillet, etc.), can be stronger than the base material 
(parent metal). Pressure may also be used in conjunction with heat, or by 
itself, to  produce a  weld.  Welding also requires a form of shield to protect 
the filler metals or melted metals from being contaminated or oxidized. 

Although  less  common,  there  are  also  solid  state  welding  
processes  such as friction welding in which the base metal does not melt.
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REFRIGERATION AND AIR CONDITIONIG 

 

In air refrigeration, the air is used as a refrigerant. In olden days, air was 
widely used in commercial applications because of its availability at free of cost. 
Since air does not change its phase i.e. remains gaseous throughout the cycle, 
therefore the heat carrying capacity per kg of air is very small as compared to 
vapour absorbing systems. The air- cycle refrigeration systems, as originally 
designed and installed, are now practically obsolete because of their low 
coefficient of performance and high power requirements; however, this system 
continues to be favoured for air refrigeration because of the low weight and 
volume of the equipment. 

Refrigeration essentially means continued abstraction of heat from a 
substance (perishable foods, drinks and medicines etc.) at low temperature level 
and then transfers this heat to another system at high potential of temperature. 

The basic elements of an air cycle refrigeration system are as follows: 

Compressor 

Cooler or heat exchanger 

Expander 

Refrigerator 

 Air- Conditioning 

The air conditioning is that branch of engineering science which deals 
with the freezing point of water. 

They conducted their experiment with the bulb of a mercury thermometer as their 
object and with a bellows used to speed up the evaporation. They lowered the 
study of conditioning of air i.e. supplying and maintaining desirable internal 
atmospheric condition for human comfort, irrespective of external condition. 
This subject, in its broad sense, also deals with the conditioning of air for 
industrial purpose, food processing, storage of food and other materials. 

Air conditioning refers to the simultaneous control of temperature, humidity, 
cleanliness and air motion within a confined region or space. 

The basic elements of an Air- Conditioning system are as follows: 
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1. Circulation fan 

2. Compressor 

3. Condenser 

4. Dryer 

5. Evaporator 

6. Supply Duct 

7. Supply outlet 

8. Return outlet 

9. Filters 

Modern air conditioning emerged from advances in chemistry during the 19th 
century, and the first large- scale electrical air conditioning was invented and 
used in 1902 by American inventor Willis Carrier. The introduction of 
residential air conditioning in the 1920s helped enable the great migration to the 
sun belt in the United States. 

In 1758, Benjamin Franklin and John Hadley, a chemistry professor at 
Cambridge University, conducted an experiment to explore the principle of 
evaporation as a means to rapidly cool an object. Franklin and Hadley 
confirmed that evaporation of highly volatile liquids (such as alcohol and ether) 
could be used to drive down the temperature of an object past the temperature of 
the thermometer bulb down to −14 °C (7 °F) while the ambient temperature was 
18 °C (64 °F). Franklin noted that, soon after they passed the freezing point of 
water 0 °C (32 °F), a thin film of ice formed on the surface of the thermometer's 
bulb and that the ice mass was about 6 mm (1⁄4 in) thick when they stopped the 
experiment upon reaching −14 °C (7 °F). Franklin concluded: "From this 
experiment one may see the possibility of freezing a man to death on a warm 
summer's day. 

A simple vapor compression refrigeration system consists of the following 
Equipments: i) Compressor ii) Condenser iii) Expansion valve iv) Evaporator. 
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Fig: 2.1. Typical single- stage vapour compression refrigeration. 

 

The schematic diagram of the arrangement is as shown in Fig.2.1. The low 
temperature, low pressure vapor at state B is compressed by a compressor to 
high temperature and pressure vapor at state C. This vapor is condensed into 
high pressure vapor at state D in the condenser and then passes through the 
expansion valve. Here, the vapor is throttled down to a low pressure liquid and 
passed on to an evaporator, where it absorbs heat from the surroundings from 
the circulating fluid (being refrigerated) and vaporizes into low pressure vapour 
at state B. The cycle then repeats. The exchange of energy is as follows: 

a) Compressor requires work, δw. The work is supplied to the system from 
the surroundings. 

b) During Condensation, heat δQ1 the equivalent of latent heat of 
condensation etc, is lost from the refrigerator. 

c) During Evaporation, heat δQ2 equivalent to latent heat of vaporization is 
absorbed by the refrigerant. 

d) There is no exchange of heat during throttling process through the 
expansion valve as this process occurs at constant enthalpy. 
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          Figure shows a simple vapor compression refrigeration cycle on T- s 
diagram for different compression processes. The cycle works between 
temperatures T1 and T2 representing the condenser and evaporator 
temperatures respectively. 

The various process of the cycle are as given below: 
 

i) Process 2-3: Isentropic compression of the vapor from state 2 to 3. If 
vapor state is saturated or superheated, the compression is called dry 
compression. If initial state is wet the compression is called wet 
compression. 

ii) Process 3-4: Heat rejection in condenser at constant pressure. 

iii) Process 4-1: An irreversible adiabatic expansion of vapor through the 
expansion value. The pressure and temperature of the liquid are 
reduced. The process is accompanied by partial evaporation of some 
liquid.  

iv) Process 1-2: Heat absorption in evaporator at constant pressure. The 
final state depends on the quantity of heat absorbed and same may be 
wet, dry or superheated. 

Thermodynamic properties of Refrigerant: 
1. Boiling point             : It should be low. 
2. Thermal conductivity  : it should be high 
3. Specific heat             : It should be low 
4. Freezing point   : it should be low. 
5. Toxicity             : it should be low 
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6. Evaporative pressure  : it should be high. 
7. Condensation pressure  : It should be low. 
8. Latent heat             : It should be high. 
9. CPO              : It should be high. 

 
REFRIGERENT: 

1) It is heat carrying medium. 
2) It carries heat from low temperature to high temperature system. 
3) Liquid + Vapour mixture. 

 
Selection of Refrigerant: 

1) Performance: High efficiency, Low cost. 
2) Safety: Non toxic. 
3) Environmental Impact: It should be low. 

 
Types of Refrigerants: 

1) Chlorofluorocarbons (CFC)   :R11, R22, R114, R113. 
2) Hydro cholrofluoro carbons (HCFC)  :R22. 
3) Hydrofluorcarbons (HFC)             :R410a, R407, R1234yf, R134a. 
4) Hydrocarbons(HC)              :R600a. 

 
 
Comparison of Air-Conditioners: 

Non- Inverter Inverter 

On/Off type Continuous on 

Current consumption high Low power consumption 

Fixed frequency(50HZ) Variable frequency 

Outdoor unit starts (ODU) 
after 3mins 

Indoor unit and outdoor unit 
starts at a same time 

Constant speed Variable speed 

It takes more time to reach set 
temperature 

It takes less time 
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Types of refrigerators: 

 

    1.Single door refrigerator. 

2.Double door refrigerator. 
 

Difference between single and double door refrigerator: 
 

Single door Double door 

Single door is also called as 
direct cool refrigerator. 

Double door refrigerator is also 
called as freezer. 

Plate and tube evaporator coil. Tube and fine evaporator coil. 

Cooling temperature 
is up to -18degrees.c 

Cooling temperature 
is up to - 24degrees.c 

 
Psychrometry process: 

1. Sensible cooling. 
2. Sensible heating. 
3. Humidification. 
4. Dehumidification. 
5. Cooling and Dehumidification.  
6. Heating and Humidification. 

Capacitors required for 
starting purpose 

No capacitors required 

PCBs are placed in IDU 
PCBs are placed in IDU 
AND ODU 

R22 Refrigerant is used R4100 Refrigerant is used 

Suction pressure (60- 80psig) 
Suction pressure (120- 
150psig) 

Discharge pressure (270- 
290psig) 

Discharge pressure (440- 
480psig) 
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Servicing of Air conditioners: 

• The main purpose of servicing ac is to increase the cooling effect, 
which is decreased mainly due to 

       1.Dust Formation 

       2.Compressor Working 

       3.Reduction in refrigerant pressure 

        

 

Dust Removal: 

• Replacing or cleaning air conditioner filters is a critical maintenance 
task. An air conditioner's filters, coils, and fins require regular 
maintenance for the unit to function effectively and efficiently. 
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Compressor Checking: 

• By checking the capacitor. 
• By checking C-R-S terminals. 

 

Capacitor Checking: 

       Check the capacitor terminals with the help of multimeter, if it shows 
continuity then we will go for checking of C-R-S terminals or else we will 
change capacitor. 

Checking C-R-S terminals: 

   1.C-S terminal:                                          

 

   2.C-R terminal:                                         

        

   3.R-S terminal:                                         
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Refrigerant charging Procedure: 

• Close the valves on low/high pressure sides of the manifold. 

• Install the low/high pressure hoses to the corresponding service ports 
on the vehicle respectively 

• Connect the center hose of the manifold gauge set with vacuum 
pump. 

• Carefully open the valves on low/high pressure sides to activate the 
vacuum pump. 

• After low pressure gauge reaches 100 k.pa or higher, evacuate the 
system for approx. 15 minutes. 

• After 15 min of evacuation if the reading shows 100 k.pa or higher 
close the valves on the both sides to stop the vacuum pump. 

•  After that check leaks if there are no leaks then charge with required 
refrigerant. 
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WELDING 

Welding is a fabrication process that joins materials, usually metals or 
thermoplastics, by causing fusion, which is distinct from lower temperature 
metal- joining techniques such as brazing and soldering, which do not melt the 
base metal. In addition to melting the base metal, a filler material is typically 
added to the joint to form a pool of molten material (the weld pool) that cools to 
form a joint that, based on weld configuration (butt, full penetration, fillet, etc.), can 
be stronger than the base material (parent metal). Pressure may also be used in 
conjunction with heat, or by itself, to produce a weld. Welding also requires a 
form of shield to protect the filler metals or melted metals from being 
contaminated or oxidized. 

 
 
    Methods of Welding: 

                            Some of the Best known welding methods include: 
 

• Oxy-fuel welding :- also known as oxyacetylene welding or oxy-welding, 
uses fuel gases and oxygen to weld and cut metal. 

 
 
 
 
 
 
 
 
 
 

 
 
 

fig: 3.1 Oxy- Fuel Welding 
 

• Shielded metal arc welding (SMAW) :- also known as "stick welding" or 
"electric welding", uses an electrode that is coated in flux to protect the weld 
puddle. The electrode holder holds the electrode as it slowly melts away. 
Slag protects the weld puddle from atmospheric contamination. 
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Fig: 3.2 Shielded Metal Arc Welding 
 

• Gas tungsten arc welding (GTAW) :-also known as TIG (tungtsen, inert 
gas), uses a non- consumable tungsten electrode to produce the weld. The 
weld area is protected from atmospheric contamination by an inert 
shielding gas such as argon or helium. 
 

 
Fig. 3.3 Gas Tungsten Arc Welding 

 

• Gas metal arc welding (GMAW) :-

commonly termed MIG (metal inert 

gas), uses a wire feeding gun that 
feeds wire at an adjustable speed and 
flows an argon- based shielding gas 
or a mix of argon and carbon dioxide 
(CO2) over the weld puddle to protect 
it from atmospheric contamination.  

 
 
 

Fig. 3.4 Gas metal arc welding 
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• Submerged arc welding (SAW) :- uses an automatically fed consumable 
electrode and a blanket of granular fusible flux. The molten weld and the arc zone 
are - protected from atmospheric contamination by being "submerged" under the 
flux blanket. 

 
 

Fig. 3.5 Submerged Arc Welding 

• Electroslag welding (ESW) :- a highly productive, single pass welding 
process for thicker materials between 1 inch (25 mm) and 12 inches (300 
mm) in a vertical or close to vertical position. 

 
 
 

Fig. 3.6 Electroslag Welding 
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• Electric resistance welding (ERW) :- a welding process that produces 
coalescence of laying surfaces where heat to form the weld is generated by the 
electrical resistance of the material. In general, it is an efficient method but 
limited to relatively thin material. 

 
Fig. 3.7 Electric resistance welding 

 
 
 
Classification of Welding Processes: 

Welding processes can be classified based on following criteria; 
 

1. Welding with or without filler material. 

2. Source of energy of              welding. 
3. Arc and Non- arc welding. 
4. Fusion and Pressure welding. 

 
1. Welding can be carried out with or without the application of filler material. 

Earlier only gas welding was the fusion process in which joining could 
be achieved with or without filler material. When welding was done 
without filler material it was called ‘autogenous welding'. However, with 
the development of TIG, electron beam and other welding processes such 
classification created confusion as many processes shall be falling in 
both the categories. 

2. Various sources of energies are used such as chemical, electrical, light, 
sound, mechanical energies, but except for chemical energy all other 
forms of energies are generated from electrical energy for welding. So 
this criterion does not justify proper 
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es classification embraces all the arc welding processes in one class and 
all other processes in other class. In such classification it is difficult to 
assign either of the class to processes such as electroslag welding and 
flash butt welding, as inelectroslag welding the process starts with arcing 
and with the melting of sufficient flux the arc extinguishes while in flash 
butt welding tiny arcs i.e. sparks are established during the process and then 
components are pressed against each other. Therefore, such classification 
is also not perfect. 

3. Fusionwelding and pressure welding is most widely used 
classification as it covers all processes in both the categories 
irrespective of heat source and welding with or without filler material. 
In fusion welding all those processes are included where molten metal 
solidifies freely while in pressure welding molten metal if any is 
retained in confined space under pressure (as may be in case of 
resistance spot welding or arc stud welding) solidifies under pressure 
or semisolid metal cools under pressure. 

 
 

 

 

 

 

 

 

 

 

 

 

                              Fig. Classification of Welding Process 
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Fig. Classification of Pressurized welding 
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WELDING INSPECTION (NDT) 

4.1 Non- Destructive Testing: 

Nondestructive testing or non- destructive testing (NDT) is a wide group of 
analysis techniques used in science and technology industry to evaluate the 
properties of a material, component or system without causing damage The 
terms nondestructive examination (NDE), nondestructive inspection (NDI), and 
nondestructive evaluation (NDE) are also commonly used to describe this 
technology.   

Since NDT does not permanently alter the characteristics of article being 
inspected, it is a highly valuable technique that can save both money and time in 
product evaluation, troubleshooting, and research. The six most frequently used 
NDT methods are: 
 

4.2 Types of NDT: 

1. Visual inspection. 
2. Penetrant testing. 
3. Magnetic particle inspection testing. 
4. Ultrasonic testing. 
5. Radiography testing. 
6. Eddy current testing. 
7. Leak test. 
8. Thermography. 
9. Vibrational analysis 

 
4.3 Selection of NDT: 

 
Magnetic particle Inspection (MPI): It is a non- destructive testing (NDT) 
process for detecting surface and shallow subsurface discontinuities in 
ferromagnetic materials such as iron, nickel, cobalt, and some of their alloys. The 
process puts a magnetic field into the part. The piece can be magnetized by direct 
or indirect magnetization. 

Direct magnetization occurs when the electric current is passed through the test 
object and a magnetic field is formed in the material. Indirect magnetization 
occurs when no electric current is passed through the test object, but a magnetic 
field is applied from an outside source. The magnetic lines of force are 
perpendicular to the direction of the electric current, which may beeither 
alternating current (AC) or some form of direct current (DC) (rectified AC). 

The presence of a surface or subsurface discontinuity in the material allows the 
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magnetic flux to leak, since air cannot support as much magnetic field per unit 
volume as metals. 
 

 

 Fig 4.1 Magnetic particle inspection 

Liquid Penetration method: 

 
 Visible dye penetrant is a NDT (Non Destructive Testing) method. It is a 
simple test to perform, and a good way to test welds before carrying out more 
expensive techniques like x- ray testing. 
 It will show up bad cold lap, cracks, holes... basically any defects where a 
very fine dye can penetrate, hence the name. It can be used for various things, not 
just weld testing. It can be used to test the presence of a crack in a cylinder head 
for example. 
 The simple kits come in 3 parts, usually in aerosol cans. Namely, a 
cleaner, a penetrant, and a developer. There are four types of dye penetrant 
system: 

• Water washable           : the dyes wash away with water. 
• Lipophilic            : the dye dissolves in oil for removal. 
• Hydrophilic  : the dye washes away with a 

water rinse, but detergents are necessary.                                                                               
• Solvent removable : the dye is removed with a cleaning 

solvent. 
 

 
 
There are five levels of testing, from Level ½ (Lowest sensitivity) to Level 
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4 (Highest Sensitivity). Operatives carrying out this testing should be qualified to 
do so, and reports, sometimes with photographic evidence, might be requested. 

Step 1 - Pre cleaning 

First any loose material needs to be removed, together 
with any silica on top of the weld. It is important to 
remove the silica, or you can get false results. A good 
scrape and wire brush sorts this out in most cases.  
Then apply some of the cleaner to remove any oil etc. 
Wait for the cleaner to dry completely before applying 
penetrant. 

       
 

                                              Fig. 4.2 Pre cleaning 

 

Step 2 - Penetrant 

Once cleaned, apply the penetrant (a bright red 
liquid dye). Spray plenty on the welds. 
Leave the dye to penetrate, normally for about 20 
minutes. The time scale is usually printed on 
the can or on the product data sheet. The 
photographs show a solvent removable system. 

 
 

Fig. 4.3 Application of Penetrant 
Step 3 - Post cleaning 

Cleaning again. You need to 
remove excess dye from the area, 
which is easier said than done. It 
is important not to spray the 
cleaner on the area directly, or you 
risk washing the dye from the 
flaw. Use a dry tissue to remove 
excess dye, then spray cleaner 
onto a clean cloth for final 
cleaning. 
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Ultrasonic Testing(UT):       
Ultrasonic testing (UT) is a family of non- destructive testing techniques 

based on the propagation of ultrasonic waves in the object or material tested. 
In most common   UT applications, very   short   ultrasonic   pulse- waves   
with   center frequencies ranging from 0.1- 15 MHz, and  occasionally  up  to  
50 MHz,  are transmitted into materials to detect internal flaws or to 
characterize materials. A common   example   is ultrasonic   thickness   
measurement,   which   tests   the thickness of the test object, for example, to 
monitor pipe work corrosion. 
 Ultrasonic testing is often performed on steel and other metals and alloys, 
though it can also be used on concrete, wood and composites, albeit with 
less resolution. It is used in many industries including steel and aluminium 
construction, metallurgy, manufacturing, aerospace, automotive and other 
transportation sectors. 
Step 2: Instrument settings are input. 
Step 3: The probe is scanned over the blade root. In this case, an indication 
(peak in the data) through the red line (or gate) indicates a good blade; an 
indication to the left of that range indicates a crack. 

 
 

 

 

Fig: 4.5 Ultrasonic Testing 

Principle: A probe sends a sound wave into a test material. There are two 
indications, one from the initial pulse of the probe, and the second due to the 
backwall echo. RIGHT: A defect creates a third indication and simultaneously 
reduces the amplitude of the backwall indication. The depth of the defect is 
determined by the ratio D/Ep. 
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    FIG 4.7 Projectional Radiography 

Radiography: 

Radiography is an imaging technique using X- rays to view the internal 
form of an object. To create the image, a beam of X- rays, a form of 
electromagnetic radiation, are produced by an X- ray generator and are 
projected toward the object. A certain amount of X- ray is absorbed by the 
object, dependent on its density and structural composition. The X- rays that 
pass through the object are captured behind the object by a detector (either 
photographic film or a digital detector). The generation of flat two 
dimensional images by this technique is called projectional radiography. In 
Computed tomography (CT scanning) an x ray source and its associated 
detectors rotate around the subject which itself moves through the conical x 
ray beam produced. Any given point within the subject is crossed from many 
directions by many different beams at different times. 

Information regarding attenuation of these beams is collated and 
subjected to computation to generate two dimensional images in three planes 
(axial, coronal and sagittal) which can be further processed to produce a three 
dimensional image. 
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Conclusion 

 

In this Internship programme, I have learnt about 

• Trouble shooting of different parts of refrigerator and air conditioner. 

• Different metal joining processes and their applications, with hands on 

experience.  

• Different non-destructive techniques – their principles and 

implementation with hands on experience. 
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ABSTRACT 

 

 The wire rod mill product is transported in the form of coil. As the coil form the 

most widely way of packaging. The coil before reaching to the final customer, it is handled 

at many places. The department is responsible to package the coil in such a form that it 

should not loose its shape. The four ties are twisted and bent in a compacting and binding 

machine. 

 

 The WRM (Dept) of VSP is mainly using EOT cranes which move on the gantry 

rails fixed on top of the gantry girder. In this type three common motion are incorporated 

namely hoist, cross travelling and longitudinal travelling. According to the requirements 

auxiliary hoist and micro motion are also incorporated. 

 

 The cranes are mechanically equipped devices which plays a major role in industry 

for many segments. For material handling, loading in industry, transportation, and for 

different types of operations as per design of machinery, Visakhapatnam Steel Plant is one 

of the industry which mainly depends upon cranes for material handling for loading for 

vehicles. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



VIZAG STEEL PLANT 

 

BACK GROUND 

The decision of the government of India is to set up and integrated steel plant at Vizag was 

announced by then Prime Minister Smt. Indira Gandhi in Parliament on 17th April 1970. 

The site near Balacheruvu creak was chosen by the selection committee, and the formal 

inauguration was done on 20th January 1971 by the then Prime Minister. 

 

INTRODUCTION: 

Vizag Steel Plant, the first coastal based steel plant of India is located 16 KM south west 

city of destiny i.e. Vizag. Bestowed with modern technologies, VSP has a installed 

capacity of 3 Million Tons per annum of Liquid Steel and 2.656 Million tones of saleable 

steel. At VSP there is emphasis on total automation, seamless integration and efficient up 

gradation, which results in wide range of long and structural products to meet stringent 

demands of discerning customers with in India and abroad. VSP products meet exalting 

international Quality Standards such as JIS, DIN, BIS, BS etc. 

 

VSP has the distinction to be the 1st integrated Steel Plant in India to become a fully ISO – 

9002 certified company. The certificate covers quality systems of all operational. 

Maintenance, services units besides purchase systems, Training and Marketing functions 

spreading over 4 Regional Marketing Offices. 20 branch offices and 22 stock yards located 

all over the country. VSP by successfully installing operating efficiently Rs. 460 chores 

worth of pollution Control and Environment Control Equipments and converting the barren 

landscape by planting more than 3 million plants has made the Steel Plant, Steel Township 

a greener, cleaner and cooler place, which can boast of 3 to 4c lesser temperature even in 

the peak summer compared to Vizag City. VSP exports Quality pig Iron & Steel products 

to Srilanka, Myanmar, Nepal, Middle East, USA & South East Asia (pig iron). RINL VSP 

was awarded “Star Trading House” status during 1997-2000. Having established a fairly 

dependable export market. VSP plans to make a continuous presence in the export market. 

 

Having a total man power of 17250 VSP has envisaged a labor productivity of not than 230 

tones per man year of Steel which is the country and comparable with the international 

levels. 

 



PRODUCT MIX: 

VSP produce angles, channels, bars, wire-rods billets for re-rolling. The plant also 

produces pig iron and around 1.44 million tones per annum of granulated slag, beside 

normal by-products from the coke-oven and coal chemical plant 

 

MAJOR PLANT FACILITIES: 

VSP has the following major production facilities; 

 3 Coke oven batteries of 67 ovens each having 41.6 m3 volume. 

 Sinter machines of 312 m2 area  

 2 Blast furnace of 3200 m3 volume 

 Steel melt shop with three LD converters (2 Operating and one stand by) of 150 T capacity 

each  

 6 No’s of 4 strand continuous bloom casters.  

 Light and Medium Merchant Mills of 710,000 tones per year capacity.   

 Wire Rod Mills of 850,000 tones per year capacity. 

 Medium Merchant & Structural Mills of 850,000 tones per year capacity. 

Extensive facilities have been provided for repair and maintenance as well as manufacturer 

of spare parts. 

A Power Plant Oxygen plant, acetylene plant, compressed air plant etc. also form part of 

the plant facilities. 

MODERN TECHNOLOGY: 

Vizag Steel Plant is the most sophisticated and modern integrated steel plant in the 

country. Modern technology has been adopted in many areas of production, some of them 

for the first time in the country. Among these are: 

1. Selective crushing of coal 

2. 7 meter tall coke ovens 

3. Dry quenching of coke, using Nitrogen 

4. On ground blending of Sinter base mix. 

5. Conveyor charging and bell less top for blast furnace 

6. Cast house lag granulation for blast furnace 

7. 100% continuous casting of liquid steel 

8. Gas expansion turbine for power generation utilizing blast furnace top gas 

pressure 

9. Hot metal desulphurization 



10. Extensive treatment facilities of effluents for ensuring proper environment 

protection. 

11. Computerization for process control. 

12. Sophisticated, high speed and high production rolling mills. 

Raw Material Linkages: 

 The Steel Plant is getting its supply of iron ore-lumps and fines from the Baliadilla 

deposits in Madhya Pradesh, Blast furnace grade lime stone comes from Jaggayapeta in 

Andhra Pradesh, SMS grade lime stone from Jaisalmer & Goton in Rajasthan. Blasts 

furnace and SMS grade dolomite form Birmitreapur (Orissa) the Khammam deposits in 

Andhra Pradesh 70% of the coking respectively coal requirements are met by imports 

through the Visakhapatnam harbor while the balance come from the Bengal Bihar area. 

Coal for power generation comes from Anantha deposits of Talcher region in Orissa. 

The Raw Material Handling Plant (RMHP) receives the basic raw materials for the steel 

making process from various sources through railway wagons and by road. These are 

stacked by stackers and reclaimed again by reclaimers and distributed to various 

departments of VSP through conveyer systems. The iron ore fines, Iron ore lump, sized 

iron ore, Limestone (BF&SMS grade), sand, Quartzite and manganese lumps are stacked at 

Ore & Flux yard. The imported coking coals (ICC), Medium coking coal (MCC), Boiler 

coal (BC) are stacked in coal yard. It receives the imported coking coals by rail from 

Australia via Vizag port and Medium coking coals by rail from Dhanbad region of 

Jharkand state. 

 Coal handling plant of RMHP handles the coal raw materials and ICC, MCC are 

sent to CO&CCP department as per their process requirements. Coal handling plant has 

two wagon tipplers by which the coal is tippled by and transported through various 

conveyors to stack in 10 No’s of coal beds to store source wise. It has the facility to 

reclaim the coal with reclaimers to send the coal to CO&CCP department. 

 COCCP area laboratory has one unit called the Sample Preparation station –I (SPS-

I) in the CHP area to collect coal samples from beds and running conveyors and to prepare 

the samples. 

Water Supply: 

 Requirements of water during the peak of construction were of the order 4.5 mgd. 

This was met form the Meghadrigedda and Raiwada schemes of A.P. State government. 

Operational water requirements 70 mgd. of the Steel Plant is being met from the Yeluru 

water supply scheme provided by the A.P. State Government. This involved construction 



of a storage reservoir at Yeleswaram and a 153 Kms. Long limited canal to plant site apart 

from Kanithi Balancing Reservoir. 

Sinter Plant: 

 Sinter is a hard & porous ferrous material obtained by agglomeration of iron Ore 

fines, Coke breeze, Lime Stone fines, Metallurgical wastes Viz. flue dust, mill scale, LD 

slag etc. Sinter is a better feed material to Blast Furnace in comparison to Iron Ore lumps 

and its usage in Blast furnaces help in increasing productivity, decreasing the coke rate & 

improving the quality of Hot Metal produced. 

Blast Furnaces: 

 Hot Metal is produced in Blast Furnaces, which are tall vertical furnaces. The 

furnace is named as Blast Furnace as it is run with blast at high pressure & temperature. 

Raw Materials such as sinter/Iron Ore Lumps, Fluxes (Limestone/Dolomite) and Coke are 

charged from the top and hot blast at 1100c-1300c and 5.75 KSCH pressure is blown 

almost from the bottom. 

 VSP has two 3200 m3 Blast Furnaces (largest in India) equipped with Paul worth 

Bell less top equipment with conveyor charging. Rightly named as “Godavari” & Krishna” 

after the two rivers of AP, the furnaces will help VSP in bringing prosperity to the state of 

Andhra Pradesh. The two furnaces with their novel circular cast house and four tap holes 

each are capable of producing 9720 tons of Hot Metal daily of 3.4 Million Tones of low 

sculpture Hot Metal annually. 

Steel Melting Shop: 

 Steel is an alloy of iron with carbon up to 1.8%. Hot metal produced in blast 

furnaces contains impurities such as carbon (3.5-4.25) silicon (0.4-0.5%) manganese (0.3-

0.4%). Sculpture (0.04max) & phosphorous (0.14%max) is not suitable as a common 

engineering material. To improve the quality the impurities are to be eliminated or 

decreased by oxidation process.VSP produces steel employing three numbers of top blown 

oxygen converters called LD converters (L & D stands for Linz & donawitz two towns in 

Austria where this process was first adopted) or basic oxygen furnaces/converters. Each 

converter is having 133m3 volumes capable of producing 3 million tones of liquid steel 

annually. 

 

Batteries: 

1) Oven charge weight (T) 

2) Coking time (hrs)    30.6 



3) Heat consumption (x103 Kcal/T)  6.86 perton of dry coal charged 

4) C.V. of mixed gas for heating (k.cal/Nm3) 1000 

 

Raw Material Handling Plant: 

 The Raw Material Handling Plant (RMHP) receives the basic raw materials 

required for the steel making process from various sources through railway wagons. These 

are stacked & reclaimed by stackers cum reclaimers and distributed to various departments 

of VSP through conveyor system. The Iron Ore Fines, Iron Ore Lumps, Sized Iron Ore, 

Limestone (BF & SMS grade), Dolomite (BF&SMS grades), Dole Chips, Sand, Quartzite, 

Manganese fines & Lumps and Fluorspar are stocked in A Ore & Flux Yard. The Imported 

Cocking Coal (ICC), Medium Cocking Coal (MCC), and Boiled Coal is stocked in Coal 

Yard. These raw materials are sent in different proportions to various departments as 

indicated below: 

Coke Ovens  : Imported Medium, Medium 

Sinter Plant : Iron Ore Fines, Limestone (BF), Dolomite, Sand and   

   Manganese Fines 

Blast Furnace : Sized Iron Ore, Limestone (BF), Manganese Lump, Quartzite SMS :

  Dolomite (SMS), Fluorspar, Sized Iron Ore 

CRMP  : Limestone (SMS), Dolomite (SMS), Dole Chips TPP 

   : Boiler Coal 

Rolling Mills: 

BLOOMS produced in SMS – CCD do not find much applications as such and are required 

to be shaped into products such as billets, rounds, squares, angles (equal & unequal). 

Channels, I-PE b exams, HE BEAMS, wire rods and reinforcements by rolling them in, 

there sophisticated high capacity, high speed, fully automated rolling mills, namely Light 

& Medium, Merchant Mills (LMMM), Wire Rod mills (WRM) and Medium Merchant and 

Structural Mill (MMSM). 

a) Light & Medium Merchant Mills- LMMM comprises of two units in the 

billets/break down mill 250x320 mm size blooms are rolled into billets of 

125x125 mm size after heating them in two nos. of walking beam Furnaces of 

200T/hr capacity each. This unit comprises of 7 stands (2 horizontal 859x120 

mm) and 5 alternation vertical & horizontal stands (730x1000mm & 

630x1000mm) billets are supplied from this mi8ll to bar mill of LMMM, wire 

Rod mills (WRM). 



b) Wire Rod mills (WRM): wire rod mill is a 4 strand, 25 stands fully sophisticated 

mill the mill has 4 zone combination type reheating furnace (walking beam cum 

walking hearth) of 200t/hr capacity for heating for heating the billets received 

from billet mill of LMMM to rolling temperature of 1200c. 

c) Medium Merchant and Structural Mill (MMSM): wire rod mill is a high capacity 

continuous mill consisting of 20 stands arranged in 3trains. Roughing train having 

a 8 stands (4 two high horizontal stands, 2 vertical stands & 2 combination 

stands). Intermediate train has 6 mill stands as per details given below. 

 2 high horizontal stands 2 combination stands 

 2 horizontal stands / two universal stands Finishing train-consists of 6 stands 

namely 

 2 combination stands 

 4 horizontal stands / 4 universal stands. 

Billets Sizes: 

125 x 125 mm - 9.8 – 10.2 mts 

65 x 65 mm - 6/12 mts 

75 x 75 mm - 6/12 mts 

Wire rod mill : 

1) Introduction: 

 Wire Rod mills (WRM): wire rod mill is 4 strands, 25 stands fully sophisticated 

mill. The mill has 4 zone combination type reheating furnace (wailing beam cum walking 

hearth) of 200t/hr capacity for heating the billets received from billet mill of LMMM to 

rolling temperature of 1200 degrees centigrade. 

 The continuous 4 strand wire mill for the RASHTRIYA ISPAT NIGAM LIMITED 

is a high speed roll mill of modern technological design, including equipment for 

controlled cooling of rolled product from rolling heat by stelmor method. The mill is 

designer for low and high carbon Steel up to 0.9% carbon. 

Characteristic Design Features Of The Wire Rod Mill Area: 

 High production after a short starting time.  

 Reliable loading at high speed 

 High wire qualities 

Charging Material: 

Billet Weight   : 1250 kg 

Cross Section Dimensions : 125 x 125 mm (150 x150 mm)  



Billet Length   : 1044mm 

Rolling Program   : 5.5 to 12 mm round, 6.0 to 12.7 mm rebar 

Maximum coil weight  : 1200 kg 

Outside coil diameter  : 1250mm 

Inside coil diameter  : 850 mm 

Rebar    : 2200mm 

 The charging material –rolled billets from the billets from the billet mill be straight, 

free from shells, free from shrinkages cavities and additionally free from cracks as far as 

quality steel grades are concerned, so that a continuous at the required quality is 

guaranteed. 

Finished Material: 

Based on max temperature difference across the billet cross section of 25 degree centigrade 

on entering the mill train, the following tolerance values are obtained: 

 5.5mm – 8 mm round (+/-) 0.15 mm 9 mm – 12 mm round (+/-) 0.20 mm 

The ovality for these dimensions amounts to 80 of the permissible tolerances. 

Capacity of the Plant: The annual capacity of the rod mill is 8, 50,000 tons of finished 

wire rods by three shift operation and specified product mix. 



 

Generally a wire rod mill consists of 

1. Roughing train 

 5 two high horizontal stands 600 mm dia. 2 two high horizontal stands 480 mm dia. 

2. Intermediate train 

 3 two high horizontal stands 480 mm dia. 3 two high horizontal stands 480 mm dia. 



3. Intermediate Block 

 4 single stands two high roughing blocks in HV arrangement. 

4. Finishing Block 

 4 one stand wire rod finishing blocks (Morgan type ) with 10 No-twist two high 

rolling units each in 45 degree arrangement 

5. Billet charging grids, Elevator, billet positioning device. 

6. Furnace approach roller table ejector for rejected billets. 

7. Billets ejector. 

8. With drawing pinch roll set, switch, pendulum shear. 

9. 4 cropping and chopping shears. 

10. 4 Horizontal lopper. 

11. Water cooling sections with 3 water cooling boxes each. 

12. 4 Rotary cropping and cross cutting shears. 

13. 2 Chopping shears. 

14. Horizontal loppers. 

15. 4Water cooling sections with 3 water cooling boxes each. 

16. 4Pinch rolls sets and 4 laying heads. 

17. 4Stemlor conveyors for delayed cooling, 10 cooling zones each. 

4Coil forming chambers with dividing shears. 4 coil receiving stations. 

4 Up ender loading stations 

18. Power and free hook conveyor. 

19. 6coil compacting presses. 

20. 6coil unloading stations. 

21. 4Coil weighing machines. 

22. 2 large coil compactor circuit’s comprising power and free conveyor, coil transfer 

station, large size coil compactor and unloading station. 

Description of mechanical equipment of wire rolling mill 

 Based on the property of the rod to be rolled the billets are prepared in LMMM. 

The inspected billets rolled in wire rod mill the billet size is 125*125 mm *10 mtrs and 

weighs up to 1250 kg. 

Charging grid 1 & charging grid 2: 

 The finished billet are placed on the C.G 1 and C.G 2 .The C.G 1 provided with ac 

drive and C.G 2 with ac drive which used to transfer the billets towards the cross 

transport. 



 The weight capacity of the C.G is 200t .Which conforms to a storage capacity 

sufficient to store the production of one hour the billets deposited by means of 

four rope operated. 

 Pawl transfer with electromechanical drive move towards the billets cross 

transport on the grids and passed over to that transport simultaneously the billets 

cross transport which is arranged at +m takes the individual billets with 6 drag 

chain and transport one by one from the billet C.G 2 to towards the position of 

elevator.  

 The rest on roller chain carrier plates during transport. 

Inclined elevator and cross transport: 

 Inclined elevator, terminal end is provided with dog which carries the billets. The 

billets are carried 6 drag chain in inclined elevator with dogs. The billets are transport 

simultaneously from the storage floor to the mill floor level +5 350mm. 

 

 

 

 

 

 

 

 

Inclined Elevator 

 11billets totally can be deposited in the area between loading and unloading position 

the terminal end of the elevator is +6.2m. 

 The inclined elevator transfer 5 billet one by one on the roller with the help of dogs 

where four billets were transferred by the roller at a time, balanced one placed at the 

adjacent side of the moving billets. 

Transfer Device: 

 Transfer device transfer the billets fallen on it from inclined elevator to roller table 

grp 1. 

 Roller table consist of r cable of 5 group with total number of 48 driven roller and 

provided with 3 disappearing stops in 5 groups roller table and 2 fixed stops at the 

end of the roller table. 



 

 

 

 

 

 

 

 

 

Group Roller:  

 The roller is fit to carry the 4 billet at a time to the furnace by means of electrically 

combined roller table provided with separate reversible roller. The use of disappearing 

stops is to prevent the colliding of succeeding billets from each other. Billets without 

objection are transferred to the weighing station. During weighing and recording time 

disappearing stops at both side of weighing station which protect the operating layer from 

being damaged by entering billets. 

Furnace: 

 The billets transferred by walking beam furnace after it is collected from the roller 

table grp 5. Further moves inside the furnace the walking beam can hold up to 180 billets 

simultaneously. Capacity of the furnace is 200 t/hr. 

 

 

 

 

 

 

Furnace Details: 

Type   : Combined type walking beam cum earth furnace 

Capacity  : 200t/hr 

Dimension  : 42*10.92m 

Fuel used  : Mixed gas 

C.f   : 2000k cal/nm3 



Gas flow  : 27000 nm2 

Thermal efficiency : 70% 

No of billet  : 187 

Advantages of Walking Beam Furnace: 

1. Smaller temperature differences across the billets cross section 

2. Simply emptying of furnace 

3. Small heat losses due to water cooled rails 

4. Small wear of the lining. 

The required temperature inside the furnace is obtained by combustible gases like BF, coke 

oven gas (mixed gas) with Cv as 2000 Kcal/m3. 

Peel Bar: The red hot billet from the furnace is discharged or pushed to the billet strand by 

mean of peel bar which is hydraulically driven ejector initially the heated billet get 

arranged inside the RM STAND a billet roller is arranged near to the furnace exit. 

Billet Switch: It is hydraulically operated switch which guides the billet to arrange in 

respectively strand. 

 

 

 

 

 

 

 

 

 

 Behind the billet switch a 4 strand pendulum shear will be hydraulically driven 

shear will be serves as cropping or dividing the red hot billet in the case of a cold head 

before entering the strand 1. A hydraulically pressurized water scaling device is provide 

the use of this device is to remove the scale from the red hot billet with the pressure of 180 

bar. 

 The billets switch is a v-shaped cast iron design with open top, is lowered and 

moved underneath the strand to be charged in the raised working position it is on pass line 

level and guides the billets into the free groove in each case. 

 After the initial pass has been carried, the switch lowered again and moves 

underneath the running billets into the receiving for the next strand. 



Roughing Mill: 

 The roughing mill comprises 7 continuous horizontal two high strand in two sizes.  

 “Five strand 21” with a roll diameter of 600mm and a barrel length of 1000 mm.  

 “Two strand” with a roll diameter of 480 mm and a barrel length of 920 mm. 

 For all mill stands the pass line is 900mm above mill floor level (+5 350 mm). 

 

 

 

 

 

 

 

 

 

 In order to be able to keep this pass line also when the rolls have been turned , 

bottom and top rolls are vertically adjustable for this purpose the bottom roll chock are 

shimmed . The top roll is adjusted manually using worm gear and housing screws to hold 

the top roll constantly in the correct position cylinders and levers press with constant 

hydraulic pressure the chocks against the housing screw of vertical top roll adjusted. 

 The roll are changed by means of spindle carrier and c- hook attached to crane .All 

stands are fitted with separate variable dc speed motor housing of closed top design with 

short post and bending shift rolls due to the short barrel length in co action with Margolis 

roll neck bearing provided the most favorable for obtaining a final product of uniform 

quality from all the stands. 

 The shear are start – stop crank shear which are substantially composed of the top 

and bottom knife crank shaft. 

 

Roughing Mill Shear:  

 Each shear has a variable speed dc motor mounted on a common bass plate, which 

can be hydraulically moved out of the pas line for the maintain purpose. The shear 

operated by the start-stop mode. 



 

 

 

 

The cropping length can be set to values ranging between 0 and 300mm these 

requires defined approach of the shear blades from a defined starting position , the 

synchronous operation of the shear with the bar speed and stop before a sec cut takes place 

every shear is controlled via a photocell which transmits the cutting command for the front 

crop end on the bar head and for the rear crop end at the bar end in connection the pulse 

generator of the last stands of the preliminary train and making allowance for the forward 

slip and the shear starting distance . 

 The cropped pieces are transported via a scrap chute to the scrap bucket. On 

emptying the scrap bucket, hydraulically operated scrap flap is swiveled over the scrap 

chute in order to lead scrap that flows into next bucket. 



In the case of malfunction, the shear chops the running bar and this operation is 

different cropping in so far has the shear blades are not stopped after every cut but keeping. 

With the operating mode, the dividing lengths are approximately 500mm. 

Intermediate Mill: 

The intermediate mill consists of six stands horizontally. The 6 stands contains of 3 

different sizes. 

 3 stands “16” with roll diameter of 480 mm and a barrel length of 800 mm. 

 3 stands “12” with roll diameter of 375mm and a barrel length of 700mm. 

 4 pre-finisher block “8” with roll ring of diameter 210.5mm & width of 72mm. 

 The intermediate stand are smaller than roughing mill depending upon the rod 

size. 

 Before entering into the stand no:13 the roll stand change into single strand 

stands. 

 

 

 

 

 

 

 

 

 

Chopping Shear: 

Each chopping shear serves as two strands. These shears are arranged in the under 

floor area between the two finishing blocks. If it is required it chops the incoming rolling 

stock with a diameter of approximately 20mm into section of approximately 400mm 

length. A shaker chute transports these pieces to the scrap bucket. 

It is initiated by the malfunction signal, two rotating blade heads with three blades 

per strands cut the rolling stock. The blade of the two strand are arranged with an offset of 

60 degree to each other in order to avoid double cuts. The shears are equipped with a 

variable speed Dc motor. Shear knives and upstream pinch rolls for short ends are jointly 

driven. For the reasons of easier bar transport, the shear is mounted with a 10 degree slope. 



Then before entering the finishing it passes another horizontal loops and snap shear in front 

of the block. 

Finishing Block: 

 There are four single strand ten- stands high speed Morgan finishing block, which 

permits the final speeds above 80m/sec at wire dimensions of diameter 5.5mm is 

considered as one of the main elements of a high capacity rolling mill. The entire single-

piece block comprises a base frame with 10 roll units and roll rings in cantilevered 

arrangement that are mounted in a horizontal and vertical arrangement in pairs offset by 90 

degree against each other . The main axis inclined by 45 degree this allows twist – free 

rolling of the wire. The material which is used for the roll rings is tungsten carbide. This 

will leads to close tolerances, prolonged tool lives and dimensional stability of the groove.  

 

 The constant cooling of the roll discs must be used to avoid inadmissibly high 

temperature. In this the first two rolls units are designed as 8” stands because of the high 

roll pressures and roll moments produced. The 6” size is sufficient for the remaining 8 

stands. These sizes allow an extremely favorable elongation of the rolling stock. The two 

coupled 2000 kilowatt Dc motors is used to drive the roll units. Then two 8” and eight 6” 

stands are in identical size, which are interchangeable for the reasons of storage because 

the different transmission ratios of the individual stands were fixed by the bevel gear of the 

longitudinal shafts. The bottom drive shaft rotates slightly faster than the top shaft. The 

stands that are driven by this shaft accommodate the round groove that shows smaller 

working diameter as compared with the oval grooves and therefore have to rotate slightly 

faster in order to perform the rolling at the required circumferential .The longitudinal shafts 

for the individual stands are inter connected by couplings. For the reasons of conversion of 

the roll stands besides the roll rings the guides are also exchanged for the reason of safety. 



 The finishing block are covered with the protective hoods .If the cooling water 

supply is failed then automatically finishing block locks the further material supply. At the 

back of the finishing block, the rolling stock enters the rod cooling line .This cooling line is 

a combination of a water cooling section with cooling and equalizing zones, one pinch roll 

se, one loop layer and one stelmor roller transport system to cool down the rolling stock, as 

desired, with a delay by insulating hoods. 

 Different grades should be cool down from the rolling heat in such a way the wire 

has subsequently specific properties that exercise a favorable influence on the further 

working. The intension is to lower the temperature level to such as extent that a scorbutic 

structure result which is maintained as uniform as possible throughout the entire rolling 

length which corresponds to one coil weight. 

Stelmor Conveyor: 

 Stelmor conveyor consists of transport chain running at higher speed, carries the 

loops and transfer to coil forming chamber, it lies below the laying head consists of ten 

cooling zones unto the 

coil forming area to 

cool the coil wire 

travelling .depending 

on the grades used, to 

transport speed , the 

insulation by covering 

hoods are the air 

cooling of this roller 

transport section with 

controlled cooling are 

varied for the different 

wire dimensions then collected to form coils. 

Advantages of Stelmor Process: 

1. Less scale formation (due to the accelerated cooling –down) and thus a higher 

yield. 

2. Replacement of further patenting process before drawing on the next patenting 

diameter, thus additional saving of scaling losses during the replaced the first 

patenting process. 



3. Lower pickling costs due to shorter pickling times with the uniform thin scale layer 

that can easily be pickled and mainly consists of FEO, instead of the sticking Fe3O4. 

4. Higher drawing speed due to the uniform properties of wire throughout the coil, 

5. Improved uncoiling properties before drawing in the drawing shop. Cooling system, 

uses air for cooling process using fan underneath. 

 The coils has a maximum weight of 1200kg respectively were transferred by the 

downloading stations into the c-hooks of the power and free conveyor system. The 

measuring range is 6000C - 10000C. 

 In the coil forming station, at the end of stelmor line, the fanned-out wire loops 

were collected by means of centering mandrel, to form a vertical coil, transport into the 

tilter and transferred to a transport hook after having been swiveled through 90 degrees. 

The coil forming station comprises the following parts: 

1. Entry house 

2. Coil forming chamber with centering cap, coil separator and dividing shear 

3. Coil receiving station 

4. Sail car with sail end coil plate 

5. Tilter 

Hook Conveyors: 

 After the completion of rolling wire rod, it is transport for binding in the 

compactors with the help of hook conveyors. There are totally 180 hook, which is guided 

are travels with the help of rail (chain). The total length of the conveyor system is 1360m, 

at which the two coil handling lines are splitted up into five independent loops for the hook 

transport. The hook conveyor system, further moves to weighing station, then to coil 

compactors. 

 The power and free hook conveyor system is a combination of two railway lines. In 

the upper rails a power chain hung up on trolleys and is constantly driven by a caterpillar 

drive with 0.3m/s. The five endless chains are independent in their function. The length of 

each chain depends on the load to be transported. 

 The second railways for the hook trolleys arranged under the power chain. Here the 

hooks are drawn by the power chain. By switches, all free rails are connected with each 

other, that if necessary the hooks can be transferred to the other handling line. 

 The conveyor system is mechanical system for coil transport in the handling area. 

Pneumatically operated switches in travel way stoppers and centering system serve for 



reliable function of the coil handling. Collision between the hooks are prevented since the 

connection to the power chain will be interrupted mechanically. 

Compactors: The coils carried by the hook conveyors are now ready to bind, for this 

purpose 6 compactors are used. In these presses the coils are compacted and bound with 

wire at four points offset by 90 degree on the hook. 

 The compacting and binding cycle for a normal 1200kg coil requires about 40sec. 

The coil inside diameter is 850mm, its outside diameter 1250mm. The coil temperature 

should not exceed 400 degree C. If temperature exceeds more than 400c, there is chance 

for damaging of coil because compactors presses the coil with greater force. The coil 

presses for one handling line are arrangement side by side. The cross transfer from the 

storage side into the compactors and to the pay off side is done by one chain system. 

Before compacting, the hook will be centered. After compacting the coils will be fed into 

the discharging lines. 

 On the way to transfer stations, the coils pass two coil weathers in line, which are 

arrange in a free track. Each weighing system consist of two load cells in a scale beam, 

serves to take the coil weight and transmit to the weight data system. Two transfer groups 

each comprising three transfers are associated with three coil receiving turnstiles. The coil 

transfer serve to remove coils from the hook convener the compacted and bound wire rod 

coils are deposited on the arms of turnstiles. The group of three turnstiles includes two 

right hand and one left hand turnstiles. Each conveyor has a length of 170mt with 9 carrier 

assemblies. The conveyor speed is 0.2m/sec. 

 The big coils compactor, called unitize, is in his design and function similar to the 

coil presses. The two or four coils are also bound with wire at four point offset by 90 

degree on the hook. Once the unitized coil is on the ramp, the unloading hook returns to 

starting position. Now the coil is ready to transported by means of the crane. 

Cranes: 

 Cranes are widely applied in the workshop and warehouse of several industries, 

such as mechanical workout, metallurgy, chemical engineering, nuclear power etc. Its 

serviceable range is so wide that almost involve all industries. It is one kind of the most 

broad-spectrum cranes. Electrical Overhead Traveling (EOT) cranes are simplest type of 

cranes used in industries for maintenance and transport. 



 

 

 

 

 

 

 

 

W.R.M Cranes (EOT): 

 For the handling of the compacted coils 5 nos of EOT cranes are used the cranes lift 

the coils from turnstiles by the help of magnets attatched to the cranes. the coils is then 

shipped to the various yards around different states by means of road and rail transport. 

Types of Cranes: 

There are 11 cranes:   

Crane 1 - 20/5 capacity 

   20T Main hoist + 5 T auxiliary. 

Cranes 2, 3, 4 - Mill bay cranes capacity 30/5. 

Cranes 5, 6, 7, 8, 9 -Shipping bay cranes capacity 5+5t 

Cranes 10, 11 - Auxiliary cranes capacity 5+5t 

   Coils of OD-1250mm ID-850mm. 

Technical specifications:  

1.1) Purpose and location :1) For loading and unloading storage and 

   Dispatch of coils in finished product storage 

   lay of wire rod mill. 

  2) Indoor. 

1.2) Quantity : 5 Nos 

1.3) Type : Double girder, cabin operated, EOT crane 

  with rotating trolley and tilting  arrangement. 

1.4) Material handled : Compacted wire rod coils with magnets or 

  C-Hooks and unit  loads on 10T hook. 

1.5) Lifting capacity : Main hoist-16.0 T 

   (including tackles)  Till hoist  -  9.6T 

1.6) Span : 33.5m 



1.7) Duty : Class 4,extra heavy 

1.8) Design specification: IS: 4137 ; IPSS ; VSP/H-12-002R ; VSP/GS-13 

1.9) Height of lift:   

Above floor : 9.0m   

Below floor: 3.7m   

1.10) Tilting rang : + 3 degrees 

1.11) Slewing rang : 340 degrees 

1.12) Speeds   

 Main:-hoist : 20/2 m/min 

 Tilt host : 1 m/min 

 Slew : 3 rpm 

 Crass travel : 60 m/min 

 Long travel : 150m/min 

1.13) Gantry rail : CR 100 (IS: 3443) 

1.14) Wheel load (maximum):  20T 

1.15) Ambient temp : 50 C 

1.16) Supply system   

Main power : 415V+6%-10%,3ph.50hz.AC 

Control/lightening : 240V, 1ph, 50 Hz, AC 

Magnet : 220V D.C 

1.17) DSL system gravity type collectors : 4Nos, MS angle conductors towards “H” row 

side of crane bay with cast iron 

1.18) Weight : Trolley -26t, Crane -111 t  (without lifting tackles). 

 

2. COMPONENT DETAILS: 

2.1)  Upper slewing trolley: 

The upper slewing trolley assembly comprises the following:- 

2.1.1) Frame: - Fabricated frame with supports far mounting following components and a 

circular machined flange at bottom for bolting onto upper geared race of slow bearing. 

Cage with access hatch provided for attending to slew  bearing. 

2.1.2) Main hoist and tilt hoist drive: 

Arrangement: The main motor drives two ropes drums simultaneously for hoisting the 

lifting beam on 8 fails. Where required, the tilt motor is energized (with main motor 

braked) to drive one of the drums only to lift one side of the beam for tilting. 



Motor: Slipping induction type, TEFC, IP 54 protection, insulation class-B/F, duty S3-

40%, GEC make.  

 Main hoist -1x110kw, 10P, frame 355 L Tilt hoist – 1x3.7kw, 8P, frame 132 M/2 

Brake: D.C. electromagnetic  shunt brake,  BCH make. 

 Main hoist  - 2 x size M400 

 Tilt hoist  - 1 x size M200 

 Motor coupling - Geared mill type, HI-Cliff make 

 Main hoist  - 1xsize 105 

 Tilt hoist  - 1xsize 102 

Gear box: Multi- stage planetary type with twin output shafts (2880 crs) and input shaft 

on either side. 

Ratio: While hoisting  - 25.1:1 

 While tilting  - 635.16:1 

 Drum coupling  - 2 Nos. barred coupling, Malmedic make type RTT, 

     size-2 

 Rope drum : 2 Nos fabricated – 560 mm dia. 

 Pedestals block : 2Nos fabricated with bearing 22216. 

Wire rope:  4 Nos. Dia 18mm 6x36 construction, 180Kgf/mm2, tensile, fiber core, R.H. 

  ordinary lay, ungalvanised as per IS: 2266/- IPSS with one end free and 

other   end with solid thimble SxFxNGx20-IS: 2315 and ISMAL splice-40m long. 

 

Tachogenerator: 1No. Type BD 2510 B/1 GEC make, coupled to back shaft of main 

motor  by Lovejoy coupling size-L-070. 

Equaliser bars : 2Nos. for receiving thimbles at ends of four ropes. 

Limit switch  : 1No. Rotary geared, 3 position, (drawing no. GA630/19 R1), 

    Strom Kraft make, for hoist. 1No. roller lever type (drawing 

    no. GA 630/23 R1) Strom Kraft make, for tilt. 1No. gravest 

    type (drawing No GA 630/24 R1) Strom Kraft make, for  

    hoist. 

2.1.3) Magnet cable reel: 1No. Floriated type suitable for gear drive with 5 slip rings, 

    teelunocrats make 

 Drive arrangement: By gear train form stub shaft of rope with slitalaler idler to  

     foliate disconnection  from drum. 

 



 

2.1.4) Cable reel for load cells: Spring operated, slip rings, type KTS 25/311 s Hartmann & 

konig make. 

2.1.5) Mode of power supply: Fabricated cable basked at dew center to receive flexible 

called suspended from cantilever arm mounted on lower linear trolley. 

2.2) Lifting beam arrangement: 

2.2.1) Frame: 

2.2.2) Rope Sheaves: at ends of two shafts mounted on the frame. 

2.2.3) Hooks: 4No’s 5 t capacity With safety catch, nut thrust bearing and cross- head in 

adaptors mated at the frame Corners. 1 No 10+capacity with safety catch hut, theist bearing 

and cross  head in adaptors mounted centrally on the frame 

2.2.4) Load cells wits indication: 4 No’s Asia NSEA  Load Cells Type Q GPK-101-6.3 

minted at ends of rope sheave shafts with Connection box, cede singes anchor, control unit 

with small digital display and key board in operator’s cabin, electronic panel and 5 digit 

300mm display on inspection cage. 

2.3) C Hooks: 2 No’s fabricated suitable for accommodating a total coil height of 2800mm 

with a maximum weight  2400kg and suspension from hooks of the lifting beam. 

2.4) Magnets: 2 No’s Rectangular bipolar fabricated, type BPW-500- 3000, Cu wound, 

class H insulated. (10.5KW each) with battery back up and trickle/ boost charger. Boxmag- 

Rapid make . Suspended by chain slings from lifting beam hooks. 

2.5) Lower Linear Trolley: The lower linear trolley Assembly comprises the following: 

2.5.1) Frames: Fabricated frame for mounting following components and carrying the 

upper trolley on the slew bearing. Runs on the bridge rails. 

2.5.2) Slew Drive Assembly: 

 Motor: 1x Sliping induction, TEFC IP 54 protection, class B/F insulation,  

   5.05kw, 6P, Duty S3-40%, Frame size -132 M/2, GEC make. 

  Slip clutch: Size 8s (special) Mark-AEC make, Set torque – 3.9kg.m 

  Worm reducer: 5” HV (special) 

 Brake:  1x D.C. electromagnetic shunt brake, size M-200, BCH Make 

 Drive pinion: Z = 43, m =12.7, Rothe Erde make. 

 Slew bearing: Single row ball bearing slewing ring with external gear (Z=338,  

   M=127) Model 

 Limit Switch: 1 No Roller lever type (Drawing No GA0/23R1), Strom Kraft make. 

 



 Buffers: 2 Nos Rubber buffers, size 80. 

 

 2.5.3) Cross Travel Drive 

 Motor:  1 No. Slip ring induction type, TEFC, IP 54 protection,  

    class B/F insulation, 22.2kw, 6P, Duty S3-40%, frame Size- 

    2001 GEC make. 

 Motor coupling: 1 No geared mill type, size -102, Hi-cliff make 

 Brake:   1 No D.C. electromagnetic shunt brake, size M-200, BCH  

    make. 

 Gear box:  1 No vertical type, 560crs ratio 25.66:1, WMI make. 

 Output coupling: 4 Nos. Half geared, half rigid type, size-104, Hi- cliff make, 

    with floating shaft. 

 Wheels:  4 Nos. (2Nos driving and 2Nos driven), 500mm thread dia,  

    double flanged type with ‘L’ type axle boxes as per VSP  

    standard (suitable for CRSO rail), Kran Rader make. 

 Limit Switch:  2 Nos Roller lever type (Drawing No. GA 630/23R1), Strom 

    Kraft make on bridge with striker connected to trolley. 

 Buffers:  4 Nos spring buffer size 25 (on bridge). 

 

2.5.4) Mode of power supply: By festooned flexible cable with trolleys on joist  

     track along girder. 

 

2.6) Bridge Girders and End carriages -  

 Fabricated box girders with trolley rails : CR- 80, fitted with cleats an upper flange 

in line with the inner web. 

 Girders, bolted to fabricated box type end carriages on either side supported on 

wheel bogies. Cabin is suspended at centre of girder. 

2.7) Girders and end carriages:   

 Full length along upper surface of girder on cabin side to accommodate electrical 

panel’s resistance etc. and to provide access to cabin full length along upper surface 

of girder opposite to cabin side with supports for festooned trolley track  

 Short length at to lower level at four corners for maintenance of travel drive and 

wheels and access to DSL cage. 

2.8) Lubrication:   



o centralized dual line greases systems with manual pump and accessories AFMC 

make for components on upper trolley components on lower trolley travel wheels of 

left end carriages, travel wheels of right end carriage.  

o 1 centralized grease system with nipples and accessories for components on lifting 

beam. 

2.9) Operator’s Cabin: 

 Located below girder at abut mid span with access stair from bridge platform sheet 

steel clad with bay window front fully glazed, housing.  

 Slew able arm chair type control with master controllers, push button etc. 

 Protective pan Lighting distribute board Weight display and key-board unit Magnet 

control unit Ventilation fan, exhaust fan, tube light Fire extinguisher Hooter and 

manual gong bell 
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ABSTRACT 

 

The 3D EXPERIENCE PLATFORM is a business experience platform 

 

It provides software solutions for every organization in your company form  

Marketing to sale to engineering that help you, in your value creation process, 

to create differentiating consumer experience, with a single, easy to use 

interface, it powers Industry solution in a collaborative, interactive 

environment. It is available on premise and on cloud. Explore the entire portfoli 

 

Dassault systems offers industry leading application delivered on the 3D 

EXPERIENCE platform: Design &Engineering, Manufacturing & Production 

Simulation, Governance & Life cycle, 3D Design Experience for Professionals, 

as well as a broad catalog of services 
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Chapter – 1 

 

INTRODUCTION 

 

CATIA isacronymforComputer Aided Threedimensional Interactive Applicatio

n. It is one of the leading 3D software used by organizations in multiple 

industries ranging from aerospace, automobile to consumer products. 

 

CATIA is a multi platform 3D software suite developed by Dassault Systems, 

encompassing CAD, CAM as well as CAE. Dassault is a French engineering 

giant active in the field of aviation, 3D design, 3D digital mock-ups, and 

product lifecycle management (PLM) software. CATIA is a solid modelling 

tool that unites the 3D parametric features with 2D tools and also addresses 

every design-to-manufacturing process. In addition to creating solid models and 

assemblies, CATIA also provides generating orthographic, section, auxiliary, 

isometric or detailed 2D drawing views. It is also possible to generate model 

dimensions and create reference dimensions in the drawing views. The bi-

directionally associative property of CATIA ensures that the modifications 

made in the model are reflected in the drawing views and vice-versa. 

 

The first release of CATIA was way back in 1977, and the software suite is still 

going strong more than 30 years later. While CATIA V6 is just being released, 
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the most popular version of CATIA is V5 which was introduced in 1998. That 

said, it is important to note that each version of CATIA introduces considerable 

additional functionality. For example, V4 (introduced in 1192) offered 

enhancements to the Assembly Modeling Product including easy-to-use 

graphical tree-based assembly management. V5 and V6 saw changes in the way 

data is handled. Dassault Systemes typically offers new updates, releases and 

bug fixes for each version. The CATIA software is written in C++. It runs on 

both Unix and Windows. 

 

CATIA started as an in-house development in 1977 by French aircraft 

manufacturer AVIONS MARCEL DASSAULT, at that time customer of 

the CADAM software to develop Dassault’s Mirage fighter jet. It was later 

adopted by the aerospace, automotive, shipbuilding, and other industries. 

Initially named CATI (conception assistee tridimensionnelle interactive – 

French for interactive aided three-dimensional design ), it was renamed CATIA 

in 1981 when Dassault created a subsidiary to develop and sell the software and 

signed a non-exclusive distribution agreement with IBM. 

In 1984, the Boeing Company chose CATIA V2 as its main 3D CAD tool, 

becoming its largest customer. 

In 1988, CATIA V3 was ported from mainframe computers to Unix. 

In 1990, General Dynamics Electric Boat Corp chose CATIA as its main 3D 

CAD tool to design the U.S. Navy's Virginia class submarine. Also, Lockheed 

was selling its CADAM system worldwide through the channel of IBM since 

1978. 
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In 1992, CADAM was purchased from IBM, and the next year CATIA 

CADAM V4 was published. 

In 1996, it was ported from one to four Unix operating systems, including 

IBM AIX, Silicon Graphics IRIX, Sun Microsystems SunOS, and Hewlett-

Packard HP-UX. 

In 1998, V5 was released and was an entirely rewritten version of CATIA with 

support for UNIX, Windows NT and Windows XP (since 2001) 

In the years prior to 2000, problems caused by incompatibility between versions 

of CATIA (Version 4 and Version 5) led to $6.1B in additional costs due to 

years of project delays in production of the Airbus A380. 

In 2008, Dassault Systems released CATIA V6. While the server can run 

on Microsoft Windows, Linux or AIX, client support for any operating system 

other than Microsoft Windows was dropped. 

In November 2010, Dassault Systems launched CATIA V6R2011x, the latest 

release of its PLM2.0 platform, while continuing to support and improve its 

CATIA V5 software. 

In June 2011, Dassault Systems launched V6 R2012. 

In 2012, Dassault Systems launched V6 2013x. 

In 2014, Dassault Systems launched 3DEXPERIENCE Platform R2014x  and 

CATIA on the Cloud, a cloud version of its software. 

In 2018, Dassault Systems launched 3DExperience Marketplaces to connect 

CATIA Users, with manufacturers, standard parts creators and engineers. 
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In 2019, 3DExperience Marketplaces launched an Add-in in Catia, to connect 

directly manufacturers with designers. 

Chapter – 2 

 

WHAT DOES CATIA DO:- 

 

CATIA provides the capability to visualize designs in 3D. When it was 

introduced, this concept was innovative. Since Dassault Systemes did not have 

an expertise in marketing, they had revenue sharing tie-up with IBM which 

proved extremely fruitful to both the companies to market CATIA.  

 

In the early stages, CATIA was extensively used in the design of the Mirage 

aircrafts however the potential of the software soon made it a popular choice in 

the automotive sector as well. As CATIA was accepted by more and more 

manufacturing companies, Dassault changed the product classification from 

CAD / CAM software to Project Lifecycle Management. The company also 

expanded the scope of the software. 

 

CATIA can be used at different stages of the design - ideate, draw, test and 

iterate. The software comes with different workbenches (“modules”) that allow 

CATIA to be used across varied industries – from parts design, surface design 

and assembly to sheet metal design. CATIA can also be used for CNC. 
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CATIA offers many workbenches that can be loosely termed as modules. A few of 

the important workbenches and their brief functionality description is given  

 

WORKBENCHES:- 

 Part Design 

 Generative Shape Design 

 Assembly 

 

Part Design: 

 The most essential workbench needed for solid modelling. This CATIA module 

makes it possible to design precise 3D mechanical parts with an intuitive and 

flexible user interface, from sketching in an assembly context to iterative detailed 

design. 

 

 

 

 

 

 

 



Gudlavalleru engineering college Page 13 

 

 

 

 

Generative Shape Design: 

 Allows you to quickly model both simple and complex shapes using wireframe 

and surface features. It provides a large set of tools for creating and editing shape 

designs. Though not essential, knowledge of Part Design will be very handy in 

better utilization of this module. 
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Assembly:  

The basics of product structure, constraints, and moving assemblies and parts 

can be learned quickly. This is the workbench that allows connecting all the 

parts to form a machine or a component.  
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CHAPTER-3 

SIMULIA 

 

 

INTRODUCTION:- 

 

All platform users can benefit from the value of simulation by utilizing the 

capabilities in the simulation data science discipline taking Simulation process 

&data management (SPDM) to the next level. Powerful results analytics allows 

users to use simulation results to inform decision making. Democratization of 

simulation results and reuse of simulation methods is enabled through 

dashboard accesses to a company’s library of published methods and best-

practices. With simulation analytics, simulation knowledge and its value 

becomes available for all platform users 

 

WORK BENCHES USED IN SIMULIA :- 

 Material Definiton 

 Structural Model 
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 Structural Model 

 

 

 

 

MATERAL BROWSER :- 

 

 

PROCEDURE :- 

Go to V.R → Material Definition 

Click on Create Material → Enter the steel and tick the simulation domain in 

Add domain 
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Material Simulation domain → Double click Density value (8020) → 

Mechanical → Elastic → Young’s modulus  

 

 

 

STRUCTURAL MODEL :- 

 

 

 

 

    PROCEDURE :- 

Go to V.R→ Structural model click → Fem controls → click none 
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Then Click → Model (Action Bar) → Mesh → Octree tetrahedron → Mesh size 

(10) → Select the object → Mesh 

 

 

 

STRUCTURAL SCENARIO :- 

 

 

 

PROCEDURE :- 

Go to V.R → Click Structural Scenario → Simulate type 

Click Setup → Select Finite Element Metod and click ok 
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Procedures → Static perturbation  

Then you will obtain double ticks 

Restrain → Clamp → Select one surface → Click ok 

Loads → Force → Click on body → Give force in Z direction 

Simulate → Simulate check → If there are no errors → Click simulate → Ok 
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CHAPTER-4 

DELMIA 

 

INTRODUCTION:- 

 

Manufacturing is debately the  most important step in the creation of a product 

designs and concepts mean nothing if no part is produced in the end. Its 

important to have the manufacturing processes done in the most  efficient way 

safetly,and with as few errors as possible. This could range from reducing 

errors in the machining itself to reducing errors in the assembly of products 

with Delmia  from the 3D Experience platform introduced by Dassault systems, 

these worries will be a thing of the past. 

 

As described in the introduction Delmia is an app within the3DExperinence 

platform that mainly focuses on aiding the manufacturing process.Depending 

on the enabled disciplines, these are things such as the machining of parts,how 

robotics interacts and behave,the ergonomics of the work conditions, and many 

more and with over 40 different disciplines that cover a wide variety of facets in 

the manufacturing process. Companies are sure to find exact ones to aid in their 

operations 
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WORK BENCHES USED IN DELMIA:- 

 

 Manufacturing item definition 

 Process planning 

 Equipment allocation 

 Assembly evaluation 
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MANUFACTURING ITEM DEFINITION :- 

 

 

 

 

 

PROCEDURE  :- 

 

→ Go to V.R → manufacturing item definition→ click on manufacturing 

assembly→ create manufacturing item product scope and click on product 

→ View → shading with materials 

→Authoring → Create / Update manufacturing → Next 
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PROCESS PLANNING :- 

 

 

 

PROCEDURE  :- 

 

→ Go to V.R → Process planning → General system click → Manage scope → 

Click the create scope → Product 1 
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EQUIPMENT ALLOCATION :- 

 

 

 

 

PROCEDURE  :- 

→ Go to V.R → Equipment allocation → Click on PPR Contex→ Insert resource 

→ Manufacturing cell and Rename Station as 10,20,30,40 

Every station has 1 conveyor, 1 storage 

 →Station → Insert Source → Conveyor 

→Station → Insert Source → Storage 
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ASSEMBLY EVALUATION :- 

 

 

 

PROCEDURE :- 

Go to V.R → Assembly Evaluation 

Click on General system → Right click on Loading operation → Create Track 

Copy the Current track to the other operations 

Click Live Simulate → (Bottom bar) 
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ABOUT THE ORGANISATION 

 

              National Small Industries Corporation (NSIC), is an ISO 9001-2015 certified 
Government of India Enterprise under Ministry of Micro, Small and Medium Enterprises 
(MSME). NSIC has been working to promote, aid and foster the growth of micro, small 
and medium enterprises in the country. NSIC operates through countrywide network of 
offices and Technical Centers in the Country. In addition, NSIC has set up Training cum 
Incubation Centre managed by professional manpower. 

 

Mission: “To promote and support Micro, Small & Medium Enterprises (MSMEs) 
Sector” by providing integrated support services encompassing Marketing, Technology, 
Finance and other services. 

Vision: “To be a premier Organization fostering the growth of Micro, Small and Medium 
Enterprises (MSMEs) Sector”. 

 

Schemes of NSIC: 

 

NSIC facilitates Micro, Small and Medium Enterprises with a set of specially tailored 
scheme to enhance their competitiveness. NSIC provides integrated support services 
under Marketing, Technology, Finance and other Support service. 

Technology Support: 

Technology is the key to enhancing a company's competitive advantage in today's 
dynamic information age. Small enterprises need to develop and implement a technology 
strategy in addition to financial, marketing and operational strategies and adopt the one 
that helps integrate their operations with their environment, customers and suppliers. 

NSIC offers small enterprises the following support services through its Technical 
Services Centers and Extension Centers: 

1. Advise on application of new techniques. 
2. Material testing facilities through accredited laboratories. 
3. Product design including CAD. 
4. Common facility support in machining, EDM, CNC, etc. 
5. Energy and environment services at selected centers. 
6. Classroom and practical training for skill upgradation. 
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NSIC Technical Services Centers are located at the following places: 

Name of the Centre Focus area 

Chennai Leather & Footware 

Howrah General Engineering 

Hyderabad Electronics & Computer Application 

New Delhi Machine Tools & related activities 

Rajkot Energy Audit & Energy Conservation activities 

Rajpura (Pb) Domestic Electrical Appliances 

Aligarh (UP) Lock Cluster & Die and Tool making 

Neemka (Haryana) Machine Tools & related activities 
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INTRODUCTION 

 
 
Energy requirement for refrigeration and air conditioning applications bears a 

huge share of total energy consumption around the world. Since,  thermal  comfort  plays  
a  very  important  role  on  the  health,  working efficiency and activities of all living 
beings, especially, temperature and humidity. In the excessively hot climates it is 
necessary to reduce the temperature and humidity whereas in the cold climate there is a 
need to increase the temperature. When the temperature drops below thermal comfort 
level, especially in the winter season,  The  heating  systems  are  employed.  In some 
countries,  where  the atmospheric temperature is very low, natural heating like solar 
energy is not sufficient, the heat pump and fuel fired systems are proven to be suitable 
heating devices.  In  hot  climates,  thermal  comfort  achieved  through  the  use  of  
refrigerators and air conditioning systems. 

 

 

Refrigeration: 

                         The term “Refrigeration” may be defined as the process of removing heat 
from a substance under controlled conditions. It also includes the process of reducing and 
maintaining the temperature of a body below the general temperature of its surroundings. 

In other words, the refrigeration means a continued extraction of heat from a body whose 
temperature is already below temperature of its surroundings. In a refrigerator, heat is 
virtually pumped from a lower temperature to a higher temperature.  

Applications of Refrigeration: 

1. Food processing preservation and distribution. 
2. Chemical and process industries. 
3. Special applications such as cold treatment of metals, medical, construction, ice 

skating etc. 
4. Comfort air conditioning.    

 

Air Conditioning: 

                              “Air conditioning” is the process of removing heat and moisture from 
the interior of an occupied space to improve the comfort of occupants. Air conditioning 
can be used in both domestic and commercial environments. 

Air conditioners often use a fan to distribute the conditioned air to an occupied 
space such as a building or a car to improve thermal comfort and indoor air quality. 
Electric refrigerant-based AC units range from small units that can cool a small bedroom, 
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which can be carried by a single adult, to massive units installed on the roof of office 
towers that can cool an entire building. The cooling is typically achieved through 
a refrigeration cycle, but sometimes evaporation or free cooling is used. Air conditioning 
systems can also be made based on desiccants (chemicals which remove moisture from 
the air). Some AC systems reject or store heat in subterranean pipes. 

 
 

Welding: 

 

     Welding is a fabrication process that joins materials, usually metals or 
thermoplastics by causing fusion, which is distinct from lower temperature metal- joining  
techniques such  as brazing and soldering,  which  do  not melt the base metal. In addition 
to melting the base metal, a filler material is typically added to the joint to form a pool of 
molten material (the weld pool) that cools to form a joint that, based on weld 
configuration (butt, full penetration, fillet, etc.), can be stronger than the base material 
(parent metal). Pressure may also be used in conjunction with heat, or by itself, to  
produce a  weld.  Welding also requires a form of shield to protect the filler metals or 
melted metals from being contaminated or oxidized. 

Although  less  common,  there  are  also  solid  state  welding  processes  such as 
friction welding in which the base metal does not melt.



5 

 

REFRIGERATION AND AIR CONDITIONIG 

 

In air refrigeration, the air is used as a refrigerant. In olden days, air was widely used in 
commercial applications because of its availability at free of cost. Since air does not change its 
phase i.e. remains gaseous throughout the cycle, therefore the heat carrying capacity per kg of 
air is very small as compared to vapour absorbing systems. The air- cycle refrigeration 
systems, as originally designed and installed, are now practically obsolete because of their low 
coefficient of performance and high power requirements; however, this system continues to be 
favoured for air refrigeration because of the low weight and volume of the equipment. 

Refrigeration essentially means continued abstraction of heat from a substance 
(perishable foods, drinks and medicines etc.) at low temperature level and then transfers this heat 
to another system at high potential of temperature. 

The basic elements of an air cycle refrigeration system are as follows: 

Compressor 

Cooler or heat exchanger 

Expander 

Refrigerator 

 Air- Conditioning 

The air conditioning is that branch of engineering science which deals with the 
freezing point of water. 

They conducted their experiment with the bulb of a mercury thermometer as their object and 
with a bellows used to speed up the evaporation. They lowered the study of conditioning of air 
i.e. supplying and maintaining desirable internal atmospheric condition for human comfort, 
irrespective of external condition. This subject, in its broad sense, also deals with the 
conditioning of air for industrial purpose, food processing, storage of food and other 
materials. 

Air conditioning refers to the simultaneous control of temperature, humidity, cleanliness 
and air motion within a confined region or space. 

The basic elements of an Air- Conditioning system are as follows: 

1. Circulation fan 

2. Compressor 

3. Condenser 

4. Dryer 

5. Evaporator 
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6. Supply Duct 

7. Supply outlet 

8. Return outlet 

9. Filters 

Modern air conditioning emerged from advances in chemistry during the 19th century, and 
the first large- scale electrical air conditioning was invented and used in 1902 by American 
inventor Willis Carrier. The introduction of residential air conditioning in the 1920s helped 
enable the great migration to the sun belt in the United States. 

In 1758, Benjamin Franklin and John Hadley, a chemistry professor at Cambridge 
University, conducted an experiment to explore the principle of evaporation as a means to 
rapidly cool an object. Franklin and Hadley confirmed that evaporation of highly volatile 
liquids (such as alcohol and ether) could be used to drive down the temperature of an object 
past the temperature of the thermometer bulb down to −14 °C (7 °F) while the ambient 
temperature was 18 °C (64 °F). Franklin noted that, soon after they passed the freezing point 
of water 0 °C (32 °F), a thin film of ice formed on the surface of the thermometer's bulb and 
that the ice mass was about 6 mm (1⁄4 in) thick when they stopped the experiment upon 
reaching −14 °C (7 °F). Franklin concluded: "From this experiment one may see the 
possibility of freezing a man to death on a warm summer's day. 

A simple vapor compression refrigeration system consists of the following equipments: i) 
Compressor ii) Condenser iii) Expansion valve iv) Evaporator. 

 

Fig: 2.1. Typical single- stage vapour compression referigeration. 

 

The schematic diagram of the arrangement is as shown in Fig.2.1. The low temperature, 
low pressure vapor at state B is compressed by a compressor to high temperature and 
pressure vapor at state C. This vapor is condensed intohigh pressure vapor at state D in the 
condenser and then passes through the expansion valve. Here, the vapor is throttled down to a 
low pressure liquid and passed on to an evaporator, where it absorbs heat from the 
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surroundings from the circulating fluid (being refrigerated) and vaporizes into low pressure 
vapour at state B. The cycle then repeats. The exchange of energy is as follows: 

a) Compressor requires work, δw. The work is supplied to the system from the 
surroundings. 

b) During condensation, heat δQ1 the equivalent of latent heat of condensation etc, is 
lost from the refrigerator. 

c) During evaporation, heat δQ2 equivalent to latent heat of vaporization is absorbed by 
the refrigerant. 

d) There is no exchange of heat during throttling process through the expansion valve as 
this process occurs at constant enthalpy. 

                                   

          Figure shows a simple vapor compression refrigeration cycle on T- s diagram for 
different compression processes. The cycle works between temperatures T1 and T2 
representing the condenser and evaporator temperatures respectively. 

The various process of the cycle are as given below: 
 

i) Process 2-3: Isentropic compression of the vapor from state 2 to 3. If vapor state is 
saturated or superheated, the compression is called dry compression. If initial state 
is wet the compression is called wet compression. 

ii) Process 3-4: Heat rejection in condenser at constant pressure. 

iii) Process 4-1: An irreversible adiabatic expansion of vapor through the expansion 
value. The pressure and temperature of the liquid are reduced. The process is 
accompanied by partial evaporation of some liquid.  

iv) Process 1-2: Heat absorption in evaporator at constant pressure. The final state 
depends on the quantity of heat absorbed and same may be wet, dry or 
superheated. 
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Thermodynamic properties of Refrigerant: 

1. Boiling point   : It should be low. 
2. Thermal conductivity  : it should be high 
3. Specific heat   : It should be low 
4. Freezing point   : it should be low. 
5. Toxicity   : it should be low 
6. Evaporative pressure  : it should be high. 
7. Condensation pressure  : It should be low. 
8. Latent heat   : It should be high. 
9. CPO    : It should be high. 

 
REFRIGERENT: 

1) It is heat carrying medium. 
2) It carries heat from low temperature to high temperature system. 
3) Liquid + vapour mixture. 

 
Selection of Refrigerant: 

1) Performance: High efficiency, Low cost. 
2) Safety: Non toxic. 
3) Environmental impact: It should be low. 

 
Types of Refrigerants: 

1) Chlorofluorocarbons (CFC)  :R11, R22, R114, R113. 
2) Hydro cholrofluoro carbons (HCFC) :R22. 
3) Hydrofluorcarbons (HFC)  :R410a, R407, R1234yf, R134a. 
4) Hydrocarbons(HC)   :R600a. 

 
 
Comparison of Air-Conditioners: 

Non- Inverter Inverter 

On/Off type Continuous on 

Current consumption high Low power consumption 

Fixed frequency(50HZ) Variable frequency 

Outdoor unit starts (ODU) after 
3mins 

Indoor unit and outdoor unit starts 
at a same time 

Constant speed Variable speed 
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Types of refrigerators: 

 

    1.Single door refrigerator. 

2.Double door refrigerator. 
 

Difference between single and double door refrigerator: 
 

Single door Double door 

Single door is also called as direct cool 
refrigerator. 

Double door refrigerator is also called as 
freezer. 

Plate and tube evaporator coil. Tube and fine evaporator coil. 

Cooling temperature is 
up to - 18degrees.c 

Cooling temperature is 
up to - 24degrees.c 

 
Psychrometry process: 

1. Sensible cooling. 
2. Sensible heating. 
3. Humidification. 
4. Dehumidification. 
5. Cooling and dehumidification.  
6. Heating and humidification. 
 
 

 

It takes more time to reach set 
temperature 

It takes less time 

Capacitors required for starting 
purpose 

No capacitors required 

PCBs are placed in IDU PCBs are placed in IDU AND 
ODU 

R22 Refrigerant is used R4100 Refrigerant is used 

Suction pressure (60- 80psig) Suction pressure (120- 150psig) 

Discharge pressure (270- 290psig) Discharge pressure (440- 480psig) 
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WELDING 

 

Welding is a fabrication process that joins materials, usually metals or thermoplastics, by 
causing fusion, which is distinct from lower temperature metal- joining techniques such as 
brazing and soldering, which do not melt the base metal. In addition to melting the base metal, a 
filler material is typically added to the joint to form a pool of molten material (the weld pool) that 
cools to form a joint that, based on weld configuration (butt, full penetration, fillet, etc.), can be 
stronger than the base material (parent metal). Pressure may also be used in conjunction with 
heat, or by itself, to produce a weld. Welding also requires a form of shield to protect the filler 
metals or melted metals from being contaminated or oxidized. 

 
 
    Methods of Welding: 

                            Some of the best known welding methods include: 
 

• Oxy-fuel welding – also known as oxyacetylene welding or oxy-welding, uses fuel gases 
and oxygen to weld and cut metal. 

 
 
 
 
 
 
 
 
 
 

 
 
 

fig: 3.1 Oxy- Fuel Welding 
 

• Shielded metal arc welding (SMAW) – also known as "stick welding" or "electric 
welding", uses an electrode that is coated in flux to protect the weld puddle. The electrode 
holder holds the electrode as it slowly melts away. Slag protects the weld puddle from 
atmospheric contamination. 
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Fig: 3.2 Shielded Metal Arc Welding 
 

• Gas tungsten arc welding (GTAW) – also known as TIG (tungsten, inert gas), uses a 
non- consumable tungsten electrode to produce the weld. The weld area is protected 
from atmospheric contamination by an inert shielding gas such as argon or helium. 
 

 
Fig. 3.3 Gas Tungsten Arc Welding 

 

• Gas metal arc welding (GMAW) – 

commonly termed MIG (metal inert gas), 
uses a wire feeding gun that feeds wire at an 
adjustable speed and flows an argon- based 
shielding gas or a mix of argon and carbon 
dioxide (CO2) over the weld puddle to 
protect it from atmospheric contamination.  

 
 
 

Fig. 3.4 Gas metal arc welding 
 
 

• Submerged arc welding (SAW) – uses an automatically fed consumable electrode and a 
blanket of granular fusible flux. The molten weld and the arc zone are - protected from atmospheric 
contamination by being "submerged" under the flux blanket. 
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Fig. 3.5 Submerged Arc Welding 

• Electroslag welding (ESW) – a highly productive, single pass welding process for 
thicker materials between 1 inch (25 mm) and 12 inches (300 mm) in a vertical or close 
to vertical position. 

 
 
 

Fig. 3.6 Electroslag Welding 
 

• Electric resistance welding (ERW) – a welding process that produces coalescence of 
laying surfaces where heat to form the weld is generated by the electrical resistance of the 
material. In general, it is an efficient method but limited to relatively thin material. 
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Fig. 3.7 Electric resistance welding 

 
 
 
 
 
 
 
 

 
Classification of Welding Processes: 

Welding processes can be classified based on following criteria; 
 

1. Welding with or without filler material. 

2. Source of energy of              welding. 
3. Arc and Non- arc welding. 
4. Fusion and Pressure welding. 

 
1. Welding can be carried out with or without the application of filler material. Earlier only 

gas welding was the fusion process in which joining could be achieved with or 
without filler material. When welding was done without filler material it was called 
‘autogenous welding'. However, with the development of TIG, electron beam and 
other welding processes such classification created confusion as many processes 
shall be falling in both the categories. 

2. Various sources of energies are used such as chemical, electrical, light, sound, 
mechanical energies, but except for chemical energy all other forms of energies are 
generated from electrical energy for welding. So this criterion does not justify proper 
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es classification embraces all the arc welding processes in one class and all other 
processes in other class. In such classification it is difficult to assign either of the class 
to processes such as electroslag welding and flash butt welding, as inelectroslag 
welding the process starts with arcing and with the melting of sufficient flux the arc 
extinguishes while in flash butt welding tiny arcs i.e. sparks are established during the 
process and then components are pressed against each other. Therefore, such 
classification is also not perfect. 

3. Fusionwelding and pressure welding is most widely used classification as it 
covers all processes in both the categories irrespective of heat source and 
welding with or without filler material. In fusion welding all those processes are 
included where molten metal solidifies freely while in pressure welding molten 
metal if any is retained in confined space under pressure (as may be in case of 
resistance spot welding or arc stud welding) solidifies under pressure or 
semisolid metal cools under pressure. 

 
 

 

 

 

 

 

 

 

 

 

 

 

 

Fig. Classification of Welding Process 
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Fig. Classification of Pressurized welding 
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WELDING INSPECTION (NDT) 

4.1 Non- Destructive Testing: 

Nondestructive testing or non- destructive testing (NDT) is a wide group of analysis 
techniques used in science and technology industry to evaluate the properties of a material, 
component or system without causing damage The terms nondestructive examination (NDE), 
nondestructive inspection (NDI), and nondestructive evaluation (NDE) are also commonly used to 
describe this technology.   

Since NDT does not permanently alter the characteristics of article being inspected, it 
is a highly valuable technique that can save both money and time in product evaluation, 
troubleshooting, and research. The six most frequently used NDT methods are: 
 

4.2 Types of NDT: 

1. Visual inspection. 
2. Penetrant testing. 
3. Magnetic particle inspection testing. 
4. Ultrasonic testing. 
5. Radiography testing. 
6. Eddy current testing. 
7. Leak test. 
8. Thermography. 
9. Vibrational analysis 

 
4.3 Selection of NDT: 

 
Magnetic particle Inspection (MPI): It is a non- destructive testing (NDT) process for 
detecting surface and shallow subsurface discontinuities in ferromagnetic materials such as 
iron, nickel, cobalt, and some of their alloys. The process puts a magnetic field into the part. The 
piece can be magnetized by direct or indirect magnetization. 

Direct magnetization occurs when the electric current is passed through the test object and a 
magnetic field is formed in the material. Indirect magnetization occurs when no electric 
current is passed through the test object, but a magnetic field is applied from an outside source. 
The magnetic lines of force are perpendicular to the direction of the electric current, which may 
beeither alternating current (AC) or some form of direct current (DC) (rectified AC). 

The presence of a surface or subsurface discontinuity in the material allows the magnetic flux 
to leak, since air cannot support as much magnetic field per unit volume as metals. 
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 Fig 4.1 Magnetic particle inspection 

Liquid Penetration method: 

 
 Visible dye penetrant is a NDT (Non Destructive Testing) method. It is a simple test 
to perform, and a good way to test welds before carrying out more expensive techniques like x- 
ray testing. 
 It will show up bad cold lap, cracks, holes... basically any defects where a very fine dye 
can penetrate, hence the name. It can be used for various things, not just weld testing. It can be 
used to test the presence of a crack in a cylinder head for example. 
 The simple kits come in 3 parts, usually in aerosol cans. Namely, a cleaner, a 
penetrant, and a developer. There are four types of dye penetrant system: 

• Water washable : the dyes wash away with water. 
• Lipophilic  : the dye dissolves in oil for removal. 
• Hydrophilic  : the dye washes away with a water rinse, but 

detergents are necessary. 
• Solvent removable : the dye is removed with a cleaning solvent. 

 
There are five levels of testing, from Level ½ (Lowest sensitivity) to Level 4 (Highest 

Sensitivity). Operatives carrying out this testing should be qualified to do so, and reports, 
sometimes with photographic evidence, might be requested. 

Step 1 - Pre cleaning 

First any loose material needs to be removed, together with any 
silica on top of the weld. It is important to remove the silica, or 
you can get false results. A good scrape and wire brush sorts 
this osut in most cases.  
Then apply some of the cleaner to remove any oil etc. Wait for 
the cleaner to dry completely before applying penetrant. 

       
 

                                                             Fig. 4.2 Pre cleaning 
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Step 2 - Penetrant 

Once cleaned, apply the penetrant (a bright red liquid 
dye). Spray plenty on the welds. 
Leave the dye to penetrate, normally for about 20 
minutes. The time scale is usually printed on the can 
or on the product data sheet. The photographs show a 
solvent removable system. 

 
 

Fig. 4.3 Application of Penetrant 
Step 3 - Post cleaning 

Cleaning again. You need to remove 
excess dye from the area, which is 
easier said than done. It is important not 
to spray the cleaner on the area directly, 
or you risk washing the dye from the 
flaw. Use a dry tissue to remove excess 
dye, then spray cleaner onto a clean 
cloth for final cleaning. 

Ultrasonic Testing(UT):       
Ultrasonic testing (UT) is a family of non- destructive testing techniques based on the 

propagation of ultrasonic waves in the object or material tested. In most common   UT   
applications,   very   short   ultrasonic   pulse- waves   with   center frequencies ranging from 
0.1- 15 MHz, and  occasionally  up  to  50 MHz,  are transmitted into materials to detect 
internal flaws or to characterize materials. A common   example   is ultrasonic   thickness   
measurement,   which   tests   the thickness of the test object, for example, to monitor pipe 
work corrosion. 
 Ultrasonic testing is often performed on steel and other metals and alloys, though it 
can also be used on concrete, wood and composites, albeit with less resolution. It is 
used in many industries including steel and aluminium construction, metallurgy, 
manufacturing, aerospace, automotive and other transportation sectors. 
Step 2: Instrument settings are input. 
Step 3: The probe is scanned over the blade root. In this case, an indication (peak in the data) 
through the red line (or gate) indicates a good blade; an indication to the left of that range 
indicates a crack. 
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    FIG 4.7 Projectional Radiography 

 

 

Fig: 4.5 Ultrasonic Testing 

Principle: A probe sends a sound wave into a test material. There are two indications, one from 
the initial pulse of the probe, and the second due to the back wall echo. RIGHT: A defect creates a 
third indication and simultaneously reduces the amplitude of the back wall indication. The depth 
of the defect is determined by the ratio D/Ep. 

Radiography: 

Radiography is an imaging technique using X- rays to view the internal form of an object. 
To create the image, a beam of X- rays, a form of electromagnetic radiation, are produced by 
an X- ray generator and are projected toward the object. A certain amount of X- ray is 
absorbed by the object, dependent on its density and structural composition. The X- rays that 
pass through the object are captured behind the object by a detector (either photographic 
film or a digital detector). The generation of flat two dimensional images by this technique 
is called projectional radiography. In Computed tomography(CT scanning) an x ray source 
and its associated detectors rotate around the subject which itself moves through the conical 
x ray beam produced. Any given point within the subject is crossed from many directions 
by many different beams at different times. 

Information regarding attenuation of these beams is collated and subjected to 
computation to generate two dimensional images in three planes (axial, coronal and sagittal) 
which can be further processed to produce a three dimensional image. 
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Conclusion 

In this internship programme, I have learnt about 

• Different metal joining processes and their applications, with hands on experience.  

• Different non-destructive techniques – their principles and implementation with 

hands on experience. 

• Working of refrigeration and air-conditioning machines followed by their assembly. 
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ABSTRACT 

Computational fluid dynamics, usually abbreviated as CFD, is a branch of fluid mechanics that 

uses numerical analysis and algorithms to solve and analyze problems that involve fluid flows. 

Computers are used to perform the calculations required to simulate the interaction of liquids and 

gases with surfaces defined by boundary conditions. With high-speed supercomputers, better 

solutions can be achieved. Ongoing research yields software that improves the accuracy and 

speed of complex simulation scenarios such as transonic or turbulent flows. Initial experimental 

validation of such software is performed using a wind tunnel with the final validation coming in 

full-scale testing, e.g. flight tests1. In design and development, CFD programs are now 

considered to be standard numerical tools which predict not only fluid flow behaviour, but also 

the transfer of heat, mass (such as in perspiration or dissolution), phase change (such as in 

freezing, melting or boiling), chemical reaction (such as combustion or rusting), mechanical 

movement (such as an impeller turning, pistons, fans or rudders) and stress or deformation of 

related solid structures (such as a mast bending in the wind) 
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1. INTRODUCTION 

Computational fluid dynamics constitutes a new "third approach" in the philosophical study and 

development of the whole discipline of fluid dynamics. In the seventeenth century, the 

foundations for experimental fluid dynamics were laid in France and England. The eighteenth 

and nineteenth centuries saw the gradual development of theoretical fluid dynamics, again 

primarily in Europe. As a result, throughout most of the twentieth century the study and practice 

of fluid dynamics (indeed, all of physical science and engineering) involved the use of pure 

theory on the one hand and pure experiment on the other hand. If you were learning fluid 

dynamics as recently as, say, 1960, you would have been operating in the"two-approach world" 

of theory and experiment. However, the advent of the high speed digital computer combined 

with the development of accurate numerical algorithms for solving physical problems on these 

computers has revolutionized the way we study and practice fluid dynamics today. It has 

introduced a fundamentally important new third approach in fluid dynamics the approach of 

computational fluid dynamics. Computational fluid dynamics is today an equal partner with pure 

theory and pure experiment in the analysis and solution of fluid dynamics problems. And this is 

no flash in the pan-computational fluid dynamics will continue to play this role indefinitely, for 

as long as our advanced human civilization exists. 

However, to keep things in perspective, computational fluid dynamics provides a new third app 

cache-but nothing more than that. It nicely and synergistically complements the other two 

approaches of pure theory and pure experiment, but it will never replace either of these 

approaches (as sometimes suggested). There will always be a need for theory and experiment: 

The future advancement of fluid dynamics will rest upon a proper balance of all three approaches 

with CFD helping to interpret and understand the results of theory and experiments. 

CFD is numerical way of solving the problem, numerical solutions are not exact.But still we are 

using CFD. CFD is used because there are many engineering problems that can’t be solved by 
analytical or Experimental approach, or it is difficult to use analytical or experimental approach. 

Concept of Computational Fluid Dynamics 
Computational Fluid Dynamics (CFD) is the simulation of fluids engineering systems using 

modeling (mathematical physical problem formulation) and numerical methods (discretization 

methods, solvers, numerical parameters, and grid generations, etc.) 

Firstly, we have a fluid problem. To solve this problem, we should know the physical properties 

of fluid by using Fluid Mechanics. Then we can use mathematical equations to describe these 

physical properties. This is Navier-Stokes Equation and it is the governing equation of CFD. As 

the Navier-Stokes Equation is analytical, human can understand it and solve them on a piece of 

paper. 
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Process of Computational Fluid Dynamics 

 
 
But if we want to solve this equation by computer, we have to translate it to the discretized form. 

The translators are numerical discretization methods, such as Finite Difference, Finite Element, 

Finite Volume methods. Consequently, we also need to divide our whole problem domain into 

many small parts because our discretization is based on them. Then, we can write programs to 

solve them. The typical languages are Fortran and C. Normally the programs are run on 

workstations or supercomputers. At the end, we can get our simulation results. We can compare 

and analyze the simulation results with experiments and the real problem. If the results are not 

sufficient to solve the problem, we have to repeat the process until find satisfied solution. This is 

the process of CFD. 
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2.Applications 

2.1 Biomedical Engineering  

Computational fluid dynamics is widely used to solve complex problems in biomedical field. 

CFD is becoming a key component in developing update designs and optimizations through 

computational simulations, resulting in lower operating costs with enhanced efficiency. Many 

simulations and clinic result have been used to study the analyses in biomedical applications, 

particularly in blood flow and nasal airflow. The study of blood flow analysis includes the 

circulations of blood of ventricle functions, coronary artery and heart valves. Meanwhile, the 

nasal airflow analysis consist of the basic airflow in humane nose, drug delivery improvement 

and virtual surgery. Various applications of CFD in biomedical engineering are listed below. 

 Heart pumping  

 Blood flows through arteries and vein  

 Air flow in lungs  

 Joint lubrication  

 Cell-fluid interface  

 Tendon-sheath 

 Gas exchanger  

 Artificial organ design  

 Vocal tract analysis  

 Perfusion in tissues  

 Life support system  

 Nose and sinus flows  

 Spinal fluid flow  

 Cardiac valve design  

2.2Mechanical engineering  

 Heat exchanger: Computational fluid dynamics has been employed for the following 

areas of study in various types of heat exchangers: fluid flow maldistribution, fouling, 

pressure drop and thermal analysis in the design and optimization phase. 

  Fluid flow throw pipe: Computational fluid dynamics is used to determine velocity and 

pressure of flow of fluid in a pipe and compare it with the result obtained in the 

laboratory i.e. fluid flow module. It is also used to observe the heat transfer during the 

flow of fluids in a pipe and compare it with the results obtained in the laboratory i.e. heat 

transfer module. 

  Combustion in IC engines: Computational fluid dynamics is used in the development of 

model of a spark ignition (SI) engine and the application of the engine model into an 
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undergraduate internal combustion (IC) engine. The development ofmodel helps 

engineering students better understand the combined effects of chemical reactions, 

species transport, flow patterns and temperature distributions in the SI engines.  

  Aerodynamics of aircraft: Lift and drag  

  Automotive: External flow over the body of a vehicle or internal flow through the 

engine, combustion, Engine cooling  

  Turbo machinery: Turbines, pumps, compressors  

  Flow and heat transfer in thermal power plants and nuclear power reactors  

  HVAC  

  Manufacturing–Casting simulation, injection molding of plastics  

  Marine engineering: loads on off-shore structures  

  Hydrodynamics of ships, submarines, torpedo etc. 

 2.3 Missile engineering  

 Due to the increased complexity of contemporary buildings and a Characterising missile 

airframe aerodynamic loads (force and moments) and the aerothermal environment is 

acritical aspect in missile engineering. The aerodynamic information is used to assess 

stability and control, mission performance and maneuverability.  

 CFD is employed to supplement and extend test results of experimental approach.  

 In addition, the flow visualization provided by CFD can be invaluable in all phase of 

wind tunnel testing. Surface pressure distributions, wake line filaments and other 

visualization aids provide opportunities to “observe” the flow and its interaction with 
various airframe components.  

 CFD bridge added intelligence to critical design decisions during the wind tunnel testing 

phase. For example, inviscid computations significantly assist in the scale-model design 

2.4 Architecture  

 Growing interest in improving building performance in terms of the environmental 

impact CFD technique is used to study internal as well as external airflow.  

  Earlier wind tunnel testing (WTT) was the only method followed for external airflow 

analysis but nowadays WTT is replaced by CFD because with the help of WTT values at 

few points where obtained but in case of CFD values at various points can be obtained.  

2.5 Food Industry Sterilization:  

 It is known that consumer demands for food products focus on safety, product quality and 

cost. Therefore, it is of great necessity quality and assure safety of the food supply. 

Sterilization is an important technique for food storage and preservation. CFD can be 

used to study both temperature distribution and flow pattern of food in the process of 

sterilization so as to optimize the quality of food products. 
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3. GOVERNING EQUATIONS 

All of CFD, in one form or another, is based on the fundamental governing equations of fluid 

dynamics the continuity, momentum, and energy equations. 

These equations speak physics. They are the mathematical statements of three fundamental 

physical principles upon which all of fluid dynamics is based: 

 

1. Mass is conserved. 

2. Newton's second law, F = ma. 

3. Energy is conserved. 

Equations for Viscous Flow (Navier Stokes Equations): 

Continuity equation 

Non Conservation form         
𝐷𝜌𝐷𝑡  +ρ (∇⋅v)=0 

Conservation form                
 ∂𝜌 ∂𝑡+∇⋅(ρv)=0 

Momentum Equation 
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Energy Equation: 
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Difference Between conservation and non conservation form: 

In above equations partial differential equations are obtained directly from an application of 

fundamental physical principle to infinitesimal fluid element.Difference between conservation 

and non conservation forms are shown in the figures below 

 

Conservation Form 

 

 

 

Non Conservation Form 
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4.Discretization 

In applied mathematics, discretization is the process of transferring continuous functions, 

models, variables, and equations into discrete counterparts. This process is usually carried out as 

a first step toward making them suitable for numerical evaluation and implementation on digital 

computers. 

The central process in CFD is the process of discretization, i.e. the process of taking differential 

equations with an infinite number of degrees of freedom, and reducing it to a system of finite 

degrees of freedom. Hence, instead of determining the solution everywhere and for all times, we 

will be satisfied with its calculation at a finite number of locations and at specified time intervals. 

The partial differential equations are then reduced to a system of algebraic equations that can be 

solved on a computer.  

 

 

 

Some of the discretization methods being used are: 

1. Finite volume method. 

2. Finite element method. 

3. Finite difference method. 

In CFD mostly Finite Volume and Finite Difference Methods are used. But the situation is 

reverse in case of structural mechanics; the numerical method of choice is always the Finite 

Element Method. 

 

https://en.wikipedia.org/wiki/Applied_mathematics
https://en.wikipedia.org/wiki/Continuous_function
https://en.wiktionary.org/wiki/discrete
https://en.wikipedia.org/wiki/Discretization
https://en.wikipedia.org/wiki/Degrees_of_freedom
https://en.wikipedia.org/wiki/Partial_differential_equations
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5.Starting ANSYS Workbench 14.0 

5.1Creating a FLUENT Fluid Flow Analysis System in ANSYS Workbench 

In this step, you will start ANSYS Workbench, create a new FLUENT fluid flow analysis 

system, then review the list of files generated by ANSYS Workbench. 

Start ANSYS Workbench by clicking the Windows Start menu, then selecting the Workbench 

14.0 option in the ANSYS 14.0 program group. 

Start --- All Programs ---- ANSYS 14.0 --- Workbench 14.0 

 

 

The Workbench window helps streamline an entire project to be carried out in ANSYS 

Workbench 14.0. In this window, one can create, manage, and view the workflow of the entire 

project created by using standard analysis systems. The Workbench window mainly consists of 

Menu bar, Standard toolbar, the Toolbox window, Project Schematic window, and the Status 

bar. 
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5.2 Working on a New Project: 
To start working on a new project, you need to add an appropriate analysis or component system 

to the Project Schematic window. 

Create a new FLUENT fluid flow analysis system by double-clicking the Fluid Flow 

(FLUENT) option under Analysis Systems in the Toolbox. 

 

 

 
 

ANSYS Workbench with a New FLUENT-Based Fluid Flow Analysis System 
 
Setting geometry properties by right-clicking on geometry and then change Analysis Type from 

3D to 2D(if you want to use 2D Analysis) 
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5.3Creating the Geometry in ANSYS Design Modeler 

For the geometry of your fluid flow analysis, you can create a geometry in ANSYS Design 

Modeler, or import the appropriate geometry file. In this step, you will create the geometry in 

ANSYS DesignModeler, then review the list of files generated by ANSYSWorkbench. 

1. Start ANSYS Design Modeler. In the ANSYS Workbench Project Schematic, double-

click the Geometry 

 
The DesignModeler window 

 
 
Sketching Mode 
The Sketching mode is used to draw 2D sketches. Later on, these sketches can be converted into 
3D models using the Modeling mode. 
Modeling Mode 

The Modeling mode is used to generate the part model using the sketches drawn in the 
Sketching mode 

 
2. Set the units in ANSYS Design Modeler 

When ANSYS Design Modeler first appears, you are prompted to select the desired system of 

length units to work from. You can chose meters and press ok. 
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Setting the Units in ANSYS DesignModeler. 

3. Click the XY Plane in the Tree Outline, this means that we will use the X-Y plane to 
draw 2D geometry. 

 
and then click the blue z-axis at the bottom-right corner of the Graphics window to get front 

view of the X-Y plane 

 

4. Click the Sketching tab below the Tree Outline box, and select Settings in the 

Sketching Toolboxes. select Grid, and enable the Show in 2D and the Snap options. 

 

 
5. Next you can Create Geometry 

Now the it is ready for us to sketch our geometry. Click the Draw menu in the Sketching 

Toolboxes,  
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We can draw any geometry based on requirement and assign dimensions by using dimensions 
section. 

6. Creating Surface 

Now we create a surface body Click Concept  Surfaces From Sketches. 

 

 
 

Select the Base Objects to Sketch1 (4 line), and click Apply. 
 

 
And then click Generate button above the Graphics window. 
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5.4 Meshing the Geometry in the ANSYS Meshing Application 
Open the ANSYS Meshing application :To start the meshing process, right click the Mesh menu 
in the Project Schematic window and select Edit to open ANSYS Meshing. 
 

 
ANSYS Meshing 

 

Set some basic meshing parameters for the ANSYS Meshing application : Then using edge 

selector and right clicking ---Insert---Sizing 

\ 
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Mesh Edges 
In the Outline Details of "Edge Sizing"-Sizing---Type---Number of Divisions 

 

 
Now you can create Mesh by right clicking Mesh in Outline Box select Generate Mesh or click 

Generate Mesh on Menu bar. 

Unstructured Meshing 

Right click on Mesh in Outline box Select Insert---Method 
Details of "Automatic Method"-Method dialog box 
Select Geometry and click Apply. 
Method: Triangles 
Now you can create Mesh by right clicking Mesh in Outline Box select Generate Mesh or click 
Generate Mesh on Menu bar. 
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Create named selections for the geometry boundaries. 
Create named selections for the geometry boundaries : Right-click the top edge and select the 

Create Named Selection option. In the Selection Name dialog box, enter Moving wall for the 

name and click OK. 

Perform the same operations for: lift, Right and bottom edge enter wall for the name and click 

OK. 

 

   
Create named selections for the geometry boundaries 

 

5.5 Solving with Ansys Fluent 

 
Setting Up the CFD Simulation in ANSYS FLUENT 

Now that you have created a computational mesh for the 2D geometry, in this step you will set 

up a CFD analysis using ANSYS FLUENT, then review the list of files generated by ANSYS 

Workbench. 

Start ANSYS FLUENT : In the ANSYS Workbench Project Schematic, double-click the Setup 

cell in the 2D fluid flow analysis system. You can also right-click the Setup cell to display the 

context menu where you can select the Edit... option. Setup When ANSYS FLUENT is first 

started, the FLUENT Launcher is displayed, enabling you to view and/or set certain ANSYS 

FLUENT start-up options. 
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FLUENT Launcher display 

That the Dimension setting is already filled in and cannot be changed, since ANSYS FLUENT 

automatically sets it based on the mesh or geometry for the current system. 

- Make sure that Serial from the Processing Options list is enabled. 

- Make sure that the Display Mesh After Reading, Embed Graphics Windows, and 

Workbench Color Scheme options are enabled. 

- Make sure that the Double Precision option is disabled. 

Click OK to launch ANSYS FLUENT. 

The mesh is automatically loaded and displayed in the graphics window by default 



19 | P a g e  

 

5.5.1 General settings for the CFD analysis. 

 
 

That the ANSYS Meshing application automatically converts and exports meshes for ANSYS 

FLUENT using meters (m) as the unit of length regardless of what units were used to create 

them. This is so you do not have to scale the mesh in ANSYS FLUENT under ANSYS 

Workbench. 

Check the mesh. 

General ---Check 

ANSYS FLUENT will report the results of the mesh check in the console. 
Domain Extents: 
x-coordinate: min (m) = 0.000000e+00, max (m) = 1.000000e+00 
y-coordinate: min (m) = 0.000000e+00, max (m) = 1.000000e+00 
Volume statistics: 
minimum volume (m3): 6.249988e-04 
maximum volume (m3): 6.250018e-04 
total volume (m3): 1.000000e+00 
Face area statistics: 
minimum face area (m2): 2.499998e-02 
maximum face area (m2): 2.500004e-02 
Checking mesh......................... 
Done. 
The minimum and maximum values may vary slightly when running on different platforms. The 

mesh check will list the minimum and maximum x and y values from the mesh in the default SI 

unit of meters. It will also report a number of other mesh features that are checked. Any errors in 

the mesh will be reported at this time. Ensure that the minimum volume is not negative as 

ANSYS FLUENT cannot begin a calculation when this is the case. 
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5.5.2 Models for the CFD simulation. 

 
 

5.5.3 Materials for the CFD simulation. 
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5.5.4 Boundary conditions for the CFD analysis. 

 
 

5.5.5 Solution parameters for the CFD simulation. 

      
Solution Methods and Solution Controls 
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 Monitors---Residuals 

Solution Initialization---Initialize 

5.5.6Run Calculation 

 
Post-processing 

Graphics and Animations 
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6. Problem 
Consider the steady state case of a fluid flowing past a cylinder, as illustrated above. 
Obtain the velocity and pressure distributions when the Reynolds number is chosen to be 30 
In order to simplify the computation 
- The cylinder diameter of D=0.1 m 
- The uniform inlet velocity Uin=1 m/s The fluid density ρ=30 kg/m3 and viscosity μ=0.1 
kg/(ms) 
- The Reynolds number Re= ρUinH/μ =30 
Note 
- Determine the flow field behavior at Reynolds number of 30 
- Observe the distribution of pressure field around the cylinder 
1. Creating Geometry 
Create a circle, centered around the origin in the xy plane. Set the diameter of the 

circle to 0.1 m. And Create a rectangular follow the picture. 

 
 
After sketching and giving dimensions we can  create a surface body Click Concept -- Surfaces 

From Sketches. 
Select the Base Objects to Sketch1, and click Apply. 
And then click Generate button above the Graphics window. 
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2. Meshing the Geometry in the ANSYS Meshing Application 

Open the ANSYS Meshing application :To start the meshing process, right click the Mesh menu 

in the Project Schematic window and select Edit to open ANSYS Meshing. 

That the geometry we just created is automatically loaded. 

 
Create Mesh Edge 

1. Press Ctrl on keyboard Left click left edge and right clicking—Insert--Sizing. 

●Details of "Edge Sizing"-Sizing dialog box 

Type: Number of Divisions 

Number of Divisions: 20 

Bias Type:  
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Bias Factor: 5 

2. Repeat for the top and bottom edge. 

●Details of "Edge Sizing"-Sizing dialog box 

Type: Number of Divisions 

Number of Divisions: 20 

Bias Type: No Bias 

3. Repeat for the right edge. 

●Details of "Edge Sizing"-Sizing dialog box 

Type: Number of Divisions 

Number of Divisions: 10 

Bias Type: No Bias 

4. Repeat for the circle edge. 

●Details of "Edge Sizing"-Sizing dialog box 

Type: Number of Divisions 

Number of Divisions : 40 

Bias Type : No Bias 

 
Create Mesh Face 

Right click on Mesh inOutline box Select Insert Method 

●Details of "Automatic Method"-Method dialog box 

Select Geometry and click Apply. 

Method :Triangles 

Now you can create Mesh by right clicking Mesh in Outline Box select Generate Mesh or 

click Generate Mesh on Menu bar 
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Create named selections for the geometry boundaries : Right-click edge and select the Create 

Named Selection option. 

 

 
Click Update on menu bar to update mesh and boundary condition 

 
3. Setting Up the CFD Simulation in ANSYS FLUENT 

Launch FLUENT.(Double Click) Setup. Then click OK Open Setup window. The mesh is 

automatically loaded and displayed in the graphics window by default 
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The ANSYS FLUENT Application 

 
3.1. Set some general settings for the CFD analysis. 

General 

Solver : Pressure Based 
Time : Steady 
Velocity Formulation : Absolute 
2D Space : Planar 
3.2. Set up your models for the CFD simulation. 
Models—Viscous—Laminar--OK 
3.3. Set up your materials for the CFD simulation. 
Materials--air 
Density (kg/m3) : 30 
Viscosity (kg/m-s) :0.1 This setting is for the flow condition of Re=30 
Click Change/Create--Close 

3.4. Set up the boundary conditions for the CFD analysis. 

Boundary Conditions 
Zones : left click on name Velocity inlet. 
Velocity Magnitude (m/s) : 1 
Click OK 
Zones : left click on name Outflow. 
Flow Rate Weighting: 1 
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Click OK 
3.5. Set up solution parameters for the CFD simulation. 

Solution 
●Solution Methods : Pressure-Velocity Coupling : SIMPLE 
Spatial Discretization : Pressure : Standard 
Momentum : Second Order Upwind 
● Solution Controls: Under-Relaxation Factors : Use 0.3, 1, 1, 0.7 for 
Pressure, Density, Body force, and Momentum, 
respectively. 
●Monitors--Residuals 

- Make sure that Plot is enabled in the Options group box. 
- Keep the default values for the Absolute Criteria of the Residuals, 
as shown in the Residual Monitors dialog box. 
- Click OK to close the Residual Monitors dialog box. 
● Solution Initialization Initialize 
- Initialization Method : Standard Initialization 
- All are initialized with 0 
- Click Initialize 
4. Run Calculation 
- Number of Iterations: 2000 
- Reporting Interval: 10 
- Profile Update Interval: 10 

Displaying Results 
Displaying Contour of Velocity. 
Graphics and Animations--Contours 
- Contour of : Velocity Magnitude 
- Options : Filled (Selected) 
- Levels : 20 
- Setup : 1 
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Plot XY Plot 
- Options : Node Value (Enabled) 
- Options : Position on X Axis (Enabled) 
- Y Axis Function : Static Pressure 
- X Axis Function : Curve Length 
- Surfaces : circle 
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Conclusion 
In this internship knowledge on following parameters is acquired 

1. Importance of CFD 

2. Applications of CFD 

3. Governing Equations of Fluid Flow 

4. Solving fluid flow problems using ANSYS Fluent  
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                                                   ABSTRACT 

Automation is the technology by which a process or procedure is performed with 
minimal human assistance. Automation or automatic control is the use of various control 
systems for operating equipment such as machinery, processes in factories, boilers and heat 
treating ovens, switching on telephone networks, steering and stabilization of ships, aircraft 
and other applications and vehicles with minimal or reduced human intervention. 

Industrial automation is the use of control systems, such as computers or 
robots, and information technologies for handling different processes and machineries in 
an industry to replace a human being. It is the second step beyond mechanization in the 
scope of industrialization 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

https://en.wikipedia.org/wiki/Control_system
https://en.wikipedia.org/wiki/Control_system
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                                                             CHAPTER 1 

INTRODUCTION 

1.1 Automation & Industrial Robots 

The ARC is an initiative by IndoEuroSync to provide real time industrial automation 
solutions in both organizational and academic level. ARC has already been organizing 
regular student seminars in Germany including workshops and live experiments at APS in 
Germany. ARC provides to the students the access to industrial robotics under production 
conditions with remote control. An extensive exchange program for Indian faculty members 
guarantees the high quality of the educational lessons and practical courses. These practical 
courses allow direct control of the industrial robots in Germany from Indian universities. 
Concretely, the students learn simulating, programming and controlling the robots in order to 
test their results at these industrial robots, which are equipped with grippers, sensors, etc. 

Applied Robot Control for Industrial Automation: 

Each participating university receives a software access for simulation and control of 
industrial robots. 
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Students learn individually and as a team to solve concrete industrial tasks which are splits 
into various suitable sub-tasks for immediate learning success. These tasks are supervised by 
trained Indian faculty members along with remotely participating German experts. The 
automation tasks are designed and developed in cooperation with the Indian faculty 
members.  

Industrial automation can be defined as the use of set technologies and automatic control 
devices that result the automatic operation and control of industrial processes without 
significant human intervention and achieving superior performance than manual control. 
 

 

 

1.2 Evolution of Industrial Manufacturing 
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                                              1784 

 

                                              2020 

1.3 Advantages 

 
1. Increased efficiency 
Industrial robots are able to complete certain tasks faster and better than people, as they are 
designed to perform these tasks with a higher accuracy level. This and the fact that they are 
used to automate processes which previously might have taken significantly more time and 
resources, means that you can often use industrial robots to increase the efficiency of your 
production line. 

2. Higher quality 
Due to their high accuracy levels, robots can also be used to produce higher quality products 
which adhere to certain standards of quality, whilst also reducing the time needed for quality 
control. 

3. Improved working environment 
Industrial robots are often used for performing tasks which are deemed as dangerous for 
humans, as well as being able to perform highly laborious and repetitive tasks. Overall, by 
using industrial robots you can improve the working conditions and safety in your factory or 
production process. Robots don’t get tired and make dangerous mistakes, neither do they 
suffer from repetitive strain injury 
 
 
. 

https://www.granta-automation.co.uk/news/how-do-i-prevent-repetitive-strain-injury-in-the-workplace/
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4. Increased profitability 
By increasing the efficiency of your production process, reducing the resource and time 
needed to complete it, and also achieving higher quality products, industrial robots can thus 
be used to achieve higher profitability levels overall, with lower cost per product. 

5. Longer working hours 
Typically people have to have breaks, get distracted and after time attention drops and pace 
slows. With a robot it can work 24/7, and keeps running at 100%. Typically if you replace 
one person on a key process in a production line with a robot the output increases by 40% in 
the same working hours just because a robot has more stamina and never stop 
s. Robots also don’t take holidays or have unexpected days off sick. 
6. Prestige 
You set yourself at the cutting edge of your industry and wow your customers when they 
come to see you. As a marketing tool robots are fantastic, boost your brand image, and have 
often been used simply for the PR even if they don’t offer many benefits over a bespoke non-
robotic system. 

  

 

 

https://www.granta-automation.co.uk/news/vigilance-decrement-and-how-it-affects-your-business/
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                Industrial Automation & Robotics growing continuously 
 

1.4 Manufacturing Automation with IndustrialRobots 
Benefits: 

• improvement of  productivity and efficiency in production 
• provide better effectiveness (2-3 shifts) 
• reduction of throughput times 
• improvement of product quality 
• increase high repeatability 
• high positioning accuracy 
• better working conditions for human  
• reduction of hazards to the work forces 
• better flexibility to change (compared to single-purpose machinery) 
• save of material and energy 
• save of labour cost 

Automation Means Higher Productivity 

End-to-end factory automation can double or even triple production compared to plants that 
use only a few automation systems. Not only that, but equipment can often be kept running 
for longer periods of time with comparatively little impact on the maintenance outlook. This 
lets companies outperform even rivals with much simpler or low-quality goods. 

Automation Means Lower Costs 

Through automation, the complex process of fabricating a product can be simplified to its 
most basic components. Automation systems can be continuously upgraded until they are as 
efficient as possible: Generating little waste heat, using the minimum power, and focusing on 
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controlled and precise movements. All this makes manufacturing cheaper, which cuts cost 
and raises profit. 

 

 

 

Automation Means Workplace Safety 

Even the most sophisticated robotic system is useless without human insight to guide it. 
When automation is deployed in a factory, it means team members no longer have to worry 
about the most dangerous and dirty tasks. Life-threatening processes are often the first to be 
delegated to robots. That reduces accidents and helps workers maintain their health over time. 

Automation Means High-Level Focus 

There’s another way in which workers benefit from automation: The ability to focus on 
strategic, high-level tasks that really use their expertise. Tedious manual labor can simply be 
left to the machines. Instead, manufacturing personnel can focus on the best way to improve 
efficiency on the floor, expand their products’ capabilities, and many other engaging tasks. 

There's a good reason why manufacturing automation is being adopted from coast to coast: It 
benefits everyone. Thanks to automation, even small companies can bring about 
groundbreaking innovation that may be adopted around the world. Today, we're in the midst 
of a new automation boom that promises to fundamentally transform how manufacturing is 
done. 
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1.5 IndustrialRobotics Market 

 
 Top Impacting Factors of Industrial Robotics Market 

The types of robots considered in the report are articulated robots, cylindrical robots, SCARA 
robots, Cartesian robots, and others. The articulated robots segment accounted for the 
maximum share in the global industrial robotics market in 2016, owing to increased usage of 
these robots in the packaging and healthcare sectors of the emerging economies. However, 
the cylindrical robots and others segment comprising customized and refurbished robots, are 
expected to grow at a significant pace in the near future, owing to their increasing demand in 
industrial sectors in the Asia-Pacific region. 

Industrial robots are used in various industries such as automotive, electrical & electronics, 
chemical, rubber & plastics, machinery, metals, food & beverages, precision & optics, and 
others. The automotive industry is the largest end user of industrial robots. However, the 
growth in the segment is expected to plummet, owing to a projected slowdown in the 
automotive industry during the forecast period. The food and beverages segment is expected 
to witness the highest growth rate in the near future, owing to spiraling food and beverages 
industry across the globe. 

The industrial robotics market is segmented based on function into soldering & welding, 
materials handling, assembling & disassembling, painting & dispensing, milling, cutting, & 
processing function, and others. In the functions segment, materials handling subsegment 
contributed the highest revenue in the global industrial robotics market. The Asia-Pacific 
region generated the highest revenue in the global industrial robotics market in 2016 

 

 

https://www.alliedmarketresearch.com/press-release/industrial-robotics-market.html
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Rapid Industrialization and Automation 

Increase in demand for automation and rapid growth in industrialization foster the use of 
industrial robots. Increased adoption of these robots in automotive, food & beverages, 
machinery, and precision & optics industries for automating processes, which leads to 
increased efficiency, reduced human errors, and enhanced safety of the workforce, has been 
observed. Some painting and pick & place functions are carried out by robotic arms, which 
reduce complexity and possibility of errors. Surveillance & security have improved due to the 
implementation of drones. Industrial robots deliver high-quality products and services, 
increase the capabilities of manual labor in terms of efficiency, provide better customer 
services, and efficiently manage processes. 

High Labor Cost and Lack of Skilled Workforce 

The dearth of skilled workforce and high labor costs drive the adoption of industrial robotics 
in most of the industries in developed and developing nations. Several organizations have 
implemented industrial robotics solutions to reduce their labor costs and improve efficiency. 
Although the initial cost of procuring a robot is high, once implemented it offers high 
productivity, efficiency, and profits. Moreover, labor wages are on the rise in the American 
and European markets, and Asia-Pacific is also expected to witness an upsurge in labor costs 
during the forecast period. Human limitations to perform a particular task and higher 
productivity from service robots favor the adoption of robotics. 

High Initial Investment 

High investment required for the initial setup and integration of industrial robotic solutions 
hampers the adoption of robots by small and medium enterprises in diverse sectors. For 
instance, in the machinery & metal sector, the cost of cutting, welding, and soldering 
machines is significantly high, making it unaffordable for average companies. Industries 
facing high labor costs are more likely to deploy industrial robots to reduce their expenses 
and produce high-quality products. Key players need to focus on offering affordable and cost-
effective robots to accelerate the acceptance of robots by niche industries. The emergence of 
new technologies, coupled with increasing competition in the market, is expected to reduce 
investment costs of robots and accelerate the growth of the industrial robotics market. 
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  CHAPTER 2 

 2.1 :  MECHANICS AND KINEMATICS 

Mechanical structure of Industrial Robots:  

Robots and Humans share the same underlying structure of links and joints; 

The principle of moving joints and transmitting power through the links is common in 
both humans and robots;  

 

                                                                                                      

 

Robots are roughly categorized in two types: „serial link“ and „parallel link“ arrangements. 
The human arm is arranged as a „serial link“ since its joints (shoulder, arm, and wrist) are 
aligned in series. 

Mechanical structure of Industrial Robots:  

Robots with serial chain of links and joints can be classified into two categories such as:  

   - vertical articulated type,  and  

  - horizontal articulated type. 
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Common Types of Industrial Robots: 

Articulated - This robot design features rotary joints and can range from simple two joint 
structures to 10 or more joints. The arm is connected to the base with a twisting joint. The 
links in the arm are connected by rotary joints. Each joint is called an axis and provides an 
additional degree of freedom, or range of motion. Industrial robots commonly have four or 
six axes. 

 

Cartesian - These are also called rectilinear or gantry robots. Cartesian robots have three 
linear joints that use the Cartesian coordinate system (X, Y, and Z). They also may have an 
attached wrist to allow for rotational movement. The three prismatic joints deliver a linear 
motion along the axis. 
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Cylindrical - The robot has at least one rotary joint at the base and at least one prismatic joint 
to connect the links. The rotary joint uses a rotational motion along the joint axis, while the 
prismatic joint moves in a linear motion. Cylindrical robots operate within a cylindrical-
shaped work envelope. 

 

Polar - Also called spherical robots, in this configuration the arm is connected to the base 
with a twisting joint and a combination of two rotary joints and one linear joint.  The axes 
form a polar coordinate system and create a spherical-shaped work envelope. 

 
 

 

 

 

 

 

 

 

 

 

SCARA - 
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Commonly used in assembly applications, this selectively compliant arm for robotic 
assembly is primarily cylindrical in design. It features two parallel joints that provide 
compliance in one selected plane. 

 

Delta - These spider-like robots are built from jointed parallelograms connected to a common 
base. The parallelograms move a single EOAT in a dome-shaped work area. Heavily used in 
the food, pharmaceutical, and electronic industries, this robot configuration is capable of 
delicate, precise movement. 
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Extension of workspace: 

Robot workspace extension by linear track systems 

 

 

 

 

Linear gantry axis: 

 



15 

 

Robot manipulator:  Structure 

The anatomy of robot is also known as structure of robot. The basic components or sections 

in anatomy of robots are as follows. 

The  RIA  (Robotics  Industries  Association)  has  officially  given  the  definition  

for Industrial Robots An .Industrial According Robot is are programmable, to RIA, 

multifunctional “ manipulator designed to move materials, parts, tools, or special devices 
through variable programmed motions for the performance of a 

 

The Anatomy of Industrial Robots deals with the assembling of outer components of a robot 

such as wrist, arm, and body. Before jumping into Robot Configurations, here are some of the 

key facts about robot anatomy. 

 End Effectors: A hand of a robot is considered as  end effectors. The grippers and tools are 

the two significant types of end effectors. The grippers are used to pick and place an object, 

while the tools are used to carry out operations like spray painting, spot welding, etc. on a 

work piece. 

 Robot Joints: The joints in an industrial robot are helpful to perform sliding and rotating 

movements of a component. 

 Manipulator: The manipulators in a robot are developed by the integration of links and 

joints. In the body and arm, it is applied for moving the tools in the work volume. It is also 

used in the wrist to adjust the tools. 

 Kinematics: It concerns with the assembling of robot links and joints. It is also used to 

illustrate the robot motions. 

 

http://www.roboticsbible.com/robot-end-effector.html
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2.2 Mechanical design of Articulated Industrial Robots:  

Robots are built from serveral components and parts. Of particular importance are: Arm 

elements, actuators, reduction gears, transmission devices, sensors, and cabling. 

 

Robots are built from numerous parts:  

• Arm elements  → material= castings of aluminum alloy, carbon steel, or iron  
• Actuators→ AC servo motors, 
• Reduction gears →to reduce motor rotation and to multiply motor torque  
• Transmission devices→ to transmit the mechanical power generated by the motors 

(for instance by means of belts, spindels, or gears) 
• Sensors → to measure arm positions and speed of axis motion  
• Cabling → transmission of electrical power and electrical signals. 
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Drive Systems: 

 Requirements 

• low weight; small volume 
• low moment of inertia; fast response 
• wide range of rotational speed (low –high) 
• high stiffness (high positioning accuracy) 
• high overload capacity ( in case of high accelleration or spontaneous bake) 
• brakes (to hold position) 
• easy to control 
• Drive Systems 

 

 

                                                  DC – Motor Principle 

Rotating rotor creates induction  

Voltage 

 Ui : 

Ui= cM•ψ•ω 

Ui is important for the dynamic behaviour of the  motor 
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DC – Drives 

  

 

Type of Motor Maximum Output Power Specific Properties 
 

Brushed DC motor 5 kW  
• Good controllability via  
      rotor current; 
• High starting torque: 
• Brushes are subject  

to wear. 
 

Brushless DC motor 10 kW  
• Maintenance–free; 
• Commutation by 

resolvers 
• Hall effect sensors or 

 optical sensors; 
• High power density with  
      rare earth magnets. 
 

DC Disc motor 10kW  
• Small volume 
• Small moment of inertia 
• High torque 
• Large  speed range 
• Brushed or brushless 
      version 
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AC – Drives 

Compared to the DC motor technology,  
AC motors have several advantages, like:  
• Higher reliability, 
• Low friction, 
• Less electrical noise 
• Longer life, 
• High torque to inertia ratio, 

• High torque throughout the speed range. 
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2.3: END EFFECTORS & TOOLING 
  
In robotics, an end effectors the device at the end of a robotic arm, designed to interact with the 
environment. The exact nature of this device depends on the application of the robot.  
 
The end effector means the last link (or end) of the robot. At this endpoint the tools are attached. 
In a wider sense, an end effector can be seen as the part of a robot that interacts with the work 
environment. This does not refer to the wheels of a mobile robot or the feet of a humanoid robot 
which are also not end effectors—they are part of the robot's mobility. End effectors may consist 
of a gripper or a tool. The gripper can be of two fingers, three fingers or even five fingers. 
 
 

 

 
Mechanism of gripping: 
Generally, the gripping mechanism is done by the grippers or mechanical fingers. Though in the 
industrial robotics due to less complications, two finger grippers are used. The fingers are also 
replaceable. Due to gradual wearing, the fingers can be replaced without actually replacing the 
grippers.  
 
 
Shape of the gripping surface: 
The shape of the gripping surface on the fingers can be chosen according to the shape of the 
objects that are lifted by the grippers. For example, if the robot is designated a task to lift a round 
object, the gripper surface shape can be a negative impression of the object to make the grip 
efficient, or for a square shape the surface can be plane. 
 
 
 
 
 



21 

 

 
Types:  
1. Impactive – jaws or claws which physically grasp by direct impact upon the object.  
2. Ingressive – pins, needles or hackles which physically penetrate the surface of the object 
(used in textile, carbon and glass fibre handling).  
3. Astrictive – suction forces applied to the objects surface (whether by vacuum, magneto– or 
electro adhesion).  
4. Contigutive – requiring direct contact for adhesion to take place (such as glue, surface 
tension or freezing).  
 
Mechanical Grippers 
A mechanical gripper is used as an end effector in a robot for grasping the objects with its 
mechanically operated fingers. In industries, two fingers are enough for holding purposes. As 
most of the fingers are of replaceable type, it can be easily removed and replaced.  
A robot requires either hydraulic, electric, or pneumatic drive system to create the input 
power. The power produced is sent to the gripper for making the fingers react. It also allows 
the fingers to perform open and close actions. Most importantly, a sufficient force must be 
given to hold the object.  
In a mechanical gripper, the holding of an object can be done by two different methods such 
as:  

• Using the finger pads as like the shape of the work part.  
• Using soft material finger pads.  

In the first method, the contact surfaces of the fingers are designed according to the work part 
for achieving the estimated shape. It will help the fingers to hold the work part for some 
extent.  
In the second method, the fingers must be capable of supplying sufficient force to hold the 
work part. To avoid scratches on the work part, soft type pads are fabricated on the fingers. 
As a result, the contact surface of the finger and co – efficient of friction are improved. This 
method is very simple and as well as less expensive. It may cause slippage if the force applied 
against the work part is in the parallel direction. The slippage can be avoided by designing 
the gripper based on the force exerted. 
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Pneumatic gripper: 
A pneumatic gripper is a specific type of pneumatic actuator that typically involves either 
parallel or angular motion of surfaces, A.K.A. “tooling jaws or fingers” that will grip an 
object. When combined with other pneumatic, electric, or hydraulic components, the gripper 
can be used as part of a "pick and place" system that will allow a component to be picked up 
and placed somewhere else as part of a manufacturing system.  
 
Types of Pneumatic Grippers:  
The most popular types of pneumatic grippers are the 2 jaw parallel and 2 jaw angular gripper 
styles. Parallel grippers open and close parallel to the object that it will be holding, these are 
the most widely used grippers. They are the simplest to tool and can compensate for some 
dimensional variation. Angular grippers move the jaws in a radial manner to rotate the jaws 
away from the object and therefore require more space. 

 
Adhesive grippers: 
A type of end effector that uses a continuously fed ribbon covered with an adhesive that 
sticks to the objects the robot manipulates. Adhesive grippersare commonly used for 
lightweight materials where other gripper types would be less effective. An adhesion gripper 
is a robot end effector that grasps objects by literally sticking to them. In its most primitive 
form, this type of gripper consists of a rod, sphere, or other solid object covered with two-
sided tape. A major asset of the adhesive gripper is the fact that it is simple. As long as the 
adhesive keeps its “stickiness,” it will continue to function without maintenance. However, 
there are certain limitations. The most significant is the fact that the adhesive cannot readily 
be disabled in order to release the grasp on an object. Some other means, such as devices that 
lock the gripped object into place, must be used. 
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Magnetic grippers: 
Magnetic grippers are most commonly used in a robot as an end effector for grasping the ferrous 

materials. It is another type of handling the work parts other than the mechanical grippers and 
vacuum grippers.  
 

 
 
  

Types of magnetic grippers:  
The magnetic grippers can be classified into two common types, namely: Magnetic grippers with 
  
Electromagnets:  
Electromagnetic grippers include a controller unit and a DC power for handling the materials. 
This type of grippers is easy to control, and very effective in releasing the part at the end of 
the operation than the permanent magnets. If the work part gripped is to be released, the 
polarity level is minimized by the controller unit before the electromagnet is turned off. This 
process will certainly help in removing the magnetism on the work parts. As a result, a best 
way of releasing the materials is possible in this gripper.  
 
Permanent magnets:  
The permanent magnets do not require any sort of external power as like the electromagnets 
for handling the materials. After this gripper grasps a work part, an additional device called 
as stripper push – off pin will be required to separate the work part from the magnet. This 
device is incorporated at the sides of the gripper.  
The advantage of this permanent magnet gripper is that it can be used in hazardous 
applications like explosion-proof apparatus because of no electrical circuit. Moreover, there 
is no possibility of spark production as well.  
 
 

Benefits:  
• This gripper only requires one surface to grasp the materials.  
• The grasping of materials is done very quickly.  
• It does not require separate designs for handling different size of materials.  
• It is capable of grasping materials with holes, which is unfeasible in the vacuum 

grippers.  
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Tooling 

 

 

 
Advantages of Robotic Welding 
• Weld quality. Automated processes consistently deliver highly reliable welds. The 

electronic weld process controllers ensure that each weld meets the specifications 
established at the start of production. 

• Higher output. Robotic welding processes are faster than manual alternatives. Robots 
can work faster and longer without sacrificing either accuracy or quality. 

• Less waste. There is less excess material, scrap metal, and waste produced when using 
robotic welding. Robotic systems also work faster, so they are often more energy efficient 
than manual welding. 

• Lower labor costs. Automated processes reduce the need for human labor—one of the 
most expensive aspects of production. While semi-automated processes still require some 
manual labor, it’s much less than in manual processes. This is crucial when considering 
the skilled labor shortage in the manufacturing sector, which includes trained welders. 

• Lower risk of injury. Human welders can be injured on the job. This can be extremely 
costly to your business. It also means your employees may not be able to work during the 
length of their recovery, whereas broken machinery can be repaired quickly. 

• Faster speed.  Robots can handle high volumes of repetitive tasks much more quickly, 
significantly shortening production time. 
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                                                  CHAPTER 3 

3.1  ROBOT MOTION CONTROL 

 

Main controller tasks: 

• Motion Control & Path Planning 

• Communication (with control panel, teach 
box, external PC) 

• Operator support (set-up, programming, test /automatic mode) 

• Programming 

• Control of tools (gripper, etc.), peripheral devices (turn tables, conveyors, etc.), 
processes (welding, cutting, grinding, etc.) 

• Sensor data processing (adaptive functions) 

• Control of I/O processes (digital, analog, serial, fieldbus) 

• Data management (display, store, print, delete, etc.) 

• Error management 

• Safety functions (emergency stop, reduced speed, etc.) 
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Information and data flow: 

 

 

 

Electric Safety Circuit 

Multi Function Card 

Motion control 

Digital Servo 

Electronics 

Main 

Control 

Power Supply 



28 

 

3.2 Motion / Path planning:    

• The robot controller determines the movement of the robot in consideration of 
the programmed movement type  

• Each movement is related to the endeffector. It is specified by pose, velocity 

and acceleration 

• Pose“ represents position as well as orientation of the endeffector 

 

Movement types: 

• PTP mode – Point-to-point movement (Motion without any interpolation) 

• CP mode - Continues path  movement(Motion on a path with interpolation) 

Point- to- point movement:  

  

 The robot can move point to point. Each axis or joint has many stoppable positions. 
However, trajectory is not controllable at will, although it may be roughly deterministic. 
Trajectory is the path and the speed along the path of a motion. Some PTP controls can be 
complex. The following are the Parameters used in analysis. 

 N: Number of joint or dof 

. qi : coordinate of i th joint, 1 £i £ N. 

 x 0 , z0 , q 0 : coordinates of start point. 

 x 1 , y 1 , q 1 :  coordinates of end point. 

 Dx , Dy , Dq: Total motion from start to end in x, y or q direction, respectively. 

 Di : Total motion from start to end in i th joint. 

 A joint can rotational or linear. 

 dx , dy , di : motion to an intermediate point. 
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 Vx , Vy , vi : velocity in x, y axis or in ith joint (can be angular) 

 T: the travel time from start to end point 

. ti : the travel time from starting to ending point of i th joint. 

Linear interpolation control manages interpolation so that the path to reach the motion 

destination position will be a straight line. 

The figure below shows an example of motion by linear interpolation control. 

If "L" is designated for the interpolation method with the motion control command, the robot 

executes the CP motion. 

 

• When linear interpolation control is executed, the robot cannot simply move the position of a 

different figure from the current figure. If a different figure is designated, an error may occur. 

Note that if the movement is available, the error may not occur. 

• A figure similar to the current one is selected for the robot figure when linear interpolation 

control is executed. Therefore, even if the robot figure is designated with a Type P or Type T 

variable, the figure may not become the one designated. If the figure is different from the 

figure designated, a warning may occur. 

• If the first motion command is executed in a program with linear interpolation control, the 

motion may not be available depending on the robot position. PTP control is recommended 

for the first motion command in the program. 
 

 

Continuous path movement: linear motion 

During Controlled Path movement, the end-effector tip moves along mathematically defined 
path which may be in the form of straight line, circle or parabola in 3D space. 

Linear movements 

Linear movements are those movements in which the tip of the end-effector moves along the 
straight line between two points, from current point (M1) to target point (M2) in 3D 
space. Path is programmed by defining the coordinates of target position. 
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Linear movement 

  

Circular movement 

The end-effector tip moves along a circular path or a circular arc from current point (M1) to 
target point (M3) in 3D space. Path is programmed by defining the coordinates of mid-
point (M2) and target point (M3). 

 

 

 

        Circular movement 

 

Elliptical movement 
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Motion with Circular interpolation: 

 

 

CP-Motion / Path planning scheme: 

 

• Any robot movement of the CP type will be performed by deviding the 
planned path into small path sections defined by interpolation points  
trajectory 

 

• The distance between two interpolation points is determined by the „interpolation 

cycle time T
IPO

“; 
• Interpolation is performed in the Cartesian space; 

 
• For any interpolation, position data (joint angles) have to be transformed from joint 

coordinates into Cartesian coordinates 
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Interpolation Cycle Time T
IPO

: 

TIPO = cycle time spent by the robot controller to calculate a new set of setpoint values (joint 
angles) as input to the position control loops of each axis. 

 currently: 10-12 ms interpolation cycle time 

 trend: 7- 4ms interpolation cycle time 

 A shorter TIPO results in higher path accuracy 

Motion and path planning: 

 

 

 

Information and data flow: 

 



33 

 

CHAPTER 4 

4.1 Robot Programming 

• Robot programming is a process of setting up of motion sequences of other activities 
the robot shall execute on demand. 

• Supported is a process of robot programming by special software. The software offers 
the user a set of coded commands &instructions that tell the robot system what task to 
do. 

• In general the robot software for programming is of highly proprietary nature. Each 
robot manufacturer provides their own software. 

• There is a lack of standardization. However, enough similarities between different 
programming languages help to gain a broad understanding of robot programming 
without having explicit knowledge of each language. 

Programming Languages: 

• ABB robot language: RAPID 
• STAUBLI robot language: VAL3 
• KUKA robot language: KRL 
• COMAU robot language: PDL2 
• YASKAWA robot language: INFORM 
• FANUC robot language: KAREL 
• UNVERSAL robot language: UR Script 
• ONLINE Programming: Program generation with real physical robot 
• OFFLINE Programming: Program generation with virtual robot models 

Robot Motion Programming: 
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Basic Task In Robot Motion Programming: 

• Determination of TCP position tool orientation in the Cartesian space. The 
combination of these two entities is known as POSE of a robot. 

• Path: Consists of ordered locations of points in 3D space, which the robot shall 
follow. A planned path is usually taking into account the avoidance of any collision 
with obstacles & the shortest path. 

• Trajectory: Represents a path based on two or more way points including velocities & 
accelerations in each of the way points. 

There are two movements in robot motion programming: 

1. PTP- Point to Point Movement 

2. Continuous Path Movement 
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Robot Motion Control: Circle 

 

 

4.2 ROBOT PROGRAMMES  

(A) Pick & Place in Palletizing 

Step1: Measuring sensor to table distance to detect presence & position of table plate 

 

Step2: Measuring sensor to box distance to detect presence of boxes 
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Step3: Positioning & release of box to set up a new stack or to fill a stack 

 

(B)Assembly of wind shields in a sidewall of railway wagon 

Robot in home position 

 

Moving to window position: 
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Measuring of window position laser distance sensor 

 

Moving back to first wind shield 

 

Picking up first windshield 

 

Windshield into assembly position 
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Windshield in assembly position 

 

Windshield assembled 

 

4.3 Robot Programming Modes 

According to the consistent performance by the robots in industries, the robot 

programming can be divided in two common types such as: 

  

• Lead through Programming Method 

• Textual Robot Languages 

  

Lead through Programming Method: 

During this programming method, the traveling of robots is based on the desired  movements, 

and it is stored in the external controller memory. There are two modes of a control system in 

this method such as a run mode and teach mode. The program is taught in the teach mode, 

and it is executed in the run mode. The leadthrough programming method can be done by two 

methods namely: 

• Powered Lead through Method 

• Manual Lead through Method 
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a)  Powered Lead through Method: 

  

The powered lead through is the common programming method in the industries. 

A teach pendant is incorporated in this method for controlling the motors available in the 

joints. It is also used to operate the robot wrist and arm through a sequence of points. The 

playback of an operation  is done  by  recording  these  points. The  control  of  complex 

geometric  moves is difficult to perform  in  the  teach  pendant.  As a  result,  this  method  is 

good  for point  to point movements. Some of the key applications are spot welding, machine 

loading & unloading, and part transfer process. 

  

b)  Manual Lead through Method: 

  

In this method,end effector the is moved robot’s physically by the programmer at the 

desired movements. Sometimes, it may be difficult to move large robot arm manually. To get 

rid of it a teach button is implemented in the wrist for special programming. The manual lead 

through method is also known as Walk Through method. It is mainly used to perform 

continuous path movements. This method is best for spray painting and arc welding 

operations. 
 

Offline Programming of Industrial Robots: 

Robot studio software is used for programming of industrial robots in offline mode. The 
robot studio software is only used for ABB robots 

 

ABB Robot Studio: 

• Robot studio is a offline programming & robot simulation system. 
• The best way to maximize return of interest is to create robot programming offline on 

a pc. In this case there is no need to stop the production. 
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• Robot studio allows tasks like programming, training, simulation, optimization of 
application programs. 

• Robot studio is using graphical models of ABB robots & is built on ABB virtual robot 
controller. 

• The ABB virtual robot controller consists of copy of the real control software. 
Therefore realistic simulations are provided by the tool. 

Robot Studio Features: 

• Design of robot stations (Layout) 
• Modelling of objects(solid, curves, surfaces) 
• Programming of robot (path, orientation of tools, external axis) 
• Virtual Controller (copy of real control software) 
• Generation of RAPID code 
• Loading & saving programs 
• Simulation of programs (collision detection, creating events, simulation time 

measurement, I/O simulation) 
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CHAPTER 5 

5.1 Kinematic Calculation 

A robotic manipulator in a factory is fixed to a stable concrete floor and its construction is 
robust: repeatedly issuing the same commands will move the manipulator to precisely the 
same position. In this chapter we present algorithms for the kinematics of manipulators: 
how the commands to a manipulator and the robot’s motion are related. The presentation 
will be in terms of an arm with two links in a plane whose joints can rotate. 

There are two complementary tasks in kinematics: 

• Forward kinematics: Given a sequence of commands, what is the final position of the 
robotic arm? 

• Inverse kinematics: Given a desired position of the robotic arm, what sequence of 
commands will bring it to that position? 
Forward kinematics is relatively easy to compute because the calculation of the change in 
position that results from moving each joint involves simple trigonometry. If there is more 
than one link, the final position is calculated by performing the calculations for one joint 
after another. Inverse kinematics is very difficult, because you start with one desired 
position and have to look for a sequence of commands to reach that position. A problem in 
inverse kinematics may have one solution, multiple solutions or even no solution at all.  

                        

                                                            

Forward kinematics of a two-link arm 

Kinematic computations are performed in terms of coordinate frames. A frame is attached 
to each joint of the manipulator and motion is described as transformations from one frame 
to another by rotations and translations. Transformation of coordinate frames in two-
dimensions. Most robots manipulators are three-dimensional. The mathematical treatment 

https://media.springernature.com/original/springer-static/image/chp%3A10.1007%2F978-3-319-62533-1_16/MediaObjects/419055_1_En_16_Fig1_HTML.gif
https://media.springernature.com/original/springer-static/image/chp%3A10.1007%2F978-3-319-62533-1_16/MediaObjects/419055_1_En_16_Fig1_HTML.gif
https://media.springernature.com/original/springer-static/image/chp:10.1007/978-3-319-62533-1_16/MediaObjects/419055_1_En_16_Fig1_HTML.gif
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of 3D motion is beyond the scope of this book, but we hope to entice you to study this 
subject by presenting a taste of 3D rotations in Sects. 

     5.2 Forward Kinematics 

We develop the kinematics of a two-dimensional robotic arm with two links, two joints and 
an end effector such as a gripper, a welder or a paint sprayer. The first joint can rotate but it is 
mounted on a base that is fixed to a table or the floor. Link l1 connects this joint to a second 
joint that can move and rotate; a second link l2 connects this joint to the fixed end effector. 
A two-dimensional coordinate system is assigned with the first joint at (0, 0). The lengths of 
the two links are l1 and l2. Rotate the first joint by αα to move the end of the first link with the 
second joint to (x′,y′)(x′,y′). Now rotate the second joint by β. What are the coordinates (x, y) 
of the end of the arm, in terms of the two constants l1,l2 and the two parameters α,,β? 
Project (x′,y′)(x′,y′) on the x- and y-axes; by trigonometry its coordinates are: 

x′=y′=l1 cosα l1 sinα. 

x′=l1 cosα 

y′=l1 sinα. 

Now take (x′,y′)(x′,y′) as the origin of a new coordinate system and project (x, y) on its axes 
to obtain (x′′,y′′)(x″,y″). The position of the end effector relative to the new coordinate 
system is: 

x′′=y′′=l2 cos(α+β) l2 sin(α+β). 

x″=l2 cos(α+β) 

y″=l2 sin(α+β). 

β is negative (a clockwise rotation) so α+β is the angle between the second link and the line 
parallel to the x-axis. 

Combining the results gives: 

x=y=lcosα+l2cos(α+β)l1sinα+l2sin(α+β).x=l1cosα+l2cos(α+β)y=l1sinα+l2sin(α+β
). 

Example Let l1=l2=1l1=l2=1, α=60∘α=60∘, β=−30∘β=−30∘. Then: 

x=y=1.cos60+1.cos(60−30)=12+3–√2=1+3–√21.sin60+1.sin(60−30)=3–√2+12=1+3–
√2.x=1⋅cos60+1⋅cos(60−30)=12+32=1+32y=1⋅sin60+1⋅sin(60−30)=32+12=1+32. 

Let us check if this result makes sense.  a triangle formed by adding a line between (0, 0) and 
(x, y). The complement of the angle ββ is 180−30=150180−30=150 and the triangle is 
isosceles since both sides are 1, so the other angles of the triangle are equal and their values 
are (180−150)/2=15(180−150)/2=15. The angle that the new line forms with the x-axis 
is 60−15=4560−15=45, which is consistent with x=yx=y. 
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Forward kinematics 

• Program your robot so that it traces the path of the arm in turn left 60∘60∘, move forward one 
unit (1m or some other convenient distance), turn right 30∘30∘, move forward one unit. 

• Measure the x- and y-distances of the robot from the origin and compare them to the values 
computed by the equations for forward kinematics. 

5.3 Inverse Kinematics 
The gray ring in the workspace of the two-link arm, the set of positions that the end effector 
can reach. (We assume that l2<l1l2<l1.) The workspace is circularly symmetric since we 
assume that there are no limitations of the rotation of the joints in a full circle 
between −180∘−180∘ and 180∘180∘. Any point like a on the circumference of the outer circle 
is a furthest position of the arm from the origin; it is obtained when the two links are lined up 
so the arm length is l1+l2l1+l2. The closest positions to the origin in the workspace are points 
like b on the circumference of the inner circle; they are obtained when the second link is bend 
back on the first link giving a length of l1−l2l1−l2. Another reachable position c is shown; 
there are two configurations (rotations of the joints) that cause the arm to be positioned at c. 

https://media.springernature.com/original/springer-static/image/chp%3A10.1007%2F978-3-319-62533-1_16/MediaObjects/419055_1_En_16_Fig2_HTML.gif
https://media.springernature.com/original/springer-static/image/chp%3A10.1007%2F978-3-319-62533-1_16/MediaObjects/419055_1_En_16_Fig2_HTML.gif
https://media.springernature.com/original/springer-static/image/chp:10.1007/978-3-319-62533-1_16/MediaObjects/419055_1_En_16_Fig2_HTML.gif
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Workspace of a two-lever arm 

Under the assumption that l2<l1l2<l1, no sequence of rotations can position the end of the 
arm closer to the origin that l1−l2l1−l2 and no position at a distance greater 
than l1+l2l1+l2 from the origin is accessible. From the figure we learn that a problem in 
inverse kinematics—finding commands to reach a specified point—can have zero, one or 
many solutions. 
The computation of the inverse kinematics uses the lassw of cosines : 

a2+b2−2abcosθ=c2.a2+b2−2abcosθ=c2. 

In a right triangle cos90∘=0cos90∘=0 and the law reduces to the Pythagorean theorem. 

                               

 

 

 

Law of cosines 
Suppose now that we are given a point (x, y) and we want values for α,βα,β (if any exist) 
which will bring the arm to that point.  

https://media.springernature.com/original/springer-static/image/chp%3A10.1007%2F978-3-319-62533-1_16/MediaObjects/419055_1_En_16_Fig3_HTML.gif
https://media.springernature.com/original/springer-static/image/chp%3A10.1007%2F978-3-319-62533-1_16/MediaObjects/419055_1_En_16_Fig3_HTML.gif
https://media.springernature.com/original/springer-static/image/chp%3A10.1007%2F978-3-319-62533-1_16/MediaObjects/419055_1_En_16_Fig4_HTML.gif
https://media.springernature.com/original/springer-static/image/chp%3A10.1007%2F978-3-319-62533-1_16/MediaObjects/419055_1_En_16_Fig4_HTML.gif
https://media.springernature.com/original/springer-static/image/chp:10.1007/978-3-319-62533-1_16/MediaObjects/419055_1_En_16_Fig3_HTML.gif
https://media.springernature.com/original/springer-static/image/chp:10.1007/978-3-319-62533-1_16/MediaObjects/419055_1_En_16_Fig4_HTML.gif
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By the Pythagorean theorem, r=x2+y2−−−−−−√r=x2+y2. 

 

Inverse kinematics of a two-link arm 
The law of cosines gives: 

l21+l22−2l1l2cos(180∘−β)=r2,l12+l22−2l1l2cos(180∘−β)=r2, 

which can be solved for ββ: 

cos(180∘−β)=β=l21+l22−r22l1l2180∘−cos−1(l21+l22−r22l1l2).cos(180∘−β)=l12+l22−r22l
1l2β=180∘−cos−1(l12+l22−r22l1l2). 

To obtain γγ and then αα, use the law of cosines with γγ as the central angle: 

cosγ=l21+r2−l222l1r.cosγ=l12+r2−l222l1r. 

From the right triangle formed by (x, y) we have: 

tan(α−γ)=α=yxtan−1yx+γ,tan(α−γ)=yxα=tan−1yx+γ, 

α=tan−1yx+cos−1(l21+r2−l222l1r).α=tan−1 

yx+cos−1(l12+r2−l222l1r). 

 

 

 

 

 

https://media.springernature.com/original/springer-static/image/chp:10.1007/978-3-319-62533-1_16/MediaObjects/419055_1_En_16_Fig5_HTML.gif
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ABOUT THE ORGANISATION 

 

              National Small Industries Corporation (NSIC), is an ISO 9001-2015 certified 

Government of India Enterprise under Ministry of Micro, Small and Medium Enterprises 

(MSME). NSIC has been working to promote, aid and foster the growth of micro, small 

and medium enterprises in the country. NSIC operates through countrywide network of 

offices and Technical Centers in the Country. In addition, NSIC has set up Training cum 

Incubation Centre managed by professional manpower. 

 

Mission: “To promote and support Micro, Small & Medium Enterprises (MSMEs) 

Sector” by providing integrated support services encompassing Marketing, Technology, 
Finance and other services. 

Vision: “To be a premier Organization fostering the growth of Micro, Small and Medium 
Enterprises (MSMEs) Sector”. 

 

Schemes of NSIC: 

 

NSIC facilitates Micro, Small and Medium Enterprises with a set of specially tailored 

scheme to enhance their competitiveness. NSIC provides integrated support services 

under Marketing, Technology, Finance and other Support service. 

Technology Support: 

Technology is the key to enhancing a company's competitive advantage in today's 

dynamic information age. Small enterprises need to develop and implement a technology 

strategy in addition to financial, marketing and operational strategies and adopt the one 

that helps integrate their operations with their environment, customers and suppliers. 

NSIC offers small enterprises the following support services through its Technical 

Services Centers and Extension Centers: 

1. Advise on application of new techniques. 
2. Material testing facilities through accredited laboratories. 
3. Product design including CAD. 
4. Common facility support in machining, EDM, CNC, etc. 
5. Energy and environment services at selected centers. 

6. Classroom and practical training for skill upgradation. 
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NSIC Technical Services Centers are located at the following places: 

Name of the Centre Focus area 

Chennai Leather & Footware 

Howrah General Engineering 

Hyderabad Electronics & Computer Application 

New Delhi Machine Tools & related activities 

Rajkot Energy Audit & Energy Conservation activities 

Rajpura (Pb) Domestic Electrical Appliances 

Aligarh (UP) Lock Cluster & Die and Tool making 

Neemka (Haryana) Machine Tools & related activities 
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INTRODUCTION 

 

 

Energy requirement for refrigeration and air conditioning applications bears a 

huge share of total energy consumption around the world. Since,  thermal  comfort  plays  

a  very  important  role  on  the  health,  working efficiency and activities of all living 

beings, especially, temperature and humidity. In the excessively hot climates it is 

necessary to reduce the temperature and humidity whereas in the cold climate there is a 

need to increase the temperature. When the temperature drops below thermal comfort 

level, especially in the winter season,  The  heating  systems  are  employed.  In some 

countries,  where  the atmospheric temperature is very low, natural heating like solar 

energy is not sufficient, the heat pump and fuel fired systems are proven to be suitable 

heating devices.  In  hot  climates,  thermal  comfort  achieved  through  the  use  of  

refrigerators and air conditioning systems. 

 

 

Refrigeration: 

                         The term “Refrigeration” may be defined as the process of removing heat 

from a substance under controlled conditions. It also includes the process of reducing and 

maintaining the temperature of a body below the general temperature of its surroundings. 

In other words, the refrigeration means a continued extraction of heat from a body whose 

temperature is already below temperature of its surroundings. In a refrigerator, heat is 

virtually pumped from a lower temperature to a higher temperature.  

Applications of Refrigeration: 

1. Food processing preservation and distribution. 
2. Chemical and process industries. 
3. Special applications such as cold treatment of metals, medical, construction, ice 

skating etc. 
4. Comfort air conditioning.    

 

Air Conditioning: 

                              “Air conditioning” is the process of removing heat and moisture from 

the interior of an occupied space to improve the comfort of occupants. Air conditioning 

can be used in both domestic and commercial environments. 

Air conditioners often use a fan to distribute the conditioned air to an occupied 

space such as a building or a car to improve thermal comfort and indoor air quality. 

Electric refrigerant-based AC units range from small units that can cool a small bedroom, 
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which can be carried by a single adult, to massive units installed on the roof of office 

towers that can cool an entire building. The cooling is typically achieved through 

a refrigeration cycle, but sometimes evaporation or free cooling is used. Air conditioning 

systems can also be made based on desiccants (chemicals which remove moisture from 

the air). Some AC systems reject or store heat in subterranean pipes. 

 

 

Welding: 

 

     Welding is a fabrication process that joins materials, usually metals or 

thermoplastics by causing fusion, which is distinct from lower temperature metal- joining  

techniques such  as brazing and soldering,  which  do  not melt the base metal. In addition 

to melting the base metal, a filler material is typically added to the joint to form a pool of 

molten material (the weld pool) that cools to form a joint that, based on weld 

configuration (butt, full penetration, fillet, etc.), can be stronger than the base material 

(parent metal). Pressure may also be used in conjunction with heat, or by itself, to  

produce a  weld.  Welding also requires a form of shield to protect the filler metals or 

melted metals from being contaminated or oxidized. 

Although  less  common,  there  are  also  solid  state  welding  processes  such as 

friction welding in which the base metal does not melt.
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REFRIGERATION AND AIR CONDITIONIG 

 

In air refrigeration, the air is used as a refrigerant. In olden days, air was widely used in 

commercial applications because of its availability at free of cost. Since air does not change its 

phase i.e. remains gaseous throughout the cycle, therefore the heat carrying capacity per kg of 

air is very small as compared to vapour absorbing systems. The air- cycle refrigeration 

systems, as originally designed and installed, are now practically obsolete because of their low 

coefficient of performance and high power requirements; however, this system continues to be 

favoured for air refrigeration because of the low weight and volume of the equipment. 

Refrigeration essentially means continued abstraction of heat from a substance 

(perishable foods, drinks and medicines etc.) at low temperature level and then transfers this heat 

to another system at high potential of temperature. 

The basic elements of an air cycle refrigeration system are as follows: 

Compressor 

Cooler or heat exchanger 

Expander 

Refrigerator 

 Air- Conditioning 

The air conditioning is that branch of engineering science which deals with the 

freezing point of water. 

They conducted their experiment with the bulb of a mercury thermometer as their object and 

with a bellows used to speed up the evaporation. They lowered the study of conditioning of air 

i.e. supplying and maintaining desirable internal atmospheric condition for human comfort, 

irrespective of external condition. This subject, in its broad sense, also deals with the 

conditioning of air for industrial purpose, food processing, storage of food and other 

materials. 

Air conditioning refers to the simultaneous control of temperature, humidity, cleanliness 

and air motion within a confined region or space. 

The basic elements of an Air- Conditioning system are as follows: 

1. Circulation fan 

2. Compressor 

3. Condenser 

4. Dryer 

5. Evaporator 



6 

 

6. Supply Duct 

7. Supply outlet 

8. Return outlet 

9. Filters 

Modern air conditioning emerged from advances in chemistry during the 19th century, and 

the first large- scale electrical air conditioning was invented and used in 1902 by American 

inventor Willis Carrier. The introduction of residential air conditioning in the 1920s helped 

enable the great migration to the sun belt in the United States. 

In 1758, Benjamin Franklin and John Hadley, a chemistry professor at Cambridge 

University, conducted an experiment to explore the principle of evaporation as a means to 

rapidly cool an object. Franklin and Hadley confirmed that evaporation of highly volatile 

liquids (such as alcohol and ether) could be used to drive down the temperature of an object 

past the temperature of the thermometer bulb down to −14 °C (7 °F) while the ambient 
temperature was 18 °C (64 °F). Franklin noted that, soon after they passed the freezing point 

of water 0 °C (32 °F), a thin film of ice formed on the surface of the thermometer's bulb and 

that the ice mass was about 6 mm (1⁄4 in) thick when they stopped the experiment upon 

reaching −14 °C (7 °F). Franklin concluded: "From this experiment one may see the 

possibility of freezing a man to death on a warm summer's day. 

A simple vapor compression refrigeration system consists of the following equipments: i) 
Compressor ii) Condenser iii) Expansion valve iv) Evaporator. 

 

Fig: 2.1. Typical single- stage vapour compression referigeration. 

 

The schematic diagram of the arrangement is as shown in Fig.2.1. The low temperature, 
low pressure vapor at state B is compressed by a compressor to high temperature and 
pressure vapor at state C. This vapor is condensed intohigh pressure vapor at state D in the 
condenser and then passes through the expansion valve. Here, the vapor is throttled down to a 
low pressure liquid and passed on to an evaporator, where it absorbs heat from the 
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surroundings from the circulating fluid (being refrigerated) and vaporizes into low pressure 
vapour at state B. The cycle then repeats. The exchange of energy is as follows: 

a) Compressor requires work, δw. The work is supplied to the system from the 

surroundings. 

b) During condensation, heat δQ1 the equivalent of latent heat of condensation etc, is 
lost from the refrigerator. 

c) During evaporation, heat δQ2 equivalent to latent heat of vaporization is absorbed by 
the refrigerant. 

d) There is no exchange of heat during throttling process through the expansion valve as 

this process occurs at constant enthalpy. 

                                   

          Figure shows a simple vapor compression refrigeration cycle on T- s diagram for 
different compression processes. The cycle works between temperatures T1 and T2 
representing the condenser and evaporator temperatures respectively. 

The various process of the cycle are as given below: 
 

i) Process 2-3: Isentropic compression of the vapor from state 2 to 3. If vapor state is 

saturated or superheated, the compression is called dry compression. If initial state 

is wet the compression is called wet compression. 

ii) Process 3-4: Heat rejection in condenser at constant pressure. 

iii) Process 4-1: An irreversible adiabatic expansion of vapor through the expansion 

value. The pressure and temperature of the liquid are reduced. The process is 

accompanied by partial evaporation of some liquid.  

iv) Process 1-2: Heat absorption in evaporator at constant pressure. The final state 

depends on the quantity of heat absorbed and same may be wet, dry or 

superheated. 
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Thermodynamic properties of Refrigerant: 

1. Boiling point   : It should be low. 

2. Thermal conductivity  : it should be high 

3. Specific heat   : It should be low 

4. Freezing point   : it should be low. 

5. Toxicity   : it should be low 

6. Evaporative pressure  : it should be high. 

7. Condensation pressure  : It should be low. 

8. Latent heat   : It should be high. 

9. CPO    : It should be high. 

 

REFRIGERENT: 

1) It is heat carrying medium. 

2) It carries heat from low temperature to high temperature system. 

3) Liquid + vapour mixture. 

 

Selection of Refrigerant: 

1) Performance: High efficiency, Low cost. 

2) Safety: Non toxic. 

3) Environmental impact: It should be low. 

 

Types of Refrigerants: 

1) Chlorofluorocarbons (CFC)  :R11, R22, R114, R113. 

2) Hydro cholrofluoro carbons (HCFC) :R22. 

3) Hydrofluorcarbons (HFC)  :R410a, R407, R1234yf, R134a. 

4) Hydrocarbons(HC)   :R600a. 

 

 

Comparison of Air-Conditioners: 

Non- Inverter Inverter 

On/Off type Continuous on 

Current consumption high Low power consumption 

Fixed frequency(50HZ) Variable frequency 

Outdoor unit starts (ODU) after 
3mins 

Indoor unit and outdoor unit starts 
at a same time 

Constant speed Variable speed 
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Types of refrigerators: 

 

    1.Single door refrigerator. 

2.Double door refrigerator. 
 

Difference between single and double door refrigerator: 
 

Single door Double door 

Single door is also called as direct cool 

refrigerator. 

Double door refrigerator is also called as 

freezer. 

Plate and tube evaporator coil. Tube and fine evaporator coil. 

Cooling temperature is 

up to - 18degrees.c 

Cooling temperature is 

up to - 24degrees.c 

 
Psychrometry process: 

1. Sensible cooling. 

2. Sensible heating. 

3. Humidification. 

4. Dehumidification. 

5. Cooling and dehumidification.  

6. Heating and humidification. 

 

 

 

It takes more time to reach set 
temperature 

It takes less time 

Capacitors required for starting 
purpose 

No capacitors required 

PCBs are placed in IDU 
PCBs are placed in IDU AND 
ODU 

R22 Refrigerant is used R4100 Refrigerant is used 

Suction pressure (60- 80psig) Suction pressure (120- 150psig) 

Discharge pressure (270- 290psig) Discharge pressure (440- 480psig) 
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WELDING 

 

Welding is a fabrication process that joins materials, usually metals or thermoplastics, by 
causing fusion, which is distinct from lower temperature metal- joining techniques such as 
brazing and soldering, which do not melt the base metal. In addition to melting the base metal, a 
filler material is typically added to the joint to form a pool of molten material (the weld pool) that 
cools to form a joint that, based on weld configuration (butt, full penetration, fillet, etc.), can be 
stronger than the base material (parent metal). Pressure may also be used in conjunction with 
heat, or by itself, to produce a weld. Welding also requires a form of shield to protect the filler 
metals or melted metals from being contaminated or oxidized. 

 
 
    Methods of Welding: 
                            Some of the best known welding methods include: 
 

 Oxy-fuel welding – also known as oxyacetylene welding or oxy-welding, uses fuel gases 
and oxygen to weld and cut metal. 

 
 
 
 
 
 
 
 
 
 

 
 
 

fig: 3.1 Oxy- Fuel Welding 
 

 Shielded metal arc welding (SMAW) – also known as "stick welding" or "electric 

welding", uses an electrode that is coated in flux to protect the weld puddle. The electrode 

holder holds the electrode as it slowly melts away. Slag protects the weld puddle from 

atmospheric contamination. 
 



11 

 

 

Fig: 3.2 Shielded Metal Arc Welding 
 

 Gas tungsten arc welding (GTAW) – also known as TIG (tungsten, inert gas), uses a 
non- consumable tungsten electrode to produce the weld. The weld area is protected 
from atmospheric contamination by an inert shielding gas such as argon or helium. 
 

 
Fig. 3.3 Gas Tungsten Arc Welding 

 

 Gas metal arc welding (GMAW) – 

commonly termed MIG (metal inert gas), 
uses a wire feeding gun that feeds wire at an 

adjustable speed and flows an argon- based 
shielding gas or a mix of argon and carbon 
dioxide (CO2) over the weld puddle to 
protect it from atmospheric contamination.  

 
 
 

Fig. 3.4 Gas metal arc welding 
 
 

 Submerged arc welding (SAW) – uses an automatically fed consumable electrode and a 
blanket of granular fusible flux. The molten weld and the arc zone are - protected from atmospheric 
contamination by being "submerged" under the flux blanket. 
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Fig. 3.5 Submerged Arc Welding 

 Electroslag welding (ESW) – a highly productive, single pass welding process for 

thicker materials between 1 inch (25 mm) and 12 inches (300 mm) in a vertical or close 

to vertical position. 

 
 
 

Fig. 3.6 Electroslag Welding 
 

 Electric resistance welding (ERW) – a welding process that produces coalescence of 

laying surfaces where heat to form the weld is generated by the electrical resistance of the 

material. In general, it is an efficient method but limited to relatively thin material. 
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Fig. 3.7 Electric resistance welding 

 
 
 
 
 
 
 
 

 
Classification of Welding Processes: 

Welding processes can be classified based on following criteria; 
 

1. Welding with or without filler material. 

2. Source of energy of              welding. 

3. Arc and Non- arc welding. 

4. Fusion and Pressure welding. 
 

1. Welding can be carried out with or without the application of filler material. Earlier only 

gas welding was the fusion process in which joining could be achieved with or 

without filler material. When welding was done without filler material it was called 

‘autogenous welding'. However, with the development of TIG, electron beam and 

other welding processes such classification created confusion as many processes 

shall be falling in both the categories. 

2. Various sources of energies are used such as chemical, electrical, light, sound, 

mechanical energies, but except for chemical energy all other forms of energies are 

generated from electrical energy for welding. So this criterion does not justify proper 
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es classification embraces all the arc welding processes in one class and all other 

processes in other class. In such classification it is difficult to assign either of the class 

to processes such as electroslag welding and flash butt welding, as inelectroslag 

welding the process starts with arcing and with the melting of sufficient flux the arc 

extinguishes while in flash butt welding tiny arcs i.e. sparks are established during the 

process and then components are pressed against each other. Therefore, such 

classification is also not perfect. 

3. Fusionwelding and pressure welding is most widely used classification as it 
covers all processes in both the categories irrespective of heat source and 
welding with or without filler material. In fusion welding all those processes are 
included where molten metal solidifies freely while in pressure welding molten 
metal if any is retained in confined space under pressure (as may be in case of 
resistance spot welding or arc stud welding) solidifies under pressure or 
semisolid metal cools under pressure. 

 
 

 

 

 

 

 

 

 

 

 

 

 

 

Fig. Classification of Welding Process 
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Fig. Classification of Pressurized welding 
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WELDING INSPECTION (NDT) 

4.1 Non- Destructive Testing: 

Nondestructive testing or non- destructive testing (NDT) is a wide group of analysis 
techniques used in science and technology industry to evaluate the properties of a material, 
component or system without causing damage The terms nondestructive examination (NDE), 
nondestructive inspection (NDI), and nondestructive evaluation (NDE) are also commonly used to 
describe this technology.   

Since NDT does not permanently alter the characteristics of article being inspected, it 
is a highly valuable technique that can save both money and time in product evaluation, 
troubleshooting, and research. The six most frequently used NDT methods are: 

 

4.2 Types of NDT: 
1. Visual inspection. 
2. Penetrant testing. 
3. Magnetic particle inspection testing. 
4. Ultrasonic testing. 
5. Radiography testing. 
6. Eddy current testing. 
7. Leak test. 
8. Thermography. 
9. Vibrational analysis 

 
4.3 Selection of NDT: 

 
Magnetic particle Inspection (MPI): It is a non- destructive testing (NDT) process for 

detecting surface and shallow subsurface discontinuities in ferromagnetic materials such as 

iron, nickel, cobalt, and some of their alloys. The process puts a magnetic field into the part. The 

piece can be magnetized by direct or indirect magnetization. 

Direct magnetization occurs when the electric current is passed through the test object and a 

magnetic field is formed in the material. Indirect magnetization occurs when no electric 

current is passed through the test object, but a magnetic field is applied from an outside source. 

The magnetic lines of force are perpendicular to the direction of the electric current, which may 

beeither alternating current (AC) or some form of direct current (DC) (rectified AC). 

The presence of a surface or subsurface discontinuity in the material allows the magnetic flux 

to leak, since air cannot support as much magnetic field per unit volume as metals. 
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 Fig 4.1 Magnetic particle inspection 

Liquid Penetration method: 

 
 Visible dye penetrant is a NDT (Non Destructive Testing) method. It is a simple test 
to perform, and a good way to test welds before carrying out more expensive techniques like x- 
ray testing. 
 It will show up bad cold lap, cracks, holes... basically any defects where a very fine dye 
can penetrate, hence the name. It can be used for various things, not just weld testing. It can be 
used to test the presence of a crack in a cylinder head for example. 
 The simple kits come in 3 parts, usually in aerosol cans. Namely, a cleaner, a 
penetrant, and a developer. There are four types of dye penetrant system: 

 Water washable : the dyes wash away with water. 
 Lipophilic  : the dye dissolves in oil for removal. 
 Hydrophilic  : the dye washes away with a water rinse, but 

detergents are necessary. 
 Solvent removable : the dye is removed with a cleaning solvent. 

 
There are five levels of testing, from Level ½ (Lowest sensitivity) to Level 4 (Highest 

Sensitivity). Operatives carrying out this testing should be qualified to do so, and reports, 
sometimes with photographic evidence, might be requested. 

Step 1 - Pre cleaning 
First any loose material needs to be removed, together with any 
silica on top of the weld. It is important to remove the silica, or 
you can get false results. A good scrape and wire brush sorts 
this osut in most cases.  
Then apply some of the cleaner to remove any oil etc. Wait for 

the cleaner to dry completely before applying penetrant. 

       
 

                                                             Fig. 4.2 Pre cleaning 
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Step 2 - Penetrant 
Once cleaned, apply the penetrant (a bright red liquid 
dye). Spray plenty on the welds. 
Leave the dye to penetrate, normally for about 20 
minutes. The time scale is usually printed on the can 
or on the product data sheet. The photographs show a 
solvent removable system. 

 
 

Fig. 4.3 Application of Penetrant 

Step 3 - Post cleaning 
Cleaning again. You need to remove 

excess dye from the area, which is 

easier said than done. It is important not 

to spray the cleaner on the area directly, 

or you risk washing the dye from the 

flaw. Use a dry tissue to remove excess 

dye, then spray cleaner onto a clean 

cloth for final cleaning. 

Ultrasonic Testing(UT):       
Ultrasonic testing (UT) is a family of non- destructive testing techniques based on the 

propagation of ultrasonic waves in the object or material tested. In most common   UT   
applications,   very   short   ultrasonic   pulse- waves   with   center frequencies ranging from 
0.1- 15 MHz, and  occasionally  up  to  50 MHz,  are transmitted into materials to detect 
internal flaws or to characterize materials. A common   example   is ultrasonic   thickness   
measurement,   which   tests   the thickness of the test object, for example, to monitor pipe 
work corrosion. 
 Ultrasonic testing is often performed on steel and other metals and alloys, though it 
can also be used on concrete, wood and composites, albeit with less resolution. It is 
used in many industries including steel and aluminium construction, metallurgy, 
manufacturing, aerospace, automotive and other transportation sectors. 
Step 2: Instrument settings are input. 
Step 3: The probe is scanned over the blade root. In this case, an indication (peak in the data) 
through the red line (or gate) indicates a good blade; an indication to the left of that range 
indicates a crack. 
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    FIG 4.7 Projectional Radiography 

 

 

Fig: 4.5 Ultrasonic Testing 

Principle: A probe sends a sound wave into a test material. There are two indications, one from 

the initial pulse of the probe, and the second due to the back wall echo. RIGHT: A defect creates a 

third indication and simultaneously reduces the amplitude of the back wall indication. The depth 

of the defect is determined by the ratio D/Ep. 

Radiography: 
Radiography is an imaging technique using X- rays to view the internal form of an object. 

To create the image, a beam of X- rays, a form of electromagnetic radiation, are produced by 
an X- ray generator and are projected toward the object. A certain amount of X- ray is 
absorbed by the object, dependent on its density and structural composition. The X- rays that 
pass through the object are captured behind the object by a detector (either photographic 
film or a digital detector). The generation of flat two dimensional images by this technique 
is called projectional radiography. In Computed tomography(CT scanning) an x ray source 
and its associated detectors rotate around the subject which itself moves through the conical 
x ray beam produced. Any given point within the subject is crossed from many directions 
by many different beams at different times. 

Information regarding attenuation of these beams is collated and subjected to 
computation to generate two dimensional images in three planes (axial, coronal and sagittal) 
which can be further processed to produce a three dimensional image. 
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Conclusion 

In this internship programme, I have learnt about 

 Different metal joining processes and their applications, with hands on experience.  

 Different non-destructive techniques – their principles and implementation with 

hands on experience. 

 Working of refrigeration and air-conditioning machines followed by their assembly. 
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ABSTRACT



Bharat Electronics Limited (BEL) is an Indian state-owned aerospace and

defense company with about nine factories, and several regional offices in India.

It is owned by the Indian Government and primarily manufactures advanced

electronic products for the Indian Armed Forces . BEL is one of nine PSUs

under the Ministry of Defense of India . It was founded in 1990 with the aim of

conducting research, development and manufacture of image intensifier  tubes

and associated high voltage power supply units for use in military, security and

commercial systems. 

Starting with the manufacture of a few communication equipment in 1956,

BEL started producing receiving valves in 1961, germanium semiconductors in

1962 and radio transmitters for AIR in 1964.

Till now company has produced very diverse products including night vision

goggles, night vision sniper heads etc.

In addition, new products and technologies including software defined

radios, next generation bulk encryptor and high data tactical radio were also on

show. Airborne products displayed included radar finger printing system, data

link, digital flight control computer and identification friend or foe. Also on

display were the complete range of optoelectronic equipment, including night

vision devices, digital handheld compass and an advanced land navigation

system.

BEL is the lead integrator of Akash, the Indian-made guided missile air

defense weapon system. Another major system is weapon locating radar, the

state-of-the-art passive, phased array radar which has undergone successful user

trials by the Indian defense forces.



INTRODUCTION:

Bharat Electronics Limited (BEL) is an Indian state-owned aerospace and defense

company with about nine factories, and several regional offices in India. It is owned by

the Indian Government and primarily manufactures advanced electronic products for

the Indian Armed Forces. BEL is one of nine PSUs under the Ministry of Defense of India. It

was founded in 1990 with the aim of conducting research, development and manufacture

of image intensifier tubes and associated high voltage power supply units for use in military,

security and commercial systems. 

Starting with the manufacture of a few communication equipment in 1956, BEL

started producing receiving valves in 1961, germanium semiconductors in 1962 and radio

transmitters for AIR in 1964.

In 1966, BEL set up a radar manufacturing facility for the army and in-house R&D. In

1967, BEL began manufacturing transmitting tubes, silicon devices and integrated circuits.

The PCB manufacturing facility was established in 1968.

In 1970, BEL started making black & white TV picture tubes, X-ray tubes and microwave

tubes. In 1971, BEL set up facilities for the manufacture of integrated circuits and hybrid

micro circuits. 1972, BEL established manufacturing facilities for TV transmitters for

Doordarshan. In 1973, BEL began manufacturing frigate radars for the navy.

Under the government's policy of decentralisation and due to strategic reasons, BEL set

up new units at different location across the country. The second unit of BEL was set up at

Ghaziabad in 1974 to manufacture radars and Tropo communication equipment for the Indian

Air Force. The third unit was established at Pune in 1979 to manufacture image converter and

image intensifier tubes.

In 1980, the first overseas office of BEL was set up in New York for the procurement of

components and materials.

In 1981, a manufacturing facility for magnesium manganese dioxide batteries was set up

at Pune. The Space Electronic Division was set up at Bangalore to support the satellite

programmes in 1982. That year, BEL achieved a turnover of Rs. 1 billion (US$21 million).

In 1983, the Andhra Scientific Company (ASCO) was taken over by BEL converted it to

its fourth manufacturing unit at Machilipatnam. In 1985, the fifth unit was set up in Chennai



for supply of tank electronics, with proximity to HVF, Avadi. The sixth unit was set up at

Panchkula the same year to manufacture military communication equipment.

In 1986, BEL set up three units. Its seventh unit was set up at Kotdwara to manufacture

switching equipment, the eighth unit to manufacture TV glass shell at Taloja (Navi Mumbai)

and the ninth unit at Hyderabad to manufacture electronic warfare equipment.

In 1987, a separate Naval Equipment Division was set up at Bangalore to give greater

focus to naval projects. The first Central Research Laboratory was established at Bangalore in

1988 to focus on futuristic research and development.

In 1989, BEL started manufacturing telecom switching and transmission systems and also

the set up the Mass Manufacturing Facility in Bangalore and the manufacture of the first

batch of 75,000 electronic voting machines.

The agreement for setting up BEL's first joint venture company, BE DELFT, with M/s

Delft of Holland, was signed in 1990. This later became a subsidiary of BEL with the exit of

the foreign partner and has been renamed BEL Optronic Devices Limited.

The second Central Research Laboratory was established at Ghaziabad in 1992. The first

disinvestment (20%) and listing of the company's shares in the Bangalore and Mumbai Stock

Exchanges took place in same year-1992.

In 1996, BEL achieved $ 10 billion (US$215 million) turnover.

In 1997, GE BEL, the second joint venture company with M/s GE, USA, was formed as

also the third JVC with M/s Multitone, UK, BEL Multitone. The same year, the US imposed

supply restrictions on BEL.

In 1998, BEL set up its second overseas office at Singapore to source components from

South East Asia. In the same year US and Europe imposed sanctions on BEL. The company

was able to overcome the effects of the sanctions and kept up the promised deliveries to

customers.

In 2000, BEL reorganised its Bangalore unit into six Strategic Business Units  (SBUs).

The R&D groups in Bangalore were also restructured into Specific Core Groups and Product

Development Groups. The same year, BEL shares were listed in the National Stock

Exchange.



In 2002, BEL became the first defense PSU to achieve operational Mini Ratna Category I

status. In 2003, the company's turnover crossed the ₹25 billion mark (US$540 million). In

2005, BEL had a turnover of ₹32.20 billion (US$695 million). BEL achieved a turnover of

₹35.60 billion (US$767 million) in 2005–06.

On May 12, 2010, Boeing announced that it received the Data Link II communications

technology for the Indian Navy’s P-8I from Bharat Electronics Limited (BEL) in April, one

month ahead of schedule. BEL delivered the Indian-designed communications system that

will enable exchange of tactical data and messages between Indian Navy aircraft, ships and

shore establishments. Boeing will install the system during P-8I final assembly.

In 2011, the Indian government-owned Bharat Electronic Limited (BEL) showcased its

entire range of C4ISR capabilities including network centric warfare technologies developed

in-house at Aero India 2011. These include command and control system, air space

management multi sensor tracking, situation simulator and tactical algorithm for air defense

applications; battlefield management system and an all-weather 24/7 coastal surveillance

system.

In addition, new products and technologies including software defined radios, next

generation bulk encryptor and high data tactical radio were also on show. Airborne products

displayed included radar finger printing system, data link, digital flight control computer and

identification friend or foe. Also on display were the complete range of optoelectronic

equipment, including night vision devices, digital handheld compass and an advanced land

navigation system.

BEL is the lead integrator of Akash, the Indian-made guided missile air defense weapon

system. Another major system is weapon locating radar, the state-of-the-art passive, phased

array radar which has undergone successful user trials by the Indian defense forces.



BEL PRODUCTS:

BEL Units and Products:

S.no BEL Unit BEL Products

1. Bangalore Military communication, Radars,
Navy, Solar Products

2. Panchkula (Haryana) Military communication,
Encryption products

3. Kotdwara (Uttarakhand) Tele communication systems, Military
communications

4. Ghaziabad(UP) Network Centric systems, Radars,
Antenna, Satellite communications.

5. Pune X-ray tubes, Batteries, Electro
Optics

6. Hyderabad, Telangana Electronic systems

7. Machilipatnam,  Andhra
Pradesh

Electro Optics(night vision
devices)

8. Mumbai Security systems

9. Kolkata Solar Energy equipment system



PRODUCT ASSURANCE:
Definition:

A discipline devoted to the study, planning and implementation of activities intended to

assure that the design, controls, methods and techniques in a project result in a satisfactory level

of quality in a product.

The verification by a management function that customer requirements are satisfied by

ensuring (1) the identification of critical activities, (2) The availability of the necessary

resources for each process, (3) The use of the resources in a manner that is efficient and

effective.

Product Assurance Testing:
Product assurance testing is conducted in order to evaluate a system in its operating

environment. Product assurance testing is primarily used to find the faults that are not shown

within the development or test environments.

NIGHT VISION DEVICE:
Definition:

A night vision device (NVD), also known as a night optical/observation device

(NOD), is an optoelectronic device that allows images to be produced in levels of light

approaching total darkness. The image may be a conversion to visible light of both visible

light and near-infrared, while by convention detection of thermal infrared is denoted thermal

imaging. The image produced is typically monochrome, e.g. shades of green. NVDs are most

often used by the military and law enforcement agencies, but are available to civilian users.

The term usually refers to a complete unit, including an image intensifier tube, a protective

and generally water-resistant housing, and some type of mounting system. Many NVDs also

include optical components such as a sacrificial lens, or telescopic lenses or mirrors. An NVD

may have an IR illuminator, making it an active as opposed to passive night vision device.

 Working of Night Vision Devices:
Technical Night Vision can work in two different ways

Working Principle of Image Intensifier:
Night vision amplifiers light to achieve better vision. A conventional lens, captures ambient light.

The gathered light is sent to image – intensifier tube. The light energy released electron from the

cathode and accelerated. These electrons enter micro channel plate and bounce off and generate

more electron.



Thousands of other electrons to be released in each channel. Original electrons collide

with the channel, exciting atoms and causing other electrons. New electrons collide with atoms,

creating a chain. In image-intensifier tube, the electrons hit a screen. The energy of the electrons

release photons and create green image on the screen. The green phosphor image is viewed

through another lens.

Working Principle of Thermal Imaging

All objects emits infrared energy as a function of temperature

A lens focuses the infrared light. Original electrons collide with the channel, exciting

atoms and causing others. The focused light is scanned and creates temperature pattern. The

pattern created is translated into electric impulses. The impulses are sent to a circuit board that

translates the information into data for the display. The signal-processing unit sends the

information to the is play, and appears as various colors. The images are black and white in

nature.

Purpose of Night Vision Devices:
The original purpose of night vision was to locate enemy targets at night. It is still used

extensively by the military for that purpose, as well as for navigation, surveillance and targeting.

Police and security often use both thermal-imaging and image-enhancement technology,

particularly for surveillance.

Classification of Night Vision Devices:

Advantages of Night Vision Cameras:



The most common use is the military, and the quick answer would be that they allow

soldiers to continue operations at night, without giving away their position through the use of

flashlights. However night vision has many other uses. People with night blindness can use night

vision devices to see better at night. Astronomers use night vision to improve their view of the

stars, to see more stars in the city, amplify the image post hydrogen-alpha filters or to see nebula

and clusters in the sky in real time. The technology in night vision allows for far more sensitive

x-ray machines to be made, reducing the doses necessary for an x-ray



CASE STUDY OF IMAGE INTENSIFIER TUBES:

Binocular Night Vision Devices:

Figure 1: Passive Night Vision Binocular

Parts of Binocular Night Vision Devices:

1. Object Glass

2. Focus

3. Image intensifier tube

4. Eye Piece

5. Eye Guard



Image Intensifier Tube:

Figure 2: Image Intensifier Tube

Night vision is the ability to see in low light conditions. Whether by biological or

technological means, night vision is made possible by a combination of two approaches. They

are sufficient spectral range and sufficient intensity range.

Image Intensification:
This magnifies the  amount  of  received  photons  from  various  natural  sources  such

as starlight or moonlight. Examples of such technologies include night glasses and low light

cameras. In the military context, Image Intensifiers are often called "Low Light TV" since the

video signal is often transmitted to a display within a control center. LLLTV these are usually

integrated into a sensor containing both visible and IR detectors and the streams are used

independently or in fused mode, depending on the mission at hand's requirements.

The image intensifier is a vacuum-tube based device (photomultiplier tube) that can

generate an image from a very small number of photons (such as the light from stars in the sky)

so that a dimly lit scene can be viewed in real-time by the naked eye via visual output, or stored

as data for later analysis. While many believe the light is "amplified," it is not. When light strikes

a charged photocathode plate, electrons are emitted through a vacuum tube that strike the micro

channel plate that cause the image screen to illuminate with a picture in the same pattern as the

light that strikes the photocathode, and is on a frequency that the human eye can see. This is

much like a CRT television, but instead of color guns the photocathode does the emitting.

The image is said to become "intensified" because the output visible light is brighter than the

incoming light, and this effect directly relates to the difference in passive and active night vision

goggles. Currently, the most popular image intensifier is the drop-in ANVIS module, though

many other models and sizes are available at the market. Recently, the US Navy announced

intentions to procure a dual-color variant of the ANVIS for use in the cockpit of airborne



platforms. Active illumination couples imaging intensification technology with an active source

of illumination in the near infrared (NIR) or shortwave infrared (SWIR)band. Examples of such

technologies include low light cameras.

Active infrared night-vision combines infrared illumination of spectral range 700 – 1,000

nm (just below the visible spectrum of the human eye) with CCD cameras sensitive to this light.

The resulting scene, which is apparently dark to a human observer, appears as a monochrome

image on a normal display device. Because active infrared night-vision systems can incorporate

illuminators that produce high levels of infrared light, the resulting images are typically higher

resolution than other night-vision technologies.



CASE STUDY OF THERMAL IMAGING:

Example: Study of Hand Held Thermal Imaging Camera with LRF Product

Figure 3: HHTI with LRF

HHTI with LRF or Multifunction HHTI is a cooled TI based integrated day/night sight

with in-built eye safe Laser Range Finder, Digital Magnetic Compass, Color CCD and GPS. This

equipment is capable of giving range, azimuth & elevation and also coordinates of the target.

This is highly useful to Army and Navy for effective engagement of targets. Weather proof and

withstand shocks and vibrations. It is provided with electronically generated reticle.



Figure 4: Block diagram of Thermal imaging camera

Thermal image is the technique of using the heat given off by an object to produce an image of

it or to locate it. First developed for military purpose in the late 1950s and 1960s by Texas

instruments, Hughes, Aircraft and Honeywell In recent times it is being used in firefighting, law

enforcement, industrial applications, security transportation, medical and many other industries.

Thermal Imaging:

It is the technique of using the heat given off by an object to produce an image of it.

Works in environments without any ambient light and can penetrate obscurants such as smoke,

fog and haze.

Normally grey scale in nature: black objects are cold, white objects are hot and the

depth of the grey indicates variations between the two. Some thermal cameras, however, add

color to images to help users identify objects at different temperatures.



Working of thermal imaging:

Here's how thermal imaging works: A special lens focuses the infrared light emitted by all of

the objects in view. The focused light is scanned by a phased array of infrared-detector

elements. The detector elements create a very detailed temperature pattern called a thermo

gram.

Infrared Light:
Our eyes are detectors that are designed to detect electromagnetic radiation in the visible light

spectrum. All other forms of electromagnetic radiation, such as infrared, are invisible to the

human eye.

The existence of infrared was discovered in 1800 by astronomer Sir Frederick William

Herschel. Curious to the thermal difference between different light colors, he directed sunlight

through a glass prism to create a spectrum and then measured the temperature of each color. He

found that the temperatures of the colors increased from the violet to the red part of the

spectrum.

After noticing this pattern Herschel decided to measure the temperature just beyond the red

portion of the spectrum in a region where no sunlight was visible. To his surprise, he found that

this region had the highest temperature of all.

Infrared radiation lies between the visible and microwave portions of the electromagnetic

spectrum. The primary source of infrared radiation is heat or thermal radiation. Any object that

has a temperature above absolute zero (-273.15 degrees Celsius or 0 Kelvin) emits radiation in

the infrared region. Even objects that we think of being very cold, such as ice cubes, emit

infrared radiation.

The thermal imaging camera:



Infrared energy (A) coming from an object is focused by the optics (B) onto an infrared detector
(C). The detector sends the information to sensor electronics (D) for image processing. The
electronics translatethe data coming from the detector into an image (E) that can be viewed in the
viewfinder or on a standard video monitor or LCD screen.

Being truly passive in nature, thermal imaging systems are finding wide range of applications

for surveillance and reconnaissance, target acquisition, engagement, and missile guidance. They

are true force multipliers as they allow weapons and equipment to be used with efficacy during

day and night. Recent advancements in optics, detector technology and signal processing have

enabled revolutionary advancement in the night vision technology leading to the realization of

third generation thermal imagers (TIs) having capabilities twice that of second generation and

four times that of first generation systems.

 DRDO is working in this area for the last two decades and has developed various TIs

operating in 3-5 μm medium wave infrared (MWIR) and 8-12 μm long wave infrared (LWIR)

spectral bands. These systems are based on scanning/staring focal plane array (FPA) detectors

for target acquisition, which can be used, either in standalone mode or as a part of electro-optical

fire control system (EOFCS). MWIRTI perform better in hot humid environments and preferred

for long range applications because of better atmospheric transmission where as LWIR TIs

perform better in smoke and dusty environment prevailing in the battlefield. Either in standalone

mode or as a part of electro-optical fire control system (EOFCS).



MWIRTI perform better in hot humid environments and preferred for long range

applications because of better atmospheric transmission where as LWIR TIs perform better in

smoke and dusty environment prevailing in the battlefield. Either in standalone mode or as a part

of electro-optical fire control system (EOFCS). MWIRTI perform better in hot humid

environments and preferred for long range applications because of better atmospheric

transmission where as LWIR TIs perform better in smoke and dusty environment prevailing in

the battlefield.

Principle of Operation and Types:

Infrared energy is just one part of the electromagnetic spectrum, which encompasses

radiation from gamma rays, x-rays, ultraviolet, a thin region of visible light, infrared, terahertz

waves, microwaves, and radio waves. These are all related and differentiated in the length of

their wave (wavelength). All objects emit a certain amount of black body radiation as a function

of their temperatures.

Generally speaking, the higher an object's temperature, the more infrared radiation is

emitted as black-body radiation. A special camera can detect this radiation in a way similar to the

way an ordinary camera detects visible light. It works even in total darkness because ambient

light level does not matter. This makes it useful for rescue operations in smoke-filled buildings

and underground.

A major difference with optical cameras is that the focusing lenses cannot be made of

glass, as glass blocks long-wave infrared light. Special materials such as Germanium or Sapphire

crystals must be used. Germanium lenses are also quite fragile, so often have a hard coating to

protect against accidental contact. The higher cost of these special lenses is one reason why

thermo graphic cameras are more costly.

Types:

 Cooled infrared detectors

 Uncooled infrared detectors



Principle of Operation and Types:
Infrared energy is just one part of the electromagnetic spectrum, which encompasses radiation

from gamma rays, x-rays, ultraviolet, a thin region of visible light, infrared, terahertz waves,

microwaves, and radio waves. These are all related and differentiated in the length of their wave

(wavelength). All objects emit a certain amount of black body radiation as a function of their

temperatures.

Generally speaking, the higher an object's temperature, the more infrared radiation is

emitted as black-body radiation. A special camera can detect this radiation in a way similar to the

way an ordinary camera detects visible light. It works even in total darkness because ambient

light level does not matter. This makes it useful for rescue operations in smoke-filled buildings

and underground.

A major difference with optical cameras is that the focusing lenses cannot be made of

glass, as glass blocks long-wave infrared light. Special materials such as Germanium or Sapphire

crystals must be used. Germanium lenses are also quite fragile, so often have a hard coating to

protect against accidental contact. The higher cost of these special lenses is one reason why

thermo graphic cameras are more costly.

Types:
 Cooled infrared detectors

 Uncooled infrared detectors

Cooled infrared detectors:

Cooled detectors are typically contained in a vacuum-sealed case or Dewar and

cryogenically cooled. The cooling is necessary for the operation of the semiconductor materials

used.  Typical operating temperatures range from 4 K to just below room temperature, depending

on the detector technology. Most modern cooled detectors operate in the 60 K to 100 K range,

depending on type and performance level.

Without cooling, these sensors (which detect and convert light in much the same way as

common digital cameras, but are made of different materials) would be 'blinded' or flooded by

their own radiation. The drawbacks of cooled infrared cameras are that they are expensive both

to produce and to run. Cooling is both energy-intensive and time-consuming.

The camera may need several minutes to cool down before it can begin working. The most

commonly used cooling systems are rotary Stirling engine cryocoolers. Although the cooling

apparatus is comparatively bulky and expensive, cooled infrared cameras provide superior image

quality compared to uncooled ones.

Additionally, the greater sensitivity of cooled cameras also allow the use of higher F-



number lenses, making high performance long focal length lenses both smaller and cheaper for

cooled detectors. An alternative to Stirling engine coolers is to use gases bottled at high pressure,

nitrogen being a common choice. The pressurized gas is expanded via a micro-sized orifice and

passed over a miniature heat exchanger resulting in regenerative cooling via the Joule–Thomson

effect. For such systems the supply of pressurized gas is a logistical concern for field use.

Materials used for cooled infrared detection include photo detectors based on a wide range of

narrow gap semi conductors including:

1. Indium anti monide

2. Indium Arsenide

3. Mercury Cadmium telluride

4. Lead sulfide
Uncooled Infrared Detectors:

Uncooled infrared sensors can be stabilized to an operating temperature to reduce image

noise, but they are not cooled to low temperatures and do not require bulky, expensive cryogenic

coolers. This makes infrared cameras smaller and less costly. However, their resolution and

image quality tend to be lower than cooled detectors. This is due to differences in their

fabrication processes, limited by currently available technology.

Ferroelectric detectors operate close to phase transition temperature of the sensor

material; the pixel temperature is read as the highly temperature-dependent polarization charge.

The achieved NETD of ferroelectric detectors with f/1 optics and 320x240 sensors is 70-80 mK.

A possible sensor assembly consists of barium strontium titanate bump-bonded by polyimide

thermally insulated connection.

Silicon micro bolo meters can reach NETD down to 20 mK. They consist of a layer of

amorphous silicon, or a thin film vanadium (V) oxide sensing element suspended on silicon

nitride bridge above the silicon-based scanning electronics. The electric resistance of the sensing

element is measured once per frame.



WHITE HOT AND BLACK HOT IMAGES:

A Thermal Imager can be selected to either ‘black hot’ or ‘white hot'. Camera Palette

(also known as Polarity) is set by default to White Hot, alternatively the Black Hot palette

displays warmer objects as black or dark rather than white or light shades (Fig 2a & 2b).

The light brown Therm Bright material shows ‘cold’ to a thermal imager. Anything covering the

material will appear hot, but only relative to the ThermBright. The material is most effective with

‘white hot’ selected. This will present a clear black image to the imager.

Though we offer both polarities, ‘cold’ targets work best and are visible at significantly greater

ranges than ‘hot’.

Figure 5: Black Hot Image

Figure 6: White Hot Image



Status Display:

The HHTI generates the following status displays:

a) COMM. status – indicates that the system is connected to the LRF or the STE

b) INIT – indicates that system is in initialization mode –INIT

c) WFOV/NFOV/E-ZOOM – indicates the selected FOV

d) WHT HOT/BLK HOT – indicates the selected polarity of the picture:

i. WHT HOT – hot objects will be displayed in white.

ii. BLK HOT – hot objects will be displayed in black.

e) LRF STATUS – indicates the LRF status

i. READY – LRF is ready for ranging

ii. XXXXX – Measured range

SYSTEM START-UP AND CHECKOUT:
The following describes the Start-up procedures to be followed before operating the

HHTI system.

a) Verify that the battery is in place and the battery cover is locked with two latches.

b) Switches the power to “ON” position.

c) Remove front lens cover.

d) During power ON the INIT indication and DET HOT warning will be displayed until

the detector will reach the required temperature in less than 8 minutes. Then a thermal

image is displayed and the cooler noise is reduced.

e) If you have to change the field of view, push or pull the FOV handle.

f) Rotate the focus knob to get the sharpest image of the object.



g) Press the Reticle BLK/WHT pushbutton and observe if the color of the reticle changes

from black to white and vice versa with each pressure.

h) Verify that the system is in NFOV mode and press RETICLE BLK/WHT pushbutton

for three seconds. Observe that the E-ZOOM is activated.

i) Press the pushbutton again to return to NFOV mode.

j) Change for to WFOV mode.

k) Press the RETICLE ON/OFF pushbutton and observe that the reticle disappears.

l) Press the RETICLE ON/OFF pushbutton again and observe that the reticle is displayed.

m) Change FOV to NFOV mode and press the RETICLE ON/OFF one more time.

observe that the range estimated scale is displayed.

n) Set the power switch to STBY. Verify that the CRT disappears while the cooler noise

is still heard.

o) Set the power switch to ON. Verify that a thermal image is displayed within 45seconds.

Field Of View:
The field of view is the extent of the observable world that is seen at any given moment.

In case of optical  instruments or  sensors  it  is  a solid  angle  through  which  a  detector  is

sensitive  to electromagnetic radiation.

Figure 7: Horizontal Field Of
View



Figure 8: Vertical Field of View

INTENSIFIER TUBE VERSUS THERMAL IMAGING CAMERA:

Figure 9: Intensifier Tube versus Thermal Imaging Camera

Image intensification: Image is Thermal imaging: is not affected by the Saturated by looking

directly to a light source and produces a clear image. Light source.

FIG: Intensifier Tube versus Thermal Imaging Camera

Image intensification: suspect Thermal imaging: suspect hiding in Hiding in bushes is practically

bushes is clearly visible since thermal Invisible contrast is practically impossible to mask Image

intensification, also referred to as I2 technology, amplifies small amounts of visible light

thousands of times so that objects can be seen at night.

Image intensification does require a certain level of ambient light, but even starlight can

produce an image on a cloudless night. Because the system requires at least a minimum level of

ambient light, conditions such as heavy overcast can limit its effectiveness. Similarly, too much

light may overwhelm the system and reduce its effectiveness.



Thermal imaging cameras offer substantial benefits over image intensification. They are

not affected by the amount of light so that you will not be blinded when looking at a light source.

TECHNICAL DATA OF HHTI WITH LRF:

Characteristics:

Thermal imager Spectral band: 8-12 μm Field of view(FoV):
• Wide FoV: 8° x 6°

• Narrow FoV: 3.2° x2.4°

• Electronic zoom (x2): 1.6° x1.2° Image resolution: 754 x576

Thermal sensitivity (NETp): < 50 mK Axis stability: < 0.6 mrad

Eye safe laser range-finder:
• Range out to 10 km

• High performance single shot
Magnetic compass:

• Elevation: 0.2°

• Azimuth: 0.5°

GPS receiver:

• Integrated + external connection(PLGR)

Colour daylight camera:

• FoV: 3.7° x2.8°

Laser pointer 830 nm:

• Eye safe

GENERAL CHARACTERISTICS:

Weight: < 3.5 kg

Size: 310 x 250 x 110 mm



Video output:

• 625 lines or 525 lines (SMPTE 170m)

Power supply:

• Battery or external power supply

Battery Life:

• > 4 hours with rechargeable battery

Remote control:

• RS 422 serial data link

Cooling:

• Integrated micro-cooler, rotative stirling type

Cooling down time:

• < 5min

Internal display:

• OLED

Temperature range:

• Operating: -40° C to +55°C

Environmental conditions:

• Fully ruggedised / MIL STD 461 and MIL STD

810 - Military wheeled vehicles

ACCESSORIES:

• Tripods, displays

• Rechargeable batteries



• Battery chargers

• AC or DC converters

• Narrow FoV (2°)tele-converter

• Wide FoV (20°) tele

converter for operation in

urban aera

• Transmission and tele-operation

• Integrated Hand-Held Display/remote

control box(POP6)

APPLICATIONS:

1. Military and Police

One of the most common users of a thermal imager is a law enforcement or  military

professional.  They   need   to   be   able   to   see potential threats without being detected and

thermal units give them this chance. Modern thermal imaging technology is tough enough to

withstand the abuse of recoil, so many police officers and soldiers now employ thermal imaging

rifle scopes such as the ATN ThOR 640 Thermal Imaging Weapon Sight. The drawback of using

thermal imagers in life-and- death situations is that while they're incredibly effective at detecting

people or animals, identification is far more challenging. You may see a man in front of you, but

this doesn't mean you'll be able to tell if he's a friend or afoe.

2. Surveillance
Thermal imaging cameras are one of the most effective tools for surveillance

because they work equally well in the day and night. A regular CCTV camera is limited by its

need for light, and night vision doesn't function during the day. The chance to see through smoke

and fog also gives thermal a leg up on other surveillance techniques.

3. Energy Audits



Heating and cooling companies have used thermal imagers for years to see where

buildings are leaking heat. Small cracks or holes cause homes to lose hundreds of dollars a year

on heating and cooling bills.

4. Security and Law Enforcement
With a thermal imager, an officer can stop and scan the property at a distance identify any

person present at there.

Perimeter Surveillance is another application in which thermal imaging is used to

dramatically improve results and reduce time committed to a particular operation.

Thermal imaging cameras can also used in search and rescue operation as officers may be able to

search up to 1,500 feet in any direction.

PRODUCT ASSURANCE TEST:
ESS (Environment Stress Strain) Test:

 Climate Test

a) High temperature and Low temperature test

b) Heat and Cold Chamber Test

c) Rain and Dust Chamber Test

 Durable Test

a) Vibration Test

b) Bump test

 Functional Test

a) Resolution Test

b) Field of View
Heat and Cool Chamber Test:

Temperature and humidity test chambers are

ranging in size from 50Ltier to 3000Liter, including

bench top, standard type and walk in. Included are ultra

low temperature test chamber, high rate of change of

temperature chambers (15 ℃/min) and climate with

humidity chambers.

Our temperature and humidity test chambers are available in a variety of sizes and

configurations, including bench top / vertical/ walk in constant temperature humidity



chambers. Temperature Range: -70°C to +180°C; Humidity range: 10% to98%R.H.

Vibration Test Chamber:

Figure 10: Vibration Test Chamber
We perform structural dynamic finite element modeling and simulation of vehicle

platforms, civil structures, and machines and study their response to shock and vibration

during operation, accident, and natural catastrophies.

Conclusion:
The original purpose of night vision was to locate enemy targets at night. It is still

used extensively by the military for that purpose, as well as for navigation, surveillance and

targeting. Police and security often use both thermal-imaging and image-enhancement

technology, particularly for surveillance
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ABSTRACT 

 

Power plays a major role in economic growth of the country. Power production is 
synonymous to progress. In Visakhapatnam Steel Plant, Thermal Power Plant 
caters to the needs of power requirements for all its units. 
 
In Thermal Power Plant steam is the working fluid. Steam generated in the steam 
generator is expanded in the turbine and power is produced. Steam goes out of the 
turbine with high available energy. This steam goes to condenser and gets cooled 
down to water giving away all its latent heat to the circulating water. This latent 
heat is wasted and cannot be converted into useful work, leading to low efficiency 
of turbine. 
 
To utilize the latent heat in the steam (which occupies a major portion of available 
energy in steam). Some of the steam is bled out from the turbine and the energy in 
bled steam is also utilized. This is regenerative feed water heating which carnotizes 
the Rankine cycle. As the number regenerative feed water heaters increase, the 
work output of the turbine comes down as more and more steam is bled out.   
 
Besides in this process what are the equipment’s like boilers, turbo generators, 
pumps, turbo blowers, condensers are used and water supply to the boilers in 
thermal power plant in vizag steel plant are discussed. 
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AREA OF STUDY 

 
INRODUCTION TO VSP: 
      

 VIZAG STEEL PLANT is located in coastal area of ANDHRA PRADESH on 
the shores of Bay of Bengal. As the country’s most modern and integrated public 
sector steel plant, Visakhapatnam Steel Plant (VSP) is a 7.3 MTPA plant. It was 
commissioned in 1992 with a capacity of 3.0 MTPA of liquid steel. The company 
subsequently completed its capacity expansion to 6.3 MTPA in April 2015 and to 
7.3 MTPA of saleable steel in December 2017. At VSP there is a stringent 
emphasis on total automation seamless integration and efficient up gradation, 
which resulted in a wide range of steel products that are truly “world class”. A 
commitment, which is extended along with innovation into VSP’s market 
orientation program, leading to, personalized service and a high degree of customer 
satisfaction. Small wonder than, VSP has been highly successful in building a 
strong base of satisfied customers in Asia. 
 
Steel is backbone of all industrial and economic development activities. After 
independence, Government of India has gone in a big way for increasing the steel 
production in the country and has setup integrated steel plant in public sector. The 
decision of government of India to setup an integrated steel plant with an annual 
capacity of 6.4 MT’s of liquid steel and 5.8 MT’s of saleable steel (2019) in VSP 
is yet another step towards increasing the country’s steel production, reducing steel 
imports and removing regional imbalances in industrial development. 
Visakhapatnam strategically situated on the east coast with deep natural harbor and 
other communicational facilities, other ideal conditions for steel plant. The steel 
plant made Visakhapatnam as one of the most important cities in Raw material 
sources. 
 
The steel plant will get its supply of Iron ore lumps from Bailadilla mine deposits 
in Blast Furnace grade lime stone will come from Jaggayyapeta in A.P. and SMS 
grade lime stone from Bandanpur in M.P. Blast Furnace grade dolomite will come 
from Kotmi Sonar and Bhainso deposits in M.P. and SMS grade dolomite from 
Madharam (Khammam) deposits in A.P. 80% of coking coal requirements will  be 
met by imports of Visakhapatnam harbor while the balance indigenous coking coal 
will come from Bengal and Bihar area. Coal for power generation will come from 
Talcher in Orissa. 
 
 

WATER SUPPLY: 

 

     Requirements of water during the peak of construction were of the order 4.5 
mgd. This was met from the Meghadrigedda and Raiwada schemes of A.P. State 
Government Operational water requirement of steel plant (70 mgd) is being from 
Yeluru water supply scheme provided by the A.P. State Government this involved 
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construction of storage reservoir at Yeleswaram and a 150Km. long lined canal to 
the plant site which is stored in Kanithi Balancing Reservoir. 
 

POWER SUPPLY: 

 

Peak construction power requirement was about 12MW. This was arranged from 
the Gajuwaka substation of APSEB at 33KV. The plant has in-plant power 
generation from a power plant installed capacity of 220MW additional 
requirements of operational power supply are initially supplied at 220MV, which 
is stepped down to 440V. 
 
PRODUCT MIX: 

 

VSP is producing angles, beams, channels, re-bars, reinforcing bars, wire rods and 
billets for re-rolling all Indian standards specifications. The plant is also producing 
pig iron around 1.44MT’s per annum of granulated slag, besides normal 
byproducts from 0the coke-oven and byproduct plant. 
 

MAJOR PLANT FACILITIES: 

 

     VSP has following major production facilities- 
•    3 coke oven batteries of 67 ovens each 
•    2 sinter machines of 312 sq. m area 
•    3 B.F.’ s of two 3200-cub.m useful volumes and One Blast Furnace of 

3800-cub.m useful volume. 
•    Steel melting shop with 3 L.D. converters with capacity of 150 tons 

each. 
•    Light and Medium Merchant Mills of capacity 710,000 tons per year. 
•    Wire Rod Mill of 850,000 t per year capacity. 
• Medium Merchant Structural Mill of 850,000 tons per year capacity. 

Extensive facilities are provided for repair and maintenance as well as manufacture 
of spare parts. A power plant, oxygen plant, acetylene plant, compressed air plant 
etc. form a part of plant. 
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THERMAL POWER PLANT 

INTRODUCTION 

A thermal power station is a power plant in which the prime mover is steam 
driven Water is heated, turns into steam and spins a steam turbine which drives an 
electrical generator. After it passes through the turbine, the steam is condensed in 
a condenser and recycled to where it was heated; this is known as a Rankine cycle. 
The greatest variation in the design of thermal power stations is due to the different 
fuel sources 

 
 
 

  
 
 
 
 
 
 
 

http://en.wikipedia.org/wiki/Power_plant
http://en.wiktionary.org/wiki/prime_mover
http://en.wikipedia.org/wiki/Steam
http://en.wikipedia.org/wiki/Steam_turbine
http://en.wikipedia.org/wiki/Electrical_generator
http://en.wikipedia.org/wiki/Condensation
http://en.wikipedia.org/wiki/Surface_condenser
http://en.wikipedia.org/wiki/Rankine_cycle
http://en.wikipedia.org/wiki/File:TermoElectricaBulgaria.jpg
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LAY OUT OF TPP: 

 

 
 

Working procedure in Thermal Power Plant: 

1. Coal, oil and gas are used to make thermal electricity. They all work basically 
the same “hoppers” crush coal to a few inches in size and conveyor belts bring 
the coal inside. 

  2. Coal pulveriser: The belts dump coal into a huge bin (pulverizer), which         
reduces the coal to a fine powder. Hot air from nearby fans blows the powdered 
coal into huge furnaces (boilers). 

 

  3. Boiler: The boiler walls are lined with many kilometers of pipe filled with 
water. As soon as the coal enters the boiler, it instantly catches fire and burns with 
high intensity (the temperatures inside the furnace may climb to 1,300° C). This 
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heat quickly boils the water inside the pipes, changing it into steam. The various 
types of boilers are: Fire tube boilers, Water tube boilers, packaged boiler, 
Fluidized bed combustion boiler, Atmospheric fluidized bed combustion boiler, 
and Stoker fired boiler. 

Fire Tube Boiler  

In fire tube boiler, hot gases pass through the tubes and boiler feed water in the 
shell side is converted into steam. Fire tube boilers are generally used for relatively 
small steam capacities and low to medium steam pressures. As a guideline, fire 
tube boilers are competitive for steam rates up to 12,000 kg/hour and pressures up 
to 18 kg/cm2. Fire tube boilers are available for operation with oil, gas or solid 
fuels. For economic reasons, most fire tube boilers are nowadays of “packaged” 
construction (i.e. manufacturers shop erected) for all fuels. 

Water Tube Boiler 

In water tube boiler, boiler feed water flows through the tubes and enters the boiler 
drum. The circulated water is heated by the combustion gases and converted into 
steam at the vapour space in the drum. These boilers are selected when the steam 
demand as well as steam pressure requirements are high as in the case of process 
cum power boiler / power boilers. 
 
Most modern water boiler tube designs are within the capacity range 4,500 – 
120,000 kg/hour of steam, at very high pressures. Many water tube boilers 
nowadays are of “packaged” construction if oil and /or gas are to be used as fuel. 
Solid fuel fired water tube designs are available but packaged designs are less 
common. 

The various features of boilers are: 

• Forced, induced and balanced draft provisions help to improve combustion 
efficiency. 

• Less tolerance for water quality calls for water treatment plant. 
• Higher thermal efficiency levels are possible 

4. Precipitators and stack — As the coal burns, it produces emissions (carbon 
dioxide, sulphur dioxide and nitrogen oxides) and ash. The gases, together with 
the lighter ash (fly ash), are vented from the boiler up the stack. Huge air filters 
called electrostatic precipitators remove nearly all the fly ash before it is released 
into the atmosphere. The heavier ash (bottom ash) collects in the bottom of the 
boilers and is removed. 

5. Turbine and generator — meanwhile, steam moves at high speed to the 
turbines, massive drums with hundreds of blades turned at an angle, like the blades 
of a fan. As jets of high-pressure steam emerge from the pipes, they propel the 
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blades, causing the turbine to spin rapidly. A metal shaft connects the turbine to a 
generator. As the turbine turns, it causes an electro-magnet to turn inside coils of 
wire in the generator. The spinning magnet puts electrons in motion inside the 
wires, creating electricity. 

 

6. Condensers and cooling water system — Next, the steam exits the turbines 
and passes over cool tubes in the condenser. The condensers capture the used steam 
and transform it back to water. The cooled water is then pumped back to the boiler 
to repeat the heating process. At the same time, water is piped from a reservoir or 
river to keep the condensers constantly cool. This cooling water, now warm from 
the heat exchange in the condensers, is released from the plant. 

7. Water purification — To reduce corrosion, plants purify water for use in the 
boiler tubes. Wastewater is also treated and pumped out to holding ponds. 

8. Ash systems — Ash is removed from the plant and hauled to disposal sites or 
ash lagoons. Ash is also sold for use in manufacturing cement. 

9. Transformer and transmission lines — transformers increase the voltage of 
the electricity generated. transmission lines then carry the electricity at high 
voltage from the plant to substations in cities and towns. 
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FUELS: 

The heat energy for power stations comes from a variety of sources. Some of these 
are non-renewable, such as oil, coal, natural gas and nuclear fuels. Others are 
renewable, such as wood, straw and manure. 

The cost of electricity depends on the power rating of the appliance used, how long 
it is used for, and the price of a unit of electricity. 

Fuels for power stations 

The common fuels used in power stations include: 

• fossil fuels (coal, oil and natural gas) 
• nuclear fuels (uranium and, sometimes, plutonium) 
• renewable biomass (wood, straw and manure). 

 

Each type of fuels has advantages and disadvantages. 
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Fossil fuels 

Fossil fuels are non-renewable energy resources. Their supply is limited and they 
will eventually run out. Fossil fuels cannot be replaced once they have been used 
up. 

Fossil fuels release carbon dioxide when they burn, which adds to the greenhouse 
effect and increases global warming. Of the three fossil fuels, for a given amount 
of energy released, coal produces the most carbon dioxide and natural gas produces 
the least. 

Coal and oil release sulfur dioxide gas when they burn, which causes breathing 
problems for living creatures and contributes to acid rain. 

Nuclear fuels 

Like fossil fuels, nuclear fuels are non-renewable energy resources. If there is an 
accident, large amounts of radioactive material could be released into the 
environment. In addition, nuclear waste remains radioactive and is hazardous to 
health for thousands of years. It must be stored safely. 

Unlike fossil fuels, nuclear fuels do not produce carbon dioxide or sulfur dioxide 
when they are used. 

Renewable biomass 

Wood, straw and manure are cheap and a readily available source of energy. If 
trees and crops are replaced, biomass can be a long-term, sustainable energy 
source. However, a lot of land would be needed to produce enough biomass to 
replace the fossil fuels and nuclear fuels used around the world. 
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DEMINERALIZATION PLANT 

 

INTRODUCTION: 
 
Demineralization is the process of removing the mineral salts from water by ion-
exchange process. Impurities that remain dissolved in water dissociate to form 
positive and negative charged particles known as ions. These impurities or 
compounds are called electrolytes in varying concentrations. An ion exchange 
vessel holds ion exchange resin of the required type through which water is 
allowed to pass. The selective ions in the water are exchanged with ions or radicals 
loosely held by the resin. In this way, the water is passed through several vessels 
or a mixed bed vessel so that both positive and negative ions are removed and 
water is demineralized. 
 
The water is treated in two processes: 

1. Physical treatment 
2. Chemical treatment 

 
PHYSICAL TREATMENT: 

     This process requires three equipments: 
1. Clariflocculator 
2. Horizontal pressure filter 
3. Activated carbon filter 

CLARIFLOCCULATOR: 
 
It is a type of sedimentation process. It is used to remove the suspended solids in 
liquid water by adding alum into the water. 
 

IMPORTANCE: 
 
Clarifiers are described here under are for chemical effluents, various types of 
industrial processing and even metallurgical processing, where the efficient 
separation of suspended solids or sedimentation is an important and essential 
aspect in effluent treatment since it not only reduces considerably suspended 
particles loading but also helps in removing the COD and BOD loading, thereby 
contributing in reducing the sizing of subsequent process like that of biological 
treatment etc. 
It has two concentric tanks where inner tank serves as a flocculation basin and 
outer tank serves as a clarifier 
 

CONSTRUCTION: 

         1. FLOCCULATOR: 
                      A flocculator allows sediment to settle particles into bigger clumps. 
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2. CLARIFIER: 
           A clarifier is used to filter the solid particles out and collect water 
from suspended solids. 
 

 
 

WORKING: 

 

This process is purely of gravity separation. This is achieved by the reduction in 
velocity of fluid nearly 1800 change in direction of flow. The separated solids 
would flow downward and settle on tapered floor. To remove this sludge we have 
a mechanism called central drive mechanism. 
 

CENTRAL DRIVEN: 
 
This mechanism is suitable for installation in RCC circular basin. The drive can be 
used continuously for flocculation and settling of solids. The settled solids are 
removed from the center of the tank. The slope is 1:12 at the bottom of the 
clariflocculator tank for efficient removal of sludge. The sludge is scrapped from 
the bottom by a rotating scrapped arm. This makes centrally driven 
clariflocculation mechanism consists of: 
 

1. DRIVE UNIT: 
            Two separate drive units are provided for flocculator and clarifier 
mechanism. So that both are operated independently. 
 
2. FLOCCULATOR DRIVE: 
           It comprises of motor connected by worm reduction gear box by flexible 
coupling, chain and sprocket to get required rpm of flocculator paddles of suitable 
size which are suspended from the arms of flocculator zone. 
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CLARIFIER DRIVE: 
 
It also comprises of motor connected to worm reduction gear box by chain and 
sprocket to impact slow motion to scraper clarifier mechanism is used continuous 
to remove the settled sludge from the center of tank. 
The drive unit and feed well is fixed at center of bridge which is designed to take 
static and dynamic load of drive unit. Anchor bolts for fixing bridge on to the 
periphery of the tank. By this process suspended solids are removed up to 70% and 
settle able solids removal up to 90% to 98% cod removal as high as up to 40% are 
achieved. 
 

USES: 
   It is used at high water treatment plants, industrial waste water treatment plants 
and potable water treatment. 
 
HORIZONTAL PRESSURE FILTER: 
 
Pressure filters, which may be vertical or horizontal, have cylindrical steel shells 
and dished heads. Usually sand and anthracite is the filter medium in a bed 
consisting of either one or two grades of sand or anthracite. A gravel bed supports 
the filter medium, prevents fine sand or anthracite from passing into the under 
drain system and distributes back wash water. 
 

Working Principle:  
 
In pressure sand filter raw water flows down wards through the filter bed and as 
the suspended matter- which has usually been treated by addition of a coagulant 
like alum- is retained on the sand surface and between the sand grains. 
 
There is steady rise in the immediately below the surface. loss of head as the filter 
process continues and the flow reduces once the pressure drop across the filter is 
excessive. The filter is now taken out of service and cleaning of the filter is effected 
by flow reversal. To assist in cleaning the bed, the backwash operation is often 
preceded by air agitation through the under drain system. The process of air 
scouring agitates the sand with a scrubbing action, which loosens the intercepted 
particles. The filter is now ready to be put back into service. 
 

ACTIVATED CARBON FILTER: 

Carbon filtering is a method of filtering that uses a piece of activated carbon to 
remove contaminants and impurities, utilizing chemical adsorption. 

This carbon is generally activated with a positive charge and is designed to attract 
negatively charged water contaminants. Carbon filtering is commonly used 
for water purification, but is also used in air purifiers. 

http://en.wikipedia.org/wiki/Activated_carbon
http://en.wikipedia.org/wiki/Adsorption
http://en.wikipedia.org/wiki/Water_purification
http://en.wikipedia.org/wiki/Air_purifier
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Carbon filters are most effective at removing chlorine, sediment, and volatile 
organic compounds (VOCs) from water. They are not effective at 
removing minerals, salts, and dissolved inorganic compounds. 

Typical particle size that can be removed by carbon filters range from 0.5 to 
50 micrometers. The particle size will be used as part of the filter description. The 
efficacy of a carbon filter is also based upon the flow rate regulation. When the 
water is allowed to flow through the filter at a slower rate, the contaminants are 
exposed to the filter media for a longer amount of time.     

There are 2 predominant types of carbon filters used in the filtration industry: 
powdered block filters and granular activated filters. In general, carbon block 
filters are more effective at removing a larger number of contaminants, based upon 
the increased surface area of carbon. Many carbon filters also use secondary media, 
such as silver or Kdf-55, to prevent bacteria growth within the filter. 

 

CHEMICAL TREATMENT: 

 

ION EXCHANGE PROCESS: 
 
Basic ion exchange process in water treatment process: 
The ion exchange technology is used for different water treatment applications 
1 Softening (removal of hardness) 
2 De-alkylation (removal of bicarbonate) 
3 De cationisation (removal of all cations) 
4 Demineralization (removal of all ions) 
5 Mixed bed polishing 
6 Nitrate removals 
7 Selective removals of various contaminants 
Of this demineralization process is used in captive power plant. 
 
DEMINERALIZATION: 
 
It is the process of removing the mineral salts from water by ion exchange. For 
many applications all ions in the water must be removed particularly when the 
water is heated to produce steam, any impurity can precipitate and cause damage. 
As there are cations and anions in water we must us we two different types of 
resins; 

1. Cation exchanger 
2. Anion exchanger 

 

 

 

http://en.wikipedia.org/wiki/Chlorine
http://en.wikipedia.org/wiki/Sediment
http://en.wikipedia.org/wiki/Volatile_organic_compounds
http://en.wikipedia.org/wiki/Volatile_organic_compounds
http://en.wikipedia.org/wiki/Minerals
http://en.wikipedia.org/wiki/Salts
http://en.wikipedia.org/wiki/Micrometre
http://en.wikipedia.org/wiki/Silver
http://en.wikipedia.org/wiki/Kdf-55
http://en.wikipedia.org/wiki/Bacteria
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CATION EXCHANGER: 
 
In this exchanger the cations are removed by introducing a cation resin in the form 
of H+. Let us consider a simple demineralization system comprising a strong acid 
cation exchange resin in H+form.  
 
The first step is decationsation  

 
                   RSAC-H + Na+                       RSAC-Na + H+ 

With calcium instead of solid is also valid (for magnesium and other divalent 
cations) 

 
                   2RSAC-H + ca++                       (RSAC) 2-Na + 2H+ 
 

DEGASIFIER: 

 

 A de gasifier is used to remove the carbon dioxide created after cation exchange 
when the water contains a significant concentration of bicarbonate. 
ANION EXCHANGER: 
 
In secondary step all anion are removed with strong base resin. 

                   RSBA-OH +Cl-                       RSBA- Cl- + OH- 
The weak acids created after cation exchange, which are carbonic acid and silica 
acid (H2CO3 AND H2SICO3) are removed in same water  

                   RSBA-OH +HCO3
-                       RSBA- HCO3

- + OH- 
And finally, the H+ ions created in the first step react with the OH- ions of second 
step to produce new molecule of water. 
 This reaction is irreversible. 

 
               H+   +     OH-                              H2O       
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DEMINERALISED WATER: 
 
It is completely free of ions except a few residual traces of Na and Si, because the 
SAC, SBA resins have their lowest selectivity for these with a simple 
demineralization line regenerated in reverse flow, the treated water has a 
conductivity of only 1µs/cm and silica residual between 5 and 50µg/l depending 
on the silica concentration in the feed and on regeneration condition. 
The pH value should not be used as a process control, as it is impossible to measure 
the ph. of water as less than say 5µs/cm conductivity 
 

 

REGENERATION: 
 
 The SAC resin is regenerated with a strong acid, HCL or H2SO4. 

                   R-Na + H+                       R-H + Na+ 

And SBA resin is regenerated with a strong alkali, NaOH in 99% of the cases. 
                   RSBA-Cl +OH-                       RSBA- OH- + Cl- 

 

USES: 
• Water for high pressure boilers in nuclear and fossil fueled power stations 

and other industries 
• Rinse water used in production of computer chips and other electronic 

devices. 
• Process water for many applications in the chemical, textile and paper 

industries 
• Water for batteries 
• Water for laboratories. 

 
MIXED BED: 
 
The last traces of salinity and silica can be removed on a resin bed where highly 
regenerated strong acid cation and strong base anion resins are mixed. 
Mixed bed units deliver an excellent treated water quality, but are complicated to 
regenerate as the resins must first be separated by backwashing before 
regeneration. 
Additionally, they require large amount of chemical and hydraulic condition for 
regeneration are not optimal. Therefore, mixed beds are usually only used to treat 
predemineralisation water, when service run is constant. 
 
Mixed bed polishing produces water with less than 0.1µs/cm conductivity with 
sophisticated design and appropriate resins. 

• The conductivity of pure water (0.005µs/cm) can be achieved. 
• Residual silica values can be as low as 1µg/l. 
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• The pH value should not be used as a process control, as pH meters are 
unable to operate at 1µs/cm conductivity or below    

 

 

 

DEAERATOR: 

A deaerator is a device that is widely used for the removal of oxygen and other 
dissolved gases from the feed water to steam-generating boilers. In particular, 
dissolved oxygen in boiler feed waters will cause serious corrosion damage in 
steam systems by attaching to the walls of metal piping and other metallic 
equipment and forming oxides (rust). Dissolved carbon dioxide combines with 
water to form carbonic acid that causes further corrosion. Most deaerators are 
designed to remove oxygen down to levels of 7 ppb by weight (0.005 cm³/L) or 
less as well as essentially eliminating carbon dioxide.  

 

 

 

 

There are two basic types of deaerators, the tray-type and the spray-type:  

• The tray-type (also called the cascade-type) includes a vertical domed 
deaeration section mounted on top of a horizontal cylindrical vessel which 
serves as the deaerated boiler feed water storage tank. 

http://en.wikipedia.org/wiki/Gas
http://en.wikipedia.org/wiki/Feedwater
http://en.wikipedia.org/wiki/Boiler
http://en.wikipedia.org/wiki/Oxygen
http://en.wikipedia.org/wiki/Oxide
http://en.wikipedia.org/wiki/Carbon_dioxide
http://en.wikipedia.org/wiki/Carbonic_acid
http://en.wikipedia.org/wiki/Parts_per_billion
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• The spray-type consists only of a horizontal (or vertical) cylindrical vessel 
which serves as both the deaeration section and the boiler feed water storage 
tank. 

 

 

NORMS FOR RAW WATER: 
 

                                              

CLARIFLOCCULATORS OUTLET WATER  

  
  1.  Turbidity, NTU            = <5 
  2. Sulphates (so4), ppm = Maximum 4 times of sulphate in Make-up. 
 

EFFLUENT OUTLET WATER 

 

1. pH-value  6.0-9.0 
2. Total suspended solids(TSS), ppm <100 
3. Oil and grease,mg/l <5 
4. Iron(as Fe), ppm <1 
5. Copper(as cu),ppm ----------- 
6. Ammonia(as NH3),ppm ------------ 
7. Phenols, ppm ------------ 

 
NORMS FOR ACIDS AND ALKALYSIS 

 
 
 

 

 

NORMS FOR LUBRICATING OILS: 

 

S.NO PARAMETER MAKE-UP CLARIFIED PH-4 
1. pH value 7.5-8.0 8.0-8.5 9.0 
2. Conductivity 200-300 200-350 600-1200 
3. Turbidity 10-25 <10 <100 

4. P-alkalinity,ppm NIL NIL NIL 

5. M-alkalinity,ppm 90-140 100-150 200-300 

6. Ca-Hardness,ppm 40-60 40-60 200-240 

7. Mg-Hardness,ppm 50-60 50-60 200-300 

8. Total Hardness,ppm 90-120 90-120 400-540 

9. Chlorides,ppm 16-20 16-20 60-80 
10. Sulphates,ppm 15-30 30-60 60-120 

1. Conc. Hydrochloric acid% 30-33 
2. Conc. Sulphuric acid % 96-98 
3. Caustic lye/caustic soda lye% 46-49 
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Parameters Servo-32 s-46 HLP-46 sp-320 
Viscosity(st) 29-33 43-48 44-48 10% 
TAN(TotalAcid 
Number)(mg KOH/gm) 

<1.0 <0.2 <0.5 <1.5 

%moisture 0 0 0 0 
 

NORMS FOR BOILER WATER 

                   

S.NO PARAMETE

R 

FEE

D 

DRU

M 

S.S 

STEA

M 

S.H 

STEA

M 

CONDENSAT

E 

1. Ph value 8.6-
9.2 

9-11 8.6-9.2 8.6-9.2 8.6-9.2 

2. conductivity <15 25-150 <15 <15 <15 
3. Hardness, ppm Nil Nil Nil Nil Nil 
4. Silica, ppm <0.02 <1.25 <0.02 <0.02 <0.02 
5. Phosphate, 

ppm 
X <20 X X X 

6. Hydrazine, 
ppm 

<0.01 X X X X 

7. Ammonia  X X X X <0.08 
8. Dissolve o2 0.05  X X <0.002 
9. Iron, ppm 0.01 X X X <0.01 
10 Cu, ppm X X X X 0.005 
11 Na+K X X X X 0.01 
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BOILERS 
 

A boiler is a closed vessel in which water or other fluid is heated. The heated or 
vaporized fluid exits in the boiler for use in various processes like power 
generation. 
Mainly boilers are classified in two types 

1. Fire tube boilers 

2. Water tube boiler 

FIRE TUBE BOILERS: 

 

In fire tube boiler, hot gases pass through the tubes and boiler feed water in the 
shell side is converted into steam. Fire tube boilers are generally used for relatively 
small steam capacities and low to medium steam pressures. As a guideline, fire 
tube boilers are competitive for steam rates up to 12,000 kg/hour and pressures up 
to 18 kg/cm2. Fire tube boilers are available for operation with oil, gas or solid 
fuels. 
 
WATER TUBE BOILERS: 

 

In water tube boiler, boiler feed water flows through the tubes and enters the boiler 
drum. The circulated water is heated by the combustion gases and converted into 
steam at the vapour space in the drum. These boilers are selected when the steam 
demand as well as steam pressure requirements are high as in the case of process 
cum power boiler / power boilers. 

Most modern water boiler tube designs are within the capacity range 4,500 – 
120,000 kg/hour of steam, at very high pressures. 

The features of water tube boilers are: 

• Forced, induced and balanced draft provisions help to improve combustion 
efficiency. 

• Less tolerance for water quality calls for water treatment plant. 

• Higher thermal efficiency shifts are possible 

 

The boilers in VSP are water tube boilers. 

The fuel used is sub-bituminous coal having calorific value of 2800-2900Kcal/kg 

http://en.wikipedia.org/wiki/Pressure_vessel
http://en.wikipedia.org/wiki/Water
http://en.wikipedia.org/wiki/Fluid
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The salient design data of the boilers are: 

Boiler capacity                           -      330T/hr 

Fuels fired                                  -      pulverized coal, BFG, COG, HSD, HFO 

SH Steam pressure                     -      101Kg/cm2 

SH Steam temperature               -       540°C 

Feed water temperature                  -    230°C 

Calorific value of 1ton of coal        -   3750Kcal/kg 

Calorific value of BFG                   -   690-700Kcal/m3 

Calorific value of COG                  -   4200Kcal/m3 

Calorific value of LDO                  -    10000Kcal/m3 

Specific steam consumption for 100kg - 3.75t of steam 

1ton of coal- 4 tons of steam           -   1MW power 

 

The main parts of the boiler are 

1. Drum 

2. Ring header 

3. Economizer 

4. Super heater 

5. air heater 

6. Boiler Fans 

7. Wind box assembly 

8. Bowl Mill 

9. Coal feeder 

 

DRUM: 

A steam drum is a standard feature of a water-tube boiler. It is a reservoir of 
water/steam at the top end of the water tubes. The drum stores the steam generated 
in the water tubes and acts as a phase-separator for the steam/water mixture. The 
difference in densities between hot and cold water helps in the accumulation of the 
"hotter"-water/and saturated-steam into the steam-drum. 

http://en.wikipedia.org/wiki/Water-tube_boiler
http://en.wikipedia.org/wiki/Vapor-liquid_separator
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Boiler steam drum water level is one of the most important power plant parameters 
to both measure and control. Control of the proper water level in the boiler is 
critical for safe operation of the boiler. 

• If the level is too low, boiler tubes will be damaged by overheating. 

• If the level is too high, steam separators will not work properly, temperature 
control will be difficult, and the super heater tubes and turbine could be 
damaged by moisture or water treatment chemical carryover. 

 

In addition, poor level control will also adversely affect the drum pressure control. 

 

ECONOMISER: 

Economizers are mechanical devices intended to reduce energy consumption, or to 
perform another useful function such as preheating a fluid. 

Basically, economizer is located in between exit of boiler and entry of air 
preheater. When the flue gases are coming out from boiler they take away a lot of 
heat. Economizer utilizes this heat from flue gases, and these heat is used to heat 
the feed water which is going to feed the boiler, hence by using economizer the 
coal consumption required to heat the feed water is reduced hence cost reduced. 

In boilers, economizers are heat exchange devices that heat fluids, usually water, 
up to but not normally beyond the boiling point of that fluid. Economizers are so 
named because they can make use of the enthalpy in fluid streams that are hot, but 
not hot enough to be used in a boiler, thereby recovering more useful enthalpy and 
improving the boiler's efficiency. They are a device fitted to a boiler which saves 

http://en.wikipedia.org/wiki/Fluid
http://en.wikipedia.org/wiki/Boiler
http://en.wikipedia.org/wiki/Boiling
http://en.wikipedia.org/wiki/Enthalpy
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energy by using the exhaust gases from the boiler to preheat the cold water used to 
fill it (the feed water). 

The boiler room is a huge energy guzzler. It consists of thermal fluid boilers or 
steam boiler, with exhaust gases through a common chimney. An indirect contact 
or contact condensing economizer will recover the residual heat from the 
combustion products. A series of dampers, an efficient control system, as well as 
a ventilator, allow all or part of the combustion products to pass through the 
economizer, depending on the demand for make-up water and/or process water. 
The temperature of the gases can be lowered from 200°C to 10°C, while preheating 
the process water from 8°C to 80°C. On average over the year, boiler combustion 
efficiency has risen from 80% to more than 95%. The efficiency of heat produced 
is directly linked to boiler efficiency. The percentage of excess air and the 
temperature of the combustion products are two key variables in evaluating this 
efficiency. 

The combustion of natural gas needs a certain quantity of air in order to be 
complete, so the burners need a flow of excess air in order to operate. Combustion 
produces water steam and the quantity depends on the amount of natural gas 
burned. Also, the evaluation of the dew point depends of the excess air. Natural 
gas has different combustion efficiency curves, linked to the temperature of the 
gases and the excess air. For example, if the gases are chilled to 38°C and there is 
15% excess air, then the efficiency will be 94%. The condensing economizer can 
thus recover the sensible and latent heat in the steam condensate contained in the 
flue gases for the process. The economizer is made of an aluminum and stainless 
steel alloy. The gases pass through the cylinder and the water through the finned 
tubes. It condenses about 11% of the water contained in the gases 

 

SUPER HEATER: 

A super heater is a device used to convert saturated steam or wet steam into dry 

steam used in steam engines or in processes, such as steam reforming. 

http://en.wikipedia.org/wiki/Boiler_feedwater
http://en.wikipedia.org/wiki/Steam_engine
http://en.wikipedia.org/wiki/Steam_reforming
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There are 3 types of super heaters: 

• A radiant super heater is placed directly in the combustion chamber. 
• A convection super heater is located in the path of the hot gases. 
• A separately fired super heater, as its name implies, is totally separated from 

the boiler. 

In a steam engine, the super heater re-heats the steam generated by the boiler, 
increasing its thermal energy and decreasing the likelihood that it 
will condense inside the engine. Super heaters increase the thermal efficiency of 
the steam engine, and have been widely adopted. Steam which has been 
superheated is logically known as superheated steam; non-superheated steam is 
called saturated steam or wet steam. Super heaters were applied to steam 
locomotives in quantity from the early 20th century, to most steam vehicles, and 
to stationary steam engines. This equipment is still used in conjunction with steam 
turbines in electrical power generating stations throughout the world. 

 

AIR HEATER: 

 

They are simply heaters that heat the air before it enters the combustor, thence 
result in the fuel consumption and increasing the thermal efficiency. 
Air pre-heater are also a requirement for the operation of pulverized-coal furnaces 
to dry that fuel. 
Types of air pre-heaters: 

1. Recuperative air pre-heaters 

2. Regenerative air pre heaters 

 

 

 

 

http://en.wikipedia.org/wiki/Steam_engine
http://en.wikipedia.org/wiki/Boiler
http://en.wikipedia.org/wiki/Thermal_energy
http://en.wikipedia.org/wiki/Condense
http://en.wikipedia.org/wiki/Thermal_efficiency
http://en.wikipedia.org/wiki/Superheated_steam
http://en.wikipedia.org/wiki/Saturated_steam
http://en.wikipedia.org/wiki/Steam_locomotive
http://en.wikipedia.org/wiki/Steam_locomotive
http://en.wikipedia.org/wiki/Steam_turbine
http://en.wikipedia.org/wiki/Steam_turbine
http://en.wikipedia.org/wiki/Power_station
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Recuperative air pre-heaters: 

 
They have heat transferred directly from the hot gases to the air across the heat 
exchanger. They are commonly tubular units in shell and tube form, where the hot 
gases flow inside the tubes and the forced air is around in the shell. 
 

Regenerative air pre heaters: 

 

These are the type of air pre heaters in which heat is transferred from hot flue gases 
firstly to an intermediate heat storage medium then to air. The most common type 
is the rotary air pre-heater known as the Lungstorm pre-heater. 
 

BOILER FANS: 

 
A boiler plant depending on the firing system and size, contains several fans of 
various sizes and types: 
There are three types of fans: 

1. Forced draft fan 
2. Primary air fan 
3. Induced draft fan 

 

FORCED DRAFT (FD) FAN: 

 
It is the main air fan whose prime job is to deliver the combustion air to the firing 
equipment in a balanced draft boiler. In a pressurized boiler, the FD fan has to 
further push the gases formed in the combustion chamber upto the chimney exit. 
FD fan handles the full pressure drop of the whole boiler air and flue gas system. 
 
Forced draft fans are provided to supply the combustion air to the wind box and 
after air port with adequate flow rate and pressure for combustion. The forced draft 
fan draws air from the atmosphere through the inlet silencer, and discharges air to 
the steam coil air heater, the air heater and the wind box. Modulating inlet vane of 
the centrifugal forced draft fan controls the combustion air flowing to the boiler 
wind box and after air port. Air heater inlet air damper creates the suitable 
backpressure for seal air supply through the forced draft fan outlet connecting air 
duct. In the case of both FD fans tripping, the boiler will go for trip as the air supply 
to the fuel is cut off in full or excluding the primary air depending upon the system 
design. 
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PRIMARY AIR (PA) FAN: 

 
PA Fan is primary air fan which is used in power plant to push the coal from mill 
to furnace and to maintain the powdered coal always in dry state. PA fan is used 
in the case of solid fuels to carry the fuel to the furnace and give the primary air 
requirement to the fuel. PA fan also trip as soon as all the FD fans trip. 
 

INDUCED DRAFT (ID) FAN: 

 
ID fan (Induced Draft Fan) basically pulls out flue gas from the furnace of boiler. 
It is located between dust precipitators (ESPs) and Chimney. Obviously, it handles 
hot air/dust. 
The ID fan control set point is based on combustion side furnace pressure. If the 
furnace pressure goes up the ID fan removes more air to lower the pressure. As the 
furnace pressure goes down the ID fan removes less air. This air flow out of the 
boiler is referred to as draft. 
Induced draft fans are hot gas fans with temperatures usually at 150°C and rarely 
exceeding 200°C. Nearly every ID furnace operates with a slight negative pressure. 
 
 
Apart from these three fans there will be other fans like ignitor fan, seal air fan, 

scanner fan. 
• IGNITOR FANS are used to cool the ignition tubes in the boiler. 
• SEAL AIR FANS are used to seal the bearings inside the bowl mills. 
• SCANNER FANS are used to cool the flame sensors inside the boiler. 

 

WIND BOX ASSEMBLY: 

 

The fuel burning equipment consists of 4 wind box assemblies located in the 
furnace corners. Each wind box assembly is divided in its height into a number of 
sections called compartments. Some compartments are provided with coal nozzles 
, oil guns or gas spuds. The rest of the nozzles are called auxiliary air nozzles. The 
compartments are provided with lower type of dampers. The dampers of 4 corners 
operate in unison on elevation basis. Each set of dampers are operated by 
pneumatic damper drives remote manually from the secondary air damper control 
system in conjunction with furnace safe guard supervisory system. Some of the 
intermediate air nozzles are provided with air cooled oil guns and gas spuds. The 
spuds can be used to fire CO gas. The eddy plate oil igniters are provided 
adolescent to the oil guns or spuds. These igniters are used to light up the oil guns 
or gas spuds. 
 

TANGENTIAL FIRING: 
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Tangential firing is a method of firing a fuel to heat air in thermal power stations. 
The flame envelope rotates ensuring thorough mixing within the furnace, 
providing complete combustion and uniform heat distribution. 

The most effective method for producing intense turbulence is by the impingement 
of one flame on another. This action is secured through the use of burners located 
in each of the four corners of the furnace, close to the floor or the water-screen. 
The burner nozzles are so directed that the streams of coal and air are projected 
along a line tangent to a small circle, lying in a horizontal plane, at the center of 
the furnace. Intensive mixing occurs where these streams meet. A scrubbing action 
is present which assures contact between the combustible and oxygen, thus 
promoting rapid combustion and reducing carbon loss. A rotatory motion, similar 
to that of a cyclone, is imparted to the flame body, which spreads out and fills the 
furnace area. The ignition at each burner is aided by the flame from the preceding 
one. 

With tangential firing the furnace is essentially the burner, consequently air and 
coal quantities need not be accurately proportional to the individual fuel nozzle 
assemblies. Turbulence produced in the furnace cavity is sufficient to combine all 
the fuel and air. This continuously ensures uniform and complete combustion so 
that test performance can be maintained throughout daily operation. With other 
types of firing the fuel and air must be accurately proportioned to individual 
burners making it difficult to always equal test results. 

With this type of firing, combustion is extremely rapid, and short flame length 
results. The mixing is so intense that combustion rates exceeding 35,000 Btu/(ft3·h) 
or 360 kW/m3 are practical under certain conditions. However, since there is 
considerable impingement of flame over the furnace walls it is absolutely 
necessary that they be fully water-cooled. This sweeping of the water-cooled 

http://en.wikipedia.org/wiki/Thermal_power_station
http://en.wikipedia.org/wiki/Combustion
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surfaces, in the furnace, by the gas increases the evaporation rate. Thus, in addition 
to absorption by radiation from the flame envelope, there is transfer by convection, 
and the resulting furnace temperatures are lower than with other types of burners, 
even though the heat liberation rates may be somewhat higher. Tangentially fired 
furnaces are usually clean in the upper zone and, as a result, both the furnace and 
the boiler are comparatively free from objectionable slag deposits. 

 

BOWL MILL: 

 

Coal is one of the most dominating energy sources because of its cost, availability 
and transportability. Pulverized form of coal has made modern steam generating 
units highly thermal efficient, reliable, safe and able to efficiently use of low grade 
coals. It provides coal air fuel control, flame stability, effective utilization of 
carbon and thus reduction in cost and flexibility of operation. The efficiency of 
combustion depends upon efficiency of pulverizing. 
The machine used for particle size reduction is called pulverizes or mill. 
This is a medium speed vertical mill with conical grinding rolls 3no.s per mill. The 
race will be either deep or shallow like saucer covered with liner called bullring 
segment. The bowl is rotated by a gearbox have reducing gear like worm gear set 
or bevel helical gears. 
 

COAL FEEDER: 
 
The coal feeder inlet is constructed of solid, type 304, stainless steel. A replaceable 
stainless steel leveling bar shears the coal column, forming a uniform profile of 
coal on the belt necessary for accurate weighing. 
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ELECTROSTATIC PRECIPITATOR (ESP): 

 
An electrostatic precipitator (ESP) or electrostatic air cleaner is 
a particulate collection device that removes particles from a flowing gas (such as 
air) using the force of an induced electrostatic charge. Electrostatic precipitators 
are highly efficient filtration devices that minimally impede the flow of gases 
through the device, and can easily remove fine particulate matter such as dust and 
smoke from the air stream. In contrast to scrubbers which apply energy directly to 
the flowing fluid medium, an ESP applies energy only to the particulate matter 
being collected and therefore is very efficient in its consumption of energy (in the 
form of electricity). 

http://en.wikipedia.org/wiki/Particulate
http://en.wikipedia.org/wiki/Electrostatic_charge
http://en.wikipedia.org/wiki/Filtration
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Electrostatic Precipitators (ESP), the most efficient and maintenance free pollution 
control equipment along with their boilers. They have been designed to meet the 
prevailing stringent Pollution control norms, while reducing operation and 
maintenance costs and improving reliability and safety. 
An ESP can have any required efficiency irrespective of dust concentration and 
fineness of dust present in flue gas. With very low pressure drops and minimum 
maintenance requirement, ESP has become the most sought after pollution control 
equipment. 
ESP are being widely used in industries and have been found very economical, 
specially for applications where high efficiency for very fine dust and high dust 
concentration are required. 
 

SOME OF THE BOILER PARAMETERS ARE 

For super heated steam 
                    PARAMETERS                         VALUES 

1. Steam pressure                      87.62kg/cm2 
2. Steam flow                      300.26T/hr 
3. Steam temperature before 

DESPH 
                     424.14°C 
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4. Steam temperature before FSH                       309.88°C 
5. MS temperature                       530.53°C 

 
For feed water 
               PARAMETERS                         VALUES 

1. Drum level                   49.750mmwc 
2. Feed water level                   261.43T/hr 
3. Spray water flow                   35.493T/hr 
4. FW temperature at economizer 

inlet 
                  180.42°C 

 
For air flow 
                 PARAMETERS                          VALUES 

1. FD fan A/B current             17.511amp;15.844amp 
2. Secondary air HTR current                        10.815amp 
3. Secondary air flow L/R 

Current 
            112T/hr;111.41T/hr 

4. Wind box pressure L/R         20.144mmwc;18.420mmwc 
5. Secondary air temperature 

RAH out 
                       264.96°C 

6. Furnace pressure                    -4.7632mmwc 
 
For flue gases 
                PARAMETERS                              VALUES 

1. DP across RAH 114.32mmwc 
2. FG temperature after PLSH 825.46°C 
3. FG temperature after FSH 598.57°C 
4. FG temp. after LTSH 489.54°C 
5. FG temp. after eco 334.11°C 
6. FG temp. after TAH out 300.22°C 
7. FG temp. after sec. AH 196.29°C 
8. O2 at eco outlet 1.307% 
9. ID fan A/B current 94.532amp; 90.24amp 
10. PA fan A/B disc pressure 1069.2mmwc; 1069.7mmwc 
11. Hot PA HDR pressure 990.60mmwc 
12. Seal air fan DISCH pressure 1014.7mmwc 
13. SCNR air fan DISCH pressure 92.977mmwc 
14. PA fan A/B currents 30.047amp; 33.171amp 
15. Seal air fan A/B current 26.106amp; 84.914amp 
16. SCNR fan A/B currents 12.051amp; 0.0077amp 
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17. COG HDR pressure 250.58mmwc 
18. COG flow 15.486KNm3/hr 
19. BFG HDR pressure 1064.4mmwc 
20. BFG flow 72.359 KNm3/hr 

 
 
OPERATION OF THE BOILER IN TPP: 

 

 
 
In a coal based power plant coal is transported from coal mines to the power plant 
by railway in wagons or in a merry-go-round system. Coal is unloaded from the 
wagons to a moving underground conveyor belt. This coal from the mines is of no 
uniform size. So it is taken to the Crusher house and crushed to a size of 20mm. 
From the crusher house the coal is either stored in dead storage( generally 40 days 
coal supply) which serves as coal supply in case of coal supply bottleneck or to the 
live storage(8 hours coal supply) in the raw coal bunker in the boiler house. Raw 
coal from the raw coal bunker is supplied to the Coal Mills by a Raw Coal Feeder. 
The Coal Mills or pulverizer pulverizes the coal to 200 mesh size. The powdered 
coal from the coal mills is carried to the boiler in coal pipes by high pressure hot 
air.  
 
The pulverized coal air mixture is burnt in the boiler in the combustion zone. 
Generally in modern boilers tangential firing system is used i.e. the coal nozzles/ 
guns form tangent to a circle. The temperature in fire ball is of the order of 1300°C. 
The boiler is a water tube boiler hanging from the top. Water is converted to steam 
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in the boiler and steam is separated from water in the boiler Drum. The saturated 
steam from the boiler drum is taken to the Low Temperature Super heater, Platen 
Super heater and Final Super heater respectively for superheating. The superheated 
steam from the final super heater is taken to the High Pressure Steam Turbine 
(HPT).  
 
In the HPT the steam pressure is utilized to rotate the turbine and the resultant is 
rotational energy. From the HPT the out coming steam is taken to the Reheater in 
the boiler to increase its temperature as the steam becomes wet at the HPT outlet. 
After reheating this steam is taken to the Intermediate Pressure Turbine (IPT) and 
then to the Low Pressure Turbine (LPT). The outlet of the LPT is sent to the 
condenser for condensing back to water by a cooling water system. This condensed 
water is collected in the Hot well and is again sent to the boiler in a closed cycle. 
The rotational energy imparted to the turbine by high pressure steam is converted 
to electrical energy in the Generator. 
 

CHIMNEY:  

 
A chimney is a structure which provides ventilation for hot flue 
gases or smoke from a boiler, stove, furnace or fireplace to the 
outside atmosphere. Chimneys are typically vertical, or as near as possible to 
vertical, to ensure that the gases flow smoothly, drawing air into the combustion in 
what is known as the stack, or chimney, effect. The space inside a chimney is 
called a flue. 
 

 
The height of chimneys plays a role in their ability to transfer flue gases using stack 
effect, the dispersion of pollutants at higher altitude helps to ease down its 
influence on surroundings. In the case of chemically aggressive output, the tall 
chimney allows partial or complete self-neutralization of chemicals in the air 
before they reach the ground. The dispersion of pollutants over greater area reduces 
their concentrations in compliance with regulatory limits. 

 

 

 

 

http://en.wikipedia.org/wiki/Flue_gas
http://en.wikipedia.org/wiki/Flue_gas
http://en.wikipedia.org/wiki/Smoke
http://en.wikipedia.org/wiki/Boiler
http://en.wikipedia.org/wiki/Stove
http://en.wikipedia.org/wiki/Furnace
http://en.wikipedia.org/wiki/Fireplace
http://en.wikipedia.org/wiki/Earth%27s_atmosphere
http://en.wikipedia.org/wiki/Combustion
http://en.wikipedia.org/wiki/Stack_effect
http://en.wikipedia.org/wiki/Flue
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TURBO GENERATORS 
  
INTRODUCTION: 
A  turbo  generator  is  a  turbine  connected  to  a  electric  generator  for  the  
generation  of  electric power. Large steam  powered  turbo  generators  provide  
majority  of  the  world’s  electricity  and  area  also  used  by  steam  powered , 
turbo-electric  ships. 
 
Smaller turbo-generators with gas  turbines  are  often  used  as  auxiliary  power  
units, for  base  loads  generally  diesel  generators  are  usually  preferred, since  
they  offer  much  better  fuel-efficiency  and  are  also  more  reliable, and  on  the  
other  hand  they  are  much  heavier  and  need  more  space. The   efficiency of 
larger gas turbine plants can be enhanced, if the hot  exhaust  gases  are  used  to  
generate  steam  which  drives  another  turbo  generator. Turbo-generators were 
also used on steam locomotives as a power source for coach lighting and heating 
systems. 
 
Generally  the  turbo  generators  have  high  quality  and  high  reliability  along  
with  low  maintenance  and  long  life. They  are  designed  to  be  used  with  wide  
variety  of  steam  and  gas  turbine  drives. Accessories  and  features  can  be  
provided  to  meet  demanding  customer  specifications. 

 
 
 

TURBINES: 
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A turbine is a prime-mover in which the potential energy of the steam is 
transformed into kinetic energy, and latter in its turn is transformed into the 
mechanical energy of rotation of the turbine shaft. 
 
 

 

 

 

 

 

TYPES OF TURBINES: 

Depending upon the action of steam turbines are classified as: 
1) Impulse. 
2) Reaction 
3) Combination of    impulse and reaction. 

Impulse turbine: 

The  turbine  in  which  the  expansion  of  steam  takes  place  in  one  set  of  the  
nozzles  is  called  impulse  turbine. The  steam  expands  in  the  nozzles  and  its  
pressure  does  not  alter  as  it  moves  over  the  blades. 
The principle example of impulse turbine is “De Laval turbine”. 
 

Reaction turbine:  
The turbine in  which  there  is  a gradual  pressure  drop  and  takes  place  
continuously  over  the  fixed  and  moving  blades. The  function  of  the  fixed  
blades  is  that  they  alter  the  direction  of  the  steam  as  well  as  allow  it  
expand  to  a  larger  velocity. As  the  steam  passes  over  the  moving  blades  its  
kinetic  energy  is  absorbed  by  them.  
Now   coming  to  the  turbo generators  in  Visakhapatnam  Steel  Plant,  there  are   
three  turbo generators  each  producing  an average  of  60MW   of   power  per  
hour. Here  they  use  a  impulse  reaction  turbine  for  converting  steam  energy  
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coming  from  the  boiler  to  mechanical  energy. There  are  40  reaction  blades  
and  1  impulse  blade  in this  turbine. This is a two pole turbine. 
The  steam  of  nearly  1100°𝐶  that  coming  from  the  super  heaters  of  the  
boiler  are  sent  into  the  turbines  through  control  valves  and  this  steam  is  
used  to  rotate  the  blades  of  the  turbine  which  in  turn  converts  steam  energy  
into  mechanical  energy. This mechanical    energy is later converted into electrical 
energy /power. 
The  turbine  is  coupled  to  a  generator  through  the  rotating  shaft  and  bearings. 
The  generator  coupled  to  the  turbine  converts  mechanical  energy  into  power  
through  the  alternator. 
The installed capacity of the turbine is 247.5MW.  There  are  two  Gas  expansion  
turbines  each  having  a  capacity  of  24MW, two  back  pressure  turbines  of  
each  15MW  and  a  condensing  turbine  of  12MW.The  maximum speed  of  the  
turbine  is  3000rpm. 
The following are general parameters of the turbo generator observed. 
 

60MW TURBO GENERATOR 

 
Parameters Units Value 

Turbine speed RPM 2988 
Cool water pressure at condense inlet 
L/R 

KSC 2.2/2.3 

Cool water temperature at condenser 
inlet L/R 

°𝐶 33/33 

Cool water temperature   at 
condenser outlet L/R 

°𝐶 43/39 

Feed water temperature at H-pre 
heater 3/4 outlet. 

°𝐶 
 
 

173/59 

Feed water flow   through heater. T/Hr 322 
Condenser vacuum KSC -0.67 
Main steam temperature °𝐶 535 
Condensate Extract Pump discharge 
flow 

T/Hr 158 

Temperature of turbine exhaust °𝐶 58  
a) Vibration of turbine front V/H 
(shaft). 
b) Vibration of turbine rare V/H 
(shaft). 
c) Vibration of generator-front V/H 
(shaft). 

Microns 
 
Microns 
 
Microns 
 
Microns 
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d) Vibration of generator –rear V/H 
(shaft). 
e) Vibration of turbine front V/H 
(Housing). 
f) Vibration of turbine rear V/H 
(Housing). 
g) Vibration of generator front V/H 
(Housing). 
h) Vibration of generator rear V/H 
(Housing). 
i) Axial displacement (Housing). 
j) Casing expansion 
k)  Differential expansion (between 
turbine shaft and rotor) 

 
Microns 
 
Microns 
 
Microns 
 
Microns 
 
mm 
mm 
mm 
 

a) Turbine thrust bearing temperature 
1/2 
b) Turbine thrust bearing 
temperature (3,4) 
c) Turbine front/rear bearing 
temperature 
d)General front/rear bearing 
temperature 
e) Lub-oil temperature at oil cooler 
outlet 

°𝐶 
 °𝐶 
 °𝐶 
 °𝐶 
 °𝐶 
 

56/57 
 
75/59 
 
57/78 
 
71/97 
 
50.2 
 

Power actual value MW 50.4 
Gland steam temperature °𝐶 228 
Gland steam pressure °𝐶 186 
Lub-oil header pressure Kg/cm2 2.77 
Governing  oil  header  pressure Kg/cm2 136 
Main  steam  pressure Kg/cm2 91.81 
Turbine  1st  stage  pressure Kg/cm2 56.12 
Turbine  extraction  13/4  pressure Kg/cm2 12.2/2.4 
Steam  flow  from  main  steam  
header 

T/Hr 235 

Piston  steam  temperature °𝐶 163 
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LUBE OIL SYSTEM: 

At the time of turbine start up, the shaft journals are in contact with the white metal 
of the bearings due to the weight of the rotor. The low pressure of the lubricating 
oil supply when the set is stationary is insufficient to stop the metal to metal contact 
between journals and bearing shells. In order to prevent the metal to metal contact 
between journal and bearing shell during start up, which is damaging in the long 
term, an oil pocket machined into the bottom shell of the journal bearing is supplied 
with oil under high pressure. This lifts the shafting system slightly and it floats on 
a film oil. this is called jacking oil system of turbine. 
The primary function of the Lube Oil system is to supply lubricating oil at the 
proper pressure and temperature to the main propulsion turbines and reduction 
gears. The lube oil not only lubricates the machinery, but it also cools and helps 
reduce rusting. Secondary functions include purifying oil that has become 
contaminated and transferring oil to or from the sump tank, gravity tank, storage 
tank, settling tank, sludge tank, or deck connections. 
There are two types of bearings used in turbines. They are 

1) Thrust bearing 
2) Journal bearing 

These bearings  are  made  of  white  metal  which  are  sensitive  and  are  easily 
removed  by  the  movement  of  the  shaft .So  these  lubricating  oil  forms  a layer  
between   the  shaft  and  the  bearings  and  protects  from  damage. The  power  
generated  at  the  generator  is  transformed  to  the  transformer  and  later  power  
is  supplied  to  the  total  plant  for  its  wo  
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TURBO BLOWERS 
 

 

 

Turbo blower is an equipment where a turbine is attached with the blower part. 
steam enters through the turbine inlet and expands through the blades and goes to 
the outlet which helps the turbine shafts to rotate. this turbine shaft is attached with 
the shaft of blower that makes the blower rotating. 

A blower in which the rotating part is equipped with blades that rotate between 
stationary blades attached to the housing. The respective sets of blades are set at 
an angle such that, as the rotor turns, gases are pushed through the blades and 
discharged from the opposite side, pass through the stationary blades, and then are 
given another push by the next set of rotating blades, finally being discharged from 
the casing at the opposite end from which they entered. 

The hot air coming from turbo blower is known as cold blast which is at a 
temperature of around 180°C. This air is sent to the stoves in blast furnace and this 
air is used as a fuel for heating the iron ore in BF. 
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CONDENSERS 
Condenser:  

In  systems  involving  heat  transfer, a  condenser  is  a  device  or  unit  used  to 
condensate  steam  from  its  gaseous  state  to  its  liquid  state,  typically  by 
cooling  it. In  so  doing , the  latent  heat  by  the  substance  will  transfer  to  the   
condenser  coolant. Condensers  are  typically  exchangers  which  have  various  
designs  and  come  in  many  sizes  ranging  from  small  to  very  large  industrial-
scale  units  used  in  plant  processes. It  is  a  device  or  an  appliance  in  which  
steam  condenses  and  heat  released  by  steam  is  absorbed  by  water. 
Types of condensers:   

Mainly, condensers are of two types: 
1)Jet condensers 
2)Surface condensers. 

 
Jet condensers: 

 

 
In jet  condensers, the  exhaust  steam  and  water  come  in  direct  contact  with 
each  other  and  temperature  of  the  condensate  is  the  same  as  that  of 
cooling  water  leaving  the  condenser. The cooling  water  is  usually  sprayed 
into  the  exhaust  steam  to  cause,  rapid  condensation. 
 

Classification of Jet condensers: 
a) Parallel  flow  type 
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b) Counter  flow  type 
c) Ejector  type 
 
 
 
Surface  condenser: 

 

 
 
In  surface  condensers,  the  exhaust  steam  and  water  do  not  come  into  direct  
contact. The  steam  passes  over  the  outer  surface  of  tubes  through  which  a  
supply  of  cooling  water  is  maintained. 
 
Classification  of  surface  condensers: 

a) Down-flow type 
b) Central-flow type 
c) Inverted-flow type 
d) Regenerative type 
e) Evaporative type 
 
Purpose of condensers in Visakhapatnam Steel plant: 

 

The thermodynamic cycle followed  in  this  power  plant  is  Rankine  cycle. Here 
in  this  cycle  the  steam  required  to  rotate  the  turbine  is  sent  to  the  condenser  
for  cooling  and  is  again  sent  to  the  boiler  for  the  same  process  to  occur. 
The  steam  sent  to  the  turbines  for  rotating  the  blades  is  sent  to  the  condenser  
for  cooling. The  steam  which  is  sent  to  the  condenser,  condenses  into  water 
.This  water  is  again  sent  to  the  deaerated  storage  tower  and  then  again ,it  
is  sent  to  the  boiler.  The condensate left during the condensation process is sent 
down to the hot well. Hence condensation of water takes place.  
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CONCLUSION 

 
VSP is having its own captive power plant through which the power is distributed 
to all the units in VSP. In addition to its own captive power plant, AP TRANSCO 

grid is also kept synchronized with its power system. In recent stage latest 
technology and equipment's are also being introduced. 
 
In this industrial training I learnt various components and equipment in the 
Thermal Power Plant, working of demineralised plant and various major plants in 
the Vizag steel plant. 
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ABSTRACT 
 

 

Vijayawada Railway Division is one of the six railway divisions under SCR zone 

of the Indian Railways. Industrial training in south central railways we have 

come to know about the functioning of railways in Vijayawada. We have to learn 

many   aspects   in   safety   measures,   signal   &   communication   system, 

maintenance and service system of coaches and trains, loco pilot training and 

functions, train functioning and tracking systems, electrical traction system, and 

sub stations of railways in Vijayawada division. By observing and analyzing 

these  systems,  they  are  very  helpful  for  us  in  developing  new  technological 

systems & upgrading the technological equipment with present equipment for 

better functioning of railways & better service to people. 
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1. INTRODUCTION: 
 
 

INDIAN RAILWAYS 

 

"Indian Railways ... the golden Era" 

 

Railways were first introduced to India in 1853. By 1947, the year of 

India's independence, there were forty-two rail systems. In 1951 the systems 

were nationalized as one unit, becoming one of the largest networks in the 

world. IR operates both long distance and suburban rail systems on a multi- 

gauge network of broad, meter and narrowgauges. It also owns locomotive and 

coach production facilities. 

The introduction of Railways in our country has taken place at the 

juncture when the transportation system in our country was primitive with the 

introduction of Railways the transportation system and it changed a lot. It was 

in 16th April, 1953. When the first train was steamed of from Bombay to Thana. 

A stretch of 34 Kms. At present it is having a route length of 62.915 Kms. Indian 

Railways is not only the biggest public sector undertaking in the country but 

also the biggest utility concern. "Indian Railway" is largest in Asia and fourth in 

the world. 

Since its introduction the "Indian Railway" is still continuing to be the 

predominant in Transportation. In the initial stages the administrative control of 

Railways in India was in the hands of the public works departments. But in 1903, 

the Robertson committee recommended for separate board for the Railways. 

This Board come into begin in February 1905 with authority to manage the 

Railways of India on the basis of Commercial principles. 

The Board was initially in the hands of Ministry of Commerce and 

Industry but was late transferred to Ministry of Transport and communications. 

After Independence, the Railways are under the direct control of the Ministry of 

Railways assisted by the Railway Board in the matter of policy and decision 

making. For administrative convenience the Railways, Board re divided in 16 

zones. Every zone is headed by a "General Manager" the zones the further 

divided in to different divisions and various departments for the better 
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management. 

The Indian Railways is the principal mode of transport in our country. In 

150 years of its existences it has successfully adopted to the charging need of 

Transportation of goods and passengers in the country. Every year Indian 

Railway carries over 11 million passengers per day and lifted more than a 

million tones of freight traffic daily on network spread over 62,915 route Kms 

covering 7,068 stations. 

The railways networks consists of Board gauge and Narrow gauges 

totaling a length of 1,08,336 track Kms. Gauge wise breakup on 31st March, 

2006 and zones and their respective head quarters, jurisdiction of Divisions are 

shown in table 1 and table 2. 

 
Particulars of gauge wise length of Railways lines in India. 

 
 

In additional zonal railways cited above the following production units and 

projects are functioning directly under the control of Railway Board. 

 Integral Coach Factory - Chennai 

 Chittaranjan Loco Motive Works - Chittaranjan 

 Diesel Locomotive Works - Varanasi 

 Rail Wheel Factory - Bangalore 

 Railway Coach Factory - Kapurthala 

 Diesel Loco Modernization Works - Patiala 

Rolling stock companies of Steam Engines diesel and electric & Diesel hydraulic 

Engines stationed at various loco sheds. 

In Southern Railways, we have following the Diesel Shed & Electric Sheds. 

Erode Diesel Sheds, Golden Rock (Work Shop), Krishnarajpuram 

(Bangalore) 

Electrical Shed : Arakonam 

South Central Railway : Kazipet, Guntakal, Moula-Ali 

Electrical Shed : Vijayawada, Lalaguda 

Manufacturing units for diesel locomotives at Varanasi (Diesel Locomotive 

Workshop) for Electrical (Chittaranjan Locomotives Workshop) and ICF for 

coaches (Integral Coach Factory), Kapurthala coaches manufacturing Railway 
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Wheel factory at Bangalore. 

 
 
 
 
 
 

RAILWAY ADMINISTRATION: 

 

The Ministry of Railway functions under the guidance of the minister of 

Railways, assisted by the Minister of State for Railways. The day-to-day affairs 

and formulation of policy are managed by the Railway Board comprising of a 

Chairman,  five  other  function  members  and  a  financial  commissioner.  The 

chairman of the Railway Board is the ex-officio Principal Secretary and each of 

the other fine functional members are the ex-officio Secretaries to the 

Government of India. 

 
HISTORY AND ORGNISATION OF RAILWAYS: 

 

 

INDIAN RAILWAYS: NATION'S LIFE LINE: 

 

Indian Railways have continuously influence the social, economic, cultural and 

political life of the people. Some of the important aspects of this influence are 

increased mobility of the common man, bringing together people from all 

castes, communities and religions, growth trade and commerce development of 

industries,  equalizing  price  line,  urbanization,  employment  generation,  rural 

development, help in spread of education, contribution to national exchequer, 

influence  on  literature,  poetry,  music  files  etc.,  Thus,  Railways  have  become 

Nation's life line. 

 
THE BIGGEST ORGANISATION: 

 

Indian Railways are the biggest organization our country with 14.12 lakhs of 

employees,     63,332     route     kilometers     traversing     from     Okha     to 
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MurkongSelekandUdhampur to Kanyakumari, 6,974 Railway stations, a fletch of 

8,025 locomotives, 50,080 passenger and other coaches.         2, 07,176 goods 

wagons, carrying 5,725 million originating passenger traffic and 682.4 million 

metric tones of originating goods traffic. If has a total investment of 

1,12,180.41 crore rupees. 

 
 
 
 

 
BRIEF HISTORY: 

 
 

The first train in the world was run between Stockton and Darlington in England 

in 1825. In 1844, R.M. Stephenson submitte a propsal to East India Company to 

start the Railway system in India and it was accepted. The first contract was 

given to East Indian Railway Company in 1849. Later, great Indian peninsular 

Railway Company and other companies were given similar contracts in different 

parts of India. The first train ran on 16th April 1853 from Porbunder to Thane 

followed by the second from Howrah to Hoogly on 15th August 1854. 

 
The development in Railways in India has passed through various phases 

which are broadly as under: 

1) Guarantee System -  1849 - 1869 

2) State Construction -  1869 - 1882 

3) Modified Guarantee -  1882 - 1924 

4) Nationalisation -  1924 - 1948 

5) Integration and Regrouping  - 1948 - 1951 

6) Era of Planning - 1951 onwards 

 

RAILWAY'S MANAGEMENT: 

 

Initially, the Board of Directors in England had an agent in India for supervision 

and control over the companies. The Government appointed advisory engineers 

and auditors. In 1855, Railways were placed under Public Works Department. A 
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railway branch was organized under PWD in 1869 and a State Railway 

Directorate in 1874. Ultimately, the Railway Board was organized in 1905. The 

separate Ministry of Railways was formed after independence. 

 
RAILWAY BOARD: 

 

Railway  Board  is  the  apex  executive  body  which  administers,  directs  ad 

supervised the functioning of the Railway system. The Board functions under 

the Minister for Railways and is headed by the Chairman, who is equivalent to 

Principal Secretary to Government of India. The other members are (1) Financial 

Commissioner, (2) Member Staff, (3) Member Traffic, (4) Member Mechanical, 

(5) Member Engineering and (6) Member Electrical. The Board has several 

directorates. Major directorates are headed by an Advisor. Health Services and 

RPF directorates have Director Generals. They are assisted by Executive 

Directors, Directors, Joint Directors etc., 

 
A. Board's Attached and Subordinate Offices etc. 

(1) Research Design and Standards Organisation, Lucknow 

Note: w.e.f.01.01.'03, RDSO has been declared to be a Zonal Railway with 

headquarters at Lucknow. 

(2) Railway Liaison Officer with the Directorate General of Supplies and 

Disposals. 

 
B. Subordinate Offices: 

(1) Railway Recruitment Boards at Ahmedabad, Ajmer, Allahabad, 

Bangalore,  Bhopal,  Bhubaneswar,  Mumbai,  Calcutta,  Chandigarh,  Guwahati, 

Gorakhpur,  Jammu  &  Kashmir,  Chennai,  Malda,  Muzaffarpur,  Patna,  Ranchi, 

Secunderabad and Thiruvanthapuram. 

(2) Centralized Training Institutions: 

Railway  Staff  College,  Vadodara,  Indian  Institute  of  Civil  Engineering,  Pune, 

Indian  Railways  Institute  of  Signal  Engineering  and  Telecommunications, 

Secunderabad, Indian Railways Institute of Mechnical& Electrical Engineering, 

Jamalpur,  Indian  Railways  Institute  of  Electrical  Engineering,  Nashik,  Indian 
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Railway Institute of Transport Management, Lucknow. 

(3) Production Units: 

• Chittaranjan Locomotive Works, Chittaranjan, 

• Integral Coach Factory, Perambur, Chennai, 

• Diesel Locomotive Works, Varanasi, 

• Rail Wheel Plant, Bangalore, 

• Diesel Component Works, Patiala, 

• Railway Coach Factory, Kapurthala 

 
 
 
Other Organizations: 

• Metro Railways at Calcutta, Mumbai and Chennai 

• Circular Railway Project, New Delhi 

• Central Organisation for Modernization of Workshops, New Delhi, 

• Central Organisation for Railway Electrification, Allahabad 

• CRIS, New Delhi, 

• Indian Railway Conference Association, New Delhi 

• Railway Transport Museum, New Delhi 

Commissions, Tribunals etc.,(Not under the Ministry) commissioner for Railway 

safety with offices at lucknow ,calcutta ,Bangalore and mumbai; Railway Rates 

Tribunal,  chennai,  Railway  claims  Tribunals,  Railway  Audit  Organisation  and 

other Commissions etc., organizes from time to time. 

 
Undertakings under the Ministry: 

 

 

 Rail India Technical and Economic Services Ltd., (RITES); 

 Indian Railway Construction Company Ltd.,(IRCON); 

 Indian Railway Financial Corporation; 

 Indian Container Corporation Ltd., 

 Konkan Railway Corporation (CRC); 

 Centre for Railway Information Systems (CRIS); 
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 Indian Railway Catering and Tourism Corporation Ltd.,(IRCTC); 

 Rail Tel Corporation of India, 

 Rail Tel Vikas Nigam Ltd.,(RVNL); 

 Pipavav Railway Corporation Ltd.,(PRCL) 

 
 
 
 
 
 
 

 
ZONAL RAILWAYS: 

The Indian Railways were divided into 09 zones. 
 
 

Name of Railways Formed on HQ Route Kms. 
 

 

Southern Railway 14.04.1951 Chennai 5,210 

Central Railway 05.11.1951 Mumbai CST 3,832 

Western Railway 05.11.1951 Mumbai CG 6,533 

Eastern Railway 14.04.1952 Kolkota 2,412 

Northern Railway 14.04.1952 New Delhi 6,910 

North Eastern Railway 14.04.1952 Gorakpur 3,402 

South Eastern Railway 01.08.1955 Kolkata 2,614 

North Eastern Frontier 15.01.1958 Maligaon 3,766 

Railway 
   

South Central Railway 02.10.2002 Secunderabad 5,743 

North Western Railway 01.10.2002 Jaipur 5,452 

East Central Railway 01.10.2002 Hajipur  

3,439    

East Coast Railway 01.04.2003 Bhubaneswar  

2,431    

South Western Railway 01.04.2003 Hubli 3,111 

West Central Railway 01.04.2003 Jabalpur  
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2,965  

North Central Railway 01.04.2003 Allahabad 3,080 

South East Central Railway 01.04.2003 Bilaspur 2,432 
 
 

Each zonal railway is controlled by a General Manager. The General 

Manager  is  assisted  by  Principle  HOD  namely  Addl.GM,  Sr.Dy.GM,  Financial 

Advisor and Chief Accounts Officer, Chief Engineer, Chief Mechanical Engineer, 

Chief Operating Manager, Chief Commercial Manager, Chief Electrical Engineer, 

Chief Signal &Telecommnications Engineer, Controller of Stores, Chief Personel 

Officer, Chief Medical Officer and Chief Security Commissioner. 

 
 
 
 

 
COMPANY PROFILE 

 

SOUTH CENTRAL RAILWAYS: 
 

It was created on 2 October 1966 as the ninth zone of Indian Railways.[1] The six 

divisions of this railway have a total 5,752 route kilometres of track. Current 

General  Manager  of  S.C.  Railway  is  Mr.  G.N.ASTHANA,  an  officer  of IRSME. 

From the days of steam-hauled locomotives and wooden plank seats, South 

Central Railway has come a long way, modernizing its system with the state of 

the art high-powered Diesel and Electric Locomotives,  high speed telescopic 

Passenger Coaches, and higher axle load wagons, higher capacity track in all 

important routes, LED based multiple aspect colour light signalling with panel 

interlocking  &  solid  state  interlocking,  and  digital  microwave  and  optic  fibre 

cable  communication  system,  ISDN  exchanges  etc.  Over  the  years,  South 

Central Railway has attained sufficient transportation output with adequate 

infrastructure development and technological upgrading to serve the regions in 

its  jurisdiction.  Safe  operation  of  trains,  expansion  of  network,  modern 

passenger amenities, punctuality of trains, courteous service and cleanliness in 

stations and trains remain always the thrust areas of this Railway. Being a 

service  oriented  organization,  South  Central  Railway  provided  Computerized 

Passenger Reservation System at 85 Stations/locations covering 96% of the 
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berths available. In the arena of information dissemination to the rail customers, 

it has provided "139" Interactive Voice Response System (IVRS) for Reservation 

and train enquiry, National Train Enquiry System (NTES) for real-time 

information  on  movement  of  trains,  Passenger  Operated  Enquiry  Terminals 

(POET) with information on availability of accommodation and confirmation and 

Close Circuit Television (CCTV) for real time reservation availability status at all 

important stations in its system. 

For  mass  movement  of  freight,  S.C.  Railway  has  introduced  high  horse 

powered diesel and electric locomotives and high speed, higher axle load Box-N 

-Wagons. 
 

In 2008 South Central Railways also had the privilege to be the first one to 

implement wireless MU Coupler system supplied by Ms Lotus Wireless 

Technologies,  permitting  Longer  freight  train  delivering  higher  capacity.  The 

system was first implemented in Diesel Locomotive in 2008 followed by 

installation on Electric Locomotive in 2011 at Electric Loco Shed, Kazipet. The 

Trains equipped with these systems are in use at Badrachalam region in the 

South Central Railways. South Central Railway plays a pivotal role as a catalyst 

for agricultural and industrial development in the Southern peninsula apart from 

fostering the growth of trade and commerce including import/export through 

ports by connecting sea ports with their hinder land and inland container depots. 

Its reliable and comfortable passenger services for long and short distance 

travel by introducing many super fast and intercity trains helps transform the 

society  by  catering  to  their  personal,  business,  educational  and  tourism 

purposes. Jurisdictional adjustments were made in October 1977 by merging 

Guntakal Division of the Southern Railway with South Central Railway and 

transferring Sholapur Division back to Central Railway. Secunderabad Division 

was split in February 1978 into two Divisions Secundrabad and Hyderabad to 

facilitate effective operational and administrative control. On 1 April 2003, the 

newly formed Guntur division and Nanded Division of South Central Railway 

became operational and Hugli Division was transferred to the newly formed 

South  Western  Railway.  Presently,  the  South  Central  Railway  has  six 

divisions, namely Secunderabad, Hyderabad, Vijayawada, Guntur, Guntakal and 

Nanded with 5752 Route km of which 1604 Rkm are electrified. Vijayawada is 
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the second largest railway junction in India and the most important station of 

the Indian Railway. Vijayawada is heart of south central railways it is more 

important than Secunderabad earning more income than rest of the other 

South Central Railway provided Computerized Passenger Reservation System 

at 85Stations/locations covering 96% of the berths available. In the arena of 

information  dissemination  to  the  rail  customers,  it  has  provided  Inter-active 

Voice Response System (IVRS) for Reservation and train enquiry, National Train 

Enquiry  System  (NTES)  for  real  time  information  on  movement  of  trains, 

Passenger Operated Enquiry Terminals (POET) with information on availability 

of accommodation and confirmation and Close Circuit Television (CCTV) for 

real time reservation availability status at all important stations in its system. 

SCR has made various advancements for reliable and comfortable Passenger 

Services for long and short distance travel by way introducing many super fast 

and intercity trains helps transform the society by catering to their personal, 

business, educational and tourism purposes. 

 
 

 

2. SOUTH CENTRAL RAILWAY 

Departments: 
 
 

1. ETTC(Electric Traction Training Center) 

 
2. RRI(Route Relay Interlocking)(Belongs to Signal) 

 
3. OFC (Optical Fiber Communication) (Belongs to Telecommunication 

department) 

4. IOH (Coach care center) and Engine depts (belongs to mechaicaldept 

and electrical depts) 

ROLE OF SIGNAL AND TELECOMMUNICATION DEPT. 
 
 

 Safety in train operations 

 Punctuality of running of trains 
 

 



P a g e | 11 
 

 Optimum utilization of line capacity 

 Passenger amenities 

 Manufacturing of specified signaling items 

• Providing telecommunication infrastructure for : 
 

a. Safe and efficient operation of trains 

b. Administrative voice and data circuits 

c. Passenger Reservation System (PRS) 

d. Unreserved Ticketing System (UTS) 

e. Freight Operation Information System (FOIS) 

f. Crew Management System (CMS) 

g. Coaching Operating Information System (COIS) 

h. Management Information System (MIS) 

  Management of Railways Corporate Wide Information System 

(RAILNET) 

 
 

 
3. INTERLOCKING 

Interlocking is a mechanism to check the route the train is going to traverse 

before clearing the signal and to prevent the clearing of signal when it is unsafe 

for the movement. It eliminates human error and ensures safety in train 

operations. Two types of interlocking arrangements are there. 

 

 

 
PANEL INTERLOCKING: 

Panel interlocking is provided for smaller yards. It is a signaling system, which 

assures the best standard of safety and eliminates the accidents arising out of 

human errors. 
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ROUTE RELAY INTERLOCKING (RRI): 

Introduction: 

Route Relay Interlocking was first introduced in India at Basin Bridge Junction 

and Madras Central Stations of Southern Railway. 

This was followed by the installations in the suburban stations like in Bangalore. 

This system of RRI is popular in Southern Railway and South Central Railway. 

RRI also exists in South Eastern and North Eastern Railways. 

Route Relay Interlocking is provided at major junctions and yards where large 

numbers of train movements are required. It is available at four major 

junctions/yards  viz.Vijayawada,  Kazipet,  Secunderabad&Dornakal  stations  in 

South Central Railway. 

Description of System: 

This system is based on a geographical layout of signal switches and push 

buttons. Operator should know how to move trains like where a particular train 

is and to which line it has to be routed. Therefore, to set up a particular route, 

the operator has to perform some action on the geographical layout of Control 

Panel at these two points at Entrance and Exit. In British System, these two  

actions take the form of turning a switch at the entrance and pressing a button 

at the Exit, of that particular route. For this reason, the system is known as 

"Entrance-Exit System" or "NX System". 
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Control Panel: 
 

Fig 3.1 Control panel signals 
 
 

 

Fig 3.2 control panel board 
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All the signals and points are operated from a cum control panel located in the 

Station Master's Room. 

Control Panel consists of an inclined console on which a clear geographical 

representation   of   track   layout   with   signals,   points,   Control   switches, 

pushbuttons and various indications are available. The track layout is sub- 

divided into track sections. There are different colors for each track circuit 

section (except Red). On the track, adjacent to each signal there is an "Entrance 

Thumb Switch" at the center of the track of the route, and an "Exit push Button". 

Exit button is colored White, Entrance switch is colored Red for running signals 

and Yellow for shunt (to change tracks)signals with the number of the relevant 

signals engraved in the center of the switch. The king knob used in semi- 

automatic territory is colored red with a white bar across the knob. There are 

two  types  of  signal  switches,  one  turning  900  towards  right  and  the  other 

turning 900 towards left. Normally, the switch knobs will be at right angles to 

the track and when turned they become horizontal, the knob pointing towards 

the direction of the train movement that has to take place. Push button restores 

to normal when released. 

 
In addition to Signal switches, 3-Position point thumb switches colored black 

are provided, one for each set of points for individual operation of points Calling 

ON Signal switch is colored Red with white dot and crank handle releasing 

switch is blue in color. Similarly level crossing control switch is colored in deep 

brown. When a route is set and locked, the route is illuminated by white strip 

lights in the track circuit configurations throughout the route (except the 

overlap). This indication remains lit as long as the route is locked and 

disappears only after the relevant signal switch is restored to normal position 

and the route is released. This indication turns to Red when track is occupied or 

track circuit failed, irrespective of whether the route is locked or free. When the 

speed and frequency of the trains are to be increased, Relay interlocking is ideal. 

In Relay Interlocking the Interlocking is achieved through relay circuitry at a 

centralized place. The time required for installations is also less. The Relay 

Systems are generally trouble free since the moving parts involved are less and 

replacement is easier. Indian Railways are having time tested experience in 

Relay Interlocking since 1958. Route Relay Interlocking is a system in which 
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Interlocking is achieved by means of Relays. In British system the relays 

confirming to BRS and BSS specification, having metal to carbon contacts are 

used, (Q Series Relays). Therefore, the circuitry becomes comparatively simpler 

as welding of contacts need not be considered. 

 

 

 
OPERATIONS: 

 

 

 

 



P a g e | 16 
 

Fig 3.3 RRI SEQUENCE OPERATION 

Turning the entrance knob and pressing the exit button of a route, energizes the 

route selection relay, provided that no conflicting route is set. Thus the basic 

interlocking is ensured at the first stage itself. 

 
 

The energisation of the route selection relay picks up all the point control relays 

in that route depending on the route selected provided that the points are free 

from track locking and route locking. The point control relay controls the point 

machine concerned and sets the points required in the route. The correct 

setting and locking of each point is indicated by the point indication relay. 

The route checking relay checks that all the points involved in the 

selected route are correctly set and locked at the site. It also proves that the 

route set is for the Signal route initiated including isolation and overlap. 

The operation of the route checking relay de-energizes the relevant 

approach stick relay and sectional route locking relays thereby ensuring that the 

complete route is locked before the signal is cleared. 

The signal Control Relay is energized proving all safety conditions 

required viz., all tracks, including overlap are clear, all points, including those in 

overlap,  isolation,  are  correctly  set  and  locked,  relevant  route  locking  and 

approach locking relays are de-energized etc. In addition a control by track stick 

relay is used to ensure that the signal does not re-clear after the passage of a 

train as the relevant thumb switch is left in the operated position. The control by 

the track stick relay is removed if the signal has to work as an automatic signal, 

by the operation of king knob relay, which is energized by the reversal of the 

king knob. 

The approach stick and sectional route locking relays will re-energize 

when the train arrives & clears the route and the signal switch is turned to 

Normal  Position.  Sectional  release  of  route  is,  of  course,  provided  wherever 

necessary. 

In British System, after the arrival of a train on proper signals, route gets 

released only after the normalization of concerned signal knob by the operator 

provided all other conditions are satisfied. Since the Route is released with the 

knowledge of Station Master, the overlap will be released immediately, as soon 
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as the Route is released. In British System holding of overlap for certain time 

delay (120 minutes) is not considered mandatory. 

 
 
 
 
 

 
4. OPTICAL FIBRE COMMUNICATION 

 

 

TELECOMMUNICATION: 

Providing basic telecommunications facilities for the Railways vast transport 

system is the responsibility of the Signal & Telecom Department. The 

telecommunication facilities provided on the Railways are broadly categorized 

in to three areas of applications. 

-Train Operation 

-Data Communication for Railway Information Technology Applications 

-Administrative Communications. 

 

TELECOMMUNICATION FOR TRAIN OPERATION: 

Provides omnibus communication circuits on OFC and Quad cable and 

overhead telecom wires for operation of trains and other supporting activities of 

train control. The omnibus circuit provides telephone communication between 

the station-masters and the control center at the divisional headquarters. Other 

omnibus  circuits  are  also  provided  for  other  supporting  train  operations, 

including remote operation of 25 KV AC power supply systems required for 

electric traction. Emergency communication facility is provided along with the 

track throughout the route for the rivers and guards of the running train to 

communicate to the control center at the respective divisional headquarters 

during emergencies. 

Optical Fiber Communication system is the backbone of Railways 

Telecommunication Network. The short-haul STM1 equipment of 155 Mbps 

capacity is provided at every station along the fiber network. The short-haul 

STM1 network is protected by long-haul STM4 / STM16 self-healing ring 
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network   provided   by   RailTel.   The   fiber   network   carriers   Voice,   Data   & 

Multimedia services for various applications. 

 
OFC PROVIDES FOLLOWING TYPES OF COMMUNICATION NEEDS: 

 Control Communication with emergency communication 

 Administrative voice and data communication. 

 Both for control and long haul communication backbone for mobile train 

radio communication. 

 
 
 

GUIDLINES FOR USE OF OPTICAL FIBRE SYSTEM ON VARIOUS ROUTES: 

On A, B, C, D & D Spl Routes, following Optical Fiber system 

Configuration should be used. 

a) 24 Fibers Optical Fiber Cable with Six Quad cable Short 

Haul Communication will be on STM1 System and 

Primary Digital Multiplexers (PDMUX). For back up a second pair of Fiber shall 

be used. 

b) On other routes, following Optical Fiber System configuration should be 

used: 

Composite Cables (8/24 Fiber + 6 Quad) shall be used. Short Haul 

Communication will be on STM1 System and Primary Digital Multiplexers 

(PDMUX). For back up a second pair of Fiber shall be used. 

c) Replacement of existing overhead/RE quad cable for control 

Communication. 

 
CAPACITY OF FIBRE OPTIC SYSTEM: 

a. For Control Communication application, SDH System having capacity of 

STM1 shall be used. Generally, one E1 shall be used for various 

control applications. 

b. For Long Haul Communication, SDH System with capacity of STM4 

or above shall be used. 

 
OPTICAL COMMUNICATION BLOCK DIAGRAM 
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FIG 4.1 OPTICAL COMMUNICATION BLOCK DIAGRAM 

Fig 4.2 Time-division multiplexing 
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Fig 4.3 Bundling low bandwidths 

 Electronic aggregation of multiple low-bandwidth streams. 

 Eventually exceed available modulation rate of electronics and optics. 

 Standard today is 10 Gb/s with 40 Gb/s being fielded. 

 Optical carrier (at l = 1.5 μm) is 200 THz, so there is room for a number 

of these TDM channels 

 Available bandwidth is determined by fiber 

Wavelength division multiplexing to exploit transmission bandwidth 
 

Fig 4.4 Wavelength division multiplexing to exploit transmission 

bandwidth 

 
 Also known as frequency multiplexing 

 Mux/demuxes need flat pass bands in both amplitude and phase to not 

distort the data, then very sharp filter edges to suppress crosstalk 

between channels. 

 Gratings are an obvious technology but are difficult to package with 

sufficient stability. 

 Daisy chains of thin film band-drop filters can be used 

 Array waveguide gratings – essentially an integrated optic grating –are 

becoming the dominant technology 
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Fig 4.5 Array waveguide gratings 

Fiber optics primer 

Capture via total internal reflection 
 

 
Fig 4.6 Fiber optics primer 

 For a perfectly flat surface, TIR is a 100% efficient mirror 

 Once captured inside a higher index region, light will never exit 

 Bending the guide decreases the incidence angle resulting in optical loss 
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Fig 4.7 Core and mode of light 

Waveguide basics 

Important normalized quantities 
 

Fig 4.8 Ray view 

Numerical aperture of guide measured in air 
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Fiber drawing: 
 

 

Fig 4.9 Fibre drawing 

FIBRE MODES: 

Single Mode System 

Source = laser diode. Aperture size and NA related by diffraction 

limit.(Numerical Aperture) 

Fiber = single mode Mode diameter and NA related by diffraction limit. 

Can be nominally 100% efficient. 

Coupled must be precisely aligned on fiber axis. Tight tolerances (~micron or 
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less) 

High brightness system. 
 

Fig 4.10 Single mode system 

Multi-Mode System 

Source = light-emitting diode. NA ~ 1 independent of aperture diameter 
 
 

Fig 4.11 Multi Mode system 

Fiber = multi-mode Finite NA, unrelated to core diameter 

Large losses in first lens due to LED radiation angle 

Any ray that hits core with sin (angle) < NA is coupled. Loose tolerances (~10 

μm). 

Lower brightness system 
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Fig 4.12  large losses 

Single Mode Vs Multi Mode Fibers: 
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Fig 4.13 Single Mode Vs Multi Mode Fibers 
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5. ENGINE 
 

 

1. The activities of Diesel Loco Shed, Vijayawada: 

Integrated Maintenance of Diesel Locomotives & Diesel Electrical Multiple Units 

(DEMUs), Rail Buses, Self-Propelled Accident Relief Train & 140Ton Break Down 

Crane to cater in Vijayawada, Guntur divisions. 

a. DME 

 
b. ADME (Diesel) 

 
c. ADME (DEMU) 

 
d. AMM (Diesel) 

 
2. ADMINISTARTION: 

 
 

The shed is headed by One DME assisted by 02 ADMEs and 01 AMM. The shed 

is having 350 Man power (includes Technical Supervisors, Artisan staff for loco 

maintenance,    Ancillary    Staff,    Ministerial   staff,    44    members    towards 

maintenance of Break Down crane & SPART and other miscellaneous staff). 

One Store department attached to DLS/BZA is headed by one AMM with 1012 

Nos. stocked items. 

 
3. BRIEF EXPLANATION: 

DIESEL LOCO SHED (DLS) 

 
ENGINE: 

Engine is a device which converts the chemical energy into mechanical energy. 

Types of engines based on the fuel used: 

1. Petrol engine 

2. Diesel engine 

1. Petrol engine: 

A Petrol engine is an engine which uses fuel as petrol. 

It is a spark ignition engine in which spark is initiated by spark plug. 
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2. Diesel engine: 

The essential part of the diesel locomotive is engine which uses diesel as fuel. 

This is a compression ignition engine. 

The fuel in the diesel engine's cylinders is ignited by the heat caused by air 

being suddenly 

compressed in the cylinder. 

The compression ratio of 25 to 1. 

Advantages of diesel engine over petrol engine are: 

1. High thermal efficiency. 

2. Fuel is cheaper. 

3. It can do heavy work under over loads. 

4. No need of spark plug to initiate the spark. 

5. More torque by only few gear changing. 

Disadvantages of diesel engine over petrol engine: 

1. More noisy in high speed condition. 

2. More expensive. 

3. Parts of diesel engine are very expensive. 

4. Diesel vehicles tend to emit more particulates than petrol. 

*In railways diesel engines are used. 

 

Types of diesel engines based on number of strokes: 

There are two types of diesel engines which are: 

1. Two stroke engine 

2. Four stroke engine 

It has no valves and has ports It has two valves. 

It has 2 strokes completed in 1 revolution. It has 4 strokes complete in 2 

revolutions. 

Down stroke: suction, compression 

Upstroke: power, exhaust. 

Downstroke-1: suction 

Upstroke-1: compression 

Downstroke-2: power 

 
 



P a g e | 29 
 

Upstroke-2: exhaust 

 

Functioning of Four strokes: 

Four strokes will take place those are SUCTION, COMPRESSION, POWER, and 

EXHAUST. 

In the Suction stroke inlet valves are opened and the air will be taken into 

cylinder by 

Moving the piston from top dead centre (TDC) to bottom dead centre (BDC) and 

then in 

compression stroke the piston moves from BDC to TDC and air will be 

compressed and at the end of compression stroke fuel will be sprayed in 

atomized form which gently mix with air and will burn in power stroke from TDC 

to BDC after that exhaust stroke will be from BDC to TDC at end of this stroke 

the exhaust gases will be sent out by opening the exhaust valve. 

(OR) 

In suction stroke Air is drawn into the cylinders. In Compression stroke the 

piston  squeezes,  or  compresses,  the  air  up  to  the  top.  Compressing  the  air 

makes it very hot and at the same instant, a valve sprays diesel fuel into the top 

of the cylinder. Heat from the compressed air sets fire to the fuel. In Power 

stroke  the  exploding  fuel  makes  a  lot  of  pressure,  which  pushes  the  piston 

down. The up and down movement of the pistons turns the crankshaft. In 

exhaust stroke a valve at the top lets out the waste gas, and the cylinder takes 

in more air for the next stroke. Functioning of two strokes engine: 

In two stroke engine downward stroke engine comprises of both suction and 

compression. 

Upward stroke comprises of power and exhaust strokes. 

*In railways mainly 4 – stroke engines are used. 
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DIESEL LOCOMOTIVE: 
 

 

Fig 5.1 Diesel Locomotive 

The Diesel Locomotive: 

• The modern diesel locomotive is a self-contained version of the electric 

locomotive. 

• Like the electric locomotive, it has electric drive, in the form of traction motors 

driving the axles and controlled with electronic controls. 

• It also has many of the same auxiliary systems for cooling, lighting, heating, 

braking and hotel power (if required) for the train. 

• It can operate over the same routes (usually) and can be operated by the same 

drivers. 

• It differs principally in that it carries its own generating station around with it, 

instead of being connected to a remote generating station through overhead 

wires or a third rail. 

• The generating station consists of a large diesel engine coupled to an 

alternator producing the necessary electricity. 

• A fuel tank is also essential. 

Diesel Engine: 

• This is the main power source for the locomotive. 
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• It comprises a large cylinder block, with cylinders arranged in a straight line or 

in a V. 

• The engine rotates the drive shaft at up to 1,000 rpm and this drives the 

various items needed to power the locomotive. 

Main Alternator: 

• The diesel engine drives the main alternator which provides the power to move 

the train. 

• The alternator generates AC electricity which is used to provide power for the 

traction motors mounted on the trucks (bogies). 

• In older locomotives, the alternator was a DC machine, called a generator. 

• It produced direct current which was used to provide power for DC traction 

motors. 

• Many of these machines are still in regular use. 

• The next development was the replacement of the generator by the alternator 

but still using DC traction motors. 

• The AC output is rectified to give the DC required for the motors. 

Auxiliary Alternator: 

• Locomotives used to operate passenger trains are equipped with an auxiliary 

alternator. 

• This provides AC power for lighting, heating, air conditioning, dining facilities 

etc. on the train. 

• The output is transmitted along the train through an auxiliary power line. It is 

known as "head end power" or "hotel power". 

• Air conditioned passenger coaches’ get what is  called electric train supply 

(ETS) from the auxiliary alternator. 

Motor Blower: 

• The diesel engine also drives a motor blower. 

• As its name suggests, the motor blower provides air which is blown over the 

traction motors to keep them cool during periods of heavy work. 

• The blower is mounted inside the locomotive body but the motors are on the 

trucks, so the blower output is connected to each of the motors through flexible 

ducting. 

• The blower output also cools the alternators. 

• Some designs have separate blowers for the group of motors on each truck 
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and others for the alternators. 

• Whatever   the   arrangement,   a   modern   locomotive   has   a   complex   air 

management system which monitors the temperature of the various rotating 

machines in the locomotive and adjusts the flow of air accordingly. 

Air Intakes: 

• The air for cooling the locomotive's motors is drawn in from outside the 

locomotive. 

• It has to be filtered to remove dust and other impurities and its flow regulated 

by temperature, both inside and outside the locomotive. 

• The air management system has to take account of the wide range of 

temperatures from the possible +40°C of summer to the possible -40°C of 

winter. 

Rectifiers/Inverters: 

• The output from the main alternator is AC but it can be used in a locomotive 

with either DC or AC traction motors. 

• DC motors were the traditional type used for many years but, in the last 10 

years, AC motors have become standard for new locomotives. 

• They are cheaper to build and cost less to maintain and, with electronic 

management can be very finely controlled. 

• To convert the AC output from the main alternator to DC, rectifiers are required. 

• If the motors are DC, the output from the rectifiers is used directly. 

• If the motors are AC, the DC output from the rectifiers is converted to 3-phase 

AC for the traction motors. 

 
Electronic Controls: 

• Almost every part of the modern locomotive's equipment has some form of 

electronic control. 

• These are usually collected in a control cubicle near the cab for easy access. 

• The controls will usually include a maintenance management system of some 

sort which can be used to download data to a portable or hand-held computer. 

Control Stand: 

• This is the principal man-machine interface, known as a control desk or control 

Stand. 

• The common of stand is positioned at an angle on the left side of the driving 
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position and, it is said, is much preferred by drivers to the modern desk type of 

control layout. 

Cab: 

• The standard configuration of locomotives is to have a cab at one end of the 

locomotive only. 

• Since most structure gauge is large enough to allow the locomotive to have a 

walkway  on  either  side,  there  is  enough  visibility  for  the  locomotive  to  be 

worked in reverse. 

• However, it is normal for the locomotive to operate with the cab forwards. 

• In many countries, locomotives are full width to the structure gauge and cabs 

are therefore provided at both ends. 

Batteries: 

Just like an automobile, the diesel engine needs a battery to start it and to 

provide electrical power for lights and controls when the engine is switched off 

and the alternator is not running. 

Traction Motor: 

• Since  the  diesel-electric  locomotive  uses  electric  transmission,  traction 

motors are provided on the axles to give the final drive. 

• These motors were traditionally DC but the development of modern power and 

control electronics has led to the introduction of 3-phase AC motors. 

• There are between four and six motors on most diesel-electric locomotives. 

• A modern AC motor with air blowing can provide up to 1,000 hp. Pinion/Gear - 

The traction motor drives the axle through a reduction gear. 

 
 
 
 

Fuel Tank: 

• A diesel locomotive has to carry its own fuel around with it and there has to be 

enough for a reasonable length of trip. 

• The fuel tank is normally under the loco frame and will have a capacity of say 

1,000imperial gallons. 

• In addition to fuel, the locomotive will carry around, typically about 300 US 

gallons of cooling water and 250 gallons of lubricating oil for the diesel engine. 

Air Reservoirs: 
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• Air reservoirs containing compressed air at high pressure are required for the 

train braking and some other systems on the locomotive. 

• These are often mounted next to the fuel tank under the floor of the 

locomotive. 

Air Compressor: 

The air compressor is required to provide a constant supply of compressed air 

for the locomotive and train brakes. 

Drive Shaft: 

The main output from the diesel engine is transmitted by the drive shaft to the 

alternators at one end and the radiator fans and compressor at the other end. 

Gear Box: 

• The radiator and its cooling fan is often located in the roof of the locomotive. 

• Drive to the fan is therefore through a gearbox to change the direction of the 

drive upwards. 

Radiator and Radiator Fan: 

• The radiator works the same way as in an automobile. 

• Water is distributed around the engine block to keep the temperature within 

the most efficient range for the engine. 

• The water is cooled by passing it through a radiator blown by a fan driven by 

the diesel engine. 

Turbo Charging: 

• The amount of power obtained from a cylinder in a diesel engine depends on 

how 

Much fuel can be burnt in it. 

• The amount of fuel which can be burnt depends on the amount of air available 

in the 

Cylinder. 

• So, if you can get more air into the cylinder, more fuel will be burnt and you will 

get more power out of your ignition. 

• Turbo charging is used to increase the amount of air pushed into each cylinder. 

• The turbocharger is driven by exhaust gas from the engine. 

• This gas drives a fan which, in turn, drives a small compressor which pushes 

the 

Additional air into the cylinder. 
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• Turbo charging gives a 50% increase in engine power. 

• The main advantage of the turbocharger is that it gives more power with no 

increase in fuel costs because it uses exhaust gas as drive power. 

• It does need additional maintenance, however, so there are some types of 

lower 

Power locomotives which are built without it. 

Sand Box: 

• Locomotives always carry sand to assist adhesion in bad rail conditions. 

• Sand is not often provided on multiple unit trains because the adhesion 

requirements are lower and there are normally more driven axles. 

Truck Frame: 

This is the part (called the bogie) carrying the wheels and traction motors of the 

locomotive. 

Wheel: 

• Wheels are driven by the power from the engine block. 

• The wheels are connected to a traction motor by bull gears that transmit 

power to the wheels. 

Mechanical Transmission: 

• A diesel-mechanical locomotive is the simplest type of diesel locomotive. 

• As  the  name  suggests,  a  mechanical  transmission  on  a  diesel  locomotive 

consists a direct mechanical link between the diesel engine and the wheels. 

Fluid Coupling: 

• In a diesel-mechanical transmission, the main drive shaft is coupled to the 

engine by a fluid coupling. 

• This is a hydraulic clutch, consisting of a case filled with oil, a rotating disc 

with curved blades driven by the engine and another connected to the road 

wheels. 

• As the engine turns the fan, the oil is driven by one disc towards the other. 

• This turns under the force of the oil and thus turns the drive shaft. Of course, 

the start-up is gradual until the fan speed is almost matched by the blades. 

• The whole system acts like an automatic clutch to allow a graduated start for 

the locomotive. 

Gearbox: 

• This does the same job as that on an automobile. 
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• It varies the gear ratio between the engine and the road wheels so that the 

appropriate level of power can be applied to the wheels. 

• Gear change is manual. 

• There is no need for a separate clutch because the functions of a clutch are 

already 

Provided in the fluid coupling. 

Final Drive: 

• The diesel-mechanical locomotive uses a final drive similar to that of a steam 

Engine. 

• The wheels are coupled to each other to provide more adhesion. 

• The output from the 4-speed gearbox is coupled to a final drive and reversing 

gearbox which is provided with a transverse drive shaft and balance weights. 

• This is connected to the driving wheels by connecting rods. 

Hydraulic Transmission: 

• Hydraulic transmission works on the same principal as the fluid coupling but it 

allows a wider range of "slip" between the engine and wheels. It is known as a 

"torque 

Converter". 

• When the train speed has increased sufficiently to match the engine speed, the 

fluid is drained out of the torque converter so that the engine is virtually coupled 

directly to the locomotive wheels. 

• It is virtually direct because the coupling is usually a fluid coupling, to give 

some slip". 

• Higher speed locomotives use two or three torque converters in a sequence 

similar to gear changing in a mechanical transmission and some have used a 

combination of 

Torque converters and gears. 

Diesel Multiple Units (DMUs) 

• The diesel engines used in DMUs work on exactly the same principles as those 

used in locomotives, except that the transmission is normally mechanical with 

some form 

Of gear change system. 

• DMU engines are smaller and several are used on a train, depending on the 

Configuration. 
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• The diesel engine is often mounted under the car floor and on its side because 

of the 

Restricted space available. 

• Vibration being transmitted into the passenger saloon has always been a 

problem but some of the newer designs are very good in this respect. 

• There are some diesel-electric DMUs around and these normally have a 

separate engine compartment containing the engine and the generator or 

alternator. 

• The reason for using one type or the other is really a question of preference. 

However, it can be said that the 2-stroke design is simpler than the 4-stroke but 

the 

4-stroke engine is more fuel efficient. 

Diesel-Electric Types: 

Diesel-electric locomotives come in three varieties, according to the period in 

which they were designed. 

These three are: 

 DC - DC (DC generator supplying DC traction motors); 

 AC - DC (AC alternator output rectified to supply DC motors) and 

 AC-DC-AC (AC alternator output rectified to DC and then inverted to 3- 

phase AC for the traction motors). 

• The DC - DC type has a generator supplying the DC traction motors through a 

resistance control system, the AC - DC type has an alternator producing AC 

current which is rectified to DC and then supplied to the DC traction motors and, 

finally, the most modern has the AC alternator output being rectified to DC and 

then convertedto AC (3-phase) so that it can power the 3-phase AC traction 

motors. 

• Although this last system might seem the most complex, the gains from using 

AC 

Motors far outweigh the apparent complexity of the system. 

• There is one traction alternator (or generator) per diesel engine in a locomotive. 

Transmissions: 

• Like an automobile, a diesel locomotive cannot start itself directly from a 

stand. 
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• It will not develop maximum power at idling speed, so it needs some form of 

Transmission system to multiply torque when starting. 

• It will also be necessary to vary the power applied according to the train weight 

or 

The line gradient. 

• There are three methods of doing this: mechanical, hydraulic or electric. 

• Most diesel locomotives use electric transmission called "diesel-electric" 

locomotive. 

• Mechanical and hydraulic transmissions are still used but are more common 

on 

Multiple unit trains or lighter locomotives. 

Governor: 

• Once a diesel engine is running, the engine speed is monitored and controlled 

through a governor. 

• The governor ensures that the engine speed stays high enough to idle at the 

right speed and the engine speed will not raise too high when full power is 

demanded. 

• The governor consists of a rotating shaft, which is driven by the diesel engine. 

• A pair of flyweights is linked to the shaft and they rotate as it rotates. 

• The centrifugal force caused by the rotation causes the weights to be thrown 

outwards as the speed of the shaft rises. 

• If the speed falls the weights move inwards. 

• The flyweights are linked to a collar fitted around the shaft by a pair of arms. 

• As the weights move out, so the collar rises on the shaft. 

• If the weights move inwards, the collar moves down the shaft. 

• The movement of the collar is used to operate the fuel rack lever controlling 

the amount of fuel supplied to the engine by the injectors. 

Fuel Injection: 

• Ignition is a diesel engine is achieved by compressing air inside a cylinder until 

it gets very hot (say 400°C, almost 800°F) and then injecting a fine spray of fuel 

oil to cause a miniature explosion. 

• The explosion forces down the piston in the cylinder and this turns the 

crankshaft. 
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• To get the fine spray needed for successful ignition the fuel has to be pumped 

into the cylinder at high pressure. 

• The fuel pump is operated by a cam driven off the engine. 

• The fuel is pumped into an injector, which gives the fine spray of fuel required 

in the 

cylinder for combustion. 

Starting: 

• A diesel engine is started (like an automobile) by turning over the crankshaft 

until 

the cylinders "fire" or begin combustion. 

• The starting can be done electrically or pneumatically. 

• Pneumatic starting was used for some engines. 

• Compressed air was pumped into the cylinders of the engine until it gained 

sufficient speed to allow ignition, then fuel was applied to fire the engine. 

• The compressed air was supplied by a small auxiliary engine or by high 

pressure air cylinders carried by the locomotive. 

• Electric starting is now standard. 

• It works the same way as for an automobile, with batteries providing the power 

to turn a starter motor which turns over the main engine. 

• In older locomotives fitted with DC generators instead of AC alternators, the 

generator was used as a starter motor by applying battery power to it. 

Engine Control Development: 

• The systems used by most locomotives in service today are more 

sophisticated. 

• To begin with, the drivers control was combined with the governor and 

hydraulic control was introduced. 

• One type of governor uses oil to control the fuel racks hydraulically and 

another uses the fuel oil pumped by a gear pump driven by the engine. 

• Some governors are also linked to the turbo charging system to ensure that 

fuel does not increase before enough turbocharged air is available. 

• In  the  most  modern  systems,  the  governor  is  electronic  and  is  part  of  a 

complete engine management system. 

Tractive Effort, Pull and Power: 

• The definition of tractive effort (TE) is simply the force exerted at the wheel 
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rim of the locomotive and is usually expressed in pounds (lbs) or kilo Newton 

(kN). 

• By the time the tractive effort is transmitted to the coupling between the 

locomotive 

and the train, the drawbar pull, as it is called will have reduced because of the 

friction of the mechanical parts of the drive and some wind resistance. 

• Power is expressed as horsepower (hp) or kilo Watts (kW) and is actually a 

rate of doing work. 

• A unit of horsepower is defined as the work involved by a horse lifting 33,000 

lbs one foot in one minute. 

• In the metric system it is calculated as the power (Watts) needed when one 

Newton of force is moved one metre in one second. 

• The relationship between power and drawbar pull is that a low speed and a 

high draw bar pull can produce the same power as high speed and low drawbar 

pull. 

• If  you  need  to  increase  higher tractive  effort  and high  speed,  you  need to 

increase the power. 

• To get the variations needed by a locomotive to operate on the railway, you 

need to have a suitable means of transmission between the diesel engine and 

the wheels. 

• One thing worth remembering is that the power produced by the diesel engine 

is not all available for traction. 

• In  a  2,580  hp  diesel  electric  locomotive,  some  450  hp  is  lost  to  on-board 

equipment like blowers, radiator fans, air compressors and "hotel power" for the 

train. 

Power Control: 

• The diesel engine in a diesel-electric locomotive provides the drive for the 

main  alternator  which,  in  turn,  provides  the  power  required  for  the  traction 

motors. 

• We can see from this therefore, that the power required from the diesel engine 

is related to the power required by the motors. 

• So, if we want more power from the motors, we must get more current from 

the alternator so the engine needs to run faster to generate it. 

• Therefore, to get the optimum performance from the locomotive, we must link 
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the control of the diesel engine to the power demands being made on the 

alternator. 

• In  the  days  of  generators,  a  complex  electro-mechanical  system  was 

developed to achieve the feedback required to regulate engine speed according 

to generator demand. 

• The core of the system was a load regulator, basically a variable resistor which 

was used to vary the excitation of the generator so that its output matched 

engine speed. 

The control sequence (simplified) was as follows: 

• Driver moves the power controller to the full power position. 

• An air operated piston actuated by the controller moves a lever, which closes a 

switch to supply a low voltage to the load regulator motor. 

• The load regulator motor moves the variable resistor to increase the main 

generator field strength and therefore its output. 

• The load on the engine increases so its speed falls and the governor detects 

the reduced speed. 

• The governor weights drop and cause the fuel rack servo system to actuate. 

• The fuel rack moves to increase the fuel supplied to the injectors and 

therefore the power from the engine. 

• The lever (mentioned above) is used to reduce the pressure of the governor 

spring. 

• When the engine has responded to the new control and governor settings, it 

and the generator will be producing more power. 

• On locomotives with an alternator, the load regulation is done electronically. 

• Engine  speed  is  measured  like  modern  speedometers,  by  counting  the 

frequency of the gear teeth driven by the engine, in this case, the starter motor 

gearwheel. 

• Electrical control of the fuel injection is another improvement now adopted for 

modern engines. 

• Overheating can be controlled by electronic monitoring of coolant temperature 

and regulating the engine power accordingly. 

• Oil pressure can be monitored and used to regulate the engine power in a 

similar way. 
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Diesel Loco Shed, Vijayawada was established in the year 1979 at the cost of 

about Rs.170 lakhs to maintain 20 WDS4locomotives and increased to 35 in the 

year 1989. Progressively these locomotives were withdrawn as WDM2 de-rated 

locomotives were used for shunting purposes. Meanwhile 02 locos in the year 

2000 and 15 in the year 2004 have been transferred to Western Railway. Again 

02 locos of Diesel Loco Shed, Moula-ali were transferred to this shed in the year 

2004 leaving the effective holding of WDS4 locomotives at BZA to 20.In the year 

2006, 13 locomotives have been condemned and auctioned and 02 locomotives 

were   transferred   to   Shakurbasthi   Shed,   Northern   Railway.   Presently   05 

WDS4locomotives are under premature condemnation. Railway Board had 

sanctioned vide letter No.M.66/DSL/COND.underaged/ 120/Dec.06 

dt.24.02.10.With the reduction of WDS4 locomotives and increase in Electric 

traction in BZA Division, DEMU services started in Vijayawada from the year 

1996 with 5 consists placed under Diesel Loco Shed, Vijayawada to ease severe 

traffic constraints both in passenger/express services and also in suburban 

traffic. Presently the total holding of DEMUs is 31 DPCs, 13 DTCs and 54 TCs 

and is working in BZA, GNT, GTL and SC divisions. 

In  the  year  2002  apart  from  DEMUs   and  WDS4locomotives,   15  WDP1 

locomotives were transferred from Diesel Loco Shed; Kazipet to this shed which 

are working in Mail/Express/Passenger services in BZA, GNT and GTL divisions. 

During the month of October 2008, 02 more WDP1 locomotives were 

transferred from Diesel Loco Shed, Tuglakhabad, and Northern Railway and put 

in BZA loco links from 01.11.08 & 09.11.08. 

In March 2007, 2 RAIL BUSES were received from NED division to run between 

COA-KLPH sections of BZA division. 

In addition to these locos, 12 WDM2 over aged locomotives were transferred 

from DLS/KZJ, DLS/GTL for utilizing in Coaching shunting, Yard Shunting, and 

BT etc. over BZA & GNT division with effect from 01.12.2009 and also 04 WDM2 

over aged locomotives were transferred from DLS/GTL with effect from 

01.02.10. 

1. Year of commencement: 

07.08.1983 

2. Road No./Type of the first loco homed in shed: 

19524/WDS4 



P a g e | 43 
 

3. Type-wise holding 

Table 5.1 : type wise holding 
 

 
 
 
 
 

 
4. Maximum Holding (Year/Number of Locos) 

Table 5.2: Maximum holding 
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5. Present Loco link 

Table 5.3 present loco link 

Fig 5.2 Present Loco Link 

Table 5.4 Homing diesel shed 
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fig 5.3 : Route map 

6. Homing Capacity: 
 

Originally  planned  for  homing  35  WDS4  locomotives,  subsequently  one  198 

meters pit line was constructed to place 9 coach rake formation of DEMU in the 

year 2000. 

7. Augmentation Plans: 
 

One more 198 meters pit line is under construction for DEMU rake schedules 

under PWP No. 298(LAW) 08-09. 

 

 

8. Centre for training to Loco Pilots on DEMUs: 
 

Diesel Loco Shed, Vijayawada is imparting trainings of initial/Refresher course 

to Loco Inspectors, Loco Pilots/Asst. Loco Pilots of other Divisions/Railways on 

DEMUs regularly besides BZA division Running staff/Loco Inspectors. 

9. Performance Parameters 
 

Table 5.5 Performance Parameters 
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10. Shed consumption of fuel: 

7525 liters/month 

11. KmS. Earned by Shed Locos/month: 
 

 

 

6. IOH (COACH CARE CENTER) 

AIR BRAKE SYTEM: 

INTRODUCTION: 

• In Air Brake system compressed air is used for operating the brake system. 

• The locomotive compressor charges the feed pipe and the brake pipes 

throughout the length of the train. 

• The feed pipe is connected to the auxiliary reservoir and the brake pipe is 

connected to the brake cylinder through the distributor valve. 

• Brake application takes place by dropping the pressure in the brake pipe. 

PRINCIPLE OF OPERATION OF TWIN PIPE GRADUATED RELEASE AIR BRAKE 

SYSTEM 

Charging the brake system: 

 Brake pipe through the length of train is charged with compressed air at 

5 Kg/cm2. 

 Feed pipe throughout the length of train is charged with compressed air 

at 6 Kg/cm2. 

 Control reservoir is charged to 5 Kg/cm2. 

 Auxiliary reservoir is charged to 6 Kg/cm2. 
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Brake application stage: 

For brake application the brake pipe pressure is dropped by venting air from the 

driver’s brake valve. Subsequently the following actions take place. 

• The control reservoir is disconnected from the brake pipe. 

• The distributor valve connects the auxiliary reservoir to the brake cylinder and 

the brake cylinder piston is pushed outwards for application of brakes. 

• The auxiliary reservoir is continuously charged from feed pipe at 6 Kg/cm2. 

Description Reduction in B. P. Pressure 

Minimum Brake Application 0.5 to 0.8Kg/cm2 

Service Brake Application 0.8 to 1.0Kg/cm2 

Full Service Brake Application 1.0 to 1.5Kg/cm2 

Emergency Brake Application Brake pipe is fully exhausted and its pressure 

reduces to almost zero. 

 
 

Brake release stage: 

• Brakes are released by recharging brake pipe to 5 Kg/cm2 pressure through 

the driver’s brake valve. 

• The distributor valve isolates the brake cylinder from the auxiliary reservoirs. 

• The brake cylinder pressure is vented to atmosphere through DV and the Brake 

cylinder piston moves inwards. 

AIR BRAKE SUB ASSEMBLIES: 

The various Air Brake sub-assemblies and components are: 

i) Brake pipe and feed pipe 

ii) Cut-off angle cock 

iii) Brake cylinder 

iv) Dirt collector 

v) Auxiliary reservoir 

vi) Distributor valve 

vii) Isolating cock 

viii) Check valve 

AIR BRAKE HOSES (Brake Pipe & Feed Pipe Hoses): 

• To maintain continuity throughout the length of train, the brake pipe (BP) and 

feed pipe (FP) are fitted with flexible hoses. 
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• For easy identification, coupling heads are painted with green colour for B.P 

and white colour for F.P. 

CUT OFF ANGLE COCK : 

• Cut off angle cocks are provided both on brake pipe & feed pipe on either end 

of each coach to facilitate coupling and uncoupling of air hoses. 

• When the handle of the cut off angle cock is placed in closed position it cuts 

off the passage of compressed air, there by facilitating coupling and uncoupling 

action. 

BRAKE CYLINDER: 

• On every coach fitted with air brake system two brake cylinders are provided 

for actuating the brake rigging for the application and release of brakes. 

• During application of brakes the brake cylinder develops mechanical brake 

power by outward movement of its piston assembly after receiving air pressure 

from Auxiliary reservoir through the distributor valve. This is transmitted to the 

brake shoes through a combination of levers. 

• During release action of brakes the compression spring provided in the brake 

cylinder brings back the rigging to its original position. 

AUXILIARY RESERVOIR: 

• On both the ends of the reservoir, flanges are provided for pipe connections. 

One end of the auxiliary reservoir is connected to the brake pipe through the 

distributor valve. 

• Auxiliary reservoir is charged through the feed pipe to a pressure of 6kg/sq cm. 

At the bottom of the auxiliary reservoir, a drain cock is provided for draining out 

the condensate /moisture. 

DIRT COLLECTOR: 

• Dirt Collector is placed in the brake pipe line and feed pipe line at a point from 

where a branch is taken off to the distributor valve and the auxiliary reservoir. 

• The air entering into the dirt collector from the brake pipe and feed pipe is 

guided through suitably shaped passages in the dirt collector body to produce 

centrifugal flow. 

• The air is then filtered through additional filter assembly before it is passed to 

outlet on branch pipe side to provide dust proof air to the distributor valve 

auxiliary reservoir after arresting fine dust particles. 

• The dirt contained in the air descends down and gets deposited in the dirt 
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chamber. 

DISTRIBUTOR VALVE: 

• Distributor valve is the most important functional component of the air brake 

system and is also sometimes referred to as the heart of the air brake system. 

• The distributor valve senses drop and rise in brake pipe pressure for brake 

application and release respectively. 

• It is connected to the brake pipe through branch pipe. 

• Various other components connected to the distributor valve are auxiliary 

reservoir, brake cylinders and control reservoir. 

Function of Distributor Valve: 

For application and release of brakes the brake pipe pressure has to be reduced 

and increased respectively with the help of driver's brake valve. During these 

operations the distributor valve mainly performs the following functions. 

• Charges the air brake system to regime pressure during normal running 

condition. 

• Helps in graduated brake application, when pressure in brake pipe is reduced 

insteps. 

• Helps in graduated brake release, when pressure in brake pipe is increased 

insteps. 

• Quickly propagates reduction of pressure in brake pipe throughout the length 

of the train by arranging additional air pressure reduction locally inside the 

distributor valve. 

• Limits maximum brake cylinder pressure for full service application/ 

emergency application. 

• Controls the time for brake application and brake release depending on service 

conditions 

• Facilitates complete discharge of air from the air brake system manually with 

the help of operating lever. 

• Protects overcharging of control reservoir when the brake pipe pressure is 

quickly increased for releasing the brakes. 

Three designs of distributor valves are in use on coaches. These are: 

• C3W Type distributor valve 

• KE type distributor valve. 

• P4aG type distributor valve. 
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*In locos C3 distributor valve is used: 

C3W DISTRIBUTOR VALVE: 

Operation of C3w Distributor Valve: 

For effective functioning of the air brake system, the distributor valve has to 

operate effectively during: 

1. Charging stage 

2. Application stage 

3. Release stage 

Charging Stage: 

• During charging stage the compressed air flows from the brake pipe and 

enters into the brake pipe chamber of the main valve, cut off valve and quick 

service valve. 

• Due  to  this  pressure  the  various  valves  get,  activated  and  perform  their 

functions. 

Application Stage: 

EMERGENCY APPLICATION 

• During emergency application the brake pipe pressure is reduced rapidly to 

0kg/cm2 by the driver's brake valve. 

• Because of this drop the position of the various valves will be altered. 

GRADUATED APPLICATION 

• During graduated brake application the brake pipe pressure is dropped in 

steps by driver's brake valve. 

• The movement of various valve assemblies is almost in the same direction as 

during emergency application, but their movement is comparatively less. 

Release Stage: 

• When the brake pipe pressure is increased in steps for graduated release of 

brakes the position of the different valves is altered. 

Manual release: 

• Double release valve provides for accelerated manual brake release, which is 

particularly useful during shunting operation. 

• A short pull on the lever of double release valve is all that is needed. 

PASSENGER EMERGENCY ALARM SYSTEM 

Passenger emergency alarm system consists of two components: 

(i) Passenger Emergency Alarm Signal Device (PEASD). 
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(ii) Passenger Emergency Alarm Valve (PEAV). 

These two components in combination give an indication to the driver that 

some passenger is in need to stop the train. The indication is transmitted from 

the coach when the passenger pulls the chain. 

CHECK VALVE: 

• Check valve with choke (non-return valve) is fitted in the branch line of feed 

pipe before auxiliary reservoir. 

• Check valve allows flow of air in one direction as indicated by the arrow on the 

body and reverse flow of air is prevented thus avoiding fall in auxiliary reservoir 

pressure. 

ISOLATING COCK: 

• Ball type isolating cocks are provided on the feed pipe branch line before the 

auxiliary reservoir as well as on the branch pipe leading to brake cylinders and 

passenger emergency alarm valve. 

• Isolating cocks can be operated to cut-off air supply to these equipment as per 

the service requirements. 

 
 
 
 
 
 
 
 
 
 

 
7. CONCLUSION: 

 
 

By this winter industrial training in south central railways we have come to 

know about the functioning of railways in Vijayawada. We have observed and 

learned many aspects in safety measures , signal & communication system 

,maintenance and service system of coaches and trains, loco pilot training and 

functions ,train functioning and tracking systems, electrical traction system , 

sub stations of railways in Vijayawada division. By observing and analyzing 

these  systems,  they  are  very  helpful  for  us  in  developing  new  technological 
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systems & upgrading the technological equipment with present equipment for 

better functioning of railways & better service to people. 
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ABOUT THE ORGANISATION 

 

              National Small Industries Corporation (NSIC), is an ISO 9001-2015 

certified Government of India Enterprise under Ministry of Micro, Small and 

Medium Enterprises (MSME). NSIC has been working to promote, aid and 

foster the growth of micro, small and medium enterprises in the country. 

NSIC operates through countrywide network of offices and Technical 

Centers in the Country. In addition, NSIC has set up Training cum 

Incubation Centre managed by professional manpower. 

 

Mission: “To promote and support Micro, Small & Medium Enterprises 
(MSMEs) Sector” by providing integrated support services encompassing 
Marketing, Technology, Finance and other services. 

Vision: “To be a premier Organization fostering the growth of Micro, Small 
and Medium Enterprises (MSMEs) Sector”. 

 

Schemes of NSIC: 

 

NSIC facilitates Micro, Small and Medium Enterprises with a set of 

specially tailored scheme to enhance their competitiveness. NSIC provides 

integrated support services under Marketing, Technology, Finance and other 

Support service. 

Technology Support: 

Technology is the key to enhancing a company's competitive advantage in 

today's dynamic information age. Small enterprises need to develop and 

implement a technology strategy in addition to financial, marketing and 

operational strategies and adopt the one that helps integrate their operations 

with their environment, customers and suppliers. 

NSIC offers small enterprises the following support services through its 

Technical Services Centers and Extension Centers: 
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1. Advise on application of new techniques. 

2. Material testing facilities through accredited laboratories. 

3. Product design including CAD. 

4. Common facility support in machining, EDM, CNC, etc. 

5. Energy and environment services at selected centers. 

6. Classroom and practical training for skill upgradation. 

 

 

NSIC Technical Services Centers are located at the following places: 

Name of the Centre Focus area 

Chennai Leather & Footware 

Howrah General Engineering 

Hyderabad Electronics & Computer Application 

New Delhi Machine Tools & related activities 

Rajkot Energy Audit & Energy Conservation activiti 

Rajpura (Pb) Domestic Electrical Appliances 

Aligarh (UP) Lock Cluster & Die and Tool making 

Neemka (Haryana) Machine Tools & related activities 
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INTRODUCTION 

 

 

Energy requirement for refrigeration and air conditioning applications 

bears a huge share of total energy consumption around the world. Since,  

thermal  comfort  plays  a  very  important  role  on  the  health,  working 

efficiency and activities of all living beings, especially, temperature and 

humidity. In the excessively hot climates it is necessary to reduce the 

temperature and humidity whereas in the cold climate there is a need to 

increase the temperature. When the temperature drops below thermal 

comfort level, especially in the winter season,  The  heating  systems  are  

employed.  In some countries,  where  the atmospheric temperature is very 

low, natural heating like solar energy is not sufficient, the heat pump and 

fuel fired systems are proven to be suitable heating devices.  In  hot  

climates,  thermal  comfort  achieved  through  the  use  of  refrigerators and 

air conditioning systems. 

 

 

Refrigeration: 

                         The term “Refrigeration” may be defined as the process of 
removing heat from a substance under controlled conditions. It also includes 

the process of reducing and maintaining the temperature of a body below the 

general temperature of its surroundings. 

In other words, the refrigeration means a continued extraction of heat from a 

body whose temperature is already below temperature of its surroundings. In 

a refrigerator, heat is virtually pumped from a lower temperature to a higher 

temperature.  

Applications of Refrigeration: 

1. Food processing preservation and distribution. 

2. Chemical and process industries. 

3. Special applications such as cold treatment of metals, medical, 

construction, ice skating etc. 

4. Comfort air conditioning.    
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Air Conditioning: 

                              “Air conditioning” is the process of removing heat and 

moisture from the interior of an occupied space to improve the comfort of 

occupants. Air conditioning can be used in both domestic and commercial 

environments. 

Air conditioners often use a fan to distribute the conditioned air to an 

occupied space such as a building or a car to improve thermal 

comfort and indoor air quality. Electric refrigerant-based AC units range 

from small units that can cool a small bedroom, which can be carried by a 

single adult, to massive units installed on the roof of office towers that can 

cool an entire building. The cooling is typically achieved through 

a refrigeration cycle, but sometimes evaporation or free cooling is used. Air 

conditioning systems can also be made based on desiccants (chemicals 

which remove moisture from the air). Some AC systems reject or store heat 

in subterranean pipes. 

 

 

Welding: 

 

     Welding is a fabrication process that joins materials, usually metals 

or thermoplastics by causing fusion, which is distinct from lower 

temperature metal- joining techniques such as brazing and soldering, which 

do not melt the base metal. In addition to melting the base metal, a filler 

material is typically added to the joint to form a pool of molten material (the 

weld pool) that cools to form a joint that, based on weld configuration (butt, 

full penetration, fillet, etc.), can be stronger than the base material (parent 

metal). Pressure may also be used in conjunction with heat, or by itself, to  

produce a  weld.  Welding also requires a form of shield to protect the filler 

metals or melted metals from being contaminated or oxidized. 

Although less common, there are also solid state welding processes 

such as friction welding in which the base metal does not melt.



5 

 

REFRIGERATION AND AIR CONDITIONIG 

 

In air refrigeration, the air is used as a refrigerant. In olden days, air was 

widely used in commercial applications because of its availability at free of cost. 

Since air does not change its phase i.e. remains gaseous throughout the cycle, 

therefore the heat carrying capacity per kg of air is very small as compared to 

vapour absorbing systems. The air- cycle refrigeration systems, as originally 

designed and installed, are now practically obsolete because of their low 

coefficient of performance and high power requirements; however, this system 

continues to be favoured for air refrigeration because of the low weight and 

volume of the equipment. 

Refrigeration essentially means continued abstraction of heat from a 

substance (perishable foods, drinks and medicines etc.) at low temperature level 

and then transfers this heat to another system at high potential of temperature. 

The basic elements of an air cycle refrigeration system are as follows: 

Compressor 

Cooler or heat exchanger 

Expander 

Refrigerator 

 Air- Conditioning 

The air conditioning is that branch of engineering science which deals 

with the freezing point of water. 

They conducted their experiment with the bulb of a mercury thermometer as their 

object and with a bellows used to speed up the evaporation. They lowered the 

study of conditioning of air i.e. supplying and maintaining desirable internal 

atmospheric condition for human comfort, irrespective of external condition. 

This subject, in its broad sense, also deals with the conditioning of air for 

industrial purpose, food processing, storage of food and other materials. 

Air conditioning refers to the simultaneous control of temperature, humidity, 

cleanliness and air motion within a confined region or space. 

The basic elements of an Air- Conditioning system are as follows: 
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1. Circulation fan 

2. Compressor 

3. Condenser 

4. Dryer 

5. Evaporator 

6. Supply Duct 

7. Supply outlet 

8. Return outlet 

9. Filters 

Modern air conditioning emerged from advances in chemistry during the 19th 

century, and the first large- scale electrical air conditioning was invented and 

used in 1902 by American inventor Willis Carrier. The introduction of 

residential air conditioning in the 1920s helped enable the great migration to the 

sun belt in the United States. 

In 1758, Benjamin Franklin and John Hadley, a chemistry professor at 

Cambridge University, conducted an experiment to explore the principle of 

evaporation as a means to rapidly cool an object. Franklin and Hadley 

confirmed that evaporation of highly volatile liquids (such as alcohol and ether) 

could be used to drive down the temperature of an object past the temperature of 

the thermometer bulb down to −14 °C (7 °F) while the ambient temperature was 
18 °C (64 °F). Franklin noted that, soon after they passed the freezing point of 

water 0 °C (32 °F), a thin film of ice formed on the surface of the thermometer's 

bulb and that the ice mass was about 6 mm (1⁄4 in) thick when they stopped the 

experiment upon reaching −14 °C (7 °F). Franklin concluded: "From this 

experiment one may see the possibility of freezing a man to death on a warm 

summer's day. 

A simple vapor compression refrigeration system consists of the following 

equipments: i) Compressor ii) Condenser iii) Expansion valve iv) Evaporator. 
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Fig: 2.1. Typical single- stage vapour compression referigeration. 

 

The schematic diagram of the arrangement is as shown in Fig.2.1. The low 

temperature, low pressure vapor at state B is compressed by a compressor to 

high temperature and pressure vapor at state C. This vapor is condensed 

intohigh pressure vapor at state D in the condenser and then passes through the 

expansion valve. Here, the vapor is throttled down to a low pressure liquid and 

passed on to an evaporator, where it absorbs heat from the surroundings from 

the circulating fluid (being refrigerated) and vaporizes into low pressure vapour 

at state B. The cycle then repeats. The exchange of energy is as follows: 

a) Compressor requires work, δw. The work is supplied to the system from 

the surroundings. 

b) During condensation, heat δQ1 the equivalent of latent heat of 
condensation etc, is lost from the refrigerator. 

c) During evaporation, heat δQ2 equivalent to latent heat of vaporization is 
absorbed by the refrigerant. 

d) There is no exchange of heat during throttling process through the 

expansion valve as this process occurs at constant enthalpy. 
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          Figure shows a simple vapor compression refrigeration cycle on T- s 

diagram for different compression processes. The cycle works between 

temperatures T1 and T2 representing the condenser and evaporator 

temperatures respectively. 

The various process of the cycle are as given below: 

 

i) Process 2-3: Isentropic compression of the vapor from state 2 to 3. If 

vapor state is saturated or superheated, the compression is called dry 

compression. If initial state is wet the compression is called wet 

compression. 

ii) Process 3-4: Heat rejection in condenser at constant pressure. 

iii) Process 4-1: An irreversible adiabatic expansion of vapor through the 

expansion value. The pressure and temperature of the liquid are 

reduced. The process is accompanied by partial evaporation of some 

liquid.  

iv) Process 1-2: Heat absorption in evaporator at constant pressure. The 

final state depends on the quantity of heat absorbed and same may be 

wet, dry or superheated. 

Thermodynamic properties of Refrigerant: 

1. Boiling point   : It should be low. 

2. Thermal conductivity  : it should be high 

3. Specific heat   : It should be low 

4. Freezing point   : it should be low. 

5. Toxicity   : it should be low 
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6. Evaporative pressure  : it should be high. 

7. Condensation pressure  : It should be low. 

8. Latent heat   : It should be high. 

9. CPO    : It should be high. 

 

REFRIGERENT: 

1) It is heat carrying medium. 

2) It carries heat from low temperature to high temperature system. 

3) Liquid + vapour mixture. 

 

Selection of Refrigerant: 

1) Performance: High efficiency, Low cost. 

2) Safety: Non toxic. 

3) Environmental impact: It should be low. 

 

Types of Refrigerants: 

1) Chlorofluorocarbons (CFC)  :R11, R22, R114, R113. 

2) Hydro cholrofluoro carbons (HCFC) :R22. 

3) Hydrofluorcarbons (HFC)            :R410a, R407, R1234yf, R134a. 

4) Hydrocarbons(HC)             :R600a. 

 

 

Comparison of Air-Conditioners: 

Non- Inverter Inverter 

On/Off type Continuous on 

Current consumption high Low power consumption 

Fixed frequency(50HZ) Variable frequency 

Outdoor unit starts (ODU) 

after 3mins 

Indoor unit and outdoor unit 

starts at a same time 

Constant speed Variable speed 

It takes more time to reach set 

temperature 
It takes less time 
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Types of refrigerators: 

 

    1.Single door refrigerator. 

2.Double door refrigerator. 

 

Difference between single and double door refrigerator: 

 

Single door Double door 

Single door is also called as 

direct cool refrigerator. 

Double door refrigerator is also 

called as freezer. 

Plate and tube evaporator coil. Tube and fine evaporator coil. 

Cooling temperature 

is up to - 

18degrees.c 

Cooling temperature 

is up to - 24degrees.c 

 

Psychrometry process: 

1. Sensible cooling. 

2. Sensible heating. 

3. Humidification. 

4. Dehumidification. 

5. Cooling and dehumidification.  

6. Heating and humidification. 

Capacitors required for 

starting purpose 
No capacitors required 

PCBs are placed in IDU 
PCBs are placed in IDU 

AND ODU 

R22 Refrigerant is used R4100 Refrigerant is used 

Suction pressure (60- 80psig) 
Suction pressure (120- 

150psig) 

Discharge pressure (270- 

290psig) 

Discharge pressure (440- 

480psig) 
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Servicing of Air conditioners: 

• The main purpose of servicing ac is to increase the cooling effect, 

which is decreased mainly due to 

       1.Dust Formation 

       2.Compressor Working 

       3.Reduction in refrigerant pressure 

        

 

Dust Removal: 

• Replacing or cleaning air conditioner filters is a critical maintenance 

task. An air conditioner's filters, coils, and fins require regular 

maintenance for the unit to function effectively and efficiently. 
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Compressor Checking: 

 By checking the capacitor. 

 By checking C-R-S terminals. 

 

Capacitor Checking: 

       Check the capacitor terminals with the help of multimeter, if it shows 

continuity then we will go for checking of C-R-S terminals or else we will 

change capacitor. 

Checking C-R-S terminals: 

   1.C-S terminal:                                          

 

   2.C-R terminal:                                         

        

   3.R-S terminal:                                         
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Refrigerant charging Procedure: 

• Close the valves on low/high pressure sides of the manifold. 

• Install the low/high pressure hoses to the corresponding service ports 

on the vehicle respectively 

• Connect the center hose of the manifold gauge set with vacuum 

pump. 

• Carefully open the valves on low/high pressure sides to activate the 

vacuum pump. 

• After low pressure gauge reaches 100 k.pa or higher, evacuate the 

system for approx. 15 minutes. 

• After 15 min of evacuation if the reading shows 100 k.pa or higher 

close the valves on the both sides to stop the vacuum pump. 

•  After that check leaks if there are no leaks then charge with required 

refrigerant. 
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WELDING 

Welding is a fabrication process that joins materials, usually metals or 

thermoplastics, by causing fusion, which is distinct from lower temperature 

metal- joining techniques such as brazing and soldering, which do not melt the 

base metal. In addition to melting the base metal, a filler material is typically 

added to the joint to form a pool of molten material (the weld pool) that cools to 

form a joint that, based on weld configuration (butt, full penetration, fillet, etc.), can 

be stronger than the base material (parent metal). Pressure may also be used in 

conjunction with heat, or by itself, to produce a weld. Welding also requires a 

form of shield to protect the filler metals or melted metals from being 

contaminated or oxidized. 

 

 

    Methods of Welding: 

                            Some of the best known welding methods include: 

 

 Oxy-fuel welding – also known as oxyacetylene welding or oxy-welding, 

uses fuel gases and oxygen to weld and cut metal. 

 

 

 

 

 

 

 

 

 

 

 

 

 

fig: 3.1 Oxy- Fuel Welding 

 

 Shielded metal arc welding (SMAW) – also known as "stick welding" 

or "electric welding", uses an electrode that is coated in flux to protect the 

weld puddle. The electrode holder holds the electrode as it slowly melts 

away. Slag protects the weld puddle from atmospheric contamination. 
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Fig: 3.2 Shielded Metal Arc Welding 

 

 Gas tungsten arc welding (GTAW) – also known as TIG (tungsten, inert 

gas), uses a non- consumable tungsten electrode to produce the weld. The 

weld area is protected from atmospheric contamination by an inert 

shielding gas such as argon or helium. 

 

 
Fig. 3.3 Gas Tungsten Arc Welding 

 

 Gas metal arc welding (GMAW) – 

commonly termed MIG (metal inert 

gas), uses a wire feeding gun that 

feeds wire at an adjustable speed and 

flows an argon- based shielding gas 

or a mix of argon and carbon dioxide 

(CO2) over the weld puddle to protect 

it from atmospheric contamination.  

 

 

 

Fig. 3.4 Gas metal arc welding 
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 Submerged arc welding (SAW) – uses an automatically fed consumable 

electrode and a blanket of granular fusible flux. The molten weld and the arc zone 

are - protected from atmospheric contamination by being "submerged" under the 

flux blanket. 

 

 

Fig. 3.5 Submerged Arc Welding 

 Electroslag welding (ESW) – a highly productive, single pass welding 

process for thicker materials between 1 inch (25 mm) and 12 inches (300 

mm) in a vertical or close to vertical position. 

 
 

 

Fig. 3.6 Electroslag Welding 
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 Electric resistance welding (ERW) – a welding process that produces 

coalescence of laying surfaces where heat to form the weld is generated by the 

electrical resistance of the material. In general, it is an efficient method but 

limited to relatively thin material. 

 
Fig. 3.7 Electric resistance welding 

 

 

 

Classification of Welding Processes: 

Welding processes can be classified based on following criteria; 

 

1. Welding with or without filler material. 

2. Source of energy of              welding. 

3. Arc and Non- arc welding. 

4. Fusion and Pressure welding. 

 

1. Welding can be carried out with or without the application of filler material. 

Earlier only gas welding was the fusion process in which joining could 

be achieved with or without filler material. When welding was done 

without filler material it was called ‘autogenous welding'. However, with 

the development of TIG, electron beam and other welding processes such 

classification created confusion as many processes shall be falling in 

both the categories. 

2. Various sources of energies are used such as chemical, electrical, light, 

sound, mechanical energies, but except for chemical energy all other 

forms of energies are generated from electrical energy for welding. So 

this criterion does not justify proper 
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es classification embraces all the arc welding processes in one class and 

all other processes in other class. In such classification it is difficult to 

assign either of the class to processes such as electroslag welding and 

flash butt welding, as inelectroslag welding the process starts with arcing 

and with the melting of sufficient flux the arc extinguishes while in flash 

butt welding tiny arcs i.e. sparks are established during the process and then 

components are pressed against each other. Therefore, such classification 

is also not perfect. 

3. Fusionwelding and pressure welding is most widely used 

classification as it covers all processes in both the categories 

irrespective of heat source and welding with or without filler material. 

In fusion welding all those processes are included where molten metal 

solidifies freely while in pressure welding molten metal if any is 

retained in confined space under pressure (as may be in case of 

resistance spot welding or arc stud welding) solidifies under pressure 

or semisolid metal cools under pressure. 

 

 

 

 

 

 

 

 

 

 

 

 

                              Fig. Classification of Welding Process 
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Fig. Classification of Pressurized welding 
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WELDING INSPECTION (NDT) 

4.1 Non- Destructive Testing: 

Nondestructive testing or non- destructive testing (NDT) is a wide group of 

analysis techniques used in science and technology industry to evaluate the 

properties of a material, component or system without causing damage The 

terms nondestructive examination (NDE), nondestructive inspection (NDI), and 

nondestructive evaluation (NDE) are also commonly used to describe this 

technology.   

Since NDT does not permanently alter the characteristics of article being 

inspected, it is a highly valuable technique that can save both money and time in 

product evaluation, troubleshooting, and research. The six most frequently used 

NDT methods are: 

 

4.2 Types of NDT: 

1. Visual inspection. 

2. Penetrant testing. 

3. Magnetic particle inspection testing. 

4. Ultrasonic testing. 

5. Radiography testing. 

6. Eddy current testing. 

7. Leak test. 

8. Thermography. 

9. Vibrational analysis 

 

4.3 Selection of NDT: 

 

Magnetic particle Inspection (MPI): It is a non- destructive testing (NDT) 

process for detecting surface and shallow subsurface discontinuities in 

ferromagnetic materials such as iron, nickel, cobalt, and some of their alloys. The 

process puts a magnetic field into the part. The piece can be magnetized by direct 

or indirect magnetization. 

Direct magnetization occurs when the electric current is passed through the test 

object and a magnetic field is formed in the material. Indirect magnetization 

occurs when no electric current is passed through the test object, but a magnetic 

field is applied from an outside source. The magnetic lines of force are 

perpendicular to the direction of the electric current, which may beeither 

alternating current (AC) or some form of direct current (DC) (rectified AC). 

The presence of a surface or subsurface discontinuity in the material allows the 
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magnetic flux to leak, since air cannot support as much magnetic field per unit 

volume as metals. 

 

 

 Fig 4.1 Magnetic particle inspection 

Liquid Penetration method: 

 

 Visible dye penetrant is a NDT (Non Destructive Testing) method. It is a 

simple test to perform, and a good way to test welds before carrying out more 

expensive techniques like x- ray testing. 

 It will show up bad cold lap, cracks, holes... basically any defects where a 

very fine dye can penetrate, hence the name. It can be used for various things, not 

just weld testing. It can be used to test the presence of a crack in a cylinder head 

for example. 

 The simple kits come in 3 parts, usually in aerosol cans. Namely, a 

cleaner, a penetrant, and a developer. There are four types of dye penetrant 

system: 

 Water washable : the dyes wash away with water. 

 Lipophilic  : the dye dissolves in oil for removal. 

 Hydrophilic  : the dye washes away with a 

water rinse, but detergents are necessary. 

 Solvent removable : the dye is removed with a cleaning 

solvent. 

 

 

 

There are five levels of testing, from Level ½ (Lowest sensitivity) to Level 
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4 (Highest Sensitivity). Operatives carrying out this testing should be qualified to 

do so, and reports, sometimes with photographic evidence, might be requested. 

Step 1 - Pre cleaning 

First any loose material needs to be removed, together 

with any silica on top of the weld. It is important to 

remove the silica, or you can get false results. A good 

scrape and wire brush sorts this out in most cases.  

Then apply some of the cleaner to remove any oil etc. 

Wait for the cleaner to dry completely before applying 

penetrant. 

       

 

                                              Fig. 4.2 Pre cleaning 

 

Step 2 - Penetrant 

Once cleaned, apply the penetrant (a bright red 

liquid dye). Spray plenty on the welds. 

Leave the dye to penetrate, normally for about 20 

minutes. The time scale is usually printed on 

the can or on the product data sheet. The 

photographs show a solvent removable system. 

 

 

Fig. 4.3 Application of Penetrant 

Step 3 - Post cleaning 

Cleaning again. You need to 

remove excess dye from the area, 

which is easier said than done. It 

is important not to spray the 

cleaner on the area directly, or you 

risk washing the dye from the 

flaw. Use a dry tissue to remove 

excess dye, then spray cleaner 

onto a clean cloth for final 

cleaning. 
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Ultrasonic Testing (UT):       

Ultrasonic testing (UT) is a family of non- destructive testing techniques 

based on the propagation of ultrasonic waves in the object or material tested. 

In most common   UT applications, very   short   ultrasonic   pulse- waves   

with   center frequencies ranging from 0.1- 15 MHz, and  occasionally  up  to  

50 MHz,  are transmitted into materials to detect internal flaws or to 

characterize materials. A common   example   is ultrasonic   thickness   

measurement, which   tests   the thickness of the test object, for example, to 

monitor pipe work corrosion. 

 Ultrasonic testing is often performed on steel and other metals and alloys, 

though it can also be used on concrete, wood and composites, albeit with 

less resolution. It is used in many industries including steel and aluminium 

construction, metallurgy, manufacturing, aerospace, automotive and other 

transportation sectors. 

Step 2: Instrument settings are input. 

Step 3: The probe is scanned over the blade root. In this case, an indication 

(peak in the data) through the red line (or gate) indicates a good blade; an 

indication to the left of that range indicates a crack. 

 

 

 

 

Fig: 4.5 Ultrasonic Testing 

Principle: A probe sends a sound wave into a test material. There are two 

indications, one from the initial pulse of the probe, and the second due to the 

backwall echo. RIGHT: A defect creates a third indication and simultaneously 

reduces the amplitude of the backwall indication. The depth of the defect is 

determined by the ratio D/Ep. 
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    FIG 4.7 Projectional Radiography 

Radiography: 

Radiography is an imaging technique using X- rays to view the internal 

form of an object. To create the image, a beam of X- rays, a form of 

electromagnetic radiation, are produced by an X- ray generator and are 

projected toward the object. A certain amount of X- ray is absorbed by the 

object, dependent on its density and structural composition. The X- rays that 

pass through the object are captured behind the object by a detector (either 

photographic film or a digital detector). The generation of flat two 

dimensional images by this technique is called projectional radiography. In 

Computed tomography (CT scanning) an x ray source and its associated 

detectors rotate around the subject which itself moves through the conical x 

ray beam produced. Any given point within the subject is crossed from many 

directions by many different beams at different times. 

Information regarding attenuation of these beams is collated and 

subjected to computation to generate two dimensional images in three planes 

(axial, coronal and sagittal) which can be further processed to produce a three 

dimensional image. 
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Conclusion 

 

In this internship programme, I have learnt about 

 Trouble shooting of different parts of refrigerator and air conditioner. 

 Different metal joining processes and their applications, with hands on 

experience.  

 Different non-destructive techniques – their principles and 

implementation with hands on experience. 
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ABOUT THE ORGANISATION 

 

              National Small Industries Corporation (NSIC), is an ISO 9001-2015 
certified Government of India Enterprise under Ministry of Micro, Small and 
Medium Enterprises (MSME). NSIC has been working to promote, aid and 
foster the growth of micro, small and medium enterprises in the country. 
NSIC operates through countrywide network of offices and Technical 
Centers in the Country. In addition, NSIC has set up Training cum 
Incubation Centre managed by professional manpower. 

 

Mission: “To promote and support Micro, Small & Medium Enterprises 
(MSMEs) Sector” by providing integrated support services encompassing 
Marketing, Technology, Finance and other services. 

Vision: “To be a premier Organization fostering the growth of Micro, Small 
and Medium Enterprises (MSMEs) Sector”. 

 

Schemes of NSIC: 

 

NSIC facilitates Micro, Small and Medium Enterprises with a set of 
specially tailored scheme to enhance their competitiveness. NSIC provides 
integrated support services under Marketing, Technology, Finance and other 
Support service. 

Technology Support: 

Technology is the key to enhancing a company's competitive advantage in 
today's dynamic information age. Small enterprises need to develop and 
implement a technology strategy in addition to financial, marketing and 
operational strategies and adopt the one that helps integrate their operations 
with their environment, customers and suppliers. 

NSIC offers small enterprises the following support services through its 
Technical Services Centers and Extension Centers: 
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1. Advise on application of new techniques. 
2. Material testing facilities through accredited laboratories. 
3. Product design including CAD. 
4. Common facility support in machining, EDM, CNC, etc. 
5. Energy and environment services at selected centers. 
6. Classroom and practical training for skill upgradation. 

 

 

NSIC Technical Services Centers are located at the following places: 

Name of the Centre Focus area 

Chennai Leather & Footware 

Howrah General Engineering 

Hyderabad Electronics & Computer Application 

New Delhi Machine Tools & related activities 

Rajkot Energy Audit & Energy Conservation activities 

Rajpura (Pb) Domestic Electrical Appliances 

Aligarh (UP) Lock Cluster & Die and Tool making 

Neemka (Haryana) Machine Tools & related activities 
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INTRODUCTION 

 
 
Energy requirement for refrigeration and air conditioning applications 

bears a huge share of total energy consumption around the world. Since,  
thermal  comfort  plays  a  very  important  role  on  the  health,  working 
efficiency and activities of all living beings, especially, temperature and 
humidity. In the excessively hot climates it is necessary to reduce the 
temperature and humidity whereas in the cold climate there is a need to 
increase the temperature. When the temperature drops below thermal 
comfort level, especially in the winter season,  The  heating  systems  are  
employed.  In some countries,  where  the atmospheric temperature is very 
low, natural heating like solar energy is not sufficient, the heat pump and 
fuel fired systems are proven to be suitable heating devices.  In  hot  
climates,  thermal  comfort  achieved  through  the  use  of  refrigerators and 
air conditioning systems. 
 

 

Refrigeration: 

                         The term “Refrigeration” may be defined as the process of 
removing heat from a substance under controlled conditions. It also includes 
the process of reducing and maintaining the temperature of a body below the 
general temperature of its surroundings. 

In other words, the refrigeration means a continued extraction of heat from a 
body whose temperature is already below temperature of its surroundings. In 
a refrigerator, heat is virtually pumped from a lower temperature to a higher 
temperature.  

Applications of Refrigeration: 

1. Food processing preservation and distribution. 
2. Chemical and process industries. 
3. Special applications such as cold treatment of metals, medical, 

construction, ice skating etc. 
4. Comfort air conditioning.    
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Air Conditioning: 

                              “Air conditioning” is the process of removing heat and 
moisture from the interior of an occupied space to improve the comfort of 
occupants. Air conditioning can be used in both domestic and commercial 
environments. 

Air conditioners often use a fan to distribute the conditioned air to an 
occupied space such as a building or a car to improve thermal 
comfort and indoor air quality. Electric refrigerant-based AC units range 
from small units that can cool a small bedroom, which can be carried by a 
single adult, to massive units installed on the roof of office towers that can 
cool an entire building. The cooling is typically achieved through 
a refrigeration cycle, but sometimes evaporation or free cooling is used. Air 
conditioning systems can also be made based on desiccants (chemicals 
which remove moisture from the air). Some AC systems reject or store heat 
in subterranean pipes. 

 
 

Welding: 

 

     Welding is a fabrication process that joins materials, usually metals 
or thermoplastics by causing fusion, which is distinct from lower 
temperature metal- joining  techniques such  as brazing and soldering,  
which  do  not melt the base metal. In addition to melting the base metal, a 
filler material is typically added to the joint to form a pool of molten material 
(the weld pool) that cools to form a joint that, based on weld configuration 
(butt, full penetration, fillet, etc.), can be stronger than the base material 
(parent metal). Pressure may also be used in conjunction with heat, or by 
itself, to  produce a  weld.  Welding also requires a form of shield to protect 
the filler metals or melted metals from being contaminated or oxidized. 

Although  less  common,  there  are  also  solid  state  welding  
processes  such as friction welding in which the base metal does not melt.
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REFRIGERATION AND AIR CONDITIONIG 

 

In air refrigeration, the air is used as a refrigerant. In olden days, air was 
widely used in commercial applications because of its availability at free of cost. 
Since air does not change its phase i.e. remains gaseous throughout the cycle, 
therefore the heat carrying capacity per kg of air is very small as compared to 
vapour absorbing systems. The air- cycle refrigeration systems, as originally 
designed and installed, are now practically obsolete because of their low 
coefficient of performance and high power requirements; however, this system 
continues to be favoured for air refrigeration because of the low weight and 
volume of the equipment. 

Refrigeration essentially means continued abstraction of heat from a 
substance (perishable foods, drinks and medicines etc.) at low temperature level 
and then transfers this heat to another system at high potential of temperature. 

The basic elements of an air cycle refrigeration system are as follows: 

Compressor 

Cooler or heat exchanger 

Expander 

Refrigerator 

 Air- Conditioning 

The air conditioning is that branch of engineering science which deals 
with the freezing point of water. 

They conducted their experiment with the bulb of a mercury thermometer as their 
object and with a bellows used to speed up the evaporation. They lowered the 
study of conditioning of air i.e. supplying and maintaining desirable internal 
atmospheric condition for human comfort, irrespective of external condition. 
This subject, in its broad sense, also deals with the conditioning of air for 
industrial purpose, food processing, storage of food and other materials. 

Air conditioning refers to the simultaneous control of temperature, humidity, 
cleanliness and air motion within a confined region or space. 

The basic elements of an Air- Conditioning system are as follows: 
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1. Circulation fan 

2. Compressor 

3. Condenser 

4. Dryer 

5. Evaporator 

6. Supply Duct 

7. Supply outlet 

8. Return outlet 

9. Filters 

Modern air conditioning emerged from advances in chemistry during the 19th 
century, and the first large- scale electrical air conditioning was invented and 
used in 1902 by American inventor Willis Carrier. The introduction of 
residential air conditioning in the 1920s helped enable the great migration to the 
sun belt in the United States. 

In 1758, Benjamin Franklin and John Hadley, a chemistry professor at 
Cambridge University, conducted an experiment to explore the principle of 
evaporation as a means to rapidly cool an object. Franklin and Hadley 
confirmed that evaporation of highly volatile liquids (such as alcohol and ether) 
could be used to drive down the temperature of an object past the temperature of 
the thermometer bulb down to −14 °C (7 °F) while the ambient temperature was 
18 °C (64 °F). Franklin noted that, soon after they passed the freezing point of 
water 0 °C (32 °F), a thin film of ice formed on the surface of the thermometer's 
bulb and that the ice mass was about 6 mm (1⁄4 in) thick when they stopped the 
experiment upon reaching −14 °C (7 °F). Franklin concluded: "From this 
experiment one may see the possibility of freezing a man to death on a warm 
summer's day. 

A simple vapor compression refrigeration system consists of the following 
Equipments: i) Compressor ii) Condenser iii) Expansion valve iv) Evaporator. 
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Fig: 2.1. Typical single- stage vapour compression refrigeration. 

 

The schematic diagram of the arrangement is as shown in Fig.2.1. The low 
temperature, low pressure vapor at state B is compressed by a compressor to 
high temperature and pressure vapor at state C. This vapor is condensed into 
high pressure vapor at state D in the condenser and then passes through the 
expansion valve. Here, the vapor is throttled down to a low pressure liquid and 
passed on to an evaporator, where it absorbs heat from the surroundings from 
the circulating fluid (being refrigerated) and vaporizes into low pressure vapour 
at state B. The cycle then repeats. The exchange of energy is as follows: 

a) Compressor requires work, δw. The work is supplied to the system from 
the surroundings. 

b) During Condensation, heat δQ1 the equivalent of latent heat of 
condensation etc, is lost from the refrigerator. 

c) During Evaporation, heat δQ2 equivalent to latent heat of vaporization is 
absorbed by the refrigerant. 

d) There is no exchange of heat during throttling process through the 
expansion valve as this process occurs at constant enthalpy. 
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          Figure shows a simple vapor compression refrigeration cycle on T- s 
diagram for different compression processes. The cycle works between 
temperatures T1 and T2 representing the condenser and evaporator 
temperatures respectively. 

The various process of the cycle are as given below: 
 

i) Process 2-3: Isentropic compression of the vapor from state 2 to 3. If 
vapor state is saturated or superheated, the compression is called dry 
compression. If initial state is wet the compression is called wet 
compression. 

ii) Process 3-4: Heat rejection in condenser at constant pressure. 

iii) Process 4-1: An irreversible adiabatic expansion of vapor through the 
expansion value. The pressure and temperature of the liquid are 
reduced. The process is accompanied by partial evaporation of some 
liquid.  

iv) Process 1-2: Heat absorption in evaporator at constant pressure. The 
final state depends on the quantity of heat absorbed and same may be 
wet, dry or superheated. 

Thermodynamic properties of Refrigerant: 
1. Boiling point             : It should be low. 
2. Thermal conductivity  : it should be high 
3. Specific heat             : It should be low 
4. Freezing point   : it should be low. 
5. Toxicity             : it should be low 
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6. Evaporative pressure  : it should be high. 
7. Condensation pressure  : It should be low. 
8. Latent heat             : It should be high. 
9. CPO              : It should be high. 

 
REFRIGERENT: 

1) It is heat carrying medium. 
2) It carries heat from low temperature to high temperature system. 
3) Liquid + Vapour mixture. 

 
Selection of Refrigerant: 

1) Performance: High efficiency, Low cost. 
2) Safety: Non toxic. 
3) Environmental Impact: It should be low. 

 
Types of Refrigerants: 

1) Chlorofluorocarbons (CFC)   :R11, R22, R114, R113. 
2) Hydro cholrofluoro carbons (HCFC)  :R22. 
3) Hydrofluorcarbons (HFC)             :R410a, R407, R1234yf, R134a. 
4) Hydrocarbons(HC)              :R600a. 

 
 
Comparison of Air-Conditioners: 

Non- Inverter Inverter 

On/Off type Continuous on 

Current consumption high Low power consumption 

Fixed frequency(50HZ) Variable frequency 

Outdoor unit starts (ODU) 
after 3mins 

Indoor unit and outdoor unit 
starts at a same time 

Constant speed Variable speed 

It takes more time to reach set 
temperature 

It takes less time 
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Types of refrigerators: 

 

    1.Single door refrigerator. 

2.Double door refrigerator. 
 

Difference between single and double door refrigerator: 
 

Single door Double door 

Single door is also called as 
direct cool refrigerator. 

Double door refrigerator is also 
called as freezer. 

Plate and tube evaporator coil. Tube and fine evaporator coil. 

Cooling temperature 
is up to -18degrees.c 

Cooling temperature 
is up to - 24degrees.c 

 
Psychrometry process: 

1. Sensible cooling. 
2. Sensible heating. 
3. Humidification. 
4. Dehumidification. 
5. Cooling and Dehumidification.  
6. Heating and Humidification. 

Capacitors required for 
starting purpose 

No capacitors required 

PCBs are placed in IDU 
PCBs are placed in IDU 
AND ODU 

R22 Refrigerant is used R4100 Refrigerant is used 

Suction pressure (60- 80psig) 
Suction pressure (120- 
150psig) 

Discharge pressure (270- 
290psig) 

Discharge pressure (440- 
480psig) 
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Servicing of Air conditioners: 

• The main purpose of servicing ac is to increase the cooling effect, 
which is decreased mainly due to 

       1.Dust Formation 

       2.Compressor Working 

       3.Reduction in refrigerant pressure 

        

 

Dust Removal: 

• Replacing or cleaning air conditioner filters is a critical maintenance 
task. An air conditioner's filters, coils, and fins require regular 
maintenance for the unit to function effectively and efficiently. 
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Compressor Checking: 

• By checking the capacitor. 
• By checking C-R-S terminals. 

 

Capacitor Checking: 

       Check the capacitor terminals with the help of multimeter, if it shows 
continuity then we will go for checking of C-R-S terminals or else we will 
change capacitor. 

Checking C-R-S terminals: 

   1.C-S terminal:                                          

 

   2.C-R terminal:                                         

        

   3.R-S terminal:                                         
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Refrigerant charging Procedure: 

• Close the valves on low/high pressure sides of the manifold. 

• Install the low/high pressure hoses to the corresponding service ports 
on the vehicle respectively 

• Connect the center hose of the manifold gauge set with vacuum 
pump. 

• Carefully open the valves on low/high pressure sides to activate the 
vacuum pump. 

• After low pressure gauge reaches 100 k.pa or higher, evacuate the 
system for approx. 15 minutes. 

• After 15 min of evacuation if the reading shows 100 k.pa or higher 
close the valves on the both sides to stop the vacuum pump. 

•  After that check leaks if there are no leaks then charge with required 
refrigerant. 
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WELDING 

Welding is a fabrication process that joins materials, usually metals or 
thermoplastics, by causing fusion, which is distinct from lower temperature 
metal- joining techniques such as brazing and soldering, which do not melt the 
base metal. In addition to melting the base metal, a filler material is typically 
added to the joint to form a pool of molten material (the weld pool) that cools to 
form a joint that, based on weld configuration (butt, full penetration, fillet, etc.), can 
be stronger than the base material (parent metal). Pressure may also be used in 
conjunction with heat, or by itself, to produce a weld. Welding also requires a 
form of shield to protect the filler metals or melted metals from being 
contaminated or oxidized. 

 
 
    Methods of Welding: 

                            Some of the Best known welding methods include: 
 

• Oxy-fuel welding :- also known as oxyacetylene welding or oxy-welding, 
uses fuel gases and oxygen to weld and cut metal. 

 
 
 
 
 
 
 
 
 
 

 
 
 

fig: 3.1 Oxy- Fuel Welding 
 

• Shielded metal arc welding (SMAW) :- also known as "stick welding" or 
"electric welding", uses an electrode that is coated in flux to protect the weld 
puddle. The electrode holder holds the electrode as it slowly melts away. 
Slag protects the weld puddle from atmospheric contamination. 
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Fig: 3.2 Shielded Metal Arc Welding 
 

• Gas tungsten arc welding (GTAW) :-also known as TIG (tungtsen, inert 
gas), uses a non- consumable tungsten electrode to produce the weld. The 
weld area is protected from atmospheric contamination by an inert 
shielding gas such as argon or helium. 
 

 
Fig. 3.3 Gas Tungsten Arc Welding 

 

• Gas metal arc welding (GMAW) :-

commonly termed MIG (metal inert 

gas), uses a wire feeding gun that 
feeds wire at an adjustable speed and 
flows an argon- based shielding gas 
or a mix of argon and carbon dioxide 
(CO2) over the weld puddle to protect 
it from atmospheric contamination.  

 
 
 

Fig. 3.4 Gas metal arc welding 
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• Submerged arc welding (SAW) :- uses an automatically fed consumable 
electrode and a blanket of granular fusible flux. The molten weld and the arc zone 
are - protected from atmospheric contamination by being "submerged" under the 
flux blanket. 

 
 

Fig. 3.5 Submerged Arc Welding 

• Electroslag welding (ESW) :- a highly productive, single pass welding 
process for thicker materials between 1 inch (25 mm) and 12 inches (300 
mm) in a vertical or close to vertical position. 

 
 
 

Fig. 3.6 Electroslag Welding 
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• Electric resistance welding (ERW) :- a welding process that produces 
coalescence of laying surfaces where heat to form the weld is generated by the 
electrical resistance of the material. In general, it is an efficient method but 
limited to relatively thin material. 

 
Fig. 3.7 Electric resistance welding 

 
 
 
Classification of Welding Processes: 

Welding processes can be classified based on following criteria; 
 

1. Welding with or without filler material. 

2. Source of energy of              welding. 
3. Arc and Non- arc welding. 
4. Fusion and Pressure welding. 

 
1. Welding can be carried out with or without the application of filler material. 

Earlier only gas welding was the fusion process in which joining could 
be achieved with or without filler material. When welding was done 
without filler material it was called ‘autogenous welding'. However, with 
the development of TIG, electron beam and other welding processes such 
classification created confusion as many processes shall be falling in 
both the categories. 

2. Various sources of energies are used such as chemical, electrical, light, 
sound, mechanical energies, but except for chemical energy all other 
forms of energies are generated from electrical energy for welding. So 
this criterion does not justify proper 
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es classification embraces all the arc welding processes in one class and 
all other processes in other class. In such classification it is difficult to 
assign either of the class to processes such as electroslag welding and 
flash butt welding, as inelectroslag welding the process starts with arcing 
and with the melting of sufficient flux the arc extinguishes while in flash 
butt welding tiny arcs i.e. sparks are established during the process and then 
components are pressed against each other. Therefore, such classification 
is also not perfect. 

3. Fusionwelding and pressure welding is most widely used 
classification as it covers all processes in both the categories 
irrespective of heat source and welding with or without filler material. 
In fusion welding all those processes are included where molten metal 
solidifies freely while in pressure welding molten metal if any is 
retained in confined space under pressure (as may be in case of 
resistance spot welding or arc stud welding) solidifies under pressure 
or semisolid metal cools under pressure. 

 
 

 

 

 

 

 

 

 

 

 

 

                              Fig. Classification of Welding Process 
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Fig. Classification of Pressurized welding 
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WELDING INSPECTION (NDT) 

4.1 Non- Destructive Testing: 

Nondestructive testing or non- destructive testing (NDT) is a wide group of 
analysis techniques used in science and technology industry to evaluate the 
properties of a material, component or system without causing damage The 
terms nondestructive examination (NDE), nondestructive inspection (NDI), and 
nondestructive evaluation (NDE) are also commonly used to describe this 
technology.   

Since NDT does not permanently alter the characteristics of article being 
inspected, it is a highly valuable technique that can save both money and time in 
product evaluation, troubleshooting, and research. The six most frequently used 
NDT methods are: 
 

4.2 Types of NDT: 

1. Visual inspection. 
2. Penetrant testing. 
3. Magnetic particle inspection testing. 
4. Ultrasonic testing. 
5. Radiography testing. 
6. Eddy current testing. 
7. Leak test. 
8. Thermography. 
9. Vibrational analysis 

 
4.3 Selection of NDT: 

 
Magnetic particle Inspection (MPI): It is a non- destructive testing (NDT) 
process for detecting surface and shallow subsurface discontinuities in 
ferromagnetic materials such as iron, nickel, cobalt, and some of their alloys. The 
process puts a magnetic field into the part. The piece can be magnetized by direct 
or indirect magnetization. 

Direct magnetization occurs when the electric current is passed through the test 
object and a magnetic field is formed in the material. Indirect magnetization 
occurs when no electric current is passed through the test object, but a magnetic 
field is applied from an outside source. The magnetic lines of force are 
perpendicular to the direction of the electric current, which may beeither 
alternating current (AC) or some form of direct current (DC) (rectified AC). 

The presence of a surface or subsurface discontinuity in the material allows the 



21 

 

magnetic flux to leak, since air cannot support as much magnetic field per unit 
volume as metals. 
 

 

 Fig 4.1 Magnetic particle inspection 

Liquid Penetration method: 

 
 Visible dye penetrant is a NDT (Non Destructive Testing) method. It is a 
simple test to perform, and a good way to test welds before carrying out more 
expensive techniques like x- ray testing. 
 It will show up bad cold lap, cracks, holes... basically any defects where a 
very fine dye can penetrate, hence the name. It can be used for various things, not 
just weld testing. It can be used to test the presence of a crack in a cylinder head 
for example. 
 The simple kits come in 3 parts, usually in aerosol cans. Namely, a 
cleaner, a penetrant, and a developer. There are four types of dye penetrant 
system: 

• Water washable           : the dyes wash away with water. 
• Lipophilic            : the dye dissolves in oil for removal. 
• Hydrophilic  : the dye washes away with a 

water rinse, but detergents are necessary.                                                                               
• Solvent removable : the dye is removed with a cleaning 

solvent. 
 

 
 
There are five levels of testing, from Level ½ (Lowest sensitivity) to Level 
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4 (Highest Sensitivity). Operatives carrying out this testing should be qualified to 
do so, and reports, sometimes with photographic evidence, might be requested. 

Step 1 - Pre cleaning 

First any loose material needs to be removed, together 
with any silica on top of the weld. It is important to 
remove the silica, or you can get false results. A good 
scrape and wire brush sorts this out in most cases.  
Then apply some of the cleaner to remove any oil etc. 
Wait for the cleaner to dry completely before applying 
penetrant. 

       
 

                                              Fig. 4.2 Pre cleaning 

 

Step 2 - Penetrant 

Once cleaned, apply the penetrant (a bright red 
liquid dye). Spray plenty on the welds. 
Leave the dye to penetrate, normally for about 20 
minutes. The time scale is usually printed on 
the can or on the product data sheet. The 
photographs show a solvent removable system. 

 
 

Fig. 4.3 Application of Penetrant 
Step 3 - Post cleaning 

Cleaning again. You need to 
remove excess dye from the area, 
which is easier said than done. It 
is important not to spray the 
cleaner on the area directly, or you 
risk washing the dye from the 
flaw. Use a dry tissue to remove 
excess dye, then spray cleaner 
onto a clean cloth for final 
cleaning. 
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Ultrasonic Testing(UT):       
Ultrasonic testing (UT) is a family of non- destructive testing techniques 

based on the propagation of ultrasonic waves in the object or material tested. 
In most common   UT applications, very   short   ultrasonic   pulse- waves   
with   center frequencies ranging from 0.1- 15 MHz, and  occasionally  up  to  
50 MHz,  are transmitted into materials to detect internal flaws or to 
characterize materials. A common   example   is ultrasonic   thickness   
measurement,   which   tests   the thickness of the test object, for example, to 
monitor pipe work corrosion. 
 Ultrasonic testing is often performed on steel and other metals and alloys, 
though it can also be used on concrete, wood and composites, albeit with 
less resolution. It is used in many industries including steel and aluminium 
construction, metallurgy, manufacturing, aerospace, automotive and other 
transportation sectors. 
Step 2: Instrument settings are input. 
Step 3: The probe is scanned over the blade root. In this case, an indication 
(peak in the data) through the red line (or gate) indicates a good blade; an 
indication to the left of that range indicates a crack. 

 
 

 

 

Fig: 4.5 Ultrasonic Testing 

Principle: A probe sends a sound wave into a test material. There are two 
indications, one from the initial pulse of the probe, and the second due to the 
backwall echo. RIGHT: A defect creates a third indication and simultaneously 
reduces the amplitude of the backwall indication. The depth of the defect is 
determined by the ratio D/Ep. 
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    FIG 4.7 Projectional Radiography 

Radiography: 

Radiography is an imaging technique using X- rays to view the internal 
form of an object. To create the image, a beam of X- rays, a form of 
electromagnetic radiation, are produced by an X- ray generator and are 
projected toward the object. A certain amount of X- ray is absorbed by the 
object, dependent on its density and structural composition. The X- rays that 
pass through the object are captured behind the object by a detector (either 
photographic film or a digital detector). The generation of flat two 
dimensional images by this technique is called projectional radiography. In 
Computed tomography (CT scanning) an x ray source and its associated 
detectors rotate around the subject which itself moves through the conical x 
ray beam produced. Any given point within the subject is crossed from many 
directions by many different beams at different times. 

Information regarding attenuation of these beams is collated and 
subjected to computation to generate two dimensional images in three planes 
(axial, coronal and sagittal) which can be further processed to produce a three 
dimensional image. 
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Conclusion 

 

In this Internship programme, I have learnt about 

• Trouble shooting of different parts of refrigerator and air conditioner. 

• Different metal joining processes and their applications, with hands on 

experience.  

• Different non-destructive techniques – their principles and 

implementation with hands on experience. 
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Introduction 
 

Ship Building Industry 
 

International Level: 
 

Shipbuilding is a global industry. China, South Korea and Japan currently control 
approximately 90% of the total market share measured in dead weight tons (DWT). 
The Indian shipbuilding industry is small by global standards, and currently accounts 
for less than 1% of the global shipbuilding industry. The Structure of the Indian 
shipbuilding industry can be divided into three distinct segments viz. Public sector 
shipyards, Defense shipyards and Private shipyard. 
 
 

This industry is dynamic and cyclic in nature therefore challenges result in procedural delays 
and hampers augmentation of capacity. 
 

Domestic Level: 
 

Recent economic growth and wider trade patterns have resulted in longer voyages, and 
increased tonnage per mile, and that has caused a shortage of ships to develop with 
consequent increases in freight rates. The increase in freight rates has encouraged ship 
owners to place orders for more new ships. The increase in new vessel orders during the 
period from 2004 to 2006 has included all the main categories of commercial ships, 
including the Panamax bulk carriers. The higher levels of placement of global new vessel 
orders in 2006 has continued into 2007, but from last three to four years i.e. from 2011 
shipping industries has been affected by Global recession. 
 

Government Sector Shipbuilding Industries 
 

1) Cochin Shipyard Limited 4) Hindustan Shipyard Limited 

2) Mazagaon Dock Limited 5) Goa Shipyard Limited 

3) Garden Reach Shipyard 6) Hooghly Docks 

 Private Sector Shipbuilding Industries  

1) ABG Shipyard 4) Bharti Shipyard Limited 

2) Pipavav Shipyard 5) L&T Shipyard Limited 

 3) Tebma Shipyard 6) Chowgule & Co. Ltd. Etc.  



About HSL 
 

Hindustan Shipyard Limited is strategically located on the east coast of India at Visakhapatnam 
in Andhra Pradesh originally set-up under private management in 1941. The Shipyard was 
taken over by the government of India in 1952. The shipyard functions under the administrative 
control of ministry of shipping, Road Transport and Highway, Govt. of India. 
 

Hindustan shipyard Limited is the pioneer ship building industry in India. It is located on the east 
coast on 83.17’E latitude, 73.41’N latitude. It is one of the prestigious industries in Visakhapatnam. 
HSL is the part of the natural harbor of Visakhapatnam port and naval Dockyard meeting with it. 
 

Dr. BABU RAJENDRA PRASAD, The president of India National Congress laid the foundation 
stone on 21st June 1941 for Scindia Steam Navigation at Visakhapatnam. Mr. Walchand 
Hirachand Scindia was the founder of Shipyard. 
 

In 1949, there were 4000 men employed and 9 British engineer including Mr. Compher (the 
chief Manager of shipyard). In March 1950, Government with the formation of Eastern Shipping 
Corporation entered the field of shipping .It was a joint venture with Government holding 74% of 
the capital and Scindia 26% of the capital. Scindia Steam Navigation Company (SSNC) was 
established at the present place of HSL later it was taken over by late Sri Walchand Hirachand, 
who opened a boat building Company with the collaboration of M/S .Sir Alexander & partners 
consulting engineers in U.K. The keel of the ship names “JALA USHA’’ was launched on 14th 
March 1948 by late Pundit Jawaharlal Nehru our first PM. 
 
 
 

BACKGROUND: 
 

The shipyard has built and delivered so far over 137 ships aggregating over 1.27 million DWT. The 

shipyard has built big ships, small crafts, tugs, dredges, naval vessels, passenger ships, training ship, 

drill ship, off shore patrol support-cum-stand by vessels etc. of different designs for owners. HSL has 

undergone modernization at a cost of approximately 100 crores. The shipyard is at present capable of 

building bulk carriers up to 80,000 DWT.HSL with expertise skill, sound technology and a host of hull 

engineering back up facilities also offers excellence ship repairs and dry dock services. 

 

The recent orders were MOT, Research vessels, A&N administration for barges, utility boards. Tour 
ships of 30,000 DWT cargo’s for GEMI and acquiring repairs for Indian Navy of INS Sinduk ranti 
division. Now, one of the main ship building industries in India is going to emerge into Indian 
security forces for Indian Navy Wing as efficient work and faster outputs. HSL is awarded as ISO-

9001 certified industry by LLOYD’s register of quality assurance (LRQA) London for construction. 



INFRASTRUCTURE DETAILS: 
 
HSL’s yard is spread over an area of 3, 00,000 square meter. Workshops and facilities are 
systematically planned and functionally laid out to ensure unidirectional flow of material. The 
steel processing facilities consists of a stock yard to hold 30,000 tons of steel modern plate and 
section treatment plant gas cutting machines, heavy duty presses self-elevating trucks capable 
of handling blocks of up to 250 tonnes and large pre-fabrication shops with overheard travelling 
cranes of adequate capacity. 
 

The hull construction facility includes a modern covered building dock and three shipways. Cutting, 
wedding and assembly of steel to any specification are handled with care and accuracy by skilled 
operation, with are continuously trained to upgrade their skills. The long out fitting quay is equipped 
with attendant self-contained services and facilities i.e. hull fitting, engineering and electrical shops. 
 

THE DESIGN CAPABILITY: 
 

A remarkable achievement in the field ship design is the development of “HS -Standard flexible 
design” acclaimed for its excellence for its Hydrodynamic characteristics by HSVA ship model 
testing tank established at Hamburg, Germany. Seven, 27000WT bulk carriers of this design 
were built for various costumers. HSL’s design capability embraces a wide spectrum of general 
and special purpose vessels like medium size bulk carriers up to 70,000 DWT, Product tankers, 
container vessels, dredgers, passengers vessels, survey vessels, etc. it is backed up by latest 
CAD/CAM software a part from AUTOKON with independent work stations. 
 

OFFSHORE PLATFORMS: 
 

HSL has emerged as one of the leading manufacturer of Offshore Oil/Gas production platforms 
providing advanced technologies and up-to-date facilities. HSL’s offshore facility is geared to 
take on offshore projects on turnkey basis covering design, procurement, fabrication, load out 
and instillation. Its expertise and quality standard are world class. Over twenty offshore 
structures fabricated in HSL’s exclusive yard are in operation at Bombay High, Southern and 
Eastern regions of India. 
 

THE INDUSTRIAL STRCTURES AND OTHER DIVERSIFIED AREAS: 
 

With accredited experience and technology absorbed through Shipbuilding, Ship repairs and 
offshore platforms coupled with skilled manpower and modern facilities. HSL’s business 
activities are now being large diversified into the manufacture of large scale plants and structure 
such as plants and equipment, bridge girders and other steel structures. HSL also offers 
consultancy services for design, training, port development etc. 
 



THE ORGANISATION: 
 
Hindustan Shipyard Ltd, A public sector understanding under the administrative control of 
ministry of Shipyard Govt. of India. 
 

HSL has following divisions: 
 

• Ship building divisions  
• Ship repair divisions  
• Retrofit divisions  
• Offshore platform division  
• Structural fabrication division 

 

SHIPBUILDING DIVISIONS: 
 

• Capacity to construct vessels up to 50,000tonnes DWT.  
• Two slipways (164*24m) have capacity for construction of vessels up to 30,000tonnes DWT  
• One slipway (140*22.7m) for small crafts.  
• Building Dock (247*53*11.25m) has capacity up to 50,000tonnes dead weight. 

 

SHIP REPAIR DIVISION: 
 

It has the following facilities: 
 

• Dry dock (244*38*11.6m) up to 57,000tonnes DWT.  
• Wet basin has the capacity to accommodate for repair.  
• HSL’s repair ship development has accomplished maintenance & repair jobs on 

various variety of naval vessels including submarines, merchant ships and oil rigs. 
 

OFFSHORE PLATFORM DIVISION: 
 

It has been engaged in the constructions of platform, jackets and other related structure. It has 
well established and experienced production organization with adequate facilities and is 
supported by necessary expertise divisions of: 
 

• Planning  
• Purchase  
• Production  
• Q.A&Q.C  



STUCTURAL FABRICATION DIVISION: 
 
HSL has diversified its activities into industries structures of: 
 

• Railway bridge girders.  
• Pipes of the flow out of dredged materials.   
• Steel structure construction for process plants. 

 

ORGANISATION STRUCTURE: 
 

A well-defined organization with horizontal and vertical linkage taken care of all activities, 
operations functions of the HINDUSTAN SHIPYARD. Senior management persons in the ranks 
of executive directors, General Managers, Deputy Managers and Chief Manager placed in 
change of various groups and divisions, the objective behind the division is to make to heads 
more accountable and responsible for their decision as well as to raise the output of each team 
group under their control divisions. 
 

SHIP BUILDING MEHODOLOGY 
 

The construction activities of the ship fall into categories namely, Steel complex and Outfit complex. 
The major activities of the Steel complex are processing of steel plates assembly of plates and 
elements into fully welded panels, erections alignment and full welding of these panels on building 
berths as complete Hull Survey, pressure tests and launching etc. In the outfit complex installation 
of main and auxiliary machinery, piping system ventilation, electrical, communication system, 
accommodation works, work survey, tests and trials of equipment, dock trials, sea trials and 
delivery to the owners. After the design and drawing are complete ship’s hull form is screwed on 
the mould loft wooden floor to the scale development of critical shapes are done. Wooden 
templates and mark-ups are made to full size to process the element of the ship’s hull. 
 

Certain elements are drawn on films to 1:10 scale in mini loft drawings officers nesting’s 
elements thus drawn to 1:10 scale on films are used for cutting elements on electronic tracer 
type automatic gas cutting machine to full size. The hull processing shop having a floor 13,700 
Sq.mt has four bays with 10Tand 5T capacities electrical operated overhead travelling cranes 
fitted with magnet beam. Steel plates and sections from steel stock yard are fed to these bays 
though conveyer system via magnets (Captivator, Hydro leveler and Driver) mechanic shot 
blasting machine and sprayed with primer. The shop is equipped with number of gas cutting 
machine most sophisticated among them being Computer Numerical Control (CNC) flame 
cutting machines which cuts simultaneously 4 off pieces from 1/10 scale drawing prepared on 
special paper in mini loft drawing office to full size. Other elements marked on the Steel plates 
using the wooden templates prepared in mould loft and cut in Gas cutting machine. There are 
hydraulic presses with various capacities and up to maximum 2000tones forming the plates. 
 



Rolling machines, cold frame bending machines, shearing machines, cambering machines, 
straightening machines, plate preparation plate, section preparation plant etc. are the important 
machines, in the shop, there are assembly shops. One of which is 194.5 27 m and is intended 
for the assembly of panels up to a maximum weight of 45 tones and fitted with one number 45T 
on and 3 No’s 10Ton each electrically operated overhead travelling cranes at two levels. 
 

The shop is installed with 80 ton & 40 ton electrically operated overhead traveling cranes. The 
addition to assembly of peak panels, air turning and compounding of units up to 100 -150 tons 
are done in the shop. Welding is done by automatic and semiautomatic welding equipment in 
addition to manual welding. 
 

The elements proceeded in the Hull processing shop and Assembly units inspected for their 
workmanship of the steel complex, dimensional accuracy by the quality control on the steel 
complex and presented to the classification society surveyor for inspection because they 
dispatched to block storage for Assembly Erection. 
 

The Pre Fabrication units (called panels/blocks) are transported to storage area berth from the 
assembly shop by 100 Ton &150 Ton capacity self-elevation & propelling low bed trailers. They 
can load and unload themselves without the help of any cranes. Thus the fabrication panels can 
be transported without much difficulty. 
 

HSL has three building berth /slipways for construction of ships up to maximum 30,000DWT. These 

berths are served by 5 no’s of heavy duty cranes of 35 Tons to 100 Tons capacity of level fluffing and 
hammer head type cranes. Each assembly a crow type staging are provided inside and outside the 

ship under construction on berth. It is surveyed by the surveyors of classification society in various 

stages ensuring quality of the structure and weld joints including Non Destructive Testing  
.The ship tanks in addition to dry surveyors are pressure tested with air and water. After the assembly  
& inspection, the ship outside hull portion is painted scheme. The launching is being done at 
present by conventions method with 2 launching ways consisting of timber standing, sliding 
ways, base and slip coast grease applied in between. 
 

For the purpose of fitting out the ship after launching, the shipyard has an Out fitting quality of 
1500 ft. Long and capable of accommodating 3 pioneer of 21500 DWT. The jetty has a 125 ton 
fixed hammer head crane and four level bluffing cranes of 50ton, 10 ton and 5 ton capacity 
each. Along the length of the jetty, the out fitting infrastructures like Engineering Department, 
Plumbing sheet metal, electrical, carpentry, rigging and black smith. Galvanizing and painting 
departments and shops are situated. 
 

All these departments and their shops as well equipped with good number of machines for the 
fast and efficient working. 



TRANSPORTATION OF PANELS/UNITS: 
 
There are two self-elevating and propelling low bed trailers (KAMAG make from Germany). One of 
100 T and other of 150T for transporting the units from Prefabricate shops to slip ways jetty and 
building docks. These trailers are provided with most sophisticated Electronic multi -layer Hydraulic 
Steering gear system. A coupling arrangement is provided for random operation of both the trailers 
for transporting units of order of 200T to 250T with one operator from 150 T trailer. 
 
 
 

SHIP BUILDING BERTHS: 
 

These are 3 slipways / building available for construction of vessels of 

30000DWT. Area of each – 

• Berth No. 2 (140 M long *22.7M wide)  
• Berth No. 3 (185 M long *25 M wide)  
• Berth No. 4 (185 M long * 25 M wide). 





HULL SHOP 
 

 

In HSL Hull shop is spread over 04 bays over an area of 11,152 Sq. m, the shop is equipped 
with 5 & 10 T EOT cranes, with magnetic pickups in each bay. 
 

The Yards’ hull shop is fairly modern with following facilities:- 
(a) Steel stack yard 
(b) Plate treatment plant 
(c) 04 parallel gas cutting machine 
(d) 02 Plasma profile cutting machine and CNC cutting machines 
(e) 2000 T, 800T and 500T rolling and bending press 
(f) 400T cold frame bending machine 
(g) 100T section bending machine 
 

(a) Steel stack yard 
 

Storage capacity of 30,000 Tones spread over an area of 7000 Sq. meters and equipped with 10T, 
16T EOT cranes with magnetic pickups. In addition, 12T mobile cranes for handling plates & 
sections are also available. The plates are stored in the stock yard which is provided by Semi-
goliath crane. This crane unloads the plates from the truck into the stockyard. The required plates 
are then placed on the cross transfer-Ι. The plates are then passed through the plate straightening 
machine to remove deformation. The plates then enters on to the cross transfer- ΙΙ, from here they 
are transferred on to cross transfer-ΙΙΙ, which is also called as blasting conveyor. 
 

This blasting conveyor carries the plate through the shot blasting machine and priming plant, 
where the plate is cleaned from rust and mill scale and primed. This primed plates are then 
stored till they are used. 
 

(b) PLATE TREATMENT PLANT: 
 

The plant comprise Captivator, Hydro leveler with dust collector, shot blasting machines for 
plates and sections of each of spaces priming machine & 2 nos. roller conveyors. 
 

PLATE PREPARATION: Plate preparation means we will have to prepare the plate for construction.  
Plate preparation is required because we have got the raw steel plates from steel plant, we will have  
to prepare them so that they become good for subsequent usage and finally, will be well for the 
product - good for the product 
(a)Straightening 
(b)Residual stress removal 
(c)Mill scale removal 



(c) CNC PLASMA CUM FLAME CUTTING MACHINE: 
 

The CNC system is especially suited for the control of flame or plasma cutting machines or 
similar application, also the punching on the plate can be done with the help of this machine. 
 

Direct programming is made easy by means of keyboard and T.V. screen. Subroutines, macros, and 

parametric programming result in short but powerful programs. Alternatively, remote programming is 

possible with the program being stored on convectional paper (or optionally on cassettes). The third 

possibility is the creation of program on a computer. The program data can be then transferred into the 

control via, direct or indirect data link. In all cases, programs can be edited on the machine. 
 

The control comprises of an operators front panel and a card rack, which are connected by 
multi way cables and are intended for corporation in the machine builders control cabinet. 
 

Each plug in card has one or a few specific tasks, which make for easy troubleshooting 
specially in connection with the status messages and the diagnostic display on the screen. 
 

During operation, the screen shows the current absolute position of both axes, the current active 

block, the active auxiliary function and text messages, which are controlled in the program. 
 

PLASMA 
 

When a gas is heated to a high temperature, its molecular state changes to the atomic, further 
healthy splits these atoms to the ionic state capable of conducting electricity. The forth state of 
matter is called “PLASMA” [the outer 3 being solid, liquid and gaseous]. Temperature at the 
core of this plasma exceeds 30000’c. The aura around the sun is an example of plasma. 
 

Gas mixtures like argon and hydrogen used in producing gas plasma are both expensive a 
hazardous so compressed air is used. A plasma jet is obtained by passing a gas through a 
constricted electric are and letting it escape through the office in the nozzle at high velocity. 
Plasma are processors are used for welding, cutting etc. 
 

ADVANTAGE OF PLASMA ARC CUTTING 
 

1) It cuts carbon steel up to 10 times faster than oxy-fuel cutting, with equal quality more 
economically. 
2) It leaves a narrower Kerf. 
3) Plasma cutting being primarily a melting process can cut any metal. 
4) Arc plasma torches give the highest temperature available from many practicable sources. 
The energy seems to be unlimited in this method. 



(d) PLATE ROLLING MACHINE:  
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 

Plate rolling machines is also referred to plate straightening machine. It also used for rolling 
steel plates to the curvature required. By adjusting the height of the top roller and the center 
distance of the bottom rollers, large or small radius bends can be made. The diameter of the 
bottom roller is 300mm and top roller is 360mm. the day light or the vertical distance between 
two rollers 460mm maximum. 
 

Blockhead flanging is also possible when the machine is fitted with a flanging bar and bottom block.  
Control of machine is by manuals setting and operations carried out from a console located nearby. 
 

Arrangements are made for removing the rolled plate by realizing the top roller and bearing. 
The plates on the machines are handled jib cranes mounted on frame of the rolled machines. 
 

(e) FRAME BENDING MACHINES: 
 

Ship frames are shaped by cold bending on hydraulically powered machines. The frames (bulb 
angle) are held in position by three clamps in line. The main ram then more the outer two 
clamps forward or backward to bend the frame to the desired shape. 



As per the values given by the design department for bending the frame. The inverse curve is 
drawn in chalk on a straight frame and frame is bent until the chalk line becomes straight on a 
curved frame. This way the correct frame curvature can be obtained. 
 

(f) PLATES STRAIGHTENING ROLLS: 
 

Plate straightening or levelling is achieved in the yard by using a plate rolling machine. It 
consists of seven large rollers four on top and three at bottom. The bottom and rollers being 
driven and top one idling. Three heights of the top rollers can be adjusted for height 
independently at each end and the bottom rollers have fixed Centre’s. 
 

The plate fed through with upper and lower rollers spaced at its thickness and is subsequently 
straightened and obtained on other side. The rollers are driven by D.C motor. 
 

(g) PORTABLE PLATE EDGE BEVELING MACHINE: 
 

Portable plate edge beveling machine is an electrically powered rotary shear which is used for 
wide variety of plates edges, usually used for purpose of weld joint preparation. This machine 
are designed for man operation and is capable of beveling straight or circular plate section at a 
speed of approximately 305cm/min. it is also capable for multiphase beveling for larger bevels 
that cannot be accomplished in single pass. An easy adjustment is provided for altering the 
depth and angle of bevel. 
 

This machine is capable of supporting its own weight while beveling horizontal plate. This 
standard machine is equipped with a spring loaded coaster assembly that allows the machine to 
roll alo ng the floor, or runway, during the beveling operation. The adjustable beveling head 
enables the beveling of angles 22.5degree through 55degree. 
 

The machine comes with a complete tool box which includes the bevel angle pins 22.5 , 30 , 
37.5 , 45 and 55 as well as all of the necessary wrenches and hexagonal keys that are required 
to make adjustments to the machine. 



PRE – FABRICATION 
 

 

‘Prefabrication is a manufacturing process, generally taking place at a specialized facility, in 
which various materials are joined to form a component part of the final installation’. 
 

Prefabrication is defined as “1. To fabricate or construct beforehand. 2. To manufacture in 
standardized parts or section ready for rapid assembly and erection.” 
 

Instead of starting in the dry dock and building the ship from the ground up, sub -assemblies are 
fabricated away from the final assembly site. The process of constructing a ship relies heavily on 
prefabrication to speed up the fabrication process. The ship is considered in 4 main stages “part, 
block, mega block, ship’, each of these stages has a series of distinct tasks that are performed and 
the breakdown of the ship into sub-assemblies enables many operations to run simultaneously. 
The dry dock can be considered the site, but only a fraction of the total work occurs within the dry 
dock, allowing many operations to be done simultaneously, which speeds up the process. 
 

To join these plates as per the grooves and edge preparation which are out at hull shop from 
previous stage the welding will be carried out in the form of grooves as per the required welding 
process (SAW, MIG, and MAG) and procedures by qualified welders with suitable selected 
electrodes and welding equipment. 
 

Pre fabrication shops are existing adjacent to hull shop at the east side which consists of four 
areas A1, A2, A3 and A4 in two huge buildings consisting all required facilities and 
infrastructure arrangement to construct and fabricate blocks up to 150 tonnes in weight. 
 

All the welders of the pre fabrication as well as other departments of shipyard are well qualified 
in all positions of welding as per the classification society rules and as stipulated in international 
welding practice and rules. It is observed that the quality control department plays their role 
during the above process of welding and inspect at every stage to correct them in time. 
 

Once the welding inspection is completed for a block it will be programmed for third party 
classification surveyors’ inspection along the with the owners’ repre sentative inspection by Quality 
Control department. If any defect/problem is identified during their survey, the same will be 
attended and rectified. Finally QC will make arrangements for final inspection to clear the product 
at fabrication level to send them to next stage of work at Hull berth and erection departments. 
 

During the inspection stages of above fit-ups and welding if any unsolved problem is identified 
the same will be recorded in NCRR (Non Conformity Report and Reservation) format number 
QA – R – 01 and circulate to all the concerned design office and classification societies to 
resolve them further rectification. 



All the butt joints of the block will be radio graphed randomly before the blocks are sent to Hull 
berth. Radiographs will be shown to classification society surveyors and owner’s 
representatives for their approvals. 
 

After of all works including Q.C inspections survey by classification societies and owner’s 
representatives, the blocks will be sent for the surface cleaning by mechanical cleaning and 
sand blasting methods and painted with coats of as per the painting scheme before they are 
handed over to next production department i.e. Hull berth/Erection department. 
 

A1- SUB ASSEMBLY Frame fabrication 
 

The frame / element are drawn from hull shop according to the drawings. These frames 
are Strengthened with the help of stiffening member (flat bars). 
 

PROCESS CHART 
1. Frames are drawn from the hull shop 
2. Frames are stiffened 
3. Stored in A1 area 
4. Transported to A2 area 
 

BRACKETS 
 

These are stiffening members in each section to resist loads and act as a supporting member. 
 

PROCESS CHART 
 

1. Drawn from hull shop 
2. Laying of brackets 
3. Tacking 
4. Inspection 
5. Welding 
6. Inspection 
7. Storage 
8. Transportation 
 
 
 

COMBINING PLATES: 
 

These are the supporting members for the frame to withstand the varying loads. These may 
vary according to its positions. Mostly in wing tank frame sub-assemblies these combining 
plates are used. 



PROCESS CHART 
 

1. Drawn from hull shop 
2. Laying of combining plates 
3. Tacking 
4. Inspection 
5. Welding 
6. Inspection 
7. Storage 
8. Transportation 
 

PLATE PREPARATION: 
 

Inner shell plate, outer shell, upper duck, sloping plates are all above tacked and welded 
according to drawing and the given dimensions. 
 

PROCESS CHART 
 

1. Draw from hull shop 
2. Laying of plate preparation 
3. Tacking 
4. Inspection 
5. Welding 
6. Storage 
7. Transportation 
 

STRINGERS 
 

These are of same use as that of frames but vary in the location. These are also drawn from the 
hull shop according to the drawings. These are stiffened with the help of stiffening members. 
 

PROCESS CHART 
 

1. Drawn from hull shop 
2. Stiffeners or flat bars are tacked 
3. Full welding is done 
4. Storage in A1 area 
5. Transport to A2 area 



A2 – MAIN ASSEMBLY 
 

Assembly 
 

Assembly is any process that takes a number of steel piece parts, or larger structures, and 
combines them into a larger structure. For very large ships, assembly consists of a number of 
stages, putting together increasingly larger elements of the ship. The number of stages varies 
between shipyards and especially varies with ship size. There is assembly shops. To maintain 
production enginee ring standards, a concept of ‘palletization’ has been developed whereby the 
piece parts for that zone are generated at the CAD/CAM stage, bought in and/or fabricated, etc., 
and made available at the workstation when the particular assembly is ready to receive them. 
 

An ‘open top’ arrangement for blocks or smaller ships being outfitted under cover can facilitate 
installation of the items and modules. 
 

Superstructure blocks are frequently fabricated separately and pre -outfitted with 
accommodation before erection as a complete unit. Modular cabin units ate a common feature 
of modern shipbuilding, some companies specializing in their production. An accommodation 
block must be specifically designed for such modules and the sequence of module access and 
placement in the block carefully planned. 
 

A2 is the main area where main assembly of the panel takes place. Here the output of the 
prepared plates from A1 area will be taken as input to A2 area. The bulb angles wherever 
necessary are located and are erected. Now, tacking is made primarily, and then it is followed by 
full welding. Stringers will be erected, tacked and fully welded. Then, frames are added to the 
which tacking and full welding is performed, outer shell bulb angles are erected and then followed 
by tacking (i.e. proper allocation) and locking is made. Closing plate (outer shell) is erected on the 
outer shell bulb. Tacking of the bulb angles. Turning legs will be tacked and welded. 
 

PROCESS CHART 
 

1. From A1 area 
2. Plate preparation are brought to A2 
3. Loft marking will be done 
4. Bulb angles are erected 
5. Tacking and full welding will be done 
6. Inspection 
7. Welding 
8. Stringers will be erected 
9. Tacking 
10. Welding 



11. Frames are added tacking, welded 
12. Erected and locked 
13. Plates are closed and welded 
14. Turning legs are welded 
15. Transported to A3 area 
 

A3 – UNITIZATION UNIT 
 

When any panel and the block assemblies are complete there will be some time buffer before their 
erection at the building berth, building dock, or within the building hall to allow for any mishaps in 
the production schedule. Stowage is generally adjacent to the berth, dock or building hall, and will 
vary with size according to the yard’s practice, some yards storing a large number of units before 
transferring them to the berth or dock for erection in order to cut the berth/dock time to a minimum. 
 

Sequences of erection for any particular ship vary for shipyard to shipyard and depend on a 
number of factors. Experience of previous shop erection schedules and difficulties given the 
yard’s physical and equipment constraints leads to standard practices being established. These 
are taken into consideration at the structural design stage, as are the desirability of minimizing 
position welding and fairing. 
 

In general, it is common practice to make a start in the region of the machinery spaces aft, 
obviously working from the bottom upwards, and also forward and aft. 
 

For an established medium-sized yard with building berth or hall having modest crane age, 
typical erection sequences for a general cargo ship, a large double -hull oil tanker, and bulk 
carrier are shown. 
 

PROCESS 
 

1. The panels brought from A2 are reversed 
2. Two individual main assemblies/blocks are aligned together 
3. Tracking of both plates is performed 
4. Now, fit-up survey is offered for quality control 
5. Necessary clearance certificate will be issued by quality control for welding 
6. Full welding will be done 
7. Dry survey will be offered for quality control 
8. Then, if there are any defects or remarks in the survey will be rectified according to the marks 
sheets 
9. Erection lugs will be tacked and full weld for erection 
10. Finally, the prepared panel is sent for erection. 



A4 – HATCH COVER 
 

The purpose and function of a hatch cover and its coamings is to prevent ingress of water into a 
cargo hold after opening has been cut in the deck for cargo access. Hatch covers are a 
movable structure designed to a weather tight standard. 
 

HATCH COVER CONSTRUCTION: 
 

Typically hatch covers are light weight steel grillages. Modern design methods using finite 
element technology enable more efficient material distribution which results in lighter (thinner) 
structures. Construction from high tensile steel results in even thinner plate being used. For this 
reason these light weight structures must be “handled with care”. Prevention of corrosion is 
essential – safety margins are finite. 
 

Failure to maintain hatch covers correctly can lead to physical losses of a cover in extreme 
weather and hold flooding and possible foundering. Minor leakage can cause cargo damage 
and, if over a prolonged period, damage to the ship’s internal structure. Long – term structural 
declaim can lead to structural collapse and total loss. 



HULL BERTH 
 

 

Hull berth department consists of three slipways each consists of 192 X 26.6 m, 195 X 26.6 m and 
140 X 22.7 m respectively and a covered building dock with intermediate gate facility of size 24 X 
53 X 11.25 m depth for a capacity of building ships up to 50,000 dwt. The building dock has two 
over - head cranes, of which one is 150 tons capacity and the other is 100 tons capacity. Adjacent 
to building dock there is a wet basin of size 22.5 X 167.5 X 14 m depth where ships can be 
repaired and outfit works can be carried out while the vessels are afloat. There is a dry dock with a 
size of 244 X 38 X 11.6 m depth for the repairs of the ships up to 50,000 dwt. 
 

There are movable cranes of capacities 45 tons, 60 tons and 100 tons in between building dock 
and berth. 
 

PROCESS 
 

The main activity at hull berth is joining of the ships structural blocks in an order given in the 
drawing to form a ship after consolidation of all the blocks, which are supplied from the pre 
fabrication department. 
 

Initially all the ship lines are drawn on the floor like center lines, buttock lines and on over the 
lines the center keel blocks, side bilge blocks and other supporting shores are provided stage 
by stage during the erection and alignment of the blocks. This activity is carried out in building 
dock as well as on the slipways while construction of at places accordingly. 
 

During the process of the ship construction and erection stage Q.C inspects at every stage of 
fit-ups of the blocks after alignment and welding of the joints after consolidation and organize 
third party Inspection by class and owner’s representatives, MMD inspection. The data will be 
recorded in the documents as follows: 
 

1. Inspection record sheet for panel joint fit – up at erection QA – E – 02 
2. Record sheet for keel sighting QA – E – 02 
3. Dimensional / alignment check sheet for QA – E – 03 
4. Inspection record sheet for keel and bilge blocks at berth/building dock QA – E – 02 
5. Inspection record sheet for dry survey of panel butt / space/tank at erection QA–F-01 
6. Inspection record sheet for survey of pressure test QA – F – 02 
7. Inspection record sheet for seat QA – G – 01 
8. Inspection record sheet for W.T. door / hatch covers QA – G – 02 
9. Inspection record sheet for loose tanks QA – G- 03 



After completion of the works and remarks of surveys the main joints of tanks, bulkheads, decks 
and shell joints will be hose tested / pressure tested with air or hydraulically as per testing 
requirement. If any leak is found the same will be rectified and accordingly class certificates will 
be issued for final clearance of the spaces. 
 

At erection stage the rudder and propeller with propeller with propeller shaft are fitted with in the 
ship before the ship floats in the water. 
 

The ship, built in building dock is floated by allowing the sea water in to the building dock. The 
ships on the slipways are launched into sea channel by providing launching ways below the 
ship on the slipways. After floating / launching the vessel will go to sea channel at out fitting 
quay, which is 460m long at the north side of the shipyard. Where in the sea channel 3 ships of 
50,000 DWT can be attended for outfit works by all the working / production departments like 
blacksmith, joining and carpentering, sheet metal, plumbing department, electrical department, 
engineering department, rigging department, painting department etc. 
 

Quality control department will play vital role during the progress of above outfit works also and 
finally the ship will undergo test and trials at jetty called basin trials and sea trails to see the 
performance of the ship in working condition. Where the quality control will record all the data 
during the basin trials and sea trials and get approvals from the third party classification 
societies like IRS, ABS and owner’s representatives and surveyors of MMD. After the approvals 
the ship will be handled over to owners. 
 

The testing procedures for the erection / hull berth department are 
1. Leak test 
2. Hose test 
3. Pressure test 
4. Pressure test with air. 
 

Erection Sequence 
 

The assembly stage involves pre-fabricating plate or structural sections in suitable sizes for pre - 

erection into blocks or part blocks. The erection stage involves moving the blocks or part blocks to a 

predetermined location within a dry dock for final erection and welding. The final stage in the building of 

a hull structure involves transferring block fabrications to a dry dock where the units are located in a 

predetermined position and erected and welded into a hull structure. Painting of the structure is carried 

out at all stages from pre-assembled, block assembly and final erection and welding. 
 

Joining ship sections afloat: 
 

Some large size of bulk carriers and tanker, it is found some shipyard with restricted facilities like 
short berth, building dock, building ships in two halves and joining these afloat. These two sections 



may be pulled by shackles, and accurate optical instruments used for alignment. One method is 
coffer dam is introduced in way of joint, a caisson is brought up against ship hull, cofferdam and 
caisson are pumped dry and it is necessary to shift ballast in fore and aft sections. After weld ing, x-
ray of weld is to be done. A similar method use of rubber ‘U’ form ring rather than a caisson which 
need modification for each ship size. If dry dock is available, the rest of welding could be taken up.  
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Typical block erection for a Cargo Ship



QUALITY CONTROL DEPARTMENT 
 

 

Quality Control process in a shipyard  



Quality in Ship building 
 

Quality Assurance in Ship building or repair or retrofitting is all about preventing mistakes or 
defects in the process of manufacturing thereby ensuring that the end product meets the 
requirements and avoid problems when delivering ships or marine products to our customers. 
 

There are procedural as well as administrative activities that try to ensure the above objective in 
QA. The goals of QA are two in number - namely to produce a product which is "fit for purpose" 
and second in doing it "Right the first time" so that costly rework and mistakes can be avoided.  
On the other hand Quality as Quality control (QC) is focused on the final product and focuses 
on defect identification. Quality control fails if Quality Assurance does not work. Having defined 
the above two terms let us come to some ground realities. 
 

During the years 2013-14 India witnessed some serious accidents leading to loss of life – like faulty 
cable catching fire and releasing toxic gases; Malfunctioning of valves in the CO2 fir fighting system 
etc., in Ship and Submarine building in India due to poor quality and workmanship practices.  
We should be lucky that such major accidents have not yet happened here. Given the state of 
events and the current thinking prevalent everywhere, it is only a matter of time, before one 
more serious accident is waiting to happen. 
 

Lack of quality in our ship building or other departments elsewhere, leads to: 
 

1) Loss of life and subsequent incarceration by concerned agencies. 
 
2) Losing on competition as we end up correcting mistakes thereby losing time and ending in 
delayed delivery. 
 
3) Loss of health and good interpersonal relationships between various departments, due to 
more time spent rectifying the defects. 
 
4) Loss of prestige, confidence, self-esteem and all round bad name leading to closing or 
downsizing the Business, which is the natural result and finally inability to attract the best and 
motivated talent available in the country to work with us due to the above bad name. 
 

A number of articles in various National and International News magazines point out the same 
problem all-pervading throughout India and elsewhere, from which we are not immune. Each 
one of us are individually responsible for the above state of affairs and it is our responsibility to 
rectify the same at our end.  
A root cause analysis for these failures leading to a loss of quality and what we can do to improve it 
are enumerated below, remembering that we are basically a Technology driven Ship building 
Industry waiting to produce a number of Weapon platforms in the future for Indian Navy and other 



agencies; Substantial loss of or absence of Academic and Technical skills in the Engineering 
community. 
 

The above problem has its roots in the general problem of Higher Engineering education in the 
country being in a dilapidated condition with HSL forced to induct from the same pool who are 
academically very poor. 
 

Further, prevalent thinking in the Engineering community about not needing to be current in 
their field of Engineering and not striving to become better in their basic Academic foundations 
is not very encouraging and very depressing to say the least. A number of problems are being 
enco untered everyday due to this problem alone, everywhere. 
 

It Starts with the Workers 
 

Many of those who tour a shipyard are amazed to learn that it all starts out as flat plate, structural 
shapes, and pipe. Through the efforts of many skilled craft workers, these raw materials end up as 
a finished vessel that sails away and becomes a “home” for the crew. Each vessel, whether 
commercial or military, is a self-contained, self-supporting floating city when at sea. Everything from 
propulsion and electrical power to personnel accommodations and sewage treatment is contained 
in the vessel. Inspection plays an important role in the shipbuilding process from start to finish. 
Being cost effective is a key to survival in the shipbuilding industry today. 
 

A Step-by-Step Procedure 
 

In truth, if done properly, quality control starts with the worker on the job. The next step in the 
process in modern yards is to have the Manufacturing Department employ a quality control 
operation by the lead person or supervisor to check 100% of the work. When that step is 
completed successfully, it is then passed to the quality assurance inspector who checks the 
performance of Manufacturing’s quality control efforts. This step is intended to be an audit 
operation. When that step is successfu lly completed, the regulatory body and customer 
representatives are called out for a formal inspection. When the formal inspection is completed, 
the assembly can progress to the next phase of construction. In most yards, these inspection 
points are at predetermined milestone events, such as panel construct, module construct, and 
final erection in the hull for structure. Piping systems, machinery installations, and electrical 
distribution systems are also inspected at predetermined stages of completion. Redundant 
inspections ensure defects are caught early and corrected immediately. 
 

In a shipyard, record keeping is critical for the inspector. The records must be compiled and 
maintained as the hull is built, so documentation exists to prove required testing and inspections 
were successfully accomplished. The true “final inspection” is during the sea trial period where the 
ship is put through planned tests while underway to confirm operation and safety of the crew under 
actual conditions, including hard turns and emergency stop demonstrations. 



Non-destructive testing of ship hull steel welds 
 

The non-destructive testing is normally to be performed by the Shipbuilder or its subcontractors in 
accordance with these requirements. 
The Classification Society’s surveyor may require to witness some testing.  
It should be the Shipbuilder’s responsibility to assure that testing specifications and procedures are 
adhered to during the construction and the report is made available to the Classification Society on 
the findings made by the NDT. 
 

The extent of testing and the number of checkpoints are normally agreed between the ship yard 
and the Classification Society. 
 

Limitations 
 

Materials 
 

It applies to fusion welds made in normal and higher strength hull structural steels in accordance 
with UR W11, high strength quenched and tempered steels in accordance with UR W16 and 
connections welds with hull steel forgings in accordance with UR W7 and hull steel castings in 
accordance with UR W8. 
 

Welding processes 
 

It applies to fusion welds made using shielded metal arc welding, flux cored arc welding, gas metal 
arc welding, gas tungsten arc welding, submerged arc welding, electro -slag welding and electro-
gas welding processes. 
 

Weld joints 
 

Butt welds with full penetration, tee, corner and cruciform joints with or without full penetration, and 
fillet welds. 
 

Timing of NDT 
 

NDT should be conducted after welds have cooled to ambient temperature and after post weld h eat 

treatment where applicable. For steels with specified minimum yield stress of 420 N/mm2and above, NDT 

should not be carried out before 48 hours after completion of welding. Where post weld heat treatment 

(PWHT) is carried out the requirement for testing after 48 hours may be relaxed. 



Testing techniques 
 

General 
 

The testing method, equipment and conditions should comply with recognized National or 
International standards, or other documents to the satisfaction of the Classification Society. 
 

Sufficient details should be given in a written procedure for each NDT technique submitted to 
the Classification Society for acceptance. 
 

Visual testing 
 

The welds examined should be clean and free from paint.  
Liquid penetrant testing. The procedure should detail as a minimum the calibration equipment, 
surface preparation, cleaning and drying prior to testing, temperature range, type of penetrant, 
cleaner and developer used, penetrant application and removal, penetration time, developer 
application and development time and lighting conditions during testing. 
 

The surface to be examined should be clean and free from scale, oil, grease, dirt or paint and 
should include the weld bead and base metal for at least 10mm on each side of the weld, or the 
width of the heat affected zone, whichever is greater. 
 

The temperature of parts examined should be typically between 5°C and 50°C, outside this 
temperature range special low/high temperature penetrant and reference comparator blocks 
should be used. 
 

Magnetic particle testing 
 

The procedure should detail as a minimum the surface preparation, magnetizing equipment, 
calibration methods, detection media and application, viewing conditions and post 
demagnetization. The surface to be examined should be free from scale, weld spatter, oil, 
grease, dirt or paint and should be clean and dry. 
 

When using current flow equipment with prods, care shall be taken to avoid local damage to the 
material. Copper prod tips must not be used. The prod tips should be lead, steel, aluminum or 
aluminum- copper braid. 
 

To ensure detection of discontinuities of any orientation, the welds are magnetized in two 
directions approximately perpendicular to each other with a maximum deviation of 30°. 
Adequate overlapping shall ensure testing of the whole zone. Continuous wet particle method 
should be used as far as practicable. 



Radiographic testing 
 

The procedure should detail as a minimum the type of radiation source, considering the thickness 
to be radiographed, test arrangement and films overlapping, type and position of image quality 
indicators (IQI), image quality, film system and intensifying screens used if any, exposure 
conditions, scattered radiation control, film processing, film density and viewing conditions. 
 

Processed films should display hull no., frame no., weld boundary indicators, Port/Starboard, 
location (or film serial number) and date as radiographic image. 
 

The Classification Society may require to duplicate some radiographs in order that some 
processed films are handed over to the Society together with testing reports. Alternative method 
to duplicate the processed film can be agreed with the Society. 
 

Ultrasonic testing 
 

The procedure should detail the equipment, type of probes (frequency, angle of incidence), 
coupling media, and type of reference blocks, method for range and sensitivity setting, method 
for transfer corrections, scanning technique, sizing technique and intervals for calibration 
checks during testing. The equipment (instrument and probes) should be verified by the use of 
appropriate standard calibration blocks at suitable time intervals. 
 

The range and sensitivity should be set prior to each testing and checked at regular intervals as 
per the procedure and whenever needed. 
 

The scanning surfaces should be sufficiently clean and free from irregularities like rust, loose 
scale, paint (excluding primer), weld spatter or grooves which may interfere with probe 
coupling. The surface profile should be such to avoid loss of probe contact by rocking. 
 

The scanning technique should be determined to allow the testing of the entire volume of the 
weld bead and base metal for at least 10mm on each side of the weld, or the width of the heat 
affected zone, whichever is greater. 
 

The probe frequency should be within the range 2 MHz to 5 MHz 
 

Base material in the scanning zone should be examined with a straight beam technique to 
check the absence of imperfections which would interfere with the angle beam technique, 
unless already demonstrated at a previous fabrication stage. 
 

Angle beam technique should be used to search for longitudinal and transverse weld 
discontinuities. An angle probe with an incident angle of the sound wave equal to that of the 
weld preparation should be used as a minimum. 



CONCLUSION 
 
 
 
 

This industrial training at Hindustan Shipyard has helped us gain a vast amount of practical 
knowledge and the real difficulties associated in the shipbuilding. We as the students of Naval 
Architecture & Ocean Engineering believe that this training experience will help us in building a 
successful career. We are very thankful to the training department and all the engineers in the 
shipyard who guided us for the past two months. 
 

The training at Hindustan Shipyard has helped us to gain practical skills like reading & 
interpreting production drawing, ability to solve practical everyday problems that may occur 
during construction and has made me independent. We have learnt the importance of 
completing the work on time. It has taught us how to interact professionally with our peers. This 
training program has helped us in believing our self and extracted out the hidden potential of 
ours. We have learnt here to work as a team. We are highly indebted to Hindustan Shipyard 
and hope for an opportunity to serve it better in future. 
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ABSTRACT 

  Each and every department in an industry needs to have a maintenance department 
that is a service department that looks after the machines. They should have a thorough idea 
of the working of the machines and need to constantly check on them to ensure smooth 
running. Periodical check-ups and emergency repairs come under this section. Replacement 
and Repair of the part of the machine broken down in the fastest and the cheapest method is 
very important. This is exactly what the Maintenance Department of every zone does. The 
report covers what we have learnt during the training in Visakhapatnam Steel Plant. The 
process of making steel from the raw materials and the role of Central Maintenance 
Mechanical (CMM).  

 In the VISHAKAPATNAM STEEL PLANT up to 80% of material is being transported by 
the conveyors. Among all the conveyors the cc-37 conveyor is used for transporting coking 
coal to the coke oven batteries. 

During last 2 to 3 years it is encountering the problems like off centering of the belt, material 
spillage and excessive edge wear. The above mentioned problems directly and indirectly 
affecting the production rate of the molten liquid steel and maintenance cost. 

The present study covers the identification of problems encountered in the cc-37 and 
suggesting the corrective remedial measures. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



 

 

 

 

VISAKHAPATNAM STEEL PLANT 
 

 

Visakhapatnam steel plant, the first coastal based steel plant of India is located, 16km 
southwest of city of destiny, i.e., Visakhapatnam. Bestowed with modern technologies, 
Visakhapatnam steel plant has an installed capacity of  
 

• 3 million tones per annum of liquid  steel 

• 2.656 million tones of saleable steel 

Visakhapatnam steel plant products meet exalting international quality standards such as JIS, 
DIS, BIS, BS etc. 

 Visakhapatnam steel plant has the distinction to be the first integrated steel plant in India to 
become a fully ISO-9002 certified company. The certified covers quality systems of all 
Operational, Maintenance, Service units besides purchase systems, Training and Marketing 
functions spreading over 4 regional marketing offices,20 branch offices and 22 stock yards 
located all over the country. 

Visakhapatnam steel plant by successfully installing and operating efficiently Rs.460 covers 
worth of pollution control and environment control equipments and converting the barren 
landscape by planting more than 3 million plants has made the steel plant, steel township a 
greener, cleaner and cooler place, which can boast of 3 to 4 degrees centigrade lesser 
temperature even in peak summer compared to Visakhapatnam city. 

Visakhapatnam steel plant exports quality pig iron and steel products to Srilanka, Myanmar, 
Middle East, USA and Southeast Asia (pig iron). RINL-VSP was awarded “Star Trading 
House” status during 1997-2000.  

 

VSP technology: 

• 7 meter tall coke oven batteries with coke dry quenching 

• Bell-less top charging system in blast furnace 

• 100%slag granulation at BF cast house 

• 100% continuous casting of liquid steel. 

• Extensive water heat recovery systems. 

 

MODERN TECHNOLOGY :  



  In Visakhapatnam steel plant modern technology has been adopted in many 
areas of production, some of them for the first time in the country. 

• Selective crushing of coal  

• 7 meter tall coke ovens  

• Dry quenching of coke  

• On ground blending of sinter base mix  

• Conveyor charging and bell less top for blast furnace  

• Cast house slag granulation for blast furnace  

• 100% continuous casting of liquid steel 

• Gas expansion turbine fore power generation, utilizing blast furnace top gas 
pressure  

• Hot metal  Desulphurization  

• Extensive treatment facilities of effluents for ensuring proper environmental 
protection  

• Computerization for process control 

• Sophisticated high speed and high production rolling mills. 

 

MAJOR DEPARTMENTS : 

The major departments in VSP include: 

• RMHP (RAWMETERIAL HANDLING PLANT) 

• CO & CCP (COKE OVENS & COAL CHEMICAL PLANT) 

• SINTER PLANT  

• SMS (STEEL MELTING SHOP) 

• ROLLING MILLS  

 

 RAW MATERIAL HANDLING (RMHP): 

VSP annually requires quality raw materials viz. iron ore, fluxes (limestone, dolomite) 
coking and non-coking coals, etc.. to the tune of 12-13 million tons for producing 3 million 
tons of liquid steel. To handle such a large volume of incoming raw materials received from 
to different sources and to ensure timely supply of consistent quality of feed materials to 
different VSP consumers, Raw material Handling Plant serves a vital function 

 



 

 

 

               COKE OVENS AND COAL CHEMICAL PLANT ( CO&CCP)   

Blast Furnaces, the mother units of any steel plant requires huge quantities of strong, hard 
and porous solid fuel in the form of hard metallurgical coke for supplying necessary heat  for 
carrying out the reduction and refining besides acting as a reducing agent. 

 

 

 

 

 Coke is manufactured by heating of crushed coking coal (below 3mm) in the absence 
of air at temperature of 1000oc and above for about 16 to 18 hours. A coke oven comprises of 
two hollow chambers namely coal chamber and heating chamber. In the heating chamber a 
gaseous fuel such as blast furnace gas, coke oven gas, etc is burnt. The heat so generated is 
conducted through the common wall to heat and carbonize the coking coal placed in the 
adjacent coal chamber. 

Number of ovens built in series one after the other from coke oven battery. 

 

 

 

 



 

 

 

SINTER PLANT 

  Sinter is a hard and porous ferrous material obtained by agglomeration of   
iron ore fines, coke breeze, limestone fines; metallurgical wastes viz. flue dust, mill scale ld 
slug , etc.  Sinter is a butter feed material to blast furnace in comparison to iron ore lumps and 
its sage in blast furnace help in increasing productivity decreasing the coke rate & improving 
the quality & improving the quality of hot metal produced. 

Sintering is done in 2 Nos. of 312 sq. meters, sinter machines of Dwight Lloyed type 
by heating the prepared feed on a continuous metallic belt made of pallets at 1200 c – 1300 c. 

  

 

Hot sinter discharged from sintering machine is crushed to sizes between 5mm and 
50mm size and cooled before dispatching to blast furnaces. 

 

PARAMETERS OF SINTERING MACHINES: 

•  Effective area  :        312 Sq. m 

• Sintering area  : 276 Sq. m 

• Sinter bed height : 300mm 

• Capacity   : 450 TPH each 

• No. of wind boxes : 26 



The dust laden air from the machines are cleaned in scrubbers and electrostatic 
precipitators to reduce the dust content to 100 mg/m3 level before allowing to escape into the 
atmosphere and thus helping in maintaining a clean and dust free environment. 

 

BLAST FURNACES 

 Hot metal is produced in blast furnaces, which are tall vertical furnaces.  The furnace 
is named as Blast Furnace as it is run with blast at high pressure and temperature.  Raw 
materials such as sinter, iron ore lumps, fluxes (limestone, dolomite) and coke are charged 
from the top and hot blast at 11000 c to 13000 c and 5.75 KSCH pressure is blown almost 
from the bottom.  The furnaces are designed for 80% sinter in the burden. 

VSP has two 3200cu.meters blast furnaces (largest in India) equipped with Paul worth Bell 
less top equipments with conveyor charging. Rightly named as Godavari and Krishna after 
the two rivers of A.P., the furnaces will help in bringing prosperity to the State of Andhra 
Pradesh. 

 

 

Provision exists for granulation of 100% liquid slag at blast furnace gas-top pressure (1.5 to 
2atmospheric pressure) to generate 12MW of power in each furnace by employing gas 
expansion turbines. 

The two furnaces with their novel circular cast house and four tap holes each are capable of 
producing 97920 tons of hot metal annually. 

 

 

 

 



 

 

 

STEEL MELTING SHOP(SMS) 

Steel is an alloy of iron with carbon up to 1.8%. Hot metal produced in blast furnace contains 
impurities such as carbon (3.4% to 4.25%), Silicon (0.4% to 0.5%) Manganese (0.3% to 
0.4%), Sulphur (0.04% maximum) is not suitable as a common Engineering material. To 
improve the quality, the impurities are to be eliminated or decrease by oxidation process. 

   VSP produces steel employing three numbers of top blown oxygen converters called LD 
converters (L and D stands for Linz and Donawitz- two towns in Austria where this process 
was first adopted) or Basic Oxygen Furnaces/converters. Each converter is having 133cu.mts 
volume capable of producing 3MT of liquid steel annually. Besides hot metal, steel scrap, 
fluxes such as calcinated lime or dolomite from part of the charge to converters.    

99.5% pure Oxygen at 15-16 KSCG pressure is blown in the converter through oxygen lance 
having convergent divergent copper nozzles at the blowing end. Oxygen oxidizes the 
impurities present in the hot metal, which are fluxed as slag with basic fluxes such as lime. 
During the process heat is generated by exothermic reactions of oxidation of metalloids viz. 
Si,Mn,P and Carbon and temperature rises to 17000c enabling refining & slag formation. 

Different grades of Steel of superior quality can be made by this process by controlling the 
Oxygen blow or addition of various ferroalloys or special additives such as FeSi, FeMn, Si-
Mn, Coke breeze, Aluminum etc., in required quantities while liquid steel is being tapped 
from the converter into a steel ladle. Converter/LD gas produced as by product is used as a 
secondary fuel. 

 

Characteristics of VSP Converters: 

  Capacity                                 -150 Tons per heat /blow 

  Volume         -133 cu. meters 

  Converter Sp.volume            -0.886 Meter cubic per ton 

  Tap to tap time                      -45 min to 60 min  

                     Height to diameter ratio        -1.36 

  Lining 1) Working                - Tar dolomite bricks 

             2) Permanent chrome Magnetite bricks 

Liquid steel produce in LD converters is solidified in the form of blooms in continuous 
Bloom casters. However, to homogenize the steel and to raise its temperature, if needed steel 
is first routed through, Argon rinsing station, IRUT (Injection refining & temperature) Ladle 
Furnaces. 

 



  

 

CENTRAL MAINTENANCE - MECHANICAL 
 
1. Central Maintenance Mechanical (CMM) department is one of the major service 
departmentsin VSP which is carrying out major mechanical maintenance and conveyor 
beltreplacement activities throughout the plant. 
 
2. In order to Improve response time CMM activities are carried out through five 
zonaloffices. They are. 
 
* Coke Zone :Supports the needs of C & CCD and RMHP and the maintenanceactivities of 
conveyors through out the plant. 
 
* Iron Zone :Supports Sinter Plant, Blast Furnace and CRMP in their maintenanceactivities. 
 
* Steel Zone :Supports SMS and ASP in the maintenance activities and 
looks after the maintenance of EOT cranes in Central Stores and Gantry cranes 
of ES & F. 
 
* Mills Zone :Supports LMMM, WRM & MMSM in their maintenance activities. 
 
* Workshop :Looks after maintenance of all weighbridges and supports in minorfabrication 
works 
 
3. CMM is the first maintenance section in VSP, which is implementing one of the bestten 
practices i.e., ìWork Flow and Control Managementî as a part of QMS. In thissystem internal 
work order is issued to the respective zone and feedback is receivedat Central Office after 
work is completed. In the feedback, duration, manpower andidentification of conveyor belt, 
supplier name and quantity etc., are recorded. As allworks are carried out through work order 
system, accuracy of data is ensured whichenables in reducing the shut down periods. 
 
4. The activities of CMM are broadly divided into Planned and Unplanned maintenanceand 
Capital Repairs. 
 

 Planned and Unplanned activities : 
 
        * Planned activities are taken up by planning on regular and periodical interactionswith 
respective customer departments. 
* Unplanned / breakdowns are attended immediately and given top priority over 
planned jobs to restore the equipment back to normality so as to reduce theproduction loss. 
 

CAPITAL REPAIRS (CR) : 
 
        * CMM plays an important role in planning & coordination of CR activities in theplant. 
* Pre-CR activities are given top priority to reduce total shut down periods. 
* Daily feed back and summary of all CR activities carried out by CMM are recorded. 



This system helped in improving reduction of shut down period. 
 
5. CMM department is playing major role in improving life of conveyor belts by 
adoptinginnovative technological advancements across the globe. 
 
6. In addition to maintenance activities, as a part of Concern towards Environment, 
solidwaste in the form of scrap conveyor belt is collected and sept to Central Stores forfurther 
disposal. This is helping in earning the revenue through auctioning of thescrap belt sent to 
stores. 
 

CMM COKE ZONE 
 
           Supports the needs of CO & CCP and RMHP and the mechanical maintenance and 
maintenance activities of conveyors throughout the plant. 
 
CONVEYOR MAINTANANCE ACTIVITES IN COKE ZONE 
 

• Conveyor belt replacement  

• Conveyor belt shortening 

• Pulley bearing changing 

• Pulley lagging 

• Pulley replacement 

• Idlers replacement 

• Structural repairs 

TOOLS AND TACKLES IN COKE ZONE 
 

• Clamp sets and bolts 
• D – Shackles  
• Plate clamp 
• Wire rope 
• Slings 
• Sheave pulley  (To change the direction in pulling) 
• Max pulley (Pulling to take load 3,5,8 T) 
• Chain pulley (To lift loads) 
• Hammers 
• Solutions and hardeners 
• Wooden flank 
• Nail chalk piece 
• Buffing machine 
• Blower and heater 
• Switch board 
• Fasters & tightners. 
• Steel rule & japan knife 
• Spanners 
• Bull dog grips  
• Tackle 



• Manila rope 
 

 

INTRODUCTION TO CONVEYORS 

 

WHAT IS BELT CONVEYOR 

 

  The belt conveyor is mechanical systems consist of two or more pulleys, idlers and 
belt etc. to handle bulk materials, packages, or other objects placed directly upon It. Mostly 
80% of transportation in any VSP is done through the conveyor belts. 

 

WHY BELT CONVEYOR 

 

• Bulk Material Handling 

• Uninterrupted & continuous material flow 

• Automation 

• Safety 

• Easy to maintain 

• Less skill for operating the system 

• Long distance transmission irrespective of Geographical location. 

• Eco-friendly & Most economical 

MATERIALS USED FOR BELTS 

 
• Leather belts 

• Cotton or fabric belts 

• Rubber belts 

• Balata belts 



These Materials used for belts must have strength, flexibility, durable and high coefficient of 

friction. 

 

 

 

 

 

COMPONENTS OF BELT CONVEYOR 

 

• Pulleys 

Support and move the belt and controls its tension. 

• Snub Pulleys  

 Used to increase the angle of contact between the belt and pulley 

• Drive Mechanism 

Imparts power to one or more pulleys to move the belt and its loads. 

• Tensioning Mechanism 

Used to provide required tension to the belt. 

• Conveyor Belt 

On which the conveyed material rides. 

• Belt & Pulley cleaning System 

That keeps the belt free from materials sticking to the belt 

• Safety Devices 

   Used to maintain the safety while doing the work. 

• Idlers 



 Which form the supports and facilitates free movement of carrying and return 

stands of the belt. 

• Discharge System (Chute) 

To guide the discharged projectile to subsequent conveyor  

• Supporting structure 

Supports and maintains the alignments of the idlers and pulleys and support 

the driving machinery 

BELT NOMENCLATURE 

 

 

 

 

 

BELT DESIGNATION 

 



 

 

 

 

CLASSIFICATION OF BELT CONVEYOR 

 

• Based on Drive Mechanism 
• Single Drive 
• Dual tandem drive 
 

 

 

• Based on Belt Tensioning : 
• Screw take-up 
 



 

 

• Gravity Take-up 
• Horizontal 
• Vertical 

  

 

• Winch take-up 
METHOD OF JOINTS 

 

Mechanical fasteners 

 

 



 

Vulcanizing 

 

• Cold vulcanizing 

• Hot vulcanizing 

       

Formula required for biasing the belt 

 

                 Bias length                  = ½ * width of belt 

                 Joint area                    = width of the belt 

               Step-width                = width of the belt/no. of plies. 

               No. of splicing steps = no. of plies - 1. 

 

PROBLEMS FACED IN CONVEYOR 

 

• Off-Centering of belt 

• Belt Snap 

• Longitudinal cuts 

• Failure of pulleys 

• Failure of lagging 

• Failure of couplings 

• Failure of Hold back 

• Failure of internals of gear box 



• Winding of belt on pulleys  

• Ply separation of the belt 

• Belt runs to one side for a considerable distance, or the entire conveyor. 

• Belt slips when conveyor is started. 

• The covers are hardening and/or cracking 

•  The cover/s are swelling and/or getting soft s in certain areas 

• Transverse breaks in belt at the edge 

• Vulcanize splice failure. 

• Belt runs fine when it's empty but won’t track right when it's loaded. 

• Belt breaks just behind the mechanical fastener, or the mechanical fastener pulls out. 

• Excessive edge cover wear and etc….. 

 

 

 

 

 

 

FORMULAE USED IN ANALYSIS 

 

• Length of belt when it is coiled 

 

   

L    – Length of belt 

D1 – outer diameter of coil 

D2 – inner diameter of coil 

T     - Thickness of belt 

 

• Velocity ratio of belt 



 

    D1=Diameter of the driver. 

    D2=Diameter of the driven. 

    N1=Speed of the driver in rpm 

    N2 = Speed of the driven in rpm 

 

=   

• RATIO OF DRIVING TENSIONS FOR FLAT BELT DRIVE: 
 

 ϴ = Angle of contact in radians, 

 T1 = tension in belt on tight side, 

 T2 = tension in belt on slack side, 

 = coefficient of friction of belt 

 

 

      =   

 

CONVEYOR CC - 37 

 

INTRODUCTION 

 

  As we know that conveyors are the nerves of VSP. The transportation of material is 
done around 80% with the help of conveyor & around 20% by traffic department. The 
conveyor-37 is situated in the coal yard of RMHP department.  It is used to send coal to coke 
oven batteries.  

 

4.2 SPECIFICATION 

 

• material          : coal -75mm; density = 0.8 kg/m^3 



• capacity        : rated = 850 TPH ; design = 1062.5 TPH 

• belt speed       : 2 m/sec 

• Belt                : 1400 mm; Nylon 800/4 

• Caracas                   : Nylon - Nylon 

• carrying idler  : 152.4Φ tubular type; 20 deg trough 

• impact idler      : 152.4Φ RD type; 20ndeg trough 

• S A carrying idler  :152.4Φ tubular type ; 20 deg trough 

• Return idler       : 152.4 Φ tubular type; plain roller 

• S.A return idler   : 152.4 Φ tubular type; plain roller 

• Head pulley       : 630Φх1600 face; lagging 10mm thick  

• Tail pulley           : 500 Φ x 1600 face ; 140 Φ shaft 

• Head snub pulley   : 500 Φ x 1600 face  

• tail snub pulley  : 400 Φ x 1600 face ; 

• External scraper  : weight and lever type (double blade). 

• Internal scraper   : 'V” type 

• c/c distance          : 399200 mm 

• Angle of wrap      : 210 deg 

• take up                   : horizontal gravity take up with counter weight of       

     13000 T.U travel 

DIAGRAM OF CC # 37 

 

 

 



LINKAGE WITH OTHER CONVEYORS 

 

The conveyor- 25#26#27 feeds to conveyor CC-37 feeds to conveyor CC-41. 

 

 

 

In this way material goes to coke oven from the coal yard as per the requirements. 

 

OBSERVATIONS OF CC-37 

 

• Out of 420 carrying idlers, 180 idlers are not working properly due to material 
spillage in between idlers 

• Out of 125 non carrying idlers, 46 idlers are not working properly due to material 
spillage in between idlers 

• Improper lagging to the impact idlers 
• Duck plates are damaged within 4 to 5 meters distance 
• Number of joints are 24 in total length of belt 
• Self-idlers are not working 
• Improper cleaning around the conveyor 
 

 

PROBLEMS IDENTIFIED 

 

• Off-centering at take up pulley. 
• Excessive edge wear. 



• Material spillage. 
• Idlers jamming. 
• Trolley arrangement 
• Improper lagging. 
 

 

 

 

REMEDIAL MEASURES: 

 

• Replace the trolley arrangement into the rail and axle type arrangement. 
• Periodical cleaning of the spilled material. 
• Make sure that all the carrying & non carrying idlers are functioning. 
• Change the rope way arrangement of counter weight to avoid the misalignment of 

trolley caused by sudden load. 
• Replace non-lagged pulleys with lagged pulleys. 

SYSTEM BEFORE SUGGESTING REMEDIAL MEASURES: 

 

• Idlers Jamming due to poor house keeping 

• Huge material jamming at tail snub pulley 

• Improper lagging of pulleys. 

• Take up pulley is arrested to the trolley with the help of the chain. 

• Take up trolley derail due to misalignment. 

SYSTEM AFTER SUGGESTION OF REMEDIAL MEASURES 

 

• No matter of  material spillage 

• There is no jamming of material between idlers. 

• Proper lagging to the all pulleys. 

• There is no off centering of the belt. 

• No reduction of the width of the belt. 

 



 

BENEFITS OF THE REMEDIAL MEASURES 

 

• Mechanical Break downs are reduced. 

• The surrounding of the conveyor is very neat and clean. 

• Machine availability is improved. 

• Utilization of less man power. 

• Increased material transportation (feed) to the CC -41&42 

 

 

 

 

 

 

 

PROBLEMS ANALYSIS TECHNICALLY 

N   = Speed of the motor in rpm             V  = speed of the belt in m/s 

N1   = Speed of the driver in rpm            V1 = Peripheral velocity of the belt at head 

pulley 

N2   = Speed of the driven in rpm                   V2 = Peripheral velocity of the belt at tail pulley 

 

 D1 = diameter of the head pulley in mm 

 D2 = diameter of the tail pulley in mm 
 T1  = tension in tight side of the belt in KN 

 T2  = tension in slack side of the belt in KN 

 S1  = Slip between the driver and the belt & 

S2   = Slip between the driven and the belt 

 P   = Power in KW 

   = Coefficient of friction            

 = Angle of wrap 



 

THEORITICAL CALCULATIONS 

 
  N      =1450 rpm      D1 = 630 mm 
  Speed R/Ratio = 1:22.4     D2 = 500 mm 
  

 
1. SPEED OF THE BELT 

 
 
    V =  

 

     V = 2.13 m/s 
 
2. VELOCITY RATIO 

  
When there is no slip V1 = V2  

   

V1 =   ;   V2 =  

 

 =   

 

 N1 = 65 rpm 
 N2 = 82 rpm 

 
3. SLIP AT TAIL PULLEY: 

  

There is no slip at head pulley so S1 = 0. 

 

     =   * (1-S1+S2) 

 

   1.26 =1.26*(1-S2) 

 



   S2 = 0 

 

In order to get the zero slip condition we have to maintain the constant velocity ratio. 

For that we need to follow the remedial measures mentioned above. 
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1. ABSTRACT 
 
 
           Sir Henry said, “If you want to stand in the same place tomorrow 
where you stand today, you will have to run today.” FMD has always 
ensured that it is second to none in keeping pace with the latest technological 
developments in automobile engineering. In view of the expansion VSP is 
going to undertake, FMD has a vital role to play. 
 
Though FMD has improved availability of equipment to more than 90%, we 
can improve the availability of equipment without increasing the input costs 
by working in analytical way. In today’s competitive environment, producing 
steel at the least possible cost is the most important factor, which determines 
the presence of the Organization in the market. 

 
This is possible only by the implementation of various modifications based 
on our experience and developments. In this project, I have considered 
Dumpers are very important in production activities, because for any 
combination of work Dumper is prime equipment for work transportation in 
Field Machinery Department. So once the availability of Dumpers are 
increased it reflects positive effect on all works. We have two types of 
dumpers one is BEML make (8Nos.) and the other is Caterpillar make 
(8Nos.).On records Dumpers overall availability is above 90% but practically 
Caterpillar make dumpers are at 98% availability and BEML dumpers are at 
82% availability only. Hence there is a lot of scope for improvement of 
availability of BEML make dumpers. This is the main reason behind selecting 
this project. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 



7 | P a g e  
 

 

    2.INTRODUCTION TO VISHAKAPATNAM STEEL PLANT 
 

BACK GROUND 

The decision of the government of India is to set up and integrated steel plant 
at Vishakhapatnam was announced by then Prime Minister Smt. Indira Gandhi 
in Parliament on 17th April 1970. The site near Balacheruvu creak was chosen 
by the selection committee, and the formal inauguration was done on 20th 
January 1971 by the then Prime Minister. 

INTRODUCTION: 

Vizag Steel Plant, the first coastal based steel plant of India is located 16 
KM south west city of destiny i.e. Vizag. Bestowed with modern 
technologies, VSP has a installed capacity of 3 Million Tons per annum of 
Liquid Steel and 2.656 Million tones of saleable steel. At VSP there is 
emphasis on total automation, seamless integration and efficient up 
gradation, which results in wide range of long and structural products to 
meet stringent demands of discerning customers with in India and abroad. 
VSP products meet exalting international Quality Standards such as JIS, 
DIN, BIS, BS etc. 

 

VSP has the distinction to be the 1st integrated Steel Plant in India to 

Become a fully ISO – 9002 certified company. The certificate covers quality 
systems of all operational. Maintenance, services units besides purchase 
systems, Training and Marketing functions spreading over 4 Regional 
Marketing Offices. 20 branch offices and 22 stock yards located all over the 
country. VSP by successfully installing operating efficiently Rs. 460 chores 
worth of pollution Control and Environment Control Equipments and 
converting the barren landscape by planting more than 3 million plants has 
made the Steel Plant, Steel Township a greener, cleaner and cooler place, 
which can boast of 3 to 4c lesser temperature even in the peak summer 
compared to Vizag City. VSP exports Quality pig Iron & Steel products to 
Srilanka, Myanmar, Nepal, Middle East, USA & South East Asia (pig iron). 
RINL VSP was awarded “Star Trading House” status during 1997-2000. 
Having established a fairly dependable export market. VSP plans to make a 
continuous presence in the export market. 
 
Having a total manpower of 17250 VSP has envisaged a labor productivity of 
not than 230 tones per man year of Steel which is the country and comparable 
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with the international levels. 

PRODUCT MIX: 

                           VSP produce angles, channels, bars, wire-rods billets for re-
rolling. The plant also produces pig iron and around 1.44 million tones per 
annum of granulated slag, beside normal by-products from the coke-oven and 
coal chemical plant 

MAJOR PLANT FACILITIES: 

VSP has the following major production 

 Facilities;   
➢ 3 Coke oven batteries of 67 ovens each have 41.6 M3 volumes. 
➢ Sinter machines of 312M2 area 
➢ 2 blast furnace of 3200M3 volume 
➢ Steel melt shop with three LD converters (2Operating and one stand by) 

of 150T capacity each and6 no’s of 4 strand continuous bloomcasters. 

1. Light and Medium Merchant Mills of 710,000 tons per year capacity. 
2. Wire Rod Mills of 850,000 tons per year capacity. 
3. Medium Merchant & Structural Mills of 850,000 tons per year capacity. 
Extensive facilities have been provided for repair and maintenance as well as 
manufacturer of spare parts. A Power Plant Oxygen plant, acetylene plant, 
compressed air plant etc. also form part of the plant facilities. 

MODERN TECHNOLOGY: 
 

                Vizag Steel Plant is the most sophisticated and modern 
integrated steel plant in the country. Modern technology has been adopted 
in many areas of production, some of them for the first time in the country. 
Among these are: 

1. Selective crushing of coal 
                    7 meter tall coke ovens 

2. Dry quenching of coke, using Nitrogen 
3.  On ground blending of Sinter base mix. 
4. Conveyor charging and bell less top for blast furnace 
5. Cast house lag granulation for blastfurnace 
6. 100% continuous casting of liquid steel 
7. Gas expansion turbine for power generation utilizing blast 
furnace top gas pressure 
8. Hot metal desulphurization 
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9. Extensive treatment facilities of effluents for ensuring 
proper environment protection. 
10. Computerization for process control. 
Sophisticated, high speed and high production rolling mills. 

 

RAW MATERIAL LINKAGES: 

 

                 The Steel Plant is getting its supply of iron ore-lumps and fines 
from the Baliadilla deposits in Madhya Pradesh, Blast furnace grade lime 
stone comes from Jaggayapeta  in  Andhra  Pradesh,  SMS  grade  lime  stone  
from  Jaisalmer  &Goton  in  Rajasthan. Blasts furnace and SMS grade 
dolomite form Birmitreapur (Oriss a) the Khammam deposits in Andhra 
Pradesh 70% of the coking respectively coal requirements are met by imports 
through the Visakhapatnam harbor while the balance come from the Bengal 
Bihar area. Coal for power generation comes form Anantha deposits of 
Talcher region in Orissa. 
 
               The Raw Material Handling Plant (RMHP) receives the basic raw 
materials for the steel making process from various sources through railway 
wagons and by road. These are stacked by stackers and reclaimed again by 
reclaimers and distributed to various departments of VSP through conveyer 
systems. The iron ore fines, Iron ore lump, sized iron ore, Limestone 
(BF&SMS grade), sand, Quartzite and manganese lumps are stacked at Ore 
& Flux yard. The imported coking coals (ICC), Medium coking coal (MCC), 
Boiler coal (BC) are stacked in coal yard. It receives the imported coking 
coals by rail from Australia via Vizag port and Medium coking coals by rail 
from Dhanbad region of Jharkand state. 
 
             Coal handling plant of RMHP handles the coal raw materials and ICC, 
MCC are sent to CO&CCP department as per their process requirements. 

             Coal handling plant has two wagon tipplers by which the coal is 
tippled by and transported through various conveyors to stack in 10 No’s of 
coal beds to store source wise. It has the facility to reclaim the coal with 
reclaimers to send the coal to CO&CCPdepartment. 

            COCCP area laboratory has one unit called the Sample Preparation 
station –I (SPS-I) in the CHP area to collect coal samples from beds and 
running conveyors and to prepare the samples. 
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       WATER SUPPLY: 

                             Requirements of water during the peak of construction 
were of the order 4.5 mgd. This was met form the Meghadrigedda and 
Raiwada schemes of A.P. State government. Operational water 
requirements 70 mgd. of the Steel Plant is being met from the Yeluru 
water supply scheme provided by the A.P. State Government. This 
involved construction of a storage reservoir at Yeleswaram and a 153 Kms. 
Long limited canal to plant site apart from Kanithi BalancingReservoir. 

 

3. VARIOUS DEPARTMENTS IN VISHAKAPATNAM 

STEEL PLANT 

 

COAL PREPARARTION: 

 

From the storage yard, the coking coal is sent to foreign material removing section to remove 
foreign matter of above 150mm size. Iron traps for ferromagnetic articles and cylindrical 
screens are provided for this. For averaging and proportioning of coal, 16 nos. of bins each 
800 tones of capacity are provided along with continuous action feeders of up to 100 tones 
per hour capacity each. After blending the material is crushed to take care of petro graphic 
non-uniformity, high hardness and mineral content of coal. The crushing is carried out in 
reversible hammer crushers 2 operating and of 1 of coal. The crushed and blended coal (74-
78% of ñ3mm size) is conveyed to two coal towers each of 4000 T capacity. Weigh bridges 
are provided under coal towers to weigh the coal charge. System of pneumatic blow down 
of blend is provided in the coal tower to take care of jamming of coal.  
 
SINTER PLANT: 

 

Its purpose is to convert fine grained raw material into coarse grained iron ore sinter, ready 
to charge to BF. 
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BLAST FURNANCE: 

Hot Metal is produced in Blast Furnaces, which are tall vertical furnaces. The 
furnace is named as Blast Furnace as it is run with blast at high pressure & 
temperature. Raw Materials such as sinter/Iron Ore Lumps, Fluxes 
(Limestone/Dolomite) and Coke are  charged from the top and hot blast at 1100c-
1300c and 5.75 KSCH pressure is blown almost from the bottom. The furnaces 
are designed for 802% Sinter is the burden. 

VSP has two 3200 m3 Blast Furnaces (largest in India) equipped with Paul 
worth Bell less top equipment with conveyor charging. Rightly named as 
“Godavari” & Krishna” after the two rivers of AP, the furnaces will help VSP 
in bringing prosperity to the state of Andhra Pradesh. The two furnaces with 
their novel circular cast house and four tap holes each are capable of 
producing 9720 tons of Hot Metal daily of 3.4 Million Tones of low sculpture 
Hot Metal annually.
  

                               Steel is an alloy of iron with carbon up to 1.8%. Hot metal produced in 
blast furnaces contains impurities such as carbon (3.5-4.25) silicon (0.4-0.5%) manganese 
(0.3-0.4%) 
  

Sculpture (0.04max) & phosphorous (0.14%max) is not suitable as a common engineering 
material. To improve the quality the impurities are to be eliminated or decreased by oxidation 
process. VSP produces steel employing three numbers of top blown oxygen converters called 
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LD converters (L & D stands for Linz & donawitz two towns in Austria where this process 
was first adopted) or basic oxygen furnaces/converters. Each converter is having 133m3 
volumes capable of producing 3 million tones of liquid steel annually. 
   
 

BATTERIES: 

1) Oven charge weight(T) 
2) Cooking time(hrs) 30.6 

3) Heat consumption(x103Kcal/T) 6.86perton of dry coal charged 
4) C.V. of mixed gas for heating(Kcal/NM3) 1000 
 

RAW MATERIAL HANDLING PLANT:  

The Raw Material Handling Plant (RMHP) receives the basic raw materials 
required for the steel making process from various sources through railway 
wagons. These are stacked & reclaimed by stackers cum reclaimers and 
distributed to various departments of VSP through conveyor system. The Iron 
Ore Fines, Iron Ore Lumps, Sized Iron Ore, Limestone (BF & SMS grade), 
Dolomite (BF&SMS grades), Dole Chips, Sand, Quartzite, Manganese fines 
& Lumps and Fluorspar are stocked in A Ore & Flux Yard. The Imported 
Cocking Coal (ICC), Medium Cocking Coal (MCC), and Boiled Coal is 
stocked in Coal Yard. These raw materials are sent in different proportions to 
various departments as indicated below: 
Coke Ovens: Imported Medium, Medium Iron ore Fines, Limestone(BF),              
                        Dolomite, Sand and Manganese 
Sinter Plant           : Fines 
Blast Furnace           :          Sized Iron Ore, Limestone (BF), Manganese Lump, 
Quartzite 
SMS                        : 
                                           Dolomite (SMS), Fluorspar, Sized Iron Ore 
 
CRMP  : Limestone (SMS), Dolomite (SMS), Dole Chips. 

 

ROLLING MILLS: 

 

BLOOMS produced in SMS – CCD do not find much applications as such and 
are required to be shaped into products such as billets, rounds, squares, angles 
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(equal & unequal). 
 
Channels, I-PE b exams, HE BEAMS, wire rods and reinforcements by 
rolling them in, there sophisticated high capacity, high speed, fully automated 
rolling mills, namely Light & Medium, Merchant Mills (LMMM), Wire Rod 
mills (WRM) and Medium Merchant and Structural Mill (MMSM). 
 

a) Wire Rod mills (WRM): wire rod mill is a 4 strand, 25 stands fully 
sophisticated mill the mill has 4 zone combination type reheating furnace 
(walking beam cum walking hearth) of 200t/hr capacity for heating for heating 
the billets received from billet mill of LMMM to rolling temperature of1200c. 
 
b) Medium Merchant and Structural Mill (MMSM): wire rod mill is a 
high capacity continuous mill consisting of 20 stands arranged in 3trains. 
Roughing train having a 8 stands (4 two high horizontal stands, 2 vertical stands 
& 2 combination stands). Intermediate train has 6 mill stands as per details given 
below. 
2 high horizontal stands 2 combination stands 
2 horizontal stands / two universal stands Finishing train-consists of 6 
stands namely 

2 combination stands 
4 horizontal stands / 4 universal stands. 
 
BILLETS: 

 
125X125 mm 9.8 – 10.2 m 

65X65 mm 6/12 m 

75X75 mm 6/12 m 

 

CHARGING MATERIAL: 

BILLET WEIGHT: 1250 kg 

CROSS SECTION DIMENSIONS: 125 x 125 mm (150 x150 mm)      

 BILLET LENGTH: 1044mm 
ROLLING PROGRAM: 

 

         5.5 to 12 mm round 
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        6.0 to 12.7 mm rebar 

Maximum coil weight -1200 kg 1250m   

        Outside coil diameter -2200m 
 
      Inside coil diameter -1250m 
    Rebar                     -850mm 
 
The charging material –rolled billets from the billets from the billet mill be 
straight, free from shells, free from shrinkages cavities and additionally 
free from cracks as far as quality steel grades are concerned, so that a 
continuous at the required quality is guaranteed. 
 

FINISHED MATERIAL: 

 

Based on max temperature difference across the billet cross section of 25 
degree centigrade on entering the mill train, the following tolerance values 
are obtained: 5.5mm – 8 mm round (+/-) 0.15 mm 9mm – 12 mm round (+/-) 
0.20 mm.The ovality for these dimensions amounts to 80 of the permissible 
tolerances. 

CAPACITY  OF THE PLANT: 

The annual capacity of the rod mill is 8, 50,000 tons of finished wire rods by 
three shift operation and specified product mix. 
 
STEEL MELTING SHOP: 

 

In Steel Melting Shop of Visakhapatnam Steel Plant, LD Process of steel 
making has been adopted. The liquid steel obtained from LD process is cast 
into Blooms through Continuous Casting Machines (Bloom Casters). For 
better exploitation of the available facilities and to have efficient 
administration in the biggest department of VSP, Steel.  
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4. INTRODUCTION TO FIELD MACHINARY DEPARTMENT 

 
F M D is a vital department, which extends logistic support to the steel making process by 
the timely deployment of Heavy Equipment like Dumpers, Dozers, Loaders, Cranes, 
Tractor Trailers, and Excavators etc. It looks after the operation, repair and maintenance of 
a huge fleet of Equipment of wide variety ranging from 15 T Dumper to Cranes of 
300Tcapacity. 
 
 F M D also takes care of the maintenance of material handling equipment and vehicles, 
which are required for transportation of various materials such as, lime, hot pitch, raw 
materials, by products, etc. 
 
 

5. DIFFERENT TYPES OF EQUIPMENTS IN FMD 

 

 F M D mainly has three types of equipments. 

 1) Earth Moving Equipments: 

 Dumpers, Dozers, Loaders, Excavators, Kamags. 
 2) Material Handling Equipments: 

 Track mounted Cranes, Wheel mounted Cranes, Tractor Trailers, Pneumatic Tankers, 
Insulated Tankers etc. 

  3) Vehicles: 

 Jeeps, Tippers, Trucks, Water tankers. 
 
 In addition to the above, FMD also takes care of repair and maintenance works of certain 
special purpose equipments / vehicles like Skid Steer Loaders, Forklifts, hook forklifts, Pole 
trucks, Fire fighting vehicles of CISF (FIRE), Staff cars Acid tanker, Mobile maintenance 
Vans, Pollution Check vans etc. 
 
 VARIOUS SECTIONS IN F M D: 

 
 Heavy Equipment Section: Looks after the operation of various heavy earths moving 
equipment like dumpers, dozers, loaders, excavators and Kamags. 
 
 Heavy Equipment Repair Section: 
 Looks after the maintenance of heavy earth moving equipment like dumpers, dozers, 
loaders, and excavators. 
 
  Crawler Cranes Section & Forklifts: 
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 Looks after the operation, repair and maintenance of different models of crawler cranes 
and maintenance of forklifts. 
 Wheel Mounted cranes & trailers section:  
Looks after the operation, repair and maintenance of wheel mounted cranes and tractor 
trailers. 
 Light Vehicle Repair Section: Takes care of the maintenance and servicing of jeeps. 
 Service Station: Looks after the maintenance and servicing of trucks, Fire Tenders, 
Pneumatic Tankers and Insulated Tankers. 
 Stores & Planning: Takes care of the spares planning for all the equipment/vehicles.  
Mechanical equipment repairs section: Looks after the maintenance of staff cars. 
 Transport: Looks after the transport needs of the plant.  
Forklift sub depot: Looks after the operation of forklifts. 
 Rolling Mills Sub-depot: Looks after the maintenance of specialized equipment like 
Road sweeper, Slag pot carriers, and Skid steer loaders 
SMS Sub-depot: Looking after the operation of equipment required for SMS, CRMP and 
Mills area especially Kamags. 
 
IMPORTANCE OF DUMPERS IN STEEL PLANT  
 
Visakhapatnam steel plant is one among the major steel producing plants in India. It plays 
a vital role in industrial development. Its products, blooms, billets, wires, channels, angles 
etc. that are extensively used in various industries and other projects, thus proving that it is 
“the back bone of industrial and economical development activities.” Visakhapatnam steel 
plant is an integrated steel plant of 3 million tones liquid steel capacity, whose target has 
been aimed at 3.7 million tones per year that is more than the rated capacity. 
 During this 3 million tones stage it is essential to move materials from one place to other 
extensively and extremely as follows.  
 Incoming traffic                   12,894,383 Tones/year. 
 Outgoing traffic                  4,936,145 Tones/year. 
 In plant traffic                   42,425,393 Tones/year. 
 Total material movements   60,255,921 Tones/year. 
 Out of 42.4 million tones of in plant traffic, the different modes of transport are as follows. 
 By conveyers       3.05 MT/year i.e. 72%  
 By rail               9.02 MT/year i.e. 22% 
 By road           2.7 MT/year i.e. 6%  
Though the material by road is only 6% of the in plant traffic it cannot overlooked as this 
mode of transport is wide spread and can be easily connected to remote places than by rail 
and conveyers.  
 Field machinery department is the department that deals with heavy earth moving 
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equipment for assisting in material transportation and material handling equipments such 
as dumpers, pay loaders, forklifts., cranes etc. maintenance and repairs is also undertaken 
by the department. Out of an approximate quantity of 3MT steel production Field 
Machinery Department is handling, 2.7 MT of various materials at this production status. 
Importance of one of such earth moving equipment such as Haulpak Dumper (BEML 
make) is being discussed below. 
 Dumpers are the earth moving equipments that are used for bulk material transportation. 
Depending up on the amount of material to be transported the dumpers are classified as 
35T and 15T dumpers. The tonnage indicates the capacity of the dump body. These 
dumpers are major earth moving equipments of the Visakhapatnam steel plant.  
 Their number being limited to 08 they transport a wide variety of materials. Hence regular 
maintenance is to be undertaken as recommended by the original equipment manufacturer.  
Bharat Earth Movers Limited (BEML) make Haulpak Dumpers are playing most critical 
role in bulk material transportation like coke, slag, BHS dust, sludge, scrap, scale, debris, 
iron ore, lime stone, pig iron etc. from coke ovens, blast furnace, water management 
department, calcining and refractory material plant, pig casting machine, steel melting shop 
of Visakhapatnam steel plant. 
 To produce 3 MT steel an approximate equal amount of raw materials are required to be 
transported by road in steel plant only by “HAULPAK DUMPERS”. This shows the 
importance of dumpers in steel plant. 
 
IMPORTANCE OF CRANES IN STEEL PLANT: 

 

Cranes are essential to the steel-making process. They're used for quick, safe loading and 
unloading of materials and they keep vehicles moving throughout the facility. Cranes also 
handle scrap or raw materials, liquid metal, and melting buckets. 
 
In fact, they are machines that perform an extremely important part in the construction 
industry as they have the power to move materials of different weights. These enormous 
machines are used to move, lift, lower and raise objects. Cranes have become the 
most important mechanism on construction sites. 
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CAPACITY OF EQUIPMENTS IN FMD: 

 

 

S.NO  Name of the equipment  capacity  make  numbers  

  
DUMPERS  

  

1  HAULPAK  35T  BEML  8  

2  CAT DUMPER  35T  CATERPILLAE
R  

8  

3  HIPPO BEAVER   15T  AL  2  

4  TATA HYVA    15T  TATA  6  

5  CLOSED DUMPER  15T  JESSOP  5  

  
DOZZERS  

  

1  D-50 DOZZER  15T-DP  BEML  1  

2  D-80 DOZZER  20T-DP  BEML  5  

3  D-155 DOZZER  55T-DP  BEML  3  

4  D-8R DOZZER  55T-DP  BEML  1  
  

EXCAVATORS  
  

1  EXCAVATOR  1000L  BEML  3  

2  EXCAVATOR  1000L  L&T  
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DIFFERENT VEHICLES USED IN STEEL PLANT: 
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6. ROLE OF FMD IN DIFFERENT DEPARTMENTS 

 
 

ROLE OF FMD IN SINTER PLANT: 

 

• Sintering is the process of compacting and forming a solid mass of material by 
heater pressure without melting it to the point of liquefaction.  

• To transport the sinter returns to sinter plant to raw material bins. To transport   the 
BHS dust, mill scales and convert sludge to sinter plant receiving bins. Dumpers are 
used to transport the material from the sinter plants to steel melt shops.  

 

ROLE OF FMD IN BLAST FURNACE: 

 

• Transportation of Blast Furnace coke, nut coke, breeze coke from coke sorting plant 
of coke ovens to coke stock yard (when the demand of coke by blast furnace is less). 
Transportation of blast furnace coke to base mix yard of sinter plant, K-0, K-50 of 
COCCP (when the demand of coke by blast furnace is more). To dispose of BF scrap, 
debris of BF cast house.   

 
ROLE OF FMD IN RAW MATERIAL HANDLING PLANT: 

 

• The raw material handling department collects the materials required for the plant to 
produce the steel. These materials will be supplied to various departments. The supply 
of the material will be done mainly on the conveyer belt. But by the use of the heavy 
equipment machines supplied by the FMD the material can be supplied to the remote 
places of the plant where the conveyers and rail tracks can’t be placed. 

 
ROLE OF FMD IN STEEL MELTING SHOP: 

 

• Transportation of slag pot from continuous casting department to slag yard of SMS 
and dumping of cold slag from slag pot. Dumping steel melt shop hot slag, when slag 
dump car is under break down.  

• Transportation of lime fines from SMS systems to sinter plant raw material bins 
through pneumatic lime tanker. 
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7. CONCLUSION 

 

             Field machinery department plays a vital role in transportation of raw 
materials from one department to another department when the belts and conveyers 
are failed.  
 
            Field machinery department is helpful in transportation of raw materials in 
less time with less man power. 
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S.NO Course Outcome 

CO1 Interpret practical aspects of engineering 

 

CO2 

 

Discover the importance of teamwork in building or maintaining a 
complex 
System 

CO3 Organize various resources to convert an idea into physical reality 

 

PROGRAM OUTCOMES 

 

Engineering Graduates will be able to: 

• Engineering knowledge: Apply the knowledge of mathematics, science, 
engineering fundamentals and an engineering specialization to the solution 
of complex engineering problems. 

• Problem analysis: Identify, formulate, review research literature, and 
analyze complex engineering problems reaching substantiated 
conclusions using first principles of mathematics, natural sciences, and 
engineering sciences. 

• Design/development of solutions: Design solutions for complex 
engineering problems and design system components or processes that meet 
the specified needs with appropriate consideration for the public health and 
safety, and the cultural, societal, and environmental considerations. 

• Conduct investigations of complex problems: Use research-based knowledge 
and research methods including design of experiments, analysis and 
interpretation of data, and synthesis of the information to provide valid 
conclusions. 

• Modern tool usage: Create, select, and apply appropriate techniques, 
resources and modern engineering and IT tools including prediction and 
modeling to complex engineering activities with an understanding of the 
limitations. 

• The engineer and society: Apply reasoning informed by the contextual 
knowledge to assess societal, health, safety, legal and cultural issues and the 
consequent responsibilities relevant to the professional engineering practice. 
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• Environment and sustainability: Understand the impact of the 
professional engineering solutions in societal and environmental contexts, 
and demonstrate the knowledge of, and need for sustainable development 

• Ethics: Apply ethical principles and commit to professional ethics and 
responsibilities and norms of the engineering practice. 

• Individual and team work: Function effectively as an individual, and as a 
member or leader in diverse teams, and in multidisciplinary settings. 

• Communication: Communicate effectively on complex engineering 
activities with the engineering community and with society at large, such as, 
being able to comprehend and write effective reports and design 
documentation, make effective presentations, and give and receive clear 
instructions. 

• Project management and finance: Demonstrate knowledge and 
understanding of the engineering and management principles and apply these 
to one’s own work, as a member and leader in a team, to manage projects 
and in multidisciplinary environments. 

• Life-long learning: Recognize the need for, and have the preparation and 
ability to engage in independent and life-long learning in the broadest 
context of technological change. 
 
PROGRAM SPECIFIC OUTCOMES 

 

Engineering Graduates will be able to 

 

• Design and analyze thermal systems related to power generation and human 
comfort for sustainable environment. 

• Develop eco friendly products and manufacturing processes. 

• Effectively use various mechanical engineering software tools for design, 
analysis and optimization. 
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Chapter - 1 

INTRODUCTION 

 
 
           With the ongoing revolution in the field of mechanical where innovations 
are taking place at the blink of an eye, it is impossible to keep the pace with the 
emerging trends excellence is an attitude that whole of human race is born with.                
It is the environment that makes sure that whether the result of this attitude is 
visible or otherwise. A well planned, properly executed and evaluated industrial 
training helps a lot in including a professional attitude. It provides a linkage 
between the student and industry to develop an awareness of industrial approach 
to problem solving, based on broad understanding of process and mode of 
operation of organization. 

 
       During this period, the student gets the real experience for working in the 

actual industry environment. Most of the theoretical knowledge that has been 
gained during the course of their studies is put to test here. Apart from this the 
student gets an opportunity to learn the latest technology, which is immensely 
helps in them in building their carrier. I had the opportunity to have a real 
experience on many ventures, which increased my sphere of knowledge to great 
extent. I got a chance to learn many new technologies and interfaced to many 
instruments. 

        
     The word quality holds out different meaning for different people, but for an 

industry it is most important and can be defined as the totality of features and 
characteristics of product/services that bear on its ability to satisfy given needs.  
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Chapter - 2 
COMPANY PROFILE 

 

2.1 About BEL & Products: 

             Bharat Electronics Limited, a Professional Electronics company in 
India incorporated in 1954. BEL was born to meet the growing needs of Indian 
Defence services for electronic systems. Employing the best engineering talent 
available in the country, BEL has progressed manufacturing state-of-the-art 
products in the field of Defence Electronics like Communications including 
encryption, Radars and strategic components. Over the years, BEL has 
diversified to meet the needs of civilian customers as well and has provided 
products and network solutions on turnkey basis to customers in India and 
abroad. 

  
             Bharat Electronics Limited is a Pioneer in the field of Professional 
Electronics in India and has been manufacturing a wide range of Defence and 
Civil communication products since 1954. Multiple years of operations 
covering design, development, engineering and manufacturing professional 
electronics equipment in diverse fields based on various technologies has 
enabled BEL to offer end-to-end system solutions on turnkey basis.  

 
Products: 

 
➢  Defence  

➢  Telecommunications.  

➢  Land based radars.  

➢  Naval systems.  

➢  Opto electronics.  

➢  Tank electronics.  

➢  Electronic warfare.  

➢  Simulators.  

➢  Non defence.  

➢  Telecommunications.  

➢  Sound vision broadcasting.  

➢  Solar photovoltaic systems.  

➢  Electronic components. 
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2.2 Manufacturing units: 

  
BEL has a total of nine manufacturing units spread throughout the nation 

with Bangalore being the biggest of them. The details about the different 
manufacturing units of BEL along with their product specialties are as follows: 

S.No  BEL Unit  State  

1.  Bangalore  Karnataka  

2.  Panchkula  Haryana  

3.  Kotdwara  Uttaranchal  

4.  Ghaziabad  Uttar Pradesh  

5.  Pune  Maharashtra  

6.  Hyderabad  Telangana  

7.  Machilipatnam  Andhra Pradesh  

8.  Navi Mumbai  Maharashtra  

9.  Chennai  Tamilnadu  

 

                                        Table 2.1: Manufacturing units  
 
 
In 1954 with a factory of Jallahali, Bharat Electronics grew into nine units, 
spread all over India. The locations and products of the units are given below: 
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1. BANGALORE: 

 

         This is also called BG complex. Jallahali unit which is the mother unit 
is now a part of the BG complex. This is the biggest unit with approx 10,000 
employees working here. Among the products here, the important ones are: 

  
➢ Communication equipment.  

➢ Air and Doordarshan equipment like mobile van for live telecast.  

➢ Radar-mobile, one dimensional, 3-dimensional and multi-dimensional 
Radars are manufactured here. Different range of semi-conductors 
devices like ICs.  

➢ Resistors and black & white color TV picture tube glasses.  

➢ ISRO‘s requirements are met at space electronics department at 
Bangalore. Satellite launch vehicle was also manufactured here.  

 
2.PANCHKULA:  

Panchkula & kotdwara were proposed simultaneously by the government 
in 1985.It was proposed to set up one unit each in Haryana & Uttar Pradesh. 
But the place in U.P for setting up a BEL unit could not be decided while that at 
Haryana was decided & hence this unit started earlier. This unit manufactures 
only tactical communication equipment like VHF, UHF transceivers etc.  

 
3. KOTDWARA: This is a unit in garhwal district of Uttaranchal. This unit 

manufacturers radio relay, multiplex equipments &exchanges etc.  
 
4. GHAZIABAD: This is the second unit which was set up in 1974, & approx. 
2500 employees working here. Radars & some communication equipment are 
the products manufactured here are:  
 
➢ Radars  

➢ SATCOM  

➢ Microwave components  
 

5. PUNE: To diversity further one more branch was added 1979 & this was in 
pune. In this branch around 700-800 employees are working. The product 
profile includes:  
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➢ Image convertor, image intensifier  

 
➢ X-ray tubes  

➢ Batteries  

➢ Electro-optics  
 
6. HYDERABAD: This is another unit of BEL which manufactures electronic 
warfare equipments.  
 
7. MACHILIPATNAM: There was one Andhra scientific company, which 
was a sick unit. This was taken over by BEL & is called ASCO unit 1983.The 
products include: 
  
➢ Optical & Optoelectronic equipment like binoculars, microscopes.  

➢ Medical Electronics  
 

8. NAVI MUMBAI: This is an industrial place near Mumbai. This unit makes:  
 
➢ Glass shells for black & white TV picture tubes  

➢ Shelters for electronic equipment  

➢ Train actuated warning system   

➢ Electronic equipment assembly  
 
9. CHENNAI: This unit manufactures: 
  
➢ Tank related electronic equipments  

➢ Optical fire control systems  
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2.3 Market of BEL:  

 

        Bharat Electronics Limited is a major supplier of products and turnkey 
systems to the Indian Defence Services. Over the years, BEL has diversified 
into manufacturing many civilian products as well. Large trunkey 
telecommunication solutions are also being offered to civilian market.BEL has 
been involved in providing state of the art communication equipment to the 
Indian army, be it hand held mobile radios and terminals ,ground based system, 
airborne and even ship borne equipment and systems. The communication 
equipment developed here cover HF,VHF, UHF, and VV/UHF frequency 
bands. The most important project of BEL under the communication equipment 
is STARS-V which provides secure mode of data transfer in STARS- V, the 
data to be transferred is first encrypted using a microprocessor which could be 
read only by a similar device with same coding. Now the latest technology of 
frequency hopping is being implemented which is a very useful tool in making 
a secure data transfer system.BEL manufactures a lot product which is very 
difficult to list but some of the major products were as follows:  
 
 
 
Integrated circuits and micro circuits                                                      Radars  
 
X- ray tubes and magnetrons                                                                 STARS-V  
 
HF & broadcast equipment ACME MK                                                    CNR 
  
SPACE GUIDING EQUIPMENTS                                                           HUD 
  
AIR BORNE GPS RECEIVER                                                                 LUP 
  
SIRAX                                                                                                     TIDEX  
 
SECURE TELEPHONE                                                                SECURE FAX 
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2.4 Domestic market: 

 

S.No  PRODUCT  CUSTOMER  

1.  Defence communication  Indian defence services, para 
military forces  

2.  Radars & sonars  Indian defence services, civil 
aviation, Meteorological 
department,ISRO  

3.  Telecommunication  Department of telecommunication, 
para military forces, power sector, 
oil industry, Railways  

4.  Broadcasting equipment and 
studio systems  

All India radio, Dooradarshan 
(National radio & TV broadcasters)  

5.  Electronic voting machines  Election commission of India  
6.  Solar products & systems  Individuals, private and government 

organizations  
7.  Trunkey systems-Governance 

Networks  
Police, state government, Public 
sector undertakings  

8.  Components  All India radio and doordarshan the 
national Radio & TV Broadcasters, 
instrumentation industry, switching  
industry, entertainment  

 

 

                                   Table 2.2: List of Domestic customers 
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Exports play a key role in BEL‘s strategic perspective. A number of 
International companies are using the facilities at BEL for contract 
Manufacturing. The broad list of products and services being exported is given 
below:  
 
 
2.5 

Exports/International 

market: Sl.no  

PRODUCT  CUSTOMER  

1.  Defence communication 
equipment and spare 
parts  

Botswana, Indonesia, 
Suriname, Malaysia  

2.  Radars & Sub-systems  Indonesia, Egypt, 
Switzerland  

3.  Electronic warfare 
products  
and services  

Russia, Brazil  

4.  Opto electronics products  Sri lanka, Nepal, Israel, 
South Africa  

5.  Semi conductor devices, 
microwave tubes and  
transmitting tubes  

Malaysia, Singapore, 
Turkey, Netherlands, 
UK, USA, France, Hong 
Kong  

6.  Solar products & systems  Suriname, Germany, 
Zimbabwe,  
Botswana, Kenya, 
Nigeria  

7.  Telecom and SATCOM  
systems  

Nigeria, Kenya  

8.  Radio & TV 
Broadcasting  
products and systems  

Nepal, Mauritius  

9.  Electric voting systems  Sri lanka, Uganda, 
Malawi, South Africa  

10.  Vacuum Interrupters  Malaysia, UAE, Uganda, 
Turkey, UK, Azerbaijan  

 

                                 Table 2.3: List of International customers 
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Chapter - 3 
BEL MACHILIPATNAM & IT’S PRODUCTS 

 
In 1983, the Andhra scientific company (ASCO) was taken over by BEL 
converted it to its fourth manufacturing unit at Machilipatnam .The products 
include  
 
➢ Night vision devices  

➢ Electric voting systems  
 
3.1 NIGHT VISION DEVICES  

 
Definition:  
 
         A night vision device (NVD), also known as a night optical/observation 
device (NOD), is an optoelectronic device that allows images to be produced in 
levels of light approaching total darkness. The image may be a conversion to 
visible light of both visible light and near-infrared, while by convention 
detection of thermal infrared is denoted thermal imaging. The image produced 
is typically monochrome, e.g. shades of green. NVDs are most often used by 
the military and law enforcement agencies, but are available to civilian users. 
The term usually refers to a complete unit, including an image intensifier tube, a 
protective and generally water-resistant housing, and some type of mounting 
system. Many NVDs also include optical components such as a sacrificial lens, 
or telescopic lenses or mirrors. An NVD may have an IR illuminator, making it 
an active as opposed to passive night vision device. 
  
3.1.1 Working of Night Vision Devices: 

  
Technical Night Vision can work in two different ways  
 

Image Intensifier:  

 
1. Night vision amplifiers light to achieve better vision.  
 
2. A conventional lens, captures ambient light.  
 
3. The gathered light is sent to image - intensifier tube.  
 
4. The light energy released electron from the cathode and accelerated.  
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5. These electrons enter micro channel plate and bounce off and generate more 
electron.  
 
6. Thousands of other electrons to be released in each channel.  
 

3.1.3 Purpose of Night Vision Devices:  

 
The original purpose of night vision was to locate enemy targets at night. It is 
still used extensively by the military for that purpose, as well as for navigation, 
surveillance and targeting. Police and security often use both thermal-imaging 
and image-enhancement technology, particularly for surveillance.  
 
3.1.4 Classification of Night Vision Devices: 

  
➢ Night Vision devices  

➢ Passive Night Vision devices  

➢ Thermal imaging cameras  

➢ Cooled and Un cooled  

➢ Active Night Vision devices  
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                        Fig 3.1: Classification of Night Vision Devices  

 

3.1.5 Advantages of Night Vision Cameras: 

  
1. The most common use is the military, and the quick answer would be that 
they allow soldiers to continue operations at night, without giving away their 
position through the use of flashlights.  
 
2. However night vision has many other uses. People with night blindness can 
use night vision devices to see better at night  
 
3. Astronomers use night vision to improve their view of the stars, to see more 
stars in the city, amplify the image post hydrogen-alpha filters or to see nebula 
and clusters in the sky in real time  
 
4. The technology in night vision allows for far more sensitive x-ray machines 
to be made, reducing the doses necessary for an x-ray 
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3.2 Binocular Night Vision Devices:  

 

 

 

 
 

 

 

                                           Fig 3.2: Binocular night vision device  
 

3.2.1 Parts of Binocular Night Vision Devices: 

  
1. Object Glass  
 
2. Focus  
 
3. Image intensifier tube  
 
4. Eye Piece  
 
5. Eye Guard  
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3.2.2 Parts of Image Intensifier Tube: 

 

 

   

                                   Fig3.3: Image Intensifier Tube 

Night vision is the ability to see in low light conditions. Whether by biological 
or technological means, night vision is made possible by a combination of two 
approaches: sufficient spectral range, and sufficient intensity range.  
 
3.2.3 Image Intensification: 

  
This magnifies the amount of received photons from various natural sources 
such as starlight or moonlight. Examples of such technologies include night 
glasses and low light cameras. In the military context, Image Intensifiers are 
often called "Low Light TV" since the video signal is often transmitted to a 
display within a control center. LLLTV These are usually integrated into a 
sensor containing both visible and IR detectors and the streams are used 
independently or in fused mode, depending on the mission at hand's 
requirements.  
 
The image intensifier is a vacuum-tube based device (photomultiplier tube) that 
can generate an image from a very small number of photons (such as the light 
from stars in the sky) so that a dimly lit scene can be viewed in real-time by the 
naked eye via visual output, or storedas data for later analysis. While many 
believe the light is "amplified," it is not. When light strikes a charged 
photocathode plate, electrons are emitted through a vacuum tube that strike the 
micro channel plate that cause the image screen to illuminate with a picture in 
the same pattern as the light that strikes the photocathode, and is on a frequency 
that the human eye can see. This is much like a CRT television, but instead of 
color guns the photocathode does the emitting.  
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The image is said to become "intensified" because the output visible light is 
brighter than the incoming light, and this effect directly relates to the difference 
in passive and active night vision goggles. Currently, the most popular image 
intensifier is the drop-in ANVIS module, though many other models and sizes 
are available at the market. Recently, the US Navy announced intentions to 
procure a dual-color variant of the ANVIS for use in the cockpit of airborne 
platforms.  
Active illumination couples imaging intensification technology with an active 
source of illumination in the near infrared (NIR) or shortwave infrared 
(SWIR)band. Examples of such technologies include low light cameras.  
 

Active infrared night-vision combines infrared illumination of spectral range 
700–1,000 nm (just below the visible spectrum of the human eye) with CCD 
cameras sensitive to this light. The resulting scene, which is apparently dark to 
a human observer, appears as a monochrome image on a normal display device. 
Because active infrared night-vision systems can incorporate illuminators that 
produce high levels of infrared light, the resulting images are typically higher 
resolution than other night-vision technologies. 

 

3.3 Hand Held Thermal Imaging Camera with LRF:  

 

 

 
 

 

                                       Fig 3.4: HHTI with LRF  

 

 

 
HHTI with LRF or Multifunction HHTI is a cooled TI based integrated 
day/night sight with in-built eye safe Laser Range Finder, Digital Magnetic 
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Compass, Color CCD and GPS. This equipment is capable of giving range, 
azimuth & elevation and also coordinates of the target. This is highly useful to 
Army and Navy for effective engagement of targets. Weather proof and 
withstand shocks and vibrations. It is provided with electronically generated 
reticle.  
 

Introduction:  
 

 
 

 

 

 

                       Fig 3.5: Block diagram of Thermal imaging camera  

 
 
1. Thermal image is the technique of using the heat given off by an object to 
produce an image of it or to locate it.  

2. First developed for military purpose in the late 1950s and 1960s by Texas 
instruments, Hughes, Aircraft and Honeywell  
 

 
3. In recent times it is being used in firefighting, law enforcement, industrial 
applications, security transportation, medical and many other industries.  
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3.3.1 Thermal Imaging:  
 
1. It is the technique of using the heat given off by an object to produce an 
image of it.  
 
2. Works in environments without any ambient light and can penetrate 
obscurants such as smoke, fog and haze.  

3. Normally grey scale in nature: black objects are cold, white objects are hot 
and the depth of the grey indicates variations between the two.  

4. Some thermal cameras, however, add color to images to help users identify 
objects at different temperatures.  
 
3.3.2 Working of thermal imaging: 

  
Here's how thermal imaging works: A special lens focuses the infrared light 
emitted by all of the objects in view. The focused light is scanned by a phased 
array of infrared-detector elements. The detector elements create a very detailed 
temperature pattern called a thermogram.  
 
Infrared Light:  

 
Our eyes are detectors that are designed to detect electromagnetic radiation in 
the visible light spectrum. All other forms of electromagnetic radiation, such as 
infrared, are invisible to the human eye.  
 
The existence of infrared was discovered in 1800 by astronomer Sir Frederick 
William Herschel. Curious to the thermal difference between different light 
colors, he directed sunlight through a glass prism to create a spectrum and then 
measured the temperature of each color. He found that the temperatures of the 
colors increased from the violet to the red part of the spectrum.  
After noticing this pattern Herschel decided to measure the temperature just 
beyond the red portion of the spectrum in a region where no sunlight was 
visible. To his surprise, he found that this region had the highest temperature of 
all.  
 

Infrared radiation lies between the visible and microwave portions of the 
electromagnetic spectrum. The primary source of infrared radiation is heat or 
thermal radiation. Any object that has a temperature above absolute zero (-
273.15 degrees Celsius or 0 Kelvin) emits radiation in the infrared region. Even 
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objects that we think of being very cold, such as ice cubes, emit infrared 
radiation. 

3.4 Thermal imaging camera : 

 

Infrared energy (A) coming from an object is focused by the optics (B) onto an 
infrared detector (C). The detector sends the information to sensor electronics 
(D) for image processing. The electronics translate the data coming from the 
detector into an image (E) that can be viewed in the viewfinder or on a standard 
video monitor or LCD screen.  
 

 
 

 

 

                 Fig 3.6: Block diagram of Thermal imaging camera  

 

 
➢ Being truly passive in nature, thermal imaging systems are finding wide 
range of applications for surveillance and reconnaissance, target acquisition, 
engagement, and missile guidance.  

➢ They are true force multipliers as they allow weapons and equipment to 
be used with efficacy during day and night.  

➢ Recent advancements in optics, detector technology and signal 
processing have enabled revolutionary advancement in the night vision 
technology leading to the realization of third generation thermal imagers (TIs) 
having capabilities twice that of second generation and four times that of first 
generation systems.  
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➢ DRDO is working in this area for the last two decades and has developed 
various TIs operating in 3-5 μm medium wave infrared (MWIR) and 8-12 μm 
long wave infrared (LWIR) spectral bands.  

➢ These systems are based on scanning/staring focal plane array (FPA) 
detectors for target acquisition, which can be used, either in standalone mode 
or as a part of electro-optical fire control system (EOFCS).  

 

 
➢ MWIR TIs perform better in hot humid environments and preferred for 
long range applications because of better atmospheric transmission where as 
LWIR TIs perform better in smoke and dusty environment prevailing in the 
battlefield.  
 

 

3.4.1 Principle of Operation and Types:  
 
Infrared energy is just one part of the electromagnetic spectrum, which 
encompasses radiation from gamma rays, x-rays, ultraviolet, a thin region of 
visible light, infrared, terahertz waves, microwaves, and radio waves. These are 
all related and differentiated in the length of their wave (wavelength). All 
objects emit a certain amount of black body radiation as a function of their 
temperatures.  
 
Generally speaking, the higher an object's temperature, the more infrared 
radiation is emitted as black-body radiation. A special camera can detect this 
radiation in a way similar to the way an ordinary camera detects visible light. It 
works even in total darkness because ambient light level does not matter. This 
makes it useful for rescue operations in smoke-filled buildings and 
underground.  
 
A major difference with optical cameras is that the focusing lenses cannot be 
made of glass, as glass blocks long-wave infrared light. Special materials such 
as Germanium or Sapphire crystals must be used. Germanium lenses are also 
quite fragile, so often have a hard coating to protect against accidental contact. 
The higher cost of these special lenses is one reason why thermographic 
cameras are more costly.  
 

Types:  
 

➢ Cooled infrared detectors  
➢ Un cooled infrared detectors  
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3.4.2 Cooled infrared detectors:  

 
Cooled detectors are typically contained in a vacuum-sealed case or Dewar and 
cryogenically cooled. The cooling is necessary for the operation of the 
semiconductor materials used. Typical operating temperatures range from 4 K 
to just below room temperature, depending on the detector technology. Most 
modern cooled detectors operate in the 60 K to 100 K range, depending on type 
and performance level.  
 

Without cooling, these sensors (which detect and convert light in much the 
same way as common digital cameras, but are made of different materials) 
would be 'blinded' or flooded by their own radiation. The drawbacks of cooled 
infrared cameras are that they are expensive both to produce and to run. 
Cooling is both energy-intensive and time-consuming. 

The camera may need several minutes to cool down before it can begin 
working. The most commonly used cooling systems are rotary Stirling engine 
cryocoolers. Although the cooling apparatus is comparatively bulky and 
expensive, cooled infrared cameras provide superior image quality compared to 
un cooled ones.  
 
Additionally, the greater sensitivity of cooled cameras also allow the use of 
higher F-number lenses, making high performance long focal length lenses both 
smaller and cheaper for cooled detectors. An alternative to Stirling engine 
coolers is to use gases bottled at high pressure, nitrogen being a common 
choice. The pressurised gas is expanded via a micro-sized orifice and passed 
over a miniature heat exchanger resulting in regenerative cooling via the Joule–
Thomson effect. For such systems the supply of pressurized gas is a logistical 
concern for field use.  
 
Materials used for cooled infrared detection include photo detectors based on a 
wide range of narrow gap semiconductors including:  
 

1. Indium antimonide  
 
2. Indium Arsenide  
 
3. Mercury Cadmium telluride  
 
4. Lead sulfide  
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3.4.3 Un cooled Infrared detectors:  
 
Un cooled infrared sensors can be stabilized to an operating temperature to 
reduce image noise, but they are not cooled to low temperatures and do not 
require bulky, expensive cryogenic coolers. This makes infrared cameras 
smaller and less costly. However, their resolution and image quality tend to be 
lower than cooled detectors. This is due to differences in their fabrication 
processes, limited by currently available technology.  
 
Uncooled detectors are mostly based on pyro electric and ferroelectric materials 
or micro bolometer technology. The material is used to form pixels with highly 
temperature-dependent properties, which are thermally insulated from the 
environment and read electronically.  
 

Ferroelectric detectors operate close to phase transition temperature of the 
sensor material; the pixel temperature is read as the highly temperature-
dependent polarization charge. The achieved NETD of ferroelectric detectors 
with f/1 optics and 320x240 sensors is 70-80 mK. A possible sensor assembly 
consists of barium strontium titanate bump-bonded by polyimide thermally 
insulated connection. 
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Chapter – 4 
PRODUCT ASSURANCE 

 

4.1 Definition:  

 
A discipline devoted to the study, planning and implementation of activities 
intended to assure that the design, controls, methods and techniques in a project 
result in a satisfactory level of quality in a product.  
 
The verification by a management function that customer requirements are 
satisfied by ensuring  
 
(1) The identification of critical activities, 
 (2) The availability of the necessary resources for each process, 
 (3) The use of the resources in a manner that is efficient and effective.  
 

 

 

4.2 Product Assurance Testing:  
 
Product assurance testing is conducted in order to evaluate a system in its 
operating environment. Product assurance testing is primarily used to find the 
faults that are not shown within the development or test environments. The tests 
performed are:  
 
➢ Climate Test  
 
a) Heat and Cold Chamber Test  
 
b) Rain and Dust Chamber Test  
 
➢ Durable Test  
 
a) Vibration Test  
 
b) Bump test  
 
➢ Functional Test  

 
a) Resolution Test  
 
b) Field of view  
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4.2.1 Heat and Cold Chamber Test:  

 

 

 
 

 

                                              Fig4.1: Heat and Cold Chamber  
Temperature and humidity test chambers are ranging in size from 50LiTer to 
3000Liter, including bench top, standard type and walk in. Included are ultra 
low temperature test chamber, high rate of change of temperature chambers 
(15℃/min) and climate with humidity chambers.  
 
Our temperature and humidity test chambers are available in a variety of sizes 
and configurations, including bench top / vertical/ walk in constant temperature 
humidity chambers. Temperature Range: -70°C to +180°C; Humidity range: 
10% to 98%R.H.  
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4.2.2 Vibration Test Chamber:  

 

 

 
 

 

 

 

                                         Fig4.2: Vibration Test Chamber  
 

Repetitive Shock Vibration tables generate multi-axis vibration using one or 
more pneumatic impact hammer(s) (also known as impactors) that strike a the 
top of a vibration table on which a product is attached. Thermotron‘s repetitive 
shock vibration test systems are designed specifically for very aggressive 
temperature change rates and high levels of multi-axis repetitive 

shock vibration. Repetitive shock shaker tables can be used as stand-alone units 
or combined with an AGREE or AST chamber for HALT/HASS testing. The 
repetitive shock vibration system incorporates many unique features designed to 
satisfy a wide range of vibration testing and screening applications for many 
industries. The basic system utilizes Multi-Zone Control. This patented feature 
uniformly—and more effectively—tests products. As a result, you receive 
improved product reliability, reduced warranty and recall risks, as well as 
better-utilized company resources. 
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4.2.3 Bump test chamber:  

 
 

 
 

 

                                    Fig4.3: Bump Test Chamber  
 

        This computerized machine is designed to cater the high acceleration and 
high pulse duration repetitive bump tests. The machine is used in product 
qualification testing, transient analysis of structures or models and fatigue tests 
on some systems and parts with an object to determine their suitability under 
repetitive bump environment (during transportation or in-service, etc.), and to 
assess structural integrity and stress screening. The machine has a robust steel 
structure that enables it to be used for testing of test objects having weights 
from 50 kg to 1000 kg, acceleration from 3 to 400 m/s2’ and pulse duration 
from 3 ms to 30 ms.  

        The machine is intended to reproduce the effects of repetitive bumps from 
40 to 180 bumps per minute likely to be experienced by components and 
equipment during transportation or when installed in various classes of vehicles. 
The object mounting hole pattern of the platform is 100 x 100mm matrix or as 
desired by the customer. An optional T-slot for mounting of test objects is also 
provided. The mounting platform is lifted vertically through a cam arrangement 
and is made to drop forcibly with the mechanical impact generating mechanism 
on the rubber pad placed on the anvil, which provides the required acceleration 
level. 
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       The desired impact acceleration can be obtained by adjusting the drop 
height and mechanical impact generating force of the mounting platform. 
Rubber pads are used to produce half-sine pulses, and duration of half sine 
pulse shape can be adjusted by changing the hardness and thickness of the 
rubber pads. The machine is supported with Pentium PC based intelligent 
instrumentation system to control and monitor and analyse acquired 
acceleration waveform on 4 channels. The unit operates on 415/230 V ±10%, 
50 Hz single phase AC and 3-phase 415 V 50 Hz.  

 

4.2.4 Salt Spray Test Chamber:  
 
 

 
 
 
                                  Fig4.4: Salt Spray Test Chamber  
 

          The salt spray (or salt fog) test is a standardized and popular corrosion 
test method, used to check corrosion resistance of materials and surface 
coatings. Usually, the materials to be tested are metallic (although stone, 
ceramics, and polymers may also be tested) and finished with a surface coating 
which is intended to provide a degree of corrosion protection to the underlying 
metal. Salt spray testing is an accelerated corrosion test that produces a 
corrosive attack to coated samples in order to evaluate (mostly comparatively) 
the suitability of the coating for use as a protective finish. 

         The appearance of corrosion products (rust or other oxides) is evaluated 
after a pre-determined period of time. Test duration depends on the corrosion 
resistance of the coating; generally, the more corrosion resistant the coating is, 
the longer the period of testing before the appearance of corrosion/ rust. 
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Chapter – 5 
SUB DEPARTMENTS 

 
5.1 Development and engineering department:  
 
        It is to design to project, make the modifications to prepare design and 
related documents. the software used in BEL Machilipatnam is 
SOLIDWORKS.  
 

5.2 Material management:  
 
         It is the management of materials, this department purchases the materials 
it has different bins that holds items after inspection.  
 

5.3 Quality assurance:  
 
        It deals with the quality of material it is checked before going to customer. 
In quality assurance several equipments are used, they are vernier calipers, 
screw gauge, CMM machine, GO gauge and NO GO gauges etc..  
 

CMM machine:  
 

 

 
 

 

                                 Fig5.1: Coordinate Measuring Machine  
 

       A coordinate measuring machine (CMM) is a device for measuring the 
physical geometrical characteristics of an object. This machine may be 
manually controlled by an operator or it may be computer controlled. 
Measurements are defined by a probe attached to the third moving axis of this 
machine. Probes may be mechanical, optical, laser, or white light, among 



32 

 

others. A machine which takes readings in six degrees of freedom and displays 
these readings in mathematical form is known as a CMM. The typical 3D 
"bridge" CMM is composed of three axes, X, Y and Z. These axes are 
orthogonal to each other in a typical three-dimensional coordinate system. Each 
axis has a scale system that indicates the location of that axis. The machine 
reads the input from the touch probe, as directed by the operator or 
programmer. The machine then uses the X,Y,Z coordinates of each of these 
points to determine size and position, typically with micrometer precision.  

A coordinate measuring machine (CMM) is also a device used in manufacturing 
and assembly processes to test a part or assembly against the design intent. By 
precisely recording the X, Y, and Z coordinates of the target, points are 
generated which can then be analysed via regression algorithms for the 
construction of features. These points are collected by using a probe that is 
positioned manually by an operator or automatically via Direct Computer 
Control (DCC). DCC CMMs can be programmed to repeatedly measure 
identical parts, thus a CMM is a specialized form of industrial robot.  
 

5.4 Plant and service:  
 
It is the department for providing the services to company. services are water 
supply, electrical supply, transport, horticulture.  
 

5.5 Human resource &administration:  
 
In this department the recruitment of employees is done it is to use manpower 
in different areas. medical facilities are also available.  
 

5.6 Finance:  
 
It is the department for the sanction of money to the employees it is to be made 
for one year.it is the record of the money.  
 

5.7 Quality management:  
 
It is to sell products in the international market six sigma is the statistical 
technique for maintaining quality. in this department there is a group of 
employees who discuss the problems, find out its solution and present it to 
manager.  
 

 

 

5.8 Machine shop:  
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In BEL machine shop there is both CNC and conventional machines are there, 
several components are manufactured in this machine shop. The conventional 
machines are lathe, milling, grinding and CNC machines like lathe, milling etc.  
 
CNC Lathe Machine  
 
➢ Automated version  
➢ Controlled by G and M code  
➢  Used for turning operations CNC Milling Machine  
➢  Programming for optimal performance  
➢  Large production  

CNC Drilling Machine  
➢  Multi function machining  
➢  High flexibility  

 
5.9 Production Planning and Control:  

 
This department forms the most important section among the others 

present because it forms the backbone right from the beginning till end of the 
particular set the responsibility lies in the hands of this section .It mainly 
performs three functions scheduling and launching control launching control 
the market section takes the order from the customer and gives the equipment 
stock order to ppc now ppc makes the list of each components involved in the 
product .this is called scheduling .next function that comes is launched ppc 
prepares shop order and engineering documents such as drawings .this function 
is called launching now comes to material control here the ppc keeps track of 
production i.e the purchase requisition is given to purchase department and sub 
contract department. 

  
5.10 Assembly section:  

 
In this all the components are gathered and assembled they set properly 

in the complete set .It is the most important and technologically advanced 
department at BEL Machilipatnam. 

  
5.11 &D Department:  

 
➢  Areas of working in R&D Development are Military Radars, Naval 

Systems, Military communication products, Electronic warfare systems, 
Telecommunication products. 
➢  
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Chapter – 6 
CONCLUSION 

 
          Undergoing four weeks of internship in the BEL Machilipatnam unit has 
helped me integrate conceptual knowledge with real life application. I have 
known the functions of various departments in the industry and also products 
produced in the industry. I was fortunate to have personal guidance from 
experienced professionals who took interest in explaning me the working 
details of various equipments.  

         I feel that without this opportunity my own understanding of the subject 
and also the motivation to acquire more knowledge would have remained 
incomplete. I think my training has given me enough motivation and an 
exposure that I will try to join defence services or get linked up with the 
defence of the country.  
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1. ABSTRACT 
 

 

           Sir Henry said, “If you want to stand in the same place tomorrow 

where you stand today, you will have to run today.” FMD has always 

ensured that it is second to none in keeping pace with the latest 

technological developments in automobile engineering. In view of the 

expansion VSP is going to undertake, FMD has a vital role to play. 

 

Though FMD has improved availability of equipment to more than 90%, 

we can improve the availability of equipment without increasing the 

input costs by working in analytical way. In today’s competitive 
environment, producing steel at the least possible cost is the most 

important factor, which determines the presence of the Organization in 

the market. 

 

This is possible only by the implementation of various modifications 

based on our experience and developments. In this project, I have 

considered Dumpers are very important in production activities, because 

for any combination of work Dumper is prime equipment for work 

transportation in Field Machinery Department. So once the availability of 

Dumpers are increased it reflects positive effect on all works. We have 

two types of dumpers one is BEML make (8Nos.) and the other is 

Caterpillar make (8Nos.).On records Dumpers overall availability is above 

90% but practically Caterpillar make dumpers are at 98% availability and 

BEML dumpers are at 82% availability only. Hence there is a lot of 

scope for improvement of availability of BEML make dumpers. This is 

the main reason behind selecting this project. 
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    2.INTRODUCTION TO VISHAKAPATNAM STEEL PLANT 
 

BACK GROUND 

The decision of the government of India is to set up and integrated steel 

plant at Vishakhapatnam was announced by then Prime Minister Smt. 

Indira Gandhi in Parliament on 17th April 1970. The site near Balacheruvu 

creak was chosen by the selection committee, and the formal 

inauguration was done on 20th January 1971 by the then Prime Minister. 

INTRODUCTION: 

Vizag Steel Plant, the first coastal based steel plant of India is located 

16 KM south west city of destiny i.e. Vizag. Bestowed with modern 

technologies, VSP has a installed capacity of 3 Million Tons per annum 

of Liquid Steel and 2.656 Million tones of saleable steel. At VSP there is 

emphasis on total automation, seamless integration and efficient up 

gradation, which results in wide range of long and structural products 

to meet stringent demands of discerning customers with in India and 

abroad. VSP products meet exalting international Quality Standards 

such as JIS, DIN, BIS, BS etc. 

 

VSP has the distinction to be the 1st integrated Steel Plant in India to 

Become a fully ISO – 9002 certified company. The certificate covers 

quality systems of all operational. Maintenance, services units besides 

purchase systems, Training and Marketing functions spreading over 4 

Regional Marketing Offices. 20 branch offices and 22 stock yards 

located all over the country. VSP by successfully installing operating 

efficiently Rs. 460 chores worth of pollution Control and Environment 

Control Equipments and converting the barren landscape by planting 

more than 3 million plants has made the Steel Plant, Steel Township a 

greener, cleaner and cooler place, which can boast of 3 to 4c lesser 

temperature even in the peak summer compared to Vizag City. VSP 

exports Quality pig Iron & Steel products to Srilanka, Myanmar, Nepal, 

Middle East, USA & South East Asia (pig iron). RINL VSP was awarded 

“Star Trading House” status during 1997-2000. Having established a 

fairly dependable export market. VSP plans to make a continuous 

presence in the export market. 

 
Having a total manpower of 17250 VSP has envisaged a labor 



7 | P a g e  
 

productivity of not than 230 tones per man year of Steel which is the 

country and comparable with the international levels. 

PRODUCT MIX: 

                           VSP produce angles, channels, bars, wire-rods billets for 

re-rolling. The plant also produces pig iron and around 1.44 million tones 

per annum of granulated slag, beside normal by-products from the coke-

oven and coal chemical plant 

MAJOR PLANT FACILITIES: 

VSP has the following major production 

 Facilities;   

 3 Coke oven batteries of 67 ovens each have 41.6 M3 volumes. 

 Sinter machines of 312M2 area 

 2 blast furnace of 3200M3 volume 

 Steel melt shop with three LD converters (2Operating and one stand 

by) of 150T capacity each and6 no’s of 4 strand continuous 
bloomcasters. 

1. Light and Medium Merchant Mills of 710,000 tons per year capacity. 

2. Wire Rod Mills of 850,000 tons per year capacity. 

3. Medium Merchant & Structural Mills of 850,000 tons per year capacity. 

Extensive facilities have been provided for repair and maintenance as 

well as manufacturer of spare parts. A Power Plant Oxygen plant, 

acetylene plant, compressed air plant etc. also form part of the plant 

facilities. 

MODERN TECHNOLOGY: 

 

                Vizag Steel Plant is the most sophisticated and modern 

integrated steel plant in the country. Modern technology has been 

adopted in many areas of production, some of them for the first time in 

the country. Among these are: 

1. Selective crushing of coal 7 meter tall coke ovens 

2. Dry quenching of coke, using Nitrogen 

3. On ground blending of Sinter base mix. 

4. Conveyor charging and bell less top for blast furnace 

5. Cast house lag granulation for blastfurnace 

6. 100% continuous casting of liquid steel 

7. Gas expansion turbine for power generation utilizing blast 
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furnace top gas pressure 

8. Hot metal desulphurization 

9. Extensive treatment facilities of effluents for ensuring proper 

environment protection. 

10. Computerization for process control. 

 

Sophisticated, high speed and high production rolling mills. 
 

RAW MATERIAL LINKAGES: 

 

                 The Steel Plant is getting its supply of iron ore-lumps and 

fines from the Baliadilla deposits in Madhya Pradesh, Blast furnace 

grade lime stone comes from Jaggayapeta  in  Andhra  Pradesh,  SMS  

grade  lime  stone  from  Jaisalmer  &Goton  in  Rajasthan. Blasts furnace 

and SMS grade dolomite form Birmitreapur (Oriss a) the Khammam 

deposits in Andhra Pradesh 70% of the coking respectively coal 

requirements are met by imports through the Visakhapatnam harbor 

while the balance come from the Bengal Bihar area. Coal for power 

generation comes form Anantha deposits of Talcher region in Orissa. 

 

               The Raw Material Handling Plant (RMHP) receives the basic 

raw materials for the steel making process from various sources through 

railway wagons and by road. These are stacked by stackers and reclaimed 

again by reclaimers and distributed to various departments of VSP 

through conveyer systems. The iron ore fines, Iron ore lump, sized iron 

ore, Limestone (BF&SMS grade), sand, Quartzite and manganese lumps 

are stacked at Ore & Flux yard. The imported coking coals (ICC), 

Medium coking coal (MCC), Boiler coal (BC) are stacked in coal yard. It 

receives the imported coking coals by rail from Australia via Vizag port 

and Medium coking coals by rail from Dhanbad region of Jharkand state. 

 

             Coal handling plant of RMHP handles the coal raw materials and 

ICC, MCC are sent to CO&CCP department as per their process 

requirements. 

             Coal handling plant has two wagon tipplers by which the coal is 

tippled by and transported through various conveyors to stack in 10 No’s 
of coal beds to store source wise. It has the facility to reclaim the coal 

with reclaimers to send the coal to CO&CCPdepartment. 
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            COCCP area laboratory has one unit called the Sample Preparation 

station –I (SPS-I) in the CHP area to collect coal samples from beds and 

running conveyors and to prepare the samples. 

 

 

       WATER SUPPLY: 

                             Requirements of water during the peak of 

construction were of the order 4.5 mgd. This was met form the 

Meghadrigedda and Raiwada schemes of A.P. State government. 

Operational water requirements 70 mgd. of the Steel Plant is being 

met from the Yeluru water supply scheme provided by the A.P. State 

Government. This involved construction of a storage reservoir at 

Yeleswaram and a 153 Kms. Long limited canal to plant site apart from 

Kanithi Balancing Reservoir. 

 

3. VASRIOUS DEPARTMENTS IN VISHAKAPATNAM 

STEEL PLANT 

 

COAL PREPARARTION: 

 

From the storage yard, the coking coal is sent to foreign material removing section to 

remove foreign matter of above 150mm size. Iron traps for ferromagnetic articles and 

cylindrical screens are provided for this. For averaging and proportioning of coal, 16 

nos. of bins each 800 tons of capacity are provided along with continuous action feeders 

of up to 100 tons per hour capacity each. After blending the material is crushed to take 

care of petro graphic non-uniformity, high hardness and mineral content of coal. The 

crushing is carried out in reversible hammer crushers 2 operating and of 1 of coal. The 

crushed and blended coal (74-78% of ñ3mm size) is conveyed to two coal towers each 

of 4000 T capacity. Weigh bridges are provided under coal towers to weigh the coal 

charge. System of pneumatic blow down of blend is provided in the coal tower to take 

care of jamming of coal.  

 

SINTER PLANT: 

 

Its purpose is to convert fine grained raw material into coarse grained iron ore sinter, 

ready to charge to BF. 
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BLAST FURNANCE: 

Hot Metal is produced in Blast Furnaces, which are tall vertical furnaces. 

The furnace is named as Blast Furnace as it is run with blast at high pressure 

& temperature. Raw Materials such as sinter/Iron Ore Lumps, Fluxes 

(Limestone/Dolomite) and Coke are  charged from the top and hot blast at 

1100c-1300c and 5.75 KSCH pressure is blown almost from the bottom. 

The furnaces are designed for 802% Sinter is the burden. 

VSP has two 3200 m3 Blast Furnaces (largest in India) equipped with 

Paul worth Bell less top equipment with conveyor charging. Rightly 

named as “Godavari” & Krishna” after the two rivers of AP, the furnaces 
will help VSP in bringing prosperity to the state of Andhra Pradesh. The 

two furnaces with their novel circular cast house and four tap holes each 

are capable of producing 9720 tons of Hot Metal daily of 3.4 Million 

Tones of low sculpture Hot Metal annually.  

                               Steel is an alloy of iron with carbon up to 1.8%. Hot metal produced 

in blast furnaces contains impurities such as carbon (3.5-4.25) silicon (0.4-0.5%) 

manganese (0.3-0.4%) 

  

Sculpture (0.04max) & phosphorous (0.14%max) is not suitable as a common 

engineering material. To improve the quality the impurities are to be eliminated or 

decreased by oxidation process. VSP produces steel employing three numbers of top 

blown oxygen converters called LD converters (L & D stands for Linz & donawitz two 
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towns in Austria where this process was first adopted) or basic oxygen 

furnaces/converters. Each converter is having 133m3 volumes capable of producing 3 

million tones of liquid steel annually. 

   

 

BATTERIES: 

1) Oven charge weight(T) 

2) Cooking time(hrs) 30.6 

3) Heat consumption(x103Kcal/T) 6.86perton of dry coal 

charged 

4) C.V. of mixed gas for heating(Kcal/NM3) 1000 

 

RAW MATERIAL HANDLING PLANT:  

The Raw Material Handling Plant (RMHP) receives the basic raw 

materials required for the steel making process from various sources 

through railway wagons. These are stacked & reclaimed by stackers cum 

reclaimers and distributed to various departments of VSP through 

conveyor system. The Iron Ore Fines, Iron Ore Lumps, Sized Iron Ore, 

Limestone (BF & SMS grade), Dolomite (BF&SMS grades), Dole Chips, 

Sand, Quartzite, Manganese fines & Lumps and Fluorspar are stocked in 

A Ore & Flux Yard. The Imported Cocking Coal (ICC), Medium Cocking 

Coal (MCC), and Boiled Coal is stocked in Coal Yard. These raw 

materials are sent in different proportions to various departments as 

indicated below: 

Coke Ovens: Imported Medium, Medium Iron ore Fines, Limestone(BF),              

                        Dolomite, Sand and Manganese 

Sinter Plant           : Fines 

Blast Furnace           :          Sized Iron Ore, Limestone (BF), Manganese 

Lump, Quartzite 

SMS                        : 

                                           Dolomite (SMS), Fluorspar, Sized Iron Ore 

 

CRMP  : Limestone (SMS), Dolomite (SMS), Dole Chips. 

 

ROLLING MILLS: 
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BLOOMS produced in SMS – CCD do not find much applications as such 

and are required to be shaped into products such as billets, rounds, 

squares, angles (equal & unequal). 

 

Channels, I-PE b exams, HE BEAMS, wire rods and reinforcements by 

rolling them in, there sophisticated high capacity, high speed, fully 

automated rolling mills, namely Light & Medium, Merchant Mills 

(LMMM), Wire Rod mills (WRM) and Medium Merchant and Structural 

Mill (MMSM). 

 

a) Wire Rod mills (WRM): wire rod mill is a 4 strand, 25 stands 

fully sophisticated mill the mill has 4 zone combination type reheating 

furnace (walking beam cum walking hearth) of 200t/hr capacity for heating 

for heating the billets received from billet mill of LMMM to rolling 

temperature of1200c. 

 

b) Medium Merchant and Structural Mill (MMSM): wire rod mill is a 

high capacity continuous mill consisting of 20 stands arranged in 3trains. 

Roughing train having a 8 stands (4 two high horizontal stands, 2 vertical 

stands & 2 combination stands). Intermediate train has 6 mill stands as per 

details given below. 

2 high horizontal stands 2 combination stands 

2 horizontal stands / two universal stands Finishing train-consists of 6 

stands namely 

2 combination stands 

4 horizontal stands / 4 universal stands. 

 

BILLETS: 

 

125X125 mm 9.8 – 10.2 m 

65X65 mm 6/12 m 

75X75 mm 6/12 m 

 

CHARGING MATERIAL: 

BILLET WEIGHT: 1250 kg 

CROSS SECTION DIMENSIONS: 125 x 125 mm (150 x150 mm)      
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 BILLET LENGTH: 1044mm 

ROLLING PROGRAM: 

 

         5.5 to 12 mm round 

        6.0 to 12.7 mm rebar 

Maximum coil weight -1200 kg 1250m   

        Outside coil diameter -2200m 

 

      Inside coil diameter -1250m 

    Rebar                     

 

The charging material –rolled billets from the billets from the billet mill 

be straight, free from shells, free from shrinkages cavities and 

additionally free from cracks as far as quality steel grades are 

concerned, so that a continuous at the required quality is guaranteed. 

 

FINISHED MATERIAL: 

 

Based on max temperature difference across the billet cross section of 25 

degree centigrade on entering the mill train, the following tolerance 

values are obtained: 5.5mm – 8 mm round (+/-) 0.15 mm 9mm – 12 mm 

round (+/-) 0.20 mm.The ovality for these dimensions amounts to 80 of the 

permissible tolerances. 

CAPACITY  OF THE PLANT: 

The annual capacity of the rod mill is 8, 50,000 tons of finished wire rods 

by three shift operation and specified product mix. 

 

STEEL MELTING SHOP: 

 

In Steel Melting Shop of Visakhapatnam Steel Plant, LD Process of steel 

making has been adopted. The liquid steel obtained from LD process is 

cast into Blooms through Continuous Casting Machines (Bloom 

Casters). For better exploitation of the available facilities and to have 

efficient administration in the biggest department of VSP, Steel.  
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4. INTRODUCTION TO FIELD MACHINARY DEPARTMENT 

 

F M D is a vital department, which extends logistic support to the steel making process 

by the timely deployment of Heavy Equipment like Dumpers, Dozers, Loaders, Cranes, 

Tractor Trailers, and Excavators etc. It looks after the operation, repair and maintenance 

of a huge fleet of Equipment of wide variety ranging from 15 T Dumper to Cranes of 

300Tcapacity. 

 

 F M D also takes care of the maintenance of material handling equipment and vehicles, 

which are required for transportation of various materials such as, lime, hot pitch, raw 

materials, by products, etc. 

 

 

5. DIFFERENT TYPES OF EQUIPMENTS IN FMD 

 

 F M D mainly has three types of equipments. 

 1) Earth Moving Equipments: 

 Dumpers, Dozers, Loaders, Excavators, Kamags. 

 2) Material Handling Equipments: 

 Track mounted Cranes, Wheel mounted Cranes, Tractor Trailers, Pneumatic Tankers, 

Insulated Tankers etc. 

  3) Vehicles: 

 Jeeps, Tippers, Trucks, Water tankers. 

 

 In addition to the above, FMD also takes care of repair and maintenance works of 

certain special purpose equipments / vehicles like Skid Steer Loaders, Forklifts, hook 

forklifts, Pole trucks, Fire fighting vehicles of CISF (FIRE), Staff cars Acid tanker, 

Mobile maintenance Vans, Pollution Check vans etc. 

 

 VARIOUS SECTIONS IN F M D: 

 

 Heavy Equipment Section: Looks after the operation of various heavy earths moving 

equipment like dumpers, dozers, loaders, excavators and Kamags. 

 

 Heavy Equipment Repair Section: 

 Looks after the maintenance of heavy earth moving equipment like dumpers, dozers, 

loaders, and excavators. 

  Crawler Cranes Section & Forklifts: 

 Looks after the operation, repair and maintenance of different models of crawler cranes 
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and maintenance of forklifts. 

 Wheel Mounted cranes & trailers section:  

Looks after the operation, repair and maintenance of wheel mounted cranes and tractor 

trailers. 

 Light Vehicle Repair Section: Takes care of the maintenance and servicing of jeeps. 

 Service Station: Looks after the maintenance and servicing of trucks, Fire Tenders, 

Pneumatic Tankers and Insulated Tankers. 

 Stores & Planning: Takes care of the spares planning for all the equipment/vehicles.  

Mechanical equipment repairs section: Looks after the maintenance of staff cars. 

 Transport: Looks after the transport needs of the plant.  

Forklift sub depot: Looks after the operation of forklifts. 

 Rolling Mills Sub-depot: Looks after the maintenance of specialized equipment like 

Road sweeper, Slag pot carriers, and Skid steer loaders 

SMS Sub-depot: Looking after the operation of equipment required for SMS, CRMP 

and Mills area especially Kamags. 

 

IMPORTANCE OF DUMPERS IN STEEL PLANT  

 

Visakhapatnam steel plant is one among the major steel producing plants in India. It 

plays a vital role in industrial development. Its products, blooms, billets, wires, 

channels, angles etc. that are extensively used in various industries and other projects, 

thus proving that it is “the back bone of industrial and economical development 
activities.” Visakhapatnam steel plant is an integrated steel plant of 3 million tones 
liquid steel capacity, whose target has been aimed at 3.7 million tones per year that is 

more than the rated capacity. 

 During this 3 million tones stage it is essential to move materials from one place to 

other extensively and extremely as follows.  

 Incoming traffic                   12,894,383 Tones/year. 

 Outgoing traffic                  4,936,145 Tones/year. 

 In plant traffic                   42,425,393 Tones/year. 

 Total material movements   60,255,921 Tones/year. 

 Out of 42.4 million tones of in plant traffic, the different modes of transport are as 

follows. 

 By conveyers       3.05 MT/year i.e. 72%  

 By rail               9.02 MT/year i.e. 22% 

 By road           2.7 MT/year i.e. 6%  

Though the material by road is only 6% of the in plant traffic it cannot overlooked as 

this mode of transport is wide spread and can be easily connected to remote places than 

by rail and conveyers.  
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 Field machinery department is the department that deals with heavy earth moving 

equipment for assisting in material transportation and material handling equipments 

such as dumpers, pay loaders, forklifts., cranes etc. maintenance and repairs is also 

undertaken by the department. Out of an approximate quantity of 3MT steel production 

Field Machinery Department is handling, 2.7 MT of various materials at this production 

status. Importance of one of such earth moving equipment such as Haulpak Dumper 

(BEML make) is being discussed below. 

 Dumpers are the earth moving equipments that are used for bulk material 

transportation. Depending up on the amount of material to be transported the dumpers 

are classified as 35T and 15T dumpers. The tonnage indicates the capacity of the dump 

body. These dumpers are major earth moving equipments of the Visakhapatnam steel 

plant.  

 Their number being limited to 08 they transport a wide variety of materials. Hence 

regular maintenance is to be undertaken as recommended by the original equipment 

manufacturer.  

Bharat Earth Movers Limited (BEML) make Haulpak Dumpers are playing most 

critical role in bulk material transportation like coke, slag, BHS dust, sludge, scrap, 

scale, debris, iron ore, lime stone, pig iron etc. from coke ovens, blast furnace, water 

management department, calcining and refractory material plant, pig casting machine, 

steel melting shop of Visakhapatnam steel plant. 

 To produce 3 MT steel an approximate equal amount of raw materials are required to 

be transported by road in steel plant only by “HAULPAK DUMPERS”. This shows the 
importance of dumpers in steel plant. 

 

IMPORTANCE OF CRANES IN STEEL PLANT: 

 

Cranes are essential to the steel-making process. They're used for quick, safe loading 

and unloading of materials and they keep vehicles moving throughout 

the facility. Cranes also handle scrap or raw materials, liquid metal, and melting 

buckets. 

 

In fact, they are machines that perform an extremely important part in the construction 

industry as they have the power to move materials of different weights. These enormous 

machines are used to move, lift, lower and raise objects. Cranes have become the 

most important mechanism on construction sites. 
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CAPACITY OF EQUIPMENTS IN FMD: 

 

 

S.N

O  

Name of the equipment  capacity  make  numbers  

  DUMPERS    

1  HAULPAK  35T  BEML  8  

2  CAT DUMPER  35T  CATERPILLA

ER  

8  

3  HIPPO BEAVER   15T  AL  2  

4  TATA HYVA    15T  TATA  6  

5  CLOSED DUMPER  15T  JESSOP  5  

  DOZZERS    

1  D-50 DOZZER  15T-DP  BEML  1  

2  D-80 DOZZER  20T-DP  BEML  5  

3  D-155 DOZZER  55T-DP  BEML  3  

4  D-8R DOZZER  55T-DP  BEML  1  

  EXCAVATOR

S  

  

1  EXCAVATOR  1000L  BEML  3  

2  EXCAVATOR  1000L  L&T  1  
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DIFFERENT VEHICLES USED IN STEEL PLANT: 
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6. ROLE OF FMD IN DIFFERENT DEPARTMENTS 

 
 

ROLE OF FMD IN SINTER PLANT: 

 

• Sintering is the process of compacting and forming a solid mass of material by 

heater pressure without melting it to the point of liquefaction.  

• To transport the sinter returns to sinter plant to raw material bins. To transport   

the BHS dust, mill scales and convert sludge to sinter plant receiving bins. Dumpers are 

used to transport the material from the sinter plants to steel melt shops.  

 

ROLE OF FMD IN BLAST FURNACE: 

 

• Transportation of Blast Furnace coke, nut coke, breeze coke from coke sorting 

plant of coke ovens to coke stock yard (when the demand of coke by blast furnace is 

less). Transportation of blast furnace coke to base mix yard of sinter plant, K-0, K-50 of 

COCCP (when the demand of coke by blast furnace is more). To dispose of BF scrap, 

debris of BF cast house.   

 

ROLE OF FMD IN RAW MATERIAL HANDLING PLANT: 

 

• The raw material handling department collects the materials required for the plant 

to produce the steel. These materials will be supplied to various departments. The 

supply of the material will be done mainly on the conveyer belt. But by the use of the 

heavy equipment machines supplied by the FMD the material can be supplied to the 

remote places of the plant where the conveyers and rail tracks can’t be placed. 
 

ROLE OF FMD IN STEEL MELTING SHOP: 

 

• Transportation of slag pot from continuous casting department to slag yard of 

SMS and dumping of cold slag from slag pot. Dumping steel melt shop hot slag, when 

slag dump car is under break down.  

• Transportation of lime fines from SMS systems to sinter plant raw material bins 

through pneumatic lime tanker. 
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7. CONCLUSION 

 

             Field machinery department plays a vital role in transportation of 

raw materials from one department to another department when the belts and 

conveyers are failed.  

 

            Field machinery department is helpful in transportation of raw 

materials in less time with less man power. 
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S.NO Course Outcome 

CO1 Interpret practical aspects of engineering 

 

CO2 

 

Discover the importance of teamwork in building or maintaining a 
complex 
System 

CO3 Organize various resources to convert an idea into physical reality 

 

PROGRAM OUTCOMES 

 

Engineering Graduates will be able to: 

• Engineering knowledge: Apply the knowledge of mathematics, 

science, engineering fundamentals and an engineering specialization to 

the solution of complex engineering problems. 

• Problem analysis: Identify, formulate, review research 

literature, and analyze complex engineering problems reaching 

substantiated conclusions using first principles of mathematics, natural 

sciences, and engineering sciences. 

• Design/development of solutions: Design solutions for complex 

engineering problems and design system components or processes that 

meet the specified needs with appropriate consideration for the public 

health and safety, and the cultural, societal, and environmental 

considerations. 

• Conduct investigations of complex problems: Use research-based 

knowledge and research methods including design of experiments, 

analysis and interpretation of data, and synthesis of the information to 

provide valid conclusions. 

• Modern tool usage: Create, select, and apply appropriate techniques, 

resources and modern engineering and IT tools including prediction and 

modeling to complex engineering activities with an understanding of the 

limitations. 

• The engineer and society: Apply reasoning informed by the 

contextual knowledge to assess societal, health, safety, legal and cultural 

issues and the consequent responsibilities relevant to the professional 

engineering practice. 
 
 
 

• Environment and sustainability: Understand the impact of the 
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professional engineering solutions in societal and environmental 

contexts, and demonstrate the knowledge of, and need for sustainable 

development 

• Ethics: Apply ethical principles and commit to professional ethics 

and responsibilities and norms of the engineering practice. 

• Individual and team work: Function effectively as an individual, and 

as a member or leader in diverse teams, and in multidisciplinary settings. 

• Communication: Communicate effectively on complex 

engineering activities with the engineering community and with society 

at large, such as, being able to comprehend and write effective reports 

and design documentation, make effective presentations, and give and 

receive clear instructions. 

• Project management and finance: Demonstrate knowledge and 

understanding of the engineering and management principles and apply 

these to one’s own work, as a member and leader in a team, to manage 

projects and in multidisciplinary environments. 

• Life-long learning: Recognize the need for, and have the preparation 

and ability to engage in independent and life-long learning in the broadest 

context of technological change. 

 

PROGRAM SPECIFIC OUTCOMES 

 

Engineering Graduates will be able to 

 

• Design and analyze thermal systems related to power generation and 

human comfort for sustainable environment. 

• Develop eco friendly products and manufacturing processes. 

• Effectively use various mechanical engineering software tools for 

design, analysis and optimization. 
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1.INTRODUCTION 

With the ongoing revolution in the field of mechanical where innovations are taking place at the 

blink of an eye, it is impossible to keep the pace with the emerging trends excellence is an 

attitude that whole of human race is born with. It is the environment that makes sure that whether 

the result of  this attitude is visible or otherwise. A well planned ,properly executed and 

evaluated industrial training helps a lot in including a professional attitude. It provides a linkage 

between the student and industry to develop an awareness of  industrial approach to problem 

solving,based on broad understanding of process and mode of  operation of organization. 

During this period, the student gets the real experience for working in the actual industry 

environment. Most of the theoretical knowledge that has been gained during the course of their 

studies is put to test here. Apart from this the student gets an opportunity to learn the latest 

technology, which is immensely helps in them in building their carrier. I had the opportunity to 

have a real experience on many ventures, which increased my sphere of knowledge to great 

extent. I got a chance to learn many new technologies and interfaced to many instruments. 

The word quality holds out different meaning for different people, but for an industry it is most 

important and can be defined as the totality of features and characteristics of  a product/services 

that bear on its ability to satisfy given needs. 

And all the credit goes to organization Bharat Electronics Ltd. 

 

 

 

 

 



Gudlavalleru engineering college Page 2 

 

2.COMPANY PROFILE 

 

Bharat Electronics Limited, a Professional Electronics company in India incorporated in 1954. 

BEL was born to meet the growing needs of Indian Defence services for electronic systems. 

Employing the best engineering talent available in the country, BEL has progressed 

manufacturing state-of-the-art products in the field of Defence Electronics like Communications 

including encryption, Radars and strategic components. Over the years, BEL has diversified to 

meet the needs of civilian customers as well and has provided products and network solutions on 

turnkey basis to customers in India and abroad.  

Bharat Electronics Limited is a Pioneer in the field of Professional Electronics in India and has 

been manufacturing a wide range of Defence and Civil communication products since 1954. 

Multiple years of operations covering design, development, engineering and manufacturing 

professional electronics equipment in diverse fields based on various technologies has enabled 

BEL to offer end-to-end system solutions on turnkey basis.  

Products:  

 Defence.  

 Telecommunications.  

 Land based radors. 

 Naval systems. 

 Opto electronics. 

 Tank electronics. 

 Electronic warfare. 

 Simulators. 

 Non defence. 

 Telecommunications. 

 Sound vision broadcasting. 

 Solar photovoltaic systems. 

 Electronic components. 

 Niche products. 
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3.MANUFACTURING UNITS 

BEL has a total of nine manufacturing units spread throughout the nation with banglore being the 

biggest of them. The details about the different manufacturing units of BEL along with their 

product specialities are as follows: 

 

Sl.no  

 

BEL Unit  

 

State 

 

1. Bangalore  

 

Karnataka 

 

2. Panchkula 

 

Haryana 

3. Kotdwara 

 

Uttaranchal 

4. Ghaziabad 

 

Uttar pradesh 

5. Pune  

 

Maharashtra 

6. Hyderabad 

 

Telangana 

7. Machilipatnam,  

 

Andhra pradesh 

8.  Navi Mumbai  

 

Maharashtra 

9. Chennai 

 

Tamilnadu 

 

In 1954 with a factory of jallahali,Bharat Electronics grew into nine units,spread all over India. 

The locations and products of the units are given below: 
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1.BANGALORE:This is also called BG complex.jallahali unit which is the mother unit is 

now a part of the BG complex.This is the biggest unit with approx 10,000 employees working 

here.Among the products here, the important ones are: 

 Communication equipment. 

 Air and Doordarshan equipment like obile van for live telecast. 

 Radar-mobile, one dimensional ,3-dimensional and multi-dimensional Radars are 

manufactured here.Different range of semi-conductors devices like ics. 

 Resistors and black & white color TV picture tube glasses. 

 ISRO‘s requirements are met at space electronics department at banglore.satellite launch 

vehicle was also manufactured here. 

 

2. PANCHKULA: Panchkula & kotdwara were proposed simultaneously by the government 

in 1985.It was proposed to set up one unit each in Haryana & uttar Pradesh.But the place in U.P 

for setting up a BEL unit could not be decided while that at Haryana was decided & hence this 

unit started earlier.This unit manufactures only tactical communication equipment like 

VHF,UHF transceivers etc. 

 

3. KOTDWARA: This is a unit in garhwal district of Uttaranchal.This unit manufacturers 

radio relay, multiplex equipments &exchanges etc. 

 

4. GHAZIABAD: This is the second unit which was set up in 1974, & approx. 2500 

employees working here.radars & some communicationequipment are the products manufactured 

here are: 

 Radars 

 SATCOM 

 Microwave components 

 

5.PUNE: To diversity further one more branch was added 1979 & this was in pune.In this 

branch around 700-800 employees are working.The product profile includes: 

 Image convertor,image intensifier 
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 X-ray tubes 

 Batteries 

 Electro-optics 

 

6.HYDERABAD: This is another unit of BEL which manufactures electronic warfare 

equipments. 

 

7.MACHILIPATNAM: There was one Andhra scientific company,which was a sick 

unit.This was taken over by BEL & is called ASCO unit 1983.The products include: 

 Optical & Optoelectronic equipment like binoculars,microscopes. 

 Medical Electronics 

 

8.NAVI MUMBAI: This is an industrial place near Mumbai.This unit makes: 

 Glass shells for black & white TV picture tubes 

 Shelters for electronic equipment 

 Train actuated warning system 

 Electronic equipment assembly 

 

9.CHENNAI: This unit manufactures: 

 Tank related electronic equipments 

 Optical fire control systems 
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4.PRODUCTS & MARKET OF BEL 

Bharat Electronics Limited is a major supplier of products and turnkey systems to the indian 

Defence Services.Over the years,BEL has diversified into manufacturing many civilian products 

as well. Large trunkey telecommunication solutions are also being offered to civilian 

market.BEL has been involved in providing state of the art communicationequipment to the 

indian army, be it hand held mobile radios and terminals ,ground based system,airborne and even 

ship borne equipment and systems.The communication equipment developed here cover 

HF,VHF,UHF, and Vv/UHF frequency bands.the most important project of BEL under the 

communication equipment is STARS-V which provides secure mode of data transfer.in STARS-

V,the data to be transferred is first encrypted using a microprocessor which could be read only 

by a similar device with same coding.Now the latest technology of frequency hopping is being 

implemented which is a very useful tool in making a secure data transfer system.BEL 

manufactures a lot product which is very difficult to list but some of the major products were as 

follows: 

 

Integrated circuits and micro circuits                                                                       Radars 

X-ray tubes and magnetrons                                                                                STARS-V 

HF & broadcast equipment ACME MK                                                                    CNR 

SPACE GUIDING EQUIPMENTS                                                                            HUD 

 AIR BORNE GPS RECEIVER                                                                                  LUP 

SIRAX                                                                                                                      TIDEX 

 SECURE TELEPHONE                                                                                SECURE FAX 
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Domestic market: 

Sl.no PRODUCT CUSTOMER 

1. Defence communication 

 

 

Indian defence services,para military 

forces 

2. Radars & sonars 

 

 

 

Indian defence services, civil 

aviation, meterological department 

,ISRO 

3. Telecommunication 

 

 

 

 

Department of 

telecommunication,para military 

forces,power sector,oil 

industry,Railways 

4. Broadcasting equipment and studio systems 

 

 

All india radio,dooradarshan(national 

radio & TV broadcasters) 

5. Electronic voting machines 

 

 

Election commission of india 

6. Solar products & systems 

 

 

Individuals,private and government 

organizations 

7. Trunkey systems,E-Governance Networks 

 

 

Police,state government,Public sector 

undertakings 

8. Components  All India radio and doordarshan the 

national Radio & TV Broadcasters, 

instrumentation industry,switching 

industry,entertainment  
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Exports play a key role in BEL‘s strategic perspective.A number of  International companies are 

using the facilities at BEL for contract Manufacturing.The broad list of products and services 

being exported is given below: 

Exports/International market: 

Sl.no PRODUCT CUSTOMER 

1. Defence communication 

equipment and spare parts 

 

Botswana,Indonesia,suriname, 

Malaysia 

2. Radars & Sub-systems Indonesia,Egypt,Switzerland 

3. Electronic warfare products 

and services 

Russia,Brazil 

4. Opto electronics products Sri lanka,Nepal,Israel,South Africa 

5. Semi conductor 

devices,microwave tubes and 

transmitting tubes 

Malaysia,Singapore,Turkey, 

Netherlands,UK,USA,France,Hong kong 

6. Solar products & systems Suriname,Germany,Zimbabwe, 

Bptswana,Kenya,Nigeria 

7. Telecom and SATCOM 

systems 

Nigeria,kenya 

8. Radio & TV Broadcasting 

products and systems 

Nepal,Mauritius 

9. Electric voting systems Sri lanka,Uganda,Malawi,South Africa 

10. Vacuum Interrupters Malysia,UAE,Uganda,Turkey,UK,Azerbaijan 
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5.BEL MACHILIPATNAM & ITS PRODUCTS 

In 1983 ,the Andhra scientific company(ASCO) was taken over by BEL converted it to its fourth 

manufacturing unit at machilipatnam .The products include 

 Night vision devices 

 Electric voting systems 

 NIGHT VISION DEVICES 

Definition:  

A night vision device (NVD), also known as a night optical/observation device (NOD), is an 

optoelectronic device that allows images to be produced in levels of light approaching total 

darkness. The image may be a conversion to visible light of both visible light and near-infrared, 

while by convention detection of thermal infrared is denoted thermal imaging. The image 

produced is typically monochrome, e.g. shades of green. NVDs are most often used by the 

military and law enforcement agencies, but are available to civilian users. The term usually refers 

to a complete unit, including an image intensifier tube, a protective and generally water-resistant 

housing, and some type of mounting system. Many NVDs also include optical components such 

as a sacrificial lens, or telescopic lenses or mirrors. An NVD may have an IR illuminator, 

making it an active as opposed to passive night vision device. 

Working Of Night Vision Devices: 

 Technical Night Vision can work in two different ways 

 Image Intensifier: 

1. Night vision amplifiers light to achieve better vision.  

2. A conventional lens, captures ambient light.  

3. The gathered light is sent to image - intensifier tube.  

4. The light energy released electron from the cathode and accelerated.  

5. These electrons enter micro channel plate and bounce off and generate more electron.  

6. Thousands of other electrons to be released in each channel.  
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7. Original electrons collide with the channel, exciting atoms and causing other electrons.  

8. New electrons collide with atoms, creating a chain.  

9. In image-intensifier tube, the electrons hit a screen.  

10. The energy of the electrons release photons and create green image on the screen.  

11. The green phosphor image is viewed through another lens.  

Thermal Imaging : 

All objects emits infrared energy as a function of temperature  

1. A lens focuses the infrared light. Original electrons collide with the channel, exciting atoms and 

causing others.  

2. The focused light is scanned and creates temperature pattern.  

3. The pattern created is translated into electric impulses.  

4. The impulses are sent to a circuit board that translates the information into data for the display.  

5. The signal-processing unit sends the information to the is play, and appears as various colors.  

6. The images are black and white in nature.  

Purpose of Night Vision Devices:  

The original purpose of night vision was to locate enemy targets at night. It is still used extensively 

by the military for that purpose, as well as for navigation, surveillance and targeting. Police and 

security often use both thermal-imaging and image-enhancement technology, particularly for 

surveillance.  

 Classification of Night Vision Devices: 

 Night Vision devices 

 Passive Night Vision devices 

 Thermal imaging cameras 

 Cooled and Uncooled 

 Active Night Vision devices 
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 Advantages of Night Vision Cameras:  

1. The most common use is the military, and the quick answer would be that they allow soldiers to 

continue operations at night, without giving away their position through the use of flashlights.  

2. However night vision has many other uses. People with night blindness can use night vision 

devices to see better at night  

 

3. Astronomers use night vision to improve their view of the stars, to see more stars in the city, 

amplify the image post hydrogen-alpha filters or to see nebula and clusters in the sky in real time  

4. The technology in night vision allows for far more sensitive x-ray machines to be made, reducing 

the doses necessary for an x-ray.  
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Binocular Night Vision Devices:  

                                                      

                                                  

 

                                           FIG: Passive Night Vision Binocular 

Parts of Binocular Night Vision Devices:  

1. Object Glass  

2. Focus  

3. Image intensifier tube  

4. Eye Piece  

 

5. Eye Guard  

Parts of Image Intensifier Tube:  

                                        

                                              

                                                        Fig Image Intensifier Tube  
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Night vision is the ability to see in low light conditions. Whether by biological or technological 

means, night vision is made possible by a combination of two approaches: sufficient spectral range, 

and sufficient intensity range. 

Image Intensification:  

This magnifies the amount of received photons from various natural sources such as starlight or 

moonlight. Examples of such technologies include night glasses and low light cameras. In the 

military context, Image Intensifiers are often called "Low Light TV" since the video signal is often 

transmitted to a display within a control center. LLLTV These are usually integrated into a sensor 

containing both visible and IR detectors and the streams are used independently or in fused mode, 

depending on the mission at hand's requirements.  

The image intensifier is a vacuum-tube based device (photomultiplier tube) that can generate an 

image from a very small number of photons (such as the light from stars in the sky) so that a dimly lit 

scene can be viewed in real-time by the naked eye via visual output, or storedas data for later 

analysis. While many believe the light is "amplified," it is not. When light strikes a charged 

photocathode plate, electrons are emitted through a vacuum tube that strike the micro channel plate 

that cause the image screen to illuminate with a picture in the same pattern as the light that strikes the 

photocathode, and is on a frequency that the human eye can see. This is much like a CRT television, 

but instead of color guns the photocathode does the emitting.  

The image is said to become "intensified" because the output visible light is brighter than the 

incoming light, and this effect directly relates to the difference in passive and active night vision 

goggles. Currently, the most popular image intensifier is the drop-in ANVIS module, though many 

other models and sizes are available at the market. Recently, the US Navy announced intentions to 

procure a dual-color variant of the ANVIS for use in the cockpit of airborne platforms.  

Active illumination couples imaging intensification technology with an active source of illumination 

in the near infrared (NIR) or shortwave infrared (SWIR)band. Examples of such technologies include 

low light cameras.  

Active infrared night-vision combines infrared illumination of spectral range 700–1,000 nm (just 

below the visible spectrum of the human eye) with CCD cameras sensitive to this light. The resulting 

scene, which is apparently dark to a human observer, appears as a monochrome image on a normal 

display device. Because active infrared night-vision systems can incorporate illuminators that 

produce high levels of infrared light, the resulting images are typically higher resolution than other 

night-vision technologies. 
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Hand Held Thermal Imaging Camera With LRF 

                                          

 

                                                                  FIG: HHTI with LRF  

HHTI with LRF or Multifunction HHTI is a cooled TI based integrated day/night sight with in-built 

eye safe Laser Range Finder, Digital Magnetic Compass, Color CCD and GPS. This equipment is 

capable of giving range, azimuth & elevation and also coordinates of the target. This is highly useful 

to Army and Navy for effective engagement of targets. Weather proof and withstand shocks and 

vibrations. It is provided with electronically generated reticle. 

Introduction: 

                                 

                                                FIG: Block diagram of Thermal imaging camera  

1. Thermal image is the technique of using the heat given off by an object to produce an image of it 

or to locate it.  

2. First developed for military purpose in the late 1950s and 1960s by Texas instruments, Hughes, 

Aircraft and Honeywell  



Gudlavalleru engineering college Page 15 

 

3. In recent times it is being used in firefighting, law enforcement, industrial applications, security 

transportation, medical and many other industries.  

 

Thermal Imaging:  

1. It is the technique of using the heat given off by an object to produce an image of it.  

2. Works in environments without any ambient light and can penetrate obscurants such as smoke, fog 

and haze.  

3. Normally grey scale in nature: black objects are cold, white objects are hot and the depth of the 

grey indicates variations between the two.  

4. Some thermal cameras, however, add color to images to help users identify objects at different 

temperatures.  

Working of thermal imaging:  

Here's how thermal imaging works: A special lens focuses the infrared light emitted by all of the 

objects in view. The focused light is scanned by a phased array of infrared-detector elements. The 

detector elements create a very detailed temperature pattern called a thermogram.  

Infrared Light:  

Our eyes are detectors that are designed to detect electromagnetic radiation in the visible light 

spectrum. All other forms of electromagnetic radiation, such as infrared, are invisible to the human 

eye.  

The existence of infrared was discovered in 1800 by astronomer Sir Frederick William Herschel. 

Curious to the thermal difference between different light colors, he directed sunlight through a glass 

prism to create a spectrum and then measured the temperature of each color. He found that the 

temperatures of the colors increased from the violet to the red part of the spectrum.  

After noticing this pattern Herschel decided to measure the temperature just beyond the red portion 

of the spectrum in a region where no sunlight was visible. To his surprise, he found that this region 

had the highest temperature of all.  

Infrared radiation lies between the visible and microwave portions of the electromagnetic spectrum. 

The primary source of infrared radiation is heat or thermal radiation. Any object that has a 

temperature above absolute zero (-273.15 degrees Celsius or 0 Kelvin) emits radiation in the infrared 

region. Even objects that we think of being very cold, such as ice cubes, emit infrared radiation.  
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Thermal imaging camera  

Infrared energy (A) coming from an object is focused by the optics (B) onto an infrared detector (C). 

The detector sends the information to sensor electronics (D) for image processing. The electronics 

translatethe data coming from the detector into an image (E) that can be viewed in the viewfinder or 

on a standard video monitor or LCD screen. 

                                     

 

 Being truly passive in nature, thermal imaging systems are finding wide range of applications  

 for surveillance and reconnaissance, target acquisition, engagement, and missile  

 guidance. They are true force multipliers as they allow weapons and equipment to be used 

with  

 efficacy during day and night. Recent advancements in optics, detector technology and signal  

 processing have enabled revolutionary advancement in the night vision technology leading to 

the  

 realisation of third generation thermal imagers (TIs) having capabilities twice that of second  

 generation and four times that of first generation systems. DRDO is working in this area for 

the last  

 two decades and has developed various TIs operating in 3-5 μm medium wave infrared 

(MWIR)  

 -12 μm long wave infrared (LWIR) spectral bands. These systems are based on  

 scanning/staring focal plane array (FPA) detectors for target acquisition, which can be used,  

 either in standalone mode or as a part of electro-optical fire control system (EOFCS). MWIR 

TIs  
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 perform better in hot humid environments and preferred for long range applications because 

of  

 better atmospheric transmission where as LWIR TIs perform better in smoke and dusty  

 environment prevailing in the battlefield.  

Principle of Operation and Types:  

Infrared energy is just one part of the electromagnetic spectrum, which encompasses radiation from 

gamma rays, x-rays, ultraviolet, a thin region of visible light, infrared, terahertz waves, microwaves, 

and radio waves. These are all related and differentiated in the length of their wave (wavelength). All 

objects emit a certain amount of black body radiation as a function of their temperatures.  

Generally speaking, the higher an object's temperature, the more infrared radiation is emitted as 

black-body radiation. A special camera can detect this radiation in a way similar to the way an 

ordinary camera detects visible light. It works even in total darkness because ambient light level does 

not matter. This makes it useful for rescue operations in smoke-filled buildings and underground.  

A major difference with optical cameras is that the focusing lenses cannot be made of glass, as glass 

blocks long-wave infrared light. Special materials such as Germanium or Sapphire crystals must be 

used. Germanium lenses are also quite fragile, so often have a hard coating to protect against 

accidental contact. The higher cost of these special lenses is one reason why thermographic cameras 

are more costly.  

Types:  

 Cooled infrared detectors  

 Uncooled infrared detectors  

Cooled infrared detectors:  

Cooled detectors are typically contained in a vacuum-sealed case or Dewar and cryogenically cooled. 

The cooling is necessary for the operation of the semiconductor materials used. Typical operating 

temperatures range from 4 K to just below room temperature, depending on the detector technology. 

Most modern cooled detectors operate in the 60 K to 100 K range, depending on type and 

performance level.  

Without cooling, these sensors (which detect and convert light in much the same way as common 

digital cameras, but are made of different materials) would be 'blinded' or flooded by their own 

radiation. The drawbacks of cooled infrared cameras are that they are expensive both to produce and 

to run. Cooling is both energy-intensive and time-consuming.  



Gudlavalleru engineering college Page 18 

 

The camera may need several minutes to cool down before it can begin working. The most 

commonly used cooling systems are rotary Stirling engine cryocoolers. Although the cooling 

apparatus is comparatively bulky and expensive, cooled infrared cameras provide superior image 

quality compared to uncooled ones.  

Additionally, the greater sensitivity of cooled cameras also allow the use of higher F-number lenses, 

making high performance long focal length lenses both smaller and cheaper for cooled detectors. An 

alternative to Stirling engine coolers is to use gases bottled at high pressure, nitrogen being a 

common choice. The pressurised gas is expanded via a micro-sized orifice and passed over a 

miniature heat exchanger resulting in regenerative cooling via the Joule–Thomson effect. For such 

systems the supply of pressurized gas is a logistical concern for field use.  

Materials used for cooled infrared detection include photodetectors based on a wide range of narrow 

gap semiconductors including:  

1. Indium antimonide  

2. Indium Arsenide  

3. Mercury Cadmium telluride  

4. Lead sulfide  

 

Uncooled Infrared detectors: 

Uncooled infrared sensors can be stabilized to an operating temperature to reduce image noise, but 

they are not cooled to low temperatures and do not require bulky, expensive cryogenic coolers. This 

makes infrared cameras smaller and less costly. However, their resolution and image quality tend to 

be lower than cooled detectors. This is due to differences in their fabrication processes, limited by 

currently available technology.  

Uncooled detectors are mostly based on pyroelectric and ferroelectric materials or microbolometer 

technology. The material are used to form pixels with highly temperature-dependent properties, 

which are thermally insulated from the environment and read electronically.  

Ferroelectric detectors operate close to phase transition temperature of the sensor material; the pixel 

temperature is read as the highly temperature-dependent polarization charge. The achieved NETD of 

ferroelectric detectors with f/1 optics and 320x240 sensors is 70-80 mK. A possible sensor assembly 

consists of barium strontium titanate bump-bonded by polyimide thermally insulated connection.  
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Silicon microbolometers can reach NETD down to 20 mK. They consist of a layer ofamorphous 

silicon, or a thin film vanadium(V) oxide sensing element suspended on silicon nitride bridge above 

the silicon-based scanning electronics. The electric resistance of the sensing element is measured 

once per frame. 

Applications:  

1. Military and Police  

One of the most common users of a thermal imager is a law enforcement or military professional. 

They need to be able to see potential threats without being detected and thermal units give them this 

chance. Modern thermal imaging technology is tough enough to withstand the abuse of recoil, so 

many police officers and soldiers now employ thermal imaging rifle scopes such as the ATN ThOR 

640 Thermal Imaging Weapon Sight. The drawback of using thermal imagers in life-and-death 

situations is that while they're incredibly effective at detecting people or animals, identification is far 

more challenging. You may see a man in front of you, but this doesn't mean you'll be able to tell if 

he's a friend or a foe.  

2.Surveillance  

Thermal imaging cameras are one of the most effective tools for surveillance because they work 

equally well in the day and night. A regular CCTV camera is limited by its need for light, and night 

vision doesn't function during the day. The chance to see through smoke and fog also gives thermal a 

leg up on other surveillance techniques.  

3.Energy Audits  

Heating and cooling companies have used thermal imagers for years to see where buildings are 

leaking heat. Small cracks or holes cause homes to lose hundreds of dollars a year on heating and 

cooling bills. 

4.Security And Law Enforcement  

With a thermal imager, an officer can stop and scan the property at a distance identify any person 

present at there.  

Perimeter Surveillance is another application in which thermal imaging is used to dramatically 

improve results and reduce time committed to a particular operation.  

Thermal imaging cameras can also used in search and rescue operation as officers may be able to 

search up to 1,500 feet in any direction. 
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6.PRODUCT ASSURANCE 

6.1 Definition: 

A discipline devoted to the study, planning and implementation of activities intended to assure 

that the design, controls, methods and techniques in a project result in a satisfactory level of 

quality in a product.  

The verification by a management function that customer requirements are satisfied by ensuring 

(1) the identification of critical activities, (2) The availability of the necessary resources for each 

process, (3) The use of the resources in a manner that is efficient and effective. 

6.2 Product Assurance Testing:  

Product assurance testing is conducted in order to evaluate a system in its operating environment.  

Product assurance testing is primarily used to find the faults that are not shown within the 

development or test environments.  

6.3 Product Assurance Tests: 

ESS(Environment Stress Strain) Test:  

 Climate Test  

                         a) High temperature and Low temperature test  

                         b) Heat and Cold Chamber Test  

                         c) Rain and Dust Chamber Test  

 Durable Test  

                       a) Vibration Test  

                       b) Bump test  

 Functional Test  

                       a) Resolution Test  

                       b) Field Of View  
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    6.4  Heat and Cool Chamber Test: 

 

Temperature and humidity test chambers are ranging in size from 50Ltier to 3000Liter, including 

benchtop, standard type and walk in. Included are ultra low temperature test chamber, high rate 

of change of temperature chambers (15℃/min) and climate with humidity chambers.  

Our temperature and humidity test chambers are available in a variety of sizes and 

configurations, including benchtop / vertical/ walk in constant temperature humidity chambers. 

Temperature Range: -70°C to +180°C; Humidity range:10% to 98%R.H. 

6.5 Vibration Test Chamber: 

 

Repetitive Shock Vibration tables generate multi-axis vibration using one or more pneumatic 

impact hammer(s) (also known as impactors) that strike a the top of a vibration table on which a 

product is attached. Thermotron‘s repetitive shock vibration test systems are designed 

specifically for very aggressive temperature change rates and high levels of multi-axis repetitive 
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shock vibration. Repetitive shock shaker tables can be used as stand-alone units or combined 

with an AGREE or AST chamber for HALT/HASS testing. The repetitive shock vibration 

system incorporates many unique features designed to satisfy a wide range of vibration testing 

and screening applications for many industries. The basic system utilizes Multi-Zone Control. 

This patented feature uniformly—and more effectively—tests products. As a result, you receive 

improved product reliability, reduced warranty and recall risks, as well as better-utilized 

company resources. 

6.6 Bump test chamber: 

 

This computerised machine is designed to cater the high acceleration and high pulse duration 

repetitive bump tests. The machine is used in product qualificationtesting, transient analysis of 

structures or models and fatigue tests on some systems and parts with an object to determine 

their suitability under repetitive ‗bump‘ environment (during transportation or in-service, etc.), 

and to assess structural integrity and stress screening. The machine has a robust steel structure 

that enables it to be used for testing of test objects having weights from 50 kg to 1000 kg, 

acceleration from 3 "g" to 400 "g" and pulse duration from 3 ms to 30 ms. The machine is 

intended to reproduce the effects of repetitive bumps from 40 to 180 bumps per minute likely to 

be experienced by components and equipment during transportation or when installed in various 

classes of vehicles. The object mounting hole pattern of the platform is 100 x 100mm matrix or 

as desired by the customer. An optional T-slot for mounting of test objects is also provided. The 
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mounting platform is lifted vertically through a cam arrangement and is made to drop forcibly 

with the mechanical impact generating mechanism on the rubber pad placed on the anvil, which 

provides the required acceleration level. The desired impact acceleration can be obtained by 

adjusting the drop height and mechanical impact generating force of the mounting platform. 

Rubber pads are used to produce half-sine pulses, and duration of half sine pulse shape can be 

adjusted by changing the hardness and thickness of the rubber pads. The machine is supported 

with Pentium PC based intelligent instrumentation system to control and monitor and analyse 

acquired acceleration waveform on 4 channels. The unit operates on 415/230 V ±10%, 50 Hz 

single phase AC and 3-phase 415 V 50 Hz.  

6.7 Salt spray test chamber: 

     

The salt spray (or salt fog) test is a standardized and popular corrosion test method, used to 

check corrosion resistance of materials and surface coatings. Usually, the materials to be tested 

are metallic (although stone, ceramics, and polymers may also be tested) and finished with a 

surface coating which is intended to provide a degree of corrosion protection to the underlying 

metal. Salt spray testing is an accelerated corrosion test that produces a corrosive attack to coated 

samples in order to evaluate (mostly comparatively) the suitability of the coating for use as a 

protective finish. The appearance of corrosion products (rust or other oxides) is evaluated after a 

pre-determined period of time. Test duration depends on the corrosion resistance of the coating; 

generally, the more corrosion resistant the coating is, the longer the period of testing before the 

appearance of corrosion/ rust.  
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7.SUB DEPARTMENTS 

7.1 Development and engineering department:  

It is to design to project,make the modifications to prepare design and related documents.the 

software used in bel machilipatnam is solidworks.  

7.2 Material management:  

It is the management of materials, this department purchases the materials it has different bins 

that holds items after inspection.  

7.3 Quality assurance:  

It deals with the quality of material it is checked before going to customer.in quality assurance 

several equipments are used they are vernier calipers,screw gauge,CMM machine,go gauge and 

no go gauges etc..  

CMM machine:  

      

A coordinate measuring machine (CMM) is a device for measuring the physical geometrical 

characteristics of an object. This machine may be manually controlled by an operator or it may 

be computer controlled. Measurements are defined by aprobe attached to the third moving axis 

of this machine. Probes may be mechanical, optical, laser, or white light, among others. A 

machine which takes readings in six degrees of freedom and displays these readings in 

mathematical form is known as a CMM. The typical 3D "bridge" CMM is composed of three 

axes, X, Y and Z. These axes are orthogonal to each other in a typical three-dimensional 
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coordinate system. Each axis has a scale system that indicates the location of that axis. The 

machine reads the input from the touch probe, as directed by the operator or programmer. The 

machine then uses the X,Y,Z coordinates of each of these points to determine size and position, 

typically with micrometer precision.  

A coordinate measuring machine (CMM) is also a device used in manufacturing and assembly 

processes to test a part or assembly against the design intent. By precisely recording the X, Y, 

and Z coordinates of the target, points are generated which can then be analysed via regression 

algorithms for the construction of features. These points are collected by using a probe that is 

positioned manually by an operator or automatically via Direct Computer Control (DCC). DCC 

CMMs can be programmed to repeatedly measure identical parts, thus a CMM is a specialized 

form of industrial robot.  

7.4 Plant and service:  

It is the department for providing the services to company.services are water supply,electrical 

supply,transport,horticulture.  

7.5 Human resource &administration:  

In this department the recruitment of employees is done it is to use manpower in different 

areas.medical facilities are also available.  

7.6 Finance:  

It is the department for the sanction of money to the employees it is to be made for one year.it is 

the record of the money.  

7.7 Quality management:  

It is to sell products in the international market six sigma is the statistical technique for 

maintaining quality.in this department there is a group of employees who discuss the 

problems,find out its solution and present it to manager.  

7.8 Machine shop: 

In bel machine shop there is both CNC and conventional machines are there several components 

are manufactured in this machine shop.the conventional machines are lathe,milling,grinding and 

CNC machines like lathe,milling etc. 

CNC Lathe Machine 

 Automated version 
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 Controlled by G and M code 

 Used for turning operations 

CNC Milling Machine 

 Programming for optimal performance 

 Large production 

 

CNC Drilling Machine 

 Multi function machining 

 High flexibility 

7.9 Production Planning and Control: 

Production planning and controlThis department forms the most important section among the 

others present because.it forms the backbone right from the beginning till end of the particular 

set the responsibility lies in the hands of this section.it mainly performs three functions 

scheduling and launching control launching control the market section takes the order from the 

customer and gives the equipment stock order to ppc now ppc makes the list of each components 

involved in the product .this is called scheduling.next function that comes is launched ppc 

prepares shop order and engineering documents such as drawings .this function is called 

launching now comes to material control here the ppc keeps track of production i.e the purchase 

requisition is given to purchase department and sub contract department. 

7.10  Assembly section: 

In this all the components are gathered and assembled they set properly in the complete set.it is 

the most important and technologically advanced  department at BEL Machilipatnam. 

7.11 R&D Department: 

 Areas of R&D 

Development of Military Radars,Naval Systems,Military communication 

products,Electronic warfare systems,Telecommunication products. 

 Resources and investment 

There are about 1000 engineers working in BEL on various D&E Projects.BEL R&D 

Units are recognized by the Department of scientific & industrial Research under the 

ministry of science & Technology,Govt.of India 
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8.CONCLUSION 

 

The four weeks of industrial at B.E.L machilipatnam generated a lot more interest in my subject.  

It made me more aware of the scope of mechanical engineering.it has also made me appreciative 

of an industrial work environment.  

 

Undergoing training on the BEL manufacturing unit has helped me integrate conceptual 

knowledge with real life application.I was fortunate to have personal guidance from experienced 

professionals who took been interest in explaning the working details of various equipments. 

 

I feel that without this opportunity my own understanding of this subject and also the motivation 

to acquire more knowledge would have remained incomplete 

 

I think my training has given me enough motivation and an exposure that I will try to join 

defence services or get linked up with the defence of the country. 

 

―To know the technical know-how,industrial training is the best way to move forward.‖ 
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Chapter - 1

Introduction

1.1 History
Bharat Electronics Limited (BEL) is an Indian state-owned aerospace and defence

company with about nine factories, and several regional offices in India. It is owned by the
Indian Government and primarily manufactures advanced electronic products for the Indian
Armed Forces. BEL is one of nine PSUs under the Ministry of Defence of India. It was
founded in 1990 with the aim of conducting research, development and manufacture of
image intensifier tubes and associated high voltage power supply units for use in military,
security and commercialsystems.

Starting with the manufacture of a few communication equipment in 1956, BEL started
producing receiving valves in 1961, germanium semiconductors in 1962 and radio
transmitters for AIR in 1964.

In 1966, BEL set up a radar manufacturing facility for the army and in-house R&D. In
1967, BEL began manufacturing transmitting tubes, silicon devices and integrated circuits.
The PCB manufacturing facility was established in 1968.

In 1970, BEL started making black & white TV picture tubes, X-ray tubes and microwave
tubes. In 1971, BEL set up facilities for the manufacture of integrated circuits and hybrid
micro circuits. 1972, BEL established manufacturing facilities for TV transmitters for
Doordarshan. In 1973, BEL began manufacturing frigate radars for the navy.

Under the government's policy of decentralisation and due to strategic reasons, BEL set
up new units at different location across the country. The second unit of BEL was set up at
Ghaziabad in 1974 to manufacture radars and Tropo communication equipment for the
Indian Air Force. The third unit was established at Pune in 1979 to manufacture image
converter and image intensifier tubes.

In 1980, the first overseas office of BEL was set up in New York for the procurement of
components and materials.

In 1981, a manufacturing facility for magnesium manganese dioxide batteries was set
up at Pune. The Space Electronic Division was set up at Bangalore to support the satellite
programmes in 1982. That year, BEL achieved a turnover of Rs. 1 billion (US$21million).

In 1983, the Andhra Scientific Company (ASCO) was taken over by BEL converted it to
its fourth manufacturing unit at Machilipatnam. In 1985, the fifth unit was set up in Chennai
for supply of tank electronics, with proximity to HVF, Avadi. The sixth unit was set up at
Panchkula the same year to manufacture military communication equipment.

In 1986, BEL set up three units. Its seventh unit was set up at Kotdwara to manufacture
switching equipment, the eighth unit to manufacture TV glass shell at Taloja (Navi Mumbai)
and the ninth unit at Hyderabad to manufacture electronic warfareequipment.

In 1987, a separate Naval Equipment Division was set up at Bangalore to give greater
focus to naval projects. The first Central Research Laboratory was established at
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Bangalore in 1988 to focus on futuristic research and development.
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In 1989, BEL started manufacturing telecom switching and transmission systems
and also the set up the Mass Manufacturing Facility in Bangalore and the manufacture of
the first batch of 75,000 electronic voting machines.

The agreement for setting up BEL's first joint venture company, BE DELFT, with M/s
Delft of Holland, was signed in 1990. This later became a subsidiary of BEL with the exit of
the foreign partner and has been renamed BEL Optronic Devices Limited.

The second Central Research Laboratory was established at Ghaziabad in 1992. The
first disinvestment (20%) and listing of the company's shares in the Bangalore and Mumbai
Stock Exchanges took place in same year-1992.

In 1996, BEL achieved ₹10 billion (US$215 million) turnover.
In 1997, GE BEL, the second joint venture company with M/s GE, USA, was formed

as also the third JVC with M/s Multitone, UK, BEL Multitone. The same year, the US
imposed supply restrictions on BEL.

In 1998, BEL set up its second overseas office at Singapore to source components
from South East Asia. In the same year US and Europe imposed sanctions on BEL. The
company was able to overcome the effects of the sanctions and kept up the promised
deliveries tocustomers.

In 2000, BEL reorganised its Bangalore unit into six Strategic Business Units (SBUs).
The R&D groups in Bangalore were also restructured into Specific Core Groups and Product
Development Groups. The same year, BEL shares were listed in the National
StockExchange.

In 2002, BEL became the first defence PSU to achieve operational Mini Ratna
Category I status. In 2003, the company's turnover crossed the ₹25 billion mark (US$540
million). In 2005, BEL had a turnover of ₹32.20 billion (US$695 million). BEL achieved a
turnover of ₹35.60 billion (US$767 million) in 2005–06.

On May 12, 2010, Boeing announced that it received the Data Link II
communications technology for the Indian Navy’s P-8I from Bharat Electronics Limited
(BEL) in April, one month ahead of schedule. BEL delivered the Indian-designed
communications system that will enable exchange of tactical data and messages between
Indian Navy aircraft, ships and shore establishments. Boeing will install the system during
P-8I finalassembly.

In 2011, the Indian government-owned Bharat Electronic Limited (BEL) showcased
its entire range of C4ISR capabilities including network centric warfare technologies
developed in- house at Aero India 2011. These include command and control system, air
space management multi sensor tracking, situation simulator and tactical algorithm for air
defence applications; battlefield management system and an all-weather 24/7 coastal
surveillancesystem.

In addition, new products and technologies including software defined radios, next
generation bulk encryptor and high data tactical radio were also on show. Airborne
products displayed included radar finger printing system, data link, digital flight control
computer and identification friend or foe. Also on display were the complete range of
optoelectronic equipment, including night vision devices, digital handheld compass and an
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advanced land navigationsystem.
BEL is the lead integrator of Akash,the Indian-made guided missile air defence

weapon system. Another major system is weapon locating radar, the state-of-the-art
passive, phased array radar which has undergone successful user trials by the Indian
defence forces.
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1.2 BEL Units andProducts

Table no:1.1

S. No BEL Unit BEL Products

1. Bangalor
e

Military communication,
Radars, Navy, Solar
Products

2. Panchkula (Haryana) Military
communication,
Encryption products

3. Kotdwara (Uttarakhand) Tele communication systems,
Military communications

4. Ghaziabad(UP) Network Centric systems, Radars,
Antenna, Satellite
communications.

5. Pune X-ray tubes, Batteries,
Electro Optics

6. Hyderabad, Telangana Electronic systems

7. Machilipatnam, Andhra
Pradesh

Electro Optics(night
vision devices)

8. Mumbai Security
systems

9. Kolkata Solar Energy equipment system

1.3Product

Assurance

Definition

A discipline devoted to the study, planning and implementation of activities
intended to assure that the design, controls, methods and techniques in a project result
in a satisfactory level of quality in a product.

The verification by a management function that customer requirements are
satisfied by ensuring (1) the identification of critical activities, (2) The availability of the
necessary resources for each process, (3) The use of the resources in a manner that is
efficient and effective.

1.4Product Assurance Testing
Product assurance testing is conducted in order to evaluate a system in its

operating environment.Product assurance testing is primarily used to find the faults
that are not shown within the development or test environments.
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Chapter-2

Night Vision Device
2.1 Definition

A night vision device (NVD), also known as a night optical/observation device
(NOD), is an optoelectronic device that allows images to be produced in levels of light
approaching total darkness. The image may be a conversion to visible light of both
visible light and near-infrared, while by convention detection of thermal infrared is
denoted thermal imaging. The image produced is typically monochrome, e.g. shades of
green. NVDs are most often used by the military and law enforcement agencies, but are
available to civilian users. The term usually refers to a complete unit, including an image
intensifier tube, a protective and generally water-resistant housing, and some type of
mounting system. Many NVDs also include optical components such as a sacrificial
lens, or telescopic lenses or mirrors. An NVD may have an IR illuminator, making it an
active as opposed to passive night visiondevice.

2.2 Working of Night VisionDevices
Technical Night Vision can work in two different ways

2.2.1Working Principle of ImageIntensifier
Night vision amplifiers light to achieve better vision. A conventional lens, captures

ambient light. The gathered light is sent to image - intensifier tube. The light energy
released electron from the cathode and accelerated. These electrons enter micro channel
plate and bounce off and generate moreelectron.

Thousands of other electrons to be released in each channel. Original electrons
collide with the channel, exciting atoms and causing other electrons. New electrons
collide with atoms, creating a chain. In image-intensifier tube, the electrons hit a screen.
The energy of the electrons release photons and create green image on the screen. The
green phosphor image isviewed through another lens.
2.2.2 Working Principle of ThermalImaging

All objects emits infrared energy as a function of temperature. A lens focuses the
infrared light. Original electrons collide with the channel, exciting atoms and causing
others. The focused light is scanned and creates temperature pattern. The pattern
created is translated into electric impulses. The impulses are sent to a circuit board that
translates the information into data for the display. The signal-processing unit sends the
information to the is play, and appears as various colors. The images are black and white
in nature.

2.3Purpose of Night VisionDevices:
The original purpose of night vision was to locate enemy targets at night. It is still

used extensively by the military for that purpose, as well as for navigation, surveillance
and targeting. Police and security often use both thermal-imaging and image-



7

enhancement technology, particularly for surveillance.
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2.4Classification of Night VisionDevices

Fig 2.1: Classification of Night Vision Devices

2.5Advantages of Night VisionCameras:
The most common use is the military, and the quick answer would be that they

allow soldiers to continue operations at night, without giving away their position through
the use of flashlights. However night vision has many other uses. People with night
blindness can use night vision devices to see better at night. Astronomers use night vision
to improve their view of the stars, to see more stars in the city, amplify the image post
hydrogen-alpha filters or to see clusters in the sky in real time. The technology in night
vision allows for far more sensitive x-ray machines to be made, reducing the doses
necessary for anx-ray.
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Chapter-3
Case Study of Image Intensifier Tubes

3.1 Binocular Night VisionDevices

Fig 3.1: Passive Night Vision Binocular

Parts of Binocular Night Vision Devices

Object
Glass
Focus
Image intensifier
tube Eye Piece and
Eye Guard
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3.2 Image IntensifierTube

Fig 3.2: Image Intensifier Tube

Night vision is the ability to see in low light conditions. Whether by biological or
technological means, night vision is made possible by a combination of two approaches.
They are sufficient spectral range and sufficient intensityrange.

3.3 ImageIntensification:

This magnifies the amount of received photons from various natural sources such
as starlight or moonlight. Examples of such technologies include night glasses and low
light cameras. In the military context, Image Intensifiers are often called "Low Light TV"
since the video signal is often transmitted to a display within a control center. LLLTV
These are usually integrated into a sensor containing both visible and IR detectors and the
streams are used independently or in fused mode, depending on the mission at
hand'srequirements.

The image intensifier is a vacuum-tube based device (photomultiplier tube) that
can generate an image from a very small number of photons (such as the light from stars
in the sky) so that a dimly lit scene can be viewed in real-time by the naked eye via visual
output, or as data for later analysis. While many believe the light is "amplified," it is not.
When light strikes a charged photocathode plate, electrons are emitted through a vacuum
tube that strike the micro channel plate that cause the image screen to illuminate with a
picture in the same pattern as the light that strikes the photocathode, and is on a
frequency that the human eye can see. This is much like a CRT television, but instead of
color guns the photocathode does the emitting.
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The image is said to become "intensified" because the output visible light is
brighter than the incoming light, and this effect directly relates to the difference in passive
and active night vision goggles. Currently, the most popular image intensifier is the drop-in
ANVIS module, though many other models and sizes are available at the market. Recently,
the US Navy announced intentions to procure a dual-color variant of the ANVIS for use in
the cockpit of airborneplatforms.

Active illumination couples imaging intensification technology with an active
source of illumination in the near infrared (NIR) or shortwave infrared (SWIR)band.
Examples of such technologies include low light cameras.

Active infrared night-vision combines infrared illumination of spectral range 700–
1,000 nm (just below the visible spectrum of the human eye) with CCD cameras sensitive
to this light. The resulting scene, which is apparently dark to a human observer, appears
as a monochrome image on a normal display device. Because active infrared night-vision
systems can incorporate illuminators that produce high levels of infrared light, the
resulting images are typically higher resolution than other night-visiontechnologies.
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Chapter-4
Case Study Of Thermal Imaging

4.1 Study of Hand Held Thermal Imaging Camera With LRFProduct:

Fig 4.1.1: HHTI with LRF

HHTI with LRF or Multifunction HHTI is a cooled TI based integrated day/night sight
with in-built eye safe Laser Range Finder, Digital Magnetic Compass, Color CCD and GPS.
This equipment is capable of giving range, azimuth & elevation and also coordinates of
the target.This is highly useful to Army and Navy for effective engagement of targets.
Weather proof and withstand shocks.
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Fig 4.1.2: Block diagram of Thermal imaging camera

Thermal image is the technique of using the heat given off by an object to produce
an image of it or to locate it. First developed for military purpose in the late 1950s and
1960s by Texas instruments, Hughes, Aircraft and Honeywell In recent times it is being
used in firefighting, law enforcement, industrial applications, security transportation,
medical and many other industries.
4.2 Thermal Imaging

It is the technique of using the heat given off by an object to produce an image of
it.Works in environments without any ambient light and can penetrate obscurants such as
smoke, fog and haze.

Normally grey scale in nature: black objects are cold, white objects are hot and the
depth of the grey indicates variations between the two.Some thermal cameras, however,
add color to images to help users identify objects at differenttemperatures.

4.3 Working of thermalimaging

Here's how thermal imaging works: A special lens focuses the infrared light emitted by
all of the objects in view. The focused light is scanned by a phased array of infrared-detector
elements.
The detector elements create a very detailed temperature pattern called a thermogram.
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Infrared Light:
Our eyes are detectors that are designed to detect electromagnetic radiation in the

visible light spectrum. All other forms of electromagnetic radiation, such as infrared, are
invisible to the human eye.The existence of infrared was discovered in 1800 by
astronomer Sir Frederick William Herschel. Curious to the thermal difference between
different light colors, he directed sunlight through a glass prism to create a spectrum and
then measured the temperature of each color. He found that the temperatures of the
colors increased from the violet to the red part of the spectrum.After noticing this pattern
Herschel decided to measure the temperature just beyond the red portion of the spectrum
in a region where no sunlight was visible. To his surprise, he found that this region had the
highest temperature of all.Infrared radiation lies between the visible and microwave
portions of the electromagnetic spectrum. The primary source of infrared radiation is heat
or thermal radiation. Any object that has a temperature above absolute zero (-273.15
degrees Celsius or 0 Kelvin) emits radiation in the infrared region. Even objects that we
think of being very cold, such as ice cubes, emit infrared radiation.

The Thermal Imaging Camera:
Infrared energy (A) coming from an object is focused by the optics (B) onto an

infrared detector (C). The detector sends the information to sensor electronics (D) for
image processing. The electronics translatethe data coming from the detector into an
image (E) that can be viewed in the viewfinder or on a standard video monitor or LCD
screen.

Being truly passive in nature, thermal imaging systems are finding wide range of
applications for surveillance and reconnaissance, target acquisition, engagement, and
missile guidance. They are true force multipliers as they allow weapons and equipment to
be used with efficacy during day and night. Recent advancements in optics, detector
technology and signal processing have enabled revolutionary advancement in the night
vision technology leading to the realisation of third generation thermal imagers (TIs) having
capabilities twice that of second generation and four times that of first generation systems.

DRDO is working in this area for the last two decades and has developed various
TIs operating in 3-5 μm medium wave infrared (MWIR) and 8-12 μm long wave infrared
(LWIR) spectral bands. These systems are based on scanning/staring focal plane array
(FPA) detectors for target acquisition, which can be used, either in standalone mode or as a
part of electro-optical fire control system (EOFCS). MWIR TI perform better in hot humid
environments and preferred for long range applications because of better atmospheric
transmission where as LWIR TIs perform better in smoke and dusty environment prevailing
in the battlefield. either in standalone mode or as a part of electro-optical fire control
system(EOFCS).

MWIR TI perform better in hot humid environments and preferred for long range
applications because of better atmospheric transmission where as LWIR TIs perform
better in smoke and dusty environment prevailing in the battlefield. Either in standalone
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mode or as a part of electro- optical fire control system (EOFCS). MWIR TI perform better in
hot humid environments and



16

preferred for long range applications because of better atmospheric transmission where as
LWIR TIs perform better in smoke and dusty environment prevailing in the battlefield.
4.4Principle of Operation andTypes

Infrared energy is just one part of the electromagnetic spectrum, which
encompasses radiation from gamma rays, x-rays, ultraviolet, a thin region of visible light,
infrared, terahertz waves, microwaves, and radio waves. These are all related and
differentiated in the length of their wave (wavelength). All objects emit a certain amount of
black body radiation as a function of their temperatures.

Generally speaking, the higher an object's temperature, the more infrared radiation is
emitted as black-body radiation. A special camera can detect this radiation in a way similar
to the way an ordinary camera detects visible light. It works even in total darkness because
ambient light level does not matter. This makes it useful for rescue operations in smoke-
filled buildings and underground.
A major difference with optical cameras is that the focusing lenses cannot be made of
glass, as glass blocks long-wave infrared light. Special materials such as Germanium or
Sapphire crystals must be used. Germanium lenses are also quite fragile, so often have a
hard coating to protect against accidental contact. The higher cost of these special lenses
is one reason why thermographic cameras are more costly.
Types:

1. Cooled infrareddetectors
2. UnCooled infrareddetectors

4.5Cooled infrareddetectors
Cooled detectors are typically contained in a vacuum-sealed case or Dewar and

cryogenically cooled. The cooling is necessary for the operation of the semiconductor
materials used. Typical operating temperatures range from 4 K to just below room
temperature, depending on the detector technology. Most modern cooled detectors
operate in the 60 K to 100 K range, depending on type and performance level.

Without cooling, these sensors (which detect and convert light in much the same
way as common digital cameras, but are made of different materials) would be 'blinded' or
flooded by their own radiation. The drawbacks of cooled infrared cameras are that they are
expensive both to produce and to run. Cooling is both energy-intensive andtime-consuming.

The camera may need several minutes to cool down before it can begin working.
The most commonly used cooling systems are rotary Stirling engine cryocoolers. Although
the cooling apparatus is comparatively bulky and expensive, cooled infrared cameras
provide superior image quality compared to uncooled ones.

Additionally, the greater sensitivity of cooled cameras also allow the use of higher F-
number lenses, making high performance long focal length lenses both smaller and
cheaper for cooled detectors. An alternative to Stirling engine coolers is to use gases
bottled at high pressure, nitrogen being a common choice. The pressurised gas is
expanded via a micro-sized orifice and passed over a miniature heat exchanger resulting in
regenerative cooling via the Joule–Thomson effect. For such systems the supply of
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pressurized gas is a logistical concern for field use.
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Materials used for cooled infrared detection include photodetectors based on a
wide range of narrow gap semiconductorsincluding:

1. Indiumantimonide
2. IndiumArsenide
3. Mercury Cadmiumtelluride
4. Leadsulfide
4.6Uncooled InfraredDetectors

Uncooled infrared sensors can be stabilized to an operating temperature to reduce
image noise, but they are not cooled to low temperatures and do not require bulky,
expensive cryogenic coolers. This makes infrared cameras smaller and less costly.
However, their resolution and image quality tend to be lower than cooled detectors. This is
due to differences in their fabrication processes, limited by currently available technology.

Uncooled detectors are mostly based on pyroelectric and ferroelectric materials or
microbolometer technology. The material are used to form pixels with highly temperature-
dependent properties, which are thermally insulated from the environment and
readelectronically.

Ferroelectric detectors operate close to phase transition temperature of the sensor
material the pixel temperature is read as the highly temperature-dependent polarization
charge. The achieved NETD of ferroelectric detectors with f/1 optics and 320x240 sensors
is 70-80 mK. A possible sensor assembly consists of barium strontium titanate bump-
bonded by polyimide thermally insulated connection.

Silicon microbolometers can reach NETD down to 20 mK. They consist of a layer
amorphous silicon, or a thin film vanadium(V) oxide sensing element suspended on silicon
nitride bridge above the silicon-based scanning electronics. The electric resistance of the
sensing element is measured.
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Chapter-5

White Images And Black Images

A Thermal Imager can be selected to either ‘black hot’ or ‘white hot'. Camera Palette
(also known as Polarity) is set by default to White Hot, alternatively the Black Hot palette
displays warmer objects as black or dark rather than white or light shades.

The light brown Therm Bright material shows ‘cold’ to a thermal imager. Anything
covering the material will appear hot, but only relative to the ThermBright. The material is
most effective with ‘white hot’ selected. This will present a clear black image to the
imager.Though we offer both polarities, ‘cold’ targets work best and are visible at
significantly greater ranges than‘hot’.

Fig5.1.1: Black Hot Image

Fig5.1.2: White Hot Image
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5.1Field ofView:

The field of view is the extent of the observable world that is seen at any given
moment. In case of optical instruments or sensors it is a solid angle through which
a detector is sensitive to electromagneticradiation.

Fig5.1.3: Horizontal Field of View

Fig 5.1.4: Vertical Field Of View
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5.2 Intensifier Tube Versus Thermal ImagingCamera:

Fig 5.2.1: Intensifier Tube Versus Thermal Imaging Camera

Image intensification: Image is Thermal imaging: is not affected by the
Saturated by looking directly to a light source and produces a clear
image. Light source.

Fig 5.2.2: Intensifier Tube Versus Thermal Imaging Camera

Imageintensification:suspects Thermal imaging: suspect hiding in
Hiding in bushesispractically bushes is clearly visible since
thermal Invisible contrast is practically impossible
tomask
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Image intensification, also referred to as I2 technology, amplifies small amounts of
visible light thousands of times so that objects can be seen at night. Image intensification
does require a certain level of ambient light, but even starlight can produce an image on a
cloudless night.Because the system requires at least a minimum level of ambient light,
conditions such as heavy overcast can limit its effectiveness. Similarly, too much light
may overwhelm the system and reduce its effectiveness.Thermal imaging cameras offer
substantial benefits over image intensification. They are not affected by the amount of
light so that you will not be blinded when looking at a light source.
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Chapter-6

6.1 Applications
1.Military andPolice

One of the most common users of a thermal imager is a law enforcement or
military professional. They need to be able to see potential threats without being
detected and thermal units give them this chance. Modern thermal imaging technology is
tough enough to withstand the abuse of recoil, so many police officers and soldiers now
employ thermal imaging rifle scopes such as the ATN ThOR 640 Thermal Imaging
Weapon Sight. The drawback of using thermal imagers in life-and- death situations is that
while they're incredibly effective at detecting people or animals, identification is far more
challenging. You may see a man in front of you, but this doesn't mean you'll be able to tell
if he's a friend or afoe.

2. Surveillance

Thermal imaging cameras are one of the most effective tools for
surveillancebecause they work equally well in the day and night. A regular CCTV camera is
limited by its need for light, and night vision doesn't function during the day. The chance to
see through smoke and fog also gives thermal a leg up on other surveillance techniques.

3. EnergyAudits

Heating and cooling companies have used thermal imagers for years to see where
buildings are leaking heat. Small cracks or holes cause homes to lose hundreds of dollars
a year on heating and cooling bills.

4. Security And LawEnforcement
With a thermal imager, an officer can stop and scan the property at a distance

identify any person present at there. Perimeter Surveillance is another application in which
thermal imaging is used to dramatically improve results and reduce time committed to a
particular operation. Thermal imaging cameras can also used in search and rescue
operation as officers may be able to search up to 1,500 feet in any direction.

6.2 Product AssuranceTest
ESS(Environment Stress Strain) Test:

 ClimateTest

a) High temperature and Low temperaturetest

b) Heat and Cold ChamberTest

c) Rain and Dust ChamberTest
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 DurableTest

a) VibrationTest

b) Bumptest

 FunctionalTest

a) ResolutionTest

b) Field OfView

Heat and Cool Chamber Test:

Temperature and humidity test chambers are ranging in size from 50Ltier to
3000Liter, including benchtop, standard type and walk in. Included are ultra low
temperature test chamber, high rate of change of temperature chambers (15℃/min) and
climate with humidity chambers.

Our temperature and humidity Test chambers are available in a variety of sizes and
configurations, including benchtop / vertical/ walk in constant temperature humidity
chambers. Temperature Range: -70°C to +180°C; Humidity range:10% to 98%R.H.

Fig6.2.1:Heat and cool chamber test
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Vibration Test Chamber:

Fig6.2.2: Vibration Test Chamber

We perform structural dynamic finite element modeling and simulation of vehicle
platforms, civil structures, and machines and study their response to shock and vibration
during operation, accident, and natural catastrophies.
6.3 Conclusion

The original purpose of night vision was to locate enemy targets at night. It is still
used extensively by the military for that purpose, as well as for navigation, surveillance
and targeting. Police and security often use both thermal-imaging and image-
enhancement technology, particularly for surveillance.
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The 3D EXPERIENCE PLATFORM is a business experience platform 

 

It provides software solutions for every organization in your company form  

Marketing to sale to engineering that help you, in your value creation process, 

to create differentiating consumer experience, with a single, easy to use 

interface, it powers Industry solution in a collaborative, interactive 

environment. It is available on premise and on cloud. Explore the entire portfoli 

 

Dassault systems offers industry leading application delivered on the 3D 

EXPERIENCE platform: Design &Engineering, Manufacturing & Production 

Simulation, Governance & Life cycle, 3D Design Experience for Professionals, 

as well as a broad catalog of services 
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INTRODUCTION 
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1. INTRODUCTION 

 

CATIA is a acrynom Three dimensional Interactive Application. It is one of the 

leading 3D software used by organizations in multiple industries ranging from 

aerospace, automobile to consumer products. 

CATIA is a multi platform 3D software suite developed by Dassault Systems, 

encompassing CAD, CAM as well as CAE. Dassault is a French engineering 

giant active in the field of aviation, 3D design, 3D digital mock-ups, and 

product lifecycle management (PLM) software. CATIA is a solid modelling 

tool that unites the 3D parametric features with 2D tools and also addresses 

every design-to-manufacturing process. In addition to creating solid models and 

assemblies, CATIA also provides generating orthographic, section, auxiliary, 

isometric or detailed 2D drawing views. It is also possible to generate model 

dimensions and create reference dimensions in the drawing views. The bi-

directionally associative property of CATIA ensures that the modifications 

made in the model are reflected in the drawing views and vice-versa. 

 

The first release of CATIA was way back in 1977, and the software suite is still 

going strong more than 30 years later. While CATIA V6 is just being released, 

the most popular version of CATIA is V5 which was introduced in 1998. That 

said, it is important to note that each version of CATIA introduces considerable 

additional functionality. For example, V4 (introduced in 1192) offered 

enhancements to the Assembly Modeling Product including easy-to-use 

graphical tree-based assembly management. V5 and V6 saw changes in the way 

data is handled. Dassault Systemes typically offers new updates, releases and 
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bug fixes for each version. The CATIA software is written in C++. It runs on 

both Unix and Windows. 

CATIA started as an in-house development in 1977 by French aircraft 

manufacturer AVIONS MARCEL DASSAULT, at that time customer of 

the CADAM software to develop Dassault’s Mirage fighter jet. It was later 

adopted by the aerospace, automotive, shipbuilding, and other industries. 

Initially named CATI (conception assistee tridimensionnelle interactive – 

French for interactive aided three-dimensional design ), it was renamed CATIA 

in 1981 when Dassault created a subsidiary to develop and sell the software and 

signed a non-exclusive distribution agreement with IBM. 

In 1984, the Boeing Company chose CATIA V2 as its main 3D CAD tool, 

becoming its largest customer. 

In 1988, CATIA V3 was ported from mainframe computers to Unix. 

In 1990, General Dynamics Electric Boat Corp chose CATIA as its main 3D 

CAD tool to design the U.S. Navy's Virginia class submarine. Also, Lockheed 

was selling its CADAM system worldwide through the channel of IBM since 

1978. 

In 1992, CADAM was purchased from IBM, and the next year CATIA 

CADAM V4 was published. 

In 1996, it was ported from one to four Unix operating systems, including 

IBM AIX, Silicon Graphics IRIX, Sun Microsystems SunOS, and Hewlett-

Packard HP-UX. 
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In 1998, V5 was released and was an entirely rewritten version of CATIA with 

support for UNIX, Windows NT and Windows XP (since 2001) 

In the years prior to 2000, problems caused by incompatibility between versions 

of CATIA (Version 4 and Version 5) led to $6.1B in additional costs due to 

years of project delays in production of the Airbus A380. 

In 2008, Dassault Systems released CATIA V6. While the server can run 

on Microsoft Windows, Linux or AIX, client support for any operating system 

other than Microsoft Windows was dropped. 

In November 2010, Dassault Systems launched CATIA V6R2011x, the latest 

release of its PLM2.0 platform, while continuing to support and improve its 

CATIA V5 software. 

In June 2011, Dassault Systems launched V6 R2012. 

In 2012, Dassault Systems launched V6 2013x. 

In 2014, Dassault Systems launched 3DEXPERIENCE Platform R2014x  and 

CATIA on the Cloud, a cloud version of its software. 

In 2018, Dassault Systems launched 3DExperience Marketplaces to connect 

CATIA Users, with manufacturers, standard parts creators and engineers. 

In 2019, 3DExperience Marketplaces launched an Add-in in Catia, to connect 

directly manufacturers with designers. 
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CHAPTER – 2 

CATIA 
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2. CATIA 

CATIA provides the capability to visualize designs in 3D. When it was 

introduced, this concept was innovative. Since Dassault Systemes did not have 

an expertise in marketing, they had revenue sharing tie-up with IBM which 

proved extremely fruitful to both the companies to market CATIA.  

In the early stages, CATIA was extensively used in the design of the Mirage 

aircrafts however the potential of the software soon made it a popular choice in 

the automotive sector as well. As CATIA was accepted by more and more 

manufacturing companies, Dassault changed the product classification from 

CAD / CAM software to Project Lifecycle Management. The company also 

expanded the scope of the software. 

CATIA can be used at different stages of the design - ideate, draw, test and 

iterate. The software comes with different workbenches (“modules”) that allow 

CATIA to be used across varied industries – from parts design, surface design 

and assembly to sheet metal design. CATIA can also be used for CNC. 

CATIA offers many workbenches that can be loosely termed as modules. A few of 

the important workbenches and their brief functionality description is given  

 

WORK  BENCHES:- 

 Part Design 

 Generative Shape Design 

 Assembly 
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1.Part Design: 

 The most essential workbench needed for solid modelling. This CATIA module 

makes it possible to design precise 3D mechanical parts with an intuitive and 

flexible user interface, from sketching in an assembly context to iterative detailed 

design. 

Generative Shape Design: 

 Allows you to quickly model both simple and complex shapes using wireframe 

and surface features. It provides a large set of tools for creating and editing shape 

designs. Though not essential, knowledge of Part Design will be very handy in 

better utilization of this module. 
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Assembly:  

The basics of product structure, constraints, and moving assemblies and parts 

can be learned quickly. This is the workbench that allows connecting all the 

parts to form a machine or a component.  
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CHAPTER-3 

SIMULIA 
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3.SIMULIA 

 

INTRODUCTION:- 

 

All platform users can benefit from the value of simulation by utilizing the 

capabilities in the simulation data science discipline taking Simulation process 

& data management (SPDM) to the next level. Powerful results analytics allows 

users to use simulation results to inform decision making. Democratization of 

simulation results and reuse of simulation methods is enabled through 

dashboard accesses to a company’s library of published methods and best-

practices. With simulation analytics, simulation knowledge and its value 

becomes available for all platform users 

 

 

WORK BENCHES USED IN SIMULIA :- 

 Material Definiton 

 Structural Model 

 Structural Model 
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MATERAL BROWSER :- 

 

 

PROCEDURE :- 

Go to V.R → Material Definition 

Click on Create Material → Enter the steel and tick the simulation domain in 

Add domain 

Material Simulation domain → Double click Density value (8020) → 

Mechanical → Elastic → Young’s modulus  

 

STRUCTURAL MODEL :- 
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    PROCEDURE :- 

Go to V.R→ Structural model click → Fem controls → click none 

Then Click → Model (Action Bar) → Mesh → Octree tetrahedron → Mesh size 

(10) → Select the object → Mesh 

 

STRUCTURAL SCENARIO :- 
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PROCEDURE :- 

Go to V.R → Click Structural Scenario → Simulate type 

Click Setup → Select Finite Element Metod and click ok 

Procedures → Static perturbation  

Then you will obtain double ticks 

Restrain → Clamp → Select one surface → Click ok 

Loads → Force → Click on body → Give force in Z direction 

Simulate → Simulate check → If there are no errors → Click simulate → Ok 
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CHAPTER-4 

DELMIA 
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4.DELMIA 

 

INTRODUCTION:- 

Manufacturing is debately the  most important step in the creation of a product 

designs and concepts mean nothing if no part is produced in the end. Its 

important to have the manufacturing processes done in the most  efficient way 

safetly,and with as few errors as possible. This could range from reducing 

errors in the machining itself to reducing errors in the assembly of products 

with Delmia  from the 3D Experience platform introduced by Dassault systems, 

these worries will be a thing of the past. 

As described in the introduction Delmia is an app within the3DExperinence 

platform that mainly focuses on aiding the manufacturing process.Depending 

on the enabled disciplines, these are things such as the machining of parts,how 

robotics interacts and behave,the ergonomics of the work conditions, and many 

more and with over 40 different disciplines that cover a wide variety of facets in 

the manufacturing process. Companies are sure to find exact ones to aid in their 

operations 

    WORK BENCHES USED IN DELMIA:- 

 

 Manufacturing item definition 

 Process planning 

 Equipment allocation 

 Assembly evaluation
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MANUFACTURING ITEM DEFINITION :- 

 

 

 

 

 

PROCEDURE  :- 

 

→ Go to V.R → manufacturing item definition→ click on manufacturing 

assembly→ create manufacturing item product scope and click on product 

→ View → shading with materials 

→Authoring → Create / Update manufacturing → Next 
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PROCESS PLANNING :- 

 

 

 

PROCEDURE  :- 

 

→ Go to V.R → Process planning → General system click → Manage scope → 

Click the create scope → Product 1 
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EQUIPMENT ALLOCATION :- 

 

 

 

 

PROCEDURE  :- 

→ Go to V.R → Equipment allocation → Click on PPR Contex→ Insert resource 

→ Manufacturing cell and Rename Station as 10,20,30,40 

Every station has 1 conveyor, 1 storage 

 →Station → Insert Source → Conveyor 

→Station → Insert Source → Storage 
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ASSEMBLY EVALUATION :- 

 

 

 

PROCEDURE :- 

Go to V.R → Assembly Evaluation 

Click on General system → Right click on Loading operation → Create Track 

Copy the Current track to the other operations 

Click Live Simulate → (Bottom bar) 
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1. INTRODUCTION 

 

      K.C.P SUGAR AND INDUSTRIES CORPORATION LIMITED has set up their sugar plant at 
lakshmipuram, Krishna district of Andrapradesh in the year 1991 for manufacturing of white sugar with a 
capacity of 4000TCD.The unit has been performing consistently well, through periodic up gradation and 
modernization of the production facilities. 

         This unit is producing the following products and by products 

1. Sugar                            -   Main Product 
2. Molasses                      -    By Product 
3. Bagasse                        -    By product 
4. Filter Cake                   -    By Product 
5. Fly Ash                          -   By Product 
6. Power cogeneration  -   By Product 

 

VISION 

                               To emerge as a leading sugar manufacturing unit in the state, creating growing value for 
Indian economy and company’s stakeholders. 

MISSION 

1. T o achieve international standards of excellence in all aspects of sugar manufacture and 
diversified business with focus on customer 

2. To maximize creation of wealth, value and satisfactions for the stake holders 
3. To attain leadership in developing, adopting and assimilating state-of-the-art technology for 

competitive advantage 
4. To foster a culture of participation and innovation for employee growth and contribution 
5. To help enrich the quality of life of the community and preserve ecological balance    

UNIT PROFILE 

                                                         This is an Agro based industry and sugarcane is the raw material. The 
crushing operation of this mill will be for about five months, between November and April and there 
remaining period will be utilized for over hauling of the machineries 

Main features of the unit  

Crushing capacity  :  4000TCD 

Power generation capacity      :6 MW 

Boiling capacity:  64 TPH at 42 kg/cm2                 

                                            The by-product bagasse obtained after crushing the sugar cane is used as fuel for 
the boilers. We have 64TPH capacity boiler. The boiler generates the steam. The exhaust steam was used to 
generate the 6MW power and the power was used to run the turbines and the power turbine is produce sugar 



2. SUGAR MANUFACTURING PROCESS 

                                                  

                     Generally, sugar is produced from plants like sugar cane and beets. The sugar cane plant is very 
thick with long grasses. A perennial crop, it is grown in the various tropical and subtropical areas. The stalk 
of the sugar cane is the exact location, from where the sweet sap is extracted. 

  Sugar beet has the highest  sugar content from among the beetroot family and this variety is specifically 
cultivated for high quality sugar production. In addition, sugar is produced from sweet sorghum, maple, 
honey, corn sugar, etc, of a 180 countries of the world, around a 100 of them make sugar from cane and 
beet. 

 

 

                     

 

                        Chemical formula                  - C12H22O11 

                        Molecular weight                  -342 

                        Density                                     -1.58kg/m3 

Sucrose is soluble in water but slightly soluble in methyl alcohol and ethyl alcohol    



2.2 Process of sugar manufacturing 

a) cutter 

• The cutter consists of knives on a cylindrical shaft which rotate at a velocity 600rpm. 
• The knives cut the canes in to small pieces

 

b)crusher (or) shredder 

• Canes are shredded here 
• It rotates of two rollers rotating in opposite direction. 
• Shredder is used to remove leaves and undesired solid particles from cane

 
 

c)extraction of juice 

• Juice Raw cane juicies obtain by extraction operation. When sugar cane cells are brakes sweet liquid 
substance came out that is known as cane juice. 

• Crushed canes are passed through four preesure mills to extract juice. 
• Rolls are grooved and the width decreases from first roll to the last. 
• Make up water added in tge third and fourth mill is recycled back to the first two mills. 
• About 85-90% of juice present in cane is extracted. 

Three rollers 

1. Top roller:feed& discharge roller are driven by main roll. 

2. Feed roller: canes are suck or pull by feed roller 

3. Discharge roller: it discharges bagasse and juice 



d)clarifier  

• In clarification process sludge, mud, suspended and colloidal particles are removes by some 
chemical compounds 

• The precipitate the colloids, calcium phosphate is added followed by milk lime. 
• Apart from maintaining Ph about 7, so2 gas also act as a bleaching agent. 
• Phosphoric acid or co2 can also be substituted as acidifying agent depending up on the type of 

extracted juice. 
• Steam is used to slightly heat the juice. 

 
 

 

 

 

 

e)rotary filter 

• The under flow mud from the bottom of thicker is passed to a continuos rotary filter press to recover 
sugar solution. 

• The filer cake produced is used for fertilizer. 
• Mud & sludge are stick on the periphery of rotating drum by the action of suction. 
• Solid cake removes from the knife 



 
 

  

 

 

 

 

 

 

 

 

 

f) multi-effect evaporator 

• The clarified liquor overflow to the 3-4 forwards feed multi-effect evaporator. 
• Here juice is concentrated from 80-85%h20 to  
• 40% h2o to make juice for crystallization. 
• A vacuum of 63cm is maintained in the last effect. 

 

 

 

 

g)crystallizer 

• The clarified concentrated sugar solution comes to crystallizer. 
• The sugar solution is further boiled in vacuum pans at vapor temperature of 57 C of crystals is seen. 



• Crystallization is completed in vacuum pan unit. 

h) centrifuge 

• The mixture of crystals and syrup is called masscuite. 
• Centrifugation process is based on centrifugal process. 
• The masscuite from crystallizer is centrifuged is basket type to centrifuge remove mother liquor 

which is a byproduct. 
• The high grade sugar crystals are obtained here. 
• The centrifuge speed is maintained at 1000 rpm. 

 

2.3   By- product of sugar 

1. Bagasses: it is a solid fibrous material contains more cellulose. 
• Used in pulp & paper industry and also cattle feed. 
• Boiler fuel to produce steam a7 power. 
• Mixture of powder baggase and tar coal is used to seal building roof to become water 

proof. 
2. Black strap, molasses 

• Raw material for fermentation industry. 
• Molasses is used in bakery, sweets, chocolates a7 biscuits industry. 
• It is used to produce denatured power alcohol & potable alcohol. 

3. Filter cake: 
• Filter cake is used as fertilizer. It contains full of sulphur, phosphours, calcium 

 and nitrogen. 



Chemicals analysis of washed and dried bagassse 

• Cellulose         -    45-55% 
• Hemi cellulose-   20-25% 
• Lignin                 -  18-25% 
• Ash                     -    1-4% 
• Wax                    -   <1% 

 

 

 



2.4 BAGASSE 

                                       Bagasse is residue left after extracting acting sucrose from the sugar cane. It is 
nothing but the PULP of the sugar 

                                            The  result of surveys indicate that when pressuring one tone of sugar cane , 
gives 250-300kg of bagasses with average moisture content of 50% heat value of 1850kcal/kg. this bagasse 
is the best fuel for steam boiler to produce electricity and steam. At present , all sugar plants use 
cogeneration technology. 

Bagasse used for producing electricity and heat is 80a5. Therefore , most sugar plants have surplus bagasse 
of up to 20% which is used for other purposes such as making paper, board, but most is wasted. 

                                                  In the crop 2003-2004 sugar cane pressure capacity was 11,705,870 tons, 
about 3.5 million tons of bagasses was produced. Demand of sugar cane in 2010 and 2020 are expected to be 
16,206,000 tons and 18,104,000 tons respectively, and potential of bagasse will be 4.8 million tons in 2010 
and 5.4 million tons in 2020. 

                                Dry bagasse is burnet to produce steam. If increase the boiler efficiency sufficient steam 
is obtained produce high electricity. Save money for industry it is useful to rural areas. 

2.5 Bagasse properties 

                                                                  On average it is assumed to have 50% moisture, 47.7% fiber and 
2.3% soluble solids with gross calorific value of dry ash bagasse being 19400kcal/kg while bagasse at 50% 
moisture content  having GCV of 9600kcal/kg at net calorific value (NCV) of 7600kcal/kg(Hugot,1986). 
Reported that wet mill bagasse has moisture content 50% 

Ultimate analysis Sugar cane bagasse(%wet fuel) 
Moisture 50 
Carbon 22 
Oxygen 20 
Hydrogen 6 
Sulphur 2 
  

 

  



3. BOILERS 

Boilers is necessary equipment in sugar industry. The sugar mill boilers is used for steaming sugar cnes in 
the process. As one kind of environmental protection industrial boiler, biomass fired boiler used in sugar 
factory. 

Boiler: 

                       A boiler is basically a closed vessel into which water is heated until the water is converted 
into steam at required pressure. 

Working principal of boiler 

                                                                        The basic working principal of boiler is very simple and easy to 
understand. The boiler is essentially a closed vessel inside which water is stored. Fuel is burnt in a furnace 
and hot gasses are produced. As the heat passes across the outer portion of the tube it transfer heat to the 
water and water baoil. A continuous flow of water is fed through these tubes. Once the water is boilrd to 
steam and a pressure of steam develops. The steam is directed, through piping, to a steam turbine, the steam 
turns the generator electricity is produced and is directed to the power grid. 

Types of boilers 

1. According to geometric orientation 
➢ Horizontal 
➢ Vertical 
➢ Inclined  

                When the axis of the boiler shell is horizontal the boiler is called 
horizontal boiler. If the axis is vertical, the boiler is called vertical boiler and if the 
axis of the boiler is inclined it is known as inclined boiler. 
Examples: 
  Horizontal boiler: Lancashire boiler,  Locojmotive boiler,  badcock boiler. 
 Vertical boiler:Cochran boiler, vertical boiler etc. 

2. According to the flow medium inside the tubes 
➢ Fire tube  
➢ Water tube  

                   The boilers in which hot flue gases are inside the tubes and water is 
surrounding the tubes is called fire tube boiler. When water isnside the tubes and 
the hot gases are out side the boiler is called water tube boiler 
Examples : 
Fire tube boiler : Lancashire boiler, locomotive boiler, Cochran and Cornish boiler 
Water tube boiler: simple vertical boiler, badcock and Wilcox boiler. 

 

3.According to the boiler pressure 

➢ Low pressure 
➢ Medium pressure 
➢ High pressure 

The boilers which produce steam at pressure of 80 bar and above are called high 
pressure boiler. The steam pressure below 80 bar called low pressure boiler. 
Examples : 
Low pressure boiler: Cochran and Cornish boiler 



High pressure boiler: badcock and Wilcox boiler. 
4. According to the draft 

➢ Natural draft  
➢ Forced draft 

Boiler need supply of air for combustion of fuel. If the circulation of air is provided 
with the help of a chimney, the boiler is known as natural draft boiler. When either a 
forced draft fan or an induced draft fan or both are used to provide the flow of air the 
boiler is called force draft boiler 

5. According to method of water circulation 
➢ Natural circulation 
➢ Forced circulation  

If the circulation of water take place due to difference in density caused by 
temperature of water, the boiler is called natural circulation boiler. When the 
circulation is done with the help of a pump the boiler is known as forced circulation 
boiler. 

6. According to furnace position  
➢ Internally fired 
➢ Externally fired 

When the furnace of the boiler is inside its drum or shell, the boiler is called internally 
fired boiler. If the furnace is outside the drum the boiler is called externally boiler. 

                   7.  According to type of fuel used 

➢ Solid  
➢ Liquid 
➢ Gaseous 
➢ Electrical 
➢ Nuclear energy fuel boilers 

The boiler in which heat energy is obtained bt the combustion of solid fuel like coal or 
lignite is known as solid fuel boiler. A boiler using liquid or gaseous fuel for burning 
is known as liquid or gaseous fuel boiler. Boilers in which electrical or nuclear energy 
is used for generation   of heat are respectively called as electrical energy headed 
boilers and nuclear heated boiler. 

7. According to number of tubes 
➢ Single tube 
➢ Multiple tube 

A boiler having only one fire tube or water tube is caleed single tube boiler. The 
boiler having two or more, fire or water tubes is called as multiple tube boiler 

8. According to boiler mobility 
➢ Stationary 
➢ Portable 
➢ Marine boiler 

                                    When the boiler is fixed at one location and cannot be 
transported easily it is known as stationary boiler. If the boiler can be removed from 
one location to another is known as portable boiler. The boilers which can work on 
the surface of water are called marine boiler. 

  



3.2 water tube boiler 

                                                    Most of sugar industry ”Water tube boilers” is used. 

Why water tube boilers are used in sugar industry? 

                                                        Compare to other boilers water tube boilers are more efficient. 

Because the working of water tube boilers is high pressure up to 250 bar is super critical boiler. 
The rate the steam generation and quality of steam are better and suitable tfor power generation. 
Overall efficiency with an economizer is up to 90%. If any water tube boiler is damaged, it can 
easily replaced or repaired. Treatment of feed water is very essential as small scale deposites 
inside the tubes can cause overheating and bursting. The heating surface area is more so increase 
the evaporation rate. Occupies less space and easy to  maintain. 

 

3.3 Boiler Configuration : 

                                                The main components of a modern boiler are: the grate, fuel 
feeders, combustion, air heaters, scrubber, induced draught fan, forces draught fan, 
secondary air fan, boiler feed water pumps some equipment 

 

Boiler efficiency 

Definition : The percentage of the total absorption heating value of outlet steam in the total 
supply heating value. 

3.4 Factor which effect boiler efficiency 

Boiler efficiency is very complex function and it is depend on many processes. 
➢ Moisture content in bagasse 
➢ Excess air 
➢ Furnace temperature 



➢ Air pre heater 
➢ Heat loss in fuel gasses 

 

1. Moisture content in bagasse 

If  increase  moisture content the calorific value decrease. The calorific value depends up on 
moisture, brick and ash. The moisture content decreases boiler efficiency increase. 

2. Excess air 

All combustion burners require some degree of excess of air. Excess air is definied as the amount of 
air in a combustion process greater  than the amount the theoretically required for complete 
oxidation. To ensure complete combustion of the fuel used, combustion chambers supplied with 
excess air. 

Excess air increases the amont of oxygen to the combustion and the combustion of fuel. When fuel 
and oxygen from the air are in perfect balance the combustion should said to be stoichiometric . The 
combustion efficiemcy increases with increased excess air until the heat loss in the excess air is lager 
than the heat provided by more efficient combustion 

With ultra low-emission burners air is used to minimize the production of NOx and carbon dioxide 
by managing the flame temperature. 

 

3. Air pre heater  

                                                       A device, which increase the temperature of air before it supply to the 
furnace using heat from flue gases passing through chimney. 

• An air preheater is installed between economizers and the chimney. 
• Preheater air increases combustion rate and then increases steam generations rate of boiler. 
• Due to high temperature of air, furnace temperature increases. 
• Air heated by heat of exhaust gases. It reduces fuel consumptions. Therefore thermal efficiency of 

boiler increased. 

4. Heat losses in flue gasses 

This is probably the biggest single surocese of haet loss, and the engineering manger can reduce much of the 
loss. The losses are attributable to the temperature of the gases leaving the furnace. Clearly, the hotter the 
gasses in the stack, the less efficient boiler. The gases in the stack, the less efficient the boiler. The gases 
may be too hot for one to two reasons. 

1. The burner is producing more heat than is required for a specific load on the boiler 
2. The heat transfer surfaces within the boiler are functioning correctly, and the heat is not 

being transferred to the water  

3.6 Boiler efficiency calculation methods 

There are two methods of assessing boiler efficiency. 
➢ Direct method 
➢ Indirect method 



Boiler efficiency by direct method:  

This is known as input-output method. Where the energy gain of working fluid is compared with the energy 
content of the boiler of fuel. 

 

 

 

Boiler efficiency by indirect method: 

 Where the efficiency is difference between the losses and the energy input. 

Indirect method is also known as heat loss method . The efficiency can be arrived at, by subtracting the heat 
loss fractions from 100. The standards do not include blow down loss in the efficiency determination 
process. A detailed procedure for calculating boiler efficiency by in direct method. However, it may be 
noted than the practicing energy mangers in industries prefer simpler calculation procedures. 

The principle losses that occurs in boiler are 

• Loss of heat due to dry flue gas 
• Loss of heat due to moisture in fuel and combustion air. 
• Loss of heat due to combustion of hydrogen 
• Loss of heat due to radiation 
• Loss of heat due to un burnt 



 

  



•  

 
 
 
 
 
 
 



4. IMPROVING METHODS FOR BOILER EFFCIENCY 

 

        K.c.p sugar industries and corporation limited not followed any improving method for boiler efficiency 
but the suggested the following various improving methods for boiler increasing. 

Reduce excess air 

                                             If increases the excess air the enthalpy losses and as, a result the boiler 
efficiency goes down. For proper combustion of fuel inside the furnace, certain amount of air is required. If 
sufficient quantity of air is not supplied, the carbon present in the fuel incompletely oxidized to carbon 
monoxide and less amont of heat is released which brings down the overall efficiency of the fuel. On the 
other hand, if excess air is more than required , this lost along with the flue gas which again brings down the 
boiler efficiency. Monitoring stack oxygen levels and controlling them with in the required band is essential 
for high boiler efficiency. So if educe the 10%-20% improve the boiler efficiency up to 5%.  

 

Blow down Heat recovery: 

                                                               Blow down of boilers to reduce the sludge snd solid content allows 
heat to go down the drain. The amount of blown down should be minimized by following by good water 
treatment program. Installing a heat exchanger in the blow down line allow this water this waste heat to be 
used in preheating makeup and feed water. Heat recovery is most suitable for continous blow down 
operations which in turns provides the best water treatment program. If improve the blow down heat 
recovery the boiler efficiency improve up to 2%. 

 



                                                                                                                                                                                                                                                     

Pre heat combustion air : 

                                                           Install air pre heater as it recovers heat from hot flue gases and transfer 
this heat to incoming air for efficient combustion 1% increase efficiency for every 20c increase in air 
temperature. 

 

 

Replace burners : 

                                           If you presently have an old, inefficient oil burner, or an oversized burner, it may 
be cost effective to replace the burner with a modern, efficient and properly sized burner. You may want to 
consider variable firing ratesand or dual fuel capabilities allowing you to choose the least expensive heating 
fuel at any given time. Natural gas burners can replace oil burners with out requiring boiler replacement. 

 

 

Reduce bagasse moisture content : 

                                                                                 This is the more efficient method as compared to 
remaining methods as discussed above. So I suggested this best method suitable to the sugar industry to 
improve boiler efficiency. This gives us more profits and efficient running of the industry. 

                                             Bagasse is a by-product of cane which can be obtains after the extraction of 
sugar juice from the cane. Moisture is directlyinfluence with its calorific value. By remove / reduce moisture 
the performance of furnace is improved in boiler. Here the moisture is removed by the conduction, 
convection and radiation process. Generally dying is refers to the removal of moisture from a solid by 
evaporation. Based on the mode of heat transfer, bagasse dryers can be classified in to two types. 



1. Indirect or non contact dryers 
2. Direct dryers or contact dryers 

Indirect dryers  

                                       They are also called as non-adiabatic units, where the heat transfer medium is 
separated from the product to be dried by a metal wall. In the case of drying of bagsse, the heat transfer is 
only through conduction and forced convection. Irradiative heat taken place because of lower temperature 
levels operation. The indirect method can be tried for bagasse with low pressure steam by adopting large 
tube bundles, inside a large bin. Typically the bagasse moisture can be reduced from 50%to 40%. A dryer 
handling 90TPH through put the wet bagasse at 50% initial moisture can be dried to around 86TPH of 
bagasse at 45% outlet moisture around 4TPH of evaporated moisture. The dryer would consume around 6.3 
tons of low pressure steam. Even after discounting for the energy of steam used the electrical power required 
for the drive of dryer motor, this can be significant energy economy because of increased boiler  efficiency 
and increased boiler steam output. The increase in boiler efficiency at the increase in steam to bagasse ratio 
because of lower moisture content in bagasse. 

Direct dryers 

                                Direct dryers or adiabatic or contact type dryer, transfer heat contact of the production 
with the hot gasses. The gas transfer sensible heat to provide the heat  to provide the heat of vaporization of 
the moisture present in the solid. It is possible to obtain some non luminous radiation heat transfer benefit 
also in this case, since the moisture content in bagasse in quite high. Direct heating is preferred wherever 
feasible, for the following reasons. 

1. Rate of heat transfer is hidh due to direct contact between the flue gas and the raw material. 
2. Short residence time. 
3. Uniform drying. 

Drum type rotary can be selected for direct drying bagasse. The waste flue gases at boiler outlet 
or other suitable temperature level water gas can be used for this purpose. Generally  rotary 
dryers operate in concurrent mode to avoid possibility of ignition. However, since bagasse 
contains very high moisture and the waste gases contain significantly low quantities of oxygen, a 
counter current dryer can be advantageously adopted to save on cost and space for dryer 
installation. Never thr less contact type dryers will have suitable provision for firefighting 
because of possibilities of leakages air ingress. The main component of this dryer is a steel set up 
on rollers by means of bandages located in the shell. The cylindrical is usually inclined with a 
slope to the horizontal so that the soilds progress through the dryer under gravity, but the 
longitudinal lifting baffles known as flight which collected the material and subsequently shower 
it through the flue gas stream as the barrel rotates. This concept therefore reequries additional 
investments. 

 

 





 



 

 

 



  



 

 



 



6. CONCLUSION 

 

The result of this study lead to the following conclusion: 

Mill wet bagasse contains about 50% moisture. The calorific value of mill wet bagasse is 8760kj/kg or 
2280kcl/kg. use of driers to reduce the moisture content in bagasse before it’s burnt, is regarded as asimple 
energy conversation measure. The bagasse system can also use the waste heat from the boiler flue gases for 
its partial heat requirement. 

Hence 2kgs of saved bagasse can generate 1KWH of power or 200kgs of saved bagasse per ton can generate 
400KWH of power 
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Chapter - 1  

 Introduction   

  
1.1 History  

Bharat Electronics Limited (BEL) is an Indian state-owned aerospace and defence company with 

about nine factories, and several regional offices in India. It is owned by the Indian Government and 

primarily manufactures advanced electronic products for the Indian Armed Forces. BEL is one of nine 

PSUs under the Ministry of Defence of India.  It was founded in 1990 with the aim of conducting 

research, development and manufacture of image intensifier tubes and associated high voltage power 

supply units for use in military, security and commercial systems.   

Starting with the manufacture of a few communication equipment in 1956, BEL started producing 

receiving valves in 1961, germanium semiconductors in 1962 and radio transmitters for AIR in 1964.  

 In 1966, BEL set up a radar manufacturing facility for the army and in-house R&D. In 1967, BEL 

began manufacturing transmitting tubes, silicon devices and integrated circuits. The PCB 

manufacturing facility was established in 1968.  

In 1970, BEL started making black & white TV picture tubes, X-ray tubes and microwave tubes. 

In 1971, BEL set up facilities for the manufacture of integrated circuits and hybrid micro circuits. 

1972, BEL established manufacturing facilities for TV transmitters for Doordarshan. In 1973, BEL 

began manufacturing frigate radars for the navy.  

Under the government's policy of decentralisation and due to strategic reasons, BEL set up new 

units at different location across the country. The second unit of BEL was set up at Ghaziabad in 1974 

to manufacture radars and Tropo communication equipment for the Indian Air Force. The third unit 

was established at Pune in 1979 to manufacture image converter and image intensifier tubes.  

In 1980, the first overseas office of BEL was set up in New York for the procurement of 

components and materials.  

In 1981, a manufacturing facility for magnesium manganese dioxide batteries was set up at Pune. 

The Space Electronic Division was set up at Bangalore to support the satellite programmes in 1982. 

That year, BEL achieved a turnover of Rs. 1 billion (US$21 million).  

In 1983, the Andhra Scientific Company (ASCO) was taken over by BEL converted it to its fourth 

manufacturing unit at Machilipatnam. In 1985, the fifth unit was set up in Chennai for supply of tank 

electronics, with proximity to HVF, Avadi. The sixth unit was set up at Panchkula the same year to 

manufacture military communication equipment.  

In 1986, BEL set up three units. Its seventh unit was set up at Kotdwara to manufacture switching 

equipment, the eighth unit to manufacture TV glass shell at Taloja (Navi Mumbai) and the ninth unit 

at Hyderabad to manufacture electronic warfare equipment.  

In 1987, a separate Naval Equipment Division was set up at Bangalore to give greater focus to 

naval projects. The first Central Research Laboratory was established at Bangalore in 1988 to focus 

on futuristic research and development.  
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  In 1989, BEL started manufacturing telecom switching and transmission systems and also the set up 

the Mass Manufacturing Facility in Bangalore and the manufacture of the first batch of 75,000 

electronic voting machines.  

The agreement for setting up BEL's first joint venture company, BE DELFT, with M/s Delft 

of Holland, was signed in 1990. This later became a subsidiary of BEL with the exit of the foreign 

partner and has been renamed BEL Optronic Devices Limited.  

The second Central Research Laboratory was established at Ghaziabad in 1992. The first 

disinvestment (20%) and listing of the company's shares in the Bangalore and Mumbai Stock 

Exchanges took place in same year-1992.  

In 1996, BEL achieved ₹10 billion (US$215 million) turnover.  
In 1997, GE BEL, the second joint venture company with M/s GE, USA, was formed as also 

the third JVC with M/s Multitone, UK, BEL Multitone. The same year, the US imposed supply 

restrictions on BEL.  

In 1998, BEL set up its second overseas office at Singapore to source components from South 

East Asia. In the same year US and Europe imposed sanctions on BEL. The company was able to 

overcome the effects of the sanctions and kept up the promised deliveries to customers.  

In 2000, BEL reorganised its Bangalore unit into six Strategic Business Units (SBUs). The 

R&D groups in Bangalore were also restructured into Specific Core Groups and Product Development 

Groups. The same year, BEL shares were listed in the National Stock Exchange.  

In 2002, BEL became the first defence PSU to achieve operational Mini Ratna Category I 

status. In 2003, the company's turnover crossed the ₹25 billion mark (US$540 million). In 2005,  
BEL had a turnover of ₹32.20 billion (US$695 million). BEL achieved a turnover of ₹35.60 billion 

(US$767 million) in 2005–06.  

On May 12, 2010, Boeing announced that it received the Data Link II communications 

technology for the Indian Navy’s P-8I from Bharat Electronics Limited (BEL) in April, one month 

ahead of schedule. BEL delivered the Indian-designed communications system that will enable 

exchange of tactical data and messages between Indian Navy aircraft, ships and shore establishments. 

Boeing will install the system during P-8I final assembly.   

In 2011, the Indian government-owned Bharat Electronic Limited (BEL) showcased its entire 

range of C4ISR capabilities including network centric warfare technologies developed inhouse at Aero 

India 2011. These include command and control system, air space management multi sensor tracking, 

situation simulator and tactical algorithm for air defence applications; battlefield management system 

and an all-weather 24/7 coastal surveillance system.  

 In addition, new products and technologies including software defined radios, next generation bulk 

encryptor and high data tactical radio were also on show. Airborne products displayed included radar 

finger printing system, data link, digital flight control computer and identification friend or foe. Also 

on display were the complete range of optoelectronic equipment, including night vision devices, digital 

handheld compass and an advanced land navigation system.   BEL is the lead integrator of Akash, the 

Indian-made guided missile air defence weapon system. Another major system is weapon locating  

radar, the state-of-the-art passive, phased array radar which has undergone successful user trials by 

the Indian defence forces.  
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1.2 BEL Units and Products  

Table no:1.1  

  

S. No          BEL Unit                          BEL Products  

1.  Bangalore  Military communication, Radars, Navy, 

Solar Products  

2.  Panchkula (Haryana)  Military communication, Encryption 
products  

3.  Kotdwara (Uttarakhand)  Tele communication systems, Military 

communications  

4.  Ghaziabad(UP)  Network Centric systems, Radars, Antenna, 

Satellite communications.  

5.  Pune  X-ray tubes, Batteries, Electro  
Optics  

6.  Hyderabad, Telangana  Electronic systems  

7.  Machilipatnam,  Andhra 

Pradesh  

Electro Optics(night vision 

devices)  

8.  Mumbai  Security systems  

9.  Kolkata  Solar Energy equipment system  

1.3 Product Assurance Definition  

A discipline devoted to the study, planning and implementation of activities intended to 

assure that the design, controls, methods and techniques in a project result in a satisfactory level 

of quality in a product.  

The verification by a management function that customer requirements are satisfied by 

ensuring (1) the identification of critical activities, (2) The availability of the necessary resources 

for each process, (3) The use of the resources in a manner that is efficient and effective.  

1.4 Product Assurance Testing  

Product assurance testing is conducted in order to evaluate a system in its operating 

environment.Product assurance testing is primarily used to find the faults that are not shown within 

the development or test environments.  

                                                        Chapter-2  



4  

  

Night Vision Device  

  2.1 Definition  

A night vision device (NVD), also known as a night optical/observation device (NOD), is an 

optoelectronic device that allows images to be produced in levels of light approaching total 

darkness. The image may be a conversion to visible light of both visible light and near-infrared, 

while by convention detection of thermal infrared is denoted thermal imaging. The image produced 

is typically monochrome, e.g. shades of green. NVDs are most often used by the military and law 

enforcement agencies, but are available to civilian users. The term usually refers to a complete 

unit, including an image intensifier tube, a protective and generally water-resistant housing, and 

some type of mounting system. Many NVDs also include optical components such as a sacrificial 

lens, or telescopic lenses or mirrors. An NVD may have an IR  illuminator, making it an active as 

opposed to passive night vision device.  

  2.2 Working of Night Vision Devices  Technical 

Night Vision can work in two different ways  

  2.2.1 Working Principle of  Image Intensifier  

 Night vision amplifiers light to achieve better vision. A conventional lens, captures              ambient 

light. The gathered light is sent to image - intensifier tube. The light energy released electron from the 

cathode and accelerated. These electrons enter micro channel plate and bounce off and generate more 

electron.  

 Thousands of other electrons to be released in each channel. Original electrons collide with the 

channel, exciting atoms and causing other electrons. New electrons collide with atoms, creating a 

chain. In image-intensifier tube, the electrons hit a screen. The energy of the electrons release 

photons and create green image on the screen. The green phosphor image is viewed through another 

lens.  

 2.2.2 Working Principle of Thermal Imaging  

All objects emits infrared energy as a function of temperature.  A lens focuses the infrared 

light. Original electrons collide with the channel, exciting atoms and causing others. The focused 

light is scanned and creates temperature pattern. The pattern created is translated into electric 

impulses. The impulses are sent to a circuit board that translates the information into data for the 

display. The signal-processing unit sends the information to the is play, and appears as various colors. 

The images are black and white in nature.  

2.3 Purpose of Night Vision Devices:  

The original purpose of night vision was to locate enemy targets at night. It is still used 

extensively by the military for that purpose, as well as for navigation, surveillance and targeting. 

Police and security often use both thermal-imaging and image-enhancement technology, particularly 

for surveillance.  



5  

  

2.4 Classification of Night Vision Devices  

    
    

  

Fig 2.1: Classification of Night Vision Devices  

  

2.5 Advantages of Night Vision Cameras:  

 The most common use is the military, and the quick answer would be that they allow soldiers to 

continue operations at night, without giving away their position through the use of flashlights. 

However night vision has many other uses. People with night blindness can use night vision devices 

to see better at night. Astronomers use night vision to improve their view of the stars, to see more 

stars in the city, amplify the image post hydrogen-alpha filters or to see clusters in the sky in real 

time. The technology in night vision allows for far more sensitive x-ray machines to be made, 

reducing the doses necessary for an x-ray.  

Chapter-3  

Case Study of Image Intensifier Tubes  
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      3.1Binocular Night Vision Devices  
  
  

 

  

  

  

                                                 Fig 3.1: Passive Night Vision Binocular  

  

         Parts of Binocular Night Vision Devices  

  
Object Glass  

Focus  

Image intensifier tube  

Eye Piece and  

Eye Guard  
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3.2 Image Intensifier Tube  

 

  

  

Fig 3.2: Image Intensifier Tube  

  

Night vision is the ability to see in low light conditions. Whether by biological or 

technological means, night vision is made possible by a combination of two approaches. They are 

sufficient spectral range and sufficient intensity range.  

3.3 Image Intensification:  

This magnifies the  amount  of  received  photons  from  various  natural  sources  such  as 

starlight or moonlight. Examples of such technologies include night glasses and low light cameras. 

In the military context, Image Intensifiers are often called "Low Light TV" since the video signal is 

often transmitted to a display within a control center. LLLTV These are usually integrated into a 

sensor containing both visible and IR detectors and the streams are used independently or in fused 

mode, depending on the mission at hand's requirements.  

The image intensifier is a vacuum-tube based device (photomultiplier tube) that can generate 

an image from a very small number of photons (such as the light from stars in the sky) so that a dimly 

lit scene can be viewed in real-time by the naked eye via visual output, or as data for later analysis. 

While many believe the light is "amplified," it is not. When light strikes a charged photocathode 

plate, electrons are emitted through a vacuum tube that strike the micro channel plate that cause the 

image screen to illuminate with a picture in the same pattern as the light that strikes the photocathode, 

and is on a frequency that the human eye can see. This is much like a CRT television, but instead of 

color guns the photocathode does the emitting.  

The image is said to become "intensified" because the output visible light is brighter than the 

incoming light, and this effect directly relates to the difference in passive and active night vision 

goggles. Currently, the most popular image intensifier is the drop-in ANVIS module, though many 

other models and sizes are available at the market. Recently, the US Navy announced intentions to 

procure a dual-color variant of the ANVIS for use in the cockpit of airborne platforms.  
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Active illumination couples imaging intensification technology with an active source of 

illumination in the near infrared (NIR) or shortwave infrared (SWIR)band. Examples of such 

technologies include low light cameras.  

Active infrared night-vision combines infrared illumination of spectral range  700–  1,000 nm 

(just below the visible spectrum of the human eye) with CCD cameras sensitive to this light. The 

resulting scene, which is apparently dark to a human observer, appears as a monochrome image on a 

normal display device. Because active infrared night-vision systems can incorporate illuminators that 

produce high levels of infrared light, the resulting images are typically higher resolution than other 

night-vision technologies.   
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Chapter-4 Case Study Of Thermal Imaging  
  
  

4.1Study of Hand Held Thermal Imaging Camera With LRF Product:  

  
  
  
  

 

                                                 Fig 4.1.1: HHTI with LRF  

  

  

HHTI with LRF or Multifunction HHTI is a cooled TI based integrated day/night sight with 

in-built eye safe Laser Range Finder, Digital Magnetic Compass, Color CCD and GPS. This 

equipment is capable of giving range, azimuth & elevation and also coordinates of the target.This 

is highly useful to Army and Navy for effective engagement of targets. Weather proof and 

withstand shocks. 
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Fig 4.1.2: Block diagram of Thermal imaging camera  

  

 Thermal image is the technique of using the heat given off by an object to produce an image of it or 

to locate it. First developed for military purpose in the late 1950s and 1960s by Texas instruments, 

Hughes, Aircraft and Honeywell In recent times it is being used in firefighting, law enforcement, 

industrial applications, security transportation, medical and many other industries.  

4.2 Thermal Imaging  

 It is the technique of using the heat given off by an object to produce an image of it.Works in 

environments without any ambient light and can penetrate obscurants such as smoke, fog and haze.  

 Normally grey scale in nature: black objects are cold, white objects are hot and the depth of the grey 

indicates variations between the two.Some thermal cameras, however, add color to images to help 

users identify objects at different temperatures.  

4.3 Working of thermal imaging  

Here's how thermal imaging works: A special lens focuses the infrared light emitted by all of 

the objects in view. The focused light is scanned by a phased array of infrared-detector elements.  

The detector elements create a very detailed temperature pattern called a thermogram.  

Infrared Light:  

Our eyes are detectors that are designed to detect electromagnetic radiation in the visible light 

spectrum. All other forms of electromagnetic radiation, such as infrared, are invisible to the human 

eye.The existence of infrared was discovered in 1800 by astronomer Sir Frederick William Herschel. 

Curious to the thermal difference between different light colors, he directed sunlight through a glass 

prism to create a spectrum and then measured the temperature of each color. He found that the 

temperatures of the colors increased from the violet to the red part of the spectrum.After noticing this 

pattern Herschel decided to measure the temperature just beyond the red portion of the spectrum in 

a region where no sunlight was visible. To his surprise, he found that this region had the highest 

temperature of all.Infrared radiation lies between the visible and microwave portions of the 

electromagnetic spectrum. The primary source of infrared radiation is heat or thermal radiation. Any 

object that has a temperature above absolute zero (-273.15 degrees Celsius or 0 Kelvin) emits 
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radiation in the infrared region. Even objects that we think of being very cold, such as ice cubes, emit 

infrared radiation.  

The Thermal Imaging Camera:  

  Infrared energy (A) coming from an object is focused by the optics (B) onto an infrared detector (C). 

The detector sends the information to sensor electronics (D) for image processing. The electronics 

translatethe data coming from the detector into an image (E) that can be viewed in the viewfinder or 

on a standard video monitor or LCD screen.  

 Being truly passive in nature, thermal imaging systems are finding wide range of applications for 

surveillance and reconnaissance, target acquisition, engagement, and missile guidance. They are true 

force multipliers as they allow weapons and equipment to be used with efficacy during day and night. 

Recent advancements in optics, detector technology and signal processing have enabled revolutionary 

advancement in the night vision technology leading to the realisation of third generation thermal 

imagers (TIs) having capabilities twice that of second generation and four times that of first generation 

systems.  

 DRDO is working in this area for the last two decades and has developed various TIs operating in 3 -

5 μm medium wave infrared (MWIR) and 8-12 μm long wave infrared (LWIR) spectral bands. These 
systems are based on scanning/staring focal plane array (FPA) detectors for target acquisition, which 

can be used, either in standalone mode or as a part of electro-optical fire control system (EOFCS). 

MWIR TI  perform better in hot humid environments and preferred for long range applications because 

of better atmospheric transmission where as LWIR TIs perform better in smoke and dusty environment 

prevailing in the battlefield. either in standalone mode or as a part of electro-optical fire control system 

(EOFCS).  

 MWIR TI  perform better in hot humid environments and preferred for long range applications 

because of better atmospheric transmission where as LWIR TIs perform better in smoke and dusty 

environment prevailing in the battlefield. Either in standalone mode or as a part of electrooptical fire 

control system (EOFCS). MWIR TI  perform better in hot humid environments and preferred for long 

range applications because of better atmospheric transmission where as LWIR TIs perform better in 

smoke and dusty environment prevailing in the battlefield.  

4.4 Principle of Operation and Types  

Infrared energy is just one part of the electromagnetic spectrum, which encompasses radiation 

from gamma rays, x-rays, ultraviolet, a thin region of visible light, infrared, terahertz waves, 

microwaves, and radio waves. These are all related and differentiated in the length of their wave 

(wavelength). All objects emit a certain amount of black body radiation as a function of their 

temperatures.  

Generally speaking, the higher an object's temperature, the more infrared radiation is emitted 

as black-body radiation. A special camera can detect this radiation in a way similar to the way an 

ordinary camera detects visible light. It works even in total darkness because ambient light level does 

not matter. This makes it useful for rescue operations in smoke-filled buildings and underground. A 

major difference with optical cameras is that the focusing lenses cannot be made of glass, as glass 

blocks long-wave infrared light. Special materials such as Germanium or Sapphire crystals must be 

used. Germanium lenses are also quite fragile, so often have a hard coating to protect against accidental 
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contact. The higher cost of these special lenses is one reason why thermographic cameras are more 

costly.  

Types:  
  

1. Cooled infrared detectors  

2. UnCooled infrared detectors  

4.5 Cooled infrared detectors  

Cooled detectors are typically contained in a vacuum-sealed case or Dewar and cryogenically 

cooled. The cooling is necessary for the operation of the  semiconductor  materials  used.  Typical 

operating temperatures range from 4 K to just below room temperature,  depending on the detector 

technology. Most modern cooled detectors operate in the 60 K to 100 K range, depending on type and 

performance level.  

Without cooling, these sensors (which detect and convert light in much the same way as 

common digital cameras, but are made of different materials) would be 'blinded' or flooded by their 

own radiation. The drawbacks of cooled infrared cameras are that they are expensive both to produce 

and to run. Cooling is both energy-intensive and time-consuming.  

The camera may need several minutes to cool down before it can begin working. The most 

commonly used cooling systems are rotary Stirling engine cryocoolers. Although the cooling 

apparatus is comparatively bulky and expensive, cooled infrared cameras provide superior image 

quality compared to uncooled ones.  

Additionally, the greater sensitivity of cooled cameras also allow the use of higher F-number 

lenses, making high performance long focal length lenses both smaller and cheaper for cooled 

detectors. An alternative to Stirling engine coolers is to use gases bottled at high pressure, nitrogen 

being a common choice. The pressurised gas is expanded via a micro-sized orifice and passed over a 

miniature heat exchanger resulting in regenerative cooling via the Joule–Thomson effect. For such 

systems the supply of pressurized gas is a logistical concern for field use.  

  

Materials used for  cooled  infrared  detection  include photodetectors based  on  a  wide  range  

of narrow gap semiconductors including:  

  

1. Indium antimonide  

2. Indium Arsenide  

3. Mercury Cadmium telluride  

4. Lead sulfide  

 4.6 Uncooled Infrared Detectors  

Uncooled infrared sensors can be stabilized to an operating temperature to reduce image noise, 

but they are not cooled to low temperatures and do not require bulky, expensive cryogenic coolers. 

This makes infrared cameras smaller and less costly. However, their resolution and image quality tend 

to be lower than cooled detectors. This is due to differences in their fabrication processes, limited by 

currently available technology.   
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Uncooled detectors are mostly based on pyroelectric and ferroelectric materials or 

microbolometer technology. The material  are used to form pixels with highly temperaturedependent 

properties, which are thermally  insulated from the environment and read electronically.  

Ferroelectric detectors operate close to phase transition temperature of the sensor material the 

pixel temperature is read as the highly temperature-dependent polarization charge. The achieved 

NETD of ferroelectric detectors with f/1 optics and 320x240 sensors is 70-80 mK. A possible sensor 

assembly consists of barium strontium titanate bump-bonded by polyimide thermally insulated 

connection.  

Silicon microbolometers can reach NETD down to 20 mK. They consist of a layer amorphous 

silicon, or a thin film vanadium(V) oxide sensing element suspended on silicon nitride bridge above 

the silicon-based scanning electronics. The electric resistance of the sensing element is measured.  

Chapter-5  
  

White Images And Black Images  
  

  

A Thermal Imager can be selected to either ‘black hot’ or ‘white hot'. Camera Palette (also 
known as Polarity) is set by default to White Hot, alternatively the Black Hot palette displays warmer 

objects as black or dark rather than white or light shades.  

The light brown Therm Bright material shows ‘cold’ to a thermal imager. Anything covering 
the material will appear hot, but only relative to the ThermBright. The material is most effective with 

‘white hot’ selected. This will present a clear black image to the imager.Though we offer both 

polarities, ‘cold’ targets work best and are visible at significantly greater ranges than ‘hot’.  
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Fig5.1.1: Black Hot Image  

 

  

  

                                                             Fig5.1.2: White Hot Image 

5.1 Field of View:  
  

The field of view is the extent of the observable world that is seen at any given moment. In 

case of optical  instruments or  sensors  it  is  a solid  angle  through  which  a  detector  is   sensitive  

to electromagnetic radiation.  

  

  

  
Fig5.1.3: Horizontal Field of View  
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 Fig 5.1.4: Vertical Field Of View  

  

  

  

5.2 Intensifier Tube Versus Thermal Imaging Camera:  

  
  

 

  
    

              Fig 5.2.1: Intensifier Tube Versus Thermal Imaging Camera  

  

Image intensification: Image is Thermal imaging: is not affected by the 

Saturated by looking directly to a  light source and produces a clear image. Light 

source.  
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              Fig 5.2.2: Intensifier Tube Versus Thermal Imaging Camera  

  

  

 Image intensification: suspects     Thermal imaging: suspect hiding in  

 Hiding in bushes is practically     bushes is clearly visible since thermal  

Invisible  contrast is practically impossible to mask Image intensification, 

also referred to as I2 technology, amplifies small amounts of visible light 

thousands of times so that objects can be seen at night. Image intensification 

does require a certain level of ambient light, but even starlight can produce an 

image on a cloudless night.Because the system requires at least a minimum 

level of ambient light, conditions such as heavy overcast can limit its 

effectiveness. Similarly, too much light may overwhelm the system and reduce 

its effectiveness.Thermal imaging cameras offer substantial benefits over image 

intensification. They are not affected by the amount of light so that you will not 

be blinded when looking at a light source.  
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Chapter-6  

6.1Applications 1.Military and Police  

One  of  the   most   common   users   of   a thermal   imager is   a law enforcement or military  

professional.  They   need   to   be   able   to   see potential threats without being detected and thermal 

units give them this chance. Modern thermal imaging technology is tough enough to withstand the 

abuse of recoil, so many police officers and soldiers now employ thermal imaging rifle scopes such 

as the ATN ThOR 640 Thermal Imaging Weapon Sight. The drawback of using thermal imagers in 

life-and- death situations is that while they're incredibly effective at detecting people or animals, 

identification is far more challenging. You may see a man in front of you, but this doesn't mean you'll 

be able to tell if he's a friend or a foe.  

 2. Surveillance    

Thermal imaging cameras are one of the most effective tools for surveillancebecause they work 

equally well in the day and night. A regular CCTV camera is limited by its need for light, and night 

vision doesn't function during the day. The chance to see through smoke and fog also gives thermal a 

leg up on other surveillance techniques.  

  3.Energy Audits  

Heating and cooling companies have used thermal imagers for years to see where buildings 

are leaking heat. Small cracks or holes cause homes to lose hundreds of dollars a year on heating and 

cooling bills.  

 4.Security And Law Enforcement  

 With a thermal imager, an officer can stop and scan the property at a distance identify any 

person present at there. Perimeter Surveillance is another application in which thermal imaging is used 

to dramatically improve results and reduce time committed to a particular operation. Thermal imaging 

cameras can also used in search and rescue operation as officers may be able to search up to 1,500 feet 

in any direction.  
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6.2 Product Assurance Test ESS(Environment 

Stress Strain) Test:  

  
• Climate Test  

a) High temperature and Low temperature test  

b) Heat and Cold Chamber Test  

c) Rain and Dust Chamber Test  

  

• Durable Test  

a) Vibration Test  

b) Bump test  

• Functional Test  

a) Resolution Test  

b) Field Of View  

  

Heat and Cool Chamber Test:  

Temperature and humidity test chambers are ranging in size from 50Ltier to 3000Liter, 

including benchtop, standard type and walk in. Included are ultra low temperature test chamber, high 

rate of change of temperature chambers (15℃/min) and climate with humidity chambers.  

Our temperature and humidity Test chambers are available in a variety of sizes and 

configurations, including benchtop / vertical/ walk in constant temperature humidity chambers. 

Temperature Range: -70°C to +180°C; Humidity range:10% to 98%R.H.  
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                                               Fig6.2.1:Heat and cool chamber test  

  

Vibration Test Chamber:  

  

 

  
  

  

Fig6.2.2: Vibration Test Chamber  

  

  

 We perform structural dynamic finite element modeling and simulation of vehicle platforms, 

civil structures, and machines and study their response to shock and vibration during operation, 

accident, and natural catastrophies.  

6.3 Conclusion  

The original purpose of night vision was to locate enemy targets at night. It is still used 

extensively by the military for that purpose, as well as for navigation, surveillance and targeting. 

Police and security often use both thermal-imaging and image-enhancement technology, particularly 

for surveillance.     
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INTRODUCTION TO BHEL 

Bharat Heavy Electricals Limited (BHEL) owned by Government of India, is a power plant 
equipment manufacturer and operates as an engineering and manufacturing company based in 
New Delhi, India. 

Established in 1964, BHEL is India’s largest engineering and manufacturing company of its 
kind. The company has earning profits continuously since 1971-72 and paying dividends 
uninterruptedly since 1976-77. In recognition of it consistent high performance, BHEL has been 
conferred with the ‘Maharatna’ status by Government of India on 1st February 2013. Its now one 
among seven Maharatna PSEs. 

    

It is engaged in the design, engineering, manufacture, construction, testing, commissioning and 
servicing of a wide range of products, systems and services for the core sectors of the economy, 
viz. Power, Transmission, Industry, Transportation, Renewable Energy, Oil & Gas and Defence.  

With a widespread network of 17 manufacturing units, two repair units, four regional offices, 
eight service centres, eight overseas offices, 15 regional centers, seven joint ventures, and 
infrastructure to execute more than 150 project sites across India and abroad, BHEL provides 
products, systems and services to customers efficiently and at competitive prices. The company 
has established capability to deliver 20,000 MW p.a. of power equipment to address the growing 
demand for power generation equipment. BHEL places strong emphasis on innovation and 
development of new technologies. Its research and development (R&D) efforts enables a strong 
customer orientation for responding to changes in the market. The high level of quality & 
reliability of its products is due to adherence to international standards by acquiring and adapting 
some of the best 

technologies from leading companies in the world including General Electric Company, Alstom 
SA,Siemens AG and Mitsubishi Heavy Industries Ltd., together with technologies developed in 
our own R&D center. Most of its manufacturing units and other entities have been accredited to 
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Quality Management Systems  (ISO9001:2008), Environmental Management Systems (ISO 
14001:2004) and Occupational Health & Safety Management Systems (OHSAS 18001:2007). 

 

BHEL has retained its market leadership position during 2013-14 with 72% market share in the 
Power Sector, even while operating in a difficult business environment. Improved focus on 
project execution enabled BHEL record highest ever commissioning/synchronization of 13,452 
MW of power plants in domestic and international markets in 2013-14, marking a 30% increase 
over 2012-13. The company has added more than 1,24,000 MW to the country's installed power 
generating capacity so far. 

 

It also has been exporting its power and industry segment products and services for over 40 
years. BHEL's global references are spread across over 76 countries across all the six continents 
of the world. The cumulative overseas installed capacity of BHEL manufactured power plants 
exceeds 9,000  MW across 21 countries including Malaysia, Oman, Iraq, the UAE, Bhutan, 
Egypt and New Zealand. Our physical exports range from turnkey projects to after sales services. 
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EQUIPMENT MANUFACTURED 

1.GAS TURBINES 

2. STEAM TURBINES 

3. COMPRESSORS 

4. TURBO GENERATORS 

5. HEAT EXCHANGERS 

6. PUMPS  

7. PULVERISERS 

8. SWITCH GEARS 

9. GEAR BOXES 

10. OIL RIGS 

11. PROJECT ENGINEERING 
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POWER PLANT CYCLES 

RANKINE CYCLE: The Rankine cycle is a model that is used to predict the performance of 

steam engines. The Rankine cycle is an idealized thermodynamic cycle of a heat engine that 
converts heat into mechanical work. The heat is supplied externally to a closed loop, which 
usually uses water as the working fluid. The Rankine cycle, in the form of steam engines, 
generates about 90% of all electric power used throughout the world, 1 including virtually all 
biomass, coal, solar thermal and nuclear power plants. It is named after William John Macquorn 

Rankine, a Scottish polymath and Glasgow University professor.

 

There are four processes in the Rankine cycle. These states are identified by numbers in brown) 
in the above Ts diagram. 

Process 1-2: The working fluid is pumped from low to high pressure. As the fluid is a liquid at 
this stage the pump requires little input energy. 

Process 2-3: The high pressure liquid enters a boiler where it is heated at constant pressure by 
an external heat source to become a dry saturated vapour. The input energy required can be 
easily calculated using mollier diagram or h-s chart or enthalpy-entropy chart also known as 
steam tables. 
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Process 3-4. The dry saturated vapor expands through a turbine, generating power. This 
decreases the temperature and pressure of the vapour, and some condensation may occur. The 
output in this process can be easily calculated using the enthalpy-entropy chart or the steam 
tables. 

 Process 4-1: The wet vapour then enters a condenser where it is condensed at a constant 
pressure to become a saturated liquid. 

In an ideal Rankine cycle the pump and turbine would be isentropic, i.e., the pump and turbine 
would generate no entropy and hence maximize the net work output. Processes 1-2 and 3-4 
would be represented by vertical lines on the t-s diagram and more closely resemble that of the 
Carnot cycle. The Rankine cycle shown here prevents the vapor ending up in the superheat 
region after the expansion in the turbine, which reduces the energy removed by the condensers. 

 

REHEAT:  

The purpose of a reheating cycle is to remove the moisture carried by the steam at the final 
stages of the expansion process. In this variation, two turbines work in series. The first accepts 
vapor from the boiler at high pressure. After the vapor has passed through the first turbine, it re-
enters the boiler and is reheated before passing through a second, lower pressure, turbine. The 
reheat temperatures are very close or equal to the inlet temperature, whereas the optimum reheat 
pressure needed is only one fourth of the original boiler pressure. Among other advantages, this 
prevents the vapor from condensing during its expansion and thereby damaging the turbine 
blades, and improves the efficiency of the cycle, given that more of the heat flow into the cycle 
occurs at higher temperature.The reheat cycle was first introduced in the 1920s, but was not 
operational for long due to technical difficulties. In the 1940s, it was reintroduced with the 
increasing manufacture of high-pressure boilers, and eventually double reheating was introduced 
in the 1950s. The idea behind double reheating is to increase the average temperature. It was 
observed that more than two stages of reheating are unnecessary, since the next stage increases 
the cycle efficiency only half as much as the preceding stage. Today, double reheating is 
commonly used in power plants 
that operate under supercritical 
pressure. 
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REGENERATIVE: 

The regenerative Rankine cycle is so named because after emerging from the condenser 
(possibly as a subcooled liquid) the working fluid is heated by steam tapped from the hot portion 
of the cycle. On the diagram shown, the fluid at 2 is mixed with the fluid at 4 (both at the same 
pressure) to end up with the saturated liquid at 7. This is called "direct contact heating". The 
Regenerative Rankine cycle (with minor variants) is commonly used in real power 
stations.Another variation is where bleed steam from between turbine stages is sent to feedwater 
heater to preheat the water on its way from the condenser to the boiler. These heaters do not mix 
the input steam and condensate, function as an ordinary tubular heat exchanger, and are named 
"closed feedwater heaters".The regenerative features here effectively raise the nominal cycle 
heatinput temperature, by reducing the addition of heat from the boiler/fuel source at the 
relatively low feedwater temperatures that would exist without regenerative feedwater heating. 
This improves the efficiency of the cycle, as more of the heat flow into the cycle occurs at higher 
temperature. This process ensures cycle economy. 

 
COMBINED CYCLE: 

In electric power generation a combined cycle is an assembly of heat engines that work in 
tandem from the same source of heat, converting it into mechanical energy, which in turn usually 
drives electrical generators. The principle is that after completing its cycle in the first engine), 
the working fluid of the first heat engine is still low enough in its Entropy that a second 
subsequent heat engine may extract energy from the waste heat(energy) of the working fluid of 
the first engine. By combining these multiple streams of work on a single mechanical shaft 
turning an electric generator, the overall net efficiency of the system may be increased by 50- 60 
percent. That is, from an overall efficiency of say 34% (in a singlecycle) to possibly an overall 
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efficiency of 51% (in a mechanically combination of two (2) cycles) in net Carnot 
thermodynamic efficiency. This can be done because heat engines are only able to use a portion 
of the energy their fuel generates (usually less than 50%). In an ordinary (non combined cycle) 
heat engine the remaining heat (e.g., hot exhaust fumes) from combustion is generally 
wasted.Combining two or more thermodynamic cycles results in improved overall efficiency, 
reducing fuel costs. In stationary power plants, a widely used combination is a gas turbine 
operating by the brayton cycle) burning natural gas or synthesis gas from coal, whose hot 
exhaust powers a steam power plant (operating by the Rankine cycle). This is called a Combined 
Cycle Gas Turbine (CCGT) plant, and can achieve a thermal efficiency of around 60%, in 
contrast to a single cycle steam power plant which is limited to efficiencies of around 35-42%. 
Many new gas power plants in North America and Europe are of this type. Such an arrangement 
is also used for marine propulsion, and is called a combined gas and steam (COGAS) plant. 

Multiple stage turbine or steam cycles are also common. 

Other historically successful combined cycles have used hot cycles with mercury vapour 
turbines, magnetohydrodynamic generators or molten with steam plants for the low temperature 
"bottoming" cycle. Bottoming cycles operating from a steam condenser heat exhaust are 
theoretically possible, but uneconomical because of the very large, expensive equipment needed 
to extract energy from the small temperature differences between condensing steam and outside 
air or water. However, it is common in cold climates (such as finland) to drive community 
heating systems from a power plant condenser heat. Such cogeneration systems can yield 
theoretical efficiencies above 95%. 
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POWER PLANT EQUIPMENT 

1. BOILER 

2. STEAM TURBINE 

3. CONDENSER 

4. PUMP 

5. FEED WATER HEATER 

6. HEAT EXCHANGERS 

7. GENERATOR 

  

STEAM TURBINE 

A steam turbine is a device that extracts thermal energy from pressurized steam and uses it to do 
mechanical work on a rotating output shaft. Its modern manifestation was invented by Sir charles 
parsons in 1884.Because the turbine generates rotary motion, it is particularly suited to be used 
to drive an electrical generator - about 90% of all electricity generation in the United States 
(1996) is by use of steam turbines. The steam turbine is a form of heat engine that derives much 
of its improvement in thermodynamic efficiency from the use of multiple stages in the expansion 
of the steam, which results in a closer approach to the ideal reversible expansion process. 

 

COMPONENTS & SYSTEMS: 

1. ROTOR 

2. IMPULSE/REACTION BLADES 

3. THRUST BEARING 

4. JOURNAL BEARING 

5. SEALING SYSTEM 

6. LUBE OIL SYSTEM 
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7. CASING 

8. GOVERNING SYSTEM 

9. NOZZLES 

10.AUXILIARY SYSTEMS 

 
A rotor is single component made up of nickel based alloy which is machined to the required 
specifications and upon which the blades are fixed circumferentially. Guide blades and 
reaction/impulse blades are fixed according to the design. The end part of the rotor is connected 
to the generator shaft with the help of a coupling. There are two bearings namely thrust bearing 
and journal bearing mounted on the rotor each side. Clearance is provided axially and laterally as 
there may be lateral   

 
expansion due to high temp and axial movement towards one side due to the rotational force. At 
startup or at the end the rotor is rotated with the help of a process called barring. 

A stage in a turbine consists of a row of fixed blade and a row of moving blade. The fixed blades 
are generally known as guide blades upon which maximum pressure drop occurs. The moving 
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blades are of two types (a)impulse (b) reaction. Along the rotor as we move towards the end the 
blade height increases gradually as the pressure at the end is less and in order to occupy the high 
volume steam. 

  

BEARING 

 

 

 

 
Thrust bearing is used to provide axial tolerance on the shaft. The thrust pads will be there at the 
front part or non drive end of the turbine which are usually used for limiting axial displacement 
of the rotor. There are two types (a)thrust (b) journal .Journal bearing is used to support the rear 
end of rotor and reduce friction.  
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Sealing system 

FUNCTION: 

To prevent steam leakage between rotating and stationary components if the steam pressure is 
higher than atmospheric pressure. 

To prevent entrance of atm air into the rotating and stationary components if the steam pressure 
is less than atmospheric pressure. 

PROCESS: 

The leaked steam passes through the fins and is sent to the turbine in between. Some more steam 
is leaked as the pr is more than atmospheric pressure which is sent to the rear end of the turbine 
after the blades to the region where the air from outer atmospheric tries to enter into the turbine. 
As this is higher in price will not allow air to come in. And this steam is sent to Gland steam 
condenser. 

  

LUBE OIL SYSTEM 

The primary function of the Lube Oil system is to supply lubricating oil at the proper pressure 
and temperature to the main propulsion turbine and reduction gears. The lube oil not only 
lubricates the machinery, but it also cool and helps reduce rusting. Secondary functions include 
purifying oil that has become contaminated and transferring oil to or from the sump tank, gravity 
tank, storage tank, settling tank, sludge tank, or deck connections. 

Casing 
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The casing is the outer part of the turbine which covers the rotor circumferentially. Its main 
objective is to prevent the outside atmospheric air to enter. There are mainly two types of casing 
(a)single casing where in it is closed and the rotor is assembled using a push mechanism. (b) split 
casing where in the bottom part is kept and the rotor is assembled and then the upper part is fixed 

Governing system 

Steam turbine governing is the procedure of controlling the flow rate of steam into a steam 
turbine so as to maintain its speed of rotation as constant. The variation in load during the 
operation of a steam turbine can have a significant impact on its performance. In a practical 
situation the load frequency varies from the designed or economic load and thus there always 
exists a considerable deviation from the desired performance of the turbine. The primary 
objective in the steam turbine operation is to maintain a constant speed of rotation irrespective of 

the varying load. This can be achieve by means of governing in a steam turbine. 
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There are three types of governing: 

1. Throttle 

2. Nozzle 

3. By-pass 

 

1. Throttle: 

Throttle Governing is the most widely used method in steam turbine governing for smaller 
turbines where the steam flow is less. As the name indicates. in throttle governing the governor 
throttles the inlet steam flow through the turbine according to the steam turbine steam. When 
there is a load reduction than the desired economic load, then the speed increases to control this 
the governor closes the governor valve. This results in decreasing the steam flow reduces the 
steam turbine speed. 

2. Nozzle: 

Nozzle governing is an alternative efficient method of steam turbine governing. Simple 
schematic of nozzle governing of steam turbine are shown in below figure. In this method of 
governing, the nozzles are grouped together as 3 or 5 and the supply of steam through this 
nozzles are controlled by regulating valves. Under full full load conditions all the regulating 
valves of nozzles are fully open. 

3. By-pass:  
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The above two methods of steam turbine governing i.e. nozzle governing and throttle governing 
controls the steam at inlet of the first stage or high pressure stage of turbine. When the load is 
greater than desired load, the additional steam required could not pass through the first stage 
since additional nozzles are not available. Bypass regulation governing, the steam is by-passed 
through a valve to the lower stage turbines which results in increasing the turbine power. Once 
the bypass valve opens it is under control of turbine governor to control the speed of the turbine. 
Because if it not controlled by the governor it may allow more steam to lower stage which results 
in increase in turbine speed. 
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PROJECT WORK SITE 

Bharat Heavy Electrical Limited (BHEL) Heavy power Equipment plant (HPEP) unit, 

Ramachandrapuram, Hyderabad, is the project work centre. 

 

            BHEL is a heavy engineering industry which was started in 1960’s by the 

government of India as a public sector company with the collaboration of SKODA of 

Czechoslovakia, to manufacture power generating equipment such as Steam turbines, 

Alternators, Exciters, Condensers etc. In 1970’s the company undertook the collaboration 

with Nuovopigaone of Italy to manufacture Centrifugal Compressors, for industrial uses. 

In 1976 BHEL entered into collaboration with SIEMENS of West Germany and since then 

is manufacturing precise steam turbines of Siemen’s model for use in power generation and 

compressors drives. In 1980’s the company collaborated with General Electric (G.E) USA 

to manufacture Gas Turbines (G.T). 

 

Now BHEL (Hyderabad) unit is a leading Heavy Engineering Industry, certified by 

B.V.Q.I for ISO 9001 quality systems. With the collaboration from various industrial 

corporations it is manufacturing various types of Steam turbines, Alternators, Exciters, 

Centrifugal Compressors, Gas turbines, Heavy Duty Boiler Feed Pumps, Bowl Mills, 

Oil Rigs, Switch Gear equipment of minimum Oil Circuit Breakers etc. and is supplying 

to the country and abroad with an annual turnover of about Rs 1500 crores. 
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9 

 

1.1 STEAM TURBINES MANUFACTURED IN BHEL –HYD  

 

 Various types of SIEMENS model turbines are manufactured at BHEL – Hyderabad 

according to the requirement of any customer to suit his boiler steam parameters. 

They are: 

           Type                                                 Turbine 

 G                 -                  Back pressure type 

 EG               -    Extraction back pressure type 

 EHG            -  Extraction back pressure type with high inlet parameters 

 HG               -  Back pressure type with high inlet parameters  

 K                  -  Condensing type 

 EK                -  Extraction condensing type 

 WK              -  Double flow condensing type 

 EMG            -  Electrochemically machined rotor of back pressure type 

 EHNK          -   Extraction condensing with inlet parameters and high                         

                   speed type 

 NK                -  Straight condensing with high speed type     
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1.2 CLASSIFICATION OF STEAM TURBINES 

 Steam turbines may be classified into different categories depending on their 

construction, the process by which heat drop is achieved, the initial and final conditions of 

steam used and their industrial usage as follows: 

1.2.1.  According to the Number of pressure stages:  

• Single – stage turbines with one or more velocity stages usually of small 

power capacities, mostly used for driving centrifugal compressors, blowers 

and other similar machinery. 

• Multistage impulse and Reaction turbines, made in a wide range of power 

capacities varying from small to large. 

     1.2.2.  According to the direction of steam flow:        

• Axial turbines, in which the steam flows in a direction parallel to the axis of 

the turbine. 

• Radial turbines, in which the steam flows in a direction perpendicular to the 

axis of the turbine. One or more low pressure stages in such turbines are made 

axial.  

1.2.3  According to the Number of cylinders: 

• Single cylinder turbines 

• Multi cylinder (2, 3 and 4 cylinders) turbines, which can have single shaft, i.e. 

rotors mounted of the same shaft, or multiaxial, having separate rotor shaft and 

have their cylinders placed parallel to each other.  

1.2.4  According to the method of governing: 

• Turbines with throttle governing in which fresh steam enters through one or 

more (depending on the power developed) simultaneously operated throttle 

valves. 

• Turbines with nozzle governing. 

• Turbines with bypass governing in which steam besides being fed to the first 

stage is also directly led to one, two or even three intermediate stages of the 

turbine. 
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1.2.5 According to the Principle of Action of Steam: 

• Impulse turbines. 

• Axial Reaction turbines. 

• Radial reaction turbines without any stationary guide blades. 

• Radial reaction turbines having stationary guide blades. 

 

1.2.6 According to the Heat Drop Process: 

• Condensing turbines with exhaust steam let into condenser with Regenerators, 

Condensing turbines with one or two intermediate stage extractions at specific 

pressures for industrial and heating purposes. 

• Back pressure turbines, the exhaust steam from which is utilized for industrial 

and heating purposes. 

• Topping turbines, which operate at high initial conditions of steam pressure 

and temperature and are of the back – pressure type, the exhaust from these is 

further utilized in medium and low – pressure condensing turbines. 

• Back – pressure turbines with steam extraction from intermediate stages at 

specific pressures. 

• Low – pressure (Exhaust pressure) turbines in which the exhaust steam from 

reciprocating steam engines, power hammers, presses, etc is utilized for power 

generation. 

• Mixed – pressure with two or three pressure extractions with supply of exhaust 

steam to its intermediate stages. 

 

1.2.7 According to the Steam Conditions at inlet: 

• Low – pressure turbines using at pressures 1.2 to 2 ata. 

• Medium – pressure turbines using steam at pressure up to 4.0 ata 

• High – pressure turbines using steam at above40 ata. 

• Very high pressure turbines using steam upto 40 ata and higher pressure and 

temperature. 

 

       1.2.8  According to their Usage in industry: 
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• Stationary turbines with constant speed of rotation primarily used for driving 

alternators. 

• Stationary turbines with variable speeds meant for driving turbo blowers, air 

circulators, pumps etc. 

• Non stationary turbines with variable speeds employed in steamers, ships, 

railway (turbo) locomotives etc. 

1.3 STEAM TURBINE POWER PLANT CYCLE 

 Steam turbine power plants are based on the Rankine cycle investigated by a Scotch 

Engineer and Scientist William Rankine (1820 -1872). Rankine cycle for Steam turbine 

power plant with ideal turbines and pumps and superheated and saturated steam as a working 

fluid respectively as shown below. A conventional power plant steam for such a 

consideration is also shown: 

 

 

 

Fig.1.1 Ideal Rankine cycle for superheated steam on T-S axes. 
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Fig.1.2 Ideal Rankine cycle for saturated steam on T-S axes 

The steam turbine is fed with steam under temperature t1, pressure p1, and enthalpy h1. 

Expanding within the turbine, steam produces work Wt and goes into the condenser under 

conditions p2 and h2. Hence its rejects heat Qr to cooling water and the resulted condensate 

with enthalpy h3<<h2, but with the same t3=t2 and pressure p3=p2 comes to the pump. At 

the expense of the pump work Wp, the feed water pressure and enthalpy rise to values p4 and 

h4 with which feed water enters the steam generators where it is heated and evaporated due to 

the heat added Qa 

 Ideal Rankine cycle with superheated steam as a working fluid consists of the 

following processes: 

      1-2      Adiabatic reversible (without any thermal losses) expansion in the turbine 

2-3 Isothermal (under constant temperature) and isobaric (under constant pressure)            

                 heat rejection within the condenser . 

3-4 Adiabatic reversible compression to the saturated liquid to the steam generator  

pressure by the pump. 

4-B-C-1          Isobaric heat addition in the steam generator 
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                       4-B: Heating feed water in economizer 

                       B-C: Heating in boiler  

                       C-1: Heating in super heater 

For saturated – steam cycle the steam expansion process in the turbine begins from C, and 

with complete condensation in 3 with subsequent compression by the pump. 

 Thermal efficiency of ideal Rankine cycle for superheated –steam turbine power plant 

can be defined as : 

                                          d Wnet           (Wt-Wp)              (h1 - h2) - (h4 - h3) 

        nth             =                                   =                                       =     

                             Qa                  Qa                        (h1 - h4) 

 

                =     {(h1-h2) / (h1-h4)}        x     {1 – (h4-h3)/ (h1-h2)}                       

                =       nth   x    (1-Wp/Qa) 

Here nth is the gross thermal efficiency that is without regard to the expense of energy with in 

the cycle . 

If pump working is neglected, then the efficiency,           nth  = (h1-h2) / (h1-h4) 

1.4  STEAM REHEAT 

 In the cycle with steam reheat instead of through adiabatic steam expansion from 

initial steam pressure p1 to end pressure p2, steam expands within the HP turbine part to the 

intermediate pressure (point5) and then is heated isothermally to steam reheat temperature 

(point 6) and then expands within IP-LP part to same end pressure p2 as shown below. In this 

case, for ideal cycle the thermal efficiency is approximately given by:  

                                                                     (h1- h5)+ (h6 - h2) 

                             nth        =                  

                       (h1 - h4)+ (h6 - h5) 
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Conventional power plant scheme 

 

 

Fig.1.3 Ideal Rankine cycle for steam reheat 

 

1.5 COMBINED CYCLE POWER PLANT 

Combined cycle (CC) power plant generate electricity by both gas and steam turbines within 

the joint unit and use the waste heat of gas turbine exhaust gas in the steam turbine cycle. 

Combined cycle allows attaining quite high values of thermal efficiency due to the high level 

of the upper cycle temperature (inlet gas turbine temperature) and the low level of the bottom 

cycle temperature (temperature at the steam turbine exhaust) CC units have lesser capital cost 

and require less time periods for launching than conventional steam turbine ones. 

The CC –unit thermal efficiency is calculated as:                   

                              nc =   Ncc / Qt      =  ( Nqt + Nst ) / Qt                                                      

                                   =  ( Qqt.nqt+Qst.nst ) / Qt                                    

                                           Where Qt is the total heat amount in the uni 
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CONSTRUCTION OF STEAM TURBINE 

2.1   CONSTRUCTIONAL FEATURES OF INDUSTRIAL STEAM 

TURBINES 

 BHEL Hyderabad is a major contributor of power equipment to industries like 

cement, fertilizer, refineries, petrochemical, steel, sugar; paper etc .Its product profile is as 

follows 

• Steam Turbines 

• Gas turbines 

• Compressors and Blower pumps 

• Heat exchangers 

• Generators 

• Switch gear equipments 

• Pulverisers 

 BHEL Hyderabad also caters to the needs of the power generation units (utility) like 

NTPC and State electricity boards. It has started its operations in early 1960’s and has started 

manufacture of steam turbines with M/S Bruno collaboration later with the M/s Skoda BHEL 

manufactures standard turbines of 110 MW , 60 MW and small turbines of 5 MW rating until 

early 1970’s. The design under both the collaborations is of impulse type. In early 1970’s 

BHEL has gone for the collaboration with M/s Siemens for reaction type of turbines (50% 

reaction). 

 BHEL Hyderabad manufactures steam turbines of siemens design covering a wide 

range of 1 MW to 200 MW .catering industrial and utility purposes .these turbines are 

categorized as industrial steam turbines which are versatile , flexible an d adopted to suit 

customers requirements for varying applications  

 Many industries require both electric power and heat in the form of steam at the same 

time .it is very economical if the steam is expanded in a steam turbine to generate full or part 

of the electric power requirement. So depending on the ratio of the heat to the power 

requirements required quantity of steam is taken cut off from exhaust (back pressure turbine) 

or from intermediate stage of the turbine to meet the heat requirement s thus the process 

requirements largely determine steam parameters and design features for the steam turbines. 
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Hence turbines are required to the designed for specific applications in order to increase 

overall economy. 

2.2 TURBINE FOR INDUSTRY  

Customer requirements:  

 The following are the important design parameters specified by the customers while 

ordering the turbines for processing industries: 

1. Inlet steam pressure and temperature  

2.         Exhaust steam temperature and pressure or cooling temp 

3. Number of extractions 

4. Extraction steam temperature and flow quantities 

5. speed for the drive turbine depending upon the type of driven equipment  

6. power output or inlet steam flow  

7. special loading requirements 

 

2.3 SELECTION AND DESIGN CRITERIA OF STEAM TURBINES  

 Different industries have varying requirements of inlet steam conditions varying from  

4.0 bar / 140 deg C to 140 bar / 565 deg C , extraction pressure varying from 2.0 bar to 55 bar 

for back pressure turbines and 0.06 bar to 0.5 bar  for condensing turbines .  

 The speed of the turbine can vary between 3000 rpm to 15000 rpm depending on the 

driven equipments requirements and economic considerations. This variety of design 

parameters which is further complicated by operating economics, challenges the designer 

with the problems of uniting two contradicting requirements i.e. designing the turbine for 

each individual applications and on the other hand economy and manufacturing with 

standardized and rationalize design of components  

2.4 STEPS INVOLVED IN THE DESIGN OF STEAM TURBINES  

1. Perform thermodynamic and axial thrust calculations to decide diameters and axial 

length of blading  

2. Perform rotor dynamic calculation and suggest any change of lengths and diameters to 

repeat step one 
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3. Select suitable turbine extensions and diameters to meet above blading geometry 

4. Select suitable materials to meet steam parameters 

5. Select suitable governing system and protection system  

6. Prepare ordering / manufacturing documents incorporating above selections 

 

2.5 TYPES OF STEAM TURBINES  

The necessity to keep down the production costs lead to standardization of the types of steam 

turbines , such as back pr , condensing , extraction back pr and extraction condensing , 

injection condensing. 

• Condensing turbines  

• Back pr turbines 

• Multiple extraction turbines  

• Injection condensing turbines for combined cycle plant 

• Reheat condensing turbines for utility type  

 

Most of the industrial steam turbines are high speed turbines for the power output 

range of 1-30MW with speed reduction by turbo gears which in turn means smaller sizes and 

higher efficiency for the turbine for the output of 30MW and above the turbine speed is 

3000rpm  

The main features of industrial steam turbines are  

• The turbine is fixed at the rear end and expands towards the front side of the turbine. 

The rotor is fixed at the thrust bearing which is housed in the front bearing pedestal 

and expands towards the rear bearing. The casing which gets expanded in turn pushes 

the front bearing pedestal by the same amount. This sliding  of front bearing pedestal 

results in moment of thrust bearing in the rotor of the same amount  and hence the 

expansion  of the outer casing is nullified 

• Customizing of steam turbines modules to meet the customers needs based on 

building block system in a particular series of turbines optimum flow path designed 

can be done depending upon case to case 
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• Type of governing system is nozzle governing type that has very good part load 

efficiency  

 

2.5.1 BACK PRESSURE AND EXTRACTION BACK PRESSURE 

TURBINES 

                      

 Back pressure steam turbines are normally employed where the process steam is 

required at one single pressure extraction. Back pressure sets are used where process steam is 

required at two different pressure levels. In both the cases power generation is only a by 

product .These turbines are extensively used in sugar plants and small paper plants where 

clients desire more power from these turbines, the requirement can be met by designing the 

turbine to pass more steam. Excess steam after meeting the process steam requirements can 

be dumped in dump condenser. 

 Back pressure turbines are also employed as topping turbines .i.e. the exhaust steam 

from back pressure turbines are fed to another steam turbine called bottom in turbine .this 

arrangement has been adopted in some old power houses, which were operating on low 

pressure cycles and where only boilers were replaced, but steam turbines residual life is 

considerable .low pressure boilers were replaced with high pressure boilers. Back pressure 

topping turbine was employed, to reduce the steam pressure to the levels at which the old 

steam turbines in the power can accept. This arrangement has improved the operating 

economics of the old power houses 

To meet the specific requirements of a leading chemical plant in India, BHEL 

designed a back pressure turbines with siemens assistance, to operate with high inlet steam 

temperature of 565 deg c .this set is already manufactured at Hyderabad works and supplied. 

  

2.5.2 CONDENSING TURBINES 

Condensing turbines are primarily employed for power generation. These turbines can be 

provided with uncontrolled extraction where clients require steam in small quantities. 
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Uncontrolled extraction avoids extraction controlled valves and therefore throttling losses are 

reduced even while providing small quantity’s of process steam. 

  Another application of uncontrolled extraction is wander controlled system. In wander 

control system two bleeds are provided. One bleed is at high pressure and another at low 

pressure. In part load operations HP bleed meets the process steam requirement. At full load 

operations, the LP bleed will meet the steam requirement. This arrangement  reduces energy 

losses due to throttling, considerably. Condensing turbines are employed mostly in industries 

like cement where process steam requirement is not required  

  

2.5.3 EXTRACTION CONDENSING 

 

  Where customer gives equal importance for meeting the process steam and power 

needs, extraction condensing sets become ideal choice. The benefit is, power generation can 

be maintained at the required levels even when process steam needs to fluctuate. In paper and 

pulp industries, process steam requirement of digesters fluctuate, while power requirement of 

the paper plant remains almost constant. Hence in all medium and large paper plants, 

extraction condensing sets are employed. 

2.5.4 EXTRACTION INJECTION CONDENSING TURBINES 

 Extraction turbines are not restricted only to the provision of extracting steam, but 

may also be employed as induction turbines, i.e. excess steam in LP bus line can be used 

economically for power generation in such turbine with out difficulty as in case of extraction 

turbines, the turbines governing system for maintain constant pressure  

 In the line can also be used for these injection turbines. Injection condensing turbines 

are employed in combined cycle plants and in fertilizers industries.  

2.6 APPLICATIONS  

 The steam turbines are utilized in several industries viz.. Paper, fertilizers, chemical 

petro chemicals, sugars, refinery, metallurgical etc foe power generation and mechanical 
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drives already described. The following illustration explains the selection - application 

criteria of industrial turbines 

2.7 BLADING 

 The type of blading used is impulse reaction type. The first stage of the industrial 

turbines is mostly with impulse type. Rest of the blading is of reaction type. This arrangement 

in helps in achieving better part load efficiency’s which an important feature in industrial 

turbines is. The baldes are machined from the solid and integral shrouds at the tip the blades 

are fitted in the rotor so that the shroud of each blade butts together to form continues ring. 

This helps effectively to dampen the vibration because of the friction of the butting surfaces. 

The moving baldes always have inverted T –root type .for the last stage LP blades of the 

condensing turbines fork root –fir tree root blades are used. These blades are twisted and 

tapered and are fitted with damping wires are pins to dampen the vibrations. These blades do 

not have shrouds. Chrome steels (13%) is material used for the blades. 

            The steam thrust exerted on the rotor, which is inherent in reaction turbines, is 

compensated by balanced piston gland in the front section of the turbine and by the thrust 

bearing in the front bearing pedestal.  

 

 

Fig.2.1 Assembly of Blade in Rotor 
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 The valves chest is integral to the outer casing where the governing valves and 

emergency stop valves are directly bolted.  

2.8 CATEGORIES IN STEAM TURBINE 

Industrial steam turbine are categorized into different series like  

-2 series  

-3 series 

-4 series 

-2 SERIES TURBINES: 

 These series of turbines are of standard type and have been designed for the best 

efficiency for range parameters. Based upon the inlet conditions like pressure temperature, 

material selection is varied. Designs being the standard further based on then steam flow 

quantities size of the turbine is selected .in these series of turbines the fixed blade grooves are 

machined directly in the outer casing and guide blades are inserted.  

Different sizes of -2 types of turbines are: 

 

G250-2     EK/K 600-2 

G300-2   EK/K 800-2 

G400-2                                    EK/K 1000-2 

G500-2   EK/K 1100-2 

G800-2   EK/K 1400-2                   

                         EK/K 1800-2  

 

“G” stands for back pressure turbine 
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“K” stands for condensing turbines 

“E” stands for controlled extraction  

The number besides the letter indicates the area of the exhaust of the turbines  

-3 SERIES TURBINE: 

 Based on customer’s requirements and steps involved in design, the turbine is divided 

into different sections: inlet section, transition, exhaust or condensing section .these sections 

can be combined with each other. The figure shows the various sections of these series and 

possible combinations of withy one size of admission section. the admission sections are 

supplied in two versions , one fro normal initial steam  conditions up to 100 bar / 510 deg C  

and for high steam initial steam conditions up to 140 bar /540 deg C  .the size of the section is 

geometrically graded in the ratio to 1.25 to form different sizes of section .The parts 

associated with front section as front bearing pedestal, control valves, safety devices like 

emergency stop valves are fixed for a particular size. Also the same is done for the exhaust 

sections. With this arrangement for a particular front and rear section selected the connecting 

parts to the sections are common from case to case. now the length of the middle are 

transition section can varied based upon the number of blade stages required and the number 

of extractions required . with this concepts, besides optimizing the flow path, the use of 

standard and proven components like casings , guide blade carriers , bearing pedestals, 

nozzles, servo- motors, stop and governing valves fro a particular model are ensured .unlike 

the -2 series the blade grooves in these turbines are made in the guide blade carriers which is 

supported in outer casing . 

  Robust drum type rotors with integral shrouds, labyrinth glands for sealing of rotor 

ends and inter stage blading, ensure greater reliability and efficiency. These turbines usually 

employ a gear box between turbine and generator to achieve optimum efficiencies. 

 

-4 SERIES TURBINES: 

 These types of series are called as centre admission steam turbines with counter flow 

for the mid range of power, between 30MW to 150 MW. Using these concepts results in the 
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compact single casing solution in many cases up to 100 MW. The flow path is initially 

towards the front and in inner casing after being admitted in the centre. 

The steam reverses the direction on the reaching the end of inner casing to flow 

around inner casing and expands towards the rear end of the turbine. This process of reverse 

flow of steam helps in control the axial thrust to a large extent. The rear portion of the turbine 

is constructed based upon the building block principle as explained in -3 series, front being a 

standard fro particular range of inlet parameters. These turbines are directly coupled to the 

generator. The valve blocks in these turbines are separate and hence faster startups of the 

turbine .these turbines are best suited for combined cycle plant application. 

 

2.9 NEW SERIES TURBINE: 

 

  These types of turbines have been developed by BHEL in the range of 15 to 20 MW 

to cater the special requirements of industries like sugar and cement w.r.t low inlet 

parameters and high extraction requirements for operation during season and power 

generation during off season periods. in view of the above certain cost saving features have 

been incorporated . the outer casing casting have been simplified by separating the valve 

chest the valve chest is cast separately and bolted to the outer casing there by limiting the 

importance of selection of material to valve chest . The middle section and the rear section of 

the turbine are based on the building block concept as that of -3 turbines. 

These turbines operate in the speed range of 6000 to 8000rpm. The flow path design 

of the above turbines confirms to the SIEMENS design practices. provision has been given 

for an extraction, which is useful for the process of NOX control CCP applications .the 

detailed design analysis is done with flow path design , mechanical design which includes 

rotor dynamics , design analysis by finite element methods and computational fluid dynamics 

for flow analysis. 
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REHEAT STEAM TURBINES FOR 100 TO 150 MW TURBO 

GENERATOR SETS 

                                       INTRODUCTION 

 Reheat steam turbines of 100 to 150MW capacity are required in utilities and 

combined cycle plant application. Turbines in this range normally employ 3 cylinder design. 

BHEL Hyderabad has developed a new two cylinder design suitable for conventional high 

parameters power plants feed water heating. The high pressure (HP) and intermediate 

pressure (IP) cylinders of conventional plants are integrated into a new combined HP-IP 

cylinder resulting in saving of overall length and weight because of removal of one pedestal. 

 

 The two cylinder BHEL design is a result of joint development with SEIMENS –

Germany. SIEMENS has developed two cylinder designs for combined cycle power plants 

during 1990‘s and there are working well at various sites all over the world. 

2.9.1 PARAMETERS OF STEAM TURBINES 

Modules being used:   K30-16+N30-2X3.2M*M 

Inlet                         :   126.0ATA\535 C 

Reheat                     :   28.8ATA\535 C 

Power                     :   120 MW 

Speed                      :   3000RPM 

 

2.9.2 FEATURES OF COMBINED HP-IP TURBINE 

 Because of double shell construction, the outer casing of combined HP-IP turbine is 

split horizontally the inner casing is a single and supported in the outer casing HP- valves and 

IP valves are bolted to the outer casing obviating the necessity of a separate valve room.  

 The steam inlet to HP blading stages is at the middle and the steam flows in the IP 

balding stages in the reverse directions compared to HP blading stages. The reverse steam 
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flow design reduces axial thrust and results in smaller balance piston diameter. All the 

bearing pedestals are fixed to the foundation in 2 cylinder design .the total weight of the 

steam turbine is reduced by over 100 tonnes and overall length is reduced by about 2.5 mt, 

when compared to three cylinder design. It is possible to dispatch the completely assembled 

turbine from works as a single unit weighing less than 100 tonnes. About two months in 

manufacturing cycle time is possible because of the simplified design for the two cylinder 

design. 

2.10  LP TURBINE 

 The LP turbine casing consists of a double flow unit and has a triple shell welded 

casing. The outer casing consists of the front and rear valves. Two lateral – longitudinal 

support beams and the upper part. The front and rear valves as well as the connection area of 

the upper parts are reinforced by means of circular box beams. The outer casing is supported 

by the ends of the longitudinal beams on the base plates of the foundation .The steam from 

the LP turbine is admitted at the middle of the LP turbine through cross around piping . 

 

2.10.1 DESIGN ANALYSIS 

 All the new components are designed robustly keeping in view of the long term 

operational requirements analysis for the structural integrity, relative expansions and life. 

Estimations is carried out using state of the art finite element computer programs. Solid 

modeling and CID have been used to reduce the design development cycle time .Natural 

frequencies and unbalance response of the rotor bearing system are determined using 

advanced rotor dynamic computer programs. The root bearing systems having very good 

vibrations behavior is finally selected by making suitable modifications to rotor diameters 

initially selected. 

2.10.2 TURBINE CONROL SYSTEM 

 Electro hydraulic turbine governing system with high pressure (160bar) hydraulics is 

adopted for two cylinder design. Triple modular redundant processor is used for electronics. 

The system is compatible for interfacing with plant high level systems. 
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HP electro hydraulic actuators are used for control valves and stop valves .160 bar HP  

control system results in faster response better stability during transient conditions compared 

to the 8 bar system used in 3 cylinder design . 

 

2.11 AUTOMATIC TURBINE RUN-UP SYSTEM 

Automatic turbine run up systems has the following sub group controls, which 

enables the systems to come inline automatically after fulfilling required pre conditions  

• Lube oil system 

• Cooling water system  

• Control oil system  

• Gland steam system 

• Turbine drains 

• Condensate and evacuation system 

• Warm up  

• Electro hydraulic turbine controller(EHTC) and turbine stress evaluator (TSE) 

• LP bypass system 
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30 

 

PARTS OF STEAM TURBINE 

3.1 THE VARIOUS PARTS OF STEAM TURBINE  

3.1.1 NOZZLE: The nozzle expands steam of comparatively low velocity and high static 

pressure within considerable increase in velocity. The nozzle is so positioned as to direct the 

flow of steam into the rotor passage. 

3.1.2  DIFFUSER: It is a mechanical device that is designed to control the characteristics of 

steam at the entrance to a thermodynamic open system. Diffusers are used to slow the steam's 

velocity and to enhance its mixing into the surrounding steam. In contrast, a nozzle is often 

intended to increase the discharge velocity and to direct the flow in one particular direction. 

 Flow through nozzles and diffusers may or may not be assumed to be adiabatic. 

Frictional effects may sometimes be important, but usually they are neglected. However, the 

external work transfer is always assumed to be zero. It is also assumed that changes in 

thermal energy are significantly greater than changes in potential energy and therefore the 

latter can usually be neglected for the purpose of analysis 

3.1.3 BLADES OR BUCKETS: The blades or buckets form the rotor flow passage and 

serves to change the direction and hence the momentum of the steam received in the 

stationary nozzles. 

3.1.4 GUIDE OR GUIDEBLADES: Often a turbine is arranged with a series of rotor flow 

passages. Intervening between the blades comprising the rotor passages are rows of stationary 

guide blades. The purpose of this guide is to reverse the direction of steam leaving the 

preceeding moving blade row so that general direction of steam leaving the preceeding 

moving blade rows is similar. If guide blades were not provided, opposing force would be 

exerted on the rotor which would largely negate each other. 

3.1.5 CASING SHELL OR CYLINDER: The turbine enclosure is generally called the 

casing although the other two names are in common use. The nozzle and guide are fixed on 

casing, which in addition to confining the steam serves as support for the bearings. 

Sometimes the word cylinder is restricted as a cylindrical form attached to inside of the 

casing to which the guides are fixed. 
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3.1.6 SHAFT, ROTOR, SPINDLE: These terms are applied to the rotating assembly which 

carries the blades. 

3.1.7 DISC OR WHEEL: The moving blades are attached to the disc which in turn is keyed 

to the shaft. 

3.1.8 DIAPHRAGM: The diaphragm which is fixed to the cylinder or casing contains the 

nozzle and serves to confine the steam flow to nozzle passage. 

3.2.9 PACKING: Packing in the form of carbon rings minimizes the leaking in the annular 

space between the diaphragm and shaft. 

3.1.10 THRUST BEARINGS: Usually a combination of Kingsbury and collar types absorbs 

the axial forces. 

3.1.11 EXHAUST HOOD: The exhaust hood is the portion of the casing which collects and 

delivers the exhaust steam to exhaust pipe or condenser. 

3.1.12 STEAM CHEST: The steam chest is the supply chamber from which steam is 

admitted to the nozzles. 

3.1.13 GOVERNOR: The governing system may be designated to control steam flow so as 

to maintain constant speed with load fluctuations to maintain constant pressure with variation 

of demand for processed steam or both. 

3.1.14 THROTTLE OR STOP VALVES: The throttle and stop valves are located in the 

steam supply line to the turbine. The stop valve is hydraulically operated quick opening and 

shutting valves designed to be either fully opened or shut. On small turbines the stop valves 

may be manually operated but in any case is intended for emergency use or when fully shut 

down. The throttle valve is used in smaller turbines in addition to stop valve as a means of 

regulating steam flow during the starting or stopping the operation.  
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CHAPTER-4 

TURBINE CASING 
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TURBINE CASING 

 

4.1  STEAM TURBINE ELEMENTS 

4.1.1 TURBINE CASING AND GUIDE BLADE CARRIER 

 Steam flow through the turbine is in the axial direction. After leaving the body of the 

emergency stop valve the live steam enters the valve chest with control valves which forms 

an integral casing with the upper half of the outer casing. The valve chest is designed as a 

traverse tube with opening at both ends for assembly. 

  The turbine casing is divided into an admission and exhaust section. Back pressures 

as well as condensing turbines have admission sections of identical design. Depending on the 

inlet steam conditions, the admission sections of comparable size are designed with casings 

of different wall thickness. The admission section will be completed by an exhaust section of 

adequate size. The overall length is adjusted by cylindrical or conical spacer rings. The 

turbine casing halves are flagged and assembled by bolts. 

4.1.2 INNER CASING 

 Owing to a virtually symmetrical design of the casing all its cross sections show 

practically the same amount of thermal expansion. Substantial thermal stresses in the inner 

casing need not be expected because it’s outer and inner walls are exposed to almost the same 

steam temperature. At the level of the shaft axis, the inner casing is supported on shims and is 

free to thermal expansion. Eccentric guide pins in the outer and inner halves of the casing 

present deviations of the inner casing. Similar positioning elements between the inner and 

outer casing are connected with control valve through steam tight L - section which allows 

for thermal expansion. The lower part of the inner casing incorporates two balancing areas 

for compensating the vertical downward thrust generated in the fine nozzle chambers of the 

inner casing. The balancing steam by which counter acting pressure is produced flows from 

the outer nozzle boxes through drilled passages into the L - ring shaped steam compartments 

where compensating thrust is built up. 
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 The inner casing with its caul ked in sealing strips has also the function of labyrinth 

gland for the compensating piston. It also serves as a support for the guide blades carrier. 

4.1.3 NOZZLE BLOCKS  

 The nozzle block is designed as a half shell and is kinematically supported by the 

outer casing in the regulated stage, the corresponding lower in the outer casing is designed as 

a simple blinding shield in order to avoid excessive windage losses. The nozzle groups are 

inserted in to the nozzle block. The nozzle block is connected with the steam chamber by L - 

ring seals in the same manner as the inner casing with the control valves. The nozzle block 

also serves as a guide for the balancing piston gland. 

 The guide blade carriers are inserted with a lathe turning circumferential groove in to 

the corresponding webs of the outer casing. They are positioned in the lateral direction by 

eccentric guide pin and adjusted to the correct height by shims. 

 

4.1.4 TURBINE ROTOR AND BLADING  

 The turbine rotor is integral with the disc of the control stage wheel and is forged 

from solid blank. Except for the control stage, the blading is of the reaction type. The running 

blades have their root, shaft, and shrouding milled from the same forging. The running blades 

in the drum stages have roots of the inverted T type. Normally only the roots of the control 

stage blades are forked. But occasionally the last row of LP blades depending on the 

centrifugal stress to which they are subjected, may be designed with fork roots too. But due to 

large assembly cycle time, these roots are being converted back to the T root form. The guide 

blades are manufactured from drawn bar material and have pronged roots. The guide blade 

tips are fitted with riveted shroud strips. 

4.1.5 BLADE TIP SEALING AND SHAFT GLANDS 

 Radial steps machined on the circumferential surfaces of both the stationary and 

moving blades rows together with oppositely situated sealing steps in the guide blade carriers 

and on the turbine rotor and forming efficient labyrinth seals. The point at which the shaft 

passes through the casing are like wise sealed by labyrinth glands with caul ked in sealing 
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strips. The shells of these glands are mounted in outer casing in the manner which leaves 

them free to follow thermal expansion. And central portion of the gland leak steam is drawn 

off to a region of LP. This limits the amount of leak stream discharged. 

4.1.6 GOVERNORS AND CONTROLS 

 An emergency stop valve provided at the entrance of the turbine gives the initial 

steam access to the admission chest. During normal operation the stop valve is held open by 

oil pressure against the counter acting forces of a compression spring. In an emergency 

pressure in the trip boil circuit is suddenly relieved and the stop valve is closed immediately. 

The control valves of the steam regulate the steam through out the amount which is required 

for obtaining the desired output or speed. There are hydraulically actuated by servo oil. The 

control valves are adjustably suspended from a valve beam by means of two spindles and via 

a lever system. The beam cam can be moved by the actuator which is mounted on the steam 

chest. The control element serves as a transmitter for control impulses in the governing 

system. It is operated in the front bearing pedestal. 
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CONCLUSION: 

Summer Training gives the idea of ‘general awareness in steam turbine manufacturing’ & its 
processes .It provides practical idea of manufacturing several components of turbine. 

❖ The steam turbine itself is a device to convert the heat in steam to mechanical power. 

❖ The difference between the heat of steam per unit mass at the inlet to the turbine and heat 
of steam per unit mass at the outlet. 

❖ Turbine represents the heat which is converted to mechanical power. 

❖ Therefore, the more the conversion of heat per pound or kilogram of steam to mechanical 
power gives more efficiency. 

❖ Hence the steam turbine place a vital role in the thermal power plant in achieving a 
greater efficiency. 

❖ The company manufactures 235MW nuclear turbine generator sets and in future it will 
500MW. 

❖ BHEL is a major contributor of equipment and systems to industries.  

Steam turbines extract thermal energy from steam that is exposed to extremely high 

pressures. Due to its rotary motion, the steam turbines are used to drive motors for the 

electricity generation. It contains various stages arranged in a sequence in a closed pipe. The 

steam goes through each stage, and it gets heated up and expands producing energy. The 

steam turbine operates under the principles of thermodynamic efficiency. There are two main 

types of steam turbines which consist of impulse turbines and reaction turbines. Steam 

Turbine Compounding refers to the procedure of obtaining energy from the steam in several 

stages instead of a single stage in a turbine. The purpose of using the steam turbine 

compounding is to decrease the rotational speed applied to the turbine to practical limits. 

There are three major forms of compounding turbines which include the velocity 

compounding, pressure compounding, and pressure-velocity compounding. Steam turbines 

are applicable in the production of electricity in nuclear power plants. In nuclear power 

plants, the power stations, the nuclear reactor heat is used to generate steam which then 

drives the steam turbine. The steam turbine is connected to the electric generator which 

produces electricity. 
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ABSTRACT 

 

The 3D EXPERIENCE PLATFORM is a business experience platform 

 

It provides software solutions for every organization in your company form  

Marketing to sale to engineering that help you, in your value creation process, 

to create differentiating consumer experience, with a single, easy to use 

interface, it powers Industry solution in a collaborative, interactive 

environment. It is available on premise and on cloud. Explore the entire portfoli 

 

Dassault systems offers industry leading application delivered on the 3D 

EXPERIENCE platform: Design &Engineering, Manufacturing & Production 

Simulation, Governance & Life cycle, 3D Design Experience for Professionals, 

as well as a broad catalog of services 
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Chapter – 1 

                                            INTRODUCTION 

 

CATIA isacronymforComputer Aided Threedimensional Interactive Applicatio

n. It is one of the leading 3D software used by organizations in multiple 

industries ranging from aerospace, automobile to consumer products. 

 

CATIA is a multi platform 3D software suite developed by Dassault Systems, 

encompassing CAD, CAM as well as CAE. Dassault is a French engineering 

giant active in the field of aviation, 3D design, 3D digital mock-ups, and 

product lifecycle management (PLM) software. CATIA is a solid modelling 

tool that unites the 3D parametric features with 2D tools and also addresses 

every design-to-manufacturing process. In addition to creating solid models and 

assemblies, CATIA also provides generating orthographic, section, auxiliary, 

isometric or detailed 2D drawing views. It is also possible to generate model 

dimensions and create reference dimensions in the drawing views. The bi-

directionally associative property of CATIA ensures that the modifications 

made in the model are reflected in the drawing views and vice-versa. 

 

The first release of CATIA was way back in 1977, and the software suite is still 

going strong more than 30 years later. While CATIA V6 is just being released, 

the most popular version of CATIA is V5 which was introduced in 1998. That 

said, it is important to note that each version of CATIA introduces considerable 

additional functionality. For example, V4 (introduced in 1192) offered 
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enhancements to the Assembly Modeling Product including easy-to-use 

graphical tree-based assembly management. V5 and V6 saw changes in the way 

data is handled. Dassault Systemes typically offers new updates, releases and 

bug fixes for each version. The CATIA software is written in C++. It runs on 

both Unix and Windows. 

 

CATIA started as an in-house development in 1977 by French aircraft 

manufacturer AVIONS MARCEL DASSAULT, at that time customer of 

the CADAM software to develop Dassault’s Mirage fighter jet. It was later 

adopted by the aerospace, automotive, shipbuilding, and other industries. 

Initially named CATI (conception assistee tridimensionnelle interactive – 

French for interactive aided three-dimensional design ), it was renamed CATIA 

in 1981 when Dassault created a subsidiary to develop and sell the software and 

signed a non-exclusive distribution agreement with IBM. 

In 1984, the Boeing Company chose CATIA V2 as its main 3D CAD tool, 

becoming its largest customer. 

In 1988, CATIA V3 was ported from mainframe computers to Unix. 

In 1990, General Dynamics Electric Boat Corp chose CATIA as its main 3D 

CAD tool to design the U.S. Navy's Virginia class submarine. Also, Lockheed 

was selling its CADAM system worldwide through the channel of IBM since 

1978. 

In 1992, CADAM was purchased from IBM, and the next year CATIA 

CADAM V4 was published. 
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In 1996, it was ported from one to four Unix operating systems, including 

IBM AIX, Silicon Graphics IRIX, Sun Microsystems SunOS, and Hewlett-

Packard HP-UX. 

In 1998, V5 was released and was an entirely rewritten version of CATIA with 

support for UNIX, Windows NT and Windows XP (since 2001) 

In the years prior to 2000, problems caused by incompatibility between versions 

of CATIA (Version 4 and Version 5) led to $6.1B in additional costs due to 

years of project delays in production of the Airbus A380. 

In 2008, Dassault Systems released CATIA V6. While the server can run 

on Microsoft Windows, Linux or AIX, client support for any operating system 

other than Microsoft Windows was dropped. 

In November 2010, Dassault Systems launched CATIA V6R2011x, the latest 

release of its PLM2.0 platform, while continuing to support and improve its 

CATIA V5 software. 

In June 2011, Dassault Systems launched V6 R2012. 

In 2012, Dassault Systems launched V6 2013x. 

In 2014, Dassault Systems launched 3DEXPERIENCE Platform R2014x  and 

CATIA on the Cloud, a cloud version of its software. 

In 2018, Dassault Systems launched 3DExperience Marketplaces to connect 

CATIA Users, with manufacturers, standard parts creators and engineers. 

In 2019, 3DExperience Marketplaces launched an Add-in in Catia, to connect 

directly manufacturers with designers. 
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Chapter – 2 

 

WHAT DOES CATIA DO:- 

 

CATIA provides the capability to visualize designs in 3D. When it was 

introduced, this concept was innovative. Since Dassault Systemes did not have 

an expertise in marketing, they had revenue sharing tie-up with IBM which 

proved extremely fruitful to both the companies to market CATIA.  

 

In the early stages, CATIA was extensively used in the design of the Mirage 

aircrafts however the potential of the software soon made it a popular choice in 

the automotive sector as well. As CATIA was accepted by more and more 

manufacturing companies, Dassault changed the product classification from 

CAD / CAM software to Project Lifecycle Management. The company also 

expanded the scope of the software. 

 

CATIA can be used at different stages of the design - ideate, draw, test and 

iterate. The software comes with different workbenches (“modules”) that allow 

CATIA to be used across varied industries – from parts design, surface design 

and assembly to sheet metal design. CATIA can also be used for CNC. 
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CATIA offers many workbenches that can be loosely termed as modules. A few of 

the important workbenches and their brief functionality description is given  

    WORKBENCHES:- 

• Part Design 

• Generative Shape Design 

• Assembly 

Part Design: 

 The most essential workbench needed for solid modelling. This CATIA module 

makes it possible to design precise 3D mechanical parts with an intuitive and 

flexible user interface, from sketching in an assembly context to iterative detailed 

design. 
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Generative Shape Design: 

 Allows you to quickly model both simple and complex shapes using wireframe 

and surface features. It provides a large set of tools for creating and editing shape 

designs. Though not essential, knowledge of Part Design will be very handy in 

better utilization of this module. 

 

 

 

     Assembly:  

The basics of product structure, constraints, and moving assemblies and parts 

can be learned quickly. This is the workbench that allows connecting all the 

parts to form a machine or a component.  

 



Gudlavalleru engineering college Page 14 

 

CHAPTER-3 

SIMULIA 

INTRODUCTION:- 

All platform users can benefit from the value of simulation by utilizing the 

capabilities in the simulation data science discipline taking Simulation process 

&data management (SPDM) to the next level. Powerful results analytics allows 

users to use simulation results to inform decision making. Democratization of 

simulation results and reuse of simulation methods is enabled through 

dashboard accesses to a company’s library of published methods and best-

practices. With simulation analytics, simulation knowledge and its value 

becomes available for all platform users 

 

WORK BENCHES USED IN SIMULIA :- 

• Material Definiton 

• Structural Model 

• Structural Model 
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MATERAL BROWSER :- 

 

 

PROCEDURE :- 

Go to V.R → Material Definition 

Click on Create Material → Enter the steel and tick the simulation domain in 

Add domain 

Material Simulation domain → Double click Density value (8020) → 

Mechanical → Elastic → Young’s modulus  
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STRUCTURAL MODEL :- 

 

 

 

 

    PROCEDURE :- 

Go to V.R→ Structural model click → Fem controls → click none 

Then Click → Model (Action Bar) → Mesh → Octree tetrahedron → Mesh size 

(10) → Select the object → Mesh 
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STRUCTURAL SCENARIO :- 

 

 

 

PROCEDURE :- 

Go to V.R → Click Structural Scenario → Simulate type 

Click Setup → Select Finite Element Metod and click ok 

Procedures → Static perturbation  

Then you will obtain double ticks 

Restrain → Clamp → Select one surface → Click ok 

Loads → Force → Click on body → Give force in Z direction 

Simulate → Simulate check → If there are no errors → Click simulate → Ok 
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RESULTS OF SIMULIA 
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CHAPTER-4 

DELMIA 

 

INTRODUCTION:- 

 

Manufacturing is debately the  most important step in the creation of a product 

designs and concepts mean nothing if no part is produced in the end. Its 

important to have the manufacturing processes done in the most  efficient way 

safetly,and with as few errors as possible. This could range from reducing 

errors in the machining itself to reducing errors in the assembly of products 

with Delmia  from the 3D Experience platform introduced by Dassault systems, 

these worries will be a thing of the past. 

 

As described in the introduction Delmia is an app within the3DExperinence 

platform that mainly focuses on aiding the manufacturing process.Depending 

on the enabled disciplines, these are things such as the machining of parts,how 

robotics interacts and behave,the ergonomics of the work conditions, and many 

more and with over 40 different disciplines that cover a wide variety of facets in 

the manufacturing process. Companies are sure to find exact ones to aid in their 

operations 
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WORK BENCHES USED IN DELMIA:- 

 

• Manufacturing item definition 

• Process planning 

• Equipment allocation 

• Assembly evaluation 
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MANUFACTURING ITEM DEFINITION :- 

 

 

 

 

 

PROCEDURE  :- 

 

→ Go to V.R → manufacturing item definition→ click on manufacturing 

assembly→ create manufacturing item product scope and click on product 

→ View → shading with materials 

→Authoring → Create / Update manufacturing → Next 
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PROCESS PLANNING :- 

 

 

 

PROCEDURE  :- 

 

→ Go to V.R → Process planning → General system click → Manage scope → 

Click the create scope → Product 1 
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EQUIPMENT ALLOCATION :- 

 

 

 

 

PROCEDURE  :- 

→ Go to V.R → Equipment allocation → Click on PPR Contex→ Insert resource 

→ Manufacturing cell and Rename Station as 10,20,30,40 

Every station has 1 conveyor, 1 storage 

 →Station → Insert Source → Conveyor 

→Station → Insert Source → Storage 
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ASSEMBLY EVALUATION :- 

 

 

 

PROCEDURE :- 

Go to V.R → Assembly Evaluation 

Click on General system → Right click on Loading operation → Create Track 

Copy the Current track to the other operations 

Click Live Simulate → (Bottom bar) 
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ABSTRACT 

Automation is the technology by which a process or procedure is performed with 
minimal human assistance. Automation or automatic control is the use of various control 
systems for operating equipment such as machinery, processes in factories, boilers and heat 
treating ovens, switching on telephone networks, steering and stabilization of ships, aircraft 
and other applications and vehicles with minimal or reduced human intervention. 

Industrial automation is the use of control systems, such as computers or 
robots, and information technologies for handling different processes and machineries in 
an industry to replace a human being. It is the second step beyond mechanization in the 
scope of industrialization 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

https://en.wikipedia.org/wiki/Control_system
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                                                            INTRODUCTION 

              The ARC is an initiative by IndoEuroSync to provide real time industrial automation 
solutions in both organizational and academic level. ARC has already been organising regular 
student seminars in Germany including workshops and live experiments at asp in Germany. 
ARC provides to students the access to industrial robots under production conditions with 
remote control. An extensive exchange program for Indian faculty members guarantees the 
high quality of education lessons and practical courses. These practical courses allow direct 
control of the industrial robots in Germany from Indian universities. Concretely, the students 
learn Simulating, Programming and controlling the robots in order to test their results at these 
industrial robots , which are equipped with grippers, sensors, etc. 

Applied Robot Control For Industrial Automation: 

• Each participating University receives a software access for simulation and control 
of Industrial robots 

• Students learn individually and as a team to solve concrete industrial tasks which are 
splits into various suitable sub-tasks for immediate learning success. These tasks are 
supervised by trained Indian faculty members along with remotely participating 
German experts. The automation tasks are designed and developed in cooperation 
with Indian faculty members. 

Requirement for Indian University: 

• Indian University/College need to be a member of Indo-Euro Synchronisation 
academic cluster. For further Inquiries on obtaining the membership please contact us 
at consult@indoeurosync.com. 

Benefits of the membership and remote robotic lab at Indian University: 

Member of our Academic cluster will receive the necessary training for their faculty 
members at Germany to run this program. 

• Software and its server support will be provided to the members of universities to 
establish automation lab facilities at their location. 

• These Universities are the premium members of our near future Automation cluster in 
India to execute the Industrial and research projects in next days. 

• Trained Students will be the first point of contact for internship positions and jobs in 
our projects and partner automation industries from India and Germany 

 

 

 

mailto:consult@indoeurosync.com
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CHAPTER 2.1:  MECHANICS AND KINEMATICS 

Mechanical structure of Industrial Robots:  

Robots and Humans share the same underlying structure of links and joints; 

The principle of moving joints and transmitting power through the links is common in 
both humans and robots;  

 

 

Robots are roughly categorized in two types:serial link andparallel linkarrangements. The 
human arm is arranged as aserial linksince its joints (shoulder, arm, and wrist) are aligned in 
series. 

Mechanical structure of Industrial Robots:  

Robots with serial chain of links and joints can be classified into two categories such as:  

  - vertical articulated type, and  

  - horizontal articulated type. 
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Mechanical design of Articulated Industrial Robots:  

Robots are built from serveral components and parts. Of particular importance are: Arm 

elements, actuators, reduction gears, transmission devices, sensors, and cabling. 

 

Robots are built from numerous parts:  

• Arm elements → material= castings of aluminum alloy, carbon steel, or iron  

• Actuators→ AC servo motors, 

• Reduction gears →to reduce motor rotation and to multiply motor torque  

• Transmission devices→ to transmit the mechanical power generated by the 
motors (for instance by means of belts, spindels, or gears) 

• Sensors → to measure arm positions and speed of axis motion  

• Cabling →transmission of electrical power and electrical signals. 
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❖ SPUR GEARS: Modify direction and/ translate axis of (rotational or translation) 
motor displacement. 
 Problems: deformations, backlash 

❖ LEAD SCREWS, WORM GEARING:  Convert rotational into translation 
motion(prismatic joints) 
Problems: friction, elasticity, backlash 

❖ TOOTHED BELTS AND CHAINS: Dislocate the motor with regard to the joint 
axis 
Problems: compliance (belts) or vibrations induced by larger mass at high speed 
(chains) 

❖ HARMONIC DRIVES: compact ,in-line, power efficient, with high reduction 
ratio(up to 150-200:1)  
Problems: elasticity 

Robot manipulator:  Structure 
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Extension of workspace: 

Robot workspace extension by linear track systems 

 

 

 

 

 

 



11 

 

 

Linear gantry axis: 

 

  

Tooling: 
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CHAPTER 2.2: AUTOMATION AND INDUSTRIAL ROBOTS 

Industrial Automation: 

• Due to the globalisation the manufacturing industry is facing an increasing 
competition on the international market places. 

• Demanded are high quality products with competitive prices. 
• To meet these challenges successfully, fast response to market needs, short time-to-

market based on adequate manufacturing technologies are required. 

Definition: 

Industrial automation can be defined as the use of set technologies and automatic control 
devices that results the automatic operation and control of industrial processes without 
significant human intervention and achieving superior performance than manual control“. 

 

.
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ADVANTAGES: 

• To increase productivity 
Automation of factory or manufacturing or process plant improves production rate through a 
better control of production. It helps to produce mass production by drastically reducing 
assembly time per product with a greater production quality. Therefore, for a given labor 
input it produces a large amount of output. 

 

 

 
• To provide optimum cost of operation 
Integration of various processes in industry with automated machineries, minimizes cycle 
times and effort and hence the need of human labor gets reduced. Thus, the investment on 
employees has been saved with automation. 

• To improve product quality 
Since the automation reduces the human involvement, the possibility of human errors also 
gets eliminated. Uniformity and product quality with a greater conformity can be maintained 
with automation by adaptively controlling and monitoring the industrial processes in all 
stages right from inception of a product to an end product. 

• To reduce routine checks 
Automation completely reduces the need for manual checking of various process parameters. 
By taking advantage of automation technologies, industrial processes automatically adjusts 
process variables to set or desired values using closed loop control techniques. 

https://www.electricaltechnology.org/wp-content/uploads/2015/09/Advantages-of-Industrial-Automation.-Production-in-industries.jpg
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• To raise the level of safety 
Industrial automation increases the level of safety to personnel by substituting them with 
automated machines in hazardous working conditions. Traditionally, industrial robots 
and robotic devices are implemented in such risky and hazardous places. 
 

Manufacturing Automation with Industrial Robots Benefits: 

- Improvement of productivity and efficiency in production  

- Provide better effectiveness (2-3 shifts)  

- Reduction of throughput times 

- Improvement of product quality  

- increase high repeatability  

- High positioning accuracy  

- Better working conditions for human  

- Reduction of hazards to the work forces  

- Better flexibility to change (compared to single-purpose machinery)  

- Save of material and energy - save of labour cost 
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Constraints: 

• High initial costs 

• Security threats 

• High and sometimes unpredictable cost for further development, add-on or 
upgrade 

• Personnel of higher qualification is requested; operators need sufficient training 

CHAPTER 2.3: END EFFECTORS 
 
In robotics, an end effector the device at the end of a robotic arm, designed to interact with 
the environment. The exact nature of this device depends on the application of the robot. The 
end effector means the last link (or end) of the robot. At this endpoint the tools are attached. 
In a wider sense, an end effector can be seen as the part of a robot that interacts with the work 
environment. This does not refer to the wheels of a mobile robot or the feet of a humanoid 
robot which are also not end effectors—they are part of the robot's mobility. End effectors 
may consist of a gripper or a tool. The gripper can be of two fingers, three fingers or even 
five fingers. 
 
 

  

 
Mechanism of gripping: 
 
            Generally, the gripping mechanism is done by the grippers or mechanical fingers. 
Though in the industrial robotics due to less complications, two finger grippers are used. The 
fingers are also replaceable. Due to gradual wearing, the fingers can be replaced without 
actually replacing the grippers.  
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Shape of the gripping surface: 

 
             The shape of the gripping surface on the fingers can be chosen according to the shape 
of the objects that are lifted by the grippers. For example, if the robot is designated a task to 
lift a round object, the gripper surface shape can be a negative impression of the object to 
make the grip efficient, or for a square shape the surface can be plane. 
 
Types:  
1. Impactive – jaws or claws which physically grasp by direct impact upon the object.  

2. Ingressive – pins, needles or hackles which physically penetrate the surface of the object 
(used in textile, carbon and glass fibre handling).  

3. Astrictive – suction forces applied to the objects surface (whether by vacuum, magneto– or 
electro adhesion).  

4. Contigutive – requiring direct contact for adhesion to take place (such as glue, surface 
tension or freezing).  
 

Mechanical Grippers 
                
                A mechanical gripper is used as an end effector in a robot for grasping the objects 
with its mechanically operated fingers. In industries, two fingers are enough for holding 
purposes. As most of the fingers are of replaceable type, it can be easily removed and 
replaced.  
A robot requires either hydraulic, electric, or pneumatic drive system to create the input 
power. The power produced is sent to the gripper for making the fingers react. It also allows 
the fingers to perform open and close actions. Most importantly, a sufficient force must be 
given to hold the object.  
In a mechanical gripper, the holding of an object can be done by two different methods such 
as:  

• Using the finger pads as like the shape of the work part.  
• Using soft material finger pads.  

In the first method, the contact surfaces of the fingers are designed according to the work part 
for achieving the estimated shape. It will help the fingers to hold the work part for some 
extent.  
                   In the second method, the fingers must be capable of supplying sufficient force to 
hold the work part. To avoid scratches on the work part, soft type padsare fabricated on the 
fingers. As a result, the contact surface of the finger and co – efficient of friction are 
improved. This method is very simple and as well as less expensive. It may cause slippage if 
the force applied against the work part is in the parallel direction. The slippage can be 
avoided by designing the gripper based on the force exerted. 
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Pneumatic gripper: 

  
               A pneumatic gripper is a specific type of pneumatic actuator that typically 
involves either parallel or angular motion of surfaces, A.K.A. “tooling jaws or fingers” that 
will grip an object. When combined with other pneumatic, electric, or hydraulic components, 
the gripper can be used as part of a "pick and place" system that will allow a component to be 
picked up and placed somewhere else as part of a manufacturing system.  
 
Types of Pneumatic Grippers:  
 
                   The most popular types of pneumatic grippers are the 2-jaw parallel and 2-jaw 
angular gripper styles. Parallel grippers open and close parallel to the object that it will be 
holding, these are the most widely used grippers. They are the simplest to tool and can 
compensate for some dimensional variation. Angular grippers move the jaws in a radial 
manner to rotate the jaws away from the object and therefore require more space. 
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Adhesive grippers: 
 
               A type of end effector that uses a continuously fed ribbon covered with an adhesive 
that sticks to the objects the robot manipulates. Adhesive grippers are commonly used for 
lightweight materials where other gripper types would be less effective. An adhesion gripper 
is a robot end effector that grasps objects by literally sticking to them. In its most primitive 
form, this type of gripper consists of a rod, sphere, or other solid object covered with two-
sided tape. A major asset of the adhesive gripper is the fact that it is simple. As long as the 
adhesive keeps its “stickiness,” it will continue to function without maintenance. However, 
there are certain limitations. The most significant is the fact that the adhesive cannot readily 
be disabled in order to release the grasp on an object. Some other means, such as devices that 
lock the gripped object into place, must be used. 
 

 
 
Magnetic grippers: 
 
            Magnetic grippers are most commonly used in a robot as an end effector for grasping 
the ferrous materials. It is another type of handling the work parts other than the mechanical 
grippers and vacuum grippers.  
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Types of magnetic grippers:  
 
                  The magnetic grippers can be classified into two common types, namely: Magnetic 
grippers with 
 
Electromagnets:  
 
                Electromagnetic grippers include a controller unit and a DC power for handling the 
materials. This type of grippers is easy to control, and very effective in releasing the part at 
the end of the operation than the permanent magnets. If the work part gripped is to be 
released, the polarity level is minimized by the controller unit before the electromagnet is 
turned off. This process will certainly help in removing the magnetism on the work parts. As 
a result, a best way of releasing the materials is possible in this gripper.  
 

Permanent magnets:  
 
             The permanent magnets do not require any sort of external power as like the 
electromagnets for handling the materials. After this gripper grasps a work part, an additional 
device called as stripper push – off pin will be required to separate the work part from the 
magnet. This device is incorporated at the sides of the gripper.  
The advantage of this permanent magnet gripper is that it can be used in hazardous 
applications like explosion-proof apparatus because of no electrical circuit. Moreover, there 
is no possibility of spark production as well.  
 

Benefits:  
• This gripper only requires one surface to grasp the materials.  
• The grasping of materials is done very quickly. 
• It does not require separate designs for handling different size of materials.  
• It is capable of grasping materials with holes, which is unfeasible in the vacuum 

grippers.  
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CHAPTER 2.4 ROBOT MOTION CONTROL 

 

Main controller tasks: 

• Motion Control & Path Planning 

• Communication (with control panel, teach 
box, external PC) 

• Operator support (set-up, programming, test /automatic mode) 

• Programming 

• Control of tools (gripper, etc.), peripheral devices (turntables ,conveyors, etc.), 
processes (welding, cutting, grinding, etc.) 

• Sensor data processing (adaptive functions) 

• Control of I/O processes (digital, analog, serial,fieldbus) 

• Data management (display, store, print, delete,etc.) 

• Error management 

• Safety functions (emergency stop, reduced speed,etc.) 
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Information and data flow: 

 

Motion / Path planning:    

• The robot controller determines the movement of the robot in consideration of 
the programmed movement type 

• Each movement is related to the end effectors. It is specified by pose, velocity 

and acceleration 

• Pose  represents position as well as orientation of the end effector 

  

Movement types: 

• PTP mode – Point-to-point movement (Motion without any interpolation) 

• CP mode – Continues path movement(Motion on a path with interpolation) 
 

Point- to- point movement: 
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Continuous path movement: linear motion 

 

Motion with Circular interpolation: 

 

 

CP-Motion / Path planning scheme: 

 

• Any robot movement of the CP type will be performed by dividing the 
planned path into small path sections defined by interpolation points 

trajectory 
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• The distance between two interpolation points is determined by the Interpolation 

cycle time T
IPO.

 

• Interpolation is performed in the Cartesian space. 
 

• For any interpolation, position data (joint angles) have to be transformed from joint 
coordinates into Cartesian  coordinates 

 
 

Interpolation Cycle Time T
IPO

: 

TIPO = cycle time spent by the robot controller to calculate a new set of set point values 
(joint angles) as input to the position control loops of each axis. 

 currently: 10-12 m interpolation cycle time 

trend: 7- 4ms interpolation cycle time 

A shorter TIPO results in higher path accuracy 

Motion and path planning: 
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Information and data flow: 

 

 

CHAPTER 2.5: ROBOT PROGRAMMING 

• Robot programming is a process of setting up of motion sequences of other activities 
the robot shall execute on demand. 

• Supported is a process of robot programming by special software. The software offers 
the user a set of coded commands &instructions that tell the robot system what task to 
do. 

• In general, the robot software for programming is of highly proprietary nature. Each 
robot manufacturer provides their own software. 

• There is a lack of standardization. However, enough similarities between different 
programming languages help to gain a broad understanding of robot programming 
without having explicit knowledge of each language. 

Programming Languages: 

• ABB robot language: RAPID 
• STAUBLI robot language: VAL3 
• KUKA robot language: KRL 
• COMAU robot language: PDL2 
• YASKAWA robot language: INFORM 
• FANUC robot language: KAREL 
• UNVERSAL robot language: UR Script 
• ONLINE Programming: Program generation with real physical robot 
• OFFLINE Programming: Program generation with virtual robot models 



25 

 

Robot Motion Programming: 

 

 

 

Basic task in robot motion programming: 

• Determination of TCP position tool orientation in the Cartesian space. The 
combination of these two entities is known as POSE of a robot. 

• Path: Consists of ordered locations of points in 3D space, which the robot shall 
follow. A planned path is usually taking into account the avoidance of any collision 
with obstacles & the shortest path. 

• Trajectory: Represents a path based on two or more-way points including velocities & 
accelerations in each of the way points. 

There are two movements in robot motion programming: 

1. PTP- Point to Point Movement 

2. Continuous Path Movement 
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27 

 

Robot Motion Control: Circle 

 

Offline Programming of Industrial Robots: 

Robot studio software is used for programming of industrial robots in offline mode. The 
robot studio software is only used for ABB robots 

 

ABB Robot Studio: 

• Robot studio is a offline programming & robot simulation system. 
• The best way to maximize return of interest is to create robot programming offline on 

a pc. In this case there is no need to stop the production. 
• Robot studio allows tasks like programming, training, simulation, optimization of 

application programs. 
• Robot studio is using graphical models of ABB robots & is built on ABB virtual robot 

controller. 
• The ABB virtual robot controller consists of copy of the real control software. 

Therefore realistic simulations are provided by the tool. 
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Robot Studio Features: 

• Design of robot stations (Layout) 
• Modelling of objects(solid, curves, surfaces) 
• Programming of robot (path, orientation of tools, external axis) 
• Virtual Controller (copy of real control software) 
• Generation of RAPID code 
• Loading & saving programs 

Simulation of programs (collision detection, creating events, simulation time measurement, 
I/O simulation) 

 

CHAPTER 2.6: ROBOT PROGRAMMES 

(A) Pick & Place in Palletizing 

Step1: Measuring sensor to table distance to detect presence & position of table plate 
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Step2: Measuring sensor to box distance to detect presence of boxes 

 

Step3: Positioning & release of box to set up a new stack or to fill a stack 
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(B)Assembly of wind shields in a sidewall of railway wagon 

Robot in home position 

 

Moving to window position: 

 

Measuring of window position laser distance sensor 
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Moving back to first wind shield 

 

 

Picking up first windshield 
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Windshield into assembly position 

 

 

Windshield in assembly position 
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Windshield assembled 
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                                            CONCLUSION 

                          During this internship we learn about the mechanics and kinematics of a 
robot. we came to know how the automation of industrial robots are done in an industry. We 
learn and operated the  end effectors of a robot. we learn how to code a robot software and 
how to activate the robot by the codes for small pick and place operations 
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Introduction 
 

Ship Building Industry 
 
International Level: 
 
Shipbuilding is a global industry. China, South Korea and Japan currently control 
approximately 90% of the total market share measured in dead weight tons 
(DWT). The Indian shipbuilding industry is small by global standards, and 
currently accounts for less than 1% of the global shipbuilding industry. The 
Structure of the Indian shipbuilding industry can be divided into three distinct 
segments viz. Public sector shipyards, Defense shipyards and Private shipyard. 
 
 
This industry is dynamic and cyclic in nature therefore challenges result in procedural 
delays and hampers augmentation of capacity. 
 
Domestic Level: 
 
Recent economic growth and wider trade patterns have resulted in longer voyages, 
and increased tonnage per mile, and that has caused a shortage of ships to develop 
with consequent increases in freight rates. The increase in freight rates has 
encouraged ship owners to place orders for more new ships. The increase in new 
vessel orders during the period from 2004 to 2006 has included all the main 
categories of commercial ships, including the Panamax bulk carriers. The higher 
levels of placement of global new vessel orders in 2006 has continued into 2007, 
but from last three to four years i.e. from 2011 shipping industries has been affected 
by Global recession. 
 
Government Sector Shipbuilding Industries 
 - 
1. Cochin shipyard Limited                  4.Hindustan shipyard Limited 
 
2. Mazagoan Dock Limited                  5.Goa Shipyard Limited 
 
3.Garden Reach Limited 6.Hoogly Docks 
 
 
Private sector shipbuilding limited 

 

1.ABG Shipyard             2.Temba Shipyard     3.Bharti shipyard Limited 
 
4.Pipavav Shipyard         5.L&T Shipyard        6.Chowgule & Co. Ltd 
  



About HSL 
 

Hindustan Shipyard Limited is strategically located on the east coast of India at 
Visakhapatnam in Andhra Pradesh originally set-up under private management in 1941. 
The Shipyard was taken over by the government of India in 1952. The shipyard functions 
under the administrative control of ministry of shipping, Road Transport and Highway, 
Govt. of India. 
 
Hindustan shipyard Limited is the pioneer ship building industry in India. It is located on 
the east coast on 83.17’E latitude, 73.41’N latitude. It is one of the prestigious industries 
in Visakhapatnam. HSL is the part of the natural harbor of Visakhapatnam port and naval 
Dockyard meeting with it. 
 
Dr. BABU RAJENDRA PRASAD, The president of India National Congress laid the 
foundation stone on 21st June 1941 for Scindia Steam Navigation at Visakhapatnam. Mr. 
Walchand Hirachand Scindia was the founder of Shipyard. 
 
In 1949, there were 4000 men employed and 9 British engineer including Mr. Compher 
(the chief Manager of shipyard). In March 1950, Government with the formation of Eastern 
Shipping Corporation entered the field of shipping .It was a joint venture with Government 
holding 74% of the capital and Scindia 26% of the capital. Scindia Steam Navigation 
Company (SSNC) was established at the present place of HSL later it was taken over by 
late Sri Walchand Hirachand, who opened a boat building Company with the collaboration 
of M/S .Sir Alexander & partners consulting engineers in U.K. The keel of the ship names 
“JALA USHA’’ was launched on 14th March 1948 by late Pundit Jawaharlal Nehru our first 
PM. 
 
 

BACKGROUND: 
 

The shipyard has built and delivered so far over 137 ships aggregating over 1.27 million 
DWT. The shipyard has built big ships, small crafts, tugs, dredges, naval vessels, passenger 
ships, training ship, drill ship, off shore patrol support-cum-stand by vessels etc. of different 
designs for owners. HSL has undergone modernization at a cost of approximately 100 
crores. The shipyard is at present capable of building bulk carriers up to 80,000 DWT.HSL 
with expertise skill, sound technology and a host of hull engineering back up facilities also 
offers excellence ship repairs and dry dock services. 
 
 



The recent orders were MOT, Research vessels, A&N administration for barges, utility 
boards. Tour ships of 30,000 DWT cargo’s for GEMI and acquiring repairs for Indian Navy  
of INS Sinduk ranti division. Now, one of the main ship building industries in India is going 
to emerge into Indian security forces for Indian Navy Wing as efficient work and faster 
outputs. HSL is awarded as ISO-9001 certified industry by LLOYD’s register of quality 
assurance (LRQA) London for construction. 



INFRASTRUCTURE DETAILS: 
 
HSL’s yard is spread over an area of 3, 00,000 square meter. Workshops and facilities are 
systematically planned and functionally laid out to ensure unidirectional flow of material. 
The steel processing facilities consists of a stock yard to hold 30,000 tons of steel modern 
plate and section treatment plant gas cutting machines, heavy duty presses self-elevating 
trucks capable of handling blocks of up to 250 tonnes and large pre-fabrication shops with 
overheard travelling cranes of adequate capacity. 
 
The hull construction facility includes a modern covered building dock and three shipways. 
Cutting, wedding and assembly of steel to any specification are handled with care and 
accuracy by skilled operation, with are continuously trained to upgrade their skills. The 
long out fitting quay is equipped with attendant self-contained services and facilities i.e. 
hull fitting, engineering and electrical shops. 
 

THE DESIGN CAPABILITY: 
 
A remarkable achievement in the field ship design is the development of “HS -Standard 
flexible design” acclaimed for its excellence for its Hydrodynamic characteristics by 
HSVA ship model testing tank established at Hamburg, Germany. Seven, 27000WT bulk 
carriers of this design were built for various costumers. HSL’s design capability embraces 
a wide spectrum of general and special purpose vessels like medium size bulk carriers up 
to 70,000 DWT, Product tankers, container vessels, dredgers, passengers vessels, survey 
vessels, etc. it is backed up by latest CAD/CAM software a part from AUTOKON with 
independent work stations. 
 
OFFSHORE PLATFORMS: 
 
HSL has emerged as one of the leading manufacturer of Offshore Oil/Gas production 
platforms providing advanced technologies and up-to-date facilities. HSL’s offshore 
facility is geared to take on offshore projects on turnkey basis covering design, 
procurement, fabrication, load out and instillation. Its expertise and quality standard are 
world class. Over twenty offshore structures fabricated in HSL’s exclusive yard are in 
operation at Bombay High, Southern and Eastern regions of India. 
 
THE INDUSTRIAL STRCTURES AND OTHER DIVERSIFIED AREAS: 
 
With accredited experience and technology absorbed through Shipbuilding, Ship repairs 
and offshore platforms coupled with skilled manpower and modern facilities. HSL’s 
business activities are now being large diversified into the manufacture of large scale plants 
and structure such as plants and equipment, bridge girders and other steel structures. HSL 
also offers consultancy services for design, training, port development etc.



THE ORGANISATION: 
 
Hindustan Shipyard Ltd, A public sector understanding under the administrative control 
of ministry of Shipyard Govt. of India. 
 
HSL has following divisions: 
 
➢ Ship building divisions  
➢ Ship repair divisions  
➢ Retrofit divisions  
➢ Offshore platform division  
➢ Structural fabrication division 

 

SHIPBUILDING DIVISIONS: 
 

➢ Capacity to construct vessels up to 50,000tonnes DWT.  
➢ Two slipways (164*24m) have capacity for construction of vessels up to 

30,000tonnes DWT  
➢ One slipway (140*22.7m) for small crafts.  
➢ Building Dock (247*53*11.25m) has capacity up to 50,000tonnes dead weight. 

 

SHIP REPAIR DIVISION: 
 

It has the following facilities: 
 
➢ Dry dock (244*38*11.6m) up to 57,000tonnes DWT.  
➢ Wet basin has the capacity to accommodate for repair.  
➢ HSL’s repair ship development has accomplished maintenance & repair jobs 

on various variety of naval vessels including submarines, merchant ships and 
oil rigs. 

 
OFFSHORE PLATFORM DIVISION: 
 

It has been engaged in the constructions of platform, jackets and other related 
structure. It has well established and experienced production organization with 
adequate facilities and is supported by necessary expertise divisions of: 

 
➢ Planning  
➢ Purchase  
➢ Production  
➢ Q.A&Q.C  



STRUCTURAL FABRICATION DIVISION: 
 
HSL has diversified its activities into industries structures of: 
 
➢ Railway bridge girders.  
➢ Pipes of the flow out of dredged materials.  
➢ Steel structure construction for process plants. 

 

ORGANISATION STRUCTURE: 
 

A well-defined organization with horizontal and vertical linkage taken care of all activities, 
operations functions of the HINDUSTAN SHIPYARD. Senior management persons in the 
ranks of executive directors, General Managers, Deputy Managers and Chief Manager 
placed in change of various groups and divisions, the objective behind the division is to 
make to heads more accountable and responsible for their decision as well as to raise the 
output of each team group under their control divisions. 
 

SHIP BUILDING MEHODOLOGY 
 

The construction activities of the ship fall into categories namely, Steel complex and Outfit 
complex. The major activities of the Steel complex are processing of steel plates assembly 
of plates and elements into fully welded panels, erections alignment and full welding of 
these panels on building berths as complete Hull Survey, pressure tests and launching etc. 
In the outfit complex installation of main and auxiliary machinery, piping system 
ventilation, electrical, communication system, accommodation works, work survey, tests 
and trials of equipment, dock trials, sea trials and delivery to the owners. After the design 
and drawing are complete ship’s hull form is screwed on the mould loft wooden floor to 
the scale development of critical shapes are done. Wooden templates and mark-ups are 
made to full size to process the element of the ship’s hull. 
 
Certain elements are drawn on films to 1:10 scale in mini loft drawings officers nesting’s 
elements thus drawn to 1:10 scale on films are used for cutting elements on electronic 
tracer type automatic gas cutting machine to full size. The hull processing shop having a 
floor 13,700 Sq.mt has four bays with 10Tand 5T capacities electrical operated overhead 
travelling cranes fitted with magnet beam. Steel plates and sections from steel stock yard 
are fed to these bays though conveyer system via magnets (Captivator, Hydro leveler and 
Driver) mechanic shot blasting machine and sprayed with primer. The shop is equipped 
with number of gas cutting machine most sophisticated among them being Computer 
Numerical Control (CNC) flame cutting machines which cuts simultaneously 4 off pieces 
from 1/10 scale drawing prepared on special paper in mini loft drawing office to full size. 
Other elements marked on the Steel plates using the wooden templates prepared in mould 
loft and cut in Gas cutting machine. There are hydraulic presses with various capacities 
and up to maximum 2000tones forming the plates.



Rolling machines, cold frame bending machines, shearing machines, cambering 
machines, straightening machines, plate preparation plate, section preparation plant etc. 
are the important 
machines, in the shop, there are assembly shops. One of which is 194.5 27 m and is 
intended for the assembly of panels up to a maximum weight of 45 tones and fitted with 
one number 45T on and 3 No’s 10Ton each electrically operated overhead travelling cranes 
at two levels. 
 
The shop is installed with 80 ton & 40 ton electrically operated overhead traveling cranes. 
The addition to assembly of peak panels, air turning and compounding of units up to 100 -
150 tons are done in the shop. Welding is done by automatic and semiautomatic welding 
equipment in addition to manual welding. 
 
The elements proceeded in the Hull processing shop and Assembly units inspected for their 
workmanship of the steel complex, dimensional accuracy by the quality control on the steel 
complex and presented to the classification society surveyor for inspection because they 
dispatched to block storage for Assembly Erection. 
 
The Pre Fabrication units (called panels/blocks) are transported to storage area berth from 
the assembly shop by 100 Ton &150 Ton capacity self-elevation & propelling low bed 
trailers. They can load and unload themselves without the help of any cranes. Thus the 
fabrication panels can be transported without much difficulty. 
 
HSL has three building berth /slipways for construction of ships up to maximum 
30,000DWT. These berths are served by 5 no’s of heavy duty cranes of 35 Tons to 100 
Tons capacity of level fluffing and hammer head type cranes. Each assembly a crow type 
staging are provided inside and outside the ship under construction on berth. It is surveyed 
by the surveyors of classification society in various stages ensuring quality of the structure 
and weld joints including Non Destructive Testing  
.The ship tanks in addition to dry surveyors are pressure tested with air and water. After 
the assembly  
& inspection, the ship outside hull portion is painted scheme. The launching is being 
done at present by conventions method with 2 launching ways consisting of timber 
standing, sliding ways, base and slip coast grease applied in between. 
 
For the purpose of fitting out the ship after launching, the shipyard has an Out fitting quality 
of 1500 ft. Long and capable of accommodating 3 pioneer of 21500 DWT. The jetty has a 
125 ton fixed hammer head crane and four level bluffing cranes of 50ton, 10 ton and 5 ton 
capacity each. Along the length of the jetty, the out fitting infrastructures like Engineering 
Department, Plumbing sheet metal, electrical, carpentry, rigging and black smith. 
Galvanizing and painting departments.All these departments and their shops as well 
equipped with good number of machines for the fast and efficient working. 



TRANSPORTATION OF PANELS/UNITS: 
 
There are two self-elevating and propelling low bed trailers (KAMAG make from 
Germany). One of 100 T and other of 150T for transporting the units from Prefabricate 
shops to slip ways jetty and building docks. These trailers are provided with most 
sophisticated Electronic multi -layer Hydraulic Steering gear system. A coupling 
arrangement is provided for random operation of both the trailers for transporting units of 
order of 200T to 250T with one operator from 150 T trailer. 
 
 
 

SHIP BUILDING BERTHS: 
 

These are 3 slipways / building available for construction of vessels of 

30000DWT. Area of each – 

➢ Berth No. 2 (140 M long *22.7M wide)  
➢ Berth No. 3 (185 M long *25 M wide)  
➢ Berth No. 4 (185 M long * 25 M wide). 





HULL SHOP 
 

 

In HSL Hull shop is spread over 04 bays over an area of 11,152 Sq. m, the shop is 
equipped with 5 & 10 T EOT cranes, with magnetic pickups in each bay. 
 
The Yards’ hull shop is fairly modern with following facilities:- 
(a) Steel stack yard 
(b) Plate treatment plant 
(c) 04 parallel gas cutting machine 
(d) 02 Plasma profile cutting machine and CNC cutting machines 
(e) 2000 T, 800T and 500T rolling and bending press 
(f)400T cold frame bending machine 
(g)100T section bending machine 
 
(a) Steel stack yard 
 

Storage capacity of 30,000 Tones spread over an area of 7000 Sq. meters and equipped 
with 10T, 16T EOT cranes with magnetic pickups. In addition, 12T mobile cranes for 
handling plates & sections are also available. The plates are stored in the stock yard which 
is provided by Semi-goliath crane. This crane unloads the plates from the truck into the 
stockyard. The required plates are then placed on the cross transfer-Ι. The plates are then 
passed through the plate straightening machine to remove deformation. The plates then 
enters on to the cross transfer- ΙΙ, from here they are transferred on to cross transfer-ΙΙΙ, 
which is also called as blasting conveyor. 
 
This blasting conveyor carries the plate through the shot blasting machine and priming 
plant, where the plate is cleaned from rust and mill scale and primed. This primed plates 
are then stored till they are used. 
 

(b) PLATE TREATMENT PLANT: 
The plant comprise Captivator, Hydro leveler with dust collector, shot blasting machines 
for plates and sections of each of spaces priming machine & 2 nos. roller conveyors. 
 

PLATE PREPARATION: 

 Plate preparation means we will have to prepare the plate for construction.  
Plate preparation is required because we have got the raw steel plates from steel plant, we 
will have to prepare them so that they become good for subsequent usage and finally, will 
be well for the product - good for the product 
(a)Straightening 
(b)Residual stress removal 
(c)Mill scale removal 
 



(c) CNC PLASMA CUM FLAME CUTTING MACHINE: 
 

 
The CNC system is especially suited for the control of flame or plasma cutting machines 
or similar application, also the punching on the plate can be done with the help of this 
machine. 
 
 
 
Direct programming is made easy by means of keyboard and T.V. screen. Subroutines, 
macros, and parametric programming result in short but powerful programs. Alternatively, 
remote programming is possible with the program being stored on convectional paper (or 
optionally on cassettes). The third possibility is the creation of program on a computer. The 
program data can be then transferred into the control via, direct or indirect data link. In all 
cases, programs can be edited on the machine. 
 
 
 
The control comprises of an operators front panel and a card rack, which are connected by 
multi way cables and are intended for corporation in the machine builders control cabinet. 
Each plug in card has one or a few specific tasks, which make for easy troubleshooting 
specially in connection with the status messages and the diagnostic display on the screen. 
During operation, the screen shows the current absolute position of both axes, the current 
active block, the active auxiliary function and text messages, which are controlled in the 
program. 
 

 



 
PLASMA 
 

When a gas is heated to a high temperature, its molecular state changes to the atomic, 
further healthy splits these atoms to the ionic state capable of conducting electricity. The 
forth state of matter is called “PLASMA” [the outer 3 being solid, liquid and gaseous]. 
Temperature at the core of this plasma exceeds 30000’c. The aura around the sun is an 
example of plasma. 
Gas mixtures like argon and hydrogen used in producing gas plasma are both expensive a 
hazardous so compressed air is used. A plasma jet is obtained by passing a gas through a 
constricted electric are and letting it escape through the office in the nozzle at high velocity. 
Plasma are processors are used for welding, cutting etc. 
 

 
ADVANTAGE OF PLASMA ARC CUTTING 
 

 
It cuts carbon steel up to 10 times faster than oxy-fuel cutting, with equal quality more 
economically. 
 
➢ It leaves a narrower Kerf. 

 
➢ Plasma cutting being primarily a melting process can cut any metal. 
 
➢ Arc plasma torches give the highest temperature available from many practicable 
sources. The energy seems to be unlimited in this method. 



(d) PLATE ROLLING MACHINE:  
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 
Plate rolling machines is also referred to plate straightening machine. It also used for rolling 
steel plates to the curvature required. By adjusting the height of the top roller and the center 
distance of the bottom rollers, large or small radius bends can be made. The diameter of the 
bottom roller is 300mm and top roller is 360mm. the day light or the vertical distance 
between two rollers 460mm maximum. 
 
Blockhead flanging is also possible when the machine is fitted with a flanging bar and 
bottom block.  
Control of machine is by manuals setting and operations carried out from a console 
located nearby. 
 
Arrangements are made for removing the rolled plate by realizing the top roller and bearing. 
The plates on the machines are handled jib cranes mounted on frame of the rolled machines. 



(e) FRAME BENDING MACHINES: 
  
Ship frames are shaped by cold bending on hydraulically powered machines. The frames 
(bulb angle) are held in position by three clamps in line. The main ram then more the 
outer two clamps forward or backward to bend the frame to the desired shape. 

 

 Per the values given by the design department for bending the frame. The inverse curve 
is 1drawn in chalk on a straight frame and frame is bent until the chalk line becomes 
straight on a curved frame. This way the correct frame curvature can be obtained. 
 
(f) PLATES STRAIGHTENING ROLLS: 
 

Plate straightening or levelling is achieved in the yard by using a plate rolling machine. It 
consists of seven large rollers four on top and three at bottom. The bottom and rollers being 
driven and top one idling. Three heights of the top rollers can be adjusted for height 
independently at each end and the bottom rollers have fixed Centre’s. 
 
The plate fed through with upper and lower rollers spaced at its thickness and is 
subsequently straightened and obtained on other side. The rollers are driven by D.C motor. 
 

 
(g) PORTABLE PLATE EDGE BEVELING MACHINE: 
 

Portable plate edge beveling machine is an electrically powered rotary shear which is used 
for wide variety of plates edges, usually used for purpose of weld joint preparation. This 
machine are designed for man operation and is capable of beveling straight or circular plate 
section at a speed of approximately 305cm/min. it is also capable for multiphase beveling 
for larger bevels that cannot be accomplished in single pass. An easy adjustment is provided 
for altering the depth and angle of bevel. 
 
This machine is capable of supporting its own weight while beveling horizontal plate. This 
standard machine is equipped with a spring loaded coaster assembly that allows the 
machine to roll alo ng the floor, or runway, during the beveling operation. The adjustable 
beveling head enables the beveling of angles 22.5degree through 55degree. 
 
The machine comes with a complete tool box which includes the bevel angle pins 22.5 , 
30 , 37.5 , 45 and 55 as well as all of the necessary wrenches and hexagonal keys that are 
required to make adjustments to the machine.



 
ENGINEERING 

Machinery Specification 

1. Main engines  
2. Gear Box  
3. Shafting   
4. Remote Control  
5. Generators-Main 
6. Generators- Emergency 
7. Tunnel Thrusters’ Units 
8. Fuel Oil Transfer Units  
9. Cargo pump (Fresh Water)  
10. Cargo pump (Drill Water)  
11. Cargo Oil pump  
12. Cargo pump (Liquid Mud)  
13. Bilge and Ballast pump  
14. G.S. and Fire Pump  
15. Pressure Set-F.W  
16. Pressure Set-S.W  
17. L.O. Transfer Pump  
18. Sludge Transfer/Dirty Oil Pump  
19. L.O. Purifier  
20.Fuel Oil Purifier  
21. Oily Bilge separator  
22. S.W. Cooling Pump for Aircon and Refrigeration plant  
23. Engine Cooling System  
24. Air Compressors-Starting Air  
25. Lifting Equipment  
26. Steering Gear  
27. Stern tubes  
28. Propellers  
29. Tanks-minor  
30. Floor Plates, Handrails and Gratings  
31. Ventilation  
32. Engine Exhausts  
33. Sewage Treatment Plant  
34. Emergency Fire Pump  
35. Cooling Water Pre-heater 
36. Garbage Disposal 
37. Calorifier 
38. Oil Pollution Control System. 



 
GENERAL MACHINARY 
 
1) Propulsion is to be provided by unidirectional marine diesel engines arranged to 
supply power independently via reverse reduction gearbox through twin propeller shafts 
to two controllable pitch propellers in Kurt nozzle. 
 
2) All main and auxiliary machinery is to be rated for continuous maximum output under 
tropical condition. Fuel to be used is marine diesel oil. 
 
3) Maneuvering control of the propulsion units, propeller and gearbox is to be provided 
from two stations in the wheelhouse, each forward and aft. 
 

PLANING MACHINE 
 

The photographic view in typically shows the general configuration of planing machine. 
Like shaping machines, planing machines are also basically used for producing flat 
surfaces in different planes. However, the major differences between planning machines 
from shaping machines are : 

➢ Though in principle both shaping and planning machines produce flat surface is in 
same way by the combined actions of the Generatrix and Directrix but in planning 
machine,   

➢ Instead of the tool, the work-piece reciprocates giving the fast cutting motion           

➢ Instead of the job, the tool(s) is given the slow feed motion(s).   

➢ Compared to shaping machines, planning machines are   

➢ Much larger and more rugged and   

➢ Generally used for large jobs with longer stroke length and heavy cuts.   

➢ In planning machine,   

➢ The work-piece is mounted on the reciprocating table and   

➢ The tool is mounted on the horizontal rail which, again, can move vertically   up 
and down along the vertical rails.  

➢ Planning machines are   



➢ More productive (than shaping machines) for longer and faster stroke,   

➢ Heavy cuts (high feed and depth of cut) possible and   

➢ Simultaneous use of a number of tools.   

 

As in shaping machines, in planing machines also;   

➢ The length and position of stroke can be adjusted   

➢ Only single point tools are used 

➢ The quick return persists  

➢ Form tools are often used for machining grooves of curved section   

➢ Both shaping and planing machines can also produce large curved surfaces by 
using suitable 



➢ The basic principles of machining by relative tool-work motions are quite similar 
in shaping machine and planing machine. The fast straight path cutting motion is 
provided by reciprocation of the tool or job and the slow, intermittent transverse 
feed motions are imparted to the job or tool.   

➢ In respect of machining applications also these two machine tools are very close.   

➢ All the operations done in shaping machine can be done in planing machine.   

➢ But large size and stroke length and higher rigidity enable the planing machines do 
more heavy duty work on large jobs and their long surfaces.   

➢ Simultaneous use of number of tools further enhances the production capacity of 
planing machines.   

➢ *The usual and possible machining applications of planing machines are   

➢ *The common machining work which are also done in shaping machines   

➢ *Machining the salient features like the ones listed below are the common 
applications where the several parallel surfaces of typical machine bed and 
guideway are surfaced by a number of single point HSS or carbide tools.   

➢ Principal surfaces and guideways of beds and   

➢ Tables of various machines like   

➢  Lathes  
➢ Milling machines,   
➢ Grinding machines and   
➢ Planing machines itself,   
➢  Broaching machines etc.   
➢  Besides that the long parallel T-slots, Vee and inverted Vee type guideways are 

also machined in planing machines.   
➢  Besides the general machining work, some other critical works can also be made, 

if needed, by using suitable special attachments - like   
➢ Helical grooving on large rods, long and wide 2-D curved surfaces. 



LATHE MACHINES 

A lathe  is a tool that rotates the workpiece about an axis of rotation to perform various 
operations such as cutting, sanding, knurling, drilling, deformation, facing, and turning, 
with tools that applied to the workpiece to create an object with symmetry about that axis. 

Lathes are used in woodturning, metalworking, metal spinning, thermal spraying, parts 
reclamation, and glass-working. Lathes can be used to shape pottery, the best-known 
design being the potter's wheel. Most suitably equipped metalworking lathes can also be 
used to produce most solids of revolution, plane surfaces and screw threads or helices. 
Ornamental lathes can produce three-dimensional solids of incredible complexity. The 
workpiece is usually held in place by either one or two centers, at least one of which can 
typically be moved horizontally to accommodate varying workpiece lengths. Other work-
holding methods include clamping the work about the axis of rotation using a chuck or 
collet, or to a faceplate, using clamps or dogs 

Examples of objects that can be produced on a lathe include screws, candlestick holders, 

gun barrels, cue sticks, table legs, bowls, baseball bats, musical instruments (especially 

woodwind instruments),crankshaft,andcamshaft,Repetitive oil grooves. 



DRILLING  MACHINE 

Drilling is a cutting process that uses a drill bit to cut a hole of circular cross-section 
in solid materials. The drill bit is usually a rotary cutting tool, often multi-point. The 
bit is pressed against the work-piece and rotated at rates from hundreds to thousands of 
revolutions per minute. This forces the cutting edge against the work-piece, cutting off 
chips (swarf) from the hole as it is drilled. 

In rock drilling, the hole is usually not made through a circular cutting motion, though 
the bit is usually rotated. Instead, the hole is usually made by hammering a drill bit 
into the hole with quickly repeated short movements. The hammering action can be 
performed from outside the hole (top-hammer drill or within the hole (down-the-hole 
drill, DTH). Drills used for horizontal drilling are called drifter drills. 

In rare cases, specially-shaped bits are used to cut holes of non-circular cross-section; 
a square cross-section is possible. 

 

 Spot drilling 
See also: Drill bit § Center and spotting drill bits 

The purpose of spot drilling is to drill a hole that will act as a guide for drilling the 
final hole. The hole is only drilled part way into the workpiece because it is only used 
to guide the beginning of the next drilling process. 

 

 

 

 

https://en.wikipedia.org/wiki/Drill_bit#Center_and_spotting_drill_bits


Center drilling 

See also: Drill bit § Center and spotting drill bits 

Center drill is a two-fluted tool consisting of a twist drill with a 60° countersink; used 
to drill countersink center holes in a work piece to be mounted between centers for 
turning or grinding. 

Deep hole drilling 

 
Blast hole several meters long, drilled in granite 

 

Deep hole drilling is defined as a hole depth greater than ten times the diameter of the 
hole. These types of holes require special equipment to maintain the straightness and 
tolerances. Other considerations are roundness and surface finish. 

 

Deep hole drilling is generally achievable with a few tooling methods, usually gun 
drillingor BTA drilling. These are differentiated due to the coolant entry method 
(internal or external) and chip removal method (internal or external). Using methods 
such as a rotating tool and counter-rotating workpiece are common techniques to 
achieve required straightness tolerances.[5] Secondary tooling methods include 
trepanning, skiving and burnishing, pull boring, or bottle boring. Finally a new kind of 
drilling technology is available to face this issue: vibration drilling. This technology 
breaks up the chips by a small controlled axial vibration of the drill. The small chips 
are easily removed by the flutes of the drill. 

 

A high tech monitoring system is used to control force, torque, vibration, and acoustic 
emission. Vibration is considered a major defect in deep hole drilling which can often 
cause the drill to break. A special coolant is usually used to aid in this type of drilling. 

https://en.wikipedia.org/wiki/Drill_bit#Center_and_spotting_drill_bits
https://en.wikipedia.org/wiki/Force
https://en.wikipedia.org/wiki/Torque


 



HULL BERTH 
 

 
Hull berth department consists of three slipways each consists of 192 X 26.6 m, 195 X 26.6 
m and 140 X 22.7 m respectively and a covered building dock with intermediate gate 
facility of size 24 X 53 X 11.25 m depth for a capacity of building ships up to 50,000 dwt. 
The building dock has two over - head cranes, of which one is 150 tons capacity and the 
other is 100 tons capacity. Adjacent to building dock there is a wet basin of size 22.5 X 
167.5 X 14 m depth where ships can be repaired and outfit works can be carried out while 
the vessels are afloat. There is a dry dock with a size of 244 X 38 X 11.6 m depth for the 
repairs of the ships up to 50,000 dwt. 
 
There are movable cranes of capacities 45 tons, 60 tons and 100 tons in between building 
dock and berth. 
 

PROCESS 
 
1. Inspection record sheet for loose tanks QA – G- 03 
 
The main activity at hull berth is joining of the ships structural blocks in an order given in 
the drawing to form a ship after consolidation of all the blocks, which are supplied from 
the pre fabrication department. 
 
Initially all the ship lines are drawn on the floor like center lines, buttock lines and on over 
the lines the center keel blocks, side bilge blocks and other supporting shores are provided 
stage by stage during the erection and alignment of the blocks. This activity is carried out 
in building dock as well as on the slipways while construction of at places accordingly. 
 
During the process of the ship construction and erection stage Q.C inspects at every stage 
of fit-ups of the blocks after alignment and welding of the joints after consolidation and 
organize third party Inspection by class and owner’s representatives, MMD inspection. 
The data will be recorded in the documents as follows: 
 
1. Inspection record sheet for panel joint fit – up at erection QA – E – 02 
2. Record sheet for keel sighting QA – E – 02 
3. Dimensional / alignment check sheet for QA – E – 03 
4. Inspection record sheet for keel and bilge blocks at berth/building dock QA – E – 02 
5. Inspection record sheet for dry survey of panel butt / space/tank at erection QA–F-01 
6. Inspection record sheet for survey of pressure test QA – F – 02 
7. Inspection record sheet for seat QA – G – 01 
8. Inspection record sheet for W.T. door / hatch covers QA – G – 02 



After completion of the works and remarks of surveys the main joints of tanks, 
bulkheads, decks and shell joints will be hose tested / pressure tested with air or 
hydraulically as per testing requirement. If any leak is found the same will be rectified 
and accordingly class certificates will be issued for final clearance of the spaces. 
 
At erection stage the rudder and propeller with propeller with propeller shaft are fitted 
with in the ship before the ship floats in the water. 
 
The ship, built in building dock is floated by allowing the sea water in to the building 
dock. The ships on the slipways are launched into sea channel by providing launching 
ways below the ship on the slipways. After floating / launching the vessel will go to sea 
channel at out fitting quay, which is 460m long at the north side of the shipyard. Where 
in the sea channel 3 ships of 50,000 DWT can be attended for outfit works by all the 
working / production departments like blacksmith, joining and carpentering, sheet 
metal, plumbing department, electrical department, engineering department, rigging 
department, painting department etc. 
 
Quality control department will play vital role during the progress of above outfit works 
also and finally the ship will undergo test and trials at jetty called basin trials and sea 
trails to see the performance of the ship in working condition. Where the quality control 
will record all the data during the basin trials and sea trials and get approvals from the 
third party classification societies like IRS, ABS and owner’s representatives and 
surveyors of MMD. After the approvals the ship will be handled over to owners. 
 
The testing procedures for the erection / hull berth department are 
1. Leak test 
2. Hose test 
3. Pressure test 
4. Pressure test with air. 
 

Erection Sequence 
 

The assembly stage involves pre-fabricating plate or structural sections in suitable sizes 
for pre - erection into blocks or part blocks. The erection stage involves moving the 
blocks or part blocks to a predetermined location within a dry dock for final erection and 
welding. The final stage in the building of a hull structure involves transferring block 
fabrications to a dry dock where the units are located in a predetermined position and 
erected and welded into a hull structure. Painting of the structure is carried out at all 
stages from pre-assembled, block assembly and final erection and welding. 
 
Joining ship sections afloat: 
 

Some large size of bulk carriers and tanker, it is found some shipyard with restricted 
facilities like short berth, building dock, building ships in two halves and joining these 
afloat. 



These two sections may be pulled by shackles, and accurate optical instruments used for 
alignment. One method is coffer dam is introduced in way of joint, a caisson is brought up 
against ship hull, cofferdam and caisson are pumped dry and it is necessary to shift ballast 
in fore and aft sections. After weld ing, x-ray of weld is to be done. A similar method use 
of rubber ‘U’ form ring rather than a caisson which need modification for each ship size. If 
dry dock is available, the rest of welding could be taken up.  
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Typical block erection for a Cargo Ship



QUALITY CONTROL DEPARTMENT 
 

 

Quality Control process in a shipyard  



Quality in Ship building 
 

Quality Assurance in Ship building or repair or retrofitting is all about preventing mistakes 
or defects in the process of manufacturing thereby ensuring that the end product meets the 
requirements and avoid problems when delivering ships or marine products to our 
customers. 
 
There are procedural as well as administrative activities that try to ensure the above 
objective in QA. The goals of QA are two in number - namely to produce a product which 
is "fit for purpose" and second in doing it "Right the first time" so that costly rework and 
mistakes can be avoided.  
On the other hand Quality as Quality control (QC) is focused on the final product and 
focuses on defect identification. Quality control fails if Quality Assurance does not work. 
Having defined the above two terms let us come to some ground realities. 
 
During the years 2013-14 India witnessed some serious accidents leading to loss of life – 
like faulty cable catching fire and releasing toxic gases; Malfunctioning of valves in the 
CO2 fir fighting system etc., in Ship and Submarine building in India due to poor quality 
and workmanship practices.  
We should be lucky that such major accidents have not yet happened here. Given the state 
of events and the current thinking prevalent everywhere, it is only a matter of time, before 
one more serious accident is waiting to happen. 
 
Lack of quality in our ship building or other departments elsewhere, leads to: 
 
1) Loss of life and subsequent incarceration by concerned agencies. 
 
2) Losing on competition as we end up correcting mistakes thereby losing time and 
ending in delayed delivery. 
 
3) Loss of health and good interpersonal relationships between various departments, due 
to more time spent rectifying the defects. 
 
4) Loss of prestige, confidence, self-esteem and all round bad name leading to closing or 
downsizing the Business, which is the natural result and finally inability to attract the best 
and motivated talent available in the country to work with us due to the above bad name. 
 
A number of articles in various National and International News magazines point out the 
same problem all-pervading throughout India and elsewhere, from which we are not 
immune. Each one of us are individually responsible for the above state of affairs and it is 
our responsibility to rectify the same at our end.  



A root cause analysis for these failures leading to a loss of quality and what we can do to 
improve it are enumerated below, remembering that we are basically a Technology driven 
Ship building Industry waiting to produce a number of Weapon platforms in the future for 
Indian Navy and other Agencies Substantial loss of or absence of Academic and Technical 
skills in the Engineering community. 
 
The above problem has its roots in the general problem of Higher Engineering education 
in the country being in a dilapidated condition with HSL forced to induct from the same 
pool who are academically very poor. 
 
Further, prevalent thinking in the Engineering community about not needing to be current 
in their field of Engineering and not striving to become better in their basic Academic 
foundations is not very encouraging and very depressing to say the least. A number of 
problems are being encountered everyday due to this problem alone, everywhere.  
 
It Starts with the Workers 
 
Many of those who tour a shipyard are amazed to learn that it all starts out as flat plate, 
structural shapes, and pipe. Through the efforts of many skilled craft workers, these raw 
materials end up as a finished vessel that sails away and becomes a “home” for the crew. 
Each vessel, whether commercial or military, is a self-contained, self-supporting floating 
city when at sea. Everything from propulsion and electrical power to personnel 
accommodations and sewage treatment is contained in the vessel. Inspection plays an 
important role in the shipbuilding process from start to finish. Being cost effective is a 
key to survival in the shipbuilding industry today. 
 A Step-by-Step Procedure 
 

In truth, if done properly, quality control starts with the worker on the job. The next step in 
the process in modern yards is to have the Manufacturing Department employ a quality 
control operation by the lead person or supervisor to check 100% of the work. When that 
step is completed successfully, it is then passed to the quality assurance inspector who 
checks the performance of Manufacturing’s quality control efforts. This step is intended to 
be an audit operation. When that step is successfu lly completed, the regulatory body and 
customer representatives are called out for a formal inspection. When the formal inspection 
is completed, the assembly can progress to the next phase of construction. In most yards, 
these inspection points are at predetermined milestone events, such as panel construct, 
module construct, and final erection in the hull for structure. Piping systems, machinery 
installations, and electrical distribution systems are also inspected at predetermined stages 
of completion. Redundant inspections ensure defects are caught early and corrected 
immediately 
The true “final inspection” is during the sea trial period where the ship is put through 
planned tests while underway to confirm operation and safety of the crew under actual 
conditions, including hard turns and emergency stop demonstrations.



Non-destructive testing of ship hull steel welds 

 
The non-destructive testing is normally to be performed by the Shipbuilder or its 
subcontractors in accordance with these requirements. 
The Classification Society’s surveyor may require to witness some testing.  
It should be the Shipbuilder’s responsibility to assure that testing specifications and procedures 
are adhered to during the construction and the report is made available to the Classification 
Society on the findings made by the NDT. 
 

The extent of testing and the number of checkpoints are normally agreed between the ship 
yard and the Classification Society. 
 

Limitations 
 

Materials 
 

It applies to fusion welds made in normal and higher strength hull structural steels in 
accordance with UR W11, high strength quenched and tempered steels in accordance with UR 
W16 and connections welds with hull steel forgings in accordance with UR W7 and hull steel 
castings in accordance with UR W8. 
 

Welding processes 
 

It applies to fusion welds made using shielded metal arc welding, flux cored arc welding, gas 
metal arc welding, gas tungsten arc welding, submerged arc welding, electro -slag welding 
and electro-gas welding processes. 
 

Weld joints 
 

Butt welds with full penetration, tee, corner and cruciform joints with or without full 
penetration, and fillet welds. 
 

Timing of NDT 
 

NDT should be conducted after welds have cooled to ambient temperature and after post 
weld h eat treatment where applicable. For steels with specified minimum yield stress of 420 
N/mm2and above, NDT should not be carried out before 48 hours after completion of 
welding. Where post weld heat treatment (PWHT) is carried out the requirement for testing 
after 48 hours may be relaxed.  
 

Testing techniques  
 
General: The testing method, equipment and conditions should comply with recognized 
National or International standards, or other documents to the satisfaction of the Classification 
Society. 
Sufficient details should be given in a written procedure for each NDT technique submitted to 
the Classification Society for acceptance



Visual testing 
 

The welds examined should be clean and free from paint.  
Liquid penetrant testing. The procedure should detail as a minimum the calibration 
equipment, surface preparation, cleaning and drying prior to testing, temperature range, 
type of penetrant, cleaner and developer used, penetrant application and removal, 
penetration time, developer application and development time and lighting conditions 
during testing. 
 
The surface to be examined should be clean and free from scale, oil, grease, dirt or paint 
and should include the weld bead and base metal for at least 10mm on each side of the 
weld, or the width of the heat affected zone, whichever is greater. 
 
The temperature of parts examined should be typically between 5°C and 50°C, outside 
this temperature range special low/high temperature penetrant and reference comparator 
blocks should be used. 
 

Magnetic particle testing 
 
The procedure should detail as a minimum the surface preparation, magnetizing 
equipment, calibration methods, detection media and application, viewing conditions 
and post demagnetization. The surface to be examined should be free from scale, weld 
spatter, oil, grease, dirt or paint and should be clean and dry. 
 
When using current flow equipment with prods, care shall be taken to avoid local 
damage to the material. Copper prod tips must not be used. The prod tips should be lead, 
steel, aluminum or aluminum- copper braid. 
 

To ensure detection of discontinuities of any orientation, the welds are magnetized in 
two directions approximately perpendicular to each other with a maximum deviation of 
30°. Adequate overlapping shall ensure testing of the whole zone. Continuous wet 
particle method should be used as far as practicable. 
 
 



Radiographic testing 
 

The procedure should detail as a minimum the type of radiation source, considering the 
thickness to be radiographed, test arrangement and films overlapping, type and position of 
image quality indicators (IQI), image quality, film system and intensifying screens used if 
any, exposure conditions, scattered radiation control, film processing, film density and 
viewing conditions. 
 
Processed films should display hull no., frame no., weld boundary indicators, 
Port/Starboard, location (or film serial number) and date as radiographic image. 
 
The Classification Society may require to duplicate some radiographs in order that some 
processed films are handed over to the Society together with testing reports. Alternative 
method to duplicate the processed film can be agreed with the Society. 

 
 

 
 
 
 
 



Ultrasonic testing 
 

The procedure should detail the equipment, type of probes (frequency, angle of incidence), 
coupling media, and type of reference blocks, method for range and sensitivity setting, 
method for transfer corrections, scanning technique, sizing technique and intervals for 
calibration checks during testing. The equipment (instrument and probes) should be 
verified by the use of appropriate standard calibration blocks at suitable time intervals. 
 
The range and sensitivity should be set prior to each testing and checked at regular intervals 
as per the procedure and whenever needed. 
 
The scanning surfaces should be sufficiently clean and free from irregularities like rust, 
loose scale, paint (excluding primer), weld spatter or grooves which may interfere with 
probe coupling. The surface profile should be such to avoid loss of probe contact by 
rocking. 
 
The scanning technique should be determined to allow the testing of the entire volume of 
the weld bead and base metal for at least 10mm on each side of the weld, or the width of 
the heat affected zone, whichever is greater. 
 
The probe frequency should be within the range 2 MHz to 5 MHz 
 
Base material in the scanning zone should be examined with a straight beam technique to 
check the absence of imperfections which would interfere with the angle beam technique, 
unless already demonstrated at a previous fabrication stage. 
 
Angle beam technique should be used to search for longitudinal and transverse weld 
discontinuities. An angle probe with an incident angle of the sound wave equal to that of 
the weld preparation should be used as a minimum. 
 



CONCLUSION 
 
 
 
 
This industrial training at Hindustan Shipyard has helped us gain a vast amount 
of practical knowledge and the real difficulties associated in the shipbuilding. We 
as the students of Naval Architecture & Ocean Engineering believe that this 
training experience will help us in building a successful career. We are very 
thankful to the training department and all the engineers in the shipyard who 
guided us for the past one month. 
 
The training at Hindustan Shipyard has helped us to gain practical skills like 
reading & interpreting production drawing, ability to solve practical everyday 
problems that may occur during construction and has made me independent. We 
have learnt the importance of completing the work on time. It has taught us how 
to interact professionally with our peers. This training program has helped us in 
believing our self and extracted out the hidden potential of ours. We have learnt 
here to work as a team. We are highly indebted to Hindustan Shipyard and hope 
for an opportunity to serve it better in future. 
 
In the present competitive world there has been many competitors in the field of 
ship building may have emerged but still HINDUSTAN SHIPYARD LIMITED 
is as popular as it was before because of its strict maintenance in the quality and 
standards of its products hence ship yard still have many customers and have 
ample orders. This in order to meet the demand of its customer’s ship yard has 
to speed its production by the more utilization of latest technology. 
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Introduction 
 

Ship Building Industry 
 
International Level: 
 
Shipbuilding is a global industry. China, South Korea and Japan currently control 
approximately 90% of the total market share measured in dead weight tons 
(DWT). The Indian shipbuilding industry is small by global standards, and 
currently accounts for less than 1% of the global shipbuilding industry. The 
Structure of the Indian shipbuilding industry can be divided into three distinct 
segments viz. Public sector shipyards, Defence shipyards and Private shipyard. 
 
 
This industry is dynamic and cyclic in nature therefore challenges result in procedural 
delays and hampers augmentation of capacity. 
 
Domestic Level: 
 
Recent economic growth and wider trade patterns have resulted in longer voyages, 
and increased tonnage per mile, and that has caused a shortage of ships to develop 
with consequent increases in freight rates. The increase in freight rates has 
encouraged ship owners to place orders for more new ships. The increase in new 
vessel orders during the period from 2004 to 2006 has included all the main 
categories of commercial ships, including the Panamax bulk carriers. The higher 
levels of placement of global new vessel orders in 2006 has continued into 2007, 
but from last three to four years i.e. from 2011 shipping industries has been affected 
by Global recession. 
 
Government Sector Shipbuilding Industries 
 - 
1. Cochin shipyard Limited                  4.Hindustan shipyard Limited 
 
2. Mazagoan Dock Limited                  5.Goa Shipyard Limited 
 
3.Garden Reach Limited     6.Hoogly Docks 
 
 
Private sector shipbuilding limited 

 

1.ABG Shipyard             2.Temba Shipyard     3.Bharti shipyard Limited 
 
4.Pipavav Shipyard         5.L&T Shipyard        6.Chowgule & Co. Ltd 
  



About HSL 
 

Hindustan Shipyard Limited is strategically located on the east coast of India at 
Visakhapatnam in Andhra Pradesh originally set-up under private management in 1941. 
The Shipyard was taken over by the government of India in 1952. The shipyard functions 
under the administrative control of ministry of shipping, Road Transport and Highway, 
Govt. of India. 
 
Hindustan shipyard Limited is the pioneer ship building industry in India. It is located on 
the east coast on 83.17’E latitude, 73.41’N latitude. It is one of the prestigious industries 
in Visakhapatnam. HSL is the part of the natural harbour of Visakhapatnam port and naval 
Dockyard meeting with it. 
 
Dr. BABU RAJENDRA PRASAD, The president of India National Congress laid the 
foundation stone on 21st June 1941 for Scandia Steam Navigation at Visakhapatnam. Mr. 
Walchand Hirachand Scindia was the founder of Shipyard. 
 
In 1949, there were 4000 men employed and 9 British enginer including Mr. Compher (the 
chief Manager of shipyard). In March 1950, Government with the formation of Eastern 
Shipping Corporation entered the field of shipping .It was a joint venture with Government 
holding 74% of the capital and Scindia 26% of the capital. Scindia Steam Navigation 
Company (SSNC) was established at the present place of HSL later it was taken over by 
late Sri Walchand Hirachand, who opened a boat building Company with the collaboration 
of M/S.Sir Alexander & partners consulting engineers in U.K. The keel of the ship names 
“JALA USHA’’ was launched on 14th March 1948 by late Pundit Jawaharlal Nehru our first 
Prime Minister. 
 
 

BACKGROUND: 
 

The shipyard has built and delivered so far over 137 ships aggregating over 1.27 million 
DWT. The shipyard has built big ships, small crafts, tugs, dredges, naval vessels, passenger 
ships, training ship, drill ship, off shore patrol support-cum-stand by vessels etc. of different 
designs for owners. HSL has undergone modernization at a cost of approximately 100 
crores. The shipyard is at present capable of building bulk carriers up to 80,000 DWT.HSL 
with expertise skill, sound technology and a host of hull engineering back up facilities also 
offers excellence ship repairs and dry dock services. 
 
 



The recent orders were MOT, Research vessels, A&N administration for barges, utility 
boards. Tour ships of 30,000 DWT cargo’s for GEMI and acquiring repairs for Indian Navy 
of INS Sinduk ranti division. Now, one of the main ship building industries in India is going 
to emerge into Indian security forces for Indian Navy Wing as efficient work and faster 
outputs. HSL is awarded as ISO-9001 certified industry by LLOYD’s register of quality 
assurance (LRQA) London for construction. 
 

 
 



INFRASTRUCTURE DETAILS: 
 
HSL’s yard is spread over an area of 3, 00,000 square meter. Workshops and facilities are 
systematically planned and functionally laid out to ensure unidirectional flow of material. 
The steel processing facilities consists of a stock yard to hold 30,000 tons of steel modern 
plate and section treatment plant gas cutting machines, heavy duty presses self-elevating 
trucks capable of handling blocks of up to 250 tonnes and large pre-fabrication shops with 
overheard travelling cranes of adequate capacity. 
 
The hull construction facility includes a modern covered building dock and three shipways. 
Cutting, wedding and assembly of steel to any specification are handled with care and 
accuracy by skilled operation, with are continuously trained to upgrade their skills. The 
long out fitting quay is equipped with attendant self-contained services and facilities i.e. 
hull fitting, engineering and electrical shops. 
 

THE DESIGN CAPABILITY: 
 
A remarkable achievement in the field ship design is the development of “HS -Standard 
flexible design” acclaimed for its excellence for its Hydrodynamic characteristics by 
HSVA ship model testing tank established at Hamburg, Germany. Seven, 27000WT bulk 
carriers of this design were built for various costumers. HSL’s design capability embraces 
a wide spectrum of general and special purpose vessels like medium size bulk carriers up 
to 70,000 DWT, Product tankers, container vessels, dredgers, passengers vessels, survey 
vessels, etc. it is backed up by latest CAD/CAM software a part from AUTOKON with 
independent work stations. 
 
OFFSHORE PLATFORMS: 
 
HSL has emerged as one of the leading manufacturer of Offshore Oil/Gas production 
platforms providing advanced technologies and up-to-date facilities. HSL’s offshore 
facility is geared to take on offshore projects on turnkey basis covering design, 
procurement, fabrication, load out and instillation. Its expertise and quality standard are 
world class. Over twenty offshore structures fabricated in HSL’s exclusive yard are in 
operation at Bombay High, Southern and Eastern regions of India. 
 
THE INDUSTRIAL STRCTURES AND OTHER DIVERSIFIED AREAS: 
 
With accredited experience and technology absorbed through Shipbuilding, Ship repairs 
and offshore platforms coupled with skilled manpower and modern facilities. HSL’s 
business activities are now being large diversified into the manufacture of largescale plants 



THE ORGANISATION: 
 
Hindustan Shipyard Ltd, A public sector understanding under the administrative control 
of ministry of Shipyard Govt. of India. 
 
HSL has following divisions: 
 
➢ Ship building divisions  
➢ Ship repair divisions  
➢ Retrofit divisions  
➢ Offshore platform division  
➢ Structural fabrication division 

 

SHIPBUILDING DIVISIONS: 
 

➢ Capacity to construct vessels up to 50,000tonnes DWT.  
➢ Two slipways (164*24m) have capacity for construction of vessels up to 

30,000tonnes DWT  
➢ One slipway (140*22.7m) for small crafts.  
➢ Building Dock (247*53*11.25m) has capacity up to 50,000tonnes dead weight. 

 

SHIP REPAIR DIVISION: 
 

It has the following facilities: 
 
➢ Dry dock (244*38*11.6m) up to 57,000tonnes DWT.  
➢ Wet basin has the capacity to accommodate for repair.  
➢ HSL’s repair ship development has accomplished maintenance & repair jobs 

on various variety of naval vessels including submarines, merchant ships and 
oil rigs. 

 
OFFSHORE PLATFORM DIVISION: 
 

It has been engaged in the constructions of platform, jackets and other related 
structure. It has well established and experienced production organization with 
adequate facilities and is supported by necessary expertise divisions of: 

 
➢ Planning  
➢ Purchase  
➢ Production  
➢ Q.A&Q.C  



STUCTURAL FABRICATION DIVISION: 
 
HSL has diversified its activities into industries structures of: 
 
➢ Railway bridge girders.  
➢ Pipes of the flow out of dredged materials.  
➢ Steel structure construction for process plants. 

 

ORGANISATION STRUCTURE: 
 

A well-defined organization with horizontal and vertical linkage taken care of all activities, 
operations functions of the HINDUSTAN SHIPYARD. Senior management persons in the 
ranks of executive directors, General Managers, Deputy Managers and Chief Manager 
placed in change of various groups and divisions, the objective behind the division is to 
make to heads more accountable and responsible for their decision as well as to raise the 
output of each team group under their control divisions. 
 

SHIP BUILDING MEHODOLOGY 
 

The construction activities of the ship fall into categories namely, Steel complex and Outfit 
complex. The major activities of the Steel complex are processing of steel plates assembly 
of plates and elements into fully welded panels, erections alignment and full welding of 
these panels on building berths as complete Hull Survey, pressure tests and launching etc. 
In the outfit complex installation of main and auxiliary machinery, piping system 
ventilation, electrical, communication system, accommodation works, work survey, tests 
and trials of equipment, dock trials, sea trials and delivery to the owners. After the design 
and drawing are complete ship’s hull form is screwed on the mould loft wooden floor to 
the scale development of critical shapes are done. Wooden templates and mark-ups are 
made to full size to process the element of the ship’s hull. 
 
Certain elements are drawn on films to 1:10 scale in mini loft drawings officers nesting’s 
elements thus drawn to 1:10 scale on films are used for cutting elements on electronic 
tracer type automatic gas cutting machine to full size. The hull processing shop having a 
floor 13,700 Sq.mt has four bays with 10Tand 5T capacities electrical operated overhead 
travelling cranes fitted with magnet beam. Steel plates and sections from steel stock yard 
are fed to these bays though conveyer system via magnets (Captivator, Hydro leveler and 
Driver) mechanic shot blasting machine and sprayed with primer. The shop is equipped 
with number of gas cutting machine most sophisticated among them being Computer 
Numerical Control (CNC) flame cutting machines which cuts simultaneously 4 off pieces 
from 1/10 scale drawing prepared on special paper in mini loft drawing office to full size. 
Other elements marked on the Steel plates using the wooden templates prepared in mould 
loft and cut in Gas cutting machine. There are hydraulic presses with various capacities 
and up to maximum 2000tones forming the plates.



Rolling machines, cold frame bending machines, shearing machines, cambering 
machines, straightening machines, plate preparation plate, section preparation plant etc. 
are the important 
machines, in the shop, there are assembly shops. One of which is 194.5 27 m and is 
intended for the assembly of panels up to a maximum weight of 45 tones and fitted with 
one number 45T on and 3 No’s 10Ton each electrically operated overhead travelling cranes 
at two levels. 
 
The shop is installed with 80 ton & 40 ton electrically operated overhead traveling cranes. 
The addition to assembly of peak panels, air turning and compounding of units up to 100 -
150 tons are done in the shop. Welding is done by automatic and semiautomatic welding 
equipment in addition to manual welding. 
 
The elements proceeded in the Hull processing shop and Assembly units inspected for their 
workmanship of the steel complex, dimensional accuracy by the quality control on the steel 
complex and presented to the classification society surveyor for inspection because they 
dispatched to block storage for Assembly Erection. 
 
The Pre Fabrication units (called panels/blocks) are transported to storage area berth from 
the assembly shop by 100 Ton &150 Ton capacity self-elevation & propelling low bed 
trailers. They can load and unload themselves without the help of any cranes. Thus the 
fabrication panels can be transported without much difficulty. 
 
HSL has three building berth /slipways for construction of ships up to maximum 
30,000DWT. These berths are served by 5 no’s of heavy duty cranes of 35 Tons to 100 
Tons capacity of level fluffing and hammer head type cranes. Each assembly a crow type 
staging are provided inside and outside the ship under construction on berth. It is surveyed 
by the surveyors of classification society in various stages ensuring quality of the structure 
and weld joints including Non Destructive Testing  
.The ship tanks in addition to dry surveyors are pressure tested with air and water. After 
the assembly  
& inspection, the ship outside hull portion is painted scheme. The launching is being 
done at present by conventions method with 2 launching ways consisting of timber 
standing, sliding ways, base and slip coast grease applied in between. 
 
For the purpose of fitting out the ship after launching, the shipyard has an Out fitting quality 
of 1500 ft. Long and capable of accommodating 3 pioneer of 21500 DWT. The jetty has a 
125 ton fixed hammer head crane and four level bluffing cranes of 50ton, 10 ton and 5 ton 
capacity each. Along the length of the jetty, the out fitting infrastructures like Engineering 
Department, Plumbing sheet metal, electrical, carpentry, rigging and black smith. 
Galvanizing and painting departments. All these departments and their shops as well 
equipped with good number of machines for the fast and efficient working. 



TRANSPORTATION OF PANELS/UNITS: 
 
There are two self-elevating and propelling low bed trailers (KAMAG make from 
Germany). One of 100 T and other of 150T for transporting the units from Prefabricate 
shops to slip ways jetty and building docks. These trailers are provided with most 
sophisticated Electronic multi -layer Hydraulic Steering gear system. A coupling 
arrangement is provided for random operation of both the trailers for transporting units of 
order of 200T to 250T with one operator from 150 T trailer. 
 
 
 

SHIP BUILDING BERTHS: 
 

These are 3 slipways / building available for construction of vessels of 

30000DWT. Area of each – 

➢ Berth No. 2 (140 M long *22.7M wide)  
➢ Berth No. 3 (185 M long *25 M wide)  
➢ Berth No. 4 (185 M long * 25 M wide). 
 





HULL SHOP 
 

 

In HSL Hull shop is spread over 04 bays over an area of 11,152 Sq. m, the shop is 
equipped with 5 & 10 T EOT cranes, with magnetic pickups in each bay. 
 
The Yards’ hull shop is fairly modern with following facilities:- 
(a) Steel stack yard 
(b) Plate treatment plant 
(c) 04 parallel gas cutting machine 
(d) 02 Plasma profile cutting machine and CNC cutting machines 
(e) 2000 T, 800T and 500T rolling and bending press 
(f)400T cold frame bending machine 
(g)100T section bending machine 
 
(a) Steel stack yard 
 

Storage capacity of 30,000 Tones spread over an area of 7000 Sq. meters and equipped 
with 10T, 16T EOT cranes with magnetic pickups. In addition, 12T mobile cranes for 
handling plates & sections are also available. The plates are stored in the stock yard which 
is provided by Semi-goliath crane. This crane unloads the plates from the truck into the 
stockyard. The required plates are then placed on the cross transfer-Ι. The plates are then 
passed through the plate straightening machine to remove deformation. The plates then 
enters on to the cross transfer- ΙΙ, from here they are transferred on to cross transfer-ΙΙΙ, 
which is also called as blasting conveyor. 
 
This blasting conveyor carries the plate through the shot blasting machine and priming 
plant, where the plate is cleaned from rust and mill scale and primed. This primed plates 
are then stored till they are used. 
 

(b) PLATE TREATMENT PLANT: 
The plant comprises Captivator, Hydro leveller with dust collector, shot blasting machines 
for plates and sections of each of spaces priming machine & 2 nos. roller conveyors. 
 

PLATE PREPARATION: 

 Plate preparation means we will have to prepare the plate for construction.  
Plate preparation is required because we have got the raw steel plates from steel plant, we 
will have to prepare them so that they become good for subsequent usage and finally, will 
be well for the product - good for the product 
(a)Straightening 
(b)Residual stress removal 
(c)Mill scale removal 



(c) CNC PLASMA CUM FLAME CUTTING MACHINE: 
 

 
The CNC system is especially suited for the control of flame or plasma cutting machines 
or similar application, also the punching on the plate can be done with the help of this 
machine. 
 
 
 
Direct programming is made easy by means of keyboard and T.V. screen. Subroutines, 
macros, and parametric programming result in short but powerful programs. Alternatively, 
remote programming is possible with the program being stored on convectional paper (or 
optionally on cassettes). The third possibility is the creation of program on a computer. The 
program data can be then transferred into the control via, direct or indirect data link. In all 
cases, programs can be edited on the machine. 
 
 
 
The control comprises of an operators front panel and a card rack, which are connected by 
multi way cables and are intended for corporation in the machine builders control cabinet. 
Each plug in card has one or a few specific tasks, which make for easy troubleshooting 
specially in connection with the status messages and the diagnostic display on the screen. 
During operation, the screen shows the current absolute position of both axes, the current 
active block, the active auxiliary function and text messages, which are controlled in the 
program. 

 
 

 



 
PLASMA 
 

When a gas is heated to a high temperature, its molecular state changes to the atomic, 
further healthy splits these atoms to the ionic state capable of conducting electricity. The 
forth state of matter is called “PLASMA” [the outer 3 being solid, liquid and gaseous]. 
Temperature at the core of this plasma exceeds 30000’c. The aura around the sun is an 
example of plasma. 
Gas mixtures like argon and hydrogen used in producing gas plasma are both expensive a 
hazardous so compressed air is used. A plasma jet is obtained by passing a gas through a 
constricted electric are and letting it escape through the office in the nozzle at high velocity. 
Plasma are processors are used for welding, cutting etc. 
 

 
ADVANTAGE OF PLASMA ARC CUTTING 
 

 
It cuts carbon steel up to 10 times faster than oxy-fuel cutting, with equal quality more 
economically. 
 
➢ It leaves a narrower Kerf. 

 
➢ Plasma cutting being primarily a melting process can cut any metal. 
 
➢ Arc plasma torches give the highest temperature available from many practicable 
sources. The energy seems to be unlimited in this method. 

 
 



(d) PLATE ROLLING MACHINE:  
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 
Plate rolling machines is also referred to plate straightening machine. It also used for rolling 
steel plates to the curvature required. By adjusting the height of the top roller and the center 
distance of the bottom rollers, large or small radius bends can be made. The diameter of the 
bottom roller is 300mm and top roller is 360mm. the day light or the vertical distance 
between two rollers 460mm maximum. 
 
Blockhead flanging is also possible when the machine is fitted with a flanging bar and 
bottom block.  
Control of machine is by manuals setting and operations carried out from a console 
located nearby. 
 
Arrangements are made for removing the rolled plate by realizing the top roller and bearing. 
The plates on the machines are handled jib cranes mounted on frame of the rolled machines. 



(e) FRAME BENDING MACHINES: 
  
Ship frames are shaped by cold bending on hydraulically powered machines. The frames 
(bulb angle) are held in position by three clamps in line. The main ram then more the 
outer two clamps forward or backward to bend the frame to the desired shape. 

 

 Per the values given by the design department for bending the frame. The inverse curve 
is 1drawn in chalk on a straight frame and frame is bent until the chalk line becomes 
straight on a curved frame. This way the correct frame curvature can be obtained. 
 
(f) PLATES STRAIGHTENING ROLLS: 
 

Plate straightening or levelling is achieved in the yard by using a plate rolling machine. It 
consists of seven large rollers four on top and three at bottom. The bottom and rollers being 
driven and top one idling. Three heights of the top rollers can be adjusted for height 
independently at each end and the bottom rollers have fixed Centre’s. 
 
The plate fed through with upper and lower rollers spaced at its thickness and is 
subsequently straightened and obtained on other side. The rollers are driven by D.C motor. 
 

 
(g) PORTABLE PLATE EDGE BEVELING MACHINE: 
 

Portable plate edge bevelling machine is an electrically powered rotary shear which is used 
for wide variety of plates edges, usually used for purpose of weld joint preparation. This 
machine are designed for man operation and is capable of bevelling straight or circular 
plate section at a speed of approximately 305cm/min. it is also capable for multiphase 
bevelling for larger bevels that cannot be accomplished in single pass. An easy adjustment 
is provided for altering the depth and angle of bevel. 
 
This machine is capable of supporting its own weight while bevelling horizontal plate. This 
standard machine is equipped with a spring load coaster assembly that allows the machine 
to roll along the floor, or runway, during the bevelling operation. The adjustable bevelling 
head enables the bevelling of angles 22.5degree through 55degree. 
 
The machine comes with a complete tool box which includes the bevel angle pins 22.5 , 
30 , 37.5 , 45 and 55 as well as all of the necessary wrenches and hexagonal keys that are 
required to make adjustments to the machine.



 
ENGINEERING 

Machinery Specification 

1. Main engines  
2. Gear Box  
3. Shafting   
4. Remote Control  
5. Generators-Main 
6. Generators- Emergency 
7. Tunnel Thrusters’ Units 
8. Fuel Oil Transfer Units  
9. Cargo pump (Fresh Water)  
10. Cargo pump (Drill Water)  
11. Cargo Oil pump  
12. Cargo pump (Liquid Mud)  
13. Bilge and Ballast pump  
14. G.S. and Fire Pump  
15. Pressure Set-F.W  
16. Pressure Set-S.W  
17. L.O. Transfer Pump  
18. Sludge Transfer/Dirty Oil Pump  
19. L.O. Purifier  
20.Fuel Oil Purifier  
21. Oily Bilge separator  
22. S.W. Cooling Pump for Aircon and Refrigeration plant  
23. Engine Cooling System  
24. Air Compressors-Starting Air  
25. Lifting Equipment  
26. Steering Gear  
27. Stern tubes  
28. Propellers  
29. Tanks-minor  
30. Floor Plates, Handrails and Gratings  
31. Ventilation  
32. Engine Exhausts  
33. Sewage Treatment Plant  
34. Emergency Fire Pump  
35. Cooling Water Pre-heater 
36. Garbage Disposal 
37. Calorifier 
38. Oil Pollution Control System. 



 
GENERAL MACHINARY 
 
1) Propulsion is to be provided by unidirectional marine diesel engines arranged to 
supply power independently via reverse reduction gearbox through twin propeller shafts 
to two controllable pitch propellers in Kurt nozzle. 
 
2) All main and auxiliary machinery is to be rated for continuous maximum output under 
tropical condition. Fuel to be used is marine diesel oil. 
 
3) Maneuvering control of the propulsion units, propeller and gearbox is to be provided 
from two stations in the wheelhouse, each forward and aft. 
 

PLANING MACHINE 
 

The photographic view in typically shows the general configuration of planing machine. 
Like shaping machines, planing machines are also basically used for producing flat 
surfaces in different planes. However, the major differences between planning machines 
from shaping machines are: 

➢ Though in principle both shaping and planning machines produce flat surface is in 
same way by the combined actions of the Generatrix and Directrix but in planning 
machine,   

➢ Instead of the tool, the work-piece reciprocates giving the fast cutting motion           

➢ Instead of the job, the tool(s) is given the slow feed motion(s).   

➢ Compared to shaping machines, planning machines are   

➢ Much larger and more rugged and   

➢ Generally used for large jobs with longer stroke length and heavy cuts.   

➢ In planning machine,   

➢ The work-piece is mounted on the reciprocating table and   

➢ The tool is mounted on the horizontal rail which, again, can move vertically   up 
and down along the vertical rails.  

 



Planning machines are :  

➢ More productive (than shaping machines) for longer and faster stroke,   

➢ Heavy cuts (high feed and depth of cut) possible and   

➢ Simultaneous use of a number of tools.   

 

As in shaping machines, in planing machines also;   

➢ The length and position of stroke can be adjusted   

➢ Only single point tools are used 

➢ The quick return persists  

➢ Form tools are often used for machining grooves of curved section   

➢ Both shaping and planing machines can also produce large curved surfaces by 
using suitable 

➢  



➢ The basic principles of machining by relative tool-work motions are quite similar 
in shaping machine and planing machine. The fast straight path cutting motion is 
provided by reciprocation of the tool or job and the slow, intermittent transverse 
feed motions are imparted to the job or tool.   

➢ In respect of machining applications also these two machine tools are very close.   

➢ All the operations done in shaping machine can be done in planing machine.   

➢ But large size and stroke length and higher rigidity enable the planing machines do 
more heavy duty work on large jobs and their long surfaces.   

➢ Simultaneous use of number of tools further enhances the production capacity of 
planing machines.   

➢ *The usual and possible machining applications of planing machines are   

➢ *The common machining work which are also done in shaping machines   

➢ *Machining the salient features like the ones listed below are the common 
applications where the several parallel surfaces of typical machine bed and 
guideway are surfaced by a number of single point HSS or carbide tools.   

➢ Principal surfaces and guideways of beds and   

➢ Tables of various machines like   

➢  Lathes  
➢ Milling machines,   
➢ Grinding machines and   
➢ Planing machines itself,   
➢  Broaching machines etc.   
➢  Besides that the long parallel T-slots, Vee and inverted Vee type guideways are 

also machined in planing machines.   
➢  Besides the general machining work, some other critical works can also be made, 

if needed, by using suitable special attachments - like   
➢ Helical grooving on large rods, long and wide 2-D curved surfaces. 



LATHE MACHINES 

A lathe is a tool that rotates the workpiece about an axis of rotation to perform various 
operations such as cutting, sanding, knurling, drilling, deformation, facing, and turning, 
with tools that applied to the workpiece to create an object with symmetry about that axis. 

Lathes are used in woodturning, metalworking, metal spinning, thermal spraying, parts 
reclamation, and glass-working. Lathes can be used to shape pottery, the best-known 
design being the potter's wheel. Most suitably equipped metalworking lathes can also be 
used to produce most solids of revolution, plane surfaces and screw threads or helices. 
Ornamental lathes can produce three-dimensional solids of incredible complexity. The 
workpiece is usually held in place by either one or two centers, at least one of which can 
typically be moved horizontally to accommodate varying workpiece lengths. Other work-
holding methods include clamping the work about the axis of rotation using a chuck or 
collet, or to a faceplate, using clamps or dogs 

Examples of objects that can be produced on a lathe include screws, candlestick holders, 

gun barrels, cue sticks, table legs, bowls, baseball bats, musical instruments (especially 

woodwind instruments) crankshaft and camshaft Repetitive oil grooves. 

 



DRILLING MACHINE 

Drilling is a cutting process that uses a drill bit to cut a hole of circular cross-section 
in solid materials. The drill bit is usually a rotary cutting tool, often multi-point. The 
bit is pressed against the work-piece and rotated at rates from hundreds to thousands of 
revolutions per minute. This forces the cutting edge against the work-piece, cutting off 
chips (swarf) from the hole as it is drilled. 

In rock drilling, the hole is usually not made through a circular cutting motion, though 
the bit is usually rotated. Instead, the hole is usually made by hammering a drill bit 
into the hole with quickly repeated short movements. The hammering action can be 
performed from outside the hole (top-hammer drill or within the hole (down-the-hole 
drill, DTH). Drills used for horizontal drilling are called drifter drills. 

In rare cases, specially-shaped bits are used to cut holes of non-circular cross-section; 
a square cross-section is possible. 

 

 Spot drilling 
See also: Drill bit § Center and spotting drill bits 

The purpose of spot drilling is to drill a hole that will act as a guide for drilling the 
final hole. The hole is only drilled part way into the workpiece because it is only used 
to guide the beginning of the next drilling process. 

 

 

 

 

https://en.wikipedia.org/wiki/Drill_bit#Center_and_spotting_drill_bits


 

Center drilling 

See also: Drill bit § Center and spotting drill bits 

Center drill is a two-fluted tool consisting of a twist drill with a 60° countersink; used 
to drill countersink center holes in a work piece to be mounted between centers for 
turning or grinding. 

Deep hole drilling 

 
Blast hole several meters long, drilled in granite 

 

Deep hole drilling is defined as a hole depth greater than ten times the diameter of the 
hole. These types of holes require special equipment to maintain the straightness and 
tolerances. Other considerations are roundness and surface finish. 

 

Deep hole drilling is generally achievable with a few tooling methods, usually gun 
drilling or BTA drilling. These are differentiated due to the coolant entry method 
(internal or external) and chip removal method (internal or external). Using methods 
such as a rotating tool and counter-rotating workpiece are common techniques to 
achieve required straightness tolerances.[5] Secondary tooling methods include 
trepanning, skiving and burnishing, pull boring, or bottle boring. Finally a new kind of 
drilling technology is available to face this issue: vibration drilling. This technology 
breaks up the chips by a small controlled axial vibration of the drill. The small chips 
are easily removed by the flutes of the drill. 

 

A high tech monitoring system is used to control force, torque, vibration, and acoustic 
emission. Vibration is considered a major defect in deep hole drilling which can often 
cause the drill to break. A special coolant is usually used to aid in this type of drilling. 

 

https://en.wikipedia.org/wiki/Drill_bit#Center_and_spotting_drill_bits
https://en.wikipedia.org/wiki/Force
https://en.wikipedia.org/wiki/Torque




HULL BERTH 
 

 
Hull berth department consists of three slipways each consists of 192 X 26.6 m, 195 X 26.6 
m and 140 X 22.7 m respectively and a covered building dock with intermediate gate 
facility of size 24 X 53 X 11.25 m depth for a capacity of building ships up to 50,000 dwt. 
The building dock has two over - head cranes, of which one is 150 tons capacity and the 
other is 100 tons capacity. Adjacent to building dock there is a wet basin of size 22.5 X 
167.5 X 14 m depth where ships can be repaired and outfit works can be carried out while 
the vessels are afloat. There is a dry dock with a size of 244 X 38 X 11.6 m depth for the 
repairs of the ships up to 50,000 dwt. 
 
There are movable cranes of capacities 45 tons, 60 tons and 100 tons in between building 
dock and berth. 
 

PROCESS 
 
1. Inspection record sheet for loose tanks QA – G- 03 
 
The main activity at hull berth is joining of the ships structural blocks in an order given in 
the drawing to form a ship after consolidation of all the blocks, which are supplied from 
the pre fabrication department. 
 
Initially all the ship lines are drawn on the floor like center lines, buttock lines and on over 
the lines the center keel blocks, side bilge blocks and other supporting shores are provided 
stage by stage during the erection and alignment of the blocks. This activity is carried out 
in building dock as well as on the slipways while construction of at places accordingly. 
 
During the process of the ship construction and erection stage Q.C inspects at every stage 
of fit-ups of the blocks after alignment and welding of the joints after consolidation and 
organize third party Inspection by class and owner’s representatives, MMD inspection. 
The data will be recorded in the documents as follows: 
 
1. Inspection record sheet for panel joint fit – up at erection QA – E – 02 
2. Record sheet for keel sighting QA – E – 02 
3. Dimensional / alignment check sheet for QA – E – 03 
4. Inspection record sheet for keel and bilge blocks at berth/building dock QA – E – 02 
5. Inspection record sheet for dry survey of panel butt / space/tank at erection QA–F-01 
6. Inspection record sheet for survey of pressure test QA – F – 02 
7. Inspection record sheet for seat QA – G – 01 
8. Inspection record sheet for W.T. door / hatch covers QA – G – 02 



After completion of the works and remarks of surveys the main joints of tanks, 
bulkheads, decks and shell joints will be hose tested / pressure tested with air or 
hydraulically as per testing requirement. If any leak is found the same will be rectified 
and accordingly class certificates will be issued for final clearance of the spaces. 
 
At erection stage the rudder and propeller with propeller with propeller shaft are fitted 
with in the ship before the ship floats in the water. 
 
The ship, built in building dock is floated by allowing the sea water in to the building 
dock. The ships on the slipways are launched into sea channel by providing launching 
ways below the ship on the slipways. After floating / launching the vessel will go to sea 
channel at out fitting quay, which is 460m long at the north side of the shipyard. Where 
in the sea channel 3 ships of 50,000 DWT can be attended for outfit works by all the 
working / production departments like blacksmith, joining and carpentering, sheet 
metal, plumbing department, electrical department, engineering department, rigging 
department, painting department etc. 
 
Quality control department will play vital role during the progress of above outfit works 
also and finally the ship will undergo test and trials at jetty called basin trials and sea 
trails to see the performance of the ship in working condition. Where the quality control 
will record all the data during the basin trials and sea trials and get approvals from the 
third party classification societies like IRS, ABS and owner’s representatives and 
surveyors of MMD. After the approvals the ship will be handled over to owners. 
 
The testing procedures for the erection / hull berth department are 
1. Leak test 
2. Hose test 
3. Pressure test 
4. Pressure test with air. 
 

Erection Sequence 
 

The assembly stage involves pre-fabricating plate or structural sections in suitable sizes 
for pre - erection into blocks or part blocks. The erection stage involves moving the 
blocks or part blocks to a predetermined location within a dry dock for final erection and 
welding. The final stage in the building of a hull structure involves transferring block 
fabrications to a dry dock where the units are located in a predetermined position and 
erected and welded into a hull structure. Painting of the structure is carried out at all 
stages from pre-assembled, block assembly and final erection and welding. 
 
Joining ship sections afloat: 
 

Some large size of bulk carriers and tanker, it is found some shipyard with restricted 
facilities like short berth, building dock, building ships in two halves and joining these 
afloat. 



These two sections may be pulled by shackles, and accurate optical instruments used for 
alignment. One method is coffer dam is introduced in way of joint, a caisson is brought up 
against ship hull, cofferdam and caisson are pumped dry and it is necessary to shift ballast 
in fore and aft sections. After weld ing, x-ray of weld is to be done. A similar method use 
of rubber ‘U’ form ring rather than a caisson which need modification for each ship size. If 
dry dock is available, the rest of welding could be taken up.  
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Typical block erection for a Cargo Ship



QUALITY CONTROL DEPARTMENT 
 

 

Quality Control process in a shipyard  



Quality in Ship building 
 

Quality Assurance in Ship building or repair or retrofitting is all about preventing mistakes 
or defects in the process of manufacturing thereby ensuring that the end product meets the 
requirements and avoid problems when delivering ships or marine products to our 
customers. 
 
There are procedural as well as administrative activities that try to ensure the above 
objective in QA. The goals of QA are two in number - namely to produce a product which 
is "fit for purpose" and second in doing it "Right the first time" so that costly rework and 
mistakes can be avoided.  
On the other hand Quality as Quality control (QC) is focused on the final product and 
focuses on defect identification. Quality control fails if Quality Assurance does not work. 
Having defined the above two terms let us come to some ground realities. 
 
During the years 2013-14 India witnessed some serious accidents leading to loss of life – 
like faulty cable catching fire and releasing toxic gases; Malfunctioning of valves in the 
CO2 fir fighting system etc., in Ship and Submarine building in India due to poor quality 
and workmanship practices.  
We should be lucky that such major accidents have not yet happened here. Given the state 
of events and the current thinking prevalent everywhere, it is only a matter of time, before 
one more serious accident is waiting to happen. 
 
Lack of quality in our ship building or other departments elsewhere, leads to: 
 
1) Loss of life and subsequent incarceration by concerned agencies. 
 
2) Losing on competition as we end up correcting mistakes thereby losing time and 
ending in delayed delivery. 
 
3) Loss of health and good interpersonal relationships between various departments, due 
to more time spent rectifying the defects. 
 
4) Loss of prestige, confidence, self-esteem and all round bad name leading to closing or 
downsizing the Business, which is the natural result and finally inability to attract the best 
and motivated talent available in the country to work with us due to the above bad name. 
 
A number of articles in various National and International News magazines point out the 
same problem all-pervading throughout India and elsewhere, from which we are not 
immune. Each one of us are individually responsible for the above state of affairs and it is 
our responsibility to rectify the same at our end.  



A root cause analysis for these failures leading to a loss of quality and what we can do to 
improve it are enumerated below, remembering that we are basically a Technology driven 
Ship building Industry waiting to produce a number of Weapon platforms in the future for 
Indian Navy and other Agencies Substantial loss of or absence of Academic and Technical 
skills in the Engineering community. 
 
The above problem has its roots in the general problem of Higher Engineering education 
in the country being in a dilapidated condition with HSL forced to induct from the same 
pool who are academically very poor. 
 
Further, prevalent thinking in the Engineering community about not needing to be current 
in their field of Engineering and not striving to become better in their basic Academic 
foundations is not very encouraging and very depressing to say the least. A number of 
problems are being encountered everyday due to this problem alone, everywhere.  
 
It Starts with the Workers 
 
Many of those who tour a shipyard are amazed to learn that it all starts out as flat plate, 
structural shapes, and pipe. Through the efforts of many skilled craft workers, these raw 
materials end up as a finished vessel that sails away and becomes a “home” for the crew. 
Each vessel, whether commercial or military, is a self-contained, self-supporting floating 
city when at sea. Everything from propulsion and electrical power to personnel 
accommodations and sewage treatment is contained in the vessel. Inspection plays an 
important role in the shipbuilding process from start to finish. Being cost effective is a 
key to survival in the shipbuilding industry today. 
 A Step-by-Step Procedure 
 

In truth, if done properly, quality control starts with the worker on the job. The next step in 
the process in modern yards is to have the Manufacturing Department employ a quality 
control operation by the lead person or supervisor to check 100% of the work. When that 
step is completed successfully, it is then passed to the quality assurance inspector who 
checks the performance of Manufacturing’s quality control efforts. This step is intended to 
be an audit operation. When that step is successfu lly completed, the regulatory body and 
customer representatives are called out for a formal inspection. When the formal inspection 
is completed, the assembly can progress to the next phase of construction. In most yards, 
these inspection points are at predetermined milestone events, such as panel construct, 
module construct, and final erection in the hull for structure. Piping systems, machinery 
installations, and electrical distribution systems are also inspected at predetermined stages 
of completion. Redundant inspections ensure defects are caught early and corrected 
immediately 
The true “final inspection” is during the sea trial period where the ship is put through 
planned tests while underway to confirm operation and safety of the crew under actual 
conditions, including hard turns and emergency stop demonstrations.



Non-destructive testing of ship hull steel welds 

 
The non-destructive testing is normally to be performed by the Shipbuilder or its 
subcontractors in accordance with these requirements. 
The Classification Society’s surveyor may require to witness some testing.  
It should be the Shipbuilder’s responsibility to assure that testing specifications and procedures 
are adhered to during the construction and the report is made available to the Classification 
Society on the findings made by the NDT. 
 

The extent of testing and the number of checkpoints are normally agreed between the ship 
yard and the Classification Society. 
 

Limitations 
 

Materials 
 

It applies to fusion welds made in normal and higher strength hull structural steels in 
accordance with UR W11, high strength quenched and tempered steels in accordance with UR 
W16 and connections welds with hull steel forgings in accordance with UR W7 and hull steel 
castings in accordance with UR W8. 
 

Welding processes 
 

It applies to fusion welds made using shielded metal arc welding, flux cored arc welding, gas 
metal arc welding, gas tungsten arc welding, submerged arc welding, electro -slag welding 
and electro-gas welding processes. 
 

Weld joints 
 

Butt welds with full penetration, tee, corner and cruciform joints with or without full 
penetration, and fillet welds. 
 

Timing of NDT 
 

NDT should be conducted after welds have cooled to ambient temperature and after post 
weld h eat treatment where applicable. For steels with specified minimum yield stress of 420 
N/mm2and above, NDT should not be carried out before 48 hours after completion of 
welding. Where post weld heat treatment (PWHT) is carried out the requirement for testing 
after 48 hours may be relaxed.  
 

Testing techniques  
 
General: The testing method, equipment and conditions should comply with recognized 
National or International standards, or other documents to the satisfaction of the Classification 
Society. 
Sufficient details should be given in a written procedure for each NDT technique submitted to 
the Classification Society for acceptance



Visual testing 
 

The welds examined should be clean and free from paint.  
Liquid penetrant testing. The procedure should detail as a minimum the calibration 
equipment, surface preparation, cleaning and drying prior to testing, temperature range, 
type of penetrant, cleaner and developer used, penetrant application and removal, 
penetration time, developer application and development time and lighting conditions 
during testing. 
 
The surface to be examined should be clean and free from scale, oil, grease, dirt or paint 
and should include the weld bead and base metal for at least 10mm on each side of the 
weld, or the width of the heat affected zone, whichever is greater. 
 
The temperature of parts examined should be typically between 5°C and 50°C, outside 
this temperature range special low/high temperature penetrant and reference comparator 
blocks should be used. 
 

Magnetic particle testing 
 
The procedure should detail as a minimum the surface preparation, magnetizing 
equipment, calibration methods, detection media and application, viewing conditions 
and post demagnetization. The surface to be examined should be free from scale, weld 
spatter, oil, grease, dirt or paint and should be clean and dry. 
 
When using current flow equipment with prods, care shall be taken to avoid local 
damage to the material. Copper prod tips must not be used. The prod tips should be lead, 
steel, aluminum or aluminum- copper braid. 
 

To ensure detection of discontinuities of any orientation, the welds are magnetized in 
two directions approximately perpendicular to each other with a maximum deviation of 
30°. Adequate overlapping shall ensure testing of the whole zone. Continuous wet 
particle method should be used as far as practicable. 
 
 



Radiographic testing 
 

The procedure should detail as a minimum the type of radiation source, considering the 
thickness to be radiographed, test arrangement and films overlapping, type and position of 
image quality indicators (IQI), image quality, film system and intensifying screens used if 
any, exposure conditions, scattered radiation control, film processing, film density and 
viewing conditions. 
 
Processed films should display hull no., frame no., weld boundary indicators, 
Port/Starboard, location (or film serial number) and date as radiographic image. 
 
The Classification Society may require to duplicate some radiographs in order that some 
processed films are handed over to the Society together with testing reports. Alternative 
method to duplicate the processed film can be agreed with the Society.  

 
 

 
 
 
 
 



Ultrasonic testing 
 

The procedure should detail the equipment, type of probes (frequency, angle of incidence), 
coupling media, and type of reference blocks, method for range and sensitivity setting, 
method for transfer corrections, scanning technique, sizing technique and intervals for 
calibration checks during testing. The equipment (instrument and probes) should be 
verified by the use of appropriate standard calibration blocks at suitable time intervals. 
 
The range and sensitivity should be set prior to each testing and checked at regular intervals 
as per the procedure and whenever needed. 
 
The scanning surfaces should be sufficiently clean and free from irregularities like rust, 
loose scale, paint (excluding primer), weld spatter or grooves which may interfere with 
probe coupling. The surface profile should be such to avoid loss of probe contact by 
rocking. 
 
The scanning technique should be determined to allow the testing of the entire volume of 
the weld bead and base metal for at least 10mm on each side of the weld, or the width of 
the heat affected zone, whichever is greater. 
 
The probe frequency should be within the range 2 MHz to 5 MHz 
 
Base material in the scanning zone should be examined with a straight beam technique to 
check the absence of imperfections which would interfere with the angle beam technique, 
unless already demonstrated at a previous fabrication stage. 
 
Angle beam technique should be used to search for longitudinal and transverse weld 
discontinuities. An angle probe with an incident angle of the sound wave equal to that of 
the weld preparation should be used as a minimum. 
 



CONCLUSION 
 
 
 
 
This industrial training at Hindustan Shipyard has helped us gain a vast amount 
of practical knowledge and the real difficulties associated in the shipbuilding. We 
as the students of Naval Architecture & Ocean Engineering believe that this 
training experience will help us in building a successful career. We are very 
thankful to the training department and all the engineers in the shipyard who 
guided us for the past one month. 
 
The training at Hindustan Shipyard has helped us to gain practical skills like 
reading & interpreting production drawing, ability to solve practical everyday 
problems that may occur during construction and has made me independent. We 
have learnt the importance of completing the work on time. It has taught us how 
to interact professionally with our peers. This training program has helped us in 
believing our self and extracted out the hidden potential of ours. We have learnt 
here to work as a team. We are highly indebted to Hindustan Shipyard and hope 
for an opportunity to serve it better in future. 
 
In the present competitive world there has been many competitors in the field of 
ship building may have emerged but still HINDUSTAN SHIPYARD LIMITED 
is as popular as it was before because of its strict maintenance in the quality and 
standards of its products hence ship yard still have many customers and have 
ample orders. This in order to meet the demand of its customer’s ship yard has 
to speed its production by the more utilization of latest technology. 
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PROJECT WORK SITE 

Bharat Heavy Electrical Limited (BHEL) Heavy power Equipment plant (HPEP) unit, 

Ramachandrapuram, Hyderabad, is the project work center. 

 

            BHEL is a heavy engineering industry which was started in 1960’s by the government of India 

as a public sector company with the collaboration of SKODA of Czechoslovakia, to manufacture 

power generating equipments such as Steam turbines, Alternators, Exciters, Condensers etc. In 

1970’s the company undertook the collaboration with Nuovopigaone of Italy to manufacture 

Centrifugal Compressors, for industrial uses. In 1976 BHEL entered into collaboration with SIEMENS 

of West Germany and since then is manufacturing precise steam turbines of siemens model for use 

in power generation and compressors drives. In 1980’s the company collaborated with General 

Electric (G.E) USA to manufacture Gas Turbines (G.T). 

 

Now BHEL (Hyderabad) unit is a leading Heavy Engineering Industry, certified by B.V.Q.I for 

ISO 9001 quality systems. With the collaboration from various industrial corporations it is 

manufacturing various types of Steam turbines, Alternators, Exciters, Centrifugal Compressors, Gas 

turbines, Heavy Duty Boiler Feed Pumps, Bowl Mills, Oil Rigs, Switch Gear equipment of minimum 

Oil Circuit Breakers etc. and is supplying to the country and abroad with an annual turnover of 

about Rs 1500 crores. 
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1.1 STEAM TURBINES MANUFACTURED IN BHEL –HYD  

 

 Various types of SIEMENS model turbines are manufactured at BHEL – Hyderabad according 

to the requirement of any customer to suit his boiler steam parameters. 

They are: 

           Type                                                 Turbine 

 G                 -                 Back pressure type 

 EG               -    Extraction back pressure type 

 EHG            -  Extraction back pressure type with high inlet parameters 

 HG               -  Back pressure type with high inlet parameters  

 K                  -  Condensing type 

 EK                -  Extraction condensing type 

 WK              -  Double flow condensing type 

 EMG            -  Electrochemically machined rotor of back pressure type 

 EHNK          -   Extraction condensing with inlet parameters and high                         

                   speed type 

 NK                -  Straight condensing with high speed type     
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1.2 CLASSIFICATION OF STEAM TURBINES 

 Steam turbines may be classified into different categories depending on their construction, 

the process by which heat drop is achieved, the initial and final conditions of steam used and their 

industrial usage as follows: 

1.2.1.  According to the Number of pressure stages:  

• Single – stage turbines with one or more velocity stages usually of small power 

capacities, mostly used for driving centrifugal compressors, blowers and other 

similar machinery. 

• Multistage impulse and Reaction turbines, made in a wide range of power capacities 

varying from small to large. 

     1.2.2.  According to the direction of steam flow:        

 

• Axial turbines, in which the steam flows in a direction parallel to the axis of the 

turbine. 

• Radial turbines, in which the steam flows in a direction perpendicular to the axis of 

the turbine. One or more low pressure stages in such turbines are made axial.  

1.2.3  According to the Number of cylinders: 

• Single cylinder turbines 

• Multi cylinder (2, 3 and 4 cylinders) turbines, which can have single shaft, i.e. rotors 

mounted of the same shaft, or multiaxial, having separate rotor shaft and have their 

cylinders placed parallel to each other.  

 

1.2.4  According to the method of governing: 

• Turbines with throttle governing in which fresh steam enters through one or more 

(depending on the power developed) simultaneously operated throttle valves. 

• Turbines with nozzle governing. 

• Turbines with bypass governing in which steam besides being fed to the first stage is 

also directly led to one, two or even three intermediate stages of the turbine. 
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1.2.5 According to the Principle of Action of Steam: 

• Impulse turbines. 

• Axial Reaction turbines. 

• Radial reaction turbines without any stationary guide blades. 

• Radial reaction turbines having stationary guide blades. 

 

1.2.6 According to the Heat Drop Process: 

• Condensing turbines with exhaust steam let into condenser with Regenerators, 

Condensing turbines with one or two intermediate stage extractions at specific 

pressures for industrial and heating purposes. 

• Back pressure turbines, the exhaust steam from which is utilized for industrial and 

heating purposes. 

• Topping turbines, which operate at high initial conditions of steam pressure and 

temperature and are of the back – pressure type, the exhaust from these is further 

utilized in medium and low – pressure condensing turbines. 

• Back – pressure turbines with steam extraction from intermediate stages at specific 

pressures. 

• Low – pressure (Exhaust pressure) turbines in which the exhaust steam from 

reciprocating steam engines, power hammers, presses, etc is utilized for power 

generation. 

• Mixed – pressure with two or three pressure extractions with supply of exhaust 

steam to its intermediate stages. 

 

1.2.7 According to the Steam Conditions at inlet: 

• Low – pressure turbines using at pressures 1.2 to 2 ata. 

• Medium – pressure turbines using steam at pressure up to 4.0 ata 

• High – pressure turbines using steam at above40 ata. 

• Very high pressure turbines using steam upto 40 ata and higher pressure and 

temperature. 
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       1.2.8  According to their Usage in industry: 

• Stationary turbines with constant speed of rotation primarily used for driving 

alternators. 

• Stationary turbines with variable speeds meant for driving turbo blowers, air 

circulators, pumps etc. 

• Non stationary turbines with variable speeds employed in steamers, ships, railway 

(turbo) locomotives etc. 

1.3 STEAM TURBINE POWER PLANT CYCLE 

 

 Steam turbine power plants are based on the Rankine cycle investigated by a Scotch 

Engineer and Scientist William Rankine (1820 -1872). Rankine cycle for Steam turbine power plant 

with ideal turbines and pumps and superheated and saturated steam as a working fluid respectively 

as shown below. A conventional power plant steam for such a consideration is also shown: 

 

 

 

Fig.1.1 Ideal Rankine cycle for superheated steam on T-S axes. 

 

 



13 

 

 

 

Fig.1.2 Ideal Rankine cycle for saturated steam on T-S axes 

 

 The steam turbine is fed with steam under temperature t1, pressure p1, and enthalpy h1. 

Expanding within the turbine, steam produces work Wt and goes into the condenser under 

conditions p2 and h2. Hence its rejects heat Qr to cooling water and the resulted condensate with 

enthalpy h3<<h2, but with the same t3=t2 and pressure p3=p2 comes to the pump. At the expense 

of the pump work Wp, the feed water pressure and enthalpy rise to values p4 and h4 with which 

feed water enters the steam generators where it is heated and evaporated due to the heat added 

Qa. 
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 Ideal Rankine cycle with superheated steam as a working fluid consists of the following 

processes: 

      1-2      Adiabatic reversible (without any thermal losses) expansion in the turbine 

2-3 Isothermal (under constant temperature) and isobaric (under constant pressure)            

                 heat rejection within the condenser . 

3-4 Adiabatic reversible compression to the saturated liquid to the steam generator  

pressure by the pump. 

 

4-B-C-1          Isobaric heat addition in the steam generator 

                       4-B: Heating feed water in economizer 

                       B-C: Heating in boiler  

                       C-1: Heating in super heater 

For saturated – steam cycle the steam expansion process in the turbine begins from C, and with 

complete condensation in 3 with subsequent compression by the pump. 

 Thermal efficiency of ideal Rankine cycle for superheated –steam turbine power plant can be 

defined as : 

                                                     d Wnet           (Wt-Wp)                      (h1 - h2) - (h4 - h3) 

        nth     =                                      =                                     =     

                                     Qa                  Qa                                  (h1 - h4) 

 

                =     {(h1-h2) / (h1-h4)}        x     {1 – (h4-h3)/ (h1-h2)}                       

                =       nth   x    (1-Wp/Qa) 

Here nth is the gross thermal efficiency that is without regard to the expense of energy with in the 

cycle . 

If pump working is neglected, then the efficiency,           nth  = (h1-h2) / (h1-h4) 
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1.4  STEAM REHEAT 

 In the cycle with steam reheat instead of through adiabatic steam expansion from initial 

steam pressure p1 to end pressure p2, steam expands within the HP turbine part to the intermediate 

pressure (point5) and then is heated isothermally to steam reheat temperature (point 6) and then 

expands within IP-LP part to same end pressure p2 as shown below. In this case, for ideal cycle the 

thermal efficiency is approximately given by:  

                                                                     (h1- h5)+ (h6 - h2) 

                             nth        =                  

                       (h1 - h4)+ (h6 - h5) 

Conventional power plant scheme 

 

 

Fig.1.3 Ideal Rankine cycle for steam reheat 
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1.5 COMBINED CYCLE POWER PLANT 

Combined cycle (CC) power plant generate electricity by both gas and steam turbines within the joint 

unit and use the waste heat of gas turbine exhaust gas in the steam turbine cycle. Combined cycle 

allows attaining quite high values of thermal efficiency due to the high level of the upper cycle 

temperature (inlet gas turbine temperature) and the low level of the bottom cycle temperature 

(temperature at the steam turbine exhaust) CC units have lesser capital cost and require less time 

periods for launching than conventional steam turbine ones. 

The CC –unit thermal efficiency is calculated as:                   

                              nc =   Ncc / Qt      =  ( Nqt + Nst ) / Qt                                                      

                                   =  ( Qqt.nqt+Qst.nst ) / Qt                                    

                                           Where Qt is the total heat amount in the unit 
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CONSTRUCTION OF STEAM TURBINE 

2.1   CONSTRUCTIONAL FEATURES OF INDUSTRIAL STEAM TURBINES 

 BHEL Hyderabad is a major contributor of power equipment to industries like cement, 

fertilizer, refineries, petrochemical, steel, sugar; paper etc .Its product profile is as follows 

• Steam Turbines 

• Gas turbines 

• Compressors and Blower pumps 

• Heat exchangers 

• Generators 

• Switch gear equipments 

• Pulverisers 

 BHEL Hyderabad also caters to the needs of the power generation units (utility) like NTPC 

and State electricity boards. It has started its operations in early 1960’s and has started manufacture 

of steam turbines with M/S Bruno collaboration later with the M/s Skoda BHEL manufactures 

standard turbines of 110 MW , 60 MW and small turbines of 5 MW rating until early 1970’s. The 

design under both the collaborations is of impulse type. In early 1970’s BHEL has gone for the 

collaboration with M/s Siemens for reaction type of turbines (50% reaction). 

 BHEL Hyderabad manufactures steam turbines of siemens design covering a wide range of 1 

MW to 200 MW .catering industrial and utility purposes .these turbines are categorized as industrial 

steam turbines which are versatile , flexible an d adopted to suit customers requirements for varying 

applications  

 Many industries require both electric power and heat in the form of steam at the same time 

.it is very economical if the steam is expanded in a steam turbine to generate full or part of the 

electric power requirement. So depending on the ratio of the heat to the power requirements 

required quantity of steam is taken cut off from exhaust (back pressure turbine) or from 

intermediate stage of the turbine to meet the heat requirement s thus the process requirements 

largely determine steam parameters and design features for the steam turbines. Hence turbines are 

required to the designed for specific applications in order to increase overall economy. 
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2.2 TURBINE FOR INDUSTRY  

Customer requirements:  

 The following are the important design parameters specified by the customers while 

ordering the turbines for processing industries: 

1. Inlet steam pressure and temperature  

2.          Exhaust steam temperature and pressure or cooling temp 

3. Number of extractions 

4. Extraction steam temp ,pr and flow quantities 

5. speed for the drive turbine depending upon the type of driven equipment  

6. power output or inlet steam flow  

7. special loading requirements 

 

2.3 SELECTION AND DESIGN CRITERIA OF STEAM TURBINES  

 Different industries have varying requirements of inlet steam conditions varying from  4.0 

bar / 140 deg C to 140 bar / 565 deg C , extraction pressure varying from 2.0 bar to 55 bar for back 

pressure turbines and 0.06 bar to 0.5 bar  for condensing turbines .  

 The speed of the turbine can vary between 3000 rpm to 15000 rpm depending on the driven 

equipments requirements and economic considerations. This variety of design parameters which is 

further complicated by operating economics, challenges the designer with the problems of uniting 

two contradicting requirements i.e. designing the turbine for each individual applications and on the 

other hand economy and manufacturing with standardized and rationalize design of components  

2.4 STEPS INVOLVED IN THE DESIGN OF STEAM TURBINES  

1. Perform thermodynamic and axial thrust calculations to decide diameters and axial length of 

blading  

2. Perform rotor dynamic calculation and suggest any change of lengths and diameters to 

repeat step one 

3. Select suitable turbine extensions and diameters to meet above blading geometry 

4. Select suitable materials to meet steam parameters 

5. Select suitable governing system and protection system  

6. Prepare ordering / manufacturing documents incorporating above selections 
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2.5 TYPES OF STEAM TURBINES  

The necessity to keep down the production costs lead to standardization of the types of steam 

turbines , such as back pr , condensing , extraction back pr and extraction condensing , injection 

condensing. 

• Condensing turbines  

• Back pr turbines 

• Multiple extraction turbines  

• Injection condensing turbines for combined cycle plant 

• Reheat condensing turbines for utility type  

 

Most of the industrial steam turbines are high speed turbines for the power output range of 

1-30MW with speed reduction by turbo gears which in turn means smaller sizes and higher 

efficiency for the turbine for the output of 30MW and above the turbine speed is 3000rpm  

The main features of industrial steam turbines are  

• The turbine is fixed at the rear end and expands towards the front side of the turbine. The 

rotor is fixed at the thrust bearing which is housed in the front bearing pedestal and 

expands towards the rear bearing. The casing which gets expanded in turn pushes the front 

bearing pedestal by the same amount. This sliding  of front bearing pedestal results in 

moment of thrust bearing in the rotor of the same amount  and hence the expansion  of the 

outer casing is nullified 

• Customizing of steam turbines modules to meet the customers needs based on building 

block system in a particular series of turbines optimum flow path designed can be done 

depending upon case to case 

• Type of governing system is nozzle governing type that has very good part load efficiency  

 

2.5.1 BACK PRESSURE AND EXTRACTION BACK PRESSURE TURBINES 

                      

 Back pressure steam turbines are normally employed where the process steam is required at 

one single pressure extraction. Back pressure sets are used where process steam is required at two 

different pressure levels. In both the cases power generation is only a by product .These turbines are 
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extensively used in sugar plants and small paper plants where clients desire more power from these 

turbines, the requirement can be met by designing the turbine to pass more steam. Excess steam 

after meeting the process steam requirements can be dumped in dump condenser. 

 Back pressure turbines are also employed as topping turbines .i.e. the exhaust steam from 

back pressure turbines are fed to another steam turbine called bottom in turbine .this arrangement 

has been adopted in some old power houses, which were operating on low pressure cycles and 

where only boilers were replaced, but steam turbines residual life is considerable .low pressure 

boilers were replaced with high pressure boilers. Back pressure topping turbine was employed, to 

reduce the steam pressure to the levels at which the old steam turbines in the power can accept. 

This arrangement has improved the operating economics of the old power houses 

 

 

To meet the specific requirements of a leading chemical plant in India, BHEL designed a back 

pressure turbines with siemens assistance, to operate with high inlet steam temperature of 565 deg 

c .this set is already manufactured at Hyderabad works and supplied. 

  

2.5.2 CONDENSING TURBINES 

 

 Condensing turbines are primarily employed for power generation. These turbines can be 

provided with uncontrolled extraction where clients require steam in small quantities. Uncontrolled 

extraction avoids extraction controlled valves and therefore throttling losses are reduced even while 

providing small quantity’s of process steam. 

  Another application of uncontrolled extraction is wander controlled system. In wander 

control system two bleeds are provided. One bleed is at high pressure and another at low pressure. 

In part load operations HP bleed meets the process steam requirement. At full load operations, the 

LP bleed will meet the steam requirement. This arrangement  reduces energy losses due to 

throttling, considerably. Condensing turbines are employed mostly in industries like cement where 

process steam requirement is not required  
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2.5.3 EXTRACTION CONDENSING 

 

  Where customer gives equal importance for meeting the process steam and power needs, 

extraction condensing sets become ideal choice. The benefit is, power generation can be maintained 

at the required levels even when process steam needs to fluctuate. In paper and pulp industries, 

process steam requirement of digesters fluctuate, while power requirement of the paper plant 

remains almost constant. Hence in all medium and large paper plants, extraction condensing sets are 

employed.  

 

2.5.4 EXTRACTION INJECTION CONDENSING TURBINES 

 Extraction turbines are not restricted only to the provision of extracting steam, but may also 

be employed as induction turbines, i.e. excess steam in LP bus line can be used economically for 

power generation in such turbine with out difficulty as in case of extraction turbines, the turbines 

governing system for maintain constant pressure  

 In the line can also be used for these injection turbines. Injection condensing turbines are 

employed in combined cycle plants and in fertilizers industries.  

 

2.6 APPLICATIONS  

 The steam turbines are utilized in several industries viz.. Paper, fertilizers, chemical petro 

chemicals, sugars, refinery, metallurgical etc foe power generation and mechanical drives already 

described. The following illustration explains the selection - application criteria of industrial turbines 

 

2.7 BLADING 

 The type of blading used is impulse reaction type. The first stage of the industrial turbines is 

mostly with impulse type. Rest of the blading is of reaction type. This arrangement in helps in 

achieving better part load efficiency’s which an important feature in industrial turbines is. The baldes 

are machined from the solid and integral shrouds at the tip the blades are fitted in the rotor so that 

the shroud of each blade butts together to form continues ring. This helps effectively to dampen the 

vibration because of the friction of the butting surfaces. The moving baldes always have inverted T –
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root type .for the last stage LP blades of the condensing turbines fork root –fir tree root blades are 

used. These blades are twisted and tapered and are fitted with damping wires are pins to dampen 

the vibrations. These blades do not have shrouds. Chrome steels (13%) is material used for the 

blades. 

            The steam thrust exerted on the rotor, which is inherent in reaction turbines, is compensated 

by balanced piston gland in the front section of the turbine and by the thrust bearing in the front 

bearing pedestal.  

 

 

Fig.2.1 Assembly of Blade in Rotor 

 

 The valves chest is integral to the outer casing where the governing valves and emergency 

stop valves are directly bolted.  
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2.8 CATEGORIES IN STEAM TURBINE 

Industrial steam turbine are categorized into different series like  

-2 series  

-3 series 

-4 series 

-2 SERIES TURBINES: 

 These series of turbines are of standard type and have been designed for the best efficiency 

for range parameters. Based upon the inlet conditions like pressure temperature, material selection 

is varied. Designs being the standard further based on then steam flow quantities size of the turbine 

is selected .in these series of turbines the fixed blade grooves are machined directly in the outer 

casing and guide blades are inserted.  

Different sizes of -2 types of turbines are: 

 

G250-2     EK/K 600-2 

G300-2   EK/K 800-2 

G400-2                                    EK/K 1000-2 

G500-2   EK/K 1100-2 

G800-2   EK/K 1400-2                   

                         EK/K 1800-2  

 

“G” stands for back pressure turbine 

“K” stands for condensing turbines 

“E” stands for controlled extraction  

The number besides the letter indicates the area of the exhaust of the turbines  
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-3 SERIES TURBINE: 

 Based on customer’s requirements and steps involved in design, the turbine is divided into 
different sections: inlet section, transition, exhaust or condensing section .these sections can be 

combined with each other. The figure shows the various sections of these series and possible 

combinations of withy one size of admission section. the admission sections are supplied in two 

versions , one fro normal initial steam  conditions up to 100 bar / 510 deg C  and for high steam 

initial steam conditions up to 140 bar /540 deg C  .the size of the section is geometrically graded in 

the ratio to 1.25 to form different sizes of section .The parts associated with front section as front 

bearing pedestal, control valves, safety devices like emergency stop valves are fixed for a particular 

size. Also the same is done for the exhaust sections. With this arrangement for a particular front and 

rear section selected the connecting parts to the sections are common from case to case. now the 

length of the middle are transition section can varied based upon the number of blade stages 

required and the number of extractions required . with this concepts, besides optimizing the flow 

path, the use of standard and proven components like casings , guide blade carriers , bearing 

pedestals, nozzles, servo- motors, stop and governing valves fro a particular model are ensured 

.unlike the -2 series the blade grooves in these turbines are made in the guide blade carriers which is 

supported in outer casing . 

  Robust drum type rotors with integral shrouds, labyrinth glands for sealing of rotor ends and 

inter stage blading, ensure greater reliability and efficiency. These turbines usually employ a gear 

box between turbine and generator to achieve optimum efficiencies. 

 

-4 SERIES TURBINES: 

 These types of series are called as centre admission steam turbines with counter flow for the 

mid range of power, between 30MW to 150 MW. Using these concepts results in the compact single 

casing solution in many cases up to 100 MW. The flow path is initially towards the front and in inner 

casing after being admitted in the centre. 

The steam reverses the direction on the reaching the end of inner casing to flow around 

inner casing and expands towards the rear end of the turbine. This process of reverse flow of steam 

helps in control the axial thrust to a large extent. The rear portion of the turbine is constructed 

based upon the building block principle as explained in -3 series, front being a standard fro particular 

range of inlet parameters. These turbines are directly coupled to the generator. The valve blocks in 

these turbines are separate and hence faster startups of the turbine .these turbines are best suited 

for combined cycle plant application. 
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2.9 NEW SERIES TURBINE: 

 

  These types of turbines have been developed by BHEL in the range of 15 to 20 MW to cater 

the special requirements of industries like sugar and cement w.r.t low inlet parameters and high 

extraction requirements for operation during season and power generation during off season 

periods. in view of the above certain cost saving features have been incorporated . the outer casing 

casting have been simplified by separating the valve chest the valve chest is cast separately and 

bolted to the outer casing there by limiting the importance of selection of material to valve chest . 

The middle section and the rear section of the turbine are based on the building block concept as 

that of -3 turbines. 

These turbines operate in the speed range of 6000 to 8000rpm. The flow path design of the 

above turbines confirms to the SIEMENS design practices. provision has been given for an extraction, 

which is useful for the process of NOX control CCP applications .the detailed design analysis is done 

with flow path design , mechanical design which includes rotor dynamics , design analysis by finite 

element methods and computational fluid dynamics for flow analysis. 

REHEAT STEAM TURBINES FOR 100 TO 150 MW TURBO GENERATOR SETS 

INTRODUCTION 

 Reheat steam turbines of 100 to 150MW capacity are required in utilities and combined 

cycle plant application. Turbines in this range normally employ 3 cylinder design. BHEL Hyderabad 

has developed a new two cylinder design suitable for conventional high parameters power plants 

feed water heating. The high pressure (HP) and intermediate pressure (IP) cylinders of conventional 

plants are integrated into a new combined HP-IP cylinder resulting in saving of overall length and 

weight because of removal of one pedestal. 

 

 The two cylinder BHEL design is a result of joint development with SEIMENS –Germany. 

SIEMENS has developed two cylinder designs for combined cycle power plants during 1990‘s and 

there are working well at various sites all over the world. 
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2.9.1 PARAMETERS OF STEAM TURBINES 

Modules being used:   K30-16+N30-2X3.2M*M 

Inlet                         :   126.0ATA\535 C 

Reheat                     :   28.8ATA\535 C 

Power                     :   120 MW 

Speed                      :   3000RPM 

 

2.9.2 FEATURES OF COMBINED HP-IP TURBINE 

 Because of double shell construction, the outer casing of combined HP-IP turbine is split 

horizontally the inner casing is a single and supported in the outer casing HP- valves and IP valves are 

bolted to the outer casing obviating the necessity of a separate valve room.  

 The steam inlet to HP blading stages is at the middle and the steam flows in the IP balding 

stages in the reverse directions compared to HP blading stages. The reverse steam flow design 

reduces axial thrust and results in smaller balance piston diameter. All the bearing pedestals are 

fixed to the foundation in 2 cylinder design .the total weight of the steam turbine is reduced by over 

100 tonnes and overall length is reduced by about 2.5 mt, when compared to three cylinder design. 

It is possible to dispatch the completely assembled turbine from works as a single unit weighing less 

than 100 tonnes. About two months in manufacturing cycle time is possible because of the 

simplified design for the two cylinder design. 

 

2.10  LP TURBINE 

 The LP turbine casing consists of a double flow unit and has a triple shell welded casing. The 

outer casing consists of the front and rear valves. Two lateral – longitudinal support beams and the 

upper part. The front and rear valves as well as the connection area of the upper parts are 

reinforced by means of circular box beams. The outer casing is supported by the ends of the 

longitudinal beams on the base plates of the foundation .The steam from the LP turbine is admitted 

at the middle of the LP turbine through cross around piping . 
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2.10.1 DESIGN ANALYSIS 

 All the new components are designed robustly keeping in view of the long term operational 

requirements analysis for the structural integrity, relative expansions and life. Estimations is carried 

out using state of the art finite element computer programs. Solid modeling and CID have been used 

to reduce the design development cycle time .Natural frequencies and unbalance response of the 

rotor bearing system are determined using advanced rotor dynamic computer programs. The root 

bearing systems having very good vibrations behavior is finally selected by making suitable 

modifications to rotor diameters initially selected. 

 

2.10.2 TURBINE CONROL SYSTEM 

 Electro hydraulic turbine governing system with high pressure (160bar) hydraulics is adopted 

for two cylinder design. Triple modular redundant processor is used for electronics. The system is 

compatible for interfacing with plant high level systems. 

HP electro hydraulic actuators are used for control valves and stop valves .160 bar HP  control 

system results in faster response better stability during transient conditions compared to the 8 bar 

system used in 3 cylinder design . 

 

2.11 AUTOMATIC TURBINE RUN-UP SYSTEM 

Automatic turbine run up systems has the following sub group controls, which enables the 

systems to come inline automatically after fulfilling required pre conditions  

• Lube oil system 

• Cooling water system  

• Control oil system  

• Gland steam system 

• Turbine drains 

• Condensate and evacuation system 

• Warm up  

• Electro hydraulic turbine controller(EHTC) and turbine stress evaluator (TSE) 

• LP bypass system 
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PARTS OF STEAM TURBINE 

3.1 THE VARIOUS PARTS OF STEAM TURBINE  

3.1.1 NOZZLE: The nozzle expands steam of comparatively low velocity and high static pressure 

within considerable increase in velocity. The nozzle is so positioned as to direct the flow of steam 

into the rotor passage. 

3.1.2  DIFFUSER: It is a mechanical device that is designed to control the characteristics of steam at 

the entrance to a thermodynamic open system. Diffusers are used to slow the steam's velocity and 

to enhance its mixing into the surrounding steam. In contrast, a nozzle is often intended to increase 

the discharge velocity and to direct the flow in one particular direction. 

 Flow through nozzles and diffusers may or may not be assumed to be adiabatic. Frictional 

effects may sometimes be important, but usually they are neglected. However, the external work 

transfer is always assumed to be zero. It is also assumed that changes in thermal energy are 

significantly greater than changes in potential energy and therefore the latter can usually be 

neglected for the purpose of analysis 

3.1.3 BLADES OR BUCKETS: The blades or buckets form the rotor flow passage and serves to change 

the direction and hence the momentum of the steam received in the stationary nozzles. 

3.1.4 GUIDE OR GUIDEBLADES: Often a turbine is arranged with a series of rotor flow passages. 

Intervening between the blades comprising the rotor passages are rows of stationary guide blades. 

The purpose of this guide is to reverse the direction of steam leaving the preceeding moving blade 

row so that general direction of steam leaving the preceeding moving blade rows is similar. If guide 

blades were not provided, opposing force would be exerted on the rotor which would largely negate 

each other. 

3.1.5 CASING SHELL OR CYLINDER: The turbine enclosure is generally called the casing although the 

other two names are in common use. The nozzle and guide are fixed on casing, which in addition to 

confining the steam serves as support for the bearings. Sometimes the word cylinder is restricted as 

a cylindrical form attached to inside of the casing to which the guides are fixed. 

3.1.6 SHAFT, ROTOR, SPINDLE: These terms are applied to the rotating assembly which carries the 

blades. 
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3.1.7 DISC OR WHEEL: The moving blades are attached to the disc which in turn is keyed to the 

shaft. 

3.1.8 DIAPHRAGM: The diaphragm which is fixed to the cylinder or casing contains the nozzle and 

serves to confine the steam flow to nozzle passage. 

3.2.9 PACKING: Packing in the form of carbon rings minimizes the leaking in the annular space 

between the diaphragm and shaft. 

3.1.10 THRUST BEARINGS: Usually a combination of Kingsbury and collar types absorbs the axial 

forces. 

3.1.11 EXHAUST HOOD: The exhaust hood is the portion of the casing which collects and delivers 

the exhaust steam to exhaust pipe or condenser. 

3.1.12 STEAM CHEST: The steam chest is the supply chamber from which steam is admitted to the 

nozzles. 

3 1.13 GOVERNOR: The governing system may be designated to control steam flow so as to 

maintain constant speed with load fluctuations to maintain constant pressure with variation of 

demand for processed steam or both. 

3.1.14 THROTTLE OR STOP VALVES: The throttle and stop valves are located in the steam supply line 

to the turbine. The stop valve is hydraulically operated quick opening and shutting valves designed 

to be either fully opened or shut. On small turbines the stop valves may be manually operated but in 

any case is intended for emergency use or when fully shut down. The throttle valve is used in smaller 

turbines in addition to stop valve as a means of regulating steam flow during the starting or stopping 

the operation.  
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CHAPTER-4 

TURBINE CASING 
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TURBINE CASING 

 

4.1  STEAM TURBINE ELEMENTS 

4.1.1 TURBINE CASING AND GUIDE BLADE CARRIER 

 Steam flow through the turbine is in the axial direction. After leaving the body of the 

emergency stop valve the live steam enters the valve chest with control valves which forms an 

integral casing with the upper half of the outer casing. The valve chest is designed as a traverse tube 

with opening at both ends for assembly. 

  The turbine casing is divided into an admission and exhaust section. Back pressures as well 

as condensing turbines have admission sections of identical design. Depending on the inlet steam 

conditions, the admission sections of comparable size are designed with casings of different wall 

thickness. The admission section will be completed by an exhaust section of adequate size. The 

overall length is adjusted by cylindrical or conical spacer rings. The turbine casing halves are flagged 

and assembled by bolts. 

4.1.2 INNER CASING 

 Owing to a virtually symmetrical design of the casing all its cross sections show practically 

the same amount of thermal expansion. Substantial thermal stresses in the inner casing need not be 

expected because it’s outer and inner walls are exposed to almost the same steam temperature. At 

the level of the shaft axis, the inner casing is supported on shims and is free to thermal expansion. 

Eccentric guide pins in the outer and inner halves of the casing present deviations of the inner 

casing. Similar positioning elements between the inner and outer casing are connected with control 

valve through steam tight L - section which allows for thermal expansion. The lower part of the inner 

casing incorporates two balancing areas for compensating the vertical downward thrust generated 

in the fine nozzle chambers of the inner casing. The balancing steam by which counter acting 

pressure is produced flows from the outer nozzle boxes through drilled passages into the L - ring 

shaped steam compartments where compensating thrust is built up. 
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 The inner casing with its caul ked in sealing strips has also the function of labyrinth gland for 

the compensating piston. It also serves as a support for the guide blades carrier. 

 

4.1.3 NOZZLE BLOCKS  

  

 The nozzle block is designed as a half shell and is kinematically supported by the outer casing 

in the regulated stage, the corresponding lower in the outer casing is designed as a simple blinding 

shield in order to avoid excessive windage losses. The nozzle groups are inserted in to the nozzle 

block. The nozzle block is connected with the steam chamber by L - ring seals in the same manner as 

the inner casing with the control valves. The nozzle block also serves as a guide for the balancing 

piston gland. 

 The guide blade carriers are inserted with a lathe turning circumferential groove in to the 

corresponding webs of the outer casing. They are positioned in the lateral direction by eccentric 

guide pin and adjusted to the correct height by shims. 

 

4.1.4 TURBINE ROTOR AND BLADING  

  

 The turbine rotor is integral with the disc of the control stage wheel and is forged from solid 

blank. Except for the control stage, the blading is of the reaction type. The running blades have their 

root, shaft, and shrouding milled from the same forging. The running blades in the drum stages have 

roots of the inverted T type. Normally only the roots of the control stage blades are forked. But 

occasionally the last row of LP blades depending on the centrifugal stress to which they are 

subjected, may be designed with fork roots too. But due to large assembly cycle time, these roots 

are being converted back to the T root form. The guide blades are manufactured from drawn bar 

material and have pronged roots. The guide blade tips are fitted with riveted shroud strips. 

 

 

 



35 

4.1.5 BLADE TIP SEALING AND SHAFT GLANDS 

 Radial steps machined on the circumferential surfaces of both the stationary and moving 

blades rows together with oppositely situated sealing steps in the guide blade carriers and on the 

turbine rotor and forming efficient labyrinth seals. The point at which the shaft passes through the 

casing are like wise sealed by labyrinth glands with caul ked in sealing strips. The shells of these 

glands are mounted in outer casing in the manner which leaves them free to follow thermal 

expansion. And central portion of the gland leak steam is drawn off to a region of LP. This limits the 

amount of leak stream discharged. 

 

4.1.6 GOVERNORS AND CONTROLS 

 An emergency stop valve provided at the entrance of the turbine gives the initial steam 

access to the admission chest. During normal operation the stop valve is held open by oil pressure 

against the counter acting forces of a compression spring. In an emergency pressure in the trip boil 

circuit is suddenly relieved and the stop valve is closed immediately. The control valves of the steam 

regulate the steam through out the amount which is required for obtaining the desired output or 

speed. There are hydraulically actuated by servo oil. The control valves are adjustably suspended 

from a valve beam by means of two spindles and via a lever system. The beam cam can be moved by 

the actuator which is mounted on the steam chest. The control element serves as a transmitter for 

control impulses in the governing system. It is operated in the front bearing pedestal. 

 

 

 

 

 

 

 

 

 



36 

 



A Report on  

Industrial / Practical Training  
on 

“A PRACTICAL APPROACH ON FOUNDRY AND MACHINING IN 

INDUSTRY” 

at 

G.S.ALLOY CASTING PRIVATE LIMITED, Vijayawada 

Submitted to 

JAWAHARLAL NEHRU TECHNOLOGICAL UNIVERSITY KAKINADA, KAKINADA 

In Partial Fulfillment of the Requirements for  

the Award of the Degree of 

Bachelor of Technology 

In 

MECHANICAL ENGINEERING 

BY 

KALLAM ABHINAV 

(16481A0367) 

Under the Guidance of 

Sri J. PHANI KUMAR, M.Tech (Ph.D) 

Assistant Professor 

 

 

 

DEPARTMENT OF MECHANICAL ENGINEERING 

GUDLAVALLERU ENGINEERING COLLEGE 

(An Autonomous Institute with Permanent Affiliation to JNTUK, Kakinada) 

SESHADRI RAO KNOWLEDGE VILLAGE, GUDLAVALLERU - 521356 

2019-2020 

  



 

 



 

 

GUDLAVALLERU ENGINEERING COLLEGE 
(An Autonomous Institute with Permanent Affiliation to JNTUK, Kakinada) 

SESHADRI RAO KNOWLEDGE VILLAGE, GUDLAVALLERU - 521356 

DEPARTMENT OF MECHANICAL ENGINEERING 

 

CERTIFICATE 

This is to certify that an internship report entitled “A PRACTICAL APPROACH ON 

FOUNDRY AND MACHINING IN INDUSTRY”carried out at " G.S.ALLOY CASTING PVT 

LTD, Vijayawada” is a bonified record of work by Kallam Abhinav (16481A0367) under my 

guidance and supervision of  Sri J.PHANI KUMAR and submitted to Jawaharlal Nehru 

Technological University Kakinada,Kakinada, in partial fulfillment of the Degree of  Bachelor of 

Technology in Mechanical Engineering during the academic year 2019-2020. 

 

 

 

 

       J. Phani Kumar 

      Internal  Project Guide 

 Dr. M.R.Ch. SASTRY 

Head of The Department 

   

   

   



ACKNOWLEDGEMENT 

 

                         It is a great pleasure for me to express our sincere thanks to our Honorable principal                 

Dr.Potluri Ravindra Babu Ph.d, who had inspired a lot through his speeches .He is the only 

personality who had given the meaning to the technology studies and told us how to survive in this 

competitive world. 

                 We express our deep sense of Heartfelt thanks to Dr. M.R.Ch.SASTRY  Ph.d , Head of 
Mechanical Department for his cheerful motivation and encouragement at stage of this endeavor. 

We record with pleasure our deep sense of gratitude to our beloved project guide Sri J. PHANI 

KUMAR, M.Tech (Ph.D)   Mechanical Engineering Department, for the stimulating guidance and 
profuse assistance. 
 
We thank for the faculty of Gudlavalleru Engineering College, for their cooperation in completing 
this Industrial / Practical Training.  
 

 

 

 

 

 

K.ABHINAV 

16481A0367 

 

 

 

 

 

 

 

 

 

 

 

 



Contents 

Description          Page. No 

Abstract 

Introduction: G.S.ALLOY CASTING LIMITED                                  1 
Plant layout                                                                                             2 
Casting layout                                                                                         4 
Chapter 1 
PATTERN  SECTION 

1.1 INTODUCTION          5 
1.2 Types of patterns         5 
1.2.1Single Piece Pattern        5 
1.2.2 Split Pattern or Multi Piece Pattern      6 
1.2.3 Cope and Drag Pattern        6 
1.2.4 Match Plate Pattern        6 
1.2.5 Loose Piece Pattern        7 
1.2.6 Gated Pattern         7   
1.2.7 Sweep Pattern         7 
1.2.8 Skeleton Pattern         8 
1.2.9 Follow Board Pattern        8 
1.3 Types of allowances        8 

1.3.1 Contraction allowance / Shrinkage allowance     9 

1.3.2 Draft allowance         9 

1.3.3 Finishing or Machining allowance      9 

1.3.4 Shake allowance        10 

1.3.5 Distortion allowance        10 

Chapter 2 

MOLDING SECTION 

2.1 Introduction                   11 
2.2 Sand Mould                   12          
2.3 Co2 Mould                    12 
2.4 Sand Proportions for Co2 Mould                     13 
2.5 Gating System                   14 

Chapter 3 

HEAT TREATMENT 

3.1 Annealing                    15 

3.2 Case hardening                   16 

3.3 Tempering                    16 

3.4 Normalizing                   17 

3.5 Quenching                    17 
 

Chapter 4 

WELDING PROCESS 

4.1 TYPES OF WELDING PROCESSES USED               19 

4.1.1 Arc Welding                    19 
4.1.2 Gas welding                   20 



         
4.2 CUTTING                    20 

Chapter 5 

MACHINING SECTION 

 

5.1 Family of Machinery                 21 
5.2 Machining Operations                 22 
5.3 Lathe Machine                  22 
5.4 Vertical Turning Lathe (VTL)                23 
5.5 Planar and Shaper Machines                24 
5.6 Boring machine                  25 
5.7 Drilling machines                  26 
5.8 Slotting machines                  27 

Chapter 6 

QUALITY SECTION 

 

6.1 Types of quality tests                28 
6.1.1 Destructive test                 28 

6.1.2 Non Destructive  test                                                                                      29                                                                                       

Conclusion                                 30 

Result                              31                                                                                                             

        



ABSTRACT 

 

 In this project we are able to learn about the various manufacturing processes like casting,  

(pattern making), mould making, melting of metals, fettling, production, machining and quality 

analysis of job. To make the pattern with different wooden materials by observing the design and 

make the template after that by references of template we are able to make the pattern with given 

dimensions prepare the pattern perfectly and it is ready for moulding boxes like cope, drag box 

and using different sands make the mould of the pattern and ready for casting.  After casting the 

prepared mold is send to heat treatment process.  In the heat treatment process for hardening the 

material at some temperature levels, after sometime it will send for the quality analysis and send 

machining process.  In that select suitable equipment for the machining process by using different 

operations after machining and resend to quality department  to check the errors of the job and if 

error is occurred using mug welding method disappear the error and sent to machining to finish 

the final product and check the dimensions as per drawing sheet.   
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G.S. ALLOY CASTING LIMITED 

 G.s. Alloy Castings Private Limited Company, incorporated on 16 Oct, 1987. 

 Company's authorized capital stands at Rs 1550.0 lakhs and has 62.580647% 

paid-up capital which is Rs 970.0 lakhs.   

 Capability to prepare 27,000 kgs single piece casting. 

 Current board members & directors are PRASADA RAO GHANTA, 

SARALA GHANTA, VENKATESWARAO GHANTA and SRINIVASA 

RAO GHANTA. 

Manufactured Products Related to companies 

 Power generation. 

 Railways. 

 Steel plants. 

 Mining & crushing. 

 Cement plants. 

 Pump & valve industries. 
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Plant layout: Unit -1 
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Plant layout: Unit -2 
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Casting layout  
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Chapter 1 

PATTERN SECTION 

 

1.1 INTODUCTION:  

In casting, a pattern is a replica of the object to be cast, used to prepare the cavity into which 

molten material will be poured during the casting process. Patterns used in sand casting may be 

made of wood, metal, plastics or other materials 

1.2 Types of patterns: 

1)  Single piece pattern 

2)  Loose piece pattern 

3)  Gated pattern 

4)  Sweep pattern 

5)  Cope and drag pattern 

 

1.2.1Single Piece Pattern: 

It is simplest type of pattern which is made in single piece. It is used for simple objects. It is either 

placed into cope or in drag according to the simplicity of operation. It is used to cast stuffing box of 

steam engines. 

 

Fig: Single piece Pattern 
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1.2.2 Split Pattern or Multi Piece Pattern: 

These patterns are made into two or more pieces. The first half of pattern placed into cope and other 

half into drag. It is used for complex objects where removal of single piece pattern from mould is 

impossible. When pattern is made in more than three parts cheeks are also used for easy removal. 

 

 

1.2.3 Cope and Drag Pattern: 

These are two piece split pattern as discussed above. It is used for large objects 

 

1.2.4 Match Plate Pattern: 

Match plate pattern is a split pattern in which cope and drag section mounted on opposite sides of a 

plate. The plate is known as match plate. These will make easy to cast any shape with high 

production rate. Mostly runner, gates etc. are also mounted on same plate which will easy to mould 

making work. These patterns are used for mass production. 
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1.2.2 Loose Piece Pattern: 

When removal of pattern is impossible due to an extended surface at either upper half or lower half, 

the extended part made as loose piece so this extended part can be removed first before removal of 

whole pattern. This will make easy removal of pattern without effect on the cavity. These patterns 

are known as loose piece pattern. 

 

1.2.3 Gated Pattern: 

These are simply more than one looses piece which are attached with a common gating system. 

These are used for mass production. It is used to produce small size cavities into one mould. 

 

                                                                   Fig: Gated Pattern 

1.2.4 Sweep Pattern: 

These pattern are used for large rotational symmetrical casting. A sweep is a section of large 

symmetrical object which is rotated along a edge into sand which make a large symmetrical mould. 

These patterns makes easy pattern making work of large objects. 
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Fig: Sweep pattern 

 

1.3 Types of allowances: 

 To compensate for any dimensional and structural changes which will happen during the casting or 

patterning process, allowances are usually made in the pattern. 

1.3.1 Contraction allowance / Shrinkage allowance 

      The metal which undergo shrinkage during solidification and contract further on cooling to 

room temperature. To compensate this, the pattern is made larger than the required casting. This 

extra size is given on the pattern for metal shrinkage is called shrinkage allowance. 

The pattern needs to incorporate suitable allowances for shrinkage; these are called contraction 

allowances, and their exact values depend on the alloy being cast and the exact sand casting method 

being used. Some alloys will have overall linear shrinkage of up to 2.5%, whereas other alloys may 

actually experience no shrinkage or a slight "positive" shrinkage or increase in size in the casting 

process (notably type metal and certain cast irons). The shrinkage amount is also dependent on the 

sand casting process employed, for example clay-bonded sand, chemical bonded sands, or other 

bonding materials used within the sand. This was traditionally accounted for using a shrink rule, 

which is an oversized rule. 

Shrinkage can again be classified into liquid shrinkage and solid shrinkage. Liquid shrinkage is the 

reduction in volume during the process of solidification, and Solid shrinkage is the reduction in 

volume during the cooling of the cast metal. Shrinkage allowance takes into account only the solid 

shrinkage. The liquid shrinkage is accounted for by risers. 

Generally during shrinkage, all dimensions are going to be altered uniformly, unless there is a 

restriction. 
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1.3.2 Draft allowance 

When the pattern is to be removed from the sand mold, there is a possibility that any leading edges 

may break off, or get damaged in the process. To avoid this, a taper is provided on the pattern, so as 

to facilitate easy removal of the pattern from the mold, and hence reduce damage to edges. The 

taper angle provided is called the Draft angle. The value of the draft angle depends upon the 

complexity of the pattern, the type of molding (hand molding or machine molding), height of the 

surface, etc. Draft provided on the casting is usually 1 to 3 degrees on external surfaces (5 to 8 

internal surfaces). 

 

 

1.3.3 Finishing or machining allowance 

The surface finish obtained in sand castings is generally poor (dimensionally inaccurate), and hence 

in many cases, the cast product is subjected to machining processes like turning or grinding in order 

to improve the surface finish. During machining processes, some metal is removed from the piece. 

To compensate for this, a machining allowance (additional material) should be given in the casting. 

The amount of finish allowance depends on the material of the casting, size of casting, volume of 

production, method of molding, and etc.. 

 

1.3.4 Shake allowance 

Usually during removal of the pattern from the mold cavity, the pattern is rapped all around the 

faces, in order to facilitate easy removal. In this process, the final cavity is enlarged. To compensate 

for this, the pattern dimensions need to be reduced. There are no standard values for this allowance, 

as it is heavily dependent on the personnel. This allowance is a negative allowance, and a common 

way of going around this allowance is to increase the draft allowance. Shaking of the pattern causes 

an enlargement of the mould cavity and results in a bigger casting. 

 

1.3.5 Distortion allowance: 

During cooling of the mould, stresses developed in the solid metal may induce distortions in the 

cast. This is more evident when the mould is thinner in width as compared to its length. This can be 

eliminated by initially distorting the pattern in the opposite direction. 
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Chapter 2 

MOLDING SECTION 

2.1 Introduction 

Moulding is the process of manufacturing by shaping liquid or pliable raw material using 

a rigid frame called a mould or matrix. This can be made using a pattern or model of the final 

object. 

A mould  is a hollowed-out block that is filled with a liquid or pliable material such 

as plastic, glass, metal, or ceramic raw material. The liquid hardens or sets inside the mold, 

adopting its shape. A mold is the counterpart to a cast. The very common bi-valve molding process 

uses two molds, one for each half of the object. Articulated moulds have multiple pieces that come 

together to form the complete mold, and then disassemble to release the finished casting; they are 

expensive, but necessary when the casting shape has complex overhangs. 

 

Fig: Sand Moulding Process 

2.2 Sand Moulding: 

Sand casting, also known as sand moulded casting, is a metal casting process 

characterized by using sand as the mould material. The term "sand casting" can also refer to an 

object produced via the sand casting process. Sand castings are produced in specialized factories 

called foundries. Over 70% of all metal castings are produced via sand casting process. Moulds 

made of sand are relatively cheap, and sufficiently refractory even for steel foundry use. In 

addition to the sand, a suitable bonding agent is mixed or occurs with the sand. 

 

 



11 

 

 

 

Particulars used 

1. Sands: 

 Silicate sand. 

 Quartz sand. 

 Chromite sand. 

 Black sand. 

2. Oils: 

 Silicate oil – Na2SiO3. 

3. Gases: 

 Co2 gas. 

 Carbon gas. 

4. Powder: 

 Bentonite powder. 

5. Paints: 

 Zircon paint. 

 Magnesium paint. 

 Tinder paint. 

6. Boxes Used: 

 Cope. 

 Drag. 

 Cheek. 

 

2.3 Co2 Moulding 

Introduction: Co2Casting is a kind of sand casting process. In this process the sand moulding 

mixture is hardened by blowing gas over the mould. This process is favoured by hobby metal 

casters because a lot of cost cutting can be done. In addition, one can be sure of getting 

dimensionally accurate castings with fine surface finish. But, this process is not economical than 

green sand casting process.  

Process: The Mould for Co2 Casting is made of a mixture of sand and liquid silicate binder which 

is hardened by passing Co2 gas over the mould. The equipment of the moulding process includes 

Co2 cylinder, regulator, hoses and hand held applicator gun or nozzle. Carbon dioxide moulding 

delivers great accuracy in production. 
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Any existing pattern can be used for the moulding purpose which can be placed in the mould before 

the mould is hardened. This method helps in producing strong mould and cores that can be used for 

high end applications. If the process is carefully executed then casting can be as precise as produced 

by the shell casting method. 

 Na2SiO3     +Co2     ———>   Na2Co3         +     SiO2 [Colloidal]. 

 

Carbon di-oxide casting is favoured both by the commercial foundry men and hobbyist for a 

number of reasons. In commercial operations, foundry men can assure customers of affordable 

castings which require less machining. The moulding process which can be fully automated is 

generally used for casting process that require speed, high production runs and flexibility. In home 

foundries this is one of the simplest processes that improve the casting quality.  

 

 

Applications: Co2 casting process is ideal where speed and flexibility is the prime requirement. 

moulds and cores of a varied sizes and shapes can be moulded by this process. 

 

Advantages: This process has many advantages in comparison to other forms of castings some 

of them are as follows: 

 Compared to other casting methods cores and moulds are strong 

 Reduces fuel cost since gas is used instead of to other costly heating generating elements 

 Reduces large requirement for number of mould boxes and core dryers 

 Provides great dimensional tolerance and accuracy in production 

 Moisture is completely eliminated from the moulding sand 

 This process can be fully automated. 

2.4 Sand Proportions for Co2 Moulding 

 Quartz sand – 100Kg / 5.5Kg of Sodium silicate. [Facing Sand] 

 Silica sand – 250Kg / 11Kg of Sodium silicate. [Backing sand] 

 Chromite sand – 100Kg / 4.5Kg of Sodium silicate. 
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Fig: sand mixing machines 

2.5 Gating System 

The assembly of channels which facilitates the molten metal to enter into the mold cavity is called 

the gating system. Alternatively, the gating system refers to all passage ways through which molten 

metal passes to enter into the mold cavity. The nomenclature of gating system depends upon the 

function of different channels which they perform. 

 Down gates or sprue 

 Cross gates or runners 

 Ingates or gates 

The metal flows down from the pouring basin or pouring cup into the down gate or sprue and passes 

through the cross gate or channels and ingates or gates before entering into the mold cavity 

 

 

fig: gating system 
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Chapter 3 

HEAT TREATMENT 

 

 

Heat treating (or heat treatment) is a group of industrial and metalworking processes used to 

alter the physical, and sometimes chemical, properties of a material. The most common 

application is metallurgical. Heat treatments are also used in the manufacture of many other 

materials, such as glass. Heat treatment involves the use of heating or chilling, normally to 

extreme temperatures, to achieve a desired result such as hardening or softening of a material. 

Heat treatment techniques include annealing, case hardening,  tempering, normalizing 

and quenching. It is noteworthy that while the term heat treatment applies only to processes where 

the heating and cooling are done for the specific purpose of altering properties intentionally, 

heating and cooling often occur incidentally during other manufacturing processes such as hot 

forming or welding. 

 

 

 TYPES OF HEAT TREATMENT TECHNIQUES 

1. Annealing 

2. Case hardening 

3. Tempering 

4. Normalizing 

5. Quenching 

 

 

3.1 Annealing 

Annealing consists of heating a metal to a specific temperature and then cooling at a rate that will 

produce a refined microstructure, either fully or partially separating the constituents. The rate of 

cooling is generally slow. Annealing is most often used to soften a metal for cold working, to 

improve machinability, or to enhance properties like electrical conductivity. 

In ferrous alloys, annealing is usually accomplished by heating the metal beyond the upper critical 

temperature and then cooling very slowly, resulting in the formation of pearlite. In both pure metals 

and many alloys that cannot be heat treated, annealing is used to remove the hardness caused by 

cold working. The metal is heated to a temperature where re-crystallization can occur, thereby 

repairing the defects caused by plastic deformation. In these metals, the rate of cooling will usually 
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have little effect. Most non-ferrous alloys that are heat-treatable are also annealed to relieve the 

hardness of cold working. These may be slowly cooled to allow full precipitation of the constituents 

and produce a refined microstructure. 

Ferrous alloys are usually either "full annealed" or "process annealed." Full annealing requires very 

slow cooling rates, in order to form coarse pearlite. In process annealing, the cooling rate may be 

faster; up to, and including normalizing. The main goal of process annealing is to produce a uniform 

microstructure. Non-ferrous alloys are often subjected to a variety of annealing techniques, 

including "re-crystallization annealing," "partial annealing," "full annealing," and "final annealing." 

Not all annealing techniques involve re-crystallization, such as stress relieving. 

 

3.2 Case hardening 

Case hardening is a thermo-chemical diffusion process in which an alloying element, most 

commonly carbon or nitrogen, diffuses into the surface of a monolithic metal. The resulting 

interstitial solid solution is harder than the base material, which improves wear resistance without 

sacrificing toughness. 

Laser surface engineering is a surface treatment with high versatility, selectivity and novel 

properties. Since the cooling rate is very high in laser treatment, meta-stable even metallic glass can 

be obtained by this method. 

 

3.3 Tempering 

Un-tempered martensitic steel, while very hard, is too brittle to be useful for most applications. A 

method for alleviating this problem is called tempering. Most applications require that quenched 

parts be tempered. Tempering consists of heating steel below the lower critical temperature, (often 

from 400 to 1105 ˚F or 205 to 595 ˚C, depending on the desired results), to impart some toughness. 

Higher tempering temperatures (may be up to 1,300 ˚F or 700 ˚C, depending on the alloy and 

application) are sometimes used to impart further ductility, although some yield strength is lost. 

Tempering may also be performed on normalized steels. Other methods of tempering consist of 

quenching to a specific temperature, which is above the martensite start temperature, and then 

holding it there until pure bainite can form or internal stresses can be relieved. These 

include austempering and martempering. 
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3.4 Normalizing 

Normalizing is a technique used to provide uniformity in grain size and composition (equiaxing) 

throughout an alloy. The term is often used for ferrous alloys that have been austenized and then 

cooled in open air. Normalizing not only produces pearlite, but also martensite and 

sometimes bainite, which gives harder and stronger steel, but with less ductility for the same 

composition than full annealing. 

 

3.5 Quenching 

Quenching is a process of cooling a metal at a rapid rate. This is most often done to produce a 

martensite transformation. In ferrous alloys, this will often produce a harder metal, while non-

ferrous alloys will usually become softer than normal. 

To harden by quenching, a metal (usually steel or cast iron) must be heated above the upper critical 

temperature and then quickly cooled. Depending on the alloy and other considerations (such as 

concern for maximum hardness vs. cracking and distortion), cooling may be done with forced air or 

other gases, (such as nitrogen). Liquids may be used, due to their better thermal conductivity, such 

as oil, water, a polymer dissolved in water, or a brine. Upon being rapidly cooled, a portion of 

austenite (dependent on alloy composition) will transform to martensite, a hard, brittle crystalline 

structure. The quenched hardness of a metal depends on its chemical composition and quenching 

method. Cooling speeds, from fastest to slowest, go from brine, polymer (i.e. mixtures of water + 

glycol polymers), fresh water, oil, and forced air. However, quenching a certain steel too fast can 

result in cracking, which is why high-tensile steels such as AISI 4140 should be quenched in 

oil, tool steels such as ISO 1.2767 or H13 hot work tool steel should be quenched in forced air, and 

low alloy or medium-tensile steels such as XK1320 or AISI 1040 should be quenched in brine. 

Some Beta titanium based alloys have also shown similar trends of increased strength through rapid 

cooling. However, most non-ferrous metals, like alloys of copper, aluminum, or nickel, and some 

high alloy steels such as austenitic stainless steel (304, 316), produce an opposite effect when these 

are quenched: they soften. Austenitic stainless steels must be quenched to become fully corrosion 

resistant, as they work-harden significantly. 
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IRON CARBON DIAGRAM 
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Chapter 4 

WELDING PROCESS 

Welding is a fabrication or sculptural process that joins materials 

usually metals or thermoplastics, by causing fusion, which is distinct from lower temperature 

metal-joining techniques such as brazing and soldering, which do not melt the base metal. In 

addition to melting the base metal, a filler material is typically added to the joint to form a pool of 

molten material (the weld pool) that cools to form a joint that, based on weld configuration (butt, 

full penetration, fillet, etc.), can be stronger than the base material (parent metal). Pressure may 

also be used in conjunction with heat, or by itself, to produce a weld. Welding also requires a 

form of shield to protect the filler metals or melted metals from being contaminated or oxidized. 

 

4.1 TYPES OF WELDING PROCESSES USED 

1. Arc welding   

2. Gas welding 

4.1.1 Arc Welding  

 

Arc welding is also called as Shielded Metal Arc welding, or simply referred to as ‘Stick’. This is 

the most basic of all welding types. The welding stick uses electric current to form an electric arc 

between the stick and the metals to be joined. To weld iron and steel, this type of welding is often 

used in the construction of steel structures and in industrial fabrication. Stick welding can be used 

for manufacturing, construction and repair work. 
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4.1.2 Gas welding 

 

 

 

In oxy-fuel welding, a welding torch is used to weld metals. Welding metal results when two pieces 

are heated to a temperature that produces a shared pool of molten metal. The molten pool is 

generally supplied with additional metal called filler. Filler material depends upon the metals to be 

welded. 
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Chapter 5 

MACHINING SECTION 

 

Introduction 

 Machining is any process in which a cutting tool is used to remove small chips of material 

from the work-piece (the work-piece is often called the "Job"). To perform the operation, relative 

motion is required between the tool and the work. This relative motion is achieved in most 

machining operation by means of a primary motion, called "cutting speed" and a secondary 

motion called "feed". The shape of the tool and its penetration into the work surface, combined 

with these motions, produce the desired shape of the resulting work surface. 

 

 

Fig: Machining Terminology 

 

5.1 Family of Machinery 

1. Lathe Machine. 

2. Vertical Turning Lathe (VTL). 

3. Plano miller/ Miller/Planar. 

4. Boring Machine. 

5. Shaper Machine. 

6. Drilling Machine. 

7. Slotting Machine. 
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5.2 Machining Operations 

1. Facing – Decreasing the Length. 

2. Boring – Increases the Diameter of Hollow section. 

3. Threading – Laying Threads for driving Screw. 

4. Drilling - Making a Hole. 

5. Turning –Decreasing the Diameter.  

6. Knurling –Laying the pattern of straight, angled or cross lines (Indentions). 

7. Broaching – Cutting a keyway. 

8. Grinding – Improving the finish for the surface. 

9. Sawing – Cutting up bars of material. 

5.3 Lathe Machine 

A lathe is a tool or a Machine that rotates the workpiece about an axis of rotation to 

perform various machining operations with tools that are applied to the workpiece to create an 

object with symmetry about that axis. 

 

 
Fig: lathe machine 
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Specified Parts 

        Head stock – Contains a 4 jaw independent movable chuck helps to hold the job. 

        Tail stock – Contains either a chuck or a Pointer helps to support the Job. 

        Carriage – Carries the tool post used to fox the tool against the job. 

 

 Length between the centers of the head stock and the tail stock resembles the Specification 

of the lathe. 

 Carriage is able to move according to the lead screw. 

 A lathe can carry a single operation with a single tool at a time. 

 The pitch of the threading laid on the job will be depend on the pitch if the lead screw. 

 

 

Operations performed 

1. Straight turning, 

2. Step turning, 

3. Tapper turning, 

4. Contour turning, 

5. Chamfering, 

6. Threading, 

7. Grooving, 

8. Knurling, 

9. Boring etc…, 

 

 

5.4 Vertical Turning Lathe (VTL) 

  

The VTL machine otherwise called as Turret lathe is a form of metal working lathe that is used 

for repetitive production of duplicate parts, which by the nature of their cutting process are 

usually interchangeable. It evolved from earlier lathes with the addition of the turret, which is 

an indexable tool-post that allows multiple cutting operations to be performed, each with a 

different cutting tool, in easy, rapid succession, with no need for the operator to perform set-up 

tasks in between, such as installing or uninstalling tools, nor to control the tool-path. The latter is 

due to the tool-path's being controlled by the machine, either in jig-like fashion, via the 
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mechanical limits placed on it by the turret's slide and stops, or via electronically-

directed servomechanisms for computer numerical control lathes. 

 

 

Fig:Turret lathe  (VTL) 

 

Specified parts 

 

Bed – Inorder to place the Job. 

Slider – Holds the tool in it (Contained the tool post). 

 

 Maximum of three tools can be inserted in three tool posts i.e, one each can carry different 

operations at different positions of the job. 

 Tool made of high speed is used in any Operation of VTL. 

 Threading cannot be done on VTL because of lack of threads on the Lead screw. 
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Operations performed 

1. Facing , 

2. Turning, 

3. Boring, 

4. Grooving. 

 

5.5 Planar and Shaper Machines 

 

A planer is a type of metalworking machine tool that uses linear relative motion between the 

work piece and a single-point cutting tool to cut the work piece. A planer is similar to a shaper, 

but larger, and with work piece moving, whereas in a shaper the cutting tool moves. 

 

Specified parts 

 

Bed and table: The bed is a long heavy base and table made of cast iron. 

Housings: The housings are the rigid and upright column like castings. 

Cross rail: The cross rail is a horizontal member supported on the machined ways of the upright 

columns.  

Tool heads: Generally two tool heads are mounted in the horizontal cross rail and one on each of 

the vertical housing. 

Driving and feed mechanism: The tool heads may be fed either by hand or by power in 

crosswise or vertical direction. 

 

 
Fig: Machining at angular face 

Operations performed 

 

1. Planning flat horizontal, vertical and curved surfaces. 

2. Planning at an angle and machining dovetails. 
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3. Planning slots and grooves. 

Operations performed 

1. Turning 

2. Facing 

3. Boring 

 

5.7 Drilling machines 

A drilling rig is a machine that creates holes in the earth subsurface. Drilling rigs can be massive 

structures housing equipment used to drill water wells, oil wells, or natural gas extraction wells, 

or they can be small enough to be moved manually by one person and such are called augers. 

Drilling rigs can sample subsurface mineral deposits, test rock, soil and groundwater physical 

properties, and also can be used to install sub-surface fabrications, such as underground utilities, 

instrumentation, tunnels or wells. Drilling rigs can be mobile equipment mounted on trucks, 

tracks or trailers, or more permanent land or marine-based structures (such as oil platforms, 

commonly called 'offshore oil rigs' even if they don't contain a drilling rig). The term "rig" 

therefore generally refers to the complex equipment that is used to penetrate the surface of the 

Earth's crust. 

 

 

Fig: Universal Drilling machine 
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Specified parts 

1. Hand wheel 

2. Drill chuck 

3. Bed 

4. Pulley 

5. Pillar 

 

 

Operations performed 

1. Drilling holes 

2. Threading  in the holes 

3. Providing taper  

5.8 Slotting machines 

 The slotting machine is a reciprocating machine tool in which, the ram holding the tool 

reciprocates in a vertical axis and the cutting action of the tool is only during the downward stroke. 

The base of the slotting machine is rigidly built to take up all the cutting forces. It is used for 

providing key-holes. 

 

Fig: Slotting machine 

Specified parts: 

1. Bed 

2. Tool 

3. Ram 

Operations performed: 

 Providing key holes 
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Chapter 6 

QUALITY SECTION 

INTODUCTION 

This method is used to test the quality of the product after casting in casting process.This method 

is useful for checking the defects, surface cracks, internal diameters ,etc. 

 

6.1 Types of quality tests 

There are two types of quality checking 

1. Destructive test 

2. Non destructive test 

6.1.1 Destructive test 

It is again sub divided into 3 methods  

1. Tension test 

2. Hardness test 

3. Impact test 

Tension test 

This test is done by using the UTM (universal testing machine) .In the utm machine we can check 

how much tension force does a material can with stand on the application of load. 

 

 

Fig: Tension Testing Rig 
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Hardness test 

This test is useful for checking the hardness of the material. Two types of hardness tests are done 

BRINELL (OR) ROCKWELL . This test is done on hardness testing machine .For different 

materials with different methods are used. 

 

Fig: Hardness testing rig 

Impact test 

This test is conducted to find the energy stored in the product .Firstly  a V Notch is created in the 

specimen and the hammer is made to strike the v notch .After striking the V-notch the energy 

stored in it is observed on the scale. 

 

Fig: Impact test rig 

6.1.2 NON DESTRUCTIVE TESTING 

Ultrasonic test 

Ultrasonic testing (UT) is a family of non-destructive testing techniques based on the propagation 

of ultrasonic waves in the object or material tested. In most common UT applications, very short 

ultrasonic pulse-waves with center frequencies ranging from 0.1-15 MHz, and occasionally up to 

50 MHz, are transmitted into materials to detect internal flaws or to characterize materials. A 
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common example is ultrasonic thickness measurement, which tests the thickness of the test object, 

for example, to monitor pipework corrosion. 

Ultrasonic testing is often performed on steel and other metals and alloys, though it can also be used 

on concrete, wood and composites, albeit with less resolution. It is used in many industries 

including steel and aluminium construction, metallurgy, manufacturing, aerospace, automotive and 

other transportation sectors. 

 

Fig: Ultrasonic test 

DYE PENETRATION TEST 

Dye penetrant inspection (DPI), also called liquid penetrate inspection (LPI) or penetrant 

testing (PT), is a widely applied and low-cost inspection method used to locate surface-breaking 

defects in all non-porous materials (metals, plastics, or ceramics). The penetrant may be applied to 

all non-ferrous materials and ferrous materials, although for ferrous components magnetic-particle 

inspection is often used instead for its subsurface detection capability. LPI is used to detect casting, 

forging and welding surface defects such ashairline cracks, surface porosity, leaks in new products, 

and fatigue cracks on in-service components hairline cracks, surface porosity, leaks in new 

products, and fatigue cracks on in-service components. 

 

 

Fig: Dye penetrant inspection 
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CONCLUSION 

In review this internship has been excellent and rewarding our experience in this company is an 

awesome we have learnt a lot of things that are really required for an engineer to survive in the 

industry. we are able to know about how a company is manufacturing the products by using 

different materials and tools for preparing the final for the other company and dealing with major 

machine project preparing the pattern with wood and send to mold casting process.  After casting 

apply the heat treatment process for hardening then to machining process after machining check and 

the quality controlling checking process the product is sent to ordered company.   

One more thing we loved in this company is punctuality ,here they give much importance to 

punctuality .the staff in this company is very skilled staff ,our technical doubts are easily solved by 

them .so we are very glad to complete our one month internship in this company. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



31 

 

RESULT 

In this project we are able to know about how a company is manufacturing the products by using 

different materials and tools for preparing the final for the other company and dealing with major 

machine project preparing the pattern with wood and send to mold casting process.  After casting 

apply the heat treatment process for hardening then to machining process after machining check and 

the quality controlling checking process the product is sent to ordered company.   
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ABSTRACT

In this project we are able to learn about the various manufacturing processes like

casting, (pattern making), mould making, melting of metals, fettling, production,

machining and quality analysis of job. To make the pattern with different wooden

materials by observing the design and make the template after that by references of

template we are able to make the pattern with given dimensions prepare the pattern

perfectly and it is ready for moulding boxes like cope, drag box and using different sands

make the mould of the pattern and ready for casting. After casting the prepared mold is

send to heat treatment process. In the heat treatment process for hardening the

material at some temperature levels, after sometime it will send for the quality analysis

and send machining process. In that select suitable equipment for the machining process

by using different operations after machining and resend to quality department to check

the errors of the job and if error is occurred using mug welding method disappear the

error and sent to machining to finish the final product and check the dimensions as per

drawing sheet.
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G.S. ALLOY CASTING LIMITED

G.s. Alloy Castings Private Limited Company, incorporated on 16 Oct,

1987.

Company's authorized capital stands at Rs 1550.0 lakhs and has

62.580647% paid- up capital which is Rs 970.0 lakhs.

Capability to prepare 27,000 kgs single piece casting.

Current board members & directors are PRASADA RAO GHANTA,

SARALA GHANTA, VENKATESWARAO GHANTA and SRINIVASA RAO

GHANTA.

Manufactured Products Related to companies

Power generation.

Railways.

Steel plants.

Mining & crushing.

Cement plants.

Pump & valve industries.
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Plant layout: Unit - 1
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Plant layout: Unit - 2
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Chapter 1

PATTERN SECTION
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1.1 INTODUCTION:

In casting, a pattern is a replica of the object to be cast, used to prepare the cavity into

which molten material will be poured during the casting process. Patterns used in sand

casting may be made of wood, metal, plastics or other materials

1.2 Types of patterns:

1) Single piece pattern

2)  Loose piece pattern

3)  Gated pattern

4)  Sweep pattern

5)  Cope and drag pattern

1.2.1Single Piece Pattern:
It is simplest type of pattern which is made in single piece. It is used for simple objects. It is

either placed into cope or in drag according to the simplicity of operation. It is used to cast

stuffing box of steam engines.

Fig: Single piece Pattern

1.2.2 Loose Piece Pattern:
When removal of pattern is impossible due to an extended surface at either upper half or
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lower half, the extended part made as loose piece so this extended part can be removed

first before removal of whole pattern. This will make easy removal of pattern without

effect on the cavity. These patterns are known as loose piece pattern.

1.2.3 Gated Pattern:
These are simply more than one looses piece which are attached with a common gating

system. These are used for mass production. It is used to produce small size cavities into

one mould.

Fig: Gated Pattern

1.2.4 Sweep Pattern:
These pattern are used for large rotational symmetrical casting. A sweep is a section of

large symmetrical object which is rotated along a edge into sand which make a large

symmetrical mould. These patterns makes easy pattern making work of large objects.
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Fig: Sweep pattern

1.3 Types of allowances:

 To compensate for any dimensional and structural changes which will happen during the

casting or patterning process, allowances are usually made in the pattern.

1.3.1 Contraction allowance / Shrinkage allowance

The metal which undergo shrinkage during solidification and contract further on

cooling to room temperature. To compensate this, the pattern is made larger than the

required casting. This extra size is given on the pattern for metal shrinkage is called

shrinkage allowance.

The pattern needs to incorporate suitable allowances for shrinkage; these are

called contraction allowances, and their exact values depend on the alloy being cast and

the exact sand casting method being used. Some alloys will have overall linear shrinkage

of up to 2.5% , whereas other alloys may actually experience no shrinkage or a slight

"positive" shrinkage or increase in size in the casting process (notably type metal and

certain cast irons). The shrinkage amount is also dependent on the sand casting process

employed, for example clay- bonded sand, chemical bonded sands, or other bonding

materials used within the sand. This was traditionally accounted for using a shrink rule,

which is an oversized rule.

Shrinkage can again be classified into liquid shrinkage and solid shrinkage. Liquid

shrinkage is the reduction in volume during the process of solidification, and Solid

shrinkage is the reduction in volume during the cooling of the cast metal. Shrinkage

allowance takes into account only the solid shrinkage. The liquid shrinkage is accounted

for by risers.
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Generally during shrinkage, all dimensions are going to be altered uniformly, unless there

is a restriction.

1.3.2 Draft allowance

When the pattern is to be removed from the sand mold, there is a possibility that any

leading edges may break off, or get damaged in the process. To avoid this, a taper is

provided on the pattern, so as to facilitate easy removal of the pattern from the mold, and

hence reduce damage to edges. The taper angle provided is called the Draft angle. The

value of the draft angle depends upon the complexity of the pattern, the type of molding

(hand molding or machine molding), height of the surface, etc. Draft provided on the

casting is usually 1 to 3 degrees on external surfaces (5 to 8 internal surfaces).

1.3.3 Finishing or machining allowance

The surface finish obtained in sand castings is generally poor (dimensionally inaccurate),

and hence in many cases, the cast product is subjected to machining processes like turning

or grinding in order to improve the surface finish. During machining processes, some metal

is removed from the piece. To compensate for this, a machining allowance (additional

material) should be given in the casting. The amount of finish allowance depends on the

material of the casting, size of casting, volume of production, method of molding, and etc..

1.3.4 Shake allowance

Usually during removal of the pattern from the mold cavity, the pattern is rapped all

around the faces, in order to facilitate easy removal. In this process, the final cavity is

enlarged. To compensate for this, the pattern dimensions need to be reduced. There are no

standard values for this allowance, as it is heavily dependent on the personnel. This

allowance is a negative allowance, and a common way of going around this allowance is to

increase the draft allowance. Shaking of the pattern causes an enlargement of the mould

cavity and results in a bigger casting.

1.3.5 Distortion allowance:
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During cooling of the mould, stresses developed in the solid metal may induce distortions

in the cast. This is more evident when the mould is thinner in width as compared to its

length. This can be eliminated by initially distorting the pattern in the opposite direction.

Chapter 2

MOLDING SECTION

2.1 Introduction
Moulding is the process of manufacturing by shaping liquid or pliable raw material

using a rigid frame called a mould or matrix. This can be made using a pattern or model

of the final object.

A mould  is a hollowed- out block that is filled with a liquid or pliable material such

as plastic, glass, metal, or ceramic raw material. The liquid hardens or sets inside the mold,

adopting its shape. A mold is the counterpart to a cast. The very common bi- valve molding

process uses two molds, one for each half of the object. Articulated moulds have multiple

pieces that come together to form the complete mold, and then disassemble to release the

finished casting; they are expensive, but necessary when the casting shape has complex

overhangs.

Fig: Sand Moulding Process

2.2 Sand Moulding:
Sand casting, also known as sand moulded casting, is a metal casting process

characterized by using sand as the mould material. The term "sand casting" can also refer

to an object produced via the sand casting process. Sand castings are produced in
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specialized factories called foundries. Over 70% of all metal castings are produced via

sand casting process. Moulds made of sand are relatively cheap, and sufficiently

refractory even for steel foundry use. In addition to the sand, a suitable bonding agent is

mixed or occurs with the sand.

Particulars used
1. Sands:

 Silicate sand.

 Quartz sand.

 Chromite sand.

 Black sand.

2. Oils:

 Silicate oil – Na2SiO3.

3. Gases:

 Co2 gas.

 Carbon gas.

4. Powder:

 Bentonite powder.

5. Paints:

 Zircon paint.

 Magnesium paint.

 Tinder paint.

6. Boxes Used:

 Cope.

 Drag.

 Cheek.

2.3 Co2 Moulding

Introduction: Co2Casting is a kind of sand casting process. In this process the sand

moulding mixture is hardened by blowing gas over the mould. This process is favoured by

hobby metal casters because a lot of cost cutting can be done. In addition, one can be sure
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of getting dimensionally accurate castings with fine surface finish. But, this process is not

economical than green sand casting process. 

Process: The Mould for Co2 Casting is made of a mixture of sand and liquid silicate binder

which is hardened by passing Co2 gas over the mould. The equipment of the moulding

process includes Co2 cylinder, regulator, hoses and hand held applicator gun or nozzle.

Carbon dioxide moulding delivers great accuracy in production.

Any existing pattern can be used for the moulding purpose which can be placed in the

mould before the mould is hardened. This method helps in producing strong mould and

cores that can be used for high end applications. If the process is carefully executed then

casting can be as precise as produced by the shell casting method.

Na2SiO3 +Co2 — — — > Na2Co3 + SiO2 [Colloidal].

Carbon di- oxide casting is favoured both by the commercial foundry men and hobbyist for

a number of reasons. In commercial operations, foundry men can assure customers of

affordable castings which require less machining. The moulding process which can be fully

automated is generally used for casting process that require speed, high production runs

and flexibility. In home foundries this is one of the simplest processes that improve the

casting quality. 

Applications: Co2 casting process is ideal where speed and flexibility is the prime

requirement. moulds and cores of a varied sizes and shapes can be moulded by this process.

Advantages: This process has many advantages in comparison to other forms of castings

some of them are as follows:

 Compared to other casting methods cores and moulds are strong

 Reduces fuel cost since gas is used instead of to other costly heating generating

elements

 Reduces large requirement for number of mould boxes and core dryers

 Provides great dimensional tolerance and accuracy in production

 Moisture is completely eliminated from the moulding sand

 This process can be fully automated.
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2.4 Sand Proportions for Co2 Moulding

 Quartz sand – 100Kg / 5.5Kg of Sodium silicate. [Facing Sand]

 Silica sand – 250Kg / 11Kg of Sodium silicate. [Backing sand]

 Chromite sand – 100Kg / 4.5Kg of Sodium silicate.

Fig: sand mixing machines

2.5 Gating System

The assembly of channels which facilitates the molten metal to enter into the mold cavity

is called the gating system. Alternatively, the gating system refers to all passage ways

through which molten metal passes to enter into the mold cavity. The nomenclature of

gating system depends upon the function of different channels which they perform.

 Down gates or sprue

 Cross gates or runners

 Ingates or gates

The metal flows down from the pouring basin or pouring cup into the down gate or sprue

and passes through the cross gate or channels and ingates or gates before entering into

the mold cavity
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fig: gating system

Chapter 3

HEAT TREATMENT

Heat treating (or heat treatment) is a group of industrial and metalworking

processes used to alter the physical, and sometimes chemical, properties of a material.
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The most common application is metallurgical. Heat treatments are also used in the

manufacture of many other materials, such as glass. Heat treatment involves the use of

heating or chilling, normally to extreme temperatures, to achieve a desired result such as

hardening or softening of a material. Heat treatment techniques include annealing, case

hardening,  tempering, normalizing and quenching. It is noteworthy that while the

term heat treatment applies only to processes where the heating and cooling are done

for the specific purpose of altering properties intentionally, heating and cooling often

occur incidentally during other manufacturing processes such as hot forming or welding.

TYPES OF HEAT TREATMENT TECHNIQUES
1. Annealing

2. Case hardening

3. Tempering

4. Normalizing

5. Quenching

3.1 Annealing

Annealing consists of heating a metal to a specific temperature and then cooling at a rate

that will produce a refined microstructure, either fully or partially separating the

constituents. The rate of cooling is generally slow. Annealing is most often used to soften a

metal for cold working, to improve machinability, or to enhance properties like electrical

conductivity.

In ferrous alloys, annealing is usually accomplished by heating the metal beyond the upper

critical temperature and then cooling very slowly, resulting in the formation of pearlite. In

both pure metals and many alloys that cannot be heat treated, annealing is used to remove

the hardness caused by cold working. The metal is heated to a temperature where re-

crystallization can occur, thereby repairing the defects caused by plastic deformation. In

these metals, the rate of cooling will usually have little effect. Most non- ferrous alloys that

are heat- treatable are also annealed to relieve the hardness of cold working. These may be

slowly cooled to allow full precipitation of the constituents and produce a refined

microstructure.

Ferrous alloys are usually either "full annealed" or "process annealed." Full annealing



15

requires very slow cooling rates, in order to form coarse pearlite. In process annealing, the

cooling rate may be faster; up to, and including normalizing. The main goal of process

annealing is to produce a uniform microstructure. Non- ferrous alloys are often subjected

to a variety of annealing techniques, including "re- crystallization annealing," "partial

annealing," "full annealing," and "final annealing." Not all annealing techniques involve re-

crystallization, such as stress relieving.

3.2 Case hardening

Case hardening is a thermo- chemical diffusion process in which an alloying element, most

commonly carbon or nitrogen, diffuses into the surface of a monolithic metal. The resulting

interstitial solid solution is harder than the base material, which improves wear resistance

without sacrificing toughness.

Laser surface engineering is a surface treatment with high versatility, selectivity and novel

properties. Since the cooling rate is very high in laser treatment, meta- stable even

metallic glass can be obtained by this method.

3.3 Tempering

Un- tempered martensitic steel, while very hard, is too brittle to be useful for most

applications. A method for alleviating this problem is called tempering. Most applications

require that quenched parts be tempered. Tempering consists of heating steel below the

lower critical temperature, (often from 400 to 1105 ˚ F or 205 to 595 ˚ C, depending on the

desired results), to impart some toughness. Higher tempering temperatures (may be up to

1,300 ˚ F or 700 ˚ C, depending on the alloy and application) are sometimes used to impart

further ductility, although some yield strength is lost.

Tempering may also be performed on normalized steels. Other methods of tempering

consist of quenching to a specific temperature, which is above the martensite start

temperature, and then holding it there until pure bainite can form or internal stresses can

be relieved. These include austempering and martempering.

3.4 Normalizing

Normalizing is a technique used to provide uniformity in grain size and composition

(equiaxing) throughout an alloy. The term is often used for ferrous alloys that have been
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austenized and then cooled in open air. Normalizing not only produces pearlite, but also

martensite and sometimes bainite, which gives harder and stronger steel, but with less

ductility for the same composition than full annealing.

3.5 Quenching

Quenching is a process of cooling a metal at a rapid rate. This is most often done to

produce a martensite transformation. In ferrous alloys, this will often produce a harder

metal, while non- ferrous alloys will usually become softer than normal.

To harden by quenching, a metal (usually steel or cast iron) must be heated above the

upper critical temperature and then quickly cooled. Depending on the alloy and other

considerations (such as concern for maximum hardness vs. cracking and distortion),

cooling may be done with forced air or other gases, (such as nitrogen). Liquids may be used,

due to their better thermal conductivity, such as oil, water, a polymer dissolved in water, or

a brine. Upon being rapidly cooled, a portion of austenite (dependent on alloy composition)

will transform to martensite, a hard, brittle crystalline structure. The quenched hardness

of a metal depends on its chemical composition and quenching method. Cooling speeds,

from fastest to slowest, go from brine, polymer (i.e. mixtures of water + glycol polymers),

fresh water, oil, and forced air. However, quenching a certain steel too fast can result in

cracking, which is why high- tensile steels such as AISI 4140 should be quenched in oil, tool

steels such as ISO 1.2767 or H13 hot work tool steel should be quenched in forced air, and

low alloy or medium- tensile steels such as XK1320 or AISI 1040 should be quenched in

brine.

Some Beta titanium based alloys have also shown similar trends of increased strength

through rapid cooling. However, most non- ferrous metals, like alloys of copper, aluminum,

or nickel, and some high alloy steels such as austenitic stainless steel (304, 316), produce

an opposite effect when these are quenched: they soften. Austenitic stainless steels must

be quenched to become fully corrosion resistant, as they work- harden significantly.
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IRON CARBON DIAGRAM
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Chapter 4

WELDING PROCESS

Welding is a fabrication or sculptural process that joins materials

usually metals or thermoplastics, by causing fusion, which is distinct from lower

temperature metal- joining techniques such as brazing and soldering, which do

not melt the base metal. In addition to melting the base metal, a filler material is

typically added to the joint to form a pool of molten material (the weld pool) that cools to

form a joint that, based on weld configuration (butt, full penetration, fillet, etc.), can be

stronger than the base material (parent metal). Pressure may also be used in conjunction

with heat, or by itself, to produce a weld. Welding also requires a form of shield to protect

the filler metals or melted metals from being contaminated or oxidized.

4.1 TYPES OF WELDING PROCESSES USED

1. Arc welding

2. Gas welding

4.1.1 Arc Welding

Arc welding is also called as Shielded Metal Arc welding, or simply referred to as ‘Stick’.

This is the most basic of all welding types. The welding stick uses electric current to form

an electric arc between the stick and the metals to be joined. To weld iron and steel, this

type of welding is often used in the construction of steel structures and in industrial

fabrication. Stick welding can be used for manufacturing, construction and repair work.
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4.1.2 Gas welding

In oxy- fuel welding, a welding torch is used to weld metals. Welding metal results when

two pieces are heated to a temperature that produces a shared pool of molten metal. The

molten pool is generally supplied with additional metal called filler. Filler material

depends upon the metals to be welded.
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Chapter 5

MACHINING SECTION

Introduction
Machining is any process in which a cutting tool is used to remove small chips of

material from the work- piece (the work- piece is often called the "Job"). To perform the

operation, relative motion is required between the tool and the work. This relative

motion is achieved in most machining operation by means of a primary motion, called

"cutting speed" and a secondary motion called "feed". The shape of the tool and its

penetration into the work surface, combined with these motions, produce the desired

shape of the resulting work surface.

Fig: Machining Terminology

5.1 Family of Machinery
1. Lathe Machine.

2. Vertical Turning Lathe (VTL).

3. Plano miller/ Miller/Planar.

4. Boring Machine.

5. Shaper Machine.

6. Drilling Machine.

7. Slotting Machine.
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5.2 Machining Operations
1. Facing – Decreasing the Length.

2. Boring – Increases the Diameter of Hollow section.

3. Threading – Laying Threads for driving Screw.

4. Drilling - Making a Hole.

5. Turning –Decreasing the Diameter.

6. Knurling –Laying the pattern of straight, angled or cross lines (Indentions).

7. Broaching – Cutting a keyway.

8. Grinding – Improving the finish for the surface.

9. Sawing – Cutting up bars of material.

5.3 Lathe Machine
A lathe is a tool or a Machine that rotates the workpiece about an axis of

rotation to perform various machining operations with tools that are applied to the

workpiece to create an object with symmetry about that axis.

Fig: lathe machine

Specified Parts
Head stock – Contains a 4 jaw independent movable chuck helps to hold the job.

Tail stock – Contains either a chuck or a Pointer helps to support the Job.
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Carriage – Carries the tool post used to fox the tool against the job.

 Length between the centers of the head stock and the tail stock resembles the

Specification of the lathe.

 Carriage is able to move according to the lead screw.

 A lathe can carry a single operation with a single tool at a time.

 The pitch of the threading laid on the job will be depend on the pitch if the lead

screw.

Operations performed
1. Straight turning,

2. Step turning,

3. Tapper turning,

4. Contour turning,

5. Chamfering,

6. Threading,

7. Grooving,

8. Knurling,

9. Boring etc…,

5.4 Vertical Turning Lathe (VTL)

The VTL machine otherwise called as Turret lathe is a form of metal working lathe that is

used for repetitive production of duplicate parts, which by the nature of their cutting

process are usually interchangeable. It evolved from earlier lathes with the addition of

the turret, which is an indexable tool- post that allows multiple cutting operations to be

performed, each with a different cutting tool, in easy, rapid succession, with no need for

the operator to perform set- up tasks in between, such as installing or uninstalling tools,

nor to control the tool- path. The latter is due to the tool- path's being controlled by the

machine, either in jig- like fashion, via the mechanical limits placed on it by the turret's

slide and stops, or via electronically- directed servomechanisms for computer numerical

control lathes.
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Fig:Turret lathe  (VTL)

Specified parts

Bed – Inorder to place the Job.

Slider – Holds the tool in it (Contained the tool post).

 Maximum of three tools can be inserted in three tool posts i.e, one each can carry

different operations at different positions of the job.

 Tool made of high speed is used in any Operation of VTL.

 Threading cannot be done on VTL because of lack of threads on the Lead screw.

Operations performed
1. Facing ,

2. Turning,

3. Boring,

4. Grooving.

5.5 Planar and Shaper Machines

A planer is a type of metalworking machine tool that uses linear relative motion between
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the work piece and a single- point cutting tool to cut the work piece. A planer is similar to

a shaper, but larger, and with work piece moving, whereas in a shaper the cutting tool

moves.

Specified parts

Bed and table: The bed is a long heavy base and table made of cast iron.

Housings: The housings are the rigid and upright column like castings.

Cross rail: The cross rail is a horizontal member supported on the machined ways of the

upright columns. 

Tool heads: Generally two tool heads are mounted in the horizontal cross rail and one on

each of the vertical housing.

Driving and feed mechanism: The tool heads may be fed either by hand or by power in

crosswise or vertical direction.

Fig: Machining at angular face

Operations performed

1. Planning flat horizontal, vertical and curved surfaces.

2. Planning at an angle and machining dovetails.

3. Planning slots and grooves.

Operations performed
1. Turning

2. Facing

3. Boring

5.7 Drilling machines
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A drilling rig is a machine that creates holes in the earth subsurface. Drilling rigs can be

massive structures housing equipment used to drill water wells, oil wells, or natural gas

extraction wells, or they can be small enough to be moved manually by one person and

such are called augers. Drilling rigs can sample subsurface mineral deposits, test rock,

soil and groundwater physical properties, and also can be used to install sub- surface

fabrications, such as underground utilities, instrumentation, tunnels or wells. Drilling

rigs can be mobile equipment mounted on trucks, tracks or trailers, or more permanent

land or marine- based structures (such as oil platforms, commonly called 'offshore oil

rigs' even if they don't contain a drilling rig). The term "rig" therefore generally refers to

the complex equipment that is used to penetrate the surface of the Earth's crust.

Fig: Universal Drilling machine

Specified parts
1. Hand wheel

2. Drill chuck

3. Bed

4. Pulley

5. Pillar

Operations performed
1. Drilling holes

2. Threading in the holes

3. Providing taper

5.8 Slotting machines
The slotting machine is a reciprocating machine tool in which, the ram holding the tool
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reciprocates in a vertical axis and the cutting action of the tool is only during the

downward stroke. The base of the slotting machine is rigidly built to take up all the cutting

forces. It is used for providing key- holes.

Fig: Slotting machine

Specified parts:
1. Bed

2. Tool

3. Ram

Operations performed:
 Providing key holes
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Chapter 6

QUALITY SECTION

INTODUCTION

This method is used to test the quality of the product after casting in casting process.This

method is useful for checking the defects, surface cracks, internal diameters ,etc.

6.1 Types of quality tests

There are two types of quality checking

1. Destructive test

2. Non destructive test

6.1.1 Destructive test

It is again sub divided into 3 methods

1. Tension test

2. Hardness test

3. Impact test

Tension test

This test is done by using the UTM (universal testing machine) .In the utm machine we

can check how much tension force does a material can with stand on the application of

load.
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Fig: Tension Testing Rig

Hardness test

This test is useful for checking the hardness of the material. Two types of hardness tests

are done BRINELL (OR) ROCKWELL . This test is done on hardness testing machine .For

different materials with different methods are used.

Fig: Hardness testing rig

Impact test

This test is conducted to find the energy stored in the product .Firstly a V Notch is

created in the specimen and the hammer is made to strike the v notch .After striking the

V- notch the energy stored in it is observed on the scale.
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Fig: Impact test rig

6.1.2 NON DESTRUCTIVE TESTING

Ultrasonic test

Ultrasonic testing (UT) is a family of non- destructive testing techniques based on the

propagation of ultrasonic waves in the object or material tested. In most common UT

applications, very short ultrasonic pulse- waves with center frequencies ranging from 0.1-

15 MHz, and occasionally up to 50 MHz, are transmitted into materials to detect internal

flaws or to characterize materials. A common example is ultrasonic thickness

measurement, which tests the thickness of the test object, for example, to monitor

pipework corrosion.

Ultrasonic testing is often performed on steel and other metals and alloys, though it can

also be used on concrete, wood and composites, albeit with less resolution. It is used in

many industries including steel and aluminium construction, metallurgy,

manufacturing, aerospace, automotive and other transportation sectors.

Fig: Ultrasonic test

DYE PENETRATION TEST

Dye penetrant inspection (DPI), also called liquid penetrate inspection (LPI) or penetrant

testing (PT), is a widely applied and low- cost inspection method used to locate surface-

breaking defects in all non- porous materials (metals, plastics, or ceramics). The penetrant

may be applied to all non- ferrous materials and ferrous materials, although for ferrous

components magnetic- particle inspection is often used instead for its subsurface detection

capability. LPI is used to detect casting, forging and welding surface defects such

ashairline cracks, surface porosity, leaks in new products, and fatigue cracks on in- service

components hairline cracks, surface porosity, leaks in new products, and fatigue cracks on

in- service components.
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Fig: Dye penetrant inspection

CONCLUSION

In review this internship has been excellent and rewarding our experience in this company

is an awesome we have learnt a lot of things that are really required for an engineer to

survive in the industry. we are able to know about how a company is manufacturing the

products by using different materials and tools for preparing the final for the other

company and dealing with major machine project preparing the pattern with wood and

send to mold casting process. After casting apply the heat treatment process for

hardening then to machining process after machining check and the quality controlling

checking process the product is sent to ordered company.

One more thing we loved in this company is punctuality ,here they give much importance

to punctuality .the staff in this company is very skilled staff ,our technical doubts are easily

solved by them .so we are very glad to complete our one month internship in this company.
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PROJECT WORK SITE 

Bharat Heavy Electrical Limited (BHEL) Heavy power Equipment plant (HPEP) unit, 

Ramachandrapuram, Hyderabad, is the project work center. 

            BHEL is a heavy engineering industry which was started in 1960’s by the 

government of India as a public sector company with the collaboration of SKODA of 

Czechoslovakia, to manufacture power generating equipments such as Steam turbines, 

Alternators, Exciters, Condensers etc. In 1970’s the company undertook the collaboration 

with Nuovopigaone of Italy to manufacture Centrifugal Compressors, for industrial uses. 

In 1976 BHEL entered into collaboration with SIEMENS of West Germany and since then 

is manufacturing precise steam turbines of siemens model for use in power generation and 

compressors drives. In 1980’s the company collaborated with General Electric (G.E) USA 

to manufacture Gas Turbines (G.T). 

Now BHEL (Hyderabad) unit is a leading Heavy Engineering Industry, certified by 

B.V.Q.I for ISO 9001 quality systems. With the collaboration from various industrial 

corporations it is manufacturing various types of Steam turbines, Alternators, Exciters, 

Centrifugal Compressors, Gas turbines, Heavy Duty Boiler Feed Pumps, Bowl Mills, 

Oil Rigs, Switch Gear equipment of minimum Oil Circuit Breakers etc. and is supplying 

to the country and abroad with an annual turnover of about Rs 1500 crores. 
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1.1 STEAM TURBINES MANUFACTURED IN BHEL –HYD  

 Various types of SIEMENS model turbines are manufactured at BHEL – Hyderabad 

according to the requirement of any customer to suit his boiler steam parameters. 

They are: 

           Type                                                 Turbine 

 G                 -    Back pressure type 

 EG               -    Extraction back pressure type 

 EHG           -  Extraction back pressure type with high inlet parameters 

 HG              -  Back pressure type with high inlet parameters  

 K                 -  Condensing type 

 EK              -  Extraction condensing type 

 WK             -  Double flow condensing type 

 EMG           -  Electrochemically machined rotor of back pressure type 

 EHNK         -   Extraction condensing with inlet parameters and high                         

                   speed type 

 NK               -  Straight condensing with high speed type     

1.2 CLASSIFICATION OF STEAM TURBINES 

 Steam turbines may be classified into different categories depending on their 

construction, the process by which heat drop is achieved, the initial and final conditions of 

steam used and their industrial usage as follows: 

1.2.1.  According to the Number of pressure stages:  

• Single – stage turbines with one or more velocity stages usually of small 

power capacities, mostly used for driving centrifugal compressors, blowers 

and other similar machinery. 
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• Multistage impulse and Reaction turbines, made in a wide range of power 

capacities varying from small to large. 

     1.2.2.  According to the direction of steam flow:        

• Axial turbines, in which the steam flows in a direction parallel to the axis of 

the turbine. 

• Radial turbines, in which the steam flows in a direction perpendicular to the 

axis of the turbine. One or more low pressure stages in such turbines are made 

axial.  

1.2.3  According to the Number of cylinders: 

• Single cylinder turbines 

• Multi cylinder (2, 3 and 4 cylinders) turbines, which can have single shaft, i.e. 

rotors mounted of the same shaft, or multiaxial, having separate rotor shaft and 

have their cylinders placed parallel to each other.  

1.2.4  According to the method of governing: 

• Turbines with throttle governing in which fresh steam enters through one or 

more (depending on the power developed) simultaneously operated throttle 

valves. 

• Turbines with nozzle governing. 

• Turbines with bypass governing in which steam besides being fed to the first 

stage is also directly led to one, two or even three intermediate stages of the 

turbine. 

1.2.5 According to the Principle of Action of Steam: 

• Impulse turbines. 

• Axial Reaction turbines. 

• Radial reaction turbines without any stationary guide blades. 

• Radial reaction turbines having stationary guide blades. 

1.2.6 According to the Heat Drop Process: 

• Condensing turbines with exhaust steam let into condenser with Regenerators, 

Condensing turbines with one or two intermediate stage extractions at specific 

pressures for industrial and heating purposes. 

• Back pressure turbines, the exhaust steam from which is utilized for industrial 

and heating purposes. 
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• Topping turbines, which operate at high initial conditions of steam pressure 

and temperature and are of the back – pressure type, the exhaust from these is 

further utilized in medium and low – pressure condensing turbines. 

• Back – pressure turbines with steam extraction from intermediate stages at 

specific pressures. 

• Low – pressure (Exhaust pressure) turbines in which the exhaust steam from 

reciprocating steam engines, power hammers, presses, etc is utilized for power 

generation. 

• Mixed – pressure with two or three pressure extractions with supply of exhaust 

steam to its intermediate stages. 

1.2.7 According to the Steam Conditions at inlet: 

• Low – pressure turbines using at pressures 1.2 to 2 ata. 

• Medium – pressure turbines using steam at pressure up to 4.0 ata 

• High – pressure turbines using steam at above40 ata. 

• Very high pressure turbines using steam upto 40 ata and higher pressure and 

temperature. 

       1.2.8  According to their Usage in industry: 

• Stationary turbines with constant speed of rotation primarily used for driving 

alternators. 

• Stationary turbines with variable speeds meant for driving turbo blowers, air 

circulators, pumps etc. 

• Non stationary turbines with variable speeds employed in steamers, ships, 

railway (turbo) locomotives etc. 

 

1.3 STEAM TURBINE POWER PLANT CYCLE 

 Steam turbine power plants are based on the Rankine cycle investigated by a Scotch 

Engineer and Scientist William Rankine (1820 -1872). Rankine cycle for Steam turbine 

power plant with ideal turbines and pumps and superheated and saturated steam as a working 

fluid respectively as shown below. A conventional power plant steam for such a 

consideration is also shown: 
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Fig.1.1 Ideal Rankine cycle for superheated steam on T-S axes. 

 

 

 

 

Fig.1.2 Ideal Rankine cycle for saturated steam on T-S axes 
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 The steam turbine is fed with steam under temperature t1, pressure p1, and enthalpy 

h1. Expanding within the turbine, steam produces work Wt and goes into the condenser under 

conditions p2 and h2. Hence its rejects heat Qr to cooling water and the resulted condensate 

with enthalpy h3<<h2, but with the same t3=t2 and pressure p3=p2 comes to the pump. At 

the expense of the pump work Wp, the feed water pressure and enthalpy rise to values p4 and 

h4 with which feed water enters the steam generators where it is heated and evaporated due to 

the heat added Qa. 

 Ideal Rankine cycle with superheated steam as a working fluid consists of the 

following processes: 

      1-2      Adiabatic reversible (without any thermal losses) expansion in the turbine 

2-3 Isothermal (under constant temperature) and isobaric (under constant pressure)            

                 heat rejection within the condenser . 

3-4 Adiabatic reversible compression to the saturated liquid to the steam generator  

pressure by the pump. 

4-B-C-1          Isobaric heat addition in the steam generator 

                       4-B: Heating feed water in economizer 

                       B-C: Heating in boiler  

                       C-1: Heating in super heater 

For saturated – steam cycle the steam expansion process in the turbine begins from C, and 

with complete condensation in 3 with subsequent compression by the pump. 

 Thermal efficiency of ideal Rankine cycle for superheated –steam turbine power plant 

can be defined as : 

                                           d Wnet           (Wt-Wp)                 (h1 - h2) - (h4 - h3) 

        nth     =                                      =                                     =     

                              Qa                  Qa                              (h1 - h4) 
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                =     {(h1-h2) / (h1-h4)}        x     {1 – (h4-h3)/ (h1-h2)}                       

                =       nth   x    (1-Wp/Qa) 

Here nth is the gross thermal efficiency that is without regard to the expense of energy with in 

the cycle . 

If pump working is neglected, then the efficiency,           nth  = (h1-h2) / (h1-h4) 

1.4  STEAM REHEAT 

 In the cycle with steam reheat instead of through adiabatic steam expansion from 

initial steam pressure p1 to end pressure p2, steam expands within the HP turbine part to the 

intermediate pressure (point5) and then is heated isothermally to steam reheat temperature 

(point 6) and then expands within IP-LP part to same end pressure p2 as shown below. In this 

case, for ideal cycle the thermal efficiency is approximately given by:  

                                                                     (h1- h5)+ (h6 - h2) 

                             nth        =                  

                       (h1 - h4)+ (h6 - h5) 

Conventional power plant scheme 

                     

Fig.1.3 Ideal Rankine cycle for steam reheat 

 



15 

1.5 COMBINED CYCLE POWER PLANT 

Combined cycle (CC) power plant generate electricity by both gas and steam turbines within 

the joint unit and use the waste heat of gas turbine exhaust gas in the steam turbine cycle. 

Combined cycle allows attaining quite high values of thermal efficiency due to the high level 

of the upper cycle temperature (inlet gas turbine temperature) and the low level of the bottom 

cycle temperature (temperature at the steam turbine exhaust) CC units have lesser capital cost 

and require less time periods for launching than conventional steam turbine ones. 

The CC –unit thermal efficiency is calculated as:                   

                              nc =   Ncc / Qt      =  ( Nqt + Nst ) / Qt                                                      

                                   =  ( Qqt.nqt+Qst.nst ) / Qt                                    

                                           Where Qt is the total heat amount in the unit 
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CONSTRUCTION OF STEAM TURBINE 

2.1   CONSTRUCTIONAL FEATURES OF INDUSTRIAL STEAM TURBINES 

 BHEL Hyderabad is a major contributor of power equipment to industries like 

cement, fertilizer, refineries, petrochemical, steel, sugar; paper etc .Its product profile is as 

follows 

• Steam Turbines 

• Gas turbines 

• Compressors and Blower pumps 

• Heat exchangers 

• Generators 

• Switch gear equipments 

• Pulverisers 

 BHEL Hyderabad also caters to the needs of the power generation units (utility) like 

NTPC and State electricity boards. It has started its operations in early 1960’s and has started 

manufacture of steam turbines with M/S Bruno collaboration later with the M/s Skoda BHEL 

manufactures standard turbines of 110 MW , 60 MW and small turbines of 5 MW rating until 

early 1970’s. The design under both the collaborations is of impulse type. In early 1970’s 

BHEL has gone for the collaboration with M/s Siemens for reaction type of turbines (50% 

reaction). 

 BHEL Hyderabad manufactures steam turbines of siemens design covering a wide 

range of 1 MW to 200 MW .catering industrial and utility purposes .these turbines are 

categorized as industrial steam turbines which are versatile , flexible an d adopted to suit 

customers requirements for varying applications  

 Many industries require both electric power and heat in the form of steam at the same 
time .it is very economical if the steam is expanded in a steam turbine to generate full or part 
of the electric power requirement. So depending on the ratio of the heat to the power 
requirements required quantity of steam is taken cut off from exhaust (back pressure turbine) 
or from intermediate stage of the turbine to meet the heat requirement s thus the process 
requirements largely determine steam parameters and design features for the steam turbines. 
Hence turbines are required to the designed for specific applications in order to increase 
overall economy. 
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2.2 TURBINE FOR INDUSTRY  

Customer requirements:  

 The following are the important design parameters specified by the customers while 

ordering the turbines for processing industries: 

1. Inlet steam pressure and temperature  

2.          Exhaust steam temperature and pressure or cooling temp 

3. Number of extractions 

4. Extraction steam temp ,pr and flow quantities 

5. speed for the drive turbine depending upon the type of driven equipment  

6. power output or inlet steam flow  

7. special loading requirements 

 

2.3 SELECTION AND DESIGN CRITERIA OF STEAM TURBINES  

 Different industries have varying requirements of inlet steam conditions varying from  

4.0 bar / 140 deg C to 140 bar / 565 deg C , extraction pressure varying from 2.0 bar to 55 bar 

for back pressure turbines and 0.06 bar to 0.5 bar  for condensing turbines .  

 The speed of the turbine can vary between 3000 rpm to 15000 rpm depending on the 

driven equipments requirements and economic considerations. This variety of design 

parameters which is further complicated by operating economics, challenges the designer 

with the problems of uniting two contradicting requirements i.e. designing the turbine for 

each individual applications and on the other hand economy and manufacturing with 

standardized and rationalize design of components  

2.4 STEPS INVOLVED IN THE DESIGN OF STEAM TURBINES  

1. Perform thermodynamic and axial thrust calculations to decide diameters and axial 

length of blading  

2. Perform rotor dynamic calculation and suggest any change of lengths and diameters to 

repeat step one 

3. Select suitable turbine extensions and diameters to meet above blading geometry 

4. Select suitable materials to meet steam parameters 
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5. Select suitable governing system and protection system  

6. Prepare ordering / manufacturing documents incorporating above selections 

7.  

2.5 TYPES OF STEAM TURBINES  

The necessity to keep down the production costs lead to standardization of the types of steam 

turbines , such as back pr , condensing , extraction back pr and extraction condensing , 

injection condensing. 

• Condensing turbines  

• Back pr turbines 

• Multiple extraction turbines  

• Injection condensing turbines for combined cycle plant 

• Reheat condensing turbines for utility type  

Most of the industrial steam turbines are high speed turbines for the power output 

range of 1-30MW with speed reduction by turbo gears which in turn means smaller sizes and 

higher efficiency for the turbine for the output of 30MW and above the turbine speed is 

3000rpm  

The main features of industrial steam turbines are  

• The turbine is fixed at the rear end and expands towards the front side of the turbine. 

The rotor is fixed at the thrust bearing which is housed in the front bearing pedestal 

and expands towards the rear bearing. The casing which gets expanded in turn pushes 

the front bearing pedestal by the same amount. This sliding  of front bearing pedestal 

results in moment of thrust bearing in the rotor of the same amount  and hence the 

expansion  of the outer casing is nullified 

• Customizing of steam turbines modules to meet the customers needs based on 

building block system in a particular series of turbines optimum flow path designed 

can be done depending upon case to case 

• Type of governing system is nozzle governing type that has very good part load 

efficiency  
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2.5.1 BACK PRESSURE AND EXTRACTION BACK PRESSURE TURBINE      

 Back pressure steam turbines are normally employed where the process steam is 

required at one single pressure extraction. Back pressure sets are used where process steam is 

required at two different pressure levels. In both the cases power generation is only a by 

product .These turbines are extensively used in sugar plants and small paper plants where 

clients desire more power from these turbines, the requirement can be met by designing the 

turbine to pass more steam. Excess steam after meeting the process steam requirements can 

be dumped in dump condenser. 

 Back pressure turbines are also employed as topping turbines .i.e. the exhaust steam 

from back pressure turbines are fed to another steam turbine called bottom in turbine .this 

arrangement has been adopted in some old power houses, which were operating on low 

pressure cycles and where only boilers were replaced, but steam turbines residual life is 

considerable .low pressure boilers were replaced with high pressure boilers. Back pressure 

topping turbine was employed, to reduce the steam pressure to the levels at which the old 

steam turbines in the power can accept. This arrangement has improved the operating 

economics of the old power houses 

To meet the specific requirements of a leading chemical plant in India, BHEL 

designed a back pressure turbines with siemens assistance, to operate with high inlet steam 

temperature of 565 deg c .this set is already manufactured at Hyderabad works and supplied. 

2.5.2 CONDENSING TURBINES 

 Condensing turbines are primarily employed for power generation. These turbines can 

be provided with uncontrolled extraction where clients require steam in small quantities. 

Uncontrolled extraction avoids extraction controlled valves and therefore throttling losses are 

reduced even while providing small quantity’s of process steam. 

  Another application of uncontrolled extraction is wander controlled system. In wander 

control system two bleeds are provided. One bleed is at high pressure and another at low 

pressure. In part load operations HP bleed meets the process steam requirement. At full load 

operations, the LP bleed will meet the steam requirement. This arrangement  reduces energy 
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losses due to throttling, considerably. Condensing turbines are employed mostly in industries 

like cement where process steam requirement is not required  

2.5.3 EXTRACTION CONDENSING 

  Where customer gives equal importance for meeting the process steam and power 

needs, extraction condensing sets become ideal choice. The benefit is, power generation can 

be maintained at the required levels even when process steam needs to fluctuate. In paper and 

pulp industries, process steam requirement of digesters fluctuate, while power requirement of 

the paper plant remains almost constant. Hence in all medium and large paper plants, 

extraction condensing sets are employed.  

2.5.4 EXTRACTION INJECTION CONDENSING TURBINES 

 Extraction turbines are not restricted only to the provision of extracting steam, but 

may also be employed as induction turbines, i.e. excess steam in LP bus line can be used 

economically for power generation in such turbine with out difficulty as in case of extraction 

turbines, the turbines governing system for maintain constant pressure  

 In the line can also be used for these injection turbines. Injection condensing turbines 

are employed in combined cycle plants and in fertilizers industries.  

2.6 APPLICATIONS  

 The steam turbines are utilized in several industries viz.. Paper, fertilizers, chemical 

petro chemicals, sugars, refinery, metallurgical etc foe power generation and mechanical 

drives already described. The following illustration explains the selection - application 

criteria of industrial turbines. 

2.7 BLADING 

 The type of blading used is impulse reaction type. The first stage of the industrial 

turbines is mostly with impulse type. Rest of the blading is of reaction type. This arrangement 

in helps in achieving better part load efficiency’s which an important feature in industrial 

turbines is. The baldes are machined from the solid and integral shrouds at the tip the blades 

are fitted in the rotor so that the shroud of each blade butts together to form continues ring. 

This helps effectively to dampen the vibration because of the friction of the butting surfaces. 

The moving baldes always have inverted T –root type .for the last stage LP blades of the 
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condensing turbines fork root –fir tree root blades are used. These blades are twisted and 

tapered and are fitted with damping wires are pins to dampen the vibrations. These blades do 

not have shrouds. Chrome steels (13%) is material used for the blades. 

            The steam thrust exerted on the rotor, which is inherent in reaction turbines, is 

compensated by balanced piston gland in the front section of the turbine and by the thrust 

bearing in the front bearing pedestal.  

 

 

Fig.2.1 Assembly of Blade in Rotor 

 

 The valves chest is integral to the outer casing where the governing valves and 

emergency stop valves are directly bolted. 

2.8 CATEGORIES IN STEAM TURBINE 

Industrial steam turbine are categorized into different series like  

-2 series  

-3 series 

-4 series 
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-2 SERIES TURBINES: 

 These series of turbines are of standard type and have been designed for the best 

efficiency for range parameters. Based upon the inlet conditions like pressure temperature, 

material selection is varied. Designs being the standard further based on then steam flow 

quantities size of the turbine is selected .in these series of turbines the fixed blade grooves are 

machined directly in the outer casing and guide blades are inserted.  

Different sizes of -2 types of turbines are: 

G250-2     EK/K 600-2 

G300-2   EK/K 800-2 

G400-2                                    EK/K 1000-2 

G500-2   EK/K 1100-2 

G800-2   EK/K 1400-2                   

                         EK/K 1800-2  

 

“G” stands for back pressure turbine 

“K” stands for condensing turbines 

“E” stands for controlled extraction  

The number besides the letter indicates the area of the exhaust of the turbines  

 

-3 SERIES TURBINE: 

 Based on customer’s requirements and steps involved in design, the turbine is divided 
into different sections: inlet section, transition, exhaust or condensing section .these sections 
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can be combined with each other. The figure shows the various sections of these series and 
possible combinations of withy one size of admission section. the admission sections are 
supplied in two versions , one fro normal initial steam  conditions up to 100 bar / 510 deg C  
and for high steam initial steam conditions up to 140 bar /540 deg C  .the size of the section is 
geometrically graded in the ratio to 1.25 to form different sizes of section .The parts 
associated with front section as front bearing pedestal, control valves, safety devices like 
emergency stop valves are fixed for a particular size. Also the same is done for the exhaust 
sections. With this arrangement for a particular front and rear section selected the connecting 
parts to the sections are common from case to case. now the length of the middle are 
transition section can varied based upon the number of blade stages required and the number 
of extractions required . with this concepts, besides optimizing the flow path, the use of 
standard and proven components like casings , guide blade carriers , bearing pedestals, 
nozzles, servo- motors, stop and governing valves fro a particular model are ensured .unlike 
the -2 series the blade grooves in these turbines are made in the guide blade carriers which is 
supported in outer casing . 

  Robust drum type rotors with integral shrouds, labyrinth glands for sealing of rotor 

ends and inter stage blading, ensure greater reliability and efficiency. These turbines usually 

employ a gear box between turbine and generator to achieve optimum efficiencies. 

 

-4 SERIES TURBINES: 

 These types of series are called as centre admission steam turbines with counter flow 

for the mid range of power, between 30MW to 150 MW. Using these concepts results in the 

compact single casing solution in many cases up to 100 MW. The flow path is initially 

towards the front and in inner casing after being admitted in the centre. 

The steam reverses the direction on the reaching the end of inner casing to flow 

around inner casing and expands towards the rear end of the turbine. This process of reverse 

flow of steam helps in control the axial thrust to a large extent. The rear portion of the turbine 

is constructed based upon the building block principle as explained in -3 series, front being a 

standard fro particular range of inlet parameters. These turbines are directly coupled to the 

generator. The valve blocks in these turbines are separate and hence faster startups of the 

turbine .these turbines are best suited for combined cycle plant application. 

 

2.9 NEW SERIES TURBINE: 
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  These types of turbines have been developed by BHEL in the range of 15 to 20 MW 

to cater the special requirements of industries like sugar and cement w.r.t low inlet 

parameters and high extraction requirements for operation during season and power 

generation during off season periods. in view of the above certain cost saving features have 

been incorporated . the outer casing casting have been simplified by separating the valve 

chest the valve chest is cast separately and bolted to the outer casing there by limiting the 

importance of selection of material to valve chest . The middle section and the rear section of 

the turbine are based on the building block concept as that of -3 turbines. 

These turbines operate in the speed range of 6000 to 8000rpm. The flow path design 

of the above turbines confirms to the SIEMENS design practices. provision has been given 

for an extraction, which is useful for the process of NOX control CCP applications .the 

detailed design analysis is done with flow path design , mechanical design which includes 

rotor dynamics , design analysis by finite element methods and computational fluid dynamics 

for flow analysis. 

REHEAT STEAM TURBINES FOR 100 TO 150 MW TURBO GENERATOR SETS 

INTRODUCTION 

 Reheat steam turbines of 100 to 150MW capacity are required in utilities and 

combined cycle plant application. Turbines in this range normally employ 3 cylinder design. 

BHEL Hyderabad has developed a new two cylinder design suitable for conventional high 

parameters power plants feed water heating. The high pressure (HP) and intermediate 

pressure (IP) cylinders of conventional plants are integrated into a new combined HP-IP 

cylinder resulting in saving of overall length and weight because of removal of one pedestal. 

 The two cylinder BHEL design is a result of joint development with SEIMENS –

Germany. SIEMENS has developed two cylinder designs for combined cycle power plants 

during 1990‘s and there are working well at various sites all over the world. 

2.9.1 PARAMETERS OF STEAM TURBINES 

Modules being used:   K30-16+N30-2X3.2M*M 

Inlet                         :   126.0ATA\535 C 

Reheat                     :   28.8ATA\535 C 
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Power                     :   120 MW 

Speed                      :   3000RPM 

2.9.2 FEATURES OF COMBINED HP-IP TURBINE 

 Because of double shell construction, the outer casing of combined HP-IP turbine is 

split horizontally the inner casing is a single and supported in the outer casing HP- valves and 

IP valves are bolted to the outer casing obviating the necessity of a separate valve room.  

 The steam inlet to HP blading stages is at the middle and the steam flows in the IP 

balding stages in the reverse directions compared to HP blading stages. The reverse steam 

flow design reduces axial thrust and results in smaller balance piston diameter. All the 

bearing pedestals are fixed to the foundation in 2 cylinder design .the total weight of the 

steam turbine is reduced by over 100 tonnes and overall length is reduced by about 2.5 mt, 

when compared to three cylinder design. It is possible to dispatch the completely assembled 

turbine from works as a single unit weighing less than 100 tonnes. About two months in 

manufacturing cycle time is possible because of the simplified design for the two cylinder 

design. 

2.10  LP TURBINE 

 The LP turbine casing consists of a double flow unit and has a triple shell welded 

casing. The outer casing consists of the front and rear valves. Two lateral – longitudinal 

support beams and the upper part. The front and rear valves as well as the connection area of 

the upper parts are reinforced by means of circular box beams. The outer casing is supported 

by the ends of the longitudinal beams on the base plates of the foundation .The steam from 

the LP turbine is admitted at the middle of the LP turbine through cross around piping . 

2.10.1 DESIGN ANALYSIS 

 All the new components are designed robustly keeping in view of the long term 

operational requirements analysis for the structural integrity, relative expansions and life. 

Estimations is carried out using state of the art finite element computer programs. Solid 

modeling and CID have been used to reduce the design development cycle time .Natural 

frequencies and unbalance response of the rotor bearing system are determined using 

advanced rotor dynamic computer programs. The root bearing systems having very good 
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vibrations behavior is finally selected by making suitable modifications to rotor diameters 

initially selected. 

 

2.10.2 TURBINE CONROL SYSTEM 

 Electro hydraulic turbine governing system with high pressure (160bar) hydraulics is 

adopted for two cylinder design. Triple modular redundant processor is used for electronics. 

The system is compatible for interfacing with plant high level systems. 

HP electro hydraulic actuators are used for control valves and stop valves .160 bar HP  

control system results in faster response better stability during transient conditions compared 

to the 8 bar system used in 3 cylinder design . 

2.11 AUTOMATIC TURBINE RUN-UP SYSTEM 

Automatic turbine run up systems has the following sub group controls, which 

enables the systems to come inline automatically after fulfilling required pre conditions  

• Lube oil system 

• Cooling water system  

• Control oil system  

• Gland steam system 

• Turbine drains 

• Condensate and evacuation system 

• Warm up  

• Electro hydraulic turbine controller(EHTC) and turbine stress evaluator (TSE) 

• LP bypass system 
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PARTS OF STEAM TURBINE 

3.1 THE VARIOUS PARTS OF STEAM TURBINE  

3.1.1 NOZZLE: The nozzle expands steam of comparatively low velocity and high static 

pressure within considerable increase in velocity. The nozzle is so positioned as to direct the 

flow of steam into the rotor passage. 

3.1.2  DIFFUSER: It is a mechanical device that is designed to control the characteristics of 

steam at the entrance to a thermodynamic open system. Diffusers are used to slow the steam's 

velocity and to enhance its mixing into the surrounding steam. In contrast, a nozzle is often 

intended to increase the discharge velocity and to direct the flow in one particular direction. 

 Flow through nozzles and diffusers may or may not be assumed to be adiabatic. 

Frictional effects may sometimes be important, but usually they are neglected. However, the 

external work transfer is always assumed to be zero. It is also assumed that changes in 

thermal energy are significantly greater than changes in potential energy and therefore the 

latter can usually be neglected for the purpose of analysis 

3.1.3 BLADES OR BUCKETS: The blades or buckets form the rotor flow passage and 

serves to change the direction and hence the momentum of the steam received in the 

stationary nozzles. 

3.1.4 GUIDE OR GUIDEBLADES: Often a turbine is arranged with a series of rotor flow 

passages. Intervening between the blades comprising the rotor passages are rows of stationary 

guide blades. The purpose of this guide is to reverse the direction of steam leaving the 

preceeding moving blade row so that general direction of steam leaving the preceeding 

moving blade rows is similar. If guide blades were not provided, opposing force would be 

exerted on the rotor which would largely negate each other. 
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3.1.5 CASING SHELL OR CYLINDER: The turbine enclosure is generally called the 
casing although the other two names are in common use. The nozzle and guide are fixed on 
casing, which in addition to confining the steam serves as support for the bearings. 
Sometimes the word cylinder is restricted as a cylindrical form attached to inside of the 
casing to which the guides are fixed. 

3.1.6 SHAFT, ROTOR, SPINDLE: These terms are applied to the rotating assembly which 

carries the blades. 

 

3.1.7 DISC OR WHEEL: The moving blades are attached to the disc which in turn is keyed 

to the shaft. 

3.1.8 DIAPHRAGM: The diaphragm which is fixed to the cylinder or casing contains the 

nozzle and serves to confine the steam flow to nozzle passage. 

3.2.9 PACKING: Packing in the form of carbon rings minimizes the leaking in the annular 

space between the diaphragm and shaft. 

3.1.10 THRUST BEARINGS: Usually a combination of Kingsbury and collar types absorbs 

the axial forces. 

3.1.11 EXHAUST HOOD: The exhaust hood is the portion of the casing which collects and 

delivers the exhaust steam to exhaust pipe or condenser. 

3.1.12 STEAM CHEST: The steam chest is the supply chamber from which steam is 

admitted to the nozzles. 

3 1.13 GOVERNOR: The governing system may be designated to control steam flow so as 

to maintain constant speed with load fluctuations to maintain constant pressure with variation 

of demand for processed steam or both. 

3.1.14 THROTTLE OR STOP VALVES: The throttle and stop valves are located in the 

steam supply line to the turbine. The stop valve is hydraulically operated quick opening and 

shutting valves designed to be either fully opened or shut. On small turbines the stop valves 

may be manually operated but in any case is intended for emergency use or when fully shut 

down. The throttle valve is used in smaller turbines in addition to stop valve as a means of 

regulating steam flow during the starting or stopping the operation.  
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TURBINE CASING 

 

4.1  STEAM TURBINE ELEMENTS 

4.1.1 TURBINE CASING AND GUIDE BLADE CARRIER 

 Steam flow through the turbine is in the axial direction. After leaving the body of the 

emergency stop valve the live steam enters the valve chest with control valves which forms 

an integral casing with the upper half of the outer casing. The valve chest is designed as a 

traverse tube with opening at both ends for assembly. 

  The turbine casing is divided into an admission and exhaust section. Back pressures 

as well as condensing turbines have admission sections of identical design. Depending on the 

inlet steam conditions, the admission sections of comparable size are designed with casings 

of different wall thickness. The admission section will be completed by an exhaust section of 

adequate size. The overall length is adjusted by cylindrical or conical spacer rings. The 

turbine casing halves are flagged and assembled by bolts. 

4.1.2 INNER CASING 

 Owing to a virtually symmetrical design of the casing all its cross sections show 

practically the same amount of thermal expansion. Substantial thermal stresses in the inner 

casing need not be expected because it’s outer and inner walls are exposed to almost the same 

steam temperature. At the level of the shaft axis, the inner casing is supported on shims and is 

free to thermal expansion. Eccentric guide pins in the outer and inner halves of the casing 

present deviations of the inner casing. Similar positioning elements between the inner and 

outer casing are connected with control valve through steam tight L - section which allows 

for thermal expansion. The lower part of the inner casing incorporates two balancing areas 
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for compensating the vertical downward thrust generated in the fine nozzle chambers of the 

inner casing. The balancing steam by which counter acting pressure is produced flows from 

the outer nozzle boxes through drilled passages into the L - ring shaped steam compartments 

where compensating thrust is built up. 

 

 

 

 The inner casing with its caul ked in sealing strips has also the function of labyrinth 

gland for the compensating piston. It also serves as a support for the guide blades carrier. 

4.1.3 NOZZLE BLOCKS  

 The nozzle block is designed as a half shell and is kinematically supported by the 

outer casing in the regulated stage, the corresponding lower in the outer casing is designed as 

a simple blinding shield in order to avoid excessive windage losses. The nozzle groups are 

inserted in to the nozzle block. The nozzle block is connected with the steam chamber by L - 

ring seals in the same manner as the inner casing with the control valves. The nozzle block 

also serves as a guide for the balancing piston gland. 

 The guide blade carriers are inserted with a lathe turning circumferential groove in to 

the corresponding webs of the outer casing. They are positioned in the lateral direction by 

eccentric guide pin and adjusted to the correct height by shims. 

4.1.4 TURBINE ROTOR AND BLADING  

 The turbine rotor is integral with the disc of the control stage wheel and is forged 

from solid blank. Except for the control stage, the blading is of the reaction type. The running 

blades have their root, shaft, and shrouding milled from the same forging. The running blades 

in the drum stages have roots of the inverted T type. Normally only the roots of the control 

stage blades are forked. But occasionally the last row of LP blades depending on the 

centrifugal stress to which they are subjected, may be designed with fork roots too. But due to 

large assembly cycle time, these roots are being converted back to the T root form. The guide 

blades are manufactured from drawn bar material and have pronged roots. The guide blade 

tips are fitted with riveted shroud strips. 
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4.1.5 BLADE TIP SEALING AND SHAFT GLANDS 

 Radial steps machined on the circumferential surfaces of both the stationary and 

moving blades rows together with oppositely situated sealing steps in the guide blade carriers 

and on the turbine rotor and forming efficient labyrinth seals. The point at which the shaft 

passes through the casing are like wise sealed by labyrinth glands with caul ked in sealing 

strips. The shells of these glands are mounted in outer casing in the manner which leaves 

them free to follow thermal expansion. And central portion of the gland leak steam is drawn 

off to a region of LP. This limits the amount of leak stream discharged. 

4.1.6 GOVERNORS AND CONTROLS 

 An emergency stop valve provided at the entrance of the turbine gives the initial 

steam access to the admission chest. During normal operation the stop valve is held open by 

oil pressure against the counter acting forces of a compression spring. In an emergency 

pressure in the trip boil circuit is suddenly relieved and the stop valve is closed immediately. 

The control valves of the steam regulate the steam through out the amount which is required 

for obtaining the desired output or speed. There are hydraulically actuated by servo oil. The 

control valves are adjustably suspended from a valve beam by means of two spindles and via 

a lever system. The beam cam can be moved by the actuator which is mounted on the steam 

chest. The control element serves as a transmitter for control impulses in the governing 

system. It is operated in the front bearing pedestal. 
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                                                        CONCLUSION 

 

Summer Training gives the idea of ‘general awareness in steam turbine manufacturing’ & its 
processes.It provides practical idea of manufacturing several components of turbine. 

❖ The steam turbine itself is a device to convert the heat in steam to mechanical power. 

❖ The difference between the heat of steam per unit mass at the inlet to the turbine and heat 
of steam per unit mass at the outlet. 

❖ Turbine represents the heat which is converted to mechanical power. 

❖ Therefore, the more the conversion of heat per pound or kilogram of steam to mechanical 
power gives more efficiency. 

❖ Hence the steam turbine place a vital role in the thermal power plant in achieving a 
greater efficiency. 

❖ The company manufactures 235MW nuclear turbine generator sets and in future it will 
500MW. 

❖ BHEL is a major contributor of equipment and systems to industries.  

Steam turbines extract thermal energy from steam that is exposed to extremely high 
pressures. Due to its rotary motion, the steam turbines are used to drive motors for the 
electricity generation. It contains various stages arranged in a sequence in a closed pipe. The 
steam goes through each stage, and it gets heated up and expands producing energy. The 
steam turbine operates under the principles of thermodynamic efficiency. There are two main 
types of steam turbines which consist of impulse turbines and reaction turbines. Steam 
Turbine Compounding refers to the procedure of obtaining energy from the steam in several 
stages instead of a single stage in a turbine. The purpose of using the steam turbine 
compounding is to decrease the rotational speed applied to the turbine to practical limits. 
There are three major forms of compounding turbines which include the velocity 
compounding, pressure compounding, and pressure-velocity compounding. Steam turbines 
are applicable in the production of electricity in nuclear power plants. In nuclear power 
plants, the heat source used is usually a nuclear reactor. Just as it is the case in other thermal 
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power stations, the nuclear reactor heat is used to generate steam which then drives the steam 
turbine. The steam turbine is connected to the electric generator which produces electricity. 
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ABOUT THE ORGANISATION

National Small Industries Corporation (NSIC), is an ISO 9001-2015
certified Government of India Enterprise under Ministry of Micro,
Small and Medium Enterprises (MSME). NSIC has been working to
promote, aid and foster the growth of micro, small and medium
enterprises in the country. NSIC operates through countrywide
network of offices and Technical Centers in the Country. In addition,
NSIC has set up Training cum Incubation Centre managed by
professional manpower.

Mission: “To promote and support Micro, Small & Medium
Enterprises (MSMEs) Sector” by providing integrated support services
encompassing Marketing, Technology, Finance and other services.

Vision: “To be a premier Organization fostering the growth of Micro,
Small and Medium Enterprises (MSMEs) Sector”.

Schemes of NSIC:

NSIC facilitates Micro, Small and Medium Enterprises with a set of
specially tailored scheme to enhance their competitiveness. NSIC
provides integrated support services under Marketing, Technology,
Finance and other Support service.

Technology Support:

Technology is the key to enhancing a company's competitive
advantage in today's dynamic information age. Small enterprises
need to develop and implement a technology strategy in addition to
financial, marketing and operational strategies and adopt the one that
helps integrate their operations with their environment, customers
and suppliers.

NSIC offers small enterprises the following support services through
its Technical Services Centers and Extension Centers:
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1. Advise on application of new techniques.
2. Material testing facilities through accredited laboratories.
3. Product design including CAD.
4. Common facility support in machining, EDM, CNC, etc.
5. Energy and environment services at selected centers.
6. Classroom and practical training for skill upgradation.

NSIC Technical Services Centers are located at the following places:

Name of the Centre Focus area

Chennai Leather & Footwear

Howrah General Engineering

Hyderabad Electronics & Computer Application

New Delhi Machine Tools & related activities

Rajkot Energy Audit & Energy Conservation activities

Rajpura (Pb) Domestic Electrical Appliances

Aligarh (UP) Lock Cluster & Die and Tool making

Neemka (Haryana) Machine Tools & related activities
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INTRODUCTION

Energy requirement for refrigeration and air conditioning
applications bears a huge share of total energy consumption around
the world. Since, thermal comfort plays a very important role on
the health, working efficiency and activities of all living beings,
especially, temperature and humidity. In the excessively hot climates
it is necessary to reduce the temperature and humidity whereas in the
cold climate there is a need to increase the temperature. When the
temperature drops below thermal comfort level, especially in the
winter season, The heating systems are employed. In some
countries, where the atmospheric temperature is very low, natural
heating like solar energy is not sufficient, the heat pump and fuel fired
systems are proven to be suitable heating devices. In hot climates,
thermal comfort achieved through the use of refrigerators and air
conditioning systems.

Refrigeration:

The term “Refrigeration” may be defined as the process of removing
heat from a substance under controlled conditions. It also includes
the process of reducing and maintaining the temperature of a body
below the general temperature of its surroundings.

In other words, the refrigeration means a continued extraction of heat
from a body whose temperature is already below temperature of its
surroundings. In a refrigerator, heat is virtually pumped from a lower
temperature to a higher temperature.

Applications of Refrigeration:

1. Food processing preservation and distribution.
2. Chemical and process industries.
3. Special applications such as cold treatment of metals, medical,

construction, ice skating etc.
4. Comfort air conditioning.
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Air Conditioning:

“Air conditioning” is the process of removing heat
and moisture from the interior of an occupied space to improve the
comfort of occupants. Air conditioning can be used in both domestic
and commercial environments.

Air conditioners often use a fan to distribute the conditioned air
to an occupied space such as a building or a car to improve thermal
comfort and indoor air quality. Electric refrigerant-based AC units
range from small units that can cool a small bedroom, which can be
carried by a single adult, to massive units installed on the roof of
office towers that can cool an entire building. The cooling is typically
achieved through a refrigeration cycle, but
sometimes evaporation or free cooling is used. Air conditioning
systems can also be made based on desiccants (chemicals which
remove moisture from the air). Some AC systems reject or store heat
in subterranean pipes.

Welding:

Welding is a fabrication process that joins materials, usually
metals or thermoplastics by causing fusion, which is distinct from
lower temperature metal-joining techniques such as brazing and
soldering, which do not melt the base metal. In addition to melting
the base metal, a filler material is typically added to the joint to form a
pool of molten material (the weld pool) that cools to form a joint that,
based on weld configuration (butt, full penetration, fillet, etc.), can be
stronger than the base material (parent metal). Pressure may also be
used in conjunction with heat, or by itself, to produce a weld.
Welding also requires a form of shield to protect the filler metals or
melted metals from being contaminated or oxidized.

Although less common, there are also solid state welding
processes such as friction welding in which the base metal does not
melt.
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REFRIGERATION AND AIR CONDITIONIG

In air refrigeration, the air is used as a refrigerant. In olden days, air
was widely used in commercial applications because of it’s availability
at free of cost. Since air does not change it’s phase i.e. remains
gaseous through out the cycle, therefore the heat carrying capacity per
kg of air is very small as compared to vapor absorbing systems. The air-
cycle refrigeration systems, as originally designed and installed, are now
practically obsolete because of their low coefficient of performance and
high power requirements; however, this system continues to be favoured
for air refrigeration because of the low weight and volume of the
equipment.

Refrigeration essentially means continued abstraction of heat
from a substance (perishable foods, drinks and medicines etc.) at low
temperature level and then transfers this heat to another system at high
potential of temperature.

The basic elements of an air cycle refrigeration system are as follows:

 Compressor

 Cooler or heat exchanger

 Expander

 Refrigerator

Air-Conditioning

The air conditioning is that branch of engineering science which
deals with the freezing point of water.

They conducted their experiment with the bulb of a mercury
thermometer as their object and with a bellows used to speed up the
evaporation. They lowered the study of conditioning of air i.e. supplying
and maintaining desirable internal atmospheric condition for human
comfort, irrespective of external condition. This subject, in its broad
sense, also deals with the conditioning of air for industrial purpose, food
processing, storage of food and other materials.
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Air conditioning refers to the simultaneous control of temperature,
humidity, cleanliness and air motion within a confined region or space.

The basic elements of an Air- Conditioning system are as follows:

1. Circulation fan

2. Compressor

3. Condenser

4. Dryer

5. Evaporator

6. Supply Duct

7. Supply outlet

8. Return outlet

9. Filters

Modern air conditioning emerged from advances in chemistry during
the 19th century, and the first large- scale electrical air conditioning was
invented and used in 1902 by American inventor Willis Carrier. The
introduction of residential air conditioning in the 1920s helped enable
the great migration to the sun belt in the United States.

In 1758, Benjamin Franklin and John Hadley, a chemistry professor at
Cambridge University, conducted an experiment to explore the principle
of evaporation as a means to rapidly cool an object. Franklin and Hadley
confirmed that evaporation of highly volatile liquids (such as alcohol and
ether) could be used to drive down the temperature of an object past the
temperature of the thermometer bulb down to −14 °C (7 °F) while the
ambient temperature was 18 °C (64 °F). Franklin noted that, soon after
they passed the freezing point of water 0 °C (32 °F), a thin film of ice
formed on the surface of the thermometer's bulb and that the ice mass
was about 6 mm (1⁄4 in) thick when they stopped the experiment upon
reaching −14 °C (7 °F). Franklin concluded: "From this experiment one
may see the possibility of freezing a man to death on a warm summer's
day.

A simple vapor compression refrigeration system consists of the
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following equipments: i) Compressor ii) Condenser iii) Expansion valve iv)
Evaporator.

Fig:2.1. Typical single- stage vapour compression refrigeration.

The schematic diagram of the arrangement is as shown in Fig.2.1. The
low temperature, low pressure vapor at state B is compressed by a
compressor to high temperature and pressure vapor at state C. This
vapor is condensed into high pressure vapor at state D in the condenser
and then passes through the expansion valve. Here, the vapor is
throttled down to a low pressure liquid and passed on to an evaporator,
where it absorbs heat from the surroundings from the circulating fluid
(being refrigerated) and vaporizes into low pressure vapour at state B.
The cycle then repeats. The exchange of energy is as follows:

a) Compressor requires work, δw. The work is supplied to the system
from the surroundings.

b) During condensation, heat δQ1 the equivalent of latent heat of
condensation etc, is lost from the refrigerator.

c) During evaporation, heat δQ2 equivalent to latent heat of
vaporization is absorbed by the refrigerant.

d) There is no exchange of heat during throttling process through the
expansion valve as this process occurs at constant enthalpy.
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Figure shows a simple vapor compression refrigeration cycle on T- s
diagram for different compression processes. The cycle works
between temperatures T1 and T2 representing the condenser and
evaporator temperatures respectively.
The various process of the cycle are as given below:

i) Process 2-3: Isentropic compression of the vapor from state 2
to 3. If vapor state is saturated or superheated, the
compression is called dry compression. If initial state is wet the
compression is called wet compression.

ii) Process 3-4: Heat rejection in condenser at constant pressure.

iii) Process 4-1: An irreversible adiabatic expansion of vapor
through the expansion value. The pressure and temperature of
the liquid are reduced. The process is accompanied by partial
evaporation of some liquid.

iv) Process 1-2: Heat absorption in evaporator at constant
pressure. The final state depends on the quantity of heat
absorbed and same may be wet, dry or superheated.

Thermodynamic properties of Refrigerant:
1. Boiling point : It should be low.
2. Thermal conductivity : it should be high
3. Specific heat : It should be low
4. Freezing point : it should be low.
5. Toxicity : it should be low
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6. Evaporative pressure : it should be high.
7. Condensation pressure : It should be low.
8. Latent heat : It should be high.
9. CPO : It should be high.

REFRIGERANT:
1) It is heat carrying medium.
2) It carries heat from low temperature to high temperature system.
3) Liquid + vapour mixture.

Selection of Refrigerant:
1) Performance: High efficiency, Low cost.
2) Safety: Non toxic.
3) Environmental impact: It should be low.

Types of Refrigerants:
1) Chlorofluorocarbons(CFC) :R11,R22,R114,R113.
2) Hydrocholrofluorocarbons(HCFC) :R22.
3) Hydrofluorcarbons(HFC)

:R410a,R407,R1234yf,R134a.
4) Hydrocarbons(HC) :R600a.

Comparison of Air-Conditioners:

Non-Inverter Inverter

On/Off type Continuous on

Current consumption high Low power consumption

Fixed frequency(50HZ) Variable frequency

Outdoor unit starts (ODU)
after 3mins

Indoor unit and outdoor
unit starts at a same time

Constant speed Variable speed

It takes more time to
reach set temperature It takes less time
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Types of refrigerators:

1.Single door refrigerator.

2.Double door refrigerator.

Difference between single and double door refrigerator:

Single door Double door

Single door is also called as
direct cool refrigerator.

Double door refrigerator is also
called as freezer.

Plate and tube evaporator coil. Tube and fine evaporator coil.
Cooling
temperature is up
to -18degrees.c

Cooling
temperature is up
to - 24degrees.c

Psychrometry process:
1. Sensible cooling.
2. Sensible heating.
3. Humidification.
4. Dehumidification.
5. Cooling and dehumidification.
6. Heating and humidification.

Capacitors required for
starting purpose No capacitors required

PCBs are placed in IDU PCBs are placed in IDU
AND ODU

R22 Refrigerant is used R4100 Refrigerant is used
Suction pressure(60-
80psig)

Suction pressure(120-
150psig)

Discharge pressure(270-
290psig)

Discharge pressure(440-
480psig)
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Servicing of Air conditioners:

• The main purpose of servicing ac is to increase the cooling
effect, which is decreased mainly due to

1.Dust Formation

2.Compressor Working

3.Reduction in refrigerant pressure

Dust Removal:

• Replacing or cleaning air conditioner filters is a critical
maintenance task. An air conditioner's filters, coils, and fins
require regular maintenance for the unit to function effectively
and efficiently.

Compressor Checking:

 By checking the capacitor.
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 By checking C-R-S terminals.

Capacitor Checking:

Check the capacitor terminals with the help of multimeter, if it
shows continuity then we will go for checking of C-R-S terminals or
else we will change capacitor.

Checking C-R-S terminals:

1.C-S terminal:

2.C-R terminal:

3.R-S terminal:

Refrigerant charging Procedure:

• Close the valves on low/high pressure sides of the manifold.

• Install the low/high pressure hoses to the corresponding
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service ports on the vehicle respectively

• Connect the center hose of the manifold gauge set with
vacuum pump.

• Carefully open the valves on low/high pressure sides to
activate the vacuum pump.

• After low pressure gauge reaches 100 k.pa or higher, evacuate
the system for approx. 15 minutes.

• After 15 min of evacuation if the reading shows 100 k.pa or
higher close the valves on the both sides to stop the vacuum
pump.

• After that check leaks if there are no leaks then charge with
required refrigerant.
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WELDING

Welding is a fabrication process that joins materials, usually
metals or thermoplastics, by causing fusion, which is distinct from
lower temperature metal-joining techniques such as brazing and
soldering, which do not melt the base metal. In addition to melting the
base metal, a filler material is typically added to the joint to form a pool
of molten material(the weld pool) that cools to form a joint that, based
on weld configuration (butt, full penetration, fillet, etc.), can be stronger
than the base material (parent metal). Pressure may also be used in
conjunction with heat, or by itself, to produce a weld. Welding also
requires a form of shield to protect the filler metals or melted metals
from being contaminated or oxidized.

Methods of Welding:
Some of the best known welding methods include:

 Oxy-fuel welding also known as oxy-acetylene welding or oxy-
welding, uses fuel gases and oxygen to weld and cut metal.

fig: 3.1 Oxy- Fuel Welding

 Shielded metal arc welding (SMAW) also known as "stick welding"
or "electric welding", uses an electrode that is coated in flux to
protect the weld puddle. The electrode holder holds the electrode as
its lowly melts away. Slag protects the weld puddle from
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atmospheric contamination.

Fig: 3.2 Shielded Metal Arc Welding

 Gas tungsten arc welding (GTAW) also known as TIG(tungsten
inert gas), uses a non- consumable tungsten electrode to produce
the weld. The weld area is protected from atmospheric
contamination by an inert shielding gas such as argon or helium.

Fig. 3.3 Gas Tungsten Arc Welding

 Gas metal arc
welding(GMAW)–commonly
termed MIG(metal inert gas),
uses a wire feeding gun that
feeds wire at an adjustable speed
and flows an argon-based
shielding gas or a mix of argon
and carbon-dioxide(CO2) over the
weld puddle to protect it from
atmospheric contamination.
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Fig. 3.4 Gas metal arc welding

 Submerged arc welding(SAW)uses an automatically fed
consumable electrode and a blanket of granular fusible flux. The
molten weld and the arc zone are-protected from atmospheric
contamination by being "submerged" under the flux blanket.

Fig. 3.5 Submerged Arc Welding

 Electro slag welding (ESW) a highly productive, single pass
welding process for thicker materials between 1 inch (25mm) and
12inches (300mm) in a vertical or close to vertical position.

Fig. 3.6 Electroslag Welding
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 Electric resistance welding (ERW)–a welding process that
produces coalescence of laying surfaces where heat to form the weld
is generated by the electrical resistance of the material. In general, it is
an efficient method but limited to relatively thin material.

Fig. 3.7 Electric resistance welding

Classification of Welding processes:

Welding processes can be classified based on following criteria;

1. Welding with or without filler material.
2. Source of energy of welding.
3. Arc and Non- arc welding.
4. Fusion and Pressure welding.

1. Welding can be carried out with or without the application of filler
material. Earlier only gas welding was the fusion process in which
joining could be achieved with or without filler material. When
welding was done without filler material it was called ‘autogenous
welding'. However, with the development of TIG, electron beam and
other welding processes such classification created confusion as
many processes shall be falling in both the categories.

2. Various sources of energies are used such as chemical,
electrical, light, sound, mechanical energies, but except for chemical
energy all other forms of energies are generated from electrical
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energy for welding.

es classification embraces all the arc welding processes in one
class and all other processes in other class. In such classification
it is difficult to assign either of the class to processes such as
electroslagweldingandflashbuttwelding,asinelectroslagweldingthep
rocess starts with arcing and with the melting of sufficient flux the
arc extinguishes
whileinflashbuttweldingtinyarcsi.e.sparksareestablishedduringthep
rocess and then components are pressed against each other.
Therefore, such classification is also notperfect.

3. Fusionwelding and pressure welding is most widely used
classification as it covers all processes in both the categories
irrespective of heat source and
weldingwithorwithoutfillermaterial.Infusionweldingallthoseproc
essesare
includedwheremoltenmetalsolidifiesfreelywhileinpressureweldi
ngmolten
metalifanyisretainedinconfinedspaceunderpressure(asmaybei
ncaseof resistance spot welding or arc stud welding) solidifies
under pressure or semisolid metal cools underpressure.

Fig. Classification of Fusion Welding Process
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Fig. Classification of Pressurized welding
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WELDING INSPECTION (NDT)

4.1 Non- Destructive Testing:

Non-destructive testing (NDT) is a wide group of analysis
techniques used in science and technology industry to evaluate the
properties of a material, component or system without causing damage.
The terms non-destructive examination (NDE), non-destructive inspection
(NDI), and non-destructive evaluation (NDE) are also commonly used to
describe this technology.

Since NDT does not permanently alter the characteristics of article
being inspected, it is a highly valuable technique that can save both
money and time in product evaluation, troubleshooting, and research.

4.2 Types of NDT:
1. Visual inspection.
2. Penetrant testing.
3. Magnetic particle inspection testing.
4. Ultrasonic testing.
5. Radiography testing.
6. Eddy current testing.
7. Leak test.
8. Thermography.
9. Vibrational analysis

4.3 Selection of NDT:

Magnetic particle Inspection (MPI):It is a non-destructive testing (NDT)
process for detecting surface and shallow subsurface discontinuities in
ferromagnetic materials such as iron, nickel, cobalt, and some of their
alloys. The process puts a magnetic field into the part. The piece can
be magnetized by director indirect magnetization.

Direct magnetization occurs when the electric current is passed through
the test object and a magnetic field is formed in the material. Indirect
magnetization occurs when no electric current is passed through the
test object, but a magnetic field is applied from an outside source. The
magnetic lines of force are perpendicular to the direction of the electric
current, which may be either alternating current (AC) or some form of
direct current (DC) (rectified AC). The presence of a surface or
subsurface discontinuity in the material allows the magnetic flux to leak,
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since air cannot support as much magnetic field per unit volume as
metals.

Fig 4.1 Magnetic particle inspection

Liquid Penetration method:

Visible dye penetrant is a NDT (Non Destructive Testing) method.
It is a simple test to perform, and a good way to test welds before
carrying out more expensive techniques like x- ray testing.

It will show up bad cold lap, cracks, holes basically any defects
where a very fine dye can penetrate. It can be used for various things, not
just weld testing. It can be used to test the presence of a crack in a
cylinder head for example.

The simple kits come in 3 parts, usually in a erosol cans. Namely,
a cleaner, a penetrant, and a developer. There are four types of dye
penetrant system:

 Water washable : the dyes wash away with water.
 Lipophilic : the dye dissolves in oil for removal.
 Hydrophilic : the dye washes away with a water

rinse, detergents are
necessary.

 Solvent removable: the dye is removed with a cleaning solvent.

There are five level soft testing, from Level ½(Lowest sensitivity) to
Level 4 (Highest Sensitivity). Operatives carrying out this testing should
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be qualified to do so, and reports, sometimes with photographic
evidence, might be requested.

Step 1 : Pre-cleaning
First any loose material needs to be removed,
together with any silica on top of the weld. It is
important to remove the silica, or you can get
false results. A good scrape and wire brush
sorts this out in most cases.
Then apply some of the cleaner to remove any
oil etc. Wait for the cleaner to dry completely
before applying penetrant.

Fig. 4.2 Pre cleaning

Step 2 : Penetrant
Once cleaned, apply the penetrant (a bright red
liquid dye). Spray plenty on the welds.
Leave the dye to penetrate, normally for
about 20 minutes. The time scale is usually
printed on the can or on the product data
sheet. The photographs show a solvent
removable system.

Fig. 4.3 Application of
Penetrant

Step 3 : Post-cleaning
Cleaning again. You need to
remove excess dye from the
area, which is easier said than
done. It is important not to
spray the cleaner on the area
directly, or you risk washing the
dye from the flaw. Use a dry
tissue to remove excess dye,
then spray cleaner onto a
clean cloth for final cleaning.
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Ultrasonic Testing(UT):
Ultrasonic testing (UT) is a family of non- destructive testing

techniques based on the propagation of ultrasonic waves in the object
or material tested. In most common Ultrasonic Testing applications,
very short ultrasonic pulse-waves with center frequencies ranging
from 0.1-15 MHz, and occasionally up to 50MHz, are transmitted into
materials to detect internal flaws or to characterize materials. A
common example is ultrasonic thickness measurement, which tests
the thickness of the test object, for example, to monitor pipe work
corrosion.

Ultrasonic testing is often performed on steel and other metals
and alloys, though It can also be used on concrete, wood and
composites, with less resolution. It is used in many industries
including steel and aluminum construction, metallurgy, manufacturing,
aerospace, automotive and other transportation sectors.
Step 2: Instrument settings are input.
Step3:The probe is scanned over the blade root. In this case, an
indication (peak in the data) through the red line (or gate) indicates a
good blade; an indication to the left of that range indicates a crack.

Fig: 4.5 Ultrasonic Testing
Principle: A probe sends a sound wave into a test material. There are two
indications, one from the initial pulse of the probe, and these conduct to
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FIG 4.7 Projectional Radiography

the back wall echo. RIGHT: A defect creates a third indication and
simultaneously reduces the amplitude of the back wall indication. The
depth of the defect is determined by the ratio D/Ep.

Radiography:
Radiography is an imaging technique using X-rays to view the

internal form of an object. To create the image, a beam of X-rays, a
form of electromagnetic radiation, are produced by an X- ray generator
and are projected toward the object. A certain amount of X-ray is
absorbed by the object, dependent on it’s density and structural
composition. The X-rays that pass through the object are captured
behind the object by a detector (either photographic film or a digital
detector). The generation of flat two dimensional images by this
technique is called projectional radiography. In Computed
tomography(CT scanning) an x ray source and it is associated
detectors rotate around the subject which itself moves through the
conical x ray beam produced. Any given point within the subject is
crossed from many directions by many different beams at different
times.

Information regarding attenuation of these beams is collated and
subjected to computation to generate two dimensional images in
three planes (axial, coronal and sagittal) which can be further
processed to produce a three dimensional image.
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Conclusion

In this internship program, I have learnt about

 Trouble shooting of different parts of refrigerator and air

conditioner.

 Different metal joining processes and their applications, with

hands on experience.

 Different non-destructive techniques – their principles and

implementation with hands on experience.
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ABSTRACT

The 3D EXPERIENCE PLATFORM is a business experience platform .It provides 

software solutions for every organization in your company form  Marketing to sale to 

engineering that help you, in your value creation process, to create differentiating 

consumer experience, with a single, easy to use interface, it powers Industry solution in a 

collaborative, interactive environment. It is available on premise and on cloud. 

Dassault systems offers industry leading application delivered on the 3D EXPERIENCE 

platform: Design &Engineering, Manufacturing & Production Simulation, Governance & 

Life cycle, 3D Design Experience for Professionals, as well as a broad catalog of services
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CHAPTER-1

INTRODUCTION TO 3D EXPERIENCE

 Consumers today demand experiences that enrich their lives in meaningful ways. Experience 

thinking is a framework for innovation, focusing on engaging consumers with breathtaking 

experiences that are smarter, intuitive and sustainable. Experience thinking persuades the 

organization to define the product and related services in the context of the customer usage – 

a holistic approach to creating value for the customer. Experience thinking encourages 

companies to consider all aspects of the consumer’s experience – only possible when all the 

players in the innovation process from marketing, sales, design, engineering, manufacturing 

and the supply chain work collaboratively. 

The 3DEXPERIENCE platform and apps digitalize the customer experience, with 

capabilities to analyze, design, simulate, engineer and realize experiences. Innovators develop 

a deep understanding of their customer’s operating environment by analyzing social and 

usage information on the platform with a data-driven approach. The experience is modelled 

in the context of the operating environment, capturing intelligent interactions between the 

environment, consumer, product and digital capabilities that harness operational data and 

provide insightful services. Enterprises then simulate and optimize their offerings 

encompassing all customer scenarios. During the operating lifecycle, this model is enriched 

with valuable insights gleaned from the usage data, setting the stage for the next cycle of 

innovation.
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3DEXPERIENCE is the most advanced software for product and learning innovation, is 

available in the cloud or on-premises, within your own operating environment. Both options 

bring new capabilities to educators and students who want to experience the engineering 

practices of industry leaders for increased employment opportunities in the new global 

economy. Years of collaboration with educators and students across a wide variety of 

institutions and disciplines has led to a flexible, tailored set of learning solutions. 

3DEXPERIENCE for Academia encompasses a suite of world-class integrated applications:

 CATIA for product design

 DELMIA for digital manufacturing 

 SIMULIA for realistic simulation

 ENOVIA for collaborative innovation

 3DEXCITE for high-precision rendering and interactive immersion
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3DEXPERIENCE platform builds on the V6 digital architecture and adds information 

intelligence, dashboarding and social collaboration capabilities. Businesses now create a 

private social collaboration environment on the platform and involve employees, partners, 

suppliers, consumers and other stakeholders as active participants in the innovation process. 

Leading organizations now adopt a big-data approach to understand all aspects of the 

customer experience in a data-driven manner and then model and simulate all aspects of the 

customer experience – virtually perfecting the experience before launching the product to 

market.

3DEXPERIENCE ESSENTIALS

3DEXPERIENCE Essentials is a broad application set built on the Business and Industry 

Innovation baseline, encompassing a vast set of Dassault Systems solutions.

The ideal basis for universities or technical colleges to support their transition to project-

based or student-centered learning, 3DEXPERIENCE Essentials provides a complete digital 

framework for team-based ideation, contextual learning, collective innovation, solution 

creation and various methods for project evaluation.

3DEXPERIENCE Essentials includes advanced ENOVIA capabilities for configuration 

management, requirements management, change management and compliance processes. 

The Essentials package bundles a large sub-set of CATIA design functions and enables 

conceptualization and detailing of virtually.

Using DELMIA digital manufacturing tools makes machining, robotics and rapid prototyping 

an integrated exercise, ensuring manufacturability of designs and streamlining of 

manufacturing programming. 

Right-first-time practices are reinforced through mechanism simulation and associative stress 

analysis using SIMULIA and ergonomics simulation. 

The fundamental capabilities of additive manufacturing are built-in for powder-bed fusion 

additive manufacturing, including nesting, automated support design and laser path 

optimization. 

Converters to and from other applications, as well as 3D printing output formats, are 

available for exchanging data with various partners and devices.

A fundamental enhancement in 3DEXPERIENCE Essentials is the possibility to create 

hybrid assemblies mixing new data with legacy models from version 5. New functionalities 
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can so be applied on existing courses examples without re-creating them. Projects started in 

V5 for instance students’ competitions can easily progress in the up-to-date version.

Common apps and services to connect everyone to the platform

The 3DEXPERIENCE platform provides the underpinning apps and services that enable the 

transformation to a digital, data-driven, model-based environment. The common apps and 

services provide an effective way to connect everyone early in the innovation process. Social 

collaboration with 3DSwym is a great way to harness the innovative ideas from everyone. 

With the 3DDashboard users monitor the things they care about – follow online trends, be 

alerted by data feeds, and at the same time monitor enterprise processes and data. Users see 

everything that's happening, 24/7, all in one dashboard. With 3DDrive users securely store 

their documents on the cloud, access them from any device and share them with co-workers 

and collaborators across the value chain. Users collaborate instantly using 3DMessaging with 

immersive visualization of 3D assemblies with 3DPlay. 

In this internship program we learned about CATIA, SIMULIA and DELMIA.
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CHAPTER-2

CATIA

    2.1 Introduction to CATIA:

 Catia is the mechanical design software and is capable of addressing the complete product 

development process, from product concept specification through product in service in a fully 

integrated and associative manner.

      Catia mechanical design discipline products accelerate core activities of development from 

concept to detailed design on to drawing production .mechanical design products also address 

sheet metal requirements and mold manufactures using dedicated applications that 

dramatically enhance productivity and strongly reduce time to market.

In 3D Experience Catia is present in 3D icon which consists of 3D Modelling apps.

     Workbenches in CATIA

 PART DESIGN

 GENERATIVE SHAPE DESIGN

 ASSEMBLY DESIGN

2.2 Part Design

Catia provides you so many features which make creating complex mechanical design in a 

simple task. The objects created in sketcher are converted into the solid part with the help of 

part modeling tools.

Features

 Advanced complex features for dedicated best practices

 Knowledge templates repository approach

 Comprehensive specification approach for value added process reducing geometry 

definition and rework

 Process features oriented
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2.2.1 Tools 

 Pad 

 Pocket

 Shaft

 Groove

 Hole

 Rib

 Slot

 Multi-Section Solid

Pad

Pad tool has the ability to convert any sketch into solid part with given length. If any 

geometry also there in between the outer boundary pad operation considers it as an empty 

space.

 Select pad tool 

 Define types of pads that are

 Dimension

 Up to next

 Up to last

 Up to plane

 Up to surface 

 Select sketch

 if you want it to be hollow than select tick option and give limits of thickness

 If you want to extrude body in both sides than check option more and again select 

type and dimensions for second side.

 Select OK for implementation

Pocket 

Pocket is just opposite operation of pad. Operation process is same as pad tool, all other 

options are also same as pad the only difference is removal of material in spite of generating 

solid part.

Shaft

Shaft tool is an operation in which any sketch rotates about an axis and forms a solid part. 

From this operation we can generate any geometry which is symmetric about an axis.
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 Draw the sketch with axis line.

 Switch out from sketcher and select Shaft Tool to revolve sketch 360 degree.

 Axis should be draw with sketch.

 Select OK for implementation.  

Groove

Groove is just opposite operation of shaft. Shaft makes solid part by revolving any sketch 

about an a groove removes material by revolving about an axis. Sketch profile must be closed 

one for this operation.

Hole

This operation makes a hole that tab be used for bolted joint or for a tap or for any locator 

pin.

Hole can be made threaded.

Rib

Rib operation will increase a 2D profile along to the center curve and create a 3D solid 

object. 

Steps are as follows.

 Draw a Center curve 

 Select a plane at perpendicular direction of the end point of a Center curve

 Draw Profile at that Plane 

 Switch out the sketcher 

 Select rib tool

 Select profile first

 Select center curve

 If all given parameter are correct then it will show you a preview 

 Select OK for implementation

Slot

Slot is just opposite operation of rib. All the procedure of working is same but slot removes 

material according to sketch and rib makes solid part. Here also we follow same procedure as 

in rib.

Multi-section Solid 

Multi-sections solid   can be created by joining two or more section curves along the 

calculated or user-defined guiding curves. One or more leading curves can be used. The result 

is a closed volume.

Some other important tools used in part design are  

 Fillet



8

 Chamfer

 Draft

 Shell

 Thickness

2.2.2 Procedure 

 Open 3d experience 

 Click on 3d icon at top left corner 

 Select part design

 Click on body 

 Click on sketcher 

 Select the plane to draw

 Draw the profile of the required part 

 Click on exit icon 

 Select the required operations like pad, shaft etc.

 For another operation on the same part select another body 

 By using sketcher draw another profile

 Perform pad operation 

 Based on the required add or remove the body from another body. This process is 

known as Boolean operation.

 Perform operations like fillet, chamfer as for the requirement

 Parts designed using part design:
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2.3 Generative Shape Design

 Generative Shape Design helps to design advanced shapes based on a combination of 

wireframe and extensive multiple surface features. t provides a large set of tools for creating 

and editing shape designs and, when combined with other products such as CATIA Part 

Design, it meets the requirements of solid-based hybrid modeling.
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2.3.1 Tools 

 Extrude surface

 Revolve

 Sphere

 Cylinder

 Sweep

 Fill

 Join 

 Split

 Trim

 Boundary 

Extrude Surface

This tool extrude surface from already created profile on perpendicular direction of plane 

selected.

 Select the tool

 Select profile and plane extrusion

 Now give limits that is length of extrusion in both sides

 Select ok to implement the work

Revolve

 This tool is used to create circular surface.

 Draw a open sketch with a axis line

 Select revolve tool

 Select profile to be revolved 

 Select axis line if it is not in sketch 

 Define start angle and end angle 

 Select OK to implement

Sphere

 Select sphere tool 

 Select center point 

 Remain sphere and default 

 Define the radius of sphere 

 Select the sphere limitations
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 Select OK to implement

Cylinder

Draw Cylinder through specify point and direction

 Create a point on a plane

 Select cylinder tool 

 Specify center point 

 Select plane for direction

 Specify radius

 Specify length1 and length 2

 Chose minor extent or Reverse

 Direction When required

 Select OK

Sweep

This the most important tool used in surface design. we can use this tool for generating any 

type of surface that may be straight or it may be twisted or curvilinear form.

Types of sweep

 Explicit sweep

 Linear sweep

 Circle sweep

 Conical sweep

Fill

Fill command is used to crate surface between some intersecting curves but it must be closed.

 Select tool

 Select curves

 Choose continuity

 Press OK

Join

 The Join tool is used to join two adjacent surfaces or two adjacent curves.

 Choose Join button from the Operation toolbar 
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 The Join Definition dialog box is displayed

 You are prompted to select the elements (curves or surfaces) to be joined

 Select the elements that you need to join

 Remember that there should not be a large gap between the entities to be joined.

 Choose the OK button from the Joint Definition dialog box to complete the join 

operation

 The surfaces or curves that are joined together will behave as a single entity

Split

Split This tool will split the surface about any curve and the selected surface.

 Select split tool

 Split dialog box will open 

 Select a surface to split

 Select a curve at surface as a cutting element.

 The resulting surface will ready to preview for you.

 Select other side to change side of split

 Select OK

Trim

 The Trim tool allows you to trim two intersecting surfaces or curves with respect to each 

other

 When you choose this tool, the Trim Definition dialog box will be displayed

 Choose a surface as the first element and the other surface as the second element.

 One side of each surface will be displayed as transparent.

 You can choose the other side button to reverse the sides of surfaces to be trimmed. 

Figure shows the surface Trimmed using the Trim tool.

 Figure shows the trimmed surface when the other side buttons are selected for both

 Surfaces from the Trim Definition dialog box.

Boundary

Boundary tool will defines the boundary of a surface according to you. This will useful if 

want to use semi boundary of any sketch for our next operation

 Create surface as shown figure

 A dialog box open 
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 Select surface whose boundary need to redefine

 Select limits for new boundary

 These limits must cross that existing surface at any point and the selected limit sketch 

will not overlap with surface

 Ok for implementation

2.3.2 Procedure 

 Open 3D Experience

 Click on 3D icon at the top left corner 

 Select generative shape design

 Click on sketcher

 Select the plane to draw the profile

 Draw the profile 

 Extrude the surface of the profile

 By using offset planes  draw remaining profile and extrude the surfaces

 Fill the closed curves according to requirement

 Join all the surfaces  by using join command

 Trim the extra projections by using trim command

 After joining all the surfaces inn single surface fillets are made

 Components designed by using generative shape design:
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2.4 Assembly Design

Assembly modeling is the process of creating designs that consist of two or more Component. 

Assembled together at their respective work positions. The components are brought together and 

assembled in Assembly Design workbench by applying suitable parametric assembly constraint to 

them. The assembly constraints allow you to restrict the degrees of freedom of components on their 

respective work positions. The assembly files in CATIA are called Product files
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2.4.1 Product Structure Tools

Inserting a existing part

This tool inserts a part which is already created and saved into .CATPART file. This insets the part 

in non position mode.

 Insert a new part 

This toll gives us a way to create a new component in the assembly workbench.

Insert new product

This tool is used for inserting another product in the same assembly file. This is used where 

assembly are there in the same product.

Replacing a Component 

If you places wrong component in assembly then use this tool for replacing it by a correct one.

 Select a component to replace 

 now select replace component tool

 The window will open which contains CATPART files

 Select new part

 Select OK for Implementation.

 Multi Instantiation

This is a tool which can create multiple copies of an inserted part without inserting it again and 

again. It can set them at specified direction and distance from its parent part.

2.4.2 Move Tools

 Manipulation

Manipulation tool is a small subgroup of tools used for moving a component inside the assembly 

design workbench. This tool includes the tools used to rotate, translate, and move tools.

Manipulation tool consists of

 Drag along X-axis

 Drag along Y-axis

 Drag along Z-axis

 Drag along any axis

 Drag along XY Plane

 Drag along YZ Plane

 Drag along ZX Plane

 Drag along any  Plane

 Drag around X-axis

 Drag around Y-axis
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 Drag around Z-axis

 Drag around any axis

Snap Tool

The snap tool is used to move the component by snapping the geometric element of the first 

component on selection of the geometric elements. The element selected first will move to snap the 

second element.

Explode

Explode is command which will breaks your assembly or subassembly and will show you all its -

components individually.

2.4.3 Constraints

Coincidence Constraint

This constraint will make coincidence the centre lines of two cylindrical components

Contact constraint

This constraint will connect surfaces of components. The connected components have no space 

between these two surfaces.

 Offset constraint 

Surface constraint will create zero gap between two surfaces but if it is desired to make some 

distance then offset tool is used.

Angle constraint 

This tool I used for placing two components at an angle.

Fix together

This is a constraint which fixes two components together. If you want to perform any manipulation 

operation or you are assigning any constraint on any of these components it will automatically 

applies on other because they both are fixed together.

2.4.4 Procedure 

 Open 3D Experience

 Click on 3D icon at the top left corner 

 Select assembly design

 Import all the parts required for the assembly.

 Click on insert existing part

 Click on physical product at the top of the tree located at top left corner.

 Select all the parts and import them to the assembly window.

 Perform the manipulate operations to move the parts and place them in sequence.

 Fix one part as the reference and assembling should be carried.
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 Give coincidence constraint to the parts.

 Then give contact constraint to the parts to complete assembly

Assembly of screw jack

Parts to be assembled
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Assembled component
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CHAPTER -3

SIMULIA

3.1 Introduction

SIMULIA is a complete suite of powerful and realistic solutions that enable users to 

explore the real-world behavior of product, nature, and life.  Simulia makes virtual testing 

a standard business practice that improves the product performance, reduces physical 

prototypes and innovation .It allows the simulation of the designed model by various 

input parameters.

Workbenches in Simulia

MATERIAL DEFINITION 

STRUCTURAL MODEL 

STRUCTURAL SCENARIO

3.2 Simulia Procedure:

  Material definition

Open 3d experience software

Design a component using part design 

Then for simulation click on V.R 

Select material definition.

After opening material definition create a material and name it as steel.

In top left corner of the window a tree related to the material is appeared. It contains 

Material appearance domain and Material simulation domain.

Click on material simulation domain and add required properties of the material like 

density, Youngs modulus, poison ratio etc.

Go to part body created before.

Click on pick material option in the tool bar located at bottom

Go to material editor tab and click on steel and the click on product to apply the 

material.
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Structural model

 Go to V.R and click on structural model.

 Click on finite element methods option which is appeared on the tree.

 Click on nodes and elements then toolbar bar is appeared at the bottom.

 Click on mesh icon and select the mesh type.

 Give mesh size and then apply the mesh by selecting the body.
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 Click on finite element methods.

 Click on properties and select solid section.

Structural scenario

 Go to V.R and click structural scenario and select simulation type.

 Click on setup from the toolbar located at the bottom and click on finite element model 

appeared in the dialogue box.
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 Click on procedure and choose the type of procedure.

 Click on restraints and choose type of support.
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 Click on loads and apply the loads required.

 Click on simulate and the click on simulation checks.
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 Simulation status is appeared.

 Finally click on simulate and note down the results.
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CHAPTER-4

DELMIA

4.1 Introduction

DELMIA-Digital Enterprise Lean Manufacturing Interactive Application is powered by the 

3DEXPERIENCE platform.

DELMIA Digital Manufacturing drives manufacturing innovation and efficiency by planning, 

simulating, and modeling global production processes. DELMIA allows manufacturers to 

virtually experience their entire factory production from the impact of design to determining 

how to meet global demand. These simulation activities allow manufacturers to better address 

and shift processes so as to quickly respond to the competition, or to take advantage of new 

market opportunities.

 DELMIA Digital Manufacturing capabilities extend visualization beyond the product into 

manufacturing—providing the ability to simulate manufacturing processes before the 

physical plant or production line even exists. By proving out plant level considerations such 

as manufacturing approaches and material flow in the early stages of product development, 

the product concept can be analyzed to determine the best approach to make the product.

Workbenches in Delmia

 Manufacturing Item Definition

 Process Planning

 Equipment Allocation

 Assembly Evaluation

  Time Motion and Study

4.2 Delmia Procedure:

Importing product

 Open 3d experience.

 Click on import and import the product which is in .3dxml format.

 Right click on product from the tree.
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 Then click on open with and select open with advanced.

  Click on expanded with all representative children.

Manufacturing item definition

 Go to V.R  click on manufacturing item definition

 Right click on manufacturing item definition window and the click on product A1.

 Click on manufacturing assembly and create manufacturing item product scope and 

click on product.

  Click on Authoring from toolbar at bottom and click on Create / Update 

manufacturing.

 Insert required number of manufacturing assemblies and spilt the product in to 

different components by using assignment manager.
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Process planning

 Go to V.R click on process planning.

 Click on general system.

 Click on manage scope and create scope.

 Insert no. of general systems as per requirement.

 Insert general operations and loading operations in the general systems.

 Select the components from the tree and place them in them general operations and 

loading operations according to the assembling order.

 Click on product flow from the tool bar and create flow between the general operation 

and loading operation in the general system and also create flow between the general 

systems.

Equipment allocation

 Go to V.R click on Equipment allocation

 Right click on PPR context from the tree then click on insert resource, click on 

manufacturing cell, click on main layout , click on create stations 

 Create 4 stations each station must have one conveyor and one storage.

 For creating storage and conveyor click on station, click on insert resource.

 Import station with conveyor file of .3dxml format.

 Copy the imported file and open equipment allocation tab and paste it in main layout.

 From the imported file copy storage and conveyor and paste them in the stations 

created before.

 Click on create scope and create scope between main layout and general system.
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 Click on station, click on assignment manager and export general system operation to 

the station.

 Define part position and place on conveyors

Assembly Evaluation

 Go to V.R click on Assembly Evaluation.

 Click on General system and Right click on Loading operation and then Create 

Track.

 Copy the Current track to the other operations.

 Click Live Simulate on toolbar located at bottom.
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CONCLUSION

From this internship I have learnt 

 Modelling of solid parts by using Catia part design.

 Creating complex shapes and surfaces by using Generative shape design.

 Assembling of parts to form a assembled component.

 Meshing and simulating structural components with different 

supports and loads by using Simulia.

 Basic concepts and procedure of Delmia.
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ABSTRACT 

 

The 3D EXPERIENCE PLATFORM is a business experience platform .It provides 

software solutions for every organization in your company form  Marketing to sale to 

engineering that help you, in your value creation process, to create differentiating 

consumer experience, with a single, easy to use interface, it powers Industry solution in a 

collaborative, interactive environment. It is available on premise and on cloud.  

 

Dassault systems offers industry leading application delivered on the 3D EXPERIENCE 

platform: Design &Engineering, Manufacturing & Production Simulation, Governance & 

Life cycle, 3D Design Experience for Professionals, as well as a broad catalog of services 
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CHAPTER-1 

INTRODUCTION TO 3D EXPERIENCE 

 
 Consumers today demand experiences that enrich their lives in meaningful ways. Experience 
thinking is a framework for innovation, focusing on engaging consumers with breathtaking 
experiences that are smarter, intuitive and sustainable. Experience thinking persuades the 
organization to define the product and related services in the context of the customer usage – 
a holistic approach to creating value for the customer. Experience thinking encourages 
companies to consider all aspects of the consumer’s experience – only possible when all the 
players in the innovation process from marketing, sales, design, engineering, manufacturing 
and the supply chain work collaboratively.  
 
The 3DEXPERIENCE platform and apps digitalize the customer experience, with 
capabilities to analyze, design, simulate, engineer and realize experiences. Innovators develop 
a deep understanding of their customer’s operating environment by analyzing social and 
usage information on the platform with a data-driven approach. The experience is modelled 
in the context of the operating environment, capturing intelligent interactions between the 
environment, consumer, product and digital capabilities that harness operational data and 
provide insightful services. Enterprises then simulate and optimize their offerings 
encompassing all customer scenarios. During the operating lifecycle, this model is enriched 
with valuable insights gleaned from the usage data, setting the stage for the next cycle of 
innovation. 

 

 



3DEXPERIENCE is the most advanced software for product and learning innovation, is 
available in the cloud or on-premises, within your own operating environment. Both options 
bring new capabilities to educators and students who want to experience the engineering 
practices of industry leaders for increased employment opportunities in the new global 
economy. Years of collaboration with educators and students across a wide variety of 
institutions and disciplines has led to a flexible, tailored set of learning solutions. 
3DEXPERIENCE for Academia encompasses a suite of world-class integrated applications: 

➢ CATIA for product design 
➢ DELMIA for digital manufacturing  
➢ SIMULIA for realistic simulation 
➢ ENOVIA for collaborative innovation 
➢ 3DEXCITE for high-precision rendering and interactive immersion 

 

 
 
 
 
 

3DEXPERIENCE platform builds on the V6 digital architecture and adds information 
intelligence, dashboarding and social collaboration capabilities. Businesses now create a 
private social collaboration environment on the platform and involve employees, partners, 



suppliers, consumers and other stakeholders as active participants in the innovation process. 
Leading organizations now adopt a big-data approach to understand all aspects of the 
customer experience in a data-driven manner and then model and simulate all aspects of the 
customer experience – virtually perfecting the experience before launching the product to 
market. 

3DEXPERIENCE ESSENTIALS 

3DEXPERIENCE Essentials is a broad application set built on the Business and Industry 
Innovation baseline, encompassing a vast set of Dassault Systems solutions. 

The ideal basis for universities or technical colleges to support their transition to project-
based or student-centered learning, 3DEXPERIENCE Essentials provides a complete digital 
framework for team-based ideation, contextual learning, collective innovation, solution 
creation and various methods for project evaluation. 

3DEXPERIENCE Essentials includes advanced ENOVIA capabilities for configuration 
management, requirements management, change management and compliance processes.  

The Essentials package bundles a large sub-set of CATIA design functions and enables 
conceptualization and detailing of virtually. 

Using DELMIA digital manufacturing tools makes machining, robotics and rapid prototyping 
an integrated exercise, ensuring manufacturability of designs and streamlining of 
manufacturing programming.  

Right-first-time practices are reinforced through mechanism simulation and associative stress 
analysis using SIMULIA and ergonomics simulation.  

The fundamental capabilities of additive manufacturing are built-in for powder-bed fusion 
additive manufacturing, including nesting, automated support design and laser path 
optimization.  

Converters to and from other applications, as well as 3D printing output formats, are 
available for exchanging data with various partners and devices. 

A fundamental enhancement in 3DEXPERIENCE Essentials is the possibility to create 
hybrid assemblies mixing new data with legacy models from version 5. New functionalities 
can so be applied on existing courses examples without re-creating them. Projects started in 
V5 for instance students’ competitions can easily progress in the up-to-date version. 

Common apps and services to connect everyone to the platform 

The 3DEXPERIENCE platform provides the underpinning apps and services that enable the 
transformation to a digital, data-driven, model-based environment. The common apps and 
services provide an effective way to connect everyone early in the innovation process. Social 
collaboration with 3DSwym is a great way to harness the innovative ideas from everyone. 
With the 3DDashboard users monitor the things they care about – follow online trends, be 
alerted by data feeds, and at the same time monitor enterprise processes and data. Users see 
everything that's happening, 24/7, all in one dashboard. With 3DDrive users securely store 
their documents on the cloud, access them from any device and share them with co-workers 



and collaborators across the value chain. Users collaborate instantly using 3DMessaging with 
immersive visualization of 3D assemblies with 3DPlay.  
 

 

 

In this internship program we learned about CATIA, SIMULIA and DELMIA. 

 

 

 

 

 

 

 

 

CHAPTER-2 

CATIA 

    2.1 Introduction to CATIA: 



 Catia is the mechanical design software and is capable of addressing the complete product 
development process, from product concept specification through product in service in a fully 
integrated and associative manner. 

      Catia mechanical design discipline products accelerate core activities of development from 
concept to detailed design on to drawing production .mechanical design products also address 
sheet metal requirements and mold manufactures using dedicated applications that 
dramatically enhance productivity and strongly reduce time to market. 

In 3D Experience Catia is present in 3D icon which consists of 3D Modelling apps. 

     Workbenches in CATIA 

➢ PART DESIGN 
➢ GENERATIVE SHAPE DESIGN 
➢ ASSEMBLY DESIGN 

 

2.2 Part Design 

Catia provides you so many features which make creating complex mechanical design in a 
simple task. The objects created in sketcher are converted into the solid part with the help of 
part modeling tools. 

Features 

➢ Advanced complex features for dedicated best practices 
➢ Knowledge templates repository approach 
➢ Comprehensive specification approach for value added process reducing geometry 

definition and rework 
➢ Process features oriented 

2.2.1 Tools  

➢ Pad  
➢ Pocket 
➢ Shaft 
➢ Groove 
➢ Hole 
➢ Rib 
➢ Slot 
➢ Multi-Section Solid 

Pad 

Pad tool has the ability to convert any sketch into solid part with given length. If any 
geometry also there in between the outer boundary pad operation considers it as an empty 
space. 



➢ Select pad tool  
➢ Define types of pads that are 
➢ Dimension 
➢ Up to next 
➢ Up to last 
➢ Up to plane 
➢ Up to surface  
➢ Select sketch 
➢ if you want it to be hollow than select tick option and give limits of thickness 
➢ If you want to extrude body in both sides than check option more and again select 

type and dimensions for second side. 
➢ Select OK for implementation 

 

Pocket  

Pocket is just opposite operation of pad. Operation process is same as pad tool, all other 
options are also same as pad the only difference is removal of material in spite of generating 
solid part. 

Shaft 

Shaft tool is an operation in which any sketch rotates about an axis and forms a solid part. 
From this operation we can generate any geometry which is symmetric about an axis. 

➢ Draw the sketch with axis line. 
➢ Switch out from sketcher and select Shaft Tool to revolve sketch 360 degree. 
➢ Axis should be draw with sketch. 
➢ Select OK for implementation.   

Groove 

Groove is just opposite operation of shaft. Shaft makes solid part by revolving any sketch 
about an a groove removes material by revolving about an axis. Sketch profile must be closed 
one for this operation. 
 
Hole 

This operation makes a hole that tab be used for bolted joint or for a tap or for any locator 
pin. 
Hole can be made threaded. 
 
 
Rib 

Rib operation will increase a 2D profile along to the center curve and create a 3D solid 
object. steps are as follows. 
➢ Draw a Center curve  
➢ Select a plane at perpendicular direction of the end point of a Center curve 
➢ Draw Profile at that Plane  



➢ Switch out the sketcher  
➢ Select rib tool 
➢ Select profile first 
➢ Select center curve 
➢ If all given parameter are correct then it will show you a preview  
➢ Select OK for implementation 

 

Slot 

Slot is just opposite operation of rib. All the procedure of working is same but slot removes 
material according to sketch and rib makes solid part. Here also we follow same procedure as 
in rib. 
 
Multi-section Solid  

Multi-sections solid   can be created by joining two or more section curves along the 
calculated or user-defined guiding curves. One or more leading curves can be used. The result 
is a closed volume. 

Some other important tools used in part design are   
➢ Fillet 
➢ Chamfer 
➢ Draft 
➢ Shell 
➢ Thickness 

 

2.2.2 Procedure  

• Open 3d experience  
• Click on 3d icon at top left corner  
• Select part design 
• Click on body  
• Click on sketcher  
• Select the plane to draw 
• Draw the profile of the required part  
• Click on exit icon  
• Select the required operations like pad, shaft etc. 
• For another operation on the same part select another body  
• By using sketcher draw another profile 
• Perform pad operation  
• Based on the required add or remove the body from another body. This process is 

known as Boolean operation. 
• Perform operations like fillet, chamfer as for the requirement. 

 
 



 
 

 Parts designed using part design: 

 

 

 

 



 

 

 

2.3 Generative Shape Design 

 Generative Shape Design helps to design advanced shapes based on a combination of 
wireframe and extensive multiple surface features. t provides a large set of tools for creating 
and editing shape designs and, when combined with other products such as CATIA Part 
Design, it meets the requirements of solid-based hybrid modeling. 

 

2.3.1 Tools  

➢ Extrude surface 
➢ Revolve 
➢ Sphere 
➢ Cylinder 
➢ Sweep 
➢ Fill 
➢ Join  
➢ Split 
➢ Trim 
➢ Boundary  

Extrude Surface 

This tool extrude surface from already created profile on perpendicular direction of plane 
selected. 
➢ Select the tool 
➢ Select profile and plane extrusion 
➢ Now give limits that is length of extrusion in both sides 



➢ Select ok to implement the work 

Revolve 

 This tool is used to create circular surface. 

➢ Draw a open sketch with a axis line 
➢ Select revolve tool 
➢ Select profile to be revolved  
➢ Select axis line if it is not in sketch  
➢ Define start angle and end angle  
➢ Select OK to implement 

Sphere 

➢ Select sphere tool  
➢ Select center point  
➢ Remain sphere and default  
➢ Define the radius of sphere  
➢ Select the sphere limitations 
➢ Select OK to implement 

Cylinder 

Draw Cylinder through specify point and direction 

➢ Create a point on a plane 
➢ Select cylinder tool  
➢ Specify center point  
➢ Select plane for direction 
➢ Specify radius 
➢ Specify length1 and length 2 
➢ Chose minor extent or Reverse 
➢ Direction When required 
➢ Select OK 

Sweep 

This the most important tool used in surface design. we can use this tool for generating any 
type of surface that may be straight or it may be twisted or curvilinear form. 

Types of sweep 

➢ Explicit sweep 
➢ Linear sweep 
➢ Circle sweep 
➢ Conical sweep 

Fill 



Fill command is used to crate surface between some intersecting curves but it must be closed. 

➢ Select tool 
➢ Select curves 
➢ Choose continuity 
➢ Press OK 

Join 

➢ The Join tool is used to join two adjacent surfaces or two adjacent curves. 
➢ Choose Join button from the Operation toolbar  
➢ The Join Definition dialog box is displayed 
➢ You are prompted to select the elements (curves or surfaces) to be joined 
➢ Select the elements that you need to join 
➢ Remember that there should not be a large gap between the entities to be joined. 
➢ Choose the OK button from the Joint Definition dialog box to complete the join 

operation 
➢ The surfaces or curves that are joined together will behave as a single entity 

 

Split 

Split This tool will split the surface about any curve and the selected surface. 

➢ Select split tool 
➢ Split dialog box will open  
➢ Select a surface to split 
➢ Select a curve at surface as a cutting element. 
➢ The resulting surface will ready to preview for you. 
➢ Select other side to change side of split 
➢ Select OK 

Trim 

 The Trim tool allows you to trim two intersecting surfaces or curves with respect to each 
other 

➢ When you choose this tool, the Trim Definition dialog box will be displayed 
➢ Choose a surface as the first element and the other surface as the second element. 
➢ One side of each surface will be displayed as transparent. 
➢ You can choose the other side button to reverse the sides of surfaces to be trimmed. 

Figure shows the surface Trimmed using the Trim tool. 
➢ Figure shows the trimmed surface when the other side buttons are selected for both 
➢ Surfaces from the Trim Definition dialog box. 

Boundary 



Boundary tool will defines the boundary of a surface according to you. This will useful if 
want to use semi boundary of any sketch for our next operation 

➢ Create surface as shown figure 
➢ A dialog box open  
➢ Select surface whose boundary need to redefine 
➢ Select limits for new boundary 
➢ These limits must cross that existing surface at any point and the selected limit sketch 

will not overlap with surface 
➢ Ok for implementation 

 

2.3.2 Procedure  

• Open 3D Experience 
• Click on 3D icon at the top left corner  
• Select generative shape design 
• Click on sketcher 
• Select the plane to draw the profile 
• Draw the profile  
• Extrude the surface of the profile 
• By using offset planes  draw remaining profile and extrude the surfaces 
• Fill the closed curves according to requirement 
• Join all the surfaces  by using join command 
• Trim the extra projections by using trim command 
• After joining all the surfaces inn single surface fillets are made 

 
 
 Components designed by using generative shape design: 



 

 

 
2.4 Assembly Design 

Assembly modeling is the process of creating designs that consist of two or more Component. 
Assembled together at their respective work positions. The components are brought together and 
assembled in Assembly Design workbench by applying suitable parametric assembly constraint to 
them. The assembly constraints allow you to restrict the degrees of freedom of components on their 
respective work positions. The assembly files in CATIA are called Product files 
.  
2.4.1 Product Structure Tools 

 



Inserting a existing part 

This tool inserts a part which is already created and saved into .CATPART file. This insets the part 
in non position mode. 
 
 Insert a new part  

This toll gives us a way to create a new component in the assembly workbench. 
 
Insert new product 

This tool is used for inserting another product in the same assembly file. This is used where 
assembly are there in the same product. 
 
Replacing a Component  

If you places wrong component in assembly then use this tool for replacing it by a correct one. 
➢ Select a component to replace  
➢ now select replace component tool 
➢ The window will open which contains CATPART files 
➢ Select new part 
➢ Select OK for Implementation. 

 

 Multi Instantiation 

This is a tool which can create multiple copies of an inserted part without inserting it again and 
again. It can set them at specified direction and distance from its parent part. 
 
2.4.2 Move Tools 

 

 Manipulation 

Manipulation tool is a small subgroup of tools used for moving a component inside the assembly 
design workbench. This tool includes the tools used to rotate, translate, and move tools. 
Manipulation tool consists of 
➢ Drag along X-axis 
➢ Drag along Y-axis 
➢ Drag along Z-axis 
➢ Drag along any axis 
➢ Drag along XY Plane 
➢ Drag along YZ Plane 
➢ Drag along ZX Plane 
➢ Drag along any  Plane 
➢ Drag around X-axis 
➢ Drag around Y-axis 
➢ Drag around Z-axis 
➢ Drag around any axis 

 
Snap Tool 



The snap tool is used to move the component by snapping the geometric element of the first 
component on selection of the geometric elements. The element selected first will move to snap the 
second element. 
 
Explode 

Explode is command which will breaks your assembly or subassembly and will show you all its -
components individually. 
 

2.4.3 Constraints 

 

Coincidence Constraint 

This constraint will make coincidence the centre lines of two cylindrical components 
 
Contact constraint 

This constraint will connect surfaces of components. The connected components have no space 
between these two surfaces. 
 
 Offset constraint  

Surface constraint will create zero gap between two surfaces but if it is desired to make some 
distance then offset tool is used. 
 
Angle constraint  

This tool I used for placing two components at an angle. 
 
Fix together 

This is a constraint which fixes two components together. If you want to perform any manipulation 
operation or you are assigning any constraint on any of these components it will automatically 
applies on other because they both are fixed together. 
 
 
 
2.4.4 Procedure  

• Open 3D Experience 
• Click on 3D icon at the top left corner  
• Select assembly design 
• Import all the parts required for the assembly. 
• Click on insert existing part 
• Click on physical product at the top of the tree located at top left corner. 
• Select all the parts and import them to the assembly window. 
• Perform the manipulate operations to move the parts and place them in sequence. 
• Fix one part as the reference and assembling should be carried. 
• Give coincidence constraint to the parts. 
• Then give contact constraint to the parts to complete assembly 

Assembly of screw jack 



 
 

 
 
 
 
 
 
 
 
 
 
 
 

CHAPTER -3 

SIMULIA 
3.1 Introduction 

SIMULIA is a complete suite of powerful and realistic solutions that enable users to 
explore the real-world behavior of product, nature, and life.  Simulia makes virtual testing 
a standard business practice that improves the product performance, reduces physical 
prototypes and innovation .It allows the simulation of the designed model by various 
input parameters. 

Workbenches in Simulia 

➢ MATERIAL DEFINITION  
➢ STRUCTURAL MODEL  
➢ STRUCTURAL SCENARIO 



3.2 Simulia Procedure: 

  Material definition 

➢ Open 3d experience software 

➢ Design a component using part design  
➢ Then for simulation click on V.R  
➢ Select material definition. 
➢ After opening material definition create a material and name it as steel. 
➢ In top left corner of the window a tree related to the material is appeared. It contains 

Material appearance domain and Material simulation domain. 
➢ Click on material simulation domain and add required properties of the material like 

density, Youngs modulus, poison ratio etc. 

 

 

➢ Go to part body created before. 
➢ Click on pick material option in the tool bar located at bottom 

➢ Go to material editor tab and click on steel and the click on product to apply the 
material. 

Structural model 

➢ Go to V.R and click on structural model. 
➢ Click on finite element methods option which is appeared on the tree. 
➢ Click on nodes and elements then toolbar bar is appeared at the bottom. 
➢ Click on mesh icon and select the mesh type. 
➢ Give mesh size and then apply the mesh by selecting the body. 



 

 

➢ Click on finite element methods. 
➢ Click on properties and select solid section. 

Structural scenario 

➢ Go to V.R and click structural scenario and select simulation type. 



 

➢ Click on setup from the toolbar located at the bottom and click on finite element model 
appeared in the dialogue box. 

 

➢ Click on procedure and choose the type of procedure. 



 

➢ Click on restraints and choose type of support. 

 

➢ Click on loads and apply the loads required. 



 

 

➢ Click on simulate and the click on simulation checks. 

 

 

 

➢ Simulation status is appeared. 



 

 

➢ Finally click on simulate and note down the results. 

 

 

 

 

 

 



CHAPTER-4 

DELMIA 

4.1 Introduction 

DELMIA-Digital Enterprise Lean Manufacturing Interactive Application is powered by the 
3DEXPERIENCE platform. 

DELMIA Digital Manufacturing drives manufacturing innovation and efficiency by planning, 
simulating, and modeling global production processes. DELMIA allows manufacturers to 
virtually experience their entire factory production from the impact of design to determining 
how to meet global demand. These simulation activities allow manufacturers to better address 
and shift processes so as to quickly respond to the competition, or to take advantage of new 
market opportunities. 

 DELMIA Digital Manufacturing capabilities extend visualization beyond the product into 
manufacturing—providing the ability to simulate manufacturing processes before the 
physical plant or production line even exists. By proving out plant level considerations such 
as manufacturing approaches and material flow in the early stages of product development, 
the product concept can be analyzed to determine the best approach to make the product. 

 

Workbenches in Delmia 

➢ Manufacturing Item Definition 

➢ Process Planning 

➢ Equipment Allocation 

➢ Assembly Evaluation 

➢  Time Motion and Study 

4.2 Delmia Procedure: 

Importing product 

➢ Open 3d experience. 
➢ Click on import and import the product which is in .3dxml format. 
➢ Right click on product from the tree. 
➢ Then click on open with and select open with advanced. 
➢  Click on expanded with all representative children. 

 



 

Manufacturing item definition 

➢ Go to V.R  click on manufacturing item definition 

➢ Right click on manufacturing item definition window and the click on product A1. 
➢ Click on manufacturing assembly and create manufacturing item product scope and 

click on product. 
➢  Click on Authoring from toolbar at bottom and click on Create / Update 

manufacturing. 
➢ Insert required number of manufacturing assemblies and spilt the product in to 

different components by using assignment manager. 

 

 

 



Process planning 

➢ Go to V.R click on process planning. 
➢ Click on general system. 
➢ Click on manage scope and create scope. 
➢ Insert no. of general systems as per requirement. 
➢ Insert general operations and loading operations in the general systems. 
➢ Select the components from the tree and place them in them general operations and 

loading operations according to the assembling order. 
➢ Click on product flow from the tool bar and create flow between the general operation 

and loading operation in the general system and also create flow between the general 
systems. 

 

 

 

Equipment allocation 

➢ Go to V.R click on Equipment allocation 

➢ Right click on PPR context from the tree then click on insert resource, click on 
manufacturing cell, click on main layout , click on create stations  

➢ Create 4 stations each station must have one conveyor and one storage. 
➢ For creating storage and conveyor click on station, click on insert resource. 
➢ Import station with conveyor file of .3dxml format. 
➢ Copy the imported file and open equipment allocation tab and paste it in main layout. 
➢ From the imported file copy storage and conveyor and paste them in the stations 

created before. 
➢ Click on create scope and create scope between main layout and general system. 
➢ Click on station, click on assignment manager and export general system operation to 

the station. 



➢ Define part position and place on conveyors  

 

Assembly Evaluation 

➢ Go to V.R click on Assembly Evaluation. 

➢ Click on General system and Right click on Loading operation and then Create 
Track. 

➢ Copy the Current track to the other operations. 

➢ Click Live Simulate on toolbar located at bottom. 

 

 



CONCLUSION 

From this internship I have learnt  

➢ Modelling of solid parts by using Catia part design. 

➢ Creating complex shapes and surfaces by using Generative shape design. 

➢ Assembling of parts to form a assembled component. 

➢ Meshing and simulating structural components with different 
supports and loads by using Simulia. 

➢ Basic concepts and procedure of Delmia. 
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ABOUT THE ORGANISATION

National Small Industries Corporation (NSIC), is an ISO 9001-2015 certified 

Government of India Enterprise under Ministry of Micro, Small and Medium 

Enterprises (MSME). NSIC has been working to promote, aid and foster the 

growth of micro, small and medium enterprises in the country. NSIC operates 

through countrywide network of offices and Technical Centers in the Country. 

In addition, NSIC has set up Training cum Incubation Centre managed by 

professional manpower.

Mission: “To promote and support Micro, Small & Medium Enterprises 

(MSMEs) Sector” by providing integrated support services encompassing 

Marketing, Technology, Finance and other services.

Vision: “To be a premier Organization fostering the growth of Micro, Small 

and Medium Enterprises (MSMEs) Sector”.

Schemes of NSIC:

NSIC facilitates Micro, Small and Medium Enterprises with a set of specially 

tailored scheme to enhance their competitiveness. NSIC provides integrated 

support services under Marketing, Technology, Finance and other Support 

service.

Technology Support:

Technology is the key to enhancing a company's competitive advantage in 

today's dynamic information age. Small enterprises need to develop and 

implement a technology strategy in addition to financial, marketing and 

operational strategies and adopt the one that helps integrate their operations 

with their environment, customers and suppliers.

NSIC offers small enterprises the following support services through its 

Technical Services Centers and Extension Centers:

1. Advise on application of new techniques.

2. Material testing facilities through accredited laboratories.
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3. Product design including CAD.

4. Common facility support in machining, EDM, CNC, etc.

5. Energy and environment services at selected centers.

6. Classroom and practical training for skill upgradation.

NSIC Technical Services Centers are located at the following places:

Name of the Centre Focus area

Chennai Leather & Footwear

Howrah General Engineering

Hyderabad Electronics & Computer Application

New Delhi Machine Tools & related activities

Rajkot Energy Audit & Energy Conservation activities

Rajpura (Pb) Domestic Electrical Appliances

Aligarh (UP) Lock Cluster & Die and Tool making

Neemka (Haryana) Machine Tools & related activities
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INTRODUCTION

Energy requirement for refrigeration and air conditioning applications 

bears a huge share of total energy consumption around the world. Since,  

thermal  comfort  plays  a  very  important  role  on  the  health,  working 

efficiency and activities of all living beings, especially, temperature and 

humidity. In the excessively hot climates it is necessary to reduce the 

temperature and humidity whereas in the cold climate there is a need to 

increase the temperature. When the temperature drops below thermal comfort 

level, especially in the winter season, The  heating  systems  are  employed.  

In some countries, where  the atmospheric temperature is very low, natural 

heating like solar energy is not sufficient, the heat pump and fuel fired systems 

are proven to be suitable heating devices.  In  hot  climates,  thermal  comfort  

achieved  through  the  use  of  refrigerators and air conditioning systems.

Refrigeration:

The term “Refrigeration” may be defined as the process of removing heat from 

a substance under controlled conditions. It also includes the process of 

reducing and maintaining the temperature of a body below the general 

temperature of its surroundings.

In other words, the refrigeration means a continued extraction of heat from a 

body whose temperature is already below temperature of its surroundings. In 

a refrigerator, heat is virtually pumped from a lower temperature to a higher 

temperature. 

Applications of Refrigeration:

1. Food processing preservation and distribution.

2. Chemical and process industries.

3. Special applications such as cold treatment of metals, medical, 

construction, ice skating etc.

4. Comfort air conditioning.
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Air Conditioning:

                              “Air conditioning” is the process of removing heat and 

moisture from the interior of an occupied space to improve the comfort of 

occupants. Air conditioning can be used in both domestic and commercial 

environments.

Air conditioners often use a fan to distribute the conditioned air to an 

occupied space such as a building or a car to improve thermal 

comfort and indoor air quality. Electric refrigerant-based AC units range from 

small units that can cool a small bedroom, which can be carried by a single 

adult, to massive units installed on the roof of office towers that can cool an 

entire building. The cooling is typically achieved through a refrigeration 

cycle, but sometimes evaporation or free cooling is used. Air conditioning 

systems can also be made based on desiccants (chemicals which remove 

moisture from the air). Some AC systems reject or store heat in subterranean 

pipes.

Welding:

     Welding is a fabrication process that joins materials, usually metals 

or thermoplastics by causing fusion, which is distinct from lower temperature 

metal-joining  techniques such  as brazing and soldering,  which  do  not melt 

the base metal. In addition to melting the base metal, a filler material is 

typically added to the joint to form a pool of molten material (the weld pool) 

that cools to form a joint that, based on weld configuration (butt, full 

penetration, fillet, etc.), can be stronger than the base material (parent metal). 

Pressure may also be used in conjunction with heat, or by itself, to  produce a  

weld.  Welding also requires a form of shield to protect the filler metals or 

melted metals from being contaminated or oxidized.

Although  less  common,  there  are  also  solid  state  welding  processes  

such as friction welding in which the base metal does not melt.
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REFRIGERATION AND AIR CONDITIONIG

In air refrigeration, the air is used as a refrigerant. In olden days, air was 

widely used in commercial applications because of it’s availability at free of cost. 

Since air does not change it’s phase i.e. remains gaseous through out the cycle, 

therefore the heat carrying capacity per kg of air is very small as compared to 

vapor absorbing systems. The air-cycle refrigeration systems, as originally 

designed and installed, are now practically obsolete because of their low 

coefficient of performance and high power requirements; however, this system 

continues to be favoured for air refrigeration because of the low weight and 

volume of the equipment.

Refrigeration essentially means continued abstraction of heat from a 

substance (perishable foods, drinks and medicines etc.) at low temperature level 

and then transfers this heat to another system at high potential of temperature.

The basic elements of an air cycle refrigeration system are as follows:

 Compressor

 Cooler or heat exchanger

 Expander

 Refrigerator

Air-Conditioning

The air conditioning is that branch of engineering science which deals 

with the freezing point of water.

They conducted their experiment with the bulb of a mercury thermometer as 

their object and with a bellows used to speed up the evaporation. They lowered 

the study of conditioning of air i.e. supplying and maintaining desirable internal 

atmospheric condition for human comfort, irrespective of external condition. This 

subject, in its broad sense, also deals with the conditioning of air for industrial 

purpose, food processing, storage of food and other materials.

Air conditioning refers to the simultaneous control of temperature, humidity, 

cleanliness and air motion within a confined region or space.
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The basic elements of an Air- Conditioning system are as follows:

1. Circulation fan

2. Compressor

3. Condenser

4. Dryer

5. Evaporator

6. Supply Duct

7. Supply outlet

8. Return outlet

9. Filters

Modern air conditioning emerged from advances in chemistry during the 19th 

century, and the first large- scale electrical air conditioning was invented and used 

in 1902 by American inventor Willis Carrier. The introduction of residential air 

conditioning in the 1920s helped enable the great migration to the sun belt in the 

United States.

In 1758, Benjamin Franklin and John Hadley, a chemistry professor at 

Cambridge University, conducted an experiment to explore the principle of 

evaporation as a means to rapidly cool an object. Franklin and Hadley confirmed 

that evaporation of highly volatile liquids (such as alcohol and ether) could be 

used to drive down the temperature of an object past the temperature of the 

thermometer bulb down to −14 °C (7 °F) while the ambient temperature was 18 

°C (64 °F). Franklin noted that, soon after they passed the freezing point of water 

0 °C (32 °F), a thin film of ice formed on the surface of the thermometer's bulb 

and that the ice mass was about 6 mm (1⁄4 in) thick when they stopped the 

experiment upon reaching −14 °C (7 °F). Franklin concluded: "From this 

experiment one may see the possibility of freezing a man to death on a warm 

summer's day.

A simple vapor compression refrigeration system consists of the following 

equipments: i) Compressor ii) Condenser iii) Expansion valve iv) Evaporator.
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Fig:2.1. Typical single- stage vapour compression refrigeration.

The schematic diagram of the arrangement is as shown in Fig.2.1. The low 

temperature, low pressure vapor at state B is compressed by a compressor to high 

temperature and pressure vapor at state C. This vapor is condensed into high 

pressure vapor at state D in the condenser and then passes through the expansion 

valve. Here, the vapor is throttled down to a low pressure liquid and passed on to 

an evaporator, where it absorbs heat from the surroundings from the circulating 

fluid (being refrigerated) and vaporizes into low pressure vapour at state B. The 

cycle then repeats. The exchange of energy is as follows:

a) Compressor requires work, δw. The work is supplied to the system from 

the surroundings.

b) During condensation, heat δQ1 the equivalent of latent heat of 

condensation etc, is lost from the refrigerator.

c) During evaporation, heat δQ2 equivalent to latent heat of vaporization is 

absorbed by the refrigerant.

d) There is no exchange of heat during throttling process through the 

expansion valve as this process occurs at constant enthalpy.
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Figure shows a simple vapor compression refrigeration cycle on T- s diagram 

for different compression processes. The cycle works between temperatures 

T1 and T2 representing the condenser and evaporator temperatures 

respectively.

The various process of the cycle are as given below:

i) Process 2-3: Isentropic compression of the vapor from state 2 to 3. If 

vapor state is saturated or superheated, the compression is called dry 

compression. If initial state is wet the compression is called wet 

compression.

ii) Process 3-4: Heat rejection in condenser at constant pressure.

iii) Process 4-1: An irreversible adiabatic expansion of vapor through the 

expansion value. The pressure and temperature of the liquid are 

reduced. The process is accompanied by partial evaporation of some 

liquid. 

iv) Process 1-2: Heat absorption in evaporator at constant pressure. The 

final state depends on the quantity of heat absorbed and same may be 

wet, dry or superheated.

Thermodynamic properties of Refrigerant:

1. Boiling point : It should be low.

2. Thermal conductivity : it should be high

3. Specific heat : It should be low

4. Freezing point : it should be low.

5. Toxicity : it should be low
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6. Evaporative pressure : it should be high.

7. Condensation pressure : It should be low.

8. Latent heat : It should be high.

9. CPO : It should be high.

REFRIGERANT:

1) It is heat carrying medium.

2) It carries heat from low temperature to high temperature system.

3) Liquid + vapour mixture.

Selection of Refrigerant:

1) Performance: High efficiency, Low cost.

2) Safety: Non toxic.

3) Environmental impact: It should be low.

Types of Refrigerants:

1) Chlorofluorocarbons(CFC) :R11,R22,R114,R113.

2) Hydrocholrofluorocarbons(HCFC) :R22.

3) Hydrofluorcarbons(HFC)           :R410a,R407,R1234yf,R134a.

4) Hydrocarbons(HC)           :R600a.

Comparison of Air-Conditioners:

Non-Inverter Inverter

On/Off type Continuous on

Current consumption high Low power consumption

Fixed frequency(50HZ) Variable frequency

Outdoor unit starts (ODU) after 

3mins

Indoor unit and outdoor unit 

starts at a same time

Constant speed Variable speed

It takes more time to reach set 

temperature
It takes less time



10

Types of refrigerators:

1.Single door refrigerator.

2.Double door refrigerator.

Difference between single and double door refrigerator:

Single door Double door

Single door is also called as 

direct cool refrigerator.

Double door refrigerator is also 

called as freezer.

Plate and tube evaporator coil. Tube and fine evaporator coil.

Cooling temperature 

is up to -18degrees.c

Cooling temperature 

is up to - 24degrees.c

Psychrometry process:

1. Sensible cooling.

2. Sensible heating.

3. Humidification.

4. Dehumidification.

5. Cooling and dehumidification. 

6. Heating and humidification.

Capacitors required for starting 

purpose
No capacitors required

PCBs are placed in IDU
PCBs are placed in IDU AND 

ODU

R22 Refrigerant is used R4100 Refrigerant is used

Suction pressure(60- 80psig)
Suction pressure(120- 

150psig)

Discharge pressure(270- 

290psig)

Discharge pressure(440- 

480psig)
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Servicing of Air conditioners:

� The main purpose of servicing ac is to increase the cooling effect, 

which is decreased mainly due to

       1.Dust Formation

       2.Compressor Working

       3.Reduction in refrigerant pressure

Dust Removal:

� Replacing or cleaning air conditioner filters is a critical maintenance 

task. An air conditioner's filters, coils, and fins require regular 

maintenance for the unit to function effectively and efficiently.

Compressor Checking:

 By checking the capacitor.

 By checking C-R-S terminals.
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Capacitor Checking:

       Check the capacitor terminals with the help of multimeter, if it shows 

continuity then we will go for checking of C-R-S terminals or else we will 

change capacitor.

Checking C-R-S terminals:

1.C-S terminal:                                         

   2.C-R terminal:                                        

   3.R-S terminal:                                        

Refrigerant charging Procedure:

� Close the valves on low/high pressure sides of the manifold.

� Install the low/high pressure hoses to the corresponding service ports 

on the vehicle respectively

� Connect the center hose of the manifold gauge set with vacuum pump.
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� Carefully open the valves on low/high pressure sides to activate the 

vacuum pump.

� After low pressure gauge reaches 100 k.pa or higher, evacuate the 

system for approx. 15 minutes.

� After 15 min of evacuation if the reading shows 100 k.pa or higher 

close the valves on the both sides to stop the vacuum pump.

�  After that check leaks if there are no leaks then charge with required 

refrigerant.

WELDING
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Welding is a fabrication process that joins materials, usually metals or 

thermoplastics, by causing fusion, which is distinct from lower  temperature 

metal-joining techniques such as brazing and soldering, which do  not melt the 

base metal. In addition to melting the base metal, a filler material is typically 

added to the joint to form a pool of molten material(the weld pool) that cools to 

form a joint that, based on weld configuration (butt, full penetration, fillet,  etc.), 

can be stronger than the base material (parent metal). Pressure may also  be used 

in conjunction with heat, or by itself, to produce a weld. Welding also  requires a 

form of shield to protect the filler metals or melted metals from being 

contaminated or oxidized.

Methods of Welding:

Some of the best known welding methods include:

 Oxy-fuel welding also known as oxy-acetylene welding or oxy-welding,  

uses fuel gases and oxygen to weld and cut metal.

fig: 3.1 Oxy- Fuel Welding

 Shielded metal arc welding (SMAW) also known as "stick welding" or 

"electric welding", uses an electrode that is coated in flux to protect the weld 

puddle. The electrode holder holds the electrode as its lowly melts away. 

Slag protects the weld puddle from atmospheric contamination.
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Fig: 3.2 Shielded Metal Arc Welding

 Gas tungsten arc welding (GTAW) also known as TIG(tungsten inert 
gas), uses a non- consumable tungsten electrode to produce the weld. The 
weld area is protected from atmospheric contamination by an inert shielding 
gas such as argon or helium.

Fig. 3.3 Gas Tungsten Arc Welding

 Gas metal arc welding(GMAW)–

commonly termed MIG(metal inert 

gas), uses a wire feeding gun that 

feeds wire at an adjustable speed and 

flows an argon-based shielding gas or 

a mix of argon and carbon-

dioxide(CO2) over the weld puddle to 

protect it from atmospheric 

contamination.

                                                                         Fig. 3.4 Gas metal arc welding
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 Submerged arc welding(SAW)uses an  automatically fed consumable 
electrode and a blanket of granular fusible flux. The molten weld and the arc 
zone are-protected from atmospheric contamination by being "submerged" 
under the flux blanket.

Fig. 3.5 Submerged Arc Welding

 Electro slag welding (ESW) a highly productive, single pass welding 

process for thicker materials between 1 inch (25mm) and 12inches (300mm) 

in a vertical or close to vertical position.

Fig. 3.6 Electroslag Welding
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 Electric resistance welding (ERW)–a welding process that produces 

coalescence of laying surfaces where heat to form the weld is generated by the 

electrical resistance of the material. In general, it is an efficient method but limited 

to relatively thin material.

Fig. 3.7 Electric resistance welding

Classification of Welding processes:

Welding processes can be classified based on following criteria;

1. Welding with or without filler material.

2. Source of energy of welding.

3. Arc and Non- arc welding.

4. Fusion and Pressure welding.

1. Welding can be carried out with or without the application of filler 

material. Earlier only gas welding was the fusion process in which joining 

could be achieved with or without filler material. When welding was done 

without filler material it was called ‘autogenous welding'. However, with the 

development of TIG, electron beam and other welding processes such 

classification created confusion as many processes shall be falling in both 

the categories.

2. Various sources of energies are used such as chemical, electrical, light,  

sound, mechanical energies, but except for chemical energy all other forms 

of energies are generated from electrical energy for welding.
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es classification embraces all the arc welding processes in one class and 

all other processes in other class. In such classification it is difficult to 

assign either of the class to processes such as 

electroslagweldingandflashbuttwelding,asinelectroslagweldingtheprocess 

starts with arcing and with the melting of sufficient flux the arc 

extinguishes 

whileinflashbuttweldingtinyarcsi.e.sparksareestablishedduringtheprocess 

and then components are pressed against each other. Therefore, such 

classification is also notperfect.

3. Fusionwelding and pressure welding is most widely used 
classification as it covers all processes in both the categories 
irrespective of heat source and 
weldingwithorwithoutfillermaterial.Infusionweldingallthoseprocesses
are 
includedwheremoltenmetalsolidifiesfreelywhileinpressureweldingmo
lten 
metalifanyisretainedinconfinedspaceunderpressure(asmaybeincaseof 
resistance spot welding or arc stud welding) solidifies under pressure 
or semisolid metal cools underpressure.

Fig. Classification of  Fusion Welding Process
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Fig. Classification of Pressurized welding
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WELDING INSPECTION (NDT)

4.1 Non- Destructive Testing:

Non-destructive testing (NDT) is a wide group of analysis techniques used 

in science and technology industry to evaluate the properties of a material, 

component or system without causing damage. The terms non-destructive 

examination (NDE), non-destructive inspection (NDI), and non-destructive 

evaluation (NDE) are also commonly used to describe this technology.

Since NDT does not permanently alter the characteristics of article being 

inspected, it is a highly valuable technique that can save both money and time in 

product evaluation, troubleshooting, and research.

4.2 Types of NDT:

1. Visual inspection.

2. Penetrant testing.

3. Magnetic particle inspection testing.

4. Ultrasonic testing.

5. Radiography testing.

6. Eddy current testing.

7. Leak test.

8. Thermography.

9. Vibrational analysis

4.3 Selection of NDT:

Magnetic particle Inspection (MPI):It is a non-destructive testing (NDT) 

process for detecting surface and shallow subsurface discontinuities in 

ferromagnetic materials such as iron, nickel, cobalt, and some of their alloys. The 

process puts a magnetic field into the part. The piece can be magnetized by 

director indirect magnetization.

Direct magnetization occurs when the electric current is passed through the test 

object and a magnetic field is formed in the material. Indirect magnetization 

occurs when no electric current is passed through the test object, but a magnetic 

field is applied from an outside source. The magnetic lines of force are 

perpendicular to the direction of the electric current, which may be either alternating 

current (AC) or some form of direct current (DC) (rectified AC). The presence 

of a surface or subsurface discontinuity in the material allows the magnetic flux 

to leak, since air cannot support as much magnetic field per unit volume as 

metals.
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Fig 4.1 Magnetic particle inspection

Liquid Penetration method:

Visible dye penetrant is a NDT (Non Destructive Testing) method. It is a 

simple test to perform, and a good way to test welds before carrying out more 

expensive techniques like x- ray testing.

It will show up bad cold lap, cracks, holes basically any defects where a very 

fine dye can penetrate. It can be used for various things, not just weld testing. It 

can be used to test the presence of a crack in a cylinder head for example.

The simple kits come in 3 parts, usually in a erosol cans. Namely, a cleaner, 

a penetrant, and a developer. There are four types of dye penetrant system:

 Water washable : the dyes wash away with water.

 Lipophilic : the dye dissolves in oil for removal.

 Hydrophilic :      the dye washes away with a water rinse,                                                                                       

detergents are necessary.

 Solvent removable: the dye is removed with a cleaning solvent.

There are five level soft testing, from Level ½(Lowest sensitivity) to Level 

4 (Highest Sensitivity). Operatives carrying out this testing should be qualified to 

do so, and reports, sometimes with photographic evidence, might be requested.
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Step 1 : Pre-cleaning

First any loose material needs to be removed, together 

with any silica on top of the weld. It is  important to 

remove the silica, or you can get false results. A good 

scrape and wire brush sorts this out in most cases. 

Then apply some of the cleaner to remove any oil etc. 

Wait for the cleaner to dry completely before 

applying penetrant.                                                      

                                                                                        Fig. 4.2 Pre cleaning

Step 2 : Penetrant

Once cleaned, apply the penetrant (a bright red 

liquid dye). Spray plenty on the welds.

Leave the dye to penetrate, normally for about 20 

minutes. The time scale is usually printed on the 

can or on the product data sheet. The photographs 

show a solvent removable system.

   Fig. 4.3 Application of Penetrant

Step 3 : Post-cleaning

Cleaning again. You need to 

remove excess dye from the area, 

which is easier said than done. It is 

important not to spray the cleaner 

on  the area directly, or you risk 

washing the dye from the flaw. 

Use a dry tissue to remove excess 

dye, then spray cleaner onto a 

clean cloth for final cleaning.

Ultrasonic Testing(UT):      
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Ultrasonic testing (UT) is a family of non- destructive testing techniques 

based on the propagation of ultrasonic waves in the object or material tested. 

In most common Ultrasonic Testing applications, very short ultrasonic pulse-

waves with center frequencies ranging from 0.1-15 MHz, and occasionally up 

to 50MHz, are transmitted into materials to detect internal flaws or to 

characterize materials. A common example is ultrasonic thickness 

measurement, which tests the  thickness of the test object, for example, to monitor 

pipe work corrosion.

Ultrasonic testing is often performed on steel and other metals and alloys, 

though It can also be used on concrete, wood and composites, with less 

resolution. It is used in many industries including steel and aluminum  

construction, metallurgy, manufacturing, aerospace, automotive and other 

transportation sectors.

Step 2: Instrument settings are input.

Step3:The probe is scanned over the blade root. In this case, an indication (peak 

in the data) through the red line (or gate) indicates a good blade; an indication 

to the left of that range indicates a crack.

Fig: 4.5 Ultrasonic Testing

Principle: A probe sends a sound wave into a test material. There are two 

indications, one from the initial pulse of the probe, and these conduct to the back 

wall echo. RIGHT: A defect creates a third indication and simultaneously reduces 

the amplitude of the back wall indication. The depth of the defect is determined 

by the ratio D/Ep.

Radiography:

Radiography is an imaging technique using X-rays to view the internal 
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FIG 4.7 Projectional Radiography

form of an object. To create the image, a beam of X-rays, a form  of 

electromagnetic radiation, are produced by an X- ray generator and are 

projected toward the object. A certain amount of X-ray is absorbed by the object, 

dependent on it’s density and structural composition. The X-rays that pass 

through the object are captured behind the object by a detector (either 

photographic film or a digital detector). The generation of flat two dimensional 

images by this technique is called projectional radiography. In Computed 

tomography(CT scanning) an x ray source and it is associated detectors rotate 

around the subject which itself moves through the conical x ray beam produced. 

Any given point within the subject is crossed from many directions by many 

different beams at different times.

Information regarding attenuation of these beams is collated and subjected 

to computation  to generate two dimensional images in three planes (axial, 

coronal and sagittal) which can be further processed to produce a three 

dimensional image.
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Conclusion

In this internship program, I have learnt about

 Trouble shooting of different parts of refrigerator and air conditioner.

 Different metal joining processes and their applications, with hands on 

experience.

 Different non-destructive techniques – their principles and 

implementation with hands on experience.
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INTRODUCTION

ABOUT NFC (Nuclear Fuel Complex):

The Nuclear Fuel Complex, established in 1971 is a major industrial unit of
Department of Atomic Energy (DAE), Govt. of India solely shoulders the responsibility of
supplying nuclear fuel bundles and reactor core components for 14 nuclear power reactors
operating in India among which 12 are PHWRs and 2 are BWRs. Input and output materials
of NFC can be broadly classified as follows

● INPUT MATERIALS
1. Zircon Sand
2. Uranium Concentrates
3. Zirconium Sponge NZSP

● OUTPUT MATERIALS
1. Fuel Bundles/Products for BWR Power Stations
2. Fuel Bundles/Products for PHWR Power Stations

ZIRCONIUM:

Zirconium is a very strong, malleable, ductile, lustrous silver-gray metal. Its chemical
and physical properties are similar to those of titanium. Zirconium is extremely resistant to
heat and corrosion. Zirconium is lighter than steel and its hardness is similar to copper.

Atomic Number 40

Atomic Mass 91.22

Electro negativity 1.2

Density 6.49 g/cc

Melting point 1852°C

Boiling point 4400°C

Vander Waal’s radius 0.160 nm

Ionic radius 0.08 nm

Isotopes 11

Electronic configuration [Kr] 4d₂ 5s₂

Energy of first ionization 669 kJ/mol

Energy of second ionization 1346 kJ/mol

Energy of third ionization 2312 kJ/mol

Energy of fourth ionization 3256 kJ/mol



When it is finely divided, the metal can spontaneously ignite in air, especially at high
temperatures. Zirconium powder is black and is regarded as very dangerous fire hazard.
Zirconium does not dissolve in acids and alkalis.

Iodide-grade zirconium has excellent corrosion resistance in high temperature, high-
pressure water; however, small amounts of impurities, such as those present in commercially
available sponge zirconium, reduce the corrosion resistance drastically. Since iodide-grade
zirconium is both difficult and expensive to produce and fabricate, Zircaloy with sponge
zirconium as its major constituent represents a practical approach to the problem.

URANIUM:

Uranium is an element with atomic weight 92 and valence 6. Natural Uranium has
two most known radio-active isotopes namely U-235 and U-238. U-238 isotope is most
generally abundant when compared to U-235. In nuclear power U-235 is more needed.

Atomic number 92

Atomic mass 234

Isotopes 6, varying from 233-238

Melting point 1132.2°C

Boiling point 4131°C

Type Radio active

Electronic configuration [Rn]5f₃6d₁7s₂

Electro negativity 1.38

Energy of first Ionization 597.6 kJ/mol

Energy of second Ionization 1420 kJ/mol

NUCLEAR POWER REACTORS:

Nuclear power is the use of nuclear reactions that release nuclear energy to generate
heat, which more frequently is then used in steam turbines to produce electricity in a nuclear
power plant.

Nuclear reaction mentioned here refers to the Nuclear Fission Reaction. In a typical
fission reaction a neutron is made to bombard with enriched radioactive material, which in
general is Uranium (U 235). An intermediate isotope of Uranium (U 236) is formed which is
highly unstable splits into two comparatively lighter nuclei in no time releasing enormous
amount of energy and a set of neutrons.



Usually number of neutrons in the set is three and most probably all of them are used to
bombard with fresh Uranium. This new reaction leads to formation of new set of neutrons
which trigger another set of reactions. Hence this process can be considered as a chain
reaction and pausing the same is not at all advisable.

Just as many thermal power stations generate electricity by harnessing the thermal
energy released from burning fossil fuels, nuclear power plants convert the energy released
from the nucleus of an atom via nuclear reactor. The heat is removed from the reactor core by
a cooling system that uses the heat to generate steam, which in turn drives a steam turbine
connected to a generator producing electricity.

Nuclear Power Plants can be broadly classified into two categories as follows

1. Pressurized Heavy Water Reactor (PHWR)
2. Boiling Water Reactor (BWR)
3. Free Breeder Reactor (FBR)

1. Pressurized Heavy Water Reactor (PHWR):

As the name indicates in this variant of reactors heavy water (D₂O) or Deuterium
Oxide under pressure is used as a coolant and neutron moderator. Heavy water under pressure,
about 158 atmis allowed to get heated to higher temperatures without boiling, much as in
pressurized water reactor. This ‘heat’ absorbed by the heavy water under pressure is
transferred to water at atmospheric pressure, which then is vaporized and used to rotate
turbines.

2. Boiling Water Reactor (BWR):

The Boiling Water Reactors (BWR) uses deminerialized water as a coolant and
neutron moderator. Heat is produced by nuclear fission in the reactor core, and this causes the
cooling water to boil, producing steam. The steam is directly used to drive a turbine, after
which it is cooled in a condenser and converted back to liquid water. This water is then
returned to the reactor core, completing the loop.

Comparing PHWR &BWR:

S. No PARAMETER PHWR BWR

1 Moderator Heavy Water under
Pressure

Demineralized Water

2 Coolant Water under normal
Pressure

Demineralized Water
itself is the coolant

3 Pressure of Coolant 158 atm (or) 0.158 MPa 75 atm (or) 0.75 MPa

4 Pressurizing Setup Is used Is not used

5 Condenser Is not used in core Is used in core reactor



3. Fast Breeder Reactor:

Fast Breeder Reactor is a variant of nuclear reactors which produce more fissile
material than that is consumed in the same.

NUCLEAR FUEL:

Nuclear Fuel is a material that is used as initial product or key product in nuclear
fission reaction that takes place in a Nuclear Reactor. Most of Nuclear Fuels contains heavy
fissile elements that are capable of initiating nuclear fission. When these fuels are struck or
bombarded by neutrons, they are in turn capable of emitting neutrons when they break apart.
This makes possible a self-sustaining chain reaction that releases energy with a controlled
rate in a nuclear reactor.

Most common fissile nuclear fuels are Uranium, Plutonium and also Thorium. The
process of mining, refining, purifying, using and even disposing of nuclear fuel together
make up the nuclear fuel cycle

However, the key to maintain a nuclear reaction within a nuclear reactor is to use the
neutrons released during fission to stimulate fission in other nuclei. With careful control over
the geometry and reaction rates, this can lead to self-sustaining chain reaction.

But, natural Uranium consists of a mixture of various isotopes, primarily U₂₃₈ and
much smaller amount of U₂₃₅. No amount of U₂₃₈ can be fissioned by neutrons with energy
less than 1 MeV. It however tend to parasitically absorb more neutrons than it releases by
fission reaction or fission process.

On other hand U₂₃₅ can support self-sustained chain reaction, but due to low
abundance of the same in natural Uranium, it cannot achieve criticality by itself. In order to
keep the reactor working the neutrons released should be slowed down. In other words the
kinetic energy of the neutron should be absorbed where their probability of causing nuclear
fission in U₂₃₅ increases to a level that permits a sustained chain reaction in the Uranium as a
whole.

NEED OF HEAVYWATER AS MODERATOR

The process stated above needs a neutron moderator, which absorbs some of
neutron’s kinetic energy, slowing them down to energy comparable to the thermal energy of
the moderator nuclei themselves. This whole slowing down process is beneficial to physically
separate the neutrons from the Uranium, since U₂₃₈ nuclei have an enormous parasitic affinity
for neutrons in this intermediate energy range. Considering this phenomena of
“RESONANCE ABSORPTION” solid fuels are designed to have a discrete composition than
a homogeneous mixture of the two isotopes of Uranium.

Water acts as an excellent moderator; the hydrogen atoms in the water molecules are
very similar to a single neutron in weight criteria. So obviously the collisions thus have a
very efficient momentum transfer. In other words almost all kinetic energy is transferred from
the neutrons to hydrogen atoms with same mass when collided with each other. However,
along with being good moderator water is relatively effective at absorbing neutrons.



If water is used as moderator it absorbs the neutrons generated from the first set of
nuclear fission reactions. This lessens the probability of Uranium attaining criticality. So, in
place of H₂O of light water its isotope which shows less affinity for neutrons, D₂O is used as
a moderator. D₂O however is comparatively less abundant than H₂O but is comparatively
more reliable.

LIST OF PRODUCTS

REACTOR FUEL:

● PHWR Fuel Assemblies
● BWR Fuel Assemblies
● FBR Fuel Bundles

REACTOR GRADE MATERIALS:

● Hafnium free zirconium oxide
● Hafnium free zirconium sponge

REACTOR CORE COMPONENTS AND STRUCTURES:

● For PHWRs
1. Cobalt Absorbers
2. Zr4 fuel tubes
3. Zr4 rods and wires
4. Zr-Nb Pressure tubes
5. Zr4 Spangler tubes
6. Zr4 Calandria tubes
7. Zr4 Shut-off tubes
8. Zr4 in-core flux mapping assembly
9. Ze-Nb-Cu garter springs

● For BWRs
1. Zr4Square fuel channels for BWR
2. BWR channel fastener assembly

● For FBRs
1. Fuel & blanket tubes
2. Sub-assemblies for FBTR
3. Sub-assemblies for PFBR
4. Hexagonal Channels

HIGH PURITY METALS:

● Antimony
● Bismuth
● Boron Tribromide
● Cadmium



● Gold
● Phosphorous Oxychloride
● Indium
● Selenium
● Silver
● Tellurium
● Tin
● Zinc

SEAMLESS TUBES IN A VARIETY OF MATERIALS:

● Austenitic
● Martensitic
● Precipitation hardenable

SPECIAL MATERIALS:

● Tantalum Metal Powder
● Tantalum anodes
● Tantalum sheets and components
● Niobium powder
● Niobium sheets and components



LIST OF PLANTS IN NFC

There are several facilities and plants available in Nuclear Fuel Complex which bear
respective individual responsibilities among which, those involved in the production of Fuel
Assemblies are stated below along with respective functions.
● Zirconium Oxide Plant (ZOP) for the production of Zirconium Oxide.

● Zirconium Sponge Plant (ZSP) for the production of Zirconium Sponge.

● Melt Shop for the production of Zircaloy Ingot out of Zircaloy scrap and Zirconium
sponge.

● Billet Preparation Shop (BPS) for preparation and proper machining of Zircaloy
Billets.

● Extrusion and Piercing Plant (EPP) for extrusion and piercing operations.

● Zirconium Fabrication Plant (ZFP) for production of Zircaloy tubes and
components.

● The Uranium Oxide Plant (UOP) for processing crude Uranium to Uranium
Dioxide pellets.

● The Enriched Uranium Oxide Plant (EUOP) for processing imported enriched
Uranium.

● Enriched Fuel Fabrication Plant (EFFP) produces ceramic enriched Uranium
Dioxide pellets.

MANUFACTURE OF FUEL ASSEMBLIES

Nuclear Fuel Complex is widely known for its unique facility of
manufacturing Fuel Bundles for various nuclear reactors. Encapsulated Uranium Dioxide
pellets in Zircaloy Tubes are used as nuclear fuel rods in reactors.

There is a specific reason for using Zircaloy exclusively but not any other
metal for holding (UO₂) in a reactor core. As discussed earlier, our main objective is to keep
the reactor active. To do so, it is inevitable to optimize the probability of fresh neutron to
bombard with U₂₃₅. For that to happen there should be less neutron absorbing material in the
surroundings. Zircaloy has comparatively lesser affinity for neutrons.

Zr-4, Zr-2, Zr-Sn, Zr-2.5%Nb are some alloys of Zirconium that are used in
NFC. However each serve individual purposes based on their physical and chemical
properties such as strength, density, neutron absorptivity etc., compositions of those alloys
are given in the table below.



Zircaloy-4 Zircaloy-2 Zr-Sn

Tin 1.2-1.7 1.2-1.7 0.1-0.4

Chromium 0.1-0.15 0.07-0.15 <0.02

Nickel <70 ppm 0.03-0.05 <0.007

Iron 0.18-0.24 0.16-0.20 0.04-0.07

Zirconium Balance Balance Balance

Two variants of Fuel Assemblies are used in Pressurized Heavy Water Reactor (PHWR)
namely 19-E and 37-E assemblies. Similarly 6x6 and 7x7 array fuel assemblies are used in
Boiling Water Reactors (BWR). Assemblies for PHWR are manufactures with Zr-4 and
BWR are done with Zr-2.

19 element fuel bundles are designed exclusively for 220 MeV nuclear
reactors. Each bundle or fuel assembly contains around 15.2 Kilograms of UO₂ in itself.
Usually a PHWR requires around 3000 fuel bundles per year. Each fuel bundle generates
around 6, 40,000 units (1 unit is 1KWHr) of electricity.

37 element fuel bundles or fuel assemblies are exclusively designed for 540 MWe reactors.
Each bundle contains 22.0 Kilograms of Uranium Dioxide. Each bundle can generate around
8, 81,000 units of electricity. One reactor may need around four thousand fuel assemblies per
year to generate continuous electricity.

Any fuel assembly should be placed in a coolant tube which is made out of Zirconium alloy
named; Zr-2.5%Nb (Zirconium- Niobium). A fuel assembly is housed inside the coolant tube
of bigger size. Heavy water which is used as moderator is passed through the coolant tube.
Exchange of heat generated from fission to the moderator, heavy water in this case takes
place here.

Production of assemblies is a phase wise manufacturing process. It includes several phases
which are briefly explained in the following table.



NAME OF PHASE PROCESSIN BREIF

Uranium Refinng Raw MDU(megnesium Di Urante) is
dissolvedin nitric acid falllowed by olvent
extraction and precipiteation with ammonia to
get Ammonium Di-Uranate.Byfutherstepsof
controlled calinations and reduction ,sinterable
Uranium Di-oxide powder is formed.

Uranium convertion Uranium Di-oxide powder thus formed is then
compacted in the form of cylindrical pelllets
and sintered at high temperatures to get high
desity

Uranium Di-oxide pellets

Zircoloy production Zircon sand is processed through caustic
fusion,dissolutio n solvent
extration,precipitation,calcination steps to get
Zirconium oxide. Further pure Zirconiu oxide
is subjected to high temperature
chlorination ,reactive metal redution and
vacuum distilation to get homogenous
Zirconium sponge.

Zircoloy Fabrication The sponge is then briquetted with alloying
ingredients and multiple vacuum arcs melted
to get homogeneous zicoloy ingots that are
then converted into seamless tubes and bars

Fuel fabrication Cylidrical uO2 pellets are stacked and
encapsuulated in thin walled tubes of
zirconium alloy ,both ends of tube are sealed
with zicoloy end pluges by resistence
welding .A number of fuel pins are assembled
to form fuel bundles of 19 and 37 elements.



Among all phases stated above our area of interest is conformed to vacuum annealing furnace
that has its exestence in the third phase which is Zircoloyfabrication.There is a specific plant
in nuclear Fuel complex which is accommodated with several machines used in fabrication of
Zircoloy which is known as Zircoloy fabrication plant(ZFP)



ZIRCALOY FABRICATION

Zircaloy fabrication is the building of metal structures by cutting, bending, and
assembling processes. It is a value added process that involves the production of tubes and
structures from various raw materials which are end materials of previous phases.

As discussed earlier with a specific reason only Zircaloy tubes are used to encapsulate
Uranium Dioxide pellets. Including the inevitability of using exclusive Zircaloy, only
seamless tubes of the same are used to manufacture reactor fuel assemblies. The reason for
the above is that no amount of stress concentrations can be tolerated. It is because the purpose
of the tubes is to hold Uranium Dioxide in the reactor core. Stress concentrations may lead to
slight crack or even breakage of the tube which results in leakage of hazardous radiations in
the reactor core.

Seamless tubes are formed by drawing billet of a solid over a piercing rod to create a hollow
shell (tube). As the process includes no welding, seamless tubes are perceived to have no
stress concentrations or even less amount of the same in themselves. Subsequently it can be
said that this variant of tubes are much stronger and more reliable than the normal ones.

Production of seamless tubes involves number of mechanical processes in a particular
sequence. It is very important to note that the required properties of Zircaloy tubes can be
only achieved when the processes are done in a schematic way. The processes include the
following

⮚ Β- Quenching
⮚ Deep hole drilling
⮚ Hole expansion
⮚ Copper Jacketing
⮚ Preheating
⮚ Extrusion
⮚ Pilgering
⮚ Degreasing
⮚ Vacuum Annealing
⮚ Straightening
⮚ Grinding
⮚ Sand Blasting
⮚ Inspection and Testing
⮚ Tube cutting and deburring
⮚ Swaging



β-QUENCHING:
Quenching is a three phase process. It starts from heating the material up to temperatures
above recrystallization and below melting point. The second phase of quenching process is to
soak the billet in that temperature for a calculated period of time. The process ends with rapid
cooling of the billet in suitable coolant medium.
This process helps the material to gain its β grain growth structure. Once the material is
rapidly cooled it doesn’t tend to leave the β crystal structure. This process is also known as
quench hardening. It is important to maintain the structure of metal because in the
composition of Zircaloy metals like Ti, Sn etc., are soluble only in β structure. Only if the
metals are completely soluble the strength and properties of metal stay homogenous.

DEEP HOLE DRILLING:
Deep Hole Drilling (DLD) is a mechanical process done on standard machines. A uniform
see through hole is drilled in a billet in this process. It is necessary to see that the size of the
hole is uniform all over the billet. That is to avoid stress concentrations in any of the planes.
Billet is fitted in a three jaw universal chuck similar to late machine. Main motion in this
process is rotational motion of the billet. Drill bit mounted on the tail stock is given feed
motion into the billet centre. Motor is used to pump coolant into the tool bit. Scrap chips
along with coolant oil is sucked using another pump.

HOLE EXPANSION:
Hole expansion is done on piercing press which can apply load upto 1200 tons. Deep Hole
Drilling is done because the ductility of the material isn’t enough to pierce into the material at
a time. So, first hole of smaller diameter is done on DLD machine and the same is expanded
using piercing press. Piercing press works on principle of hydraulics. Water and oil emulsion
is accumulated under high pressures up to 320 bar in pressure accumulators using
reciprocating pumps. Idle stroke of the ram is made using pressure accumulated in pre-fillers
(14 bar)

COPPER JACKETING:
This is an intermediate process that needs to be done before extrusion. The billet is jacketed
with copper both inside and outside. Copper acts as a lubricant between the extrusion die and
the Zircaloy billet. This also avoids the formation of oxide layer on the Zircaloy billet. Oxide
layer is very brittle in nature and is not at all affordable to tolerate the oxide layer.

To serve both the purposes at a time copper jacketing is done. This process is done using simple
hydraulic press. Both inner diameter and outer diameter are first covered with copper shells
of calculated thickness and then the basal surfaces of the billet are covered with copper discs.
Whole setup is pressed in a hydraulic press. This device applies pressure in both the
directions. So the sheets bend in such an orientation the copper shells and discs lock each
other and relative motion is restricted.



PREHEATING:
It is a process of heating the metal up to recrystallization temperature before the hot-working
process. This is done either in resistance heaters or in induction heaters. Billets which
undergo preheating are soaked at the recrystallization temperature so that both inner and
outer diameter reaches the temperature. Individual metals have individual recrystallization
temperatures and the time is determined on the basis of strength needed.

EXTRUSION:
Extrusion is the process of confining the metal in a closed cavity and then allowing it to flow
from only one opening so that the metal will take the shape of the opening. The operation is
identical to the squeezing of toothpaste out of the tube. In manufacturing of Zircaloy tubes
extrusion is used to reduce the diameter of the billet to a calculated level. This is done using a
horizontal hydraulic press. This extrusion press can apply a load of 3780 tons.

PILGERING:
Cold pilgering is a longitudinal cold rolling process that reduces the diameter and wall
thickness of metal tube in one process step. Depending on the material, the cold pilgering
process achieves cross-section reductions of more than 90 per cent in a single working cycle.
Pilgering process mainly relies on four main actions:

1. The tube moves forward
2. The tube rotates in one direction
3. Dies move back and forth
4. Dies rotate in anti-clockwise and clockwise directions.

To avoid outer diameter finish of the tube lubricants are used. This fluids serves both, heat
absorbing and also as a lubricant of avoid deforming the smooth OD surface. In general servo
oils and greases are used to serve this purpose. Almost all Zircaloy tubes used to manufacture
fuel assemblies are exclusively made by pilgering. Though there are many cold working
processes only pilgering process serves the purpose.
Zircaloy has HCP structure. There is high proximity of hydride formation in the reactor. This
hydride forms in the direction perpendicular to the basal plane. Only if the basal plane is in
the outer surface, the brittle hydride formed can be tolerated. So it is mandatory to
manufacture tubes only via Pilgering.

DEGREASING (OR) PICKLING:
The process of removing grease and oil from the tubes is called degreasing. After pilgering
the tubes are contaminated with grease and oil. These both should be removed thoroughly
before going into annealing. If these tubes are degreased in hot alkali tubes followed by
rinsing in water, the process is known as Alkali Degreasing. After alkali degreasing the tubes
are subjected to Vapour Degreasing for achieving good cleaning. TCE is used as a solvent.
Alkali bath constitutes components with respective proportions and functions as shown in the
table below.



The chemicals in above composition and demineralised water of required volume is added.
The bath should be maintained at

● Temperature : 70oC
● Time : 4-5 Hours
● pH : 11-13

VACUUM ANNEALING:
Annealing is a process of heating and systematic cooling of the metals after cold working
processing. Purpose of this process is to relieve the stress concentrations formed in the
materials in cold-working processes. Metals are heated in vacuum medium to avoid
oxidation. The absence of air or other gases prevents heat transfer with the product
through convection and removes a source of contamination. Annealing at high temperatures
will relieve residual stresses. Annealing in vacuum even has the advantage that the heating
and cooling can be better controlled, which is favorable with regards to the dimensions
(shape and dimensional stability) of the product.

STRAIGHTENING:
It is the process of straightening of tubes or rods by means of straightening machine which
has got rollers are aligned to each other at an acute angle and get power from individual
motors. After annealing the tubes bend due to thermal stresses and relieving of residual
stresses. These tubes are passed through the rollers and get straitened.

GRINDING:
Grinding is a metal cutting operation generally used to improve the surface finish of the
material or object. Abrasives are moved against the work piece with high velocity. This

COMPONENT PERCENTAGE FUNCTION

Monoethylene Glycol

(HOCH2CH2OH)

5% (v/v) Wetting agent. Breaks interfacial contact between oil and job, keeps job wet in
condition.

Sodium Hydroxide

(NaOH)

5% (w/w) Specification agent. Reacts with oil to form Na based salts.

Tri Sodium Phosphate

(Na3PO4)

5% (w/w) Emulsifying agent and buffer. Increasing stability of dispersion of
a liquid in another.

Sodium Metasilicate

(Na2SiO3.9H2O)

5% (w/w) Deflocculating agent. Prevents redeposition of dirt and soil on the
material.

Sodium Gluconate

CH2OH(CHOH)4COONa

5% (w/w) Chelating or sequestering agent acts as cleaner, by forming chelate
complexes.



results in removal of material on the surface of the work piece which results in high surface
finish. Feed motion is given to the work piece and is generally linear motion. For grinding
Zircaloy tubes, belt grinding is used where abrasive belts made out of Silicon Carbide are
driven on two pulleys and tube is given linear and rotary feed motion.

SAND BLASTING:
Sandblasting is a general term used to describe the act of propelling very fine bits of material
at high-velocity to clean or etch a surface. Powders of aluminum oxide, silicon carbide and
glass powders are used as abrasive material. This process can be carried out for getting good
surface finish of Zircaloy tubes both outside and inside of material.

INSPECTION AND TESTING:
Inspection is done in the final stage of any manufacturing process. The defected tubes are
eliminated in this stage. Product obtained in manufacturing is tested for accuracy in three
different modes

● UT: Ultrasonic sound Testing is a family of non-destructive testing techniques based
on propagation of ultrasonic waves in the material tested. This method is to inspect
the defects on the surface of the material.

● ET: Eddy current Testing is one of many non-destructive testing techniques. Core
concept of these electromagnetic techniques is making use of electromagnetic
induction to detect surface and sub-surface flaws.

● TT: Tensile strength Testing is done to test whether the material could bear tensile
load that it is designed for.

CUTTING AND DEBURRING:
Markings on the tubes are made by ROTA machine of inspection section. Based on those
markings tubes of half meter length with some tolerance the tubes are cut using automated
cutting machine. Main motion is the rotary motion of the tube and cutting motion is given to
HSS blade.
The raised particles and shavings that appear when metal blanks are machined are referred to
as burrs, and the process by which they are removed is known as deburring.

There are several methods that can be used to remove burrs. Abrasive substances may
be applied, or abrasive cloths may be used to rub the metal in order to remove thin shavings
and small notches, as well as to polish the piece. In other cases, sanding may be necessary,
whether this means a small amount of sanding by hand or rigorous sanding with a machine
for more troublesome deformities.

SWAGING:
Swaging is the mechanical deformation technique of reducing the cross section of

tubes or rods by means of repeated impacts or blows. The swaging process consists of dies
which are given the requisite external shape. These dies immediately hammer the stock to
produce the deformation. This hammering process besides producing necessary shape and
good surface finish also provides better grain structure.



VACUUM ANNEALING FURNACE

Vacuum is done to relieve stress concentration in reactive metals formed in cold working
process. In annealing, material is heated up to its re-crystallization temperature, which is 70%
of its melting temperature in general, where new crystal structure is formed. Material is
however soaked at the temperature so that sufficient time is provided for the crystal to
stabilize. Then the material is cooled at a very slow rate so that all the stress concentrations
are relieved completely.

The reason why no stress concentration can be tolerated is that, the tubes are subjected to a
failure mechanism in reactor known as Pellet-Cladding Interaction (PCI) mechanism. The
PCI mechanism is believed to involve in simultaneous effects of stress in cladding imposed
by the expansion of the pellet and the release of fission products, some which act as stress
corrosion cracking agents. The Zr-barrier cladding is designed to maintain the stress at a very
low level, which cracks cannot propagate through the cladding.

Zircaloy being a composition of several metals leads to possibility of oxidation of the metal
at those temperatures. Oxide layer which is very brittle cannot be tolerated at any cost. This
not only alters the homogeneity of the properties of the tube but also the tube fails to serve its
very own purpose of existence. To avoid oxidation, whole process is carried out in vacuum
levels of order 10-5 torr. Such annealing furnace is known as Vacuum Annealing Furnace
(VAF).

Several variable parameters such as annealing temperature, heating time, soaking time and
cooling time are determined by taking percentage of area reduction in cold work, pilgering
for instance. However many factors such as material physical and chemical properties play a
crucial role in calculating annealing parameters.

However, Vacuum Annealing Furnaces (VAFs) are broadly classified into types:-
1. Vertical Vacuum Annealing Furnace (VVAF)
2. Horizontal Vacuum Annealing Furnace (HVAF)

Basically any vacuum annealing furnace irrespective of its orientation (Horizontal or Vertical)
should maintain vacuum inside itself. In other words it bears a responsibility to withstand
external pressure. So basically a Vacuum Annealing Furnace (VAF) is pressure vessel.
As the names of both furnaces indicate one is placed horizontally with respect to ground and
the other is placed vertically respectively. Both of these furnaces have many differences
amongst themselves other than just orientation. Those variations are illustrated in the table
below.

HVAF VVAF



No. of Chambers Three chambers

(1 heating + 2 cooling)

One chamber

Time for one lot (approx.) Can perform annealing for
two lots in five shifts

Can perform annealing for
one lot in three shifts

Orientation Horizontal Vertical

Wall type Hot wall furnace Cold wall furnace

Cooling system Cooling is done along with
heating

Cooling takes place after the
heating and soaking is done

Heating element Kanthal

(Resistance Heating)

(Fe- 71%, Cr- 22%, Al-5%,
Mn- 2%)

Nickel Chromium

(Resistance Heating)

(Ni- 80%, Cr- 20%)

Isolation System There is necessity of
isolation wall to separate
heating chamber and cooling
chamber

No need of isolation wall
because heating and cooling
is done in same chamber

Loading – Unloading Can be done from both sides
of furnace

Can be done only from one
side

Water Jacketing Provided only for cold
chambers

Provided for the only one
chamber present

In general tubes with lesser thickness and more outer diameter are not preferred to undergo
annealing in HVAF because those tubes can’t with stand dead weight of the bundle and
ovations in tubes takes place. Tubes with more lengths are preferred to get annealed in VVAF.

Vertical Vacuum Annealing Furnace



Introduction
The Vertical Vacuum Annealing Furnace is meant for heat treatment of tubes & bars of
reactive metal & its alloys under vacuum in the order of 5 X 10-5 mbar or better and
temperature up to 8000C. It is accombination of doubled walled water cooled cylinder
chambers placed one above one another The three shells are attached to each other with
bolted assembly. Thebottom shell assembly is closed with a double walled water cooled
torispherical dish end closure from the bottom side The extension chamber which is also a
double walled water cooled cylindrical chamber with the flange at the both ends is placed on
the top shell The extension chamber assembley is provide with vacuum port to connecting a
high vacuum diffusion pump assembly via right angle value The extension chamber assembly
is closed from the top with a double walled torispherical dish end door every shell is provided
with stiffener to decrease the L/D ratio and avoid buckling

Many variants of tubes,both used in PHWRS and BWRs undergo annealing in vertical
vacuum annealing furnance. However annealing time and temperatures vary from variant to
variant on the basis of percentage of cold work

Furnace Description
The state of the art furnace includes all necessary mechanical & electrical system,
instruments & controls, including insulation, heating elements & supports, vacuum systems,
closed loop cooling arrangements and all other accessories required for safe, continuous,
smooth & efficient operation of the furnace.

The annealing furnace stays constantly at working temperature under vacuum. The load is
placed inside the fixture on the loading station & pushed into the cooling chamber. Once the
cooling chamber is under required vacuum, the fixture with load is pushed into the hot
chamber, preheated and held at the annealing temperature. After completion of annealing, the
fixture with load is pulled back to the cooling chamber in order to be cooled and subsequently
unloaded on the loading station

Tube Variant Dimension(ODXt)(mmX
mm)

Annealing temp/ time(c/Hrs)

Fueltubes
19e+37e

50X8
28X3
17X1/14.35X0.9

760/1+3+4
750/1+3+4
575/1+3+3

19e(4 Pass) 63X11
41X6
26X2.2
17X1.0

760/1+3+4
650/1+3+4
650/1+3+3
600/1+3+4

19e(VMR Route) 63X11

45X6

760/1+3+4
732/1+3+3



31.75X2.5

22.04X1.0

732/1+3+3
600/1+3+3

Fuel tubes 52X9

28X3

760/1+3+4
650/1+3+4

Fuel tubes (4 passs) 63X13

45X8

31.75X4

21X2.2

760/1+3+4
735/1+3+4
732/1+3+4
732/1+3+3

VERTICAL VACUUM ANNELING

FURNACE

LITERATURE



Definition of Heat Transfer

Heat transfer, also referred to simply as heat, is the movement of thermal energy from one
thing to another thing of different temperature. ... There are three different ways
the heat can transfer: conduction (through direct contact), convection (through fluid
movement), or radiation (through electromagnetic waves).

Heat capacity or specific heat

Q =mcp�T
Modes of Heat Transfer

There are three modes of heat transfer: conduction, convection, and radiation. Any energy
exchange between bodies occurs through one of these modes or a combination of
them. Conduction is the transfer of heat through solids or stationery fluids. Convection uses
the movement of fluids to transfer heat.

Conduction of heat transfer

Heat can be transferred from one place to another by three methods: conduction in solids,
convection of fluids (liquids or gases), and radiation through anything that will allow
radiation to pass. The method used to transfer heat is usually the one that is the most efficient.

q =
σ (To 4–Te 4)Total Resistance

Convection of heat transfer

Convection is the movement of heat by actual motion of matter. Convective heat transfer,
often referred to simply as convection, is the transfer of heat from one place to another by the
movement of fluids. Convection is usually the dominant form of heat transfer in liquids and
gases. � � � � ���4 � � � (�� − �‴)�� � 푟� � م � ln ( 푟t푟t )
Radiation heat transfer definition

Both conduction and convection require matter to transfer heat. Radiation is a method of heat
transfer that does not rely upon any contact between the heat source and the heated object. ...
The energy lost is emitted as light or electromagnetic radiation.tRtt � � � � � t � �4
HEAT TRANSFER CALCULATION IN VVAF



The mode of heat transfer from job to surface wall ‘a’ is through only radiation , since
there’s no medium for heat transfer .
The rate of heat transfer from job to the wall surface ‘a’ ,with a radiation shields is given by

qO =
σ (To 4– Te 4)Total Resistance

While q = rate of heat transfer

σ =steffanboltzmenn’s constant

Job surface Temperature (To)= 1073 k

Wall surface temperature(Ta) =

Rn = total resistance

Total Resistance

Between each shield two surface resistance and one space resistance exit

Surface resistance (Su) = ���t��
Where E = Emissivity of the surface

A = surface area

Space resistance (Sp) = �t��
Where A = surface area



F = shape factor from surface 1 to surface 2

1 ( for cylindrical concentrate surface)

Rn =�� �����t� + �����t� + �������t�+ �� �����t� + �����t� + �������t�+ �� �����t� + �����t� + �������t�+ �� �����t� + �����t� +���4�4�t4+ �� �4�4�t4 + �����t4 + �������t�+ �� �����t� + �����t� + �������t�
Rn = 0.255

Amount of heat taken away by the water through convection and conduction due to the wall
thickness and is given by

� � � � ���4 � � � (�� � �‴)��푟 � � م� � ln ( 푟t푟t )
Where L = length of the furnance

Ta = wall surface temperature

Tb = neglect the loss due to condution from surface a to b

Tm = water mean temperature

H =heat transfer coefficient due to force convection

K = conductivity of the wall material

Neglecting the losses the rate of heat transfer from job to wall surface is equal to heat taken
away the cooling agent



Qo-a = Qa-m

: q =
σ (To 4– Ta 4)Total Resistance= � � �����4���(����‴)��푟 �� م� � ln (푟t푟t)

Ta = 42.46 c

Rate of heat transfer from job to wall surface a is given by

q =
σ (To 4– Ta 4)Total Resistance

Where σ = 5.67*10^-8

TO = 1073K

Ta = 42.46k

Rn = 0.225

Q = 293KW

Temperature at shield 1:

q =
σ (To 4– T� 4)Total Resistance

Total resistance includes resistance due to the emissivity of the body and also the shape factor
resistances are calculated.

Total Resistance = �� �����t� + �����t� + �������t�
E1 = Emissivity of the job = 0.82

E2 = Emissivity of SS310L = 0.92

F12 = Shape Factor of job to the Inner Shell (SS310L) = 1

A1= Area of job = 23.079 m2

A2 = Area of Inner Shell = 34.37 m2

So, Total Resistance = 0.04958 m-2

Ta= 1073K



q = 292539.80W

T1 = 1017.001 K

Temperature at shield 2

q =
σ (T� 4– T� 4)Total Resistance

Total resistance includes resistance due to the emissivity of the body and also the shape factor
resistances are calculated.

Total Resistance = �������t�+ �� �����t� + �����t�
E1 = Emissivity of the job = 0.82

E2 = Emissivity of SS310L = 0.92

F12 = Shape Factor of job to the Inner Shell (SS310L) = 1

A1= Area of job = 23.079 m2

A2 = Area of Inner Shell = 34.37 m2

So, Total Resistance = 0.039112 m-2

q = 293KW

TO =1017K

T2 = 692.21KTemperature at shield 3

q =
σ (T� 4– T� 4)Total Resistance



Total resistance includes resistance due to the emissivity of the body and also the shape factor
resistances are calculated.

Total Resistance = �� �����t� + �����t� + ���4�4�t4
E1 = Emissivity of the job = 0.82

E2 = Emissivity of SS310L = 0.92

F12 = Shape Factor of job to the Inner Shell (SS310L) = 1

A1= Area of job = 23.079 m2

A2 = Area of Inner Shell = 34.37m2

So, Total Resistance = 0.03852 m-2

q = 293kW

T3 = 631.47 K

Temperature at shield 4

q =
σ (T� 4– T4 4)Total Resistance

Total resistance includes resistance due to the emissivity of the body and also the shape factor
resistances are calculated.

Total Resistance = �� �4�4�t4 + �����t4 + �������t�
E1 = Emissivity of the job = 0.82

E2 = Emissivity of SS310L = 0.92

F12 = Shape Factor of job to the Inner Shell (SS310L) = 1

A1= Area of job = 23.079m2

A2 = Area of Inner Shell = 34.37m2

So, Total Resistance = 0.037949 m-2



q = 293kW

T4 = 553.01K

Temperature at shield 5

q =
σ (T4 4– T� 4)Total Resistance

Total resistance includes resistance due to the emissivity of the body and also the shape factor
resistances are calculated.

Total Resistance = �� �����t� + �����t� + �������t�
E1 = Emissivity of the job = 0.82

E2 = Emissivity of SS310L = 0.92

F12 = Shape Factor of job to the Inner Shell (SS310L) = 1

A1= Area of job = 23.079 m2

A2 = Area of Inner Shell = 34.37 m2

So, Total Resistance = 0.037402m-2

q = 293K W

T5 = 449.5K

CONCLUSION



Heat transfer rate is calculated by using heat transfer equation for Co axial cylinder due to
radiation in vacuum environment.

Effective thermal resistant from combination of all radiation shields are calculated, job
temperature and cooling water temperature is known. Other parameter like emissivity,
conductivity etc.are obtained from property of material.

From above parameters and governing equations of heat transfer the calculated heat transfer
rate is Q = 293kw.

The net heat transfer rate from all radiation shield combined is same as the radiation heat
transfer rate from individual radiation shield. Thus, equivalent thermal resistant is calculated
for individual radiation shield. Then temperatures of each radiation shield is back calculated
using governing equations of heat transfer and is tabulated below:
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1.INTRODUCTION

With the ongoing revolution in the field of mechanical where innovations are taking place at the

blink of an eye, it is impossible to keep the pace with the emerging trends excellence is an

attitude that whole of human race is born with. It is the environment that makes sure that whether

the result of this attitude is visible or otherwise. A well planned ,properly executed and evaluated

industrial training helps a lot in including a professional attitude. It provides a linkage between

the student and industry to develop an awareness of industrial approach to problem solving,based

on broad understanding of process and mode of operation of organization.

During this period, the student gets the real experience for working in the actual industry

environment. Most of the theoretical knowledge that has been gained during the course of their

studies is put to test here. Apart from this the student gets an opportunity to learn the latest

technology, which is immensely helps in them in building their carrier. I had the opportunity to

have a real experience on many ventures, which increased my sphere of knowledge to great

extent. I got a chance to learn many new technologies and interfaced to many instruments.

The word quality holds out different meaning for different people, but for an industry it is most

important and can be defined as the totality of features and characteristics of a product/services

that bear on its ability to satisfy given needs.

And all the credit goes to organization Bharat Electronics Ltd.
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2.COMPANY PROFILE

Bharat Electronics Limited, a Professional Electronics company in India incorporated in 1954.

BEL was born to meet the growing needs of Indian Defence services for electronic systems.

Employing the best engineering talent available in the country, BEL has progressed

manufacturing state-of-the-art products in the field of Defence Electronics like Communications

including encryption, Radars and strategic components. Over the years, BEL has diversified to

meet the needs of civilian customers as well and has provided products and network solutions on

turnkey basis to customers in India and abroad.

Bharat Electronics Limited is a Pioneer in the field of Professional Electronics in India and has

been manufacturing a wide range of Defence and Civil communication products since 1954.

Multiple years of operations covering design, development, engineering and manufacturing

professional electronics equipment in diverse fields based on various technologies has enabled

BEL to offer end-to-end system solutions on turnkey basis.

Products:
 Defence.

 Telecommunications.

 Land based radors.

 Naval systems.

 Opto electronics.

 Tank electronics.

 Electronic warfare.

 Simulators.

 Non defence.

 Telecommunications.

 Sound vision broadcasting.

 Solar photovoltaic systems.

 Electronic components.

 Niche products.
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3.MANUFACTURING UNITS
BEL has a total of nine manufacturing units spread throughout the nation with banglore being the

biggest of them. The details about the different manufacturing units of BEL along with their

product specialities are as follows:

Sl.no BEL Unit State

1. Bangalore Karnataka

2. Panchkula Haryana

3. Kotdwara Uttaranchal

4. Ghaziabad Uttar pradesh

5. Pune Maharashtra

6. Hyderabad Telangana

7. Machilipatnam, Andhra pradesh

8. Navi Mumbai Maharashtra

9. Chennai Tamilnadu

In 1954 with a factory of jallahali,Bharat Electronics grew into nine units,spread all over India.

The locations and products of the units are given below:
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1.BANGALORE:This is also called BG complex.jallahali unit which is the mother unit is

now a part of the BG complex.This is the biggest unit with approx 10,000 employees working
here.Among the products here, the important ones are:

 Communication equipment.

 Air and Doordarshan equipment like obile van for live telecast.

 Radar-mobile, one dimensional ,3-dimensional and multi-dimensional Radars are
manufactured here.Different range of semi-conductors devices like ics.

 Resistors and black & white color TV picture tube glasses.

 ISRO‘s requirements are met at space electronics department at banglore.satellite launch
vehicle was also manufactured here.

2. PANCHKULA: Panchkula & kotdwara were proposed simultaneously by the government

in 1985.It was proposed to set up one unit each in Haryana & uttar Pradesh.But the place in U.P
for setting up a BEL unit could not be decided while that at Haryana was decided & hence this
unit started earlier.This unit manufactures only tactical communication equipment like
VHF,UHF transceivers etc.

3. KOTDWARA: This is a unit in garhwal district of Uttaranchal.This unit manufacturers
radio relay, multiplex equipments &exchanges etc.

4. GHAZIABAD: This is the second unit which was set up in 1974, & approx. 2500

employees working here.radars & some communicationequipment are the products manufactured
here are:

 Radars

 SATCOM

 Microwave components

5.PUNE: To diversity further one more branch was added 1979 & this was in pune.In this
branch around 700-800 employees are working.The product profile includes:

 Image convertor,image intensifier
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 X-ray tubes

 Batteries

 Electro-optics

6.HYDERABAD: This is another unit of BEL which manufactures electronic
warfare equipments.

7.MACHILIPATNAM: There was one Andhra scientific company,which was a
sick unit.This was taken over by BEL & is called ASCO unit 1983.The products include:

 Optical & Optoelectronic equipment like binoculars,microscopes.

 Medical Electronics

8.NAVI MUMBAI: This is an industrial place near Mumbai.This unit makes:

 Glass shells for black & white TV picture tubes

 Shelters for electronic equipment

 Train actuated warning system

 Electronic equipment assembly

9.CHENNAI: This unit manufactures:
 Tank related electronic equipments

 Optical fire control systems
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4.PRODUCTS & MARKET OF BEL

Bharat Electronics Limited is a major supplier of products and turnkey systems to the indian

Defence Services.Over the years,BEL has diversified into manufacturing many civilian products

as well. Large trunkey telecommunication solutions are also being offered to civilian

market.BEL has been involved in providing state of the art communicationequipment to the

indian army, be it hand held mobile radios and terminals ,ground based system,airborne and even

ship borne equipment and systems.The communication equipment developed here cover

HF,VHF,UHF, and Vv/UHF frequency bands.the most important project of BEL under the

communication equipment is STARS-V which provides secure mode of data transfer.in STARS-

V,the data to be transferred is first encrypted using a microprocessor which could be read only

by a similar device with same coding.Now the latest technology of frequency hopping is being

implemented which is a very useful tool in making a secure data transfer system.BEL

manufactures a lot product which is very difficult to list but some of the major products were as

follows:

Integrated circuits and micro circuits Radars

X-ray tubes and magnetrons STARS-V

HF & broadcast equipment ACME MK CNR

SPACE GUIDING EQUIPMENTS HUD

AIR BORNE GPS RECEIVER LUP

SIRAX TIDEX

SECURE TELEPHONE SECURE FAX
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Domestic market:

Sl.no PRODUCT CUSTOMER
1. Defence communication Indian defence services,para military

forces

2. Radars & sonars Indian defence services, civil

aviation, meterological department

,ISRO

3. Telecommunication Department of

telecommunication,para military

forces,power sector,oil

industry,Railways

4. Broadcasting equipment and studio systems All india radio,dooradarshan(national

radio & TV broadcasters)

5. Electronic voting machines Election commission of india

6. Solar products & systems Individuals,private and government

organizations

7. Trunkey systems,E-Governance Networks Police,state government,Public sector

undertakings

8. Components All India radio and doordarshan the

national Radio & TV Broadcasters,

instrumentation industry,switching

industry,entertainment
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Exports play a key role in BEL‘s strategic perspective.A number of International companies are

using the facilities at BEL for contract Manufacturing.The broad list of products and services

being exported is given below:

Exports/International market:

Sl.no PRODUCT CUSTOMER
1. Defence communication Botswana,Indonesia,suriname,

equipment and spare parts Malaysia

2. Radars & Sub-systems Indonesia,Egypt,Switzerland

3. Electronic warfare products Russia,Brazil

and services

4. Opto electronics products Sri lanka,Nepal,Israel,South Africa

5. Semi conductor Malaysia,Singapore,Turkey,

devices,microwave tubes and Netherlands,UK,USA,France,Hong kong

transmitting tubes

6. Solar products & systems Suriname,Germany,Zimbabwe,

Bptswana,Kenya,Nigeria

7. Telecom and SATCOM Nigeria,kenya

systems

8. Radio & TV Broadcasting Nepal,Mauritius

products and systems

9. Electric voting systems Sri lanka,Uganda,Malawi,South Africa

10. Vacuum Interrupters Malysia,UAE,Uganda,Turkey,UK,Azerbaijan
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5.BEL MACHILIPATNAM & ITS PRODUCTS

In 1983 ,the Andhra scientific company(ASCO) was taken over by BEL converted it to its fourth
manufacturing unit at machilipatnam .The products include

 Night vision devices

 Electric voting systems

NIGHT VISION DEVICES

Definition:
A night vision device (NVD), also known as a night optical/observation device (NOD), is an

optoelectronic device that allows images to be produced in levels of light approaching total

darkness. The image may be a conversion to visible light of both visible light and near-infrared,

while by convention detection of thermal infrared is denoted thermal imaging. The image

produced is typically monochrome, e.g. shades of green. NVDs are most often used by the

military and law enforcement agencies, but are available to civilian users. The term usually refers

to a complete unit, including an image intensifier tube, a protective and generally water-resistant

housing, and some type of mounting system. Many NVDs also include optical components such

as a sacrificial lens, or telescopic lenses or mirrors. An NVD may have an IR illuminator,

making it an active as opposed to passive night vision device.

Working Of Night Vision Devices:
Technical Night Vision can work in two different ways

Image Intensifier:
1. Night vision amplifiers light to achieve better vision.

2. A conventional lens, captures ambient light.

3. The gathered light is sent to image - intensifier tube.

4. The light energy released electron from the cathode and accelerated.

5. These electrons enter micro channel plate and bounce off and generate more electron.

6. Thousands of other electrons to be released in each channel.
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7. Original electrons collide with the channel, exciting atoms and causing other electrons.

8. New electrons collide with atoms, creating a chain.

9. In image-intensifier tube, the electrons hit a screen.

10. The energy of the electrons release photons and create green image on the screen.

11. The green phosphor image is viewed through another lens.

Thermal Imaging :
All objects emits infrared energy as a function of temperature

1. A lens focuses the infrared light. Original electrons collide with the channel, exciting atoms and
causing others.

2. The focused light is scanned and creates temperature pattern.

3. The pattern created is translated into electric impulses.

4. The impulses are sent to a circuit board that translates the information into data for the display.

5. The signal-processing unit sends the information to the is play, and appears as various colors.

6. The images are black and white in nature.

Purpose of Night Vision Devices:
The original purpose of night vision was to locate enemy targets at night. It is still used extensively

by the military for that purpose, as well as for navigation, surveillance and targeting. Police and

security often use both thermal-imaging and image-enhancement technology, particularly for

surveillance.

Classification of Night Vision Devices:
 Night Vision devices

 Passive Night Vision devices

 Thermal imaging cameras

 Cooled and Uncooled

 Active Night Vision devices
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Advantages of Night Vision Cameras:
1. The most common use is the military, and the quick answer would be that they allow soldiers to
continue operations at night, without giving away their position through the use of flashlights.

2. However night vision has many other uses. People with night blindness can use night vision
devices to see better at night

3. Astronomers use night vision to improve their view of the stars, to see more stars in the city,
amplify the image post hydrogen-alpha filters or to see nebula and clusters in the sky in real time

4. The technology in night vision allows for far more sensitive x-ray machines to be made, reducing
the doses necessary for an x-ray.
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Binocular Night Vision Devices:

FIG: Passive Night Vision Binocular

Parts of Binocular Night Vision Devices:
1. Object Glass

2. Focus

3. Image intensifier tube

4. Eye Piece

5. Eye Guard

Parts of Image Intensifier Tube:

Fig Image Intensifier Tube
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Night vision is the ability to see in low light conditions. Whether by biological or technological

means, night vision is made possible by a combination of two approaches: sufficient spectral range,

and sufficient intensity range.

Image Intensification:
This magnifies the amount of received photons from various natural sources such as starlight or

moonlight. Examples of such technologies include night glasses and low light cameras. In the

military context, Image Intensifiers are often called "Low Light TV" since the video signal is often

transmitted to a display within a control center. LLLTV These are usually integrated into a sensor

containing both visible and IR detectors and the streams are used independently or in fused mode,

depending on the mission at hand's requirements.

The image intensifier is a vacuum-tube based device (photomultiplier tube) that can generate an

image from a very small number of photons (such as the light from stars in the sky) so that a dimly lit

scene can be viewed in real-time by the naked eye via visual output, or storedas data for later analysis.

While many believe the light is "amplified," it is not. When light strikes a charged photocathode plate,

electrons are emitted through a vacuum tube that strike the micro channel plate that cause the image

screen to illuminate with a picture in the same pattern as the light that strikes the photocathode, and is

on a frequency that the human eye can see. This is much like a CRT television, but instead of color

guns the photocathode does the emitting.

The image is said to become "intensified" because the output visible light is brighter than the

incoming light, and this effect directly relates to the difference in passive and active night vision

goggles. Currently, the most popular image intensifier is the drop-in ANVIS module, though many

other models and sizes are available at the market. Recently, the US Navy announced intentions to

procure a dual-color variant of the ANVIS for use in the cockpit of airborne platforms.

Active illumination couples imaging intensification technology with an active source of illumination

in the near infrared (NIR) or shortwave infrared (SWIR)band. Examples of such technologies include

low light cameras.

Active infrared night-vision combines infrared illumination of spectral range 700–1,000 nm (just

below the visible spectrum of the human eye) with CCD cameras sensitive to this light. The resulting

scene, which is apparently dark to a human observer, appears as a monochrome image on a normal

display device. Because active infrared night-vision systems can incorporate illuminators that

produce high levels of infrared light, the resulting images are typically higher resolution than other

night-vision technologies.
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Hand Held Thermal Imaging Camera With LRF

FIG: HHTI with LRF

HHTI with LRF or Multifunction HHTI is a cooled TI based integrated day/night sight with in-built

eye safe Laser Range Finder, Digital Magnetic Compass, Color CCD and GPS. This equipment is

capable of giving range, azimuth & elevation and also coordinates of the target. This is highly useful

to Army and Navy for effective engagement of targets. Weather proof and withstand shocks and

vibrations. It is provided with electronically generated reticle.

Introduction:

FIG: Block diagram of Thermal imaging camera

1. Thermal image is the technique of using the heat given off by an object to produce an image of it
or to locate it.

2. First developed for military purpose in the late 1950s and 1960s by Texas instruments, Hughes,
Aircraft and Honeywell
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3. In recent times it is being used in firefighting, law enforcement, industrial applications, security
transportation, medical and many other industries.

Thermal Imaging:
1. It is the technique of using the heat given off by an object to produce an image of it.

2. Works in environments without any ambient light and can penetrate obscurants such as smoke, fog
and haze.

3. Normally grey scale in nature: black objects are cold, white objects are hot and the depth of the
grey indicates variations between the two.

4. Some thermal cameras, however, add color to images to help users identify objects at different
temperatures.

Working of thermal imaging:
Here's how thermal imaging works: A special lens focuses the infrared light emitted by all of the

objects in view. The focused light is scanned by a phased array of infrared-detector elements. The

detector elements create a very detailed temperature pattern called a thermogram.

Infrared Light:
Our eyes are detectors that are designed to detect electromagnetic radiation in the visible light

spectrum. All other forms of electromagnetic radiation, such as infrared, are invisible to the human

eye.

The existence of infrared was discovered in 1800 by astronomer Sir Frederick William Herschel.

Curious to the thermal difference between different light colors, he directed sunlight through a glass

prism to create a spectrum and then measured the temperature of each color. He found that the

temperatures of the colors increased from the violet to the red part of the spectrum.

After noticing this pattern Herschel decided to measure the temperature just beyond the red portion

of the spectrum in a region where no sunlight was visible. To his surprise, he found that this region

had the highest temperature of all.

Infrared radiation lies between the visible and microwave portions of the electromagnetic spectrum.

The primary source of infrared radiation is heat or thermal radiation. Any object that has a

temperature above absolute zero (-273.15 degrees Celsius or 0 Kelvin) emits radiation in the infrared

region. Even objects that we think of being very cold, such as ice cubes, emit infrared radiation.
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Thermal imaging camera
Infrared energy (A) coming from an object is focused by the optics (B) onto an infrared detector (C).

The detector sends the information to sensor electronics (D) for image processing. The electronics

translatethe data coming from the detector into an image (E) that can be viewed in the viewfinder or

on a standard video monitor or LCD screen.

 Being truly passive in nature, thermal imaging systems are finding wide range of applications

 for surveillance and reconnaissance, target acquisition, engagement, and missile

 guidance. They are true force multipliers as they allow weapons and equipment to be used
with

 efficacy during day and night. Recent advancements in optics, detector technology and signal

 processing have enabled revolutionary advancement in the night vision technology leading to
the

 realisation of third generation thermal imagers (TIs) having capabilities twice that of second

 generation and four times that of first generation systems. DRDO is working in this area for
the last

 two decades and has developed various TIs operating in 3-5 μm medium wave infrared
(MWIR)

 -12 μm long wave infrared (LWIR) spectral bands. These systems are based on

 scanning/staring focal plane array (FPA) detectors for target acquisition, which can be used,

 either in standalone mode or as a part of electro-optical fire control system (EOFCS). MWIR
TIs
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 perform better in hot humid environments and preferred for long range applications because
of

 better atmospheric transmission where as LWIR TIs perform better in smoke and dusty

environment prevailing in the battlefield.

Principle of Operation and Types:
Infrared energy is just one part of the electromagnetic spectrum, which encompasses radiation from

gamma rays, x-rays, ultraviolet, a thin region of visible light, infrared, terahertz waves, microwaves,

and radio waves. These are all related and differentiated in the length of their wave (wavelength). All

objects emit a certain amount of black body radiation as a function of their temperatures.

Generally speaking, the higher an object's temperature, the more infrared radiation is emitted as

black-body radiation. A special camera can detect this radiation in a way similar to the way an

ordinary camera detects visible light. It works even in total darkness because ambient light level does

not matter. This makes it useful for rescue operations in smoke-filled buildings and underground.

A major difference with optical cameras is that the focusing lenses cannot be made of glass, as glass

blocks long-wave infrared light. Special materials such as Germanium or Sapphire crystals must be

used. Germanium lenses are also quite fragile, so often have a hard coating to protect against

accidental contact. The higher cost of these special lenses is one reason why thermographic cameras

are more costly.

Types:
 Cooled infrared detectors

 Uncooled infrared detectors

Cooled infrared detectors:
Cooled detectors are typically contained in a vacuum-sealed case or Dewar and cryogenically cooled.

The cooling is necessary for the operation of the semiconductor materials used. Typical operating

temperatures range from 4 K to just below room temperature, depending on the detector technology.

Most modern cooled detectors operate in the 60 K to 100 K range, depending on type and

performance level.

Without cooling, these sensors (which detect and convert light in much the same way as common

digital cameras, but are made of different materials) would be 'blinded' or flooded by their own

radiation. The drawbacks of cooled infrared cameras are that they are expensive both to produce and

to run. Cooling is both energy-intensive and time-consuming.
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The camera may need several minutes to cool down before it can begin working. The most

commonly used cooling systems are rotary Stirling engine cryocoolers. Although the cooling

apparatus is comparatively bulky and expensive, cooled infrared cameras provide superior image

quality compared to uncooled ones.

Additionally, the greater sensitivity of cooled cameras also allow the use of higher F-number lenses,

making high performance long focal length lenses both smaller and cheaper for cooled detectors. An

alternative to Stirling engine coolers is to use gases bottled at high pressure, nitrogen being a

common choice. The pressurised gas is expanded via a micro-sized orifice and passed over a

miniature heat exchanger resulting in regenerative cooling via the Joule–Thomson effect. For such

systems the supply of pressurized gas is a logistical concern for field use.

Materials used for cooled infrared detection include photodetectors based on a wide range of narrow
gap semiconductors including:

1. Indium antimonide

2. Indium Arsenide

3. Mercury Cadmium telluride

4. Lead sulfide

Uncooled Infrared detectors:
Uncooled infrared sensors can be stabilized to an operating temperature to reduce image noise, but

they are not cooled to low temperatures and do not require bulky, expensive cryogenic coolers. This

makes infrared cameras smaller and less costly. However, their resolution and image quality tend to

be lower than cooled detectors. This is due to differences in their fabrication processes, limited by

currently available technology.

Uncooled detectors are mostly based on pyroelectric and ferroelectric materials or microbolometer

technology. The material are used to form pixels with highly temperature-dependent properties,

which are thermally insulated from the environment and read electronically.

Ferroelectric detectors operate close to phase transition temperature of the sensor material; the pixel

temperature is read as the highly temperature-dependent polarization charge. The achieved NETD of

ferroelectric detectors with f/1 optics and 320x240 sensors is 70-80 mK. A possible sensor assembly

consists of barium strontium titanate bump-bonded by polyimide thermally insulated connection.
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Silicon microbolometers can reach NETD down to 20 mK. They consist of a layer ofamorphous

silicon, or a thin film vanadium(V) oxide sensing element suspended on silicon nitride bridge above

the silicon-based scanning electronics. The electric resistance of the sensing element is measured

once per frame.

Applications:
1. Military and Police
One of the most common users of a thermal imager is a law enforcement or military professional.

They need to be able to see potential threats without being detected and thermal units give them this

chance. Modern thermal imaging technology is tough enough to withstand the abuse of recoil, so

many police officers and soldiers now employ thermal imaging rifle scopes such as the ATN ThOR

640 Thermal Imaging Weapon Sight. The drawback of using thermal imagers in life-and-death

situations is that while they're incredibly effective at detecting people or animals, identification is far

more challenging. You may see a man in front of you, but this doesn't mean you'll be able to tell if

he's a friend or a foe.

2.Surveillance
Thermal imaging cameras are one of the most effective tools for surveillance because they work

equally well in the day and night. A regular CCTV camera is limited by its need for light, and night

vision doesn't function during the day. The chance to see through smoke and fog also gives thermal a

leg up on other surveillance techniques.

3.Energy Audits
Heating and cooling companies have used thermal imagers for years to see where buildings are

leaking heat. Small cracks or holes cause homes to lose hundreds of dollars a year on heating and

cooling bills.

4.Security And Law Enforcement
With a thermal imager, an officer can stop and scan the property at a distance identify any person
present at there.

Perimeter Surveillance is another application in which thermal imaging is used to dramatically
improve results and reduce time committed to a particular operation.

Thermal imaging cameras can also used in search and rescue operation as officers may be able to
search up to 1,500 feet in any direction.
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6.PRODUCT ASSURANCE
6.1Definition:
A discipline devoted to the study, planning and implementation of activities intended to assure

that the design, controls, methods and techniques in a project result in a satisfactory level of

quality in a product.

The verification by a management function that customer requirements are satisfied by ensuring

(1) the identification of critical activities, (2) The availability of the necessary resources for each
process, (3) The use of the resources in a manner that is efficient and effective.

6.2 Product Assurance Testing:
Product assurance testing is conducted in order to evaluate a system in its operating environment.

Product assurance testing is primarily used to find the faults that are not shown within the

development or test environments.

6.3 Product Assurance Tests:
ESS(Environment Stress Strain) Test:

 Climate Test

a) High temperature and Low temperature test

b) Heat and Cold Chamber Test

c) Rain and Dust Chamber Test

 Durable Test

a) Vibration Test

b) Bump test

 Functional Test

a) Resolution Test

b) Field Of View
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6.4 Heat and Cool Chamber Test:

Temperature and humidity test chambers are ranging in size from 50Ltier to 3000Liter, including benchtop, standard type and
walk in. Included are ultra low temperature test chamber, high rate of change of temperature chambers (15℃/min) and climate
with humidity chambers.

Our temperature and humidity test chambers are available in a variety of sizes and configurations,

including benchtop / vertical/ walk in constant temperature humidity chambers. Temperature

Range: -70°C to +180°C; Humidity range:10% to 98%R.H.

6.5 Vibration Test Chamber:

Repetitive Shock Vibration tables generate multi-axis vibration using one or more pneumatic

impact hammer(s) (also known as impactors) that strike a the top of a vibration table on which a

product is attached. Thermotron‘s repetitive shock vibration test systems are designed

specifically for very aggressive temperature change rates and high levels of multi-axis repetitiveGudlavalleru engineering college Page 21



shock vibration. Repetitive shock shaker tables can be used as stand-alone units or combined

with an AGREE or AST chamber for HALT/HASS testing. The repetitive shock vibration

system incorporates many unique features designed to satisfy a wide range of vibration testing

and screening applications for many industries. The basic system utilizes Multi-Zone Control.

This patented feature uniformly—and more effectively—tests products. As a result, you receive

improved product reliability, reduced warranty and recall risks, as well as better-utilized

company resources.

6.6 Bump test chamber:

This computerised machine is designed to cater the high acceleration and high pulse duration

repetitive bump tests. The machine is used in product qualificationtesting, transient analysis of

structures or models and fatigue tests on some systems and parts with an object to determine

their suitability under repetitive ‗bump‘ environment (during transportation or in-service, etc.),

and to assess structural integrity and stress screening. The machine has a robust steel structure

that enables it to be used for testing of test objects having weights from 50 kg to 1000 kg,

acceleration from 3 "g" to 400 "g" and pulse duration from 3 ms to 30 ms. The machine is

intended to reproduce the effects of repetitive bumps from 40 to 180 bumps per minute likely to

be experienced by components and equipment during transportation or when installed in various

classes of vehicles. The object mounting hole pattern of the platform is 100 x 100mm matrix or

as desired by the customer. An optional T-slot for mounting of test objects is also provided. The
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mounting platform is lifted vertically through a cam arrangement and is made to drop forcibly

with the mechanical impact generating mechanism on the rubber pad placed on the anvil, which

provides the required acceleration level. The desired impact acceleration can be obtained by

adjusting the drop height and mechanical impact generating force of the mounting platform.

Rubber pads are used to produce half-sine pulses, and duration of half sine pulse shape can be

adjusted by changing the hardness and thickness of the rubber pads. The machine is supported

with Pentium PC based intelligent instrumentation system to control and monitor and analyse

acquired acceleration waveform on 4 channels. The unit operates on 415/230 V ±10%, 50 Hz

single phase AC and 3-phase 415 V 50 Hz.

6.7 Salt spray test chamber:

The salt spray (or salt fog) test is a standardized and popular corrosion test method, used to

check corrosion resistance of materials and surface coatings. Usually, the materials to be tested

are metallic (although stone, ceramics, and polymers may also be tested) and finished with a

surface coating which is intended to provide a degree of corrosion protection to the underlying

metal. Salt spray testing is an accelerated corrosion test that produces a corrosive attack to coated

samples in order to evaluate (mostly comparatively) the suitability of the coating for use as a

protective finish. The appearance of corrosion products (rust or other oxides) is evaluated after a

pre-determined period of time. Test duration depends on the corrosion resistance of the coating;

generally, the more corrosion resistant the coating is, the longer the period of testing before the

appearance of corrosion/ rust.
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7.SUB DEPARTMENTS

7.1 Development and engineering department:
It is to design to project,make the modifications to prepare design and related documents.the
software used in bel machilipatnam is solidworks.

7.2 Material management:
It is the management of materials, this department purchases the materials it has different bins
that holds items after inspection.

7.3 Quality assurance:
It deals with the quality of material it is checked before going to customer.in quality assurance

several equipments are used they are vernier calipers,screw gauge,CMM machine,go gauge and

no go gauges etc..

CMMmachine:

A coordinate measuring machine (CMM) is a device for measuring the physical geometrical

characteristics of an object. This machine may be manually controlled by an operator or it may

be computer controlled. Measurements are defined by aprobe attached to the third moving axis

of this machine. Probes may be mechanical, optical, laser, or white light, among others. A

machine which takes readings in six degrees of freedom and displays these readings in

mathematical form is known as a CMM. The typical 3D "bridge" CMM is composed of three

axes, X, Y and Z. These axes are orthogonal to each other in a typical three-dimensional
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coordinate system. Each axis has a scale system that indicates the location of that axis. The

machine reads the input from the touch probe, as directed by the operator or programmer. The

machine then uses the X,Y,Z coordinates of each of these points to determine size and position,

typically with micrometer precision.

A coordinate measuring machine (CMM) is also a device used in manufacturing and assembly

processes to test a part or assembly against the design intent. By precisely recording the X, Y,

and Z coordinates of the target, points are generated which can then be analysed via regression

algorithms for the construction of features. These points are collected by using a probe that is

positioned manually by an operator or automatically via Direct Computer Control (DCC). DCC

CMMs can be programmed to repeatedly measure identical parts, thus a CMM is a specialized

form of industrial robot.

7.4 Plant and service:
It is the department for providing the services to company.services are water supply,electrical
supply,transport,horticulture.

7.5 Human resource &administration:
In this department the recruitment of employees is done it is to use manpower in different
areas.medical facilities are also available.

7.6 Finance:
It is the department for the sanction of money to the employees it is to be made for one year.it is
the record of the money.

7.7 Quality management:
It is to sell products in the international market six sigma is the statistical technique for

maintaining quality.in this department there is a group of employees who discuss the

problems,find out its solution and present it to manager.

7.8 Machine shop:
In bel machine shop there is both CNC and conventional machines are there several components

are manufactured in this machine shop.the conventional machines are lathe,milling,grinding and

CNC machines like lathe,milling etc.

CNC Lathe Machine

 Automated version
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 Controlled by G and M code

 Used for turning
operations CNC Milling Machine

 Programming for optimal performance

 Large production

CNC Drilling Machine

 Multi function machining

 High flexibility

7.9 Production Planning and Control:
Production planning and controlThis department forms the most important section among the

others present because.it forms the backbone right from the beginning till end of the particular

set the responsibility lies in the hands of this section.it mainly performs three functions

scheduling and launching control launching control the market section takes the order from the

customer and gives the equipment stock order to ppc now ppc makes the list of each components

involved in the product .this is called scheduling.next function that comes is launched ppc

prepares shop order and engineering documents such as drawings .this function is called

launching now comes to material control here the ppc keeps track of production i.e the purchase

requisition is given to purchase department and sub contract department.

7.10 Assembly section:
In this all the components are gathered and assembled they set properly in the complete set.it is
the most important and technologically advanced department at BEL Machilipatnam.

7.11 R&D Department:
 Areas of R&D

Development of Military Radars,Naval Systems,Military communication
products,Electronic warfare systems,Telecommunication products.

 Resources and investment

There are about 1000 engineers working in BEL on various D&E Projects.BEL R&D

Units are recognized by the Department of scientific & industrial Research under the

ministry of science & Technology,Govt.of India
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8.CONCLUSION

The four weeks of industrial at B.E.L machilipatnam generated a lot more interest in my subject.

It made me more aware of the scope of mechanical engineering.it has also made me appreciative

of an industrial work environment.

Undergoing training on the BEL manufacturing unit has helped me integrate conceptual

knowledge with real life application.I was fortunate to have personal guidance from experienced

professionals who took been interest in explaning the working details of various equipments.

I feel that without this opportunity my own understanding of this subject and also the motivation
to acquire more knowledge would have remained incomplete

I think my training has given me enough motivation and an exposure that I will try to join
defence services or get linked up with the defence of the country.

―To know the technical know-how,industrial training is the best way to move forward.‖
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ABSTRACT 

 

The 3D EXPERIENCE PLATFORM is a business experience platform .It provides 

software solutions for every organization in your company form  Marketing to sale to 

engineering that help you, in your value creation process, to create differentiating consumer 

experience, with a single, easy to use interface, it powers Industry solution in a 

collaborative, interactive environment. It is available on premise and on cloud.  

 

Dassault systems offers industry leading application delivered on the 3D EXPERIENCE 

platform: Design &Engineering, Manufacturing & Production Simulation, Governance & 

Life cycle, 3D Design Experience for Professionals, as well as a broad catalog of services 
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CHAPTER-1 



 

INTRODUCTION TO 3D EXPERIENCE 

 
 Consumers today demand experiences that enrich their lives in meaningful ways. Experience 
thinking is a framework for innovation, focusing on engaging consumers with breathtaking 
experiences that are smarter, intuitive and sustainable. Experience thinking persuades the 
organization to define the product and related services in the context of the customer usage – a 
holistic approach to creating value for the customer. Experience thinking encourages 
companies to consider all aspects of the consumer’s experience – only possible when all the 
players in the innovation process from marketing, sales, design, engineering, manufacturing 
and the supply chain work collaboratively.  
 
The 3DEXPERIENCE platform and apps digitalize the customer experience, with capabilities 
to analyze, design, simulate, engineer and realize experiences. Innovators develop a deep 
understanding of their customer’s operating environment by analyzing social and usage 
information on the platform with a data-driven approach. The experience is modelled in the 
context of the operating environment, capturing intelligent interactions between the 
environment, consumer, product and digital capabilities that harness operational data and 
provide insightful services. Enterprises then simulate and optimize their offerings 
encompassing all customer scenarios. During the operating lifecycle, this model is enriched 
with valuable insights gleaned from the usage data, setting the stage for the next cycle of 
innovation. 

 

 



 

3DEXPERIENCE is the most advanced software for product and learning innovation, is 
available in the cloud or on-premises, within your own operating environment. Both options 
bring new capabilities to educators and students who want to experience the engineering 
practices of industry leaders for increased employment opportunities in the new global 
economy. Years of collaboration with educators and students across a wide variety of 
institutions and disciplines has led to a flexible, tailored set of learning solutions. 
3DEXPERIENCE for Academia encompasses a suite of world-class integrated applications: 

 CATIA for product design 
 DELMIA for digital manufacturing  
 SIMULIA for realistic simulation 
 ENOVIA for collaborative innovation 
 3DEXCITE for high-precision rendering and interactive immersion 

 

 
 
 
 
 

3DEXPERIENCE platform builds on the V6 digital architecture and adds information 
intelligence, dashboarding and social collaboration capabilities. Businesses now create a 
private social collaboration environment on the platform and involve employees, partners, 



 

suppliers, consumers and other stakeholders as active participants in the innovation process. 
Leading organizations now adopt a big-data approach to understand all aspects of the customer 
experience in a data-driven manner and then model and simulate all aspects of the customer 
experience – virtually perfecting the experience before launching the product to market. 

3DEXPERIENCE ESSENTIALS 

3DEXPERIENCE Essentials is a broad application set built on the Business and Industry 
Innovation baseline, encompassing a vast set of Dassault Systems solutions. 

The ideal basis for universities or technical colleges to support their transition to project-based 
or student-centered learning, 3DEXPERIENCE Essentials provides a complete digital 
framework for team-based ideation, contextual learning, collective innovation, solution 
creation and various methods for project evaluation. 

3DEXPERIENCE Essentials includes advanced ENOVIA capabilities for configuration 
management, requirements management, change management and compliance processes.  

The Essentials package bundles a large sub-set of CATIA design functions and enables 
conceptualization and detailing of virtually. 

Using DELMIA digital manufacturing tools makes machining, robotics and rapid prototyping 
an integrated exercise, ensuring manufacturability of designs and streamlining of 
manufacturing programming.  

Right-first-time practices are reinforced through mechanism simulation and associative stress 
analysis using SIMULIA and ergonomics simulation.  

The fundamental capabilities of additive manufacturing are built-in for powder-bed fusion 
additive manufacturing, including nesting, automated support design and laser path 
optimization.  

Converters to and from other applications, as well as 3D printing output formats, are available 
for exchanging data with various partners and devices. 

A fundamental enhancement in 3DEXPERIENCE Essentials is the possibility to create hybrid 
assemblies mixing new data with legacy models from version 5. New functionalities can so be 
applied on existing courses examples without re-creating them. Projects started in V5 for 
instance students’ competitions can easily progress in the up-to-date version. 

Common apps and services to connect everyone to the platform 

The 3DEXPERIENCE platform provides the underpinning apps and services that enable the 
transformation to a digital, data-driven, model-based environment. The common apps and 
services provide an effective way to connect everyone early in the innovation process. Social 
collaboration with 3DSwym is a great way to harness the innovative ideas from everyone. With 
the 3DDashboard users monitor the things they care about – follow online trends, be alerted by 
data feeds, and at the same time monitor enterprise processes and data. Users see everything 
that's happening, 24/7, all in one dashboard. With 3DDrive users securely store their documents 
on the cloud, access them from any device and share them with co-workers and collaborators 



 

across the value chain. Users collaborate instantly using 3DMessaging with immersive 
visualization of 3D assemblies with 3DPlay.  
 

 

 

In this internship program we learned about CATIA, SIMULIA and DELMIA. 

 

 

 

 

 

 

 

 

CHAPTER-2 

CATIA 

    2.1 Introduction to CATIA: 



 

 Catia is the mechanical design software and is capable of addressing the complete product 
development process, from product concept specification through product in service in a fully 
integrated and associative manner. 

      Catia mechanical design discipline products accelerate core activities of development from 
concept to detailed design on to drawing production .mechanical design products also address 
sheet metal requirements and mold manufactures using dedicated applications that dramatically 
enhance productivity and strongly reduce time to market. 

In 3D Experience Catia is present in 3D icon which consists of 3D Modelling apps. 

     Workbenches in CATIA 

 PART DESIGN 
 GENERATIVE SHAPE DESIGN 
 ASSEMBLY DESIGN 

 

2.2 Part Design 

Catia provides you so many features which make creating complex mechanical design in a 
simple task. The objects created in sketcher are converted into the solid part with the help of 
part modeling tools. 

Features 

 Advanced complex features for dedicated best practices 
 Knowledge templates repository approach 
 Comprehensive specification approach for value added process reducing geometry 

definition and rework 
 Process features oriented 

2.2.1 Tools  

 Pad  
 Pocket 
 Shaft 
 Groove 
 Hole 
 Rib 
 Slot 
 Multi-Section Solid 

Pad 

Pad tool has the ability to convert any sketch into solid part with given length. If any geometry 
also there in between the outer boundary pad operation considers it as an empty space. 



 

 Select pad tool  
 Define types of pads that are 
 Dimension 
 Up to next 
 Up to last 
 Up to plane 
 Up to surface  
 Select sketch 
 if you want it to be hollow than select tick option and give limits of thickness 
 If you want to extrude body in both sides than check option more and again select type 

and dimensions for second side. 
 Select OK for implementation 

 

Pocket  

Pocket is just opposite operation of pad. Operation process is same as pad tool, all other options 
are also same as pad the only difference is removal of material in spite of generating solid part. 

Shaft 

Shaft tool is an operation in which any sketch rotates about an axis and forms a solid part. From 
this operation we can generate any geometry which is symmetric about an axis. 

 Draw the sketch with axis line. 
 Switch out from sketcher and select Shaft Tool to revolve sketch 360 degree. 
 Axis should be draw with sketch. 
 Select OK for implementation.   

Groove 

Groove is just opposite operation of shaft. Shaft makes solid part by revolving any sketch about 
an a groove removes material by revolving about an axis. Sketch profile must be closed one 
for this operation. 
 
Hole 

This operation makes a hole that tab be used for bolted joint or for a tap or for any locator pin. 
Hole can be made threaded. 
 
 
Rib 

Rib operation will increase a 2D profile along to the center curve and create a 3D solid object. 
steps are as follows. 
 Draw a Center curve  
 Select a plane at perpendicular direction of the end point of a Center curve 
 Draw Profile at that Plane  
 Switch out the sketcher  
 Select rib tool 



 

 Select profile first 
 Select center curve 
 If all given parameter are correct then it will show you a preview  
 Select OK for implementation 

 

Slot 

Slot is just opposite operation of rib. All the procedure of working is same but slot removes 
material according to sketch and rib makes solid part. Here also we follow same procedure as 
in rib. 
 
Multi-section Solid  

Multi-sections solid   can be created by joining two or more section curves along the calculated 
or user-defined guiding curves. One or more leading curves can be used. The result is a closed 
volume. 

Some other important tools used in part design are   
 Fillet 
 Chamfer 
 Draft 
 Shell 
 Thickness 

 

2.2.2 Procedure  

 Open 3d experience  
 Click on 3d icon at top left corner  
 Select part design 
 Click on body  
 Click on sketcher  
 Select the plane to draw 
 Draw the profile of the required part  
 Click on exit icon  
 Select the required operations like pad, shaft etc. 
 For another operation on the same part select another body  
 By using sketcher draw another profile 
 Perform pad operation  
 Based on the required add or remove the body from another body. This process is 

known as Boolean operation. 
 Perform operations like fillet, chamfer as for the requirement. 

 
 
 
 



 

 Parts designed using part design: 

 

 

 

 

 



 

 

 

2.3 Generative Shape Design 

 Generative Shape Design helps to design advanced shapes based on a combination of 
wireframe and extensive multiple surface features. t provides a large set of tools for creating 
and editing shape designs and, when combined with other products such as CATIA Part 
Design, it meets the requirements of solid-based hybrid modeling. 

 

2.3.1 Tools  

 Extrude surface 
 Revolve 
 Sphere 
 Cylinder 
 Sweep 
 Fill 
 Join  
 Split 
 Trim 
 Boundary  

Extrude Surface 

This tool extrude surface from already created profile on perpendicular direction of plane 
selected. 
 Select the tool 
 Select profile and plane extrusion 
 Now give limits that is length of extrusion in both sides 
 Select ok to implement the work 



 

Revolve 

 This tool is used to create circular surface. 

 Draw a open sketch with a axis line 
 Select revolve tool 
 Select profile to be revolved  
 Select axis line if it is not in sketch  
 Define start angle and end angle  
 Select OK to implement 

Sphere 

 Select sphere tool  
 Select center point  
 Remain sphere and default  
 Define the radius of sphere  
 Select the sphere limitations 
 Select OK to implement 

Cylinder 

Draw Cylinder through specify point and direction 

 Create a point on a plane 
 Select cylinder tool  
 Specify center point  
 Select plane for direction 
 Specify radius 
 Specify length1 and length 2 
 Chose minor extent or Reverse 
 Direction When required 
 Select OK 

Sweep 

This the most important tool used in surface design. we can use this tool for generating any 
type of surface that may be straight or it may be twisted or curvilinear form. 

Types of sweep 

 Explicit sweep 
 Linear sweep 
 Circle sweep 
 Conical sweep 

Fill 

Fill command is used to crate surface between some intersecting curves but it must be closed. 



 

 Select tool 
 Select curves 
 Choose continuity 
 Press OK 

Join 

 The Join tool is used to join two adjacent surfaces or two adjacent curves. 
 Choose Join button from the Operation toolbar  
 The Join Definition dialog box is displayed 
 You are prompted to select the elements (curves or surfaces) to be joined 
 Select the elements that you need to join 
 Remember that there should not be a large gap between the entities to be joined. 
 Choose the OK button from the Joint Definition dialog box to complete the join 

operation 
 The surfaces or curves that are joined together will behave as a single entity 

 

Split 

Split This tool will split the surface about any curve and the selected surface. 

 Select split tool 
 Split dialog box will open  
 Select a surface to split 
 Select a curve at surface as a cutting element. 
 The resulting surface will ready to preview for you. 
 Select other side to change side of split 
 Select OK 

Trim 

 The Trim tool allows you to trim two intersecting surfaces or curves with respect to each other 

 When you choose this tool, the Trim Definition dialog box will be displayed 
 Choose a surface as the first element and the other surface as the second element. 
 One side of each surface will be displayed as transparent. 
 You can choose the other side button to reverse the sides of surfaces to be trimmed. 

Figure shows the surface Trimmed using the Trim tool. 
 Figure shows the trimmed surface when the other side buttons are selected for both 
 Surfaces from the Trim Definition dialog box. 

Boundary 

Boundary tool will defines the boundary of a surface according to you. This will useful if want 
to use semi boundary of any sketch for our next operation 

 Create surface as shown figure 



 

 A dialog box open  
 Select surface whose boundary need to redefine 
 Select limits for new boundary 
 These limits must cross that existing surface at any point and the selected limit sketch 

will not overlap with surface 
 Ok for implementation 

 

2.3.2 Procedure  

 Open 3D Experience 
 Click on 3D icon at the top left corner  
 Select generative shape design 
 Click on sketcher 
 Select the plane to draw the profile 
 Draw the profile  
 Extrude the surface of the profile 
 By using offset planes  draw remaining profile and extrude the surfaces 
 Fill the closed curves according to requirement 
 Join all the surfaces  by using join command 
 Trim the extra projections by using trim command 
 After joining all the surfaces inn single surface fillets are made 

 
 
 Components designed by using generative shape design: 

 



 

 

 
2.4 Assembly Design 

Assembly modeling is the process of creating designs that consist of two or more Component. 
Assembled together at their respective work positions. The components are brought together and 
assembled in Assembly Design workbench by applying suitable parametric assembly constraint to 
them. The assembly constraints allow you to restrict the degrees of freedom of components on their 
respective work positions. The assembly files in CATIA are called Product files 
.  
2.4.1 Product Structure Tools 

 

Inserting a existing part 

This tool inserts a part which is already created and saved into .CATPART file. This insets the part 
in non position mode. 
 
 Insert a new part  

This toll gives us a way to create a new component in the assembly workbench. 
 
Insert new product 

This tool is used for inserting another product in the same assembly file. This is used where assembly 
are there in the same product. 
 
Replacing a Component  

If you places wrong component in assembly then use this tool for replacing it by a correct one. 
 Select a component to replace  
 now select replace component tool 
 The window will open which contains CATPART files 
 Select new part 
 Select OK for Implementation. 



 

 

 Multi Instantiation 

This is a tool which can create multiple copies of an inserted part without inserting it again and again. 
It can set them at specified direction and distance from its parent part. 
 
2.4.2 Move Tools 

 

 Manipulation 

Manipulation tool is a small subgroup of tools used for moving a component inside the assembly 
design workbench. This tool includes the tools used to rotate, translate, and move tools. 
Manipulation tool consists of 
 Drag along X-axis 
 Drag along Y-axis 
 Drag along Z-axis 
 Drag along any axis 
 Drag along XY Plane 
 Drag along YZ Plane 
 Drag along ZX Plane 
 Drag along any  Plane 
 Drag around X-axis 
 Drag around Y-axis 
 Drag around Z-axis 
 Drag around any axis 

 
Snap Tool 

The snap tool is used to move the component by snapping the geometric element of the first 
component on selection of the geometric elements. The element selected first will move to snap the 
second element. 
 
Explode 

Explode is command which will breaks your assembly or subassembly and will show you all its -
components individually. 
 

2.4.3 Constraints 

 

Coincidence Constraint 

This constraint will make coincidence the centre lines of two cylindrical components 
 
Contact constraint 

This constraint will connect surfaces of components. The connected components have no space 
between these two surfaces. 
 
 Offset constraint  



 

Surface constraint will create zero gap between two surfaces but if it is desired to make some distance 
then offset tool is used. 
 
Angle constraint  

This tool I used for placing two components at an angle. 
 
Fix together 

This is a constraint which fixes two components together. If you want to perform any manipulation 
operation or you are assigning any constraint on any of these components it will automatically applies 
on other because they both are fixed together. 
 
 
 
2.4.4 Procedure  

 Open 3D Experience 
 Click on 3D icon at the top left corner  
 Select assembly design 
 Import all the parts required for the assembly. 
 Click on insert existing part 
 Click on physical product at the top of the tree located at top left corner. 
 Select all the parts and import them to the assembly window. 
 Perform the manipulate operations to move the parts and place them in sequence. 
 Fix one part as the reference and assembling should be carried. 
 Give coincidence constraint to the parts. 
 Then give contact constraint to the parts to complete assembly 

Assembly of screw jack 

 
 



 

 
 
 
 
 
 
 
 
 
 
 
 

CHAPTER -3 

SIMULIA 
3.1 Introduction 

SIMULIA is a complete suite of powerful and realistic solutions that enable users to explore 
the real-world behavior of product, nature, and life.  Simulia makes virtual testing a 
standard business practice that improves the product performance, reduces physical 
prototypes and innovation .It allows the simulation of the designed model by various input 
parameters. 

Workbenches in Simulia 

 MATERIAL DEFINITION  
 STRUCTURAL MODEL  
 STRUCTURAL SCENARIO 

3.2 Simulia Procedure: 

  Material definition 



 

 Open 3d experience software 

 Design a component using part design  
 Then for simulation click on V.R  
 Select material definition. 
 After opening material definition create a material and name it as steel. 
 In top left corner of the window a tree related to the material is appeared. It contains 

Material appearance domain and Material simulation domain. 
 Click on material simulation domain and add required properties of the material like 

density, Youngs modulus, poison ratio etc. 

 

 

 Go to part body created before. 
 Click on pick material option in the tool bar located at bottom 

 Go to material editor tab and click on steel and the click on product to apply the material. 

Structural model 

 Go to V.R and click on structural model. 
 Click on finite element methods option which is appeared on the tree. 
 Click on nodes and elements then toolbar bar is appeared at the bottom. 
 Click on mesh icon and select the mesh type. 
 Give mesh size and then apply the mesh by selecting the body. 



 

 

 

 Click on finite element methods. 
 Click on properties and select solid section. 

Structural scenario 

 Go to V.R and click structural scenario and select simulation type. 



 

 

 Click on setup from the toolbar located at the bottom and click on finite element model 
appeared in the dialogue box. 

 

 Click on procedure and choose the type of procedure. 



 

 

 Click on restraints and choose type of support. 

 

 Click on loads and apply the loads required. 



 

 

 

 Click on simulate and the click on simulation checks. 

 

 

 

 Simulation status is appeared. 



 

 

 

 Finally click on simulate and note down the results. 

 

 

 

 

CHAPTER-4 

DELMIA 



 

4.1 Introduction 

DELMIA-Digital Enterprise Lean Manufacturing Interactive Application is powered by the 
3DEXPERIENCE platform. 

DELMIA Digital Manufacturing drives manufacturing innovation and efficiency by planning, 
simulating, and modeling global production processes. DELMIA allows manufacturers to 
virtually experience their entire factory production from the impact of design to determining 
how to meet global demand. These simulation activities allow manufacturers to better address 
and shift processes so as to quickly respond to the competition, or to take advantage of new 
market opportunities. 

 DELMIA Digital Manufacturing capabilities extend visualization beyond the product into 
manufacturing—providing the ability to simulate manufacturing processes before the physical 
plant or production line even exists. By proving out plant level considerations such as 
manufacturing approaches and material flow in the early stages of product development, the 
product concept can be analyzed to determine the best approach to make the product. 

 

Workbenches in Delmia 

 Manufacturing Item Definition 

 Process Planning 

 Equipment Allocation 

 Assembly Evaluation 

  Time Motion and Study 

4.2 Delmia Procedure: 

Importing product 

 Open 3d experience. 
 Click on import and import the product which is in .3dxml format. 
 Right click on product from the tree. 
 Then click on open with and select open with advanced. 
  Click on expanded with all representative children. 

 



 

 

Manufacturing item definition 

 Go to V.R  click on manufacturing item definition 

 Right click on manufacturing item definition window and the click on product A1. 
 Click on manufacturing assembly and create manufacturing item product scope and click 

on product. 
  Click on Authoring from toolbar at bottom and click on Create / Update manufacturing. 
 Insert required number of manufacturing assemblies and spilt the product in to different 

components by using assignment manager. 

 

 

Process planning 



 

 Go to V.R click on process planning. 
 Click on general system. 
 Click on manage scope and create scope. 
 Insert no. of general systems as per requirement. 
 Insert general operations and loading operations in the general systems. 
 Select the components from the tree and place them in them general operations and 

loading operations according to the assembling order. 
 Click on product flow from the tool bar and create flow between the general operation 

and loading operation in the general system and also create flow between the general 
systems. 

 

 

 

Equipment allocation 

 Go to V.R click on Equipment allocation 

 Right click on PPR context from the tree then click on insert resource, click on 
manufacturing cell, click on main layout , click on create stations  

 Create 4 stations each station must have one conveyor and one storage. 
 For creating storage and conveyor click on station, click on insert resource. 
 Import station with conveyor file of .3dxml format. 
 Copy the imported file and open equipment allocation tab and paste it in main layout. 
 From the imported file copy storage and conveyor and paste them in the stations created 

before. 
 Click on create scope and create scope between main layout and general system. 
 Click on station, click on assignment manager and export general system operation to 

the station. 
 Define part position and place on conveyors  



 

 

Assembly Evaluation 

 Go to V.R click on Assembly Evaluation. 

 Click on General system and Right click on Loading operation and then Create 
Track. 

 Copy the Current track to the other operations. 

 Click Live Simulate on toolbar located at bottom. 

 

CONCLUSION 

From this internship I have learnt  

 Modelling of solid parts by using Catia part design. 



 

 Creating complex shapes and surfaces by using Generative shape design. 

 Assembling of parts to form a assembled component. 

 Meshing and simulating structural components with different 
supports and loads by using Simulia. 

 Basic concepts and procedure of Delmia. 
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ABSTRACT

The 3D EXPERIENCE PLATFORM is a business experience platform .It provides 

software solutions for every organization in your company form  Marketing to sale to 

engineering that help you, in your value creation process, to create differentiating 

consumer experience, with a single, easy to use interface, it powers Industry solution in a 

collaborative, interactive environment. It is available on premise and on cloud. 

Dassault systems offers industry leading application delivered on the 3D EXPERIENCE 

platform: Design &Engineering, Manufacturing & Production Simulation, Governance & 

Life cycle, 3D Design Experience for Professionals, as well as a broad catalog of services
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CHAPTER-1

INTRODUCTION TO 3D EXPERIENCE

 Consumers today demand experiences that enrich their lives in meaningful ways. Experience 

thinking is a framework for innovation, focusing on engaging consumers with breathtaking 

experiences that are smarter, intuitive and sustainable. Experience thinking persuades the 

organization to define the product and related services in the context of the customer usage – 

a holistic approach to creating value for the customer. Experience thinking encourages 

companies to consider all aspects of the consumer’s experience – only possible when all the 

players in the innovation process from marketing, sales, design, engineering, manufacturing 

and the supply chain work collaboratively. 

The 3DEXPERIENCE platform and apps digitalize the customer experience, with 

capabilities to analyze, design, simulate, engineer and realize experiences. Innovators develop 

a deep understanding of their customer’s operating environment by analyzing social and 

usage information on the platform with a data-driven approach. The experience is modelled 

in the context of the operating environment, capturing intelligent interactions between the 

environment, consumer, product and digital capabilities that harness operational data and 

provide insightful services. Enterprises then simulate and optimize their offerings 

encompassing all customer scenarios. During the operating lifecycle, this model is enriched 

with valuable insights gleaned from the usage data, setting the stage for the next cycle of 

innovation.
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3DEXPERIENCE is the most advanced software for product and learning innovation, is 

available in the cloud or on-premises, within your own operating environment. Both options 

bring new capabilities to educators and students who want to experience the engineering 

practices of industry leaders for increased employment opportunities in the new global 

economy. Years of collaboration with educators and students across a wide variety of 

institutions and disciplines has led to a flexible, tailored set of learning solutions. 

3DEXPERIENCE for Academia encompasses a suite of world-class integrated applications:

 CATIA for product design

 DELMIA for digital manufacturing 

 SIMULIA for realistic simulation

 ENOVIA for collaborative innovation

 3DEXCITE for high-precision rendering and interactive immersion
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3DEXPERIENCE platform builds on the V6 digital architecture and adds information 

intelligence, dashboarding and social collaboration capabilities. Businesses now create a 

private social collaboration environment on the platform and involve employees, partners, 

suppliers, consumers and other stakeholders as active participants in the innovation process. 

Leading organizations now adopt a big-data approach to understand all aspects of the 

customer experience in a data-driven manner and then model and simulate all aspects of the 

customer experience – virtually perfecting the experience before launching the product to 

market.

3DEXPERIENCE ESSENTIALS

3DEXPERIENCE Essentials is a broad application set built on the Business and Industry 

Innovation baseline, encompassing a vast set of Dassault Systems solutions.

The ideal basis for universities or technical colleges to support their transition to project-

based or student-centered learning, 3DEXPERIENCE Essentials provides a complete digital 

framework for team-based ideation, contextual learning, collective innovation, solution 

creation and various methods for project evaluation.

3DEXPERIENCE Essentials includes advanced ENOVIA capabilities for configuration 

management, requirements management, change management and compliance processes. 

The Essentials package bundles a large sub-set of CATIA design functions and enables 

conceptualization and detailing of virtually.

Using DELMIA digital manufacturing tools makes machining, robotics and rapid prototyping 

an integrated exercise, ensuring manufacturability of designs and streamlining of 

manufacturing programming. 

Right-first-time practices are reinforced through mechanism simulation and associative stress 

analysis using SIMULIA and ergonomics simulation. 

The fundamental capabilities of additive manufacturing are built-in for powder-bed fusion 

additive manufacturing, including nesting, automated support design and laser path 

optimization. 

Converters to and from other applications, as well as 3D printing output formats, are 

available for exchanging data with various partners and devices.

A fundamental enhancement in 3DEXPERIENCE Essentials is the possibility to create 

hybrid assemblies mixing new data with legacy models from version 5. New functionalities 
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can so be applied on existing courses examples without re-creating them. Projects started in 

V5 for instance students’ competitions can easily progress in the up-to-date version.

Common apps and services to connect everyone to the platform

The 3DEXPERIENCE platform provides the underpinning apps and services that enable the 

transformation to a digital, data-driven, model-based environment. The common apps and 

services provide an effective way to connect everyone early in the innovation process. Social 

collaboration with 3DSwym is a great way to harness the innovative ideas from everyone. 

With the 3DDashboard users monitor the things they care about – follow online trends, be 

alerted by data feeds, and at the same time monitor enterprise processes and data. Users see 

everything that's happening, 24/7, all in one dashboard. With 3DDrive users securely store 

their documents on the cloud, access them from any device and share them with co-workers 

and collaborators across the value chain. Users collaborate instantly using 3DMessaging with 

immersive visualization of 3D assemblies with 3DPlay. 

In this internship program we learned about CATIA, SIMULIA and DELMIA.
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CHAPTER-2

CATIA

    2.1 Introduction to CATIA:

 Catia is the mechanical design software and is capable of addressing the complete product 

development process, from product concept specification through product in service in a fully 

integrated and associative manner.

      Catia mechanical design discipline products accelerate core activities of development from 

concept to detailed design on to drawing production .mechanical design products also address 

sheet metal requirements and mold manufactures using dedicated applications that 

dramatically enhance productivity and strongly reduce time to market.

In 3D Experience Catia is present in 3D icon which consists of 3D Modelling apps.

     Workbenches in CATIA

 PART DESIGN

 GENERATIVE SHAPE DESIGN

 ASSEMBLY DESIGN

2.2 Part Design

Catia provides you so many features which make creating complex mechanical design in a 

simple task. The objects created in sketcher are converted into the solid part with the help of 

part modeling tools.

Features

 Advanced complex features for dedicated best practices

 Knowledge templates repository approach

 Comprehensive specification approach for value added process reducing geometry 

definition and rework

 Process features oriented
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2.2.1 Tools 

 Pad 

 Pocket

 Shaft

 Groove

 Hole

 Rib

 Slot

 Multi-Section Solid

Pad

Pad tool has the ability to convert any sketch into solid part with given length. If any 

geometry also there in between the outer boundary pad operation considers it as an empty 

space.

 Select pad tool 

 Define types of pads that are

 Dimension

 Up to next

 Up to last

 Up to plane

 Up to surface 

 Select sketch

 if you want it to be hollow than select tick option and give limits of thickness

 If you want to extrude body in both sides than check option more and again select 

type and dimensions for second side.

 Select OK for implementation

Pocket 

Pocket is just opposite operation of pad. Operation process is same as pad tool, all other 

options are also same as pad the only difference is removal of material in spite of generating 

solid part.

Shaft

Shaft tool is an operation in which any sketch rotates about an axis and forms a solid part. 

From this operation we can generate any geometry which is symmetric about an axis.
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 Draw the sketch with axis line.

 Switch out from sketcher and select Shaft Tool to revolve sketch 360 degree.

 Axis should be draw with sketch.

 Select OK for implementation.  

Groove

Groove is just opposite operation of shaft. Shaft makes solid part by revolving any sketch 

about an a groove removes material by revolving about an axis. Sketch profile must be closed 

one for this operation.

Hole

This operation makes a hole that tab be used for bolted joint or for a tap or for any locator 

pin.

Hole can be made threaded.

Rib

Rib operation will increase a 2D profile along to the center curve and create a 3D solid 

object. 

Steps are as follows.

 Draw a Center curve 

 Select a plane at perpendicular direction of the end point of a Center curve

 Draw Profile at that Plane 

 Switch out the sketcher 

 Select rib tool

 Select profile first

 Select center curve

 If all given parameter are correct then it will show you a preview 

 Select OK for implementation

Slot

Slot is just opposite operation of rib. All the procedure of working is same but slot removes 

material according to sketch and rib makes solid part. Here also we follow same procedure as 

in rib.

Multi-section Solid 

Multi-sections solid   can be created by joining two or more section curves along the 

calculated or user-defined guiding curves. One or more leading curves can be used. The result 

is a closed volume.

Some other important tools used in part design are  

 Fillet
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 Chamfer

 Draft

 Shell

 Thickness

2.2.2 Procedure 

 Open 3d experience 

 Click on 3d icon at top left corner 

 Select part design

 Click on body 

 Click on sketcher 

 Select the plane to draw

 Draw the profile of the required part 

 Click on exit icon 

 Select the required operations like pad, shaft etc.

 For another operation on the same part select another body 

 By using sketcher draw another profile

 Perform pad operation 

 Based on the required add or remove the body from another body. This process is 

known as Boolean operation.

 Perform operations like fillet, chamfer as for the requirement

 Parts designed using part design:
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2.3 Generative Shape Design

 Generative Shape Design helps to design advanced shapes based on a combination of 

wireframe and extensive multiple surface features. t provides a large set of tools for creating 

and editing shape designs and, when combined with other products such as CATIA Part 

Design, it meets the requirements of solid-based hybrid modeling.
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2.3.1 Tools 

 Extrude surface

 Revolve

 Sphere

 Cylinder

 Sweep

 Fill

 Join 

 Split

 Trim

 Boundary 

Extrude Surface

This tool extrude surface from already created profile on perpendicular direction of plane 

selected.

 Select the tool

 Select profile and plane extrusion

 Now give limits that is length of extrusion in both sides

 Select ok to implement the work

Revolve

 This tool is used to create circular surface.

 Draw a open sketch with a axis line

 Select revolve tool

 Select profile to be revolved 

 Select axis line if it is not in sketch 

 Define start angle and end angle 

 Select OK to implement

Sphere

 Select sphere tool 

 Select center point 

 Remain sphere and default 

 Define the radius of sphere 

 Select the sphere limitations
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 Select OK to implement

Cylinder

Draw Cylinder through specify point and direction

 Create a point on a plane

 Select cylinder tool 

 Specify center point 

 Select plane for direction

 Specify radius

 Specify length1 and length 2

 Chose minor extent or Reverse

 Direction When required

 Select OK

Sweep

This the most important tool used in surface design. we can use this tool for generating any 

type of surface that may be straight or it may be twisted or curvilinear form.

Types of sweep

 Explicit sweep

 Linear sweep

 Circle sweep

 Conical sweep

Fill

Fill command is used to crate surface between some intersecting curves but it must be closed.

 Select tool

 Select curves

 Choose continuity

 Press OK

Join

 The Join tool is used to join two adjacent surfaces or two adjacent curves.

 Choose Join button from the Operation toolbar 
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 The Join Definition dialog box is displayed

 You are prompted to select the elements (curves or surfaces) to be joined

 Select the elements that you need to join

 Remember that there should not be a large gap between the entities to be joined.

 Choose the OK button from the Joint Definition dialog box to complete the join 

operation

 The surfaces or curves that are joined together will behave as a single entity

Split

Split This tool will split the surface about any curve and the selected surface.

 Select split tool

 Split dialog box will open 

 Select a surface to split

 Select a curve at surface as a cutting element.

 The resulting surface will ready to preview for you.

 Select other side to change side of split

 Select OK

Trim

 The Trim tool allows you to trim two intersecting surfaces or curves with respect to each 

other

 When you choose this tool, the Trim Definition dialog box will be displayed

 Choose a surface as the first element and the other surface as the second element.

 One side of each surface will be displayed as transparent.

 You can choose the other side button to reverse the sides of surfaces to be trimmed. 

Figure shows the surface Trimmed using the Trim tool.

 Figure shows the trimmed surface when the other side buttons are selected for both

 Surfaces from the Trim Definition dialog box.

Boundary

Boundary tool will defines the boundary of a surface according to you. This will useful if 

want to use semi boundary of any sketch for our next operation

 Create surface as shown figure

 A dialog box open 
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 Select surface whose boundary need to redefine

 Select limits for new boundary

 These limits must cross that existing surface at any point and the selected limit sketch 

will not overlap with surface

 Ok for implementation

2.3.2 Procedure 

 Open 3D Experience

 Click on 3D icon at the top left corner 

 Select generative shape design

 Click on sketcher

 Select the plane to draw the profile

 Draw the profile 

 Extrude the surface of the profile

 By using offset planes  draw remaining profile and extrude the surfaces

 Fill the closed curves according to requirement

 Join all the surfaces  by using join command

 Trim the extra projections by using trim command

 After joining all the surfaces inn single surface fillets are made

 Components designed by using generative shape design:
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2.4 Assembly Design

Assembly modeling is the process of creating designs that consist of two or more Component. 

Assembled together at their respective work positions. The components are brought together and 

assembled in Assembly Design workbench by applying suitable parametric assembly constraint to 

them. The assembly constraints allow you to restrict the degrees of freedom of components on their 

respective work positions. The assembly files in CATIA are called Product files
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2.4.1 Product Structure Tools

Inserting a existing part

This tool inserts a part which is already created and saved into .CATPART file. This insets the part 

in non position mode.

 Insert a new part 

This toll gives us a way to create a new component in the assembly workbench.

Insert new product

This tool is used for inserting another product in the same assembly file. This is used where 

assembly are there in the same product.

Replacing a Component 

If you places wrong component in assembly then use this tool for replacing it by a correct one.

 Select a component to replace 

 now select replace component tool

 The window will open which contains CATPART files

 Select new part

 Select OK for Implementation.

 Multi Instantiation

This is a tool which can create multiple copies of an inserted part without inserting it again and 

again. It can set them at specified direction and distance from its parent part.

2.4.2 Move Tools

 Manipulation

Manipulation tool is a small subgroup of tools used for moving a component inside the assembly 

design workbench. This tool includes the tools used to rotate, translate, and move tools.

Manipulation tool consists of

 Drag along X-axis

 Drag along Y-axis

 Drag along Z-axis

 Drag along any axis

 Drag along XY Plane

 Drag along YZ Plane

 Drag along ZX Plane

 Drag along any  Plane

 Drag around X-axis

 Drag around Y-axis
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 Drag around Z-axis

 Drag around any axis

Snap Tool

The snap tool is used to move the component by snapping the geometric element of the first 

component on selection of the geometric elements. The element selected first will move to snap the 

second element.

Explode

Explode is command which will breaks your assembly or subassembly and will show you all its -

components individually.

2.4.3 Constraints

Coincidence Constraint

This constraint will make coincidence the centre lines of two cylindrical components

Contact constraint

This constraint will connect surfaces of components. The connected components have no space 

between these two surfaces.

 Offset constraint 

Surface constraint will create zero gap between two surfaces but if it is desired to make some 

distance then offset tool is used.

Angle constraint 

This tool I used for placing two components at an angle.

Fix together

This is a constraint which fixes two components together. If you want to perform any manipulation 

operation or you are assigning any constraint on any of these components it will automatically 

applies on other because they both are fixed together.

2.4.4 Procedure 

 Open 3D Experience

 Click on 3D icon at the top left corner 

 Select assembly design

 Import all the parts required for the assembly.

 Click on insert existing part

 Click on physical product at the top of the tree located at top left corner.

 Select all the parts and import them to the assembly window.

 Perform the manipulate operations to move the parts and place them in sequence.

 Fix one part as the reference and assembling should be carried.
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 Give coincidence constraint to the parts.

 Then give contact constraint to the parts to complete assembly

Assembly of screw jack

Parts to be assembled
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Assembled component
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CHAPTER -3

SIMULIA

3.1 Introduction

SIMULIA is a complete suite of powerful and realistic solutions that enable users to 

explore the real-world behavior of product, nature, and life.  Simulia makes virtual testing 

a standard business practice that improves the product performance, reduces physical 

prototypes and innovation .It allows the simulation of the designed model by various 

input parameters.

Workbenches in Simulia

MATERIAL DEFINITION 

STRUCTURAL MODEL 

STRUCTURAL SCENARIO

3.2 Simulia Procedure:

  Material definition

Open 3d experience software

Design a component using part design 

Then for simulation click on V.R 

Select material definition.

After opening material definition create a material and name it as steel.

In top left corner of the window a tree related to the material is appeared. It contains 

Material appearance domain and Material simulation domain.

Click on material simulation domain and add required properties of the material like 

density, Youngs modulus, poison ratio etc.

Go to part body created before.

Click on pick material option in the tool bar located at bottom

Go to material editor tab and click on steel and the click on product to apply the 

material.
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Structural model

 Go to V.R and click on structural model.

 Click on finite element methods option which is appeared on the tree.

 Click on nodes and elements then toolbar bar is appeared at the bottom.

 Click on mesh icon and select the mesh type.

 Give mesh size and then apply the mesh by selecting the body.
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 Click on finite element methods.

 Click on properties and select solid section.

Structural scenario

 Go to V.R and click structural scenario and select simulation type.

 Click on setup from the toolbar located at the bottom and click on finite element model 

appeared in the dialogue box.
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 Click on procedure and choose the type of procedure.

 Click on restraints and choose type of support.
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 Click on loads and apply the loads required.

 Click on simulate and the click on simulation checks.
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 Simulation status is appeared.

 Finally click on simulate and note down the results.
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CHAPTER-4

DELMIA

4.1 Introduction

DELMIA-Digital Enterprise Lean Manufacturing Interactive Application is powered by the 

3DEXPERIENCE platform.

DELMIA Digital Manufacturing drives manufacturing innovation and efficiency by planning, 

simulating, and modeling global production processes. DELMIA allows manufacturers to 

virtually experience their entire factory production from the impact of design to determining 

how to meet global demand. These simulation activities allow manufacturers to better address 

and shift processes so as to quickly respond to the competition, or to take advantage of new 

market opportunities.

 DELMIA Digital Manufacturing capabilities extend visualization beyond the product into 

manufacturing—providing the ability to simulate manufacturing processes before the 

physical plant or production line even exists. By proving out plant level considerations such 

as manufacturing approaches and material flow in the early stages of product development, 

the product concept can be analyzed to determine the best approach to make the product.

Workbenches in Delmia

 Manufacturing Item Definition

 Process Planning

 Equipment Allocation

 Assembly Evaluation

  Time Motion and Study

4.2 Delmia Procedure:

Importing product

 Open 3d experience.

 Click on import and import the product which is in .3dxml format.

 Right click on product from the tree.
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 Then click on open with and select open with advanced.

  Click on expanded with all representative children.

Manufacturing item definition

 Go to V.R  click on manufacturing item definition

 Right click on manufacturing item definition window and the click on product A1.

 Click on manufacturing assembly and create manufacturing item product scope and 

click on product.

  Click on Authoring from toolbar at bottom and click on Create / Update 

manufacturing.

 Insert required number of manufacturing assemblies and spilt the product in to 

different components by using assignment manager.
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Process planning

 Go to V.R click on process planning.

 Click on general system.

 Click on manage scope and create scope.

 Insert no. of general systems as per requirement.

 Insert general operations and loading operations in the general systems.

 Select the components from the tree and place them in them general operations and 

loading operations according to the assembling order.

 Click on product flow from the tool bar and create flow between the general operation 

and loading operation in the general system and also create flow between the general 

systems.

Equipment allocation

 Go to V.R click on Equipment allocation

 Right click on PPR context from the tree then click on insert resource, click on 

manufacturing cell, click on main layout , click on create stations 

 Create 4 stations each station must have one conveyor and one storage.

 For creating storage and conveyor click on station, click on insert resource.

 Import station with conveyor file of .3dxml format.

 Copy the imported file and open equipment allocation tab and paste it in main layout.

 From the imported file copy storage and conveyor and paste them in the stations 

created before.

 Click on create scope and create scope between main layout and general system.



29

 Click on station, click on assignment manager and export general system operation to 

the station.

 Define part position and place on conveyors

Assembly Evaluation

 Go to V.R click on Assembly Evaluation.

 Click on General system and Right click on Loading operation and then Create 

Track.

 Copy the Current track to the other operations.

 Click Live Simulate on toolbar located at bottom.
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CONCLUSION

From this internship I have learnt 

 Modelling of solid parts by using Catia part design.

 Creating complex shapes and surfaces by using Generative shape design.

 Assembling of parts to form a assembled component.

 Meshing and simulating structural components with different 

supports and loads by using Simulia.

 Basic concepts and procedure of Delmia.
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ABSTRACT 

 

Power plays a major role in economic growth of the country. Power production is 
synonymous to progress. In Visakhapatnam Steel Plant, Thermal Power Plant 
caters to the needs of power requirements for all its units. 
 
In Thermal Power Plant steam is the working fluid. Steam generated in the steam 
generator is expanded in the turbine and power is produced. Steam goes out of 
the turbine with high available energy. This steam goes to condenser and gets 
cooled down to water giving away all its latent heat to the circulating water. This 
latent heat is wasted and cannot be converted into useful work, leading to low 
efficiency of turbine. 
 
To utilize the latent heat in the steam (which occupies a major portion of 
available energy in steam). Some of the steam is bled out from the turbine and 
the energy in bled steam is also utilized. This is regenerative feed water heating 
which carnotizes the Rankin cycle. As the number regenerative feed water 
heaters increase, the work output of the turbine comes down as more and more 
steam is bled out. 
 
Besides in this process what are the equipment’s like 
boilers,turbogenerators,pumps, turbo blowers, condensers are used and water 
supply to the boilers in thermal power plant in vizag steel plant are discussed. 
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AREA OF STUDY 

 
INRODUCTION TO VSP: 
 

 VIZAG STEEL PLANT is located in coastal area of ANDHRA PRADESH on 
the shores of Bay of Bengal. As the country’s most modern and integrated public 
sector steel plant, Visakhapatnam Steel Plant (VSP) is a 7.3 MTPA plant. It was 
commissioned in 1992 with a capacity of 3.0 MTPA of liquid steel. The company 
subsequently completed its capacity expansion to 6.3 MTPA in April 2015 and to 
7.3 MTPA of saleable steel in December 2017. At VSP there is a stringent 
emphasis on total automation seamless integration and efficient up gradation, 
which resulted in a wide range of steel products that are truly “world class”. A 
commitment, which is extended along with innovation into VSP’s market 
orientation program, leading to, personalized service and a high degree of 
customer satisfaction. Small wonder than, VSP has been highly successful in 
building a strong base of satisfied customers in Asia. 
 
Steel is backbone of all industrial and economic development activities. After 
independence, Government of India has gone in a big way for increasing the steel 
production in the country and has setup integrated steel plant in public sector. 
The decision of government of India to setup an integrated steel plant with an 
annual capacity of 6.4 MT’s of liquid steel and 5.8 MT’s of saleable steel (2019) 
in VSP is yet another step towards increasing the country’s steel production, 
reducing steel imports and removing regional imbalances in industrial 
development. 
Visakhapatnam strategically situated on the east coast with deep natural harbor 
and other communicational facilities, other ideal conditions for steel plant. The 
steel plant made Visakhapatnam as one of the most important cities in Raw 
material sources. 
 
The steel plant will get its supply of Iron ore lumps from Bailadilla mine deposits 
in Blast Furnace grade lime stone will come from Jaggayyapeta in A.P. and SMS 
grade lime stone from Bandanpur in M.P. Blast Furnace grade dolomite will 
come from Kotmi Sonar and Bhainso deposits in M.P. and SMS grade dolomite 
from Madharam (Khammam) deposits in A.P. 80% of coking coal requirements 
will  be met by imports of Visakhapatnam harbor while the balance indigenous 
coking coal will come from Bengal and Bihar area. Coal for power generation 
will come from Talcher in Orissa. 
 
 

WATER SUPPLY: 

 

     Requirements of water during the peak of construction were of the order 4.5 
mgd. This was met from the Meghadrigedda and Raiwada schemes of A.P. State 
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Government Operational water requirement of steel plant (70 mgd) is being from 
Yeluru water supply scheme provided by the A.P. State Government this 
involved construction of storage reservoir at Yeleswaram and a 150Km. long 
lined canal to the plant site which is stored in Kanithi Balancing Reservoir. 
 

POWER SUPPLY: 

 

Peak construction power requirement was about 12MW. This was arranged from 
the Gajuwaka substation of APSEB at 33KV. The plant has in-plant power 
generation from a power plant installed capacity of 220MW additional 
requirements of operational power supply are initially supplied at 220MV, which 
is stepped down to 440V. 
 
PRODUCT MIX: 

 

VSP is producing angles, beams, channels, re-bars, reinforcing bars, wire rods 
and billets for re-rolling all Indian standards specifications. The plant is also 
producing pig iron around 1.44MT’s per annum of granulated slag, besides 
normal byproducts from 0the coke-oven and byproduct plant. 
 

MAJOR PLANT FACILITIES: 

 

     VSP has following major production facilities- 
•    3 coke oven batteries of 67 ovens each 
•    2 sinter machines of 312 sq. m area 
•    3 B.F.’ s of two 3200-cub.m useful volumes and One Blast Furnace 

of 3800-cub.m useful volume. 
•    Steel melting shop with 3 L.D. converters with capacity of 150 tons 

each. 
•    Light and Medium Merchant Mills of capacity 710,000 tons per year. 
•    Wire Rod Mill of 850,000 t per year capacity. 
• Medium Merchant Structural Mill of 850,000 tons per year capacity. 

Extensive facilities are provided for repair and maintenance as well as 
manufacture of spare parts. A power plant, oxygen plant, acetylene plant, 
compressed air plant etc. form a part of plant. 
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THERMAL POWER PLANT 

INTRODUCTION 

A thermal power station is a power plant in which the prime mover is steam 
driven Water is heated, turns into steam and spins a steam turbine which drives 
an electrical generator. After it passes through the turbine, the steam is condensed 
in a condenser and recycled to where it was heated; this is known as a Rankine 
cycle. The greatest variation in the design of thermal power stations is due to the 
different fuel sources 

 
 
 

 
 
FEATURES OF TPP 
 

• Captive capacity of TPP in VSP :286.5 MW 
• 3 units of 60 MW generation capacity. 
• 2 unit of 67.5 MW generation capacity. 
• 2 units of 7.5 MW capacity at Back Pressure Turbine Station (BPTS). 
• 2 units of 12 MW capacity at Gas Expansion Turbine Station (GETS). 
• The specialty of this power plant is that the energy from the flue gas is 

notwasted.It is used in BPTS and GETS power is generated. 
 
 
 

http://en.wikipedia.org/wiki/Power_plant
http://en.wiktionary.org/wiki/prime_mover
http://en.wikipedia.org/wiki/Steam
http://en.wikipedia.org/wiki/Steam_turbine
http://en.wikipedia.org/wiki/Electrical_generator
http://en.wikipedia.org/wiki/Condensation
http://en.wikipedia.org/wiki/Surface_condenser
http://en.wikipedia.org/wiki/Rankine_cycle
http://en.wikipedia.org/wiki/Rankine_cycle
http://en.wikipedia.org/wiki/File:TermoElectricaBulgaria.jpg
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LAY OUT OF TPP: 

 

 
 

Working procedure in Thermal Power Plant: 

1. Coal, oil and gas are used to make thermal electricity. They all work 
basically the same “hoppers” crush coal to a few inches in size and conveyor 
belts bring the coal inside. 

  2. Coal pulveriser: The belts dump coal into a huge bin (pulverizer), which         
reduces the coal to a fine powder. Hot air from nearby fans blows the powdered 
coal into huge furnaces (boilers). 

 

  3. Boiler :The boiler walls are lined with many kilometers of pipe filled with 
water. As soon as the coal enters the boiler, it instantly catches fire and burns 
with high intensity (the temperatures inside the furnace may climb to 1,300° C). 
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This heat quickly boils the water inside the pipes, changing it into steam. The 
various types of boilers are: Fire tube boilers, Water tube boilers, Packaged 
boiler, Fluidized bed combustion boiler, Atmospheric fluidized bed combustion 
boiler, Stoker fired boiler. 

Fire Tube Boiler  

In fire tube boiler, hot gases pass through the tubes and boiler feed water in the 
shell side is converted into steam. Fire tube boilers are generally used for 
relatively small steam capacities and low to medium steam pressures. As a 
guideline, fire tube boilers are competitive for steam rates up to 12,000 kg/hour 
and pressures up to 18 kg/cm2. Fire tube boilers are available for operation with 
oil, gas or solid fuels. For economic reasons, most fire tube boilers are nowadays 
of “packaged” construction (i.e. manufacturers shop erected) for all fuels. 

Water Tube Boiler 

In water tube boiler, boiler feed water flows through the tubes and enters the 
boiler drum. The circulated water is heated by the combustion gases and 
converted into steam at the vapour space in the drum. These boilers are selected 
when the steam demand as well as steam pressure requirements are high as in 
the case of process cum power boiler / power boilers. 
 
Most modern water boiler tube designs are within the capacity range 4,500 – 
120,000 kg/hour of steam, at very high pressures. Many water tube boilers 
nowadays are of “packaged” construction if oil and /or gas are to be used as fuel. 
Solid fuel fired water tube designs are available but packaged designs are less 
common. 

The various features of boilers are: 

• Forced, induced and balanced draft provisions help to improve 
combustion efficiency. 

• Less tolerance for water quality calls for water treatment plant. 
• Higher thermal efficiency levels are possible 

4. Precipitators and stack — As the coal burns, it produces emissions (carbon 
dioxide, sulphur dioxide and nitrogen oxides) and ash. The gases, together with 
the lighter ash (fly ash), are vented from the boiler up the stack. Huge air filters 
called electrostatic precipitators remove nearly all the fly ash before it is released 
into the atmosphere. The heavier ash (bottom ash) collects in the bottom of the 
boilers and is removed. 

5. Turbine and generator — Meanwhile, steam moves at high speed to the 
turbines, massive drums with hundreds of blades turned at an angle, like the 
blades of a fan. As jets of high-pressure steam emerge from the pipes, they propel 
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the blades, causing the turbine to spin rapidly. A metal shaft connects the turbine 
to a generator. As the turbine turns, it causes an electro-magnet to turn inside 
coils of wire in the generator. The spinning magnet puts electrons in motion 
inside the wires, creating electricity. 

 

6. Condensers and cooling water system — Next, the steam exits the turbines 
and passes over cool tubes in the condenser. The condensers capture the used 
steam and transform it back to water. The cooled water is then pumped back to 
the boiler to repeat the heating process. At the same time, water is piped from a 
reservoir or river to keep the condensers constantly cool. This cooling water, now 
warm from the heat exchange in the condensers, is released from the plant. 

7. Water purification — To reduce corrosion, plants purify water for use in the 
boiler tubes. Wastewater is also treated and pumped out to holding ponds. 

8. Ash systems — Ash is removed from the plant and hauled to disposal sites or 
ash lagoons. Ash is also sold for use in manufacturing cement. 

9. Transformer and transmission lines — transformers increase the voltage of 
the electricity generated. transmission lines then carry the electricity at high 
voltage from the plant to substations in cities and towns. 
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FUELS: 

The heat energy for power stations comes from a variety of sources. Some of 
these are non-renewable, such as oil, coal, natural gas and nuclear fuels. Others 
are renewable, such as wood, straw and manure. 

The cost of electricity depends on the power rating of the appliance used, how 
long it is used for, and the price of a unit of electricity. 

Fuels for power stations 

The common fuels used in power stations include: 

• fossil fuels (coal, oil and natural gas) 
• nuclear fuels (uranium and, sometimes, plutonium) 
• renewable biomass (wood, straw and manure). 

 

Each type of fuels has advantages and disadvantages. 
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Fossil fuels 

Fossil fuels are non-renewable energy resources. Their supply is limited and they 
will eventually run out. Fossil fuels cannot be replaced once they have been used 
up. 

Fossil fuels release carbon dioxide when they burn, which adds to the greenhouse 
effect and increases global warming. Of the three fossil fuels, for a given amount 
of energy released, coal produces the most carbon dioxide and natural gas 
produces the least. 

Coal and oil release sulfur dioxide gas when they burn, which causes breathing 
problems for living creatures and contributes to acid rain. 

Nuclear fuels 

Like fossil fuels, nuclear fuels are non-renewable energy resources. If there is an 
accident, large amounts of radioactive material could be released into the 
environment. In addition, nuclear waste remains radioactive and is hazardous to 
health for thousands of years. It must be stored safely. 

Unlike fossil fuels, nuclear fuels do not produce carbon dioxide or sulfur dioxide 
when they are used. 

Renewable biomass 

Wood, straw and manure are cheap and a readily available source of energy. If 
trees and crops are replaced, biomass can be a long-term, sustainable energy 
source. However, a lot of land would be needed to produce enough biomass to 
replace the fossil fuels and nuclear fuels used around the world. 
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DEMINERALIZATION PLANT 

 

INTRODUCTION: 
 
Demineralization is the process of removing the mineral salts from water by ion-
exchange process. Impurities that remain dissolved in water dissociate to form 
positive and negative charged particles known as ions. These impurities or 
compounds are called electrolytes in varying concentrations. An ion exchange 
vessel holds ion exchange resin of the required type through which water is 
allowed to pass. The selective ions in the water are exchanged with ions or 
radicals loosely held by the resin. In this way, the water is passed through several 
vessels or a mixed bed vessel so that both positive and negative ions are removed 
and water is demineralized. 
 
The water is treated in two processes: 

1. Physical treatment 
2. Chemical treatment 

 
PHYSICAL TREATMENT: 

     This process requires three equipments: 
1. Clariflocculator 
2. Horizontal pressure filter 
3. Activated carbon filter 

CLARIFLOCCULATOR: 
 
It is a type of sedimentation process.It is used to remove the suspended solids in 
liquid water by adding alum into the water. 
 

IMPORTANCE: 
 
Clarifiers are described here under are for chemical effluents, various types of 
industrial processing and even metallurgical processing, where the efficient 
separation of suspended solids or sedimentation is an important and essential 
aspect in effluent treatment since it not only reduces considerably suspended 
particles loading but also helps in removing the COD and BOD loading, thereby 
contributing in reducing the sizing of subsequent process like that of biological 
treatment etc. 
It has two concentric tanks where inner tank serves as a flocculation basin and 
outer tank serves as a clarifier 
 

CONSTRUCTION: 

         1. FLOCCULATOR: 
A flocculator allows sediment to settle particles into bigger clumps. 
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2. CLARIFIER: 
           A clarifier is used to filter the solid particles out and collect water 
from suspended solids. 
 

 
 

WORKING: 

 

This process is purely of gravity separation. This is achieved by the reduction in 
velocity of fluid nearly 1800 change in direction of flow. The separated solids 
would flow downward and settle on tapered floor.To remove this sludge we have 
a mechanism called central drive mechanism. 
 

CENTRAL DRIVEN: 
 
This mechanism is suitable for installation in RCC circular basin. The drive can 
be used continuously for flocculation and settling of solids. The settled solids are 
removed from the centre of the tank. The slope is 1:12 at the bottom of the 
clariflocculator tank for efficient removal of sludge. The sludge is scrapped from 
the bottom by a rotating scrapped arm.This makes centrally driven 
clariflocculation mechanism consists of: 
 

1. DRIVE UNIT: 
 Two separate drive units are provided for flocculator and clarifier mechanism. 
So that both are operated independently. 
 
2. FLOCCULATOR DRIVE: 
 It comprises of motor connected by worm reduction gear box by flexible 
coupling, chain and sprocket to get required rpm of flocculator paddles of 
suitable size which are suspended from the arms of flocculator zone. 
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CLARIFIER DRIVE: 
 
It also comprises of motor connected to worm reduction gear box by chain and 
sprocket to impact slow motion to scraper clarifier mechanism is used continuous 
to remove the settled sludge from the centre of tank. 
The drive unit and feed well is fixed at centre of bridge which is designed to take 
static and dynamic load of drive unit.Anchor bolts for fixing bridge on to the 
periphery of the tank.By this process suspended solids are removed up to 70% 
and settle able solids removal up to 90% to 98% cod removal as high as up to 
40% are achieved. 
 

USES: 
   It is used at high water treatment plants, industrial waste water treatment plants 
and potable water treatment. 
 
HORIZONTAL PRESSURE FILTER: 
 
Pressure filters, which may be vertical or horizontal, have cylindrical steel shells 
and dished heads. Usually sand and anthracite is the filter medium in a bed 
consisting of either one or two grades of sand or anthracite. A gravel bed 
supports the filter medium, prevents fine sand or anthracite from passing into the 
underdrain system and distributes back wash water. 
 

WorkingPrinciple:  
 
In pressure sand filter raw water flows down wards through the filter bed and as 
the suspended matter- which has usually been treated by addition of a coagulant 
like alum- is retained on the sand surface and between the sand grains. 
 
There is steady rise in the immediately below the surface. loss of head as the 
filter process continues and the flow reduces once the pressure drop across the 
filter is excessive. The filter is now taken out of service and cleaning of the filter 
is effected by flow reversal. To assist in cleaning the bed, the backwash operation 
is often preceded by air agitation through the under drain system. The process of 
air scouring agitates the sand with a scrubbing action, which loosens the 
intercepted particles. The filter is now ready to be put back into service. 
 

ACTIVATED CARBON FILTER: 

Carbon filtering is a method of filtering that uses a piece of activated carbon to 
remove contaminants and impurities, utilizing chemical adsorption. 

This carbon is generally activated with a positive charge and is designed to 
attract negatively charged water contaminants. Carbon filtering is commonly 
used for water purification, but is also used in air purifiers. 

http://en.wikipedia.org/wiki/Activated_carbon
http://en.wikipedia.org/wiki/Adsorption
http://en.wikipedia.org/wiki/Water_purification
http://en.wikipedia.org/wiki/Air_purifier
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Carbon filters are most effective at removing chlorine, sediment, and volatile 
organic compounds (VOCs) from water. They are not effective at 
removing minerals, salts, and dissolved inorganic compounds. 

Typical particle size that can be removed by carbon filters range from 0.5 to 
50 micrometers. The particle size will be used as part of the filter description. 
The efficacy of a carbon filter is also based upon the flow rate regulation. When 
the water is allowed to flow through the filter at a slower rate, the contaminants 
are exposed to the filter media for a longer amount of time.     

There are 2 predominant types of carbon filters used in the filtration industry: 
powdered block filters and granular activated filters. In general, carbon block 
filters are more effective at removing a larger number of contaminants, based 
upon the increased surface area of carbon. Many carbon filters also use 
secondary media, such as silver or Kdf-55, to prevent bacteria growth within the 
filter. 

 

CHEMICAL TREATMENT: 

 

ION EXCHANGE PROCESS: 
 
Basic ion exchange process in water treatment process: 
The ion exchange technology is used for different water treatment applications 
1 Softening (removal of hardness) 
2 De-alkylation (removal of bicarbonate) 
3 De cationisation (removal of all cations) 
4 Demineralization (removal of all ions) 
5 Mixed bed polishing 
6 Nitrate removals 
7 Selective removals of various contaminants 
Of this demineralization process is used in captive power plant. 
 
DEMINERALIZATION: 
 
It is the process of removing the mineral salts from water by ion exchange. For 
many applications all ions in the water must be removed particularly when the 
water is heated to produce steam, any impurity can precipitate and cause damage. 
As there are cations and anions in water we must us we two different types of 
resins; 

1. Cation exchanger 
2. Anion exchanger 

 

 

http://en.wikipedia.org/wiki/Chlorine
http://en.wikipedia.org/wiki/Sediment
http://en.wikipedia.org/wiki/Volatile_organic_compounds
http://en.wikipedia.org/wiki/Volatile_organic_compounds
http://en.wikipedia.org/wiki/Minerals
http://en.wikipedia.org/wiki/Salts
http://en.wikipedia.org/wiki/Micrometre
http://en.wikipedia.org/wiki/Silver
http://en.wikipedia.org/wiki/Kdf-55
http://en.wikipedia.org/wiki/Bacteria
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CATION EXCHANGER: 
 
In this exchanger the cations are removed by introducing a cation resin in the 
form of H+.Let us consider a simple demineralization system comprising a strong 
acid cation exchange resin in H+form.  
 
The first step is decationsation 

 
                   RSAC-H + Na+                       RSAC-Na + H+ 

With calcium instead of solid is also valid (for magnesium and other divalent 
cations) 

 
                   2RSAC-H + ca++     (RSAC) 2-Na + 2H+ 
 

DEGASIFIER: 

 

 A de gasifier is used to remove the carbondioxide created after cation exchange 
when the water contains a significant concentration of bicarbonate. 
ANION EXCHANGER: 
 
In secondary step all anion are removed with strong base resin. 

                   RSBA-OH +Cl-                       RSBA- Cl- + OH- 
The weak acids created after cation exchange, which are carbonic acid and silica 
acid (H2CO3 AND H2SICO3) are removed in same water  

                   RSBA-OH +HCO3
-                       RSBA- HCO3

- + OH- 
And finally, the H+ ions created in the first step react with the OH- ions of second 
step to produce new molecule of water. 
 This reaction is irreversible. 

 
               H+   +     OH-    H2O       
 

 
 

DEMINERALISED WATER: 
 
It is completely free of ions except a few residual traces of Na and Si, because 
the SAC, SBA resins have their lowest selectivity for these with a simple 
demineralization line regenerated in reverse flow, the treated water has a 
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conductivity of only 1µs/cm and silica residual between 5 and 50µg/l depending 
on the silica concentration in the feed and on regeneration condition. 
The pH value should not be used as a process control, as it is impossible to 
measure the ph of water as less than say 5µs/cm conductivity 
 

 

REGENERATION: 
 
 The SAC resin is regenerated with a strong acid, HCL or H2SO4. 

                   R-Na + H+                       R-H + Na+ 

And SBA resin is regenerated with a strong alkali, NaOH in 99% of the cases. 
                   RSBA-Cl +OH-                       RSBA- OH- + Cl- 

 

USES: 
• Water for high pressure boilers in nuclear and fossil fueled power stations 

and other industries 
• Rinse water used in production of computer chips and other electronic 

devices. 
• Process water for many applications in the chemical, textile and paper 

industries 
• Water for batteries 
• Water for laboratories. 

 
MIXED BED: 
 
The last traces of salinity and silica can be removed on a resin bed where highly 
regenerated strong acid cation and strong base anion resins are mixed. 
Mixed bed units deliver an excellent treated water quality, but are complicated to 
regenerate as the resins must first be separated by backwashing before 
regeneration. 
Additionally, they require large amount of chemical and hydraulic condition for 
regeneration are not optimal. Therefore, mixed beds are usually only used to treat 
predemineralisation water, when service run is constant. 
 
Mixed bed polishing produces water with less than 0.1µs/cm conductivity with 
sophisticated design and appropriate resins. 

• The conductivity of pure water (0.005µs/cm) can be achieved. 
• Residual silica values can be as low as 1µg/l. 
• The pH value should not be used as a process control, as pH meters are 

unable to operate at 1µs/cm conductivity or below    
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DEAERATOR: 

A deaerator is a device that is widely used for the removal of oxygen and other 
dissolved gases from the feedwater to steam-generating boilers. In particular, 
dissolved oxygen in boiler feedwaters will cause serious corrosion damage in 
steam systems by attaching to the walls of metal piping and other metallic 
equipment and forming oxides (rust). Dissolved carbon dioxide combines with 
water to form carbonic acid that causes further corrosion. Most deaerators are 
designed to remove oxygen down to levels of 7 ppb by weight (0.005 cm³/L) or 
less as well as essentially eliminating carbon dioxide.  

 

 

 

 

There are two basic types of deaerators, the tray-type and the spray-type:  

• The tray-type (also called the cascade-type) includes a vertical domed 
deaeration section mounted on top of a horizontal cylindrical vessel which 
serves as the deaerated boiler feedwater storage tank. 

• The spray-type consists only of a horizontal (or vertical) cylindrical vessel 
which serves as both the deaeration section and the boiler feedwater storage 
tank. 

 

 

http://en.wikipedia.org/wiki/Gas
http://en.wikipedia.org/wiki/Feedwater
http://en.wikipedia.org/wiki/Boiler
http://en.wikipedia.org/wiki/Oxygen
http://en.wikipedia.org/wiki/Oxide
http://en.wikipedia.org/wiki/Carbon_dioxide
http://en.wikipedia.org/wiki/Carbonic_acid
http://en.wikipedia.org/wiki/Parts_per_billion
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NORMS FOR RAW WATER: 
 

 

CLARIFLOCCULATORS OUTLET WATER  

 
  1.  Turbidity, NTU            = <5 
  2. Sulphates (so4), ppm = Maximum 4 times of sulphate in Make-up. 
 

EFFLUENT OUTLET WATER 

 

1. pH-value  6.0-9.0 
2. Total suspended solids(TSS), ppm <100 
3. Oil and grease,mg/l <5 
4. Iron(as Fe), ppm <1 
5. Copper(as cu),ppm ----------- 
6. Ammonia(as NH3),ppm ------------ 
7. Phenols, ppm ------------ 

 
NORMS FOR ACIDS AND ALKALYSIS 

 
 
 

 

 

NORMS FOR LUBRICATING OILS: 

 

Parameters Servo-32 s-46 HLP-46 sp-320 
Viscosity(st) 29-33 43-48 44-48 10% 
TAN(TotalAcid 
Number)(mg KOH/gm) 

<1.0 <0.2 <0.5 <1.5 

%moisture 0 0 0 0 

S.NO PARAMETER MAKE-UP CLARIFIED PH-4 
1. pH value 7.5-8.0 8.0-8.5 9.0 
2. Conductivity 200-300 200-350 600-1200 
3. Turbidity 10-25 <10 <100 

4. P-alkalinity,ppm NIL NIL NIL 

5. M-alkalinity,ppm 90-140 100-150 200-300 

6. Ca-Hardness,ppm 40-60 40-60 200-240 

7. Mg-Hardness,ppm 50-60 50-60 200-300 

8. Total Hardness,ppm 90-120 90-120 400-540 

9. Chlorides,ppm 16-20 16-20 60-80 
10. Sulphates,ppm 15-30 30-60 60-120 

1. Conc. Hydrochloric acid% 30-33 
2. Conc. Sulphuric acid % 96-98 
3. Caustic lye/caustic soda lye% 46-49 
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NORMS FOR BOILER WATER 

 

S.NO PARAMETE

R 

FEE

D 

DRU

M 

S.S 

STEA

M 

S.H 

STEA

M 

CONDENSAT

E 

1. Ph value 8.6-
9.2 

9-11 8.6-9.2 8.6-9.2 8.6-9.2 

2. conductivity <15 25-150 <15 <15 <15 
3. Hardness, ppm Nil Nil Nil Nil Nil 
4. Silica, ppm <0.02 <1.25 <0.02 <0.02 <0.02 
5. Phosphate, 

ppm 
X <20 X X X 

6. Hydrazine, 
ppm 

<0.01 X X X X 

7. Ammonia  X X X X <0.08 
8. Dissolve o2 0.05  X X <0.002 
9. Iron, ppm 0.01 X X X <0.01 
10 Cu, ppm X X X X 0.005 
11 Na+K X X X X 0.01 
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BOILERS 
 

A boiler is a closed vessel in which water or other fluid is heated. The heated or 
vaporized fluid exits in the boiler for use in various processes like power 
generation. 
Mainly boilers are classified in two types 

1. Fire tube boilers 

2. Water tube boiler 

FIRE TUBE BOILERS: 

 

In fire tube boiler, hot gases pass through the tubes and boiler feed water in the 
shell side is converted into steam. Fire tube boilers are generally used for 
relatively small steam capacities and low to medium steam pressures. As a 
guideline, fire tube boilers are competitive for steam rates up to 12,000 kg/hour 
and pressures up to 18 kg/cm2. Fire tube boilers are available for operation with 
oil, gas or solid fuels. 
 
WATER TUBE BOILERS: 

 

In water tube boiler, boiler feed water flows through the tubes and enters the 
boiler drum. The circulated water is heated by the combustion gases and 
converted into steam at the vapour space in the drum. These boilers are selected 
when the steam demand as well as steam pressure requirements are high as in the 
case of process cum power boiler / power boilers. 

Most modern water boiler tube designs are within the capacity range 4,500 – 
120,000 kg/hour of steam, at very high pressures. 

The features of water tube boilers are: 

• Forced, induced and balanced draft provisions help to improve 
combustion efficiency. 

• Less tolerance for water quality calls for water treatment plant. 

• Higher thermal efficiency shifts are possible 

 

The boilers in VSP are water tube boilers. 

The fuel used is sub-bituminous coal having calorific value of 2800-2900Kcal/kg 

The salient design data of the boilers are: 

Boiler capacity                        -      330T/hr 

Fuels fired                                -      pulverized coal, BFG, COG, HSD, HFO 

SH Steam pressure              -      101Kg/cm2 

http://en.wikipedia.org/wiki/Pressure_vessel
http://en.wikipedia.org/wiki/Water
http://en.wikipedia.org/wiki/Fluid
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SH Steam temperature         -       540°C 

Feed water temperature                  -230°C 

Calorific value of 1ton of coal-3750Kcal/kg 

Calorific value of BFG                   - 690-700Kcal/m3 

Calorific value of COG                  -   4200Kcal/m3 

Calorific value of LDO- 10000Kcal/m3 

Specific steam consumption for 100kg - 3.75t of steam 

1ton of coal- 4 tons of steam           - 1MW power 

 

The main parts of the boiler are 

1. Drum 

2. Ring header 

3. Economizer 

4. Super heater 

5. air heater 

6. Boiler Fans 

7. Wind box assembly 

8. Bowl Mill 

9. Coal feeder 

 

DRUM: 

A steam drum is a standard feature of a water-tube boiler. It is a reservoir of 
water/steam at the top end of the water tubes. The drum stores the steam 
generated in the water tubes and acts as a phase-separator for the steam/water 
mixture. The difference in densities between hot and cold water helps in the 
accumulation of the "hotter"-water/and saturated-steam into the steam-drum. 

Boiler steam drum water level is one of the most important power plant 
parameters to both measure and control. Control of the proper water level in the 
boiler is critical for safe operation of the boiler. 

• If the level is too low, boiler tubes will be damaged by overheating. 

• If the level is too high, steam separators will not work properly, 
temperature control will be difficult, and the super heater tubes and 

http://en.wikipedia.org/wiki/Water-tube_boiler
http://en.wikipedia.org/wiki/Vapor-liquid_separator
http://en.wikipedia.org/wiki/Vapor-liquid_separator
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turbine could be damaged by moisture or water treatment chemical 
carryover. 

 

In addition, poor level control will also adversely affect the drum pressure 
control. 

 

ECONOMISER: 

Economizers are mechanical devices intended to reduce energy consumption, or 
to perform another useful function such as preheating a fluid. 

Basically, economizer is located in between exit of boiler and entry of air 
preheater. When the flue gases are coming out from boiler they take away a lot of 
heat. Economizer utilizes this heat from flue gases, and these heat is used to heat 
the feed water which is going to feed the boiler, hence by using economizer the 
coal consumption required to heat the feed water is reduced hence cost reduced. 

In boilers, economizers are heat exchange devices that heat fluids, usually water, 
up to but not normally beyond the boiling point of that fluid. Economizers are so 
named because they can make use of the enthalpy in fluid streams that are hot, 
but not hot enough to be used in a boiler, thereby recovering more useful 
enthalpy and improving the boiler's efficiency. They are a device fitted to a boiler 
which saves energy by using the exhaust gases from the boiler to preheat the cold 
water used to fill it (the feed water). 

The boiler room is a huge energy guzzler. It consists of thermal fluid boilers or 
steam boiler, with exhaust gases through a common chimney. An indirect contact 
or contact condensing economizer will recover the residual heat from the 

http://en.wikipedia.org/wiki/Fluid
http://en.wikipedia.org/wiki/Boiler
http://en.wikipedia.org/wiki/Boiling
http://en.wikipedia.org/wiki/Enthalpy
http://en.wikipedia.org/wiki/Boiler_feedwater
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combustion products. A series of dampers, an efficient control system, as well as 
a ventilator, allow all or part of the combustion products to pass through the 
economizer, depending on the demand for make-up water and/or process water. 
The temperature of the gases can be lowered from 200°C to 10°C, while 
preheating the process water from 8°C to 80°C. On average over the year, boiler 
combustion efficiency has risen from 80% to more than 95%. The efficiency of 
heat produced is directly linked to boiler efficiency. The percentage of excess air 
and the temperature of the combustion products are two key variables in 
evaluating this efficiency. 

The combustion of natural gas needs a certain quantity of air in order to be 
complete, so the burners need a flow of excess air in order to operate. 
Combustion produces water steam and the quantity depends on the amount of 
natural gas burned. Also, the evaluation of the dew point depends of the excess 
air. Natural gas has different combustion efficiency curves, linked to the 
temperature of the gases and the excess air. For example, if the gases are chilled 
to 38°C and there is 15% excess air, then the efficiency will be 94%. The 
condensing economizer can thus recover the sensible and latent heat in the steam 
condensate contained in the flue gases for the process. The economizer is made 
of an aluminum and stainless steel alloy. The gases pass through the cylinder and 
the water through the finned tubes. It condenses about 11% of the water 
contained in the gases 

 

SUPER HEATER: 

A super heater is a device used to convert saturated steam or wet steam into dry 

steam used in steam engines or in processes, such as steam reforming. 

 

There are 3 types of super heaters: 

• A radiant super heater is placed directly in the combustion chamber. 

http://en.wikipedia.org/wiki/Steam_engine
http://en.wikipedia.org/wiki/Steam_reforming
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• A convection super heater is located in the path of the hot gases. 
• A separately fired super heater, as its name implies, is totally separated from 

the boiler. 

In a steam engine, the super heater re-heats the steam generated by the boiler, 
increasing its thermal energy and decreasing the likelihood that it 
will condense inside the engine. Super heaters increase the thermal efficiency of 
the steam engine, and have been widely adopted. Steam which has been 
superheated is logically known as superheated steam; non-superheated steam is 
called saturated steamor wet steam. Super heaters were applied to steam 
locomotives in quantity from the early 20th century, to most steam vehicles, and 
to stationary steam engines. This equipment is still used in conjunction 
with steam turbines in electrical power generating stationsthroughout the world. 

 

AIR HEATER: 

 

They are simply heaters that heat the air before it enters the combustor, thence 
result in the fuel consumption and increasing the thermal efficiency. 
Air pre-heater are also a requirement for the operation of pulverized-coal 
furnaces to dry that fuel. 
Types of air pre-heaters: 

1. Recuperative air pre-heaters 

2. Regenerative air pre heaters 

 

 

Recuperative air pre-heaters: 

 
They have heat transferred directly from the hot gases to the air across the heat 
exchanger. They are commonly tubular units in shell and tube form, where the 
hot gases flow inside the tubes and the forced air is around in the shell. 
 

Regenerative air pre heaters: 

 

These are the type of air pre heaters in which heat is transferred from hot flue 
gases firstly to an intermediate heat storage medium then to air. The most 
common type is the rotary air pre-heater known as the Lungstorm pre-heater. 
 
 

 

 

http://en.wikipedia.org/wiki/Steam_engine
http://en.wikipedia.org/wiki/Boiler
http://en.wikipedia.org/wiki/Thermal_energy
http://en.wikipedia.org/wiki/Condense
http://en.wikipedia.org/wiki/Thermal_efficiency
http://en.wikipedia.org/wiki/Superheated_steam
http://en.wikipedia.org/wiki/Saturated_steam
http://en.wikipedia.org/wiki/Steam_locomotive
http://en.wikipedia.org/wiki/Steam_locomotive
http://en.wikipedia.org/wiki/Steam_turbine
http://en.wikipedia.org/wiki/Power_station
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BOILER FANS: 

 
A boiler plant depending on the firing system and size, contains several fans of 
various sizes and types: 
There are three types of fans: 

1. Forced draft fan 
2. Primary air fan 
3. Induced draft fan 

 

FORCED DRAFT (FD) FAN: 

 
It is the main air fan whose prime job is to deliver the combustion air to the firing 
equipment in a balanced draft boiler. In a pressurized boiler, the FD fan has to 
further push the gases formed in the combustion chamber upto the chimney exit. 
FD fan handles the full pressure drop of the whole boiler air and flue gas system. 
 
Forced draft fans are provided to supply the combustion air to the wind box and 
after air port with adequate flow rate and pressure for combustion. The forced 
draft fan draws air from the atmosphere through the inlet silencer, and discharges 
air to the steam coil air heater, the air heater and the wind box. Modulating inlet 
vane of the centrifugal forced draft fan controls the combustion air flowing to the 
boiler wind box and after air port. Air heater inlet air damper creates the suitable 
backpressure for seal air supply through the forced draft fan outlet connecting air 
duct. In the case of both FD fans tripping, the boiler will go for trip as the air 
supply to the fuel is cut off in full or excluding the primary air depending upon 
the system design. 
 

PRIMARY AIR (PA) FAN: 

 
PA Fan is primary air fan which is used in power plant to push the coal from mill 
to furnace and to maintain the powdered coal always in dry state. PA fan is used 
in the case of solid fuels to carry the fuel to the furnace and give the primary air 
requirement to the fuel. PA fan also trip as soon as all the FD fans trip. 
 

INDUCED DRAFT (ID) FAN: 

 
ID fan (Induced Draft Fan) basically pulls out flue gas from the furnace of boiler. 
It is located between dust precipitators (ESPs) and Chimney. Obviously, it 
handles hot air/dust. 
The ID fan control set point is based on combustion side furnace pressure. If the 
furnace pressure goes up the ID fan removes more air to lower the pressure. As 
the furnace pressure goes down the ID fan removes less air. This air flow out of 
the boiler is referred to as draft. 
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Induced draft fans are hot gas fans with temperatures usually at 150°C and rarely 
exceeding 200°C. nearly every ID furnace operates with a slight negative 
pressure. 
 
 
Apart from these three fans there will be other fans like ignitor fan, seal air fan, 

scanner fan. 
• IGNITOR FANS are used to cool the ignition tubes in the boiler. 
• SEAL AIR FANS are used to seal the bearings inside the bowl mills. 
• SCANNER FANS are used to cool the flame sensors inside the boiler. 

 

WIND BOX ASSEMBLY: 

 

The fuel burning equipment consists of 4 wind box assemblies located in the 
furnace corners. Each wind box assembly is divided in its height into a number of 
sections called compartments. Some compartments are provided with coal 
nozzles , oil guns or gas spuds. The rest of the nozzles are called auxiliary air 
nozzles. The compartments are provided with lower type of dampers. The 
dampers of 4 corners operate in unison on elevation basis. Each set of dampers 
are operated by pneumatic damper drives remote manually from the secondary 
air damper control system in conjunction with furnace safe guard supervisory 
system. Some of the intermediate air nozzles are provided with air cooled oil 
guns and gas spuds. The spuds can be used to fire CO gas. The eddy plate oil 
igniters are provided adolescent to the oil guns or spuds. These igniters are used 
to light up the oil guns or gas spuds. 
 

TANGENTIAL FIRING: 

Tangential firing is a method of firing a fuel to heat air in thermal power stations. 
The flame envelope rotates ensuring thorough mixing within the furnace, 
providing complete combustion and uniform heat distribution. 

http://en.wikipedia.org/wiki/Thermal_power_station
http://en.wikipedia.org/wiki/Combustion
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The most effective method for producing intense turbulence is by the 
impingement of one flame on another. This action is secured through the use of 
burners located in each of the four corners of the furnace, close to the floor or the 
water-screen. The burner nozzles are so directed that the streams of coal and air 
are projected along a line tangent to a small circle, lying in a horizontal plane, at 
the center of the furnace. Intensive mixing occurs where these streams meet. A 
scrubbing action is present which assures contact between the combustible and 
oxygen, thus promoting rapid combustion and reducing carbon loss. A rotatory 
motion, similar to that of a cyclone, is imparted to the flame body, which spreads 
out and fills the furnace area. The ignition at each burner is aided by the flame 
from the preceding one. 

With tangential firing the furnace is essentially the burner, consequently air and 
coal quantities need not be accurately proportional to the individual fuel nozzle 
assemblies. Turbulence produced in the furnace cavity is sufficient to combine all 
the fuel and air. This continuously ensures uniform and complete combustion so 
that test performance can be maintained throughout daily operation. With other 
types of firing the fuel and air must be accurately proportioned to individual 
burners making it difficult to always equal test results. 

With this type of firing, combustion is extremely rapid, and short flame length 
results. The mixing is so intense that combustion rates exceeding 35,000 
Btu/(ft3·h) or 360 kW/m3 are practical under certain conditions. However, since 
there is considerable impingement of flame over the furnace walls it is absolutely 
necessary that they be fully water-cooled. This sweeping of the water-cooled 
surfaces, in the furnace, by the gas increases the evaporation rate. Thus, in 
addition to absorption by radiation from the flame envelope, there is transfer by 
convection, and the resulting furnace temperatures are lower than with other 
types of burners, even though the heat liberation rates may be somewhat higher. 
Tangentially fired furnaces are usually clean in the upper zone and, as a result, 
both the furnace and the boiler are comparatively free from objectionable slag 
deposits. 

 

BOWL MILL: 

 

Coal is one of the most dominating energy sources because of its cost, 
availability and transportability. Pulverized form of coal has made modern steam 
generating units highly thermal efficient, reliable, safe and able to efficiently use 
of low grade coals. It provides coal air fuel control, flame stability, effective 
utilization of carbon and thus reduction in cost and flexibility of operation. The 
efficiency of combustion depends upon efficiency of pulverizing. 
The machine used for particle size reduction is called pulverizes or mill. 
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This is a medium speed vertical mill with conical grinding rolls 3no.s per mill. 
The race will be either deep or shallow like saucer covered with liner called 
bullring segment. The bowl is rotated by a gearbox have reducing gear like worm 
gear set or bevel helical gears. 
 

COAL FEEDER: 
 
The coal feeder inlet is constructed of solid, type 304, stainless steel. A 
replaceable stainless steel leveling bar shears the coal column, forming a uniform 
profile of coal on the belt necessary for accurate weighing. 
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ELECTROSTATIC PRECIPITATOR (ESP): 

 
An electrostatic precipitator (ESP) or electrostatic air cleaner is 
a particulate collection device that removes particles from a flowing gas (such as 
air) using the force of an induced electrostatic charge. Electrostatic precipitators 
are highly efficient filtration devices that minimally impede the flow of gases 
through the device, and can easily remove fine particulate matter such as dust and 
smoke from the air stream. In contrast to scrubbers which apply energy directly 
to the flowing fluid medium, an ESP applies energy only to the particulate matter 
being collected and therefore is very efficient in its consumption of energy (in the 
form of electricity). 
 

 
 
 
Electrostatic Precipitators (ESP), the most efficient and maintenance free 
pollution control equipment along with their boilers. They have been designed to 
meet the prevailing stringent Pollution control norms, while reducing operation 
and maintenance costs and improving reliability and safety. 
An ESP can have any required efficiency irrespective of dust concentration and 
fineness of dust present in flue gas. With very low pressure drops and minimum 
maintenance requirement, ESP has become the most sought after pollution 
control equipment. 

http://en.wikipedia.org/wiki/Particulate
http://en.wikipedia.org/wiki/Electrostatic_charge
http://en.wikipedia.org/wiki/Filtration
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ESP are being widely used in industries and have been found very economical, 
specially for applications where high efficiency for very fine dust and high dust 
concentration are required. 
 

SOME OF THE BOILER PARAMETERS ARE 

For super heated steam 
                    PARAMETERS                         VALUES 

1. Steam pressure                      87.62kg/cm2 
2. Steam flow                      300.26T/hr 
3. Steam temperature before 

DESPH 
                     424.14°C 

4. Steam temperature before FSH                       309.88°C 
5. MS temperature                       530.53°C 

 
For feed water 
               PARAMETERS                         VALUES 

1. Drum level                   49.750mmwc 
2. Feed water level                   261.43T/hr 
3. Spray water flow                   35.493T/hr 
4. FW temperature at economizer 

inlet 
                  180.42°C 

 
For air flow 
                 PARAMETERS                          VALUES 

1. FD fan A/B current             17.511amp;15.844amp 
2. Secondary air HTR current                        10.815amp 
3. Secondary air flow L/R Current             112T/hr;111.41T/hr 
4. Wind box pressure L/R         20.144mmwc;18.420mmwc 
5. Secondary air temperature 

RAH out 
                       264.96°C 

6. Furnace pressure                    -4.7632mmwc 
 
For flue gases 
                PARAMETERS                              VALUES 

1. DP across RAH 114.32mmwc 
2. FG temperature after PLSH 825.46°C 
3. FG temperature after FSH 598.57°C 
4. FG temp. after LTSH 489.54°C 
5. FG temp. after eco 334.11°C 
6. FG temp. after TAH out 300.22°C 
7. FG temp. after sec. AH 196.29°C 
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8. O2 at eco outlet 1.307% 
9. ID fan A/B current 94.532amp; 90.24amp 
10. PA fan A/B disc pressure 1069.2mmwc; 1069.7mmwc 
11. Hot PA HDR pressure 990.60mmwc 
12. Seal air fan DISCH pressure 1014.7mmwc 
13. SCNR air fan DISCH pressure 92.977mmwc 
14. PA fan A/B currents 30.047amp; 33.171amp 
15. Seal air fan A/B current 26.106amp; 84.914amp 
16. SCNR fan A/B currents 12.051amp; 0.0077amp 
17. COG HDR pressure 250.58mmwc 
18. COG flow 15.486KNm3/hr 
19. BFG HDR pressure 1064.4mmwc 
20. BFG flow 72.359 KNm3/hr 

 
 
OPERATION OF THE BOILER IN TPP: 

 

 
 
In a coal based power plant coal is transported from coal mines to the power 
plant by railway in wagons or in a merry-go-round system. Coal is unloaded from 
the wagons to a moving underground conveyor belt. This coal from the mines is 
of no uniform size. So it is taken to the Crusher house and crushed to a size of 
20mm. From the crusher house the coal is either stored in dead storage( generally 
40 days coal supply) which serves as coal supply in case of coal supply 
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bottleneck or to the live storage(8 hours coal supply) in the raw coal bunker in 
the boiler house. Raw coal from the raw coal bunker is supplied to the Coal Mills 
by a Raw Coal Feeder. The Coal Mills or pulverizer pulverizes the coal to 200 
mesh size. The powdered coal from the coal mills is carried to the boiler in coal 
pipes by high pressure hot air.  
 
The pulverized coal air mixture is burnt in the boilerin the combustion zone. 
Generally in modern boilers tangential firing system is used i.e. the coal nozzles/ 
guns form tangent to a circle.The temperature in fire ball is of the order of 
1300°C. The boiler is a water tube boiler hanging from the top. Water is 
converted to steam in the boiler and steam is separated from water in the boiler 
Drum. The saturated steam from the boiler drum is taken to the Low Temperature 
Super heater, Platen Super heater and Final Super heater respectively for 
superheating. The superheated steam from the final super heater is taken to the 
High Pressure Steam Turbine (HPT).  
 
In the HPT the steam pressure is utilized to rotate the turbine and the resultant is 
rotational energy. From the HPT the out coming steam is taken to the Reheater in 
the boiler to increase its temperature as the steam becomes wet at the HPT outlet. 
After reheating this steam is taken to the Intermediate Pressure Turbine (IPT) and 
then to the Low Pressure Turbine (LPT). The outlet of the LPT is sent to the 
condenser for condensing back to water by a cooling water system. This 
condensed water is collected in the Hot well and is again sent to the boiler in a 
closed cycle. The rotational energy imparted to the turbine by high pressure 
steam is converted to electrical energy in the Generator. 
 

CHIMNEY:  

 
A chimney is a structure which provides ventilation for hot flue 
gases or smoke from a boiler, stove, furnace or fireplace to the 
outside atmosphere. Chimneys are typically vertical, or as near as possible to 
vertical, to ensure that the gases flow smoothly, drawing air into 
the combustion in what is known as the stack, or chimney, effect. The space 
inside a chimney is called a flue. 
 

 

http://en.wikipedia.org/wiki/Flue_gas
http://en.wikipedia.org/wiki/Flue_gas
http://en.wikipedia.org/wiki/Smoke
http://en.wikipedia.org/wiki/Boiler
http://en.wikipedia.org/wiki/Stove
http://en.wikipedia.org/wiki/Furnace
http://en.wikipedia.org/wiki/Fireplace
http://en.wikipedia.org/wiki/Earth%27s_atmosphere
http://en.wikipedia.org/wiki/Combustion
http://en.wikipedia.org/wiki/Stack_effect
http://en.wikipedia.org/wiki/Flue
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The height of chimneys plays a role in their ability to transfer flue gases using 
stack effect, the dispersion of pollutants at higher altitude helps to ease down its 
influence on surroundings. In the case of chemically aggressive output, the tall 
chimney allows partial or complete self-neutralization of chemicals in the air 
before they reach the ground. The dispersion of pollutants over greater area 
reduces their concentrations in compliance with regulatory limits. 

 

 

 

 

TURBO GENERATORS 
 
INTRODUCTION: 
A  turbo  generator  is  a  turbine  connected  to  a  electric  generator  for  the  
generation  of  electric power. Large steam  powered  turbo  generators  provide  
majority  of  the  world’s  electricity  and  area  also  used  by  steam  powered , 
turbo-electric  ships. 
 
Smaller turbo-generators with gas  turbines  are  often  used  as  auxiliary  power  
units, for  base  loads  generally  diesel  generators  are  usually  preferred, since  
they  offer  much  better  fuel-efficiency  and  are  also  more  reliable, and  on  
the  other  hand  they  are  much  heavier  and  need  more  space. The   
efficiency of larger gas turbine plants can be enhanced, if the hot  exhaust  gases  
are  used  to  generate  steam  which  drives  another  turbo  generator. Turbo-
generators were also used on steam locomotives as apower source for coach 
lighting and heating systems. 
 
Generally  the  turbo  generators  have  high  quality  and  high  reliability  along  
with  low  maintenance  and  long  life. They  are  designed  to  be  used  with  
wide  variety  of  steam  and  gas  turbine  drives. Accessories  and  features  can  
be  provided  to  meet  demanding  customer  specifications. 
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TURBINES: 

 
A turbine is a prime-mover in which the potential energyof the 
steamistransformed into kinetic energy, and latter in its turn is transformed into 
the mechanical energy of rotation of the turbine shaft. 
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TYPES OF TURBINES: 

Depending upon the action of steam turbines are classified as: 
1) Impulse. 
2) Reaction 
3) Combination of    impulse and reaction. 

Impulse turbine: 

The  turbine  in  which  the  expansion  of  steam  takes  place  in  one  set  of  the  
nozzles  is  called  impulse  turbine. The  steam  expands  in  the  nozzles  and  its  
pressure  does  not  alter  as  it  moves  over  the  blades. 
The principle example of impulse turbine is “De Laval turbine”. 
 

Reaction turbine: 
The turbine in  which  there  is  a gradual  pressure  drop  and  takes  place 
continuously  over  the  fixed  and  moving  blades.The  function  of  the  fixed 
blades  is  that  they  alter  the  direction  of  the  steam  as  well  as  allow  it 
expand  to  a  larger  velocity.As  the  steam  passes  over  the  moving  blades its  
kinetic  energy  is  absorbed  by  them. 
 
Now   coming  to  the  turbo generators  in  Visakhapatnam  Steel  Plant,  there 
are   three  turbo generators  each  producing  an average  of  60MW   of   power 
per  hour. Here  they  use  a  impulse  reaction  turbine  for  converting  steam 
energy  coming  from  the  boiler  to  mechanical  energy. There  are  40  reaction 
blades  and  1  impulse  blade  in this  turbine. This is a two pole turbine. 
The  steam  of  nearly  1100°𝐶  that  coming  from  the  super  heaters  of  the  
boiler  are  sent  into  the  turbines  through  control  valves  and  this  steam  is  
used  to  rotate  the  blades  of  the  turbine  which  in  turn  converts  steam  
energy  into  mechanical  energy. This mechanical    energy is later converted 
into electrical energy /power. 
The  turbine  is  coupled  to  a  generator  through  the  rotating  shaft  and  
bearings. The  generator  coupled  to  the  turbine  converts  mechanical  energy  
into  power  through  the  alternator. 
The installed capacity of the turbine is 247.5MW.  There  are  two  Gas  
expansion  turbines  each  having  a  capacity  of  24MW, two  back  pressure  
turbines  of  each  15MW  and  a  condensing  turbine  of  12MW.The  maximum 
speed  of  the  turbine  is  3000rpm. 
The following are general parameters of the turbo generator observed. 
 

60MW TURBO GENERATOR 

 
Parameters Units Value 

Turbine speed RPM 2988 
Cool water pressure at condenseinlet 
L/R 

KSC 2.2/2.3 
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Cool water temperature at 
condenserinlet L/R 

°𝐶 33/33 

Cool water temperature   at 
condenser outlet L/R 

°𝐶 43/39 

Feed water temperature at H-pre 
heater 3/4 outlet. 

°𝐶 
 
 

173/59 

Feed water flow   through heater. T/Hr 322 
Condenser vacuum KSC -0.67 
Main steam temperature °𝐶 535 
Condensate Extract Pump discharge 
flow 

T/Hr 158 

Temperature of turbine exhaust °𝐶 58  
a) Vibration of turbine front V/H 
(shaft). 
b) Vibration of turbine rare V/H 
(shaft). 
c) Vibration of generator-front V/H 
(shaft). 
d) Vibration of generator –rear V/H 
(shaft). 
e) Vibration of turbine front V/H 
(Housing). 
f) Vibration of turbine rear V/H 
(Housing). 
g) Vibration of generator front V/H 
(Housing). 
h) Vibration of generator rear V/H 
(Housing). 
i) Axial displacement (Housing). 
j) Casing expansion 
k)  Differential expansion (between 
turbine shaft and rotor) 

Microns 
 
Microns 
 
Microns 
 
Microns 
 
Microns 
 
Microns 
 
Microns 
 
Microns 
 
mm 
mm 
mm 
 

 

a)Turbinethrust bearing temperature 
1/2 
b)Turbinethrust bearing temperature 
(3,4) 
c)Turbine front/rearbearing 
temperature 
d)General front/rear bearing 

°𝐶 
 °𝐶 
 °𝐶 
 °𝐶 

56/57 
 
75/59 
 
57/78 
 
71/97 
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temperature 
e)Lub-oil temperature at oil cooler 
outlet 

 °𝐶 
 

 
50.2 
 

Power actual value MW 50.4 
Gland steam temperature °𝐶 228 
Gland steam pressure °𝐶 186 
Lub-oil header pressure Kg/cm2 2.77 
Governing  oil  header  pressure Kg/cm2 136 
Main  steam  pressure Kg/cm2 91.81 
Turbine  1st  stage  pressure Kg/cm2 56.12 
Turbine  extraction  13/4  pressure Kg/cm2 12.2/2.4 
Steam  flow  from  main  steam  
header 

T/Hr 235 

Piston  steam  temperature °𝐶 163 
 
LUBE OIL SYSTEM: 

At the time of turbine start up, the shaft journals are in contact with the white 
metal of the bearings due to the weight of the rotor. The low pressure of the 
lubricating oil supply when the set is stationary is insufficient to stop the metal to 
metal contact between journals and bearing shells. In order to prevent the metal 
to metal contact between journal and bearing shell during start up, which is 
damaging in the long term, an oil pocket machined into the bottom shell of the 
journal bearing is supplied with oil under high pressure. This lifts the shafting 
system slightly and it floats on a film oil. this is called jacking oil system of 
turbine. 
The primary function of the Lube Oil system is to supply lubricating oil at the 
proper pressure and temperature to the main propulsion turbines and reduction 
gears. The lube oil not only lubricates the machinery, but it also cools and helps 
reduce rusting. Secondary functions include purifying oil that has become 
contaminated and transferring oil to or from the sump tank, gravity tank, storage 
tank, settling tank, sludge tank, or deck connections. 
There are two types of bearings used in turbines. They are 

1) Thrust bearing 
2) Journal bearing 

These bearings  are  made  of  white  metal  which  are  sensitive  and  are  easily 
removed  by  the  movement  of  the  shaft .So  these  lubricating  oil  forms  a 
layer  between   the  shaft  and  the  bearings  and  protects  from  damage.The  
power  generated  at  the  generator  is  transformed  to  the  transformer  and  
later  power  is  supplied  to  the  total  plant  for  its  wo 
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TURBO BLOWERS 
 

 

 

Turbo blower is an equipment where a turbine is attached with the blower part. 
steam enters through the turbine inlet and expands through the blades and goes to 
the outlet which helps the turbine shafts to rotate. this turbine shaft is attached 
with the shaft of blower that makes the blower rotating. 

A blower in which the rotating part is equipped with blades that rotate between 
stationary blades attached to the housing. The respective sets of blades are set at 
an angle such that, as the rotor turns, gases are pushed through the blades and 
discharged from the opposite side, pass through the stationary blades, and then 
are given another push by the next set of rotating blades, finally being discharged 
from the casing at the opposite end from which they entered. 

The hot air coming from turbo blower is known as cold blast which is at a 
temperature of around 180°C. This air is sent to the stoves in blast furnace and 
this air is used as a fuel for heating the iron ore in BF. 

• BLOWER   -  3(2 working + 1 standby) 

• CAPACITY- 6067 nm³/min 
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 Special features:  

❑ VSP has 3 blast furnaces. To meet the blast air requirement, 3 turbo 
blowers, each of 6067 nm³/min capacity, are installed at TPP. 

❑  These blowers are of axial type and are the largest blowers installed in 
India. 

❑  These blowers are provided with suction filters, pre-coolers and inter-
coolers. 
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CONDENSERS 
Condenser: 

In  systems  involving  heat  transfer, a  condenser  is  a  device  or  unit  used  
tocondensate  steam  from  its  gaseous  state  to  its  liquid  state,  typically  
bycooling  it. In  so  doing , the  latent  heat  by  the  substance  will  transfer  to  
the  condenser  coolant. Condensers  are  typically  exchangers  which  have  
various designs  and  come  in  many  sizes  ranging  from  small  to  very  large 
industrial-scale  units  used  in  plant  processes. It  is  a  device  or  an  appliance 
in  which  steam  condenses  and  heat  released  by  steam  is  absorbed  by 
water. 
Types of condensers: 

Mainly, condensers are of two types: 
1)Jet condensers 
2)Surface condensers. 

 
Jet condensers: 

 

 
In jet  condensers, the  exhaust  steam  and  water  come  in  direct  contact  with 
each  other  and  temperature  of  the  condensate  is  the  same  as  that  of 
cooling  water  leaving  the  condenser. The cooling  water  is  usually  sprayed 
into  the  exhaust  steam  to  cause,  rapid  condensation. 
 

Classification of Jet condensers: 
a) Parallel  flow  type 
b) Counter  flow  type 
c) Ejector  type 
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Surface  condenser: 

 

 
 
In  surface  condensers,  the  exhaust  steam  and  water  do  not  come  into  
direct  contact. The  steam  passes  over  the  outer  surface  of  tubes  through  
which  a  supply  of  cooling  water  is  maintained. 
 
Classification  of  surface  condensers: 

a) Down-flow type 
b) Central-flow type 
c) Inverted-flow type 
d) Regenerative type 
e) Evaporative type 
 
Purpose of condensers in Visakhapatnam Steel plant: 

 

The thermodynamic cycle followed  in  this  power  plant  is  Rankine  

cycle.Here in  this  cycle  the  steam  required  to  rotate  the  turbine  is  sent  to  
the  condenser  for  cooling  and  is  again  sent  to  the  boiler  for  the  same  
process  to  occur.The  steam  sent  to  the  turbines  for  rotating  the  blades  is  
sent  to  the  condenser  for  cooling. The  steam  which  is  sent  to  the  
condenser,  condenses  into  water .This  water  is  again  sent  to  the  deaerated  
storage  tower  and  then  again ,it  is  sent  to  the  boiler.  The condensate left 
during the condensation process is sent down to the hot well. Hence condensation 
of water takes place.  
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CONCLUSION 

 
VSP is having its own captive power plant through which the power is 
distributed to all the units in VSP. In addition to its own captive power plant, AP 
TRANSCOgrid is also kept synchronized with its power system. In recent stage 
latest technology and equipment's are also being introduced. 
 
In this industrial training I learnt various components and equipment in the 
Thermal Power Plant, working of demineralised plant and various major plants in 
the Vizag steel plant. 
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ABSTRACT 

 

Power plays a major role in economic growth of the country. Power production is 
synonymous to progress. In Visakhapatnam Steel Plant, Thermal Power Plant 
caters to the needs of power requirements for all its units. 
 
In Thermal Power Plant steam is the working fluid. Steam generated in the steam 
generator is expanded in the turbine and power is produced. Steam goes out of the 
turbine with high available energy. This steam goes to condenser and gets cooled 
down to water giving away all its latent heat to the circulating water. This latent 
heat is wasted and cannot be converted into useful work, leading to low efficiency 
of turbine. 
 
To utilize the latent heat in the steam (which occupies a major portion of available 
energy in steam). Some of the steam is bled out from the turbine and the energy in 
bled steam is also utilized. This is regenerative feed water heating which carnotizes 
the Rankine cycle. As the number regenerative feed water heaters increase, the 
work output of the turbine comes down as more and more steam is bled out.   
 
Besides in this process what are the equipment’s like boilers, turbo generators, 
pumps, turbo blowers, condensers are used and water supply to the boilers in 
thermal power plant in vizag steel plant are discussed. 
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AREA OF STUDY 

 
INRODUCTION TO VSP: 
      

 VIZAG STEEL PLANT is located in coastal area of ANDHRA PRADESH on 
the shores of Bay of Bengal. As the country’s most modern and integrated public 
sector steel plant, Visakhapatnam Steel Plant (VSP) is a 7.3 MTPA plant. It was 
commissioned in 1992 with a capacity of 3.0 MTPA of liquid steel. The company 
subsequently completed its capacity expansion to 6.3 MTPA in April 2015 and to 
7.3 MTPA of saleable steel in December 2017. At VSP there is a stringent 
emphasis on total automation seamless integration and efficient up gradation, 
which resulted in a wide range of steel products that are truly “world class”. A 
commitment, which is extended along with innovation into VSP’s market 
orientation program, leading to, personalized service and a high degree of customer 
satisfaction. Small wonder than, VSP has been highly successful in building a 
strong base of satisfied customers in Asia. 
 
Steel is backbone of all industrial and economic development activities. After 
independence, Government of India has gone in a big way for increasing the steel 
production in the country and has setup integrated steel plant in public sector. The 
decision of government of India to setup an integrated steel plant with an annual 
capacity of 6.4 MT’s of liquid steel and 5.8 MT’s of saleable steel (2019) in VSP 
is yet another step towards increasing the country’s steel production, reducing steel 
imports and removing regional imbalances in industrial development. 
Visakhapatnam strategically situated on the east coast with deep natural harbor and 
other communicational facilities, other ideal conditions for steel plant. The steel 
plant made Visakhapatnam as one of the most important cities in Raw material 
sources. 
 
The steel plant will get its supply of Iron ore lumps from Bailadilla mine deposits 
in Blast Furnace grade lime stone will come from Jaggayyapeta in A.P. and SMS 
grade lime stone from Bandanpur in M.P. Blast Furnace grade dolomite will come 
from Kotmi Sonar and Bhainso deposits in M.P. and SMS grade dolomite from 
Madharam (Khammam) deposits in A.P. 80% of coking coal requirements will  be 
met by imports of Visakhapatnam harbor while the balance indigenous coking coal 
will come from Bengal and Bihar area. Coal for power generation will come from 
Talcher in Orissa. 
 
 

WATER SUPPLY: 

 

     Requirements of water during the peak of construction were of the order 4.5 
mgd. This was met from the Meghadrigedda and Raiwada schemes of A.P. State 
Government Operational water requirement of steel plant (70 mgd) is being from 
Yeluru water supply scheme provided by the A.P. State Government this involved 
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construction of storage reservoir at Yeleswaram and a 150Km. long lined canal to 
the plant site which is stored in Kanithi Balancing Reservoir. 
 

POWER SUPPLY: 

 

Peak construction power requirement was about 12MW. This was arranged from 
the Gajuwaka substation of APSEB at 33KV. The plant has in-plant power 
generation from a power plant installed capacity of 220MW additional 
requirements of operational power supply are initially supplied at 220MV, which 
is stepped down to 440V. 
 
PRODUCT MIX: 

 

VSP is producing angles, beams, channels, re-bars, reinforcing bars, wire rods and 
billets for re-rolling all Indian standards specifications. The plant is also producing 
pig iron around 1.44MT’s per annum of granulated slag, besides normal 
byproducts from 0the coke-oven and byproduct plant. 
 

MAJOR PLANT FACILITIES: 

 

     VSP has following major production facilities- 
•    3 coke oven batteries of 67 ovens each 
•    2 sinter machines of 312 sq. m area 
•    3 B.F.’ s of two 3200-cub.m useful volumes and One Blast Furnace of 

3800-cub.m useful volume. 
•    Steel melting shop with 3 L.D. converters with capacity of 150 tons 

each. 
•    Light and Medium Merchant Mills of capacity 710,000 tons per year. 
•    Wire Rod Mill of 850,000 t per year capacity. 
• Medium Merchant Structural Mill of 850,000 tons per year capacity. 

Extensive facilities are provided for repair and maintenance as well as manufacture 
of spare parts. A power plant, oxygen plant, acetylene plant, compressed air plant 
etc. form a part of plant. 
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THERMAL POWER PLANT 

INTRODUCTION 

A thermal power station is a power plant in which the prime mover is steam 
driven Water is heated, turns into steam and spins a steam turbine which drives an 
electrical generator. After it passes through the turbine, the steam is condensed in 
a condenser and recycled to where it was heated; this is known as a Rankine cycle. 
The greatest variation in the design of thermal power stations is due to the different 
fuel sources 

 
 
 

  
 
FEATURES OF TPP 
 

• Captive capacity of TPP in VSP :286.5 MW 
• 3 units of 60 MW generation capacity. 
• 2 unit of 67.5 MW generation capacity. 
• 2 units of 7.5 MW capacity at Back Pressure Turbine Station (BPTS). 
• 2 units of 12 MW capacity at Gas Expansion Turbine Station (GETS). 
• The specialty of this power plant is that the energy from the flue gas is not 

wasted. It is used in BPTS and GETS power is generated. 
 
 
 
LAY OUT OF TPP: 

 

http://en.wikipedia.org/wiki/Power_plant
http://en.wiktionary.org/wiki/prime_mover
http://en.wikipedia.org/wiki/Steam
http://en.wikipedia.org/wiki/Steam_turbine
http://en.wikipedia.org/wiki/Electrical_generator
http://en.wikipedia.org/wiki/Condensation
http://en.wikipedia.org/wiki/Surface_condenser
http://en.wikipedia.org/wiki/Rankine_cycle
http://en.wikipedia.org/wiki/File:TermoElectricaBulgaria.jpg
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Working procedure in Thermal Power Plant: 

1. Coal, oil and gas are used to make thermal electricity. They all work basically 
the same “hoppers” crush coal to a few inches in size and conveyor belts bring 
the coal inside. 

  2. Coal pulveriser: The belts dump coal into a huge bin (pulverizer), which         
reduces the coal to a fine powder. Hot air from nearby fans blows the powdered 
coal into huge furnaces (boilers). 

 

  3. Boiler : The boiler walls are lined with many kilometers of pipe filled with 
water. As soon as the coal enters the boiler, it instantly catches fire and burns with 
high intensity (the temperatures inside the furnace may climb to 1,300° C). This 
heat quickly boils the water inside the pipes, changing it into steam. The various 
types of boilers are: Fire tube boilers, Water tube boilers, Packaged boiler, 
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Fluidized bed combustion boiler, Atmospheric fluidized bed combustion boiler, 
Stoker fired boiler. 

Fire Tube Boiler  

In fire tube boiler, hot gases pass through the tubes and boiler feed water in the 
shell side is converted into steam. Fire tube boilers are generally used for relatively 
small steam capacities and low to medium steam pressures. As a guideline, fire 
tube boilers are competitive for steam rates up to 12,000 kg/hour and pressures up 
to 18 kg/cm2. Fire tube boilers are available for operation with oil, gas or solid 
fuels. For economic reasons, most fire tube boilers are nowadays of “packaged” 
construction (i.e. manufacturers shop erected) for all fuels. 

Water Tube Boiler 

In water tube boiler, boiler feed water flows through the tubes and enters the boiler 
drum. The circulated water is heated by the combustion gases and converted into 
steam at the vapour space in the drum. These boilers are selected when the steam 
demand as well as steam pressure requirements are high as in the case of process 
cum power boiler / power boilers. 
 
Most modern water boiler tube designs are within the capacity range 4,500 – 
120,000 kg/hour of steam, at very high pressures. Many water tube boilers 
nowadays are of “packaged” construction if oil and /or gas are to be used as fuel. 
Solid fuel fired water tube designs are available but packaged designs are less 
common. 

The various features of boilers are: 

• Forced, induced and balanced draft provisions help to improve combustion 
efficiency. 

• Less tolerance for water quality calls for water treatment plant. 
• Higher thermal efficiency levels are possible 

4. Precipitators and stack — As the coal burns, it produces emissions (carbon 
dioxide, sulphur dioxide and nitrogen oxides) and ash. The gases, together with 
the lighter ash (fly ash), are vented from the boiler up the stack. Huge air filters 
called electrostatic precipitators remove nearly all the fly ash before it is released 
into the atmosphere. The heavier ash (bottom ash) collects in the bottom of the 
boilers and is removed. 

5. Turbine and generator — Meanwhile, steam moves at high speed to the 
turbines, massive drums with hundreds of blades turned at an angle, like the blades 
of a fan. As jets of high-pressure steam emerge from the pipes, they propel the 
blades, causing the turbine to spin rapidly. A metal shaft connects the turbine to a 
generator. As the turbine turns, it causes an electro-magnet to turn inside coils of 
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wire in the generator. The spinning magnet puts electrons in motion inside the 
wires, creating electricity. 

 

6. Condensers and cooling water system — Next, the steam exits the turbines 
and passes over cool tubes in the condenser. The condensers capture the used steam 
and transform it back to water. The cooled water is then pumped back to the boiler 
to repeat the heating process. At the same time, water is piped from a reservoir or 
river to keep the condensers constantly cool. This cooling water, now warm from 
the heat exchange in the condensers, is released from the plant. 

7. Water purification — To reduce corrosion, plants purify water for use in the 
boiler tubes. Wastewater is also treated and pumped out to holding ponds. 

8. Ash systems — Ash is removed from the plant and hauled to disposal sites or 
ash lagoons. Ash is also sold for use in manufacturing cement. 

9. Transformer and transmission lines — transformers increase the voltage of 
the electricity generated. transmission lines then carry the electricity at high 
voltage from the plant to substations in cities and towns. 
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FUELS: 

The heat energy for power stations comes from a variety of sources. Some of these 
are non-renewable, such as oil, coal, natural gas and nuclear fuels. Others are 
renewable, such as wood, straw and manure. 

The cost of electricity depends on the power rating of the appliance used, how long 
it is used for, and the price of a unit of electricity. 

Fuels for power stations 

The common fuels used in power stations include: 

• fossil fuels (coal, oil and natural gas) 
• nuclear fuels (uranium and, sometimes, plutonium) 
• renewable biomass (wood, straw and manure). 

 

Each type of fuels has advantages and disadvantages. 

Fossil fuels 

Fossil fuels are non-renewable energy resources. Their supply is limited and they 
will eventually run out. Fossil fuels cannot be replaced once they have been used 
up. 

Fossil fuels release carbon dioxide when they burn, which adds to the greenhouse 
effect and increases global warming. Of the three fossil fuels, for a given amount 
of energy released, coal produces the most carbon dioxide and natural gas produces 
the least. 

Coal and oil release sulfur dioxide gas when they burn, which causes breathing 
problems for living creatures and contributes to acid rain. 
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Nuclear fuels 

Like fossil fuels, nuclear fuels are non-renewable energy resources. If there is an 
accident, large amounts of radioactive material could be released into the 
environment. In addition, nuclear waste remains radioactive and is hazardous to 
health for thousands of years. It must be stored safely. 

Unlike fossil fuels, nuclear fuels do not produce carbon dioxide or sulfur dioxide 
when they are used. 

Renewable biomass 

Wood, straw and manure are cheap and a readily available source of energy. If 
trees and crops are replaced, biomass can be a long-term, sustainable energy 
source. However, a lot of land would be needed to produce enough biomass to 
replace the fossil fuels and nuclear fuels used around the world. 

 

 

 

 

 

 

 

 

 

 

 

 

 

DEMINERALIZATION PLANT 

 

INTRODUCTION: 
 
Demineralization is the process of removing the mineral salts from water by ion-
exchange process. Impurities that remain dissolved in water dissociate to form 
positive and negative charged particles known as ions. These impurities or 
compounds are called electrolytes in varying concentrations. An ion exchange 
vessel holds ion exchange resin of the required type through which water is 
allowed to pass. The selective ions in the water are exchanged with ions or radicals 
loosely held by the resin. In this way, the water is passed through several vessels 
or a mixed bed vessel so that both positive and negative ions are removed and 
water is demineralized. 
 
The water is treated in two processes: 
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1. Physical treatment 
2. Chemical treatment 

 
PHYSICAL TREATMENT: 

     This process requires three equipments: 
1. Clariflocculator 
2. Horizontal pressure filter 
3. Activated carbon filter 

CLARIFLOCCULATOR: 
 
It is a type of sedimentation process. It is used to remove the suspended solids in 
liquid water by adding alum into the water. 
 

IMPORTANCE: 
 
Clarifiers are described here under are for chemical effluents, various types of 
industrial processing and even metallurgical processing, where the efficient 
separation of suspended solids or sedimentation is an important and essential 
aspect in effluent treatment since it not only reduces considerably suspended 
particles loading but also helps in removing the COD and BOD loading, thereby 
contributing in reducing the sizing of subsequent process like that of biological 
treatment etc. 
It has two concentric tanks where inner tank serves as a flocculation basin and 
outer tank serves as a clarifier 
 

CONSTRUCTION: 

         1. FLOCCULATOR: 
                      A flocculator allows sediment to settle particles into bigger clumps. 

 
          
2. CLARIFIER: 

           A clarifier is used to filter the solid particles out and collect water 
from suspended solids. 
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WORKING: 

 

This process is purely of gravity separation. This is achieved by the reduction in 
velocity of fluid nearly 1800 change in direction of flow. The separated solids 
would flow downward and settle on tapered floor. To remove this sludge we have 
a mechanism called central drive mechanism. 
 

CENTRAL DRIVEN: 
 
This mechanism is suitable for installation in RCC circular basin. The drive can be 
used continuously for flocculation and settling of solids. The settled solids are 
removed from the centre of the tank. The slope is 1:12 at the bottom of the 
clariflocculator tank for efficient removal of sludge. The sludge is scrapped from 
the bottom by a rotating scrapped arm. This makes centrally driven 
clariflocculation mechanism consists of: 
 

1. DRIVE UNIT: 
            Two separate drive units are provided for flocculator and clarifier 
mechanism. So that both are operated independently. 
 
2. FLOCCULATOR DRIVE: 
           It comprises of motor connected by worm reduction gear box by flexible 
coupling, chain and sprocket to get required rpm of flocculator paddles of suitable 
size which are suspended from the arms of flocculator zone. 
 

 

 

CLARIFIER DRIVE: 
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It also comprises of motor connected to worm reduction gear box by chain and 
sprocket to impact slow motion to scraper clarifier mechanism is used continuous 
to remove the settled sludge from the centre of tank. 
The drive unit and feed well is fixed at centre of bridge which is designed to take 
static and dynamic load of drive unit. Anchor bolts for fixing bridge on to the 
periphery of the tank. By this process suspended solids are removed up to 70% and 
settle able solids removal up to 90% to 98% cod removal as high as up to 40% are 
achieved. 
 

USES: 
   It is used at high water treatment plants, industrial waste water treatment plants 
and potable water treatment. 
 
HORIZONTAL PRESSURE FILTER: 
 
Pressure filters, which may be vertical or horizontal, have cylindrical steel shells 
and dished heads. Usually sand and anthracite is the filter medium in a bed 
consisting of either one or two grades of sand or anthracite. A gravel bed supports 
the filter medium, prevents fine sand or anthracite from passing into the under 
drain system and distributes back wash water. 
 

Working Principle:  
 
In pressure sand filter raw water flows down wards through the filter bed and as 
the suspended matter- which has usually been treated by addition of a coagulant 
like alum- is retained on the sand surface and between the sand grains. 
 
There is steady rise in the immediately below the surface. loss of head as the filter 
process continues and the flow reduces once the pressure drop across the filter is 
excessive. The filter is now taken out of service and cleaning of the filter is effected 
by flow reversal. To assist in cleaning the bed, the backwash operation is often 
preceded by air agitation through the under drain system. The process of air 
scouring agitates the sand with a scrubbing action, which loosens the intercepted 
particles. The filter is now ready to be put back into service. 
 

ACTIVATED CARBON FILTER: 

Carbon filtering is a method of filtering that uses a piece of activated carbon to 
remove contaminants and impurities, utilizing chemical adsorption. 

This carbon is generally activated with a positive charge and is designed to attract 
negatively charged water contaminants. Carbon filtering is commonly used 
for water purification, but is also used in air purifiers. 

http://en.wikipedia.org/wiki/Activated_carbon
http://en.wikipedia.org/wiki/Adsorption
http://en.wikipedia.org/wiki/Water_purification
http://en.wikipedia.org/wiki/Air_purifier
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Carbon filters are most effective at removing chlorine, sediment, and volatile 
organic compounds (VOCs) from water. They are not effective at 
removing minerals, salts, and dissolved inorganic compounds. 

Typical particle size that can be removed by carbon filters range from 0.5 to 
50 micrometers. The particle size will be used as part of the filter description. The 
efficacy of a carbon filter is also based upon the flow rate regulation. When the 
water is allowed to flow through the filter at a slower rate, the contaminants are 
exposed to the filter media for a longer amount of time.     

There are 2 predominant types of carbon filters used in the filtration industry: 
powdered block filters and granular activated filters. In general, carbon block 
filters are more effective at removing a larger number of contaminants, based upon 
the increased surface area of carbon. Many carbon filters also use secondary media, 
such as silver or Kdf-55, to prevent bacteria growth within the filter. 

 

CHEMICAL TREATMENT: 

 

ION EXCHANGE PROCESS: 
 
Basic ion exchange process in water treatment process: 
The ion exchange technology is used for different water treatment applications 
1 Softening (removal of hardness) 
2 De-alkylation (removal of bicarbonate) 
3 De cationisation (removal of all cations) 
4 Demineralization (removal of all ions) 
5 Mixed bed polishing 
6 Nitrate removals 
7 Selective removals of various contaminants 
Of this demineralization process is used in captive power plant. 
 
DEMINERALIZATION: 
 
It is the process of removing the mineral salts from water by ion exchange. For 
many applications all ions in the water must be removed particularly when the 
water is heated to produce steam, any impurity can precipitate and cause damage. 
As there are cations and anions in water we must us we two different types of 
resins; 

1. Cation exchanger 
2. Anion exchanger 

 

 

CATION EXCHANGER: 

http://en.wikipedia.org/wiki/Chlorine
http://en.wikipedia.org/wiki/Sediment
http://en.wikipedia.org/wiki/Volatile_organic_compounds
http://en.wikipedia.org/wiki/Volatile_organic_compounds
http://en.wikipedia.org/wiki/Minerals
http://en.wikipedia.org/wiki/Salts
http://en.wikipedia.org/wiki/Micrometre
http://en.wikipedia.org/wiki/Silver
http://en.wikipedia.org/wiki/Kdf-55
http://en.wikipedia.org/wiki/Bacteria
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In this exchanger the cations are removed by introducing a cation resin in the form 
of H+. Let us consider a simple demineralization system comprising a strong acid 
cation exchange resin in H+form.  
 
The first step is decationsation  

 
                   RSAC-H + Na+                       RSAC-Na + H+ 

With calcium instead of solid is also valid (for magnesium and other divalent 
cations) 

 
                   2RSAC-H + ca++                       (RSAC) 2-Na + 2H+ 
 

DEGASIFIER: 

 

 A de gasifier is used to remove the carbondioxide created after cation exchange 
when the water contains a significant concentration of bicarbonate. 
ANION EXCHANGER: 
 
In secondary step all anion are removed with strong base resin. 

                   RSBA-OH +Cl-                       RSBA- Cl- + OH- 
The weak acids created after cation exchange, which are carbonic acid and silica 
acid (H2CO3 AND H2SICO3) are removed in same water  

                   RSBA-OH +HCO3
-                       RSBA- HCO3

- + OH- 
And finally, the H+ ions created in the first step react with the OH- ions of second 
step to produce new molecule of water. 
 This reaction is irreversible. 

 
               H+   +     OH-                              H2O       
     

      
 

DEMINERALISED WATER: 
 
It is completely free of ions except a few residual traces of Na and Si, because the 
SAC, SBA resins have their lowest selectivity for these with a simple 
demineralization line regenerated in reverse flow, the treated water has a 
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conductivity of only 1µs/cm and silica residual between 5 and 50µg/l depending 
on the silica concentration in the feed and on regeneration condition. 
The pH value should not be used as a process control, as it is impossible to measure 
the ph of water as less than say 5µs/cm conductivity 
 

 

REGENERATION: 
 
 The SAC resin is regenerated with a strong acid, HCL or H2SO4. 

                   R-Na + H+                       R-H + Na+ 

And SBA resin is regenerated with a strong alkali, NaOH in 99% of the cases. 
                   RSBA-Cl +OH-                       RSBA- OH- + Cl- 

 

USES: 
• Water for high pressure boilers in nuclear and fossil fueled power stations 

and other industries 
• Rinse water used in production of computer chips and other electronic 

devices. 
• Process water for many applications in the chemical, textile and paper 

industries 
• Water for batteries 
• Water for laboratories. 

 
MIXED BED: 
 
The last traces of salinity and silica can be removed on a resin bed where highly 
regenerated strong acid cation and strong base anion resins are mixed. 
Mixed bed units deliver an excellent treated water quality, but are complicated to 
regenerate as the resins must first be separated by backwashing before 
regeneration. 
Additionally, they require large amount of chemical and hydraulic condition for 
regeneration are not optimal. Therefore, mixed beds are usually only used to treat 
predemineralisation water, when service run is constant. 
 
Mixed bed polishing produces water with less than 0.1µs/cm conductivity with 
sophisticated design and appropriate resins. 

• The conductivity of pure water (0.005µs/cm) can be achieved. 
• Residual silica values can be as low as 1µg/l. 
• The pH value should not be used as a process control, as pH meters are 

unable to operate at 1µs/cm conductivity or below    
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DEAERATOR: 

A deaerator is a device that is widely used for the removal of oxygen and other 
dissolved gases from the feedwater to steam-generating boilers. In particular, 
dissolved oxygen in boiler feedwaters will cause serious corrosion damage in 
steam systems by attaching to the walls of metal piping and other metallic 
equipment and forming oxides (rust). Dissolved carbon dioxide combines with 
water to form carbonic acid that causes further corrosion. Most deaerators are 
designed to remove oxygen down to levels of 7 ppb by weight (0.005 cm³/L) or 
less as well as essentially eliminating carbon dioxide.  

 

 

 

 

There are two basic types of deaerators, the tray-type and the spray-type:  

• The tray-type (also called the cascade-type) includes a vertical domed 
deaeration section mounted on top of a horizontal cylindrical vessel which 
serves as the deaerated boiler feedwater storage tank. 

• The spray-type consists only of a horizontal (or vertical) cylindrical vessel 
which serves as both the deaeration section and the boiler feedwater storage 
tank. 

 

 

http://en.wikipedia.org/wiki/Gas
http://en.wikipedia.org/wiki/Feedwater
http://en.wikipedia.org/wiki/Boiler
http://en.wikipedia.org/wiki/Oxygen
http://en.wikipedia.org/wiki/Oxide
http://en.wikipedia.org/wiki/Carbon_dioxide
http://en.wikipedia.org/wiki/Carbonic_acid
http://en.wikipedia.org/wiki/Parts_per_billion
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NORMS FOR RAW WATER: 
 

                                              

CLARIFLOCCULATORS OUTLET WATER  

  
  1.  Turbidity, NTU            = <5 
  2. Sulphates (so4), ppm = Maximum 4 times of sulphate in Make-up. 
 

EFFLUENT OUTLET WATER 

 

1. pH-value  6.0-9.0 
2. Total suspended solids(TSS), ppm <100 
3. Oil and grease,mg/l <5 
4. Iron(as Fe), ppm <1 
5. Copper(as cu),ppm ----------- 
6. Ammonia(as NH3),ppm ------------ 
7. Phenols, ppm ------------ 

 
NORMS FOR ACIDS AND ALKALYSIS 

 
 
 

 

 

NORMS FOR LUBRICATING OILS: 

 

Parameters Servo-32 s-46 HLP-46 sp-320 
Viscosity(st) 29-33 43-48 44-48 10% 
TAN(TotalAcid 
Number)(mg KOH/gm) 

<1.0 <0.2 <0.5 <1.5 

%moisture 0 0 0 0 

S.NO PARAMETER MAKE-UP CLARIFIED PH-4 
1. pH value 7.5-8.0 8.0-8.5 9.0 
2. Conductivity 200-300 200-350 600-1200 
3. Turbidity 10-25 <10 <100 

4. P-alkalinity,ppm NIL NIL NIL 

5. M-alkalinity,ppm 90-140 100-150 200-300 

6. Ca-Hardness,ppm 40-60 40-60 200-240 

7. Mg-Hardness,ppm 50-60 50-60 200-300 

8. Total Hardness,ppm 90-120 90-120 400-540 

9. Chlorides,ppm 16-20 16-20 60-80 
10. Sulphates,ppm 15-30 30-60 60-120 

1. Conc. Hydrochloric acid% 30-33 
2. Conc. Sulphuric acid % 96-98 
3. Caustic lye/caustic soda lye% 46-49 
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NORMS FOR BOILER WATER 

                   

S.NO PARAMETE

R 

FEE

D 

DRU

M 

S.S 

STEA

M 

S.H 

STEA

M 

CONDENSAT

E 

1. Ph value 8.6-
9.2 

9-11 8.6-9.2 8.6-9.2 8.6-9.2 

2. conductivity <15 25-150 <15 <15 <15 
3. Hardness, ppm Nil Nil Nil Nil Nil 
4. Silica, ppm <0.02 <1.25 <0.02 <0.02 <0.02 
5. Phosphate, 

ppm 
X <20 X X X 

6. Hydrazine, 
ppm 

<0.01 X X X X 

7. Ammonia  X X X X <0.08 
8. Dissolve o2 0.05  X X <0.002 
9. Iron, ppm 0.01 X X X <0.01 
10 Cu, ppm X X X X 0.005 
11 Na+K X X X X 0.01 
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BOILERS 
 

A boiler is a closed vessel in which water or other fluid is heated. The heated or 
vaporized fluid exits in the boiler for use in various processes like power 
generation. 
Mainly boilers are classified in two types 

1. Fire tube boilers 

2. Water tube boiler 

FIRE TUBE BOILERS: 

 

In fire tube boiler, hot gases pass through the tubes and boiler feed water in the 
shell side is converted into steam. Fire tube boilers are generally used for relatively 
small steam capacities and low to medium steam pressures. As a guideline, fire 
tube boilers are competitive for steam rates up to 12,000 kg/hour and pressures up 
to 18 kg/cm2. Fire tube boilers are available for operation with oil, gas or solid 
fuels. 
 
WATER TUBE BOILERS: 

 

In water tube boiler, boiler feed water flows through the tubes and enters the boiler 
drum. The circulated water is heated by the combustion gases and converted into 
steam at the vapour space in the drum. These boilers are selected when the steam 
demand as well as steam pressure requirements are high as in the case of process 
cum power boiler / power boilers. 

Most modern water boiler tube designs are within the capacity range 4,500 – 
120,000 kg/hour of steam, at very high pressures. 

The features of water tube boilers are: 

• Forced, induced and balanced draft provisions help to improve combustion 
efficiency. 

• Less tolerance for water quality calls for water treatment plant. 

• Higher thermal efficiency shifts are possible 

 

The boilers in VSP are water tube boilers. 

The fuel used is sub-bituminous coal having calorific value of 2800-2900Kcal/kg 

The salient design data of the boilers are: 

Boiler capacity                           -      330T/hr 

Fuels fired                                  -      pulverized coal, BFG, COG, HSD, HFO 

SH Steam pressure                     -      101Kg/cm2 

http://en.wikipedia.org/wiki/Pressure_vessel
http://en.wikipedia.org/wiki/Water
http://en.wikipedia.org/wiki/Fluid
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SH Steam temperature               -       540°C 

Feed water temperature                  -    230°C 

Calorific value of 1ton of coal        -   3750Kcal/kg 

Calorific value of BFG                   -   690-700Kcal/m3 

Calorific value of COG                  -   4200Kcal/m3 

Calorific value of LDO                  -    10000Kcal/m3 

Specific steam consumption for 100kg - 3.75t of steam 

1ton of coal- 4 tons of steam           -   1MW power 

 

The main parts of the boiler are 

1. Drum 

2. Ring header 

3. Economizer 

4. Super heater 

5. air heater 

6. Boiler Fans 

7. Wind box assembly 

8. Bowl Mill 

9. Coal feeder 

 

DRUM: 

A steam drum is a standard feature of a water-tube boiler. It is a reservoir of 
water/steam at the top end of the water tubes. The drum stores the steam generated 
in the water tubes and acts as a phase-separator for the steam/water mixture. The 
difference in densities between hot and cold water helps in the accumulation of the 
"hotter"-water/and saturated-steam into the steam-drum. 

Boiler steam drum water level is one of the most important power plant parameters 
to both measure and control. Control of the proper water level in the boiler is 
critical for safe operation of the boiler. 

• If the level is too low, boiler tubes will be damaged by overheating. 

http://en.wikipedia.org/wiki/Water-tube_boiler
http://en.wikipedia.org/wiki/Vapor-liquid_separator
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• If the level is too high, steam separators will not work properly, temperature 
control will be difficult, and the super heater tubes and turbine could be 
damaged by moisture or water treatment chemical carryover. 

 

In addition, poor level control will also adversely affect the drum pressure control. 

 

ECONOMISER: 

Economizers are mechanical devices intended to reduce energy consumption, or to 
perform another useful function such as preheating a fluid. 

Basically, economizer is located in between exit of boiler and entry of air 
preheater. When the flue gases are coming out from boiler they take away a lot of 
heat. Economizer utilizes this heat from flue gases, and these heat is used to heat 
the feed water which is going to feed the boiler, hence by using economizer the 
coal consumption required to heat the feed water is reduced hence cost reduced. 

In boilers, economizers are heat exchange devices that heat fluids, usually water, 
up to but not normally beyond the boiling point of that fluid. Economizers are so 
named because they can make use of the enthalpy in fluid streams that are hot, but 
not hot enough to be used in a boiler, thereby recovering more useful enthalpy and 
improving the boiler's efficiency. They are a device fitted to a boiler which saves 
energy by using the exhaust gases from the boiler to preheat the cold water used to 
fill it (the feed water). 

The boiler room is a huge energy guzzler. It consists of thermal fluid boilers or 
steam boiler, with exhaust gases through a common chimney. An indirect contact 

http://en.wikipedia.org/wiki/Fluid
http://en.wikipedia.org/wiki/Boiler
http://en.wikipedia.org/wiki/Boiling
http://en.wikipedia.org/wiki/Enthalpy
http://en.wikipedia.org/wiki/Boiler_feedwater
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or contact condensing economizer will recover the residual heat from the 
combustion products. A series of dampers, an efficient control system, as well as 
a ventilator, allow all or part of the combustion products to pass through the 
economizer, depending on the demand for make-up water and/or process water. 
The temperature of the gases can be lowered from 200°C to 10°C, while preheating 
the process water from 8°C to 80°C. On average over the year, boiler combustion 
efficiency has risen from 80% to more than 95%. The efficiency of heat produced 
is directly linked to boiler efficiency. The percentage of excess air and the 
temperature of the combustion products are two key variables in evaluating this 
efficiency. 

The combustion of natural gas needs a certain quantity of air in order to be 
complete, so the burners need a flow of excess air in order to operate. Combustion 
produces water steam and the quantity depends on the amount of natural gas 
burned. Also, the evaluation of the dew point depends of the excess air. Natural 
gas has different combustion efficiency curves, linked to the temperature of the 
gases and the excess air. For example, if the gases are chilled to 38°C and there is 
15% excess air, then the efficiency will be 94%. The condensing economizer can 
thus recover the sensible and latent heat in the steam condensate contained in the 
flue gases for the process. The economizer is made of an aluminum and stainless 
steel alloy. The gases pass through the cylinder and the water through the finned 
tubes. It condenses about 11% of the water contained in the gases 

 

SUPER HEATER: 

A super heater is a device used to convert saturated steam or wet steam into dry 

steam used in steam engines or in processes, such as steam reforming. 

                                      

There are 3 types of super heaters: 

• A radiant super heater is placed directly in the combustion chamber. 

http://en.wikipedia.org/wiki/Steam_engine
http://en.wikipedia.org/wiki/Steam_reforming
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• A convection super heater is located in the path of the hot gases. 
• A separately fired super heater, as its name implies, is totally separated from 

the boiler. 

In a steam engine, the super heater re-heats the steam generated by the boiler, 
increasing its thermal energy and decreasing the likelihood that it 
will condense inside the engine. Super heaters increase the thermal efficiency of 
the steam engine, and have been widely adopted. Steam which has been 
superheated is logically known as superheated steam; non-superheated steam is 
called saturated steam or wet steam. Super heaters were applied to steam 
locomotives in quantity from the early 20th century, to most steam vehicles, and 
to stationary steam engines. This equipment is still used in conjunction with steam 
turbines in electrical power generating stations throughout the world. 

 

AIR HEATER: 

 

They are simply heaters that heat the air before it enters the combustor, thence 
result in the fuel consumption and increasing the thermal efficiency. 
Air pre-heater are also a requirement for the operation of pulverized-coal furnaces 
to dry that fuel. 
Types of air pre-heaters: 

1. Recuperative air pre-heaters 

2. Regenerative air pre heaters 

 

 

Recuperative air pre-heaters: 

 
They have heat transferred directly from the hot gases to the air across the heat 
exchanger. They are commonly tubular units in shell and tube form, where the hot 
gases flow inside the tubes and the forced air is around in the shell. 
 

Regenerative air pre heaters: 

 

These are the type of air pre heaters in which heat is transferred from hot flue gases 
firstly to an intermediate heat storage medium then to air. The most common type 
is the rotary air pre-heater known as the Lungstorm pre-heater. 
 
 

 

 

http://en.wikipedia.org/wiki/Steam_engine
http://en.wikipedia.org/wiki/Boiler
http://en.wikipedia.org/wiki/Thermal_energy
http://en.wikipedia.org/wiki/Condense
http://en.wikipedia.org/wiki/Thermal_efficiency
http://en.wikipedia.org/wiki/Superheated_steam
http://en.wikipedia.org/wiki/Saturated_steam
http://en.wikipedia.org/wiki/Steam_locomotive
http://en.wikipedia.org/wiki/Steam_locomotive
http://en.wikipedia.org/wiki/Steam_turbine
http://en.wikipedia.org/wiki/Steam_turbine
http://en.wikipedia.org/wiki/Power_station
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BOILER FANS: 

 
A boiler plant depending on the firing system and size, contains several fans of 
various sizes and types: 
There are three types of fans: 

1. Forced draft fan 
2. Primary air fan 
3. Induced draft fan 

 

FORCED DRAFT (FD) FAN: 

 
It is the main air fan whose prime job is to deliver the combustion air to the firing 
equipment in a balanced draft boiler. In a pressurized boiler, the FD fan has to 
further push the gases formed in the combustion chamber upto the chimney exit. 
FD fan handles the full pressure drop of the whole boiler air and flue gas system. 
 
Forced draft fans are provided to supply the combustion air to the wind box and 
after air port with adequate flow rate and pressure for combustion. The forced draft 
fan draws air from the atmosphere through the inlet silencer, and discharges air to 
the steam coil air heater, the air heater and the wind box. Modulating inlet vane of 
the centrifugal forced draft fan controls the combustion air flowing to the boiler 
wind box and after air port. Air heater inlet air damper creates the suitable 
backpressure for seal air supply through the forced draft fan outlet connecting air 
duct. In the case of both FD fans tripping, the boiler will go for trip as the air supply 
to the fuel is cut off in full or excluding the primary air depending upon the system 
design. 
 

PRIMARY AIR (PA) FAN: 

 
PA Fan is primary air fan which is used in power plant to push the coal from mill 
to furnace and to maintain the powdered coal always in dry state. PA fan is used 
in the case of solid fuels to carry the fuel to the furnace and give the primary air 
requirement to the fuel. PA fan also trip as soon as all the FD fans trip. 
 

INDUCED DRAFT (ID) FAN: 

 
ID fan (Induced Draft Fan) basically pulls out flue gas from the furnace of boiler. 
It is located between dust precipitators (ESPs) and Chimney. Obviously, it handles 
hot air/dust. 
The ID fan control set point is based on combustion side furnace pressure. If the 
furnace pressure goes up the ID fan removes more air to lower the pressure. As the 
furnace pressure goes down the ID fan removes less air. This air flow out of the 
boiler is referred to as draft. 
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Induced draft fans are hot gas fans with temperatures usually at 150°C and rarely 
exceeding 200°C. nearly every ID furnace operates with a slight negative pressure. 
 
 
Apart from these three fans there will be other fans like ignitor fan, seal air fan, 

scanner fan. 
• IGNITOR FANS are used to cool the ignition tubes in the boiler. 
• SEAL AIR FANS are used to seal the bearings inside the bowl mills. 
• SCANNER FANS are used to cool the flame sensors inside the boiler. 

 

WIND BOX ASSEMBLY: 

 

The fuel burning equipment consists of 4 wind box assemblies located in the 
furnace corners. Each wind box assembly is divided in its height into a number of 
sections called compartments. Some compartments are provided with coal nozzles 
, oil guns or gas spuds. The rest of the nozzles are called auxiliary air nozzles. The 
compartments are provided with lower type of dampers. The dampers of 4 corners 
operate in unison on elevation basis. Each set of dampers are operated by 
pneumatic damper drives remote manually from the secondary air damper control 
system in conjunction with furnace safe guard supervisory system. Some of the 
intermediate air nozzles are provided with air cooled oil guns and gas spuds. The 
spuds can be used to fire CO gas. The eddy plate oil igniters are provided 
adolescent to the oil guns or spuds. These igniters are used to light up the oil guns 
or gas spuds. 
 

TANGENTIAL FIRING: 

Tangential firing is a method of firing a fuel to heat air in thermal power stations. 
The flame envelope rotates ensuring thorough mixing within the furnace, 
providing complete combustion and uniform heat distribution. 

http://en.wikipedia.org/wiki/Thermal_power_station
http://en.wikipedia.org/wiki/Combustion
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The most effective method for producing intense turbulence is by the impingement 
of one flame on another. This action is secured through the use of burners located 
in each of the four corners of the furnace, close to the floor or the water-screen. 
The burner nozzles are so directed that the streams of coal and air are projected 
along a line tangent to a small circle, lying in a horizontal plane, at the center of 
the furnace. Intensive mixing occurs where these streams meet. A scrubbing action 
is present which assures contact between the combustible and oxygen, thus 
promoting rapid combustion and reducing carbon loss. A rotatory motion, similar 
to that of a cyclone, is imparted to the flame body, which spreads out and fills the 
furnace area. The ignition at each burner is aided by the flame from the preceding 
one. 

With tangential firing the furnace is essentially the burner, consequently air and 
coal quantities need not be accurately proportional to the individual fuel nozzle 
assemblies. Turbulence produced in the furnace cavity is sufficient to combine all 
the fuel and air. This continuously ensures uniform and complete combustion so 
that test performance can be maintained throughout daily operation. With other 
types of firing the fuel and air must be accurately proportioned to individual 
burners making it difficult to always equal test results. 

With this type of firing, combustion is extremely rapid, and short flame length 
results. The mixing is so intense that combustion rates exceeding 35,000 Btu/(ft3·h) 
or 360 kW/m3 are practical under certain conditions. However, since there is 
considerable impingement of flame over the furnace walls it is absolutely 
necessary that they be fully water-cooled. This sweeping of the water-cooled 
surfaces, in the furnace, by the gas increases the evaporation rate. Thus, in addition 
to absorption by radiation from the flame envelope, there is transfer by convection, 
and the resulting furnace temperatures are lower than with other types of burners, 
even though the heat liberation rates may be somewhat higher. Tangentially fired 
furnaces are usually clean in the upper zone and, as a result, both the furnace and 
the boiler are comparatively free from objectionable slag deposits. 

 

BOWL MILL: 

 

Coal is one of the most dominating energy sources because of its cost, availability 
and transportability. Pulverized form of coal has made modern steam generating 
units highly thermal efficient, reliable, safe and able to efficiently use of low grade 
coals. It provides coal air fuel control, flame stability, effective utilization of 
carbon and thus reduction in cost and flexibility of operation. The efficiency of 
combustion depends upon efficiency of pulverizing. 
The machine used for particle size reduction is called pulverizes or mill. 
This is a medium speed vertical mill with conical grinding rolls 3no.s per mill. The 
race will be either deep or shallow like saucer covered with liner called bullring 
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segment. The bowl is rotated by a gearbox have reducing gear like worm gear set 
or bevel helical gears. 
 

COAL FEEDER: 
 
The coal feeder inlet is constructed of solid, type 304, stainless steel. A replaceable 
stainless steel leveling bar shears the coal column, forming a uniform profile of 
coal on the belt necessary for accurate weighing. 
 

 
 

 

 

 

 

ELECTROSTATIC PRECIPITATOR (ESP): 
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An electrostatic precipitator (ESP) or electrostatic air cleaner is 
a particulate collection device that removes particles from a flowing gas (such as 
air) using the force of an induced electrostatic charge. Electrostatic precipitators 
are highly efficient filtration devices that minimally impede the flow of gases 
through the device, and can easily remove fine particulate matter such as dust and 
smoke from the air stream. In contrast to scrubbers which apply energy directly to 
the flowing fluid medium, an ESP applies energy only to the particulate matter 
being collected and therefore is very efficient in its consumption of energy (in the 
form of electricity). 
 

 
 
 
Electrostatic Precipitators (ESP), the most efficient and maintenance free pollution 
control equipment along with their boilers. They have been designed to meet the 
prevailing stringent Pollution control norms, while reducing operation and 
maintenance costs and improving reliability and safety. 
An ESP can have any required efficiency irrespective of dust concentration and 
fineness of dust present in flue gas. With very low pressure drops and minimum 
maintenance requirement, ESP has become the most sought after pollution control 
equipment. 
ESP are being widely used in industries and have been found very economical, 
specially for applications where high efficiency for very fine dust and high dust 
concentration are required. 

http://en.wikipedia.org/wiki/Particulate
http://en.wikipedia.org/wiki/Electrostatic_charge
http://en.wikipedia.org/wiki/Filtration


 

P a g e  | 29 
 

 

SOME OF THE BOILER PARAMETERS ARE 

For super heated steam 
                    PARAMETERS                         VALUES 

1. Steam pressure                      87.62kg/cm2 
2. Steam flow                      300.26T/hr 
3. Steam temperature before 

DESPH 
                     424.14°C 

4. Steam temperature before FSH                       309.88°C 
5. MS temperature                       530.53°C 

 
For feed water 
               PARAMETERS                         VALUES 

1. Drum level                   49.750mmwc 
2. Feed water level                   261.43T/hr 
3. Spray water flow                   35.493T/hr 
4. FW temperature at economizer 

inlet 
                  180.42°C 

 
For air flow 
                 PARAMETERS                          VALUES 

1. FD fan A/B current             17.511amp;15.844amp 
2. Secondary air HTR current                        10.815amp 
3. Secondary air flow L/R 

Current 
            112T/hr;111.41T/hr 

4. Wind box pressure L/R         20.144mmwc;18.420mmwc 
5. Secondary air temperature 

RAH out 
                       264.96°C 

6. Furnace pressure                    -4.7632mmwc 
 
For flue gases 
                PARAMETERS                              VALUES 

1. DP across RAH 114.32mmwc 
2. FG temperature after PLSH 825.46°C 
3. FG temperature after FSH 598.57°C 
4. FG temp. after LTSH 489.54°C 
5. FG temp. after eco 334.11°C 
6. FG temp. after TAH out 300.22°C 
7. FG temp. after sec. AH 196.29°C 
8. O2 at eco outlet 1.307% 
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9. ID fan A/B current 94.532amp; 90.24amp 
10. PA fan A/B disc pressure 1069.2mmwc; 1069.7mmwc 
11. Hot PA HDR pressure 990.60mmwc 
12. Seal air fan DISCH pressure 1014.7mmwc 
13. SCNR air fan DISCH pressure 92.977mmwc 
14. PA fan A/B currents 30.047amp; 33.171amp 
15. Seal air fan A/B current 26.106amp; 84.914amp 
16. SCNR fan A/B currents 12.051amp; 0.0077amp 
17. COG HDR pressure 250.58mmwc 
18. COG flow 15.486KNm3/hr 
19. BFG HDR pressure 1064.4mmwc 
20. BFG flow 72.359 KNm3/hr 

 
 
OPERATION OF THE BOILER IN TPP: 

 

 
 
In a coal based power plant coal is transported from coal mines to the power plant 
by railway in wagons or in a merry-go-round system. Coal is unloaded from the 
wagons to a moving underground conveyor belt. This coal from the mines is of no 
uniform size. So it is taken to the Crusher house and crushed to a size of 20mm. 
From the crusher house the coal is either stored in dead storage( generally 40 days 
coal supply) which serves as coal supply in case of coal supply bottleneck or to the 
live storage(8 hours coal supply) in the raw coal bunker in the boiler house. Raw 
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coal from the raw coal bunker is supplied to the Coal Mills by a Raw Coal Feeder. 
The Coal Mills or pulverizer pulverizes the coal to 200 mesh size. The powdered 
coal from the coal mills is carried to the boiler in coal pipes by high pressure hot 
air.  
 
The pulverized coal air mixture is burnt in the boiler in the combustion zone. 
Generally in modern boilers tangential firing system is used i.e. the coal nozzles/ 
guns form tangent to a circle. The temperature in fire ball is of the order of 1300°C. 
The boiler is a water tube boiler hanging from the top. Water is converted to steam 
in the boiler and steam is separated from water in the boiler Drum. The saturated 
steam from the boiler drum is taken to the Low Temperature Super heater, Platen 
Super heater and Final Super heater respectively for superheating. The superheated 
steam from the final super heater is taken to the High Pressure Steam Turbine 
(HPT).  
 
In the HPT the steam pressure is utilized to rotate the turbine and the resultant is 
rotational energy. From the HPT the out coming steam is taken to the Reheater in 
the boiler to increase its temperature as the steam becomes wet at the HPT outlet. 
After reheating this steam is taken to the Intermediate Pressure Turbine (IPT) and 
then to the Low Pressure Turbine (LPT). The outlet of the LPT is sent to the 
condenser for condensing back to water by a cooling water system. This condensed 
water is collected in the Hot well and is again sent to the boiler in a closed cycle. 
The rotational energy imparted to the turbine by high pressure steam is converted 
to electrical energy in the Generator. 
 

CHIMNEY:  

 
A chimney is a structure which provides ventilation for hot flue 
gases or smoke from a boiler, stove, furnace or fireplace to the 
outside atmosphere. Chimneys are typically vertical, or as near as possible to 
vertical, to ensure that the gases flow smoothly, drawing air into the combustion in 
what is known as the stack, or chimney, effect. The space inside a chimney is 
called a flue. 
 

 
The height of chimneys plays a role in their ability to transfer flue gases using stack 
effect, the dispersion of pollutants at higher altitude helps to ease down its 

http://en.wikipedia.org/wiki/Flue_gas
http://en.wikipedia.org/wiki/Flue_gas
http://en.wikipedia.org/wiki/Smoke
http://en.wikipedia.org/wiki/Boiler
http://en.wikipedia.org/wiki/Stove
http://en.wikipedia.org/wiki/Furnace
http://en.wikipedia.org/wiki/Fireplace
http://en.wikipedia.org/wiki/Earth%27s_atmosphere
http://en.wikipedia.org/wiki/Combustion
http://en.wikipedia.org/wiki/Stack_effect
http://en.wikipedia.org/wiki/Flue
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influence on surroundings. In the case of chemically aggressive output, the tall 
chimney allows partial or complete self-neutralization of chemicals in the air 
before they reach the ground. The dispersion of pollutants over greater area reduces 
their concentrations in compliance with regulatory limits. 

 

 

 

 

TURBO GENERATORS 
  
INTRODUCTION: 
A  turbo  generator  is  a  turbine  connected  to  a  electric  generator  for  the  
generation  of  electric power. Large steam  powered  turbo  generators  provide  
majority  of  the  world’s  electricity  and  area  also  used  by  steam  powered , 
turbo-electric  ships. 
 
Smaller turbo-generators with gas  turbines  are  often  used  as  auxiliary  power  
units, for  base  loads  generally  diesel  generators  are  usually  preferred, since  
they  offer  much  better  fuel-efficiency  and  are  also  more  reliable, and  on  the  
other  hand  they  are  much  heavier  and  need  more  space. The   efficiency of 
larger gas turbine plants can be enhanced, if the hot  exhaust  gases  are  used  to  
generate  steam  which  drives  another  turbo  generator. Turbo-generators were 
also used on steam locomotives as a power source for coach lighting and heating 
systems. 
 
Generally  the  turbo  generators  have  high  quality  and  high  reliability  along  
with  low  maintenance  and  long  life. They  are  designed  to  be  used  with  wide  
variety  of  steam  and  gas  turbine  drives. Accessories  and  features  can  be  
provided  to  meet  demanding  customer  specifications. 
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TURBINES: 

 
A turbine is a prime-mover in which the potential energy of the steam is 
transformed into kinetic energy, and latter in its turn is transformed into the 
mechanical energy of rotation of the turbine shaft. 
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TYPES OF TURBINES: 

Depending upon the action of steam turbines are classified as: 
1) Impulse. 
2) Reaction 
3) Combination of    impulse and reaction. 

Impulse turbine: 

The  turbine  in  which  the  expansion  of  steam  takes  place  in  one  set  of  the  
nozzles  is  called  impulse  turbine. The  steam  expands  in  the  nozzles  and  its  
pressure  does  not  alter  as  it  moves  over  the  blades. 
The principle example of impulse turbine is “De Laval turbine”. 
 

Reaction turbine:  
The turbine in  which  there  is  a gradual  pressure  drop  and  takes  place  
continuously  over  the  fixed  and  moving  blades. The  function  of  the  fixed  
blades  is  that  they  alter  the  direction  of  the  steam  as  well  as  allow  it  
expand  to  a  larger  velocity. As  the  steam  passes  over  the  moving  blades  its  
kinetic  energy  is  absorbed  by  them. 
  
Now   coming  to  the  turbo generators  in  Visakhapatnam  Steel  Plant,  there  are   
three  turbo generators  each  producing  an average  of  60MW   of   power  per  
hour. Here  they  use  a  impulse  reaction  turbine  for  converting  steam  energy  
coming  from  the  boiler  to  mechanical  energy. There  are  40  reaction  blades  
and  1  impulse  blade  in this  turbine. This is a two pole turbine. 
The  steam  of  nearly  1100°𝐶  that  coming  from  the  super  heaters  of  the  
boiler  are  sent  into  the  turbines  through  control  valves  and  this  steam  is  
used  to  rotate  the  blades  of  the  turbine  which  in  turn  converts  steam  energy  
into  mechanical  energy. This mechanical    energy is later converted into electrical 
energy /power. 
The  turbine  is  coupled  to  a  generator  through  the  rotating  shaft  and  bearings. 
The  generator  coupled  to  the  turbine  converts  mechanical  energy  into  power  
through  the  alternator. 
The installed capacity of the turbine is 247.5MW.  There  are  two  Gas  expansion  
turbines  each  having  a  capacity  of  24MW, two  back  pressure  turbines  of  
each  15MW  and  a  condensing  turbine  of  12MW.The  maximum speed  of  the  
turbine  is  3000rpm. 
The following are general parameters of the turbo generator observed. 
 

60MW TURBO GENERATOR 

 
Parameters Units Value 

Turbine speed RPM 2988 
Cool water pressure at condense inlet 
L/R 

KSC 2.2/2.3 
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Cool water temperature at condenser 
inlet L/R 

°𝐶 33/33 

Cool water temperature   at 
condenser outlet L/R 

°𝐶 43/39 

Feed water temperature at H-pre 
heater 3/4 outlet. 

°𝐶 
 
 

173/59 

Feed water flow   through heater. T/Hr 322 
Condenser vacuum KSC -0.67 
Main steam temperature °𝐶 535 
Condensate Extract Pump discharge 
flow 

T/Hr 158 

Temperature of turbine exhaust °𝐶 58  
a) Vibration of turbine front V/H 
(shaft). 
b) Vibration of turbine rare V/H 
(shaft). 
c) Vibration of generator-front V/H 
(shaft). 
d) Vibration of generator –rear V/H 
(shaft). 
e) Vibration of turbine front V/H 
(Housing). 
f) Vibration of turbine rear V/H 
(Housing). 
g) Vibration of generator front V/H 
(Housing). 
h) Vibration of generator rear V/H 
(Housing). 
i) Axial displacement (Housing). 
j) Casing expansion 
k)  Differential expansion (between 
turbine shaft and rotor) 

Microns 
 
Microns 
 
Microns 
 
Microns 
 
Microns 
 
Microns 
 
Microns 
 
Microns 
 
mm 
mm 
mm 
 

 

a) Turbine thrust bearing temperature 
1/2 
b) Turbine thrust bearing 
temperature (3,4) 
c) Turbine front/rear bearing 
temperature 

°𝐶 
 °𝐶 
 °𝐶 
 °𝐶 

56/57 
 
75/59 
 
57/78 
 
71/97 
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d)General front/rear bearing 
temperature 
e) Lub-oil temperature at oil cooler 
outlet 

 °𝐶 
 

 
50.2 
 

Power actual value MW 50.4 
Gland steam temperature °𝐶 228 
Gland steam pressure °𝐶 186 
Lub-oil header pressure Kg/cm2 2.77 
Governing  oil  header  pressure Kg/cm2 136 
Main  steam  pressure Kg/cm2 91.81 
Turbine  1st  stage  pressure Kg/cm2 56.12 
Turbine  extraction  13/4  pressure Kg/cm2 12.2/2.4 
Steam  flow  from  main  steam  
header 

T/Hr 235 

Piston  steam  temperature °𝐶 163 
 
LUBE OIL SYSTEM: 

At the time of turbine start up, the shaft journals are in contact with the white metal 
of the bearings due to the weight of the rotor. The low pressure of the lubricating 
oil supply when the set is stationary is insufficient to stop the metal to metal contact 
between journals and bearing shells. In order to prevent the metal to metal contact 
between journal and bearing shell during start up, which is damaging in the long 
term, an oil pocket machined into the bottom shell of the journal bearing is supplied 
with oil under high pressure. This lifts the shafting system slightly and it floats on 
a film oil. this is called jacking oil system of turbine. 
The primary function of the Lube Oil system is to supply lubricating oil at the 
proper pressure and temperature to the main propulsion turbines and reduction 
gears. The lube oil not only lubricates the machinery, but it also cools and helps 
reduce rusting. Secondary functions include purifying oil that has become 
contaminated and transferring oil to or from the sump tank, gravity tank, storage 
tank, settling tank, sludge tank, or deck connections. 
There are two types of bearings used in turbines. They are 

1) Thrust bearing 
2) Journal bearing 

These bearings  are  made  of  white  metal  which  are  sensitive  and  are  easily 
removed  by  the  movement  of  the  shaft .So  these  lubricating  oil  forms  a layer  
between   the  shaft  and  the  bearings  and  protects  from  damage. The  power  
generated  at  the  generator  is  transformed  to  the  transformer  and  later  power  
is  supplied  to  the  total  plant  for  its  wo  
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TURBO BLOWERS 
 

 

 

Turbo blower is an equipment where a turbine is attached with the blower part. 
steam enters through the turbine inlet and expands through the blades and goes to 
the outlet which helps the turbine shafts to rotate. this turbine shaft is attached with 
the shaft of blower that makes the blower rotating. 

A blower in which the rotating part is equipped with blades that rotate between 
stationary blades attached to the housing. The respective sets of blades are set at 
an angle such that, as the rotor turns, gases are pushed through the blades and 
discharged from the opposite side, pass through the stationary blades, and then are 
given another push by the next set of rotating blades, finally being discharged from 
the casing at the opposite end from which they entered. 

The hot air coming from turbo blower is known as cold blast which is at a 
temperature of around 180°C. This air is sent to the stoves in blast furnace and this 
air is used as a fuel for heating the iron ore in BF. 

• BLOWER   -  3(2 working + 1 standby) 

• CAPACITY- 6067 nm³/min 
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 Special features:  

❑ VSP has 3 blast furnaces. To meet the blast air requirement, 3 turbo 
blowers, each of 6067 nm³/min capacity, are installed at TPP. 

❑  These blowers are of axial type and are the largest blowers installed in 
India. 

❑  These blowers are provided with suction filters, pre-coolers and inter-
coolers. 
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CONDENSERS 
Condenser:  

In  systems  involving  heat  transfer, a  condenser  is  a  device  or  unit  used  to 
condensate  steam  from  its  gaseous  state  to  its  liquid  state,  typically  by 
cooling  it. In  so  doing , the  latent  heat  by  the  substance  will  transfer  to  the   
condenser  coolant. Condensers  are  typically  exchangers  which  have  various  
designs  and  come  in  many  sizes  ranging  from  small  to  very  large  industrial-
scale  units  used  in  plant  processes. It  is  a  device  or  an  appliance  in  which  
steam  condenses  and  heat  released  by  steam  is  absorbed  by  water. 
Types of condensers:   

Mainly, condensers are of two types: 
1)Jet condensers 
2)Surface condensers. 

 
Jet condensers: 

 

 
In jet condensers, the exhaust steam and water come in  direct  contact  with each  
other  and  temperature  of  the  condensate  is  the  same  as  that  of cooling  
water  leaving  the  condenser. The cooling  water  is  usually  sprayed into  the  
exhaust  steam  to  cause,  rapid  condensation. 
 

Classification of Jet condensers: 
a) Parallel flow type 
b) Counter flow type 
c) Ejector type 
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Surface condenser: 

 

 
 
In  surface  condensers,  the  exhaust  steam  and  water  do  not  come  into  direct  
contact. The  steam  passes  over  the  outer  surface  of  tubes  through  which  a  
supply  of  cooling  water  is  maintained. 
 
Classification  of  surface  condensers: 

a) Down-flow type 
b) Central-flow type 
c) Inverted-flow type 
d) Regenerative type 
e) Evaporative type 
 
Purpose of condensers in Visakhapatnam Steel plant: 

 

The thermodynamic cycle followed  in  this  power  plant  is  Rankine  cycle. Here 
in  this  cycle  the  steam  required  to  rotate  the  turbine  is  sent  to  the  condenser  
for  cooling  and  is  again  sent  to  the  boiler  for  the  same  process  to  occur. 
The  steam  sent  to  the  turbines  for  rotating  the  blades  is  sent  to  the  condenser  
for  cooling. The  steam  which  is  sent  to  the  condenser,  condenses  into  water 
.This  water  is  again  sent  to  the  deaerated  storage  tower  and  then  again ,it  
is  sent  to  the  boiler.  The condensate left during the condensation process is sent 
down to the hot well. Hence condensation of water takes place.  
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CONCLUSION 

 
VSP is having its own captive power plant through which the power is distributed 
to all the units in VSP. In addition to its own captive power plant, AP TRANSCO 

grid is also kept synchronized with its power system. In recent stage latest 
technology and equipment's are also being introduced. 
 
In this industrial training I learnt various components and equipment in the 
Thermal Power Plant, working of demineralised plant and various major plants in 
the Vizag steel plant. 
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Chapter - 1 

INTRODUCTION 

 
 
           With the ongoing revolution in the field of mechanical where innovations 
are taking place at the blink of an eye, it is impossible to keep the pace with the 
emerging trends excellence is an attitude that whole of human race is born with.                
It is the environment that makes sure that whether the result of this attitude is 
visible or otherwise. A well planned, properly executed and evaluated industrial 
training helps a lot in including a professional attitude. It provides a linkage 
between the student and industry to develop an awareness of industrial approach 
to problem solving, based on broad understanding of process and mode of 
operation of organization. 

 
       During this period, the student gets the real experience for working in the 

actual industry environment. Most of the theoretical knowledge that has been 
gained during the course of their studies is put to test here. Apart from this the 
student gets an opportunity to learn the latest technology, which is immensely 
helps in them in building their carrier. I had the opportunity to have a real 
experience on many ventures, which increased my sphere of knowledge to great 
extent. I got a chance to learn many new technologies and interfaced to many 
instruments. 

        
     The word quality holds out different meaning for different people, but for an 

industry it is most important and can be defined as the totality of features and 
characteristics of product/services that bear on its ability to satisfy given needs.  
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Chapter - 2 
COMPANY PROFILE 

 

2.1 About BEL & Products: 

             Bharat Electronics Limited, a Professional Electronics company in 
India incorporated in 1954. BEL was born to meet the growing needs of Indian 
Defence services for electronic systems. Employing the best engineering talent 
available in the country, BEL has progressed manufacturing state-of-the-art 
products in the field of Defence Electronics like Communications including 
encryption, Radars and strategic components. Over the years, BEL has 
diversified to meet the needs of civilian customers as well and has provided 
products and network solutions on turnkey basis to customers in India and 
abroad. 

  
             Bharat Electronics Limited is a Pioneer in the field of Professional 
Electronics in India and has been manufacturing a wide range of Defence and 
Civil communication products since 1954. Multiple years of operations 
covering design, development, engineering and manufacturing professional 
electronics equipment in diverse fields based on various technologies has 
enabled BEL to offer end-to-end system solutions on turnkey basis.  

 
Products: 

 
➢  Defence  

➢  Telecommunications.  

➢  Land based radars.  

➢  Naval systems.  

➢  Opto electronics.  

➢  Tank electronics.  

➢  Electronic warfare.  

➢  Simulators.  

➢  Non defence.  

➢  Telecommunications.  

➢  Sound vision broadcasting.  

➢  Solar photovoltaic systems.  

➢  Electronic components. 
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2.2 Manufacturing units: 

  
BEL has a total of nine manufacturing units spread throughout the nation 

with Bangalore being the biggest of them. The details about the different 
manufacturing units of BEL along with their product specialties are as follows: 

S.No  BEL Unit  State  

1.  Bangalore  Karnataka  

2.  Panchkula  Haryana  

3.  Kotdwara  Uttaranchal  

4.  Ghaziabad  Uttar Pradesh  

5.  Pune  Maharashtra  

6.  Hyderabad  Telangana  

7.  Machilipatnam  Andhra Pradesh  

8.  Navi Mumbai  Maharashtra  

9.  Chennai  Tamilnadu  

 

                                        Table 2.1: Manufacturing units  
 
 
In 1954 with a factory of Jallahali, Bharat Electronics grew into nine units, 
spread all over India. The locations and products of the units are given below: 
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1. BANGALORE: 

 

         This is also called BG complex. Jallahali unit which is the mother unit 
is now a part of the BG complex. This is the biggest unit with approx 10,000 
employees working here. Among the products here, the important ones are: 

  
➢ Communication equipment.  

➢ Air and Doordarshan equipment like mobile van for live telecast.  

➢ Radar-mobile, one dimensional, 3-dimensional and multi-dimensional 
Radars are manufactured here. Different range of semi-conductors 
devices like ICs.  

➢ Resistors and black & white color TV picture tube glasses.  

➢ ISRO‘s requirements are met at space electronics department at 
Bangalore. Satellite launch vehicle was also manufactured here.  

 
2.PANCHKULA:  

Panchkula & kotdwara were proposed simultaneously by the government 
in 1985.It was proposed to set up one unit each in Haryana & Uttar Pradesh. 
But the place in U.P for setting up a BEL unit could not be decided while that at 
Haryana was decided & hence this unit started earlier. This unit manufactures 
only tactical communication equipment like VHF, UHF transceivers etc.  

 
3. KOTDWARA: This is a unit in garhwal district of Uttaranchal. This unit 

manufacturers radio relay, multiplex equipments &exchanges etc.  
 
4. GHAZIABAD: This is the second unit which was set up in 1974, & approx. 
2500 employees working here. Radars & some communication equipment are 
the products manufactured here are:  
 
➢ Radars  

➢ SATCOM  

➢ Microwave components  
 

5. PUNE: To diversity further one more branch was added 1979 & this was in 
pune. In this branch around 700-800 employees are working. The product 
profile includes:  
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➢ Image convertor, image intensifier  

 
➢ X-ray tubes  

➢ Batteries  

➢ Electro-optics  
 
6. HYDERABAD: This is another unit of BEL which manufactures electronic 
warfare equipments.  
 
7. MACHILIPATNAM: There was one Andhra scientific company, which 
was a sick unit. This was taken over by BEL & is called ASCO unit 1983.The 
products include: 
  
➢ Optical & Optoelectronic equipment like binoculars, microscopes.  

➢ Medical Electronics  
 

8. NAVI MUMBAI: This is an industrial place near Mumbai. This unit makes:  
 
➢ Glass shells for black & white TV picture tubes  

➢ Shelters for electronic equipment  

➢ Train actuated warning system   

➢ Electronic equipment assembly  
 
9. CHENNAI: This unit manufactures: 
  
➢ Tank related electronic equipments  

➢ Optical fire control systems  
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2.3 Market of BEL:  

 

        Bharat Electronics Limited is a major supplier of products and turnkey 
systems to the Indian Defence Services. Over the years, BEL has diversified 
into manufacturing many civilian products as well. Large trunkey 
telecommunication solutions are also being offered to civilian market.BEL has 
been involved in providing state of the art communication equipment to the 
Indian army, be it hand held mobile radios and terminals ,ground based system, 
airborne and even ship borne equipment and systems. The communication 
equipment developed here cover HF,VHF, UHF, and VV/UHF frequency 
bands. The most important project of BEL under the communication equipment 
is STARS-V which provides secure mode of data transfer in STARS- V, the 
data to be transferred is first encrypted using a microprocessor which could be 
read only by a similar device with same coding. Now the latest technology of 
frequency hopping is being implemented which is a very useful tool in making 
a secure data transfer system.BEL manufactures a lot product which is very 
difficult to list but some of the major products were as follows:  
 
 
 
Integrated circuits and micro circuits                                                      Radars  
 
X- ray tubes and magnetrons                                                                 STARS-V  
 
HF & broadcast equipment ACME MK                                                    CNR 
  
SPACE GUIDING EQUIPMENTS                                                           HUD 
  
AIR BORNE GPS RECEIVER                                                                 LUP 
  
SIRAX                                                                                                     TIDEX  
 
SECURE TELEPHONE                                                                SECURE FAX 

 

 

 

 

 

 



12 

 

2.4 Domestic market: 

 

S.No  PRODUCT  CUSTOMER  

1.  Defence communication  Indian defence services, para 
military forces  

2.  Radars & sonars  Indian defence services, civil 
aviation, Meteorological 
department,ISRO  

3.  Telecommunication  Department of telecommunication, 
para military forces, power sector, 
oil industry, Railways  

4.  Broadcasting equipment and 
studio systems  

All India radio, Dooradarshan 
(National radio & TV broadcasters)  

5.  Electronic voting machines  Election commission of India  
6.  Solar products & systems  Individuals, private and government 

organizations  
7.  Trunkey systems-Governance 

Networks  
Police, state government, Public 
sector undertakings  

8.  Components  All India radio and doordarshan the 
national Radio & TV Broadcasters, 
instrumentation industry, switching  
industry, entertainment  

 

 

                                   Table 2.2: List of Domestic customers 
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Exports play a key role in BEL‘s strategic perspective. A number of 
International companies are using the facilities at BEL for contract 
Manufacturing. The broad list of products and services being exported is given 
below:  
 
 
2.5 

Exports/International 

market: Sl.no  

PRODUCT  CUSTOMER  

1.  Defence communication 
equipment and spare 
parts  

Botswana, Indonesia, 
Suriname, Malaysia  

2.  Radars & Sub-systems  Indonesia, Egypt, 
Switzerland  

3.  Electronic warfare 
products  
and services  

Russia, Brazil  

4.  Opto electronics products  Sri lanka, Nepal, Israel, 
South Africa  

5.  Semi conductor devices, 
microwave tubes and  
transmitting tubes  

Malaysia, Singapore, 
Turkey, Netherlands, 
UK, USA, France, Hong 
Kong  

6.  Solar products & systems  Suriname, Germany, 
Zimbabwe,  
Botswana, Kenya, 
Nigeria  

7.  Telecom and SATCOM  
systems  

Nigeria, Kenya  

8.  Radio & TV 
Broadcasting  
products and systems  

Nepal, Mauritius  

9.  Electric voting systems  Sri lanka, Uganda, 
Malawi, South Africa  

10.  Vacuum Interrupters  Malaysia, UAE, Uganda, 
Turkey, UK, Azerbaijan  

 

                                 Table 2.3: List of International customers 
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Chapter - 3 
BEL MACHILIPATNAM & IT’S PRODUCTS 

 
In 1983, the Andhra scientific company (ASCO) was taken over by BEL 
converted it to its fourth manufacturing unit at Machilipatnam .The products 
include  
 
➢ Night vision devices  

➢ Electric voting systems  
 
3.1 NIGHT VISION DEVICES  

 
Definition:  
 
         A night vision device (NVD), also known as a night optical/observation 
device (NOD), is an optoelectronic device that allows images to be produced in 
levels of light approaching total darkness. The image may be a conversion to 
visible light of both visible light and near-infrared, while by convention 
detection of thermal infrared is denoted thermal imaging. The image produced 
is typically monochrome, e.g. shades of green. NVDs are most often used by 
the military and law enforcement agencies, but are available to civilian users. 
The term usually refers to a complete unit, including an image intensifier tube, a 
protective and generally water-resistant housing, and some type of mounting 
system. Many NVDs also include optical components such as a sacrificial lens, 
or telescopic lenses or mirrors. An NVD may have an IR illuminator, making it 
an active as opposed to passive night vision device. 
  
3.1.1 Working of Night Vision Devices: 

  
Technical Night Vision can work in two different ways  
 

Image Intensifier:  

 
1. Night vision amplifiers light to achieve better vision.  
 
2. A conventional lens, captures ambient light.  
 
3. The gathered light is sent to image - intensifier tube.  
 
4. The light energy released electron from the cathode and accelerated.  
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5. These electrons enter micro channel plate and bounce off and generate more 
electron.  
 
6. Thousands of other electrons to be released in each channel.  
 

3.1.3 Purpose of Night Vision Devices:  

 
The original purpose of night vision was to locate enemy targets at night. It is 
still used extensively by the military for that purpose, as well as for navigation, 
surveillance and targeting. Police and security often use both thermal-imaging 
and image-enhancement technology, particularly for surveillance.  
 
3.1.4 Classification of Night Vision Devices: 

  
➢ Night Vision devices  

➢ Passive Night Vision devices  

➢ Thermal imaging cameras  

➢ Cooled and Un cooled  

➢ Active Night Vision devices  
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                        Fig 3.1: Classification of Night Vision Devices  

 

3.1.5 Advantages of Night Vision Cameras: 

  
1. The most common use is the military, and the quick answer would be that 
they allow soldiers to continue operations at night, without giving away their 
position through the use of flashlights.  
 
2. However night vision has many other uses. People with night blindness can 
use night vision devices to see better at night  
 
3. Astronomers use night vision to improve their view of the stars, to see more 
stars in the city, amplify the image post hydrogen-alpha filters or to see nebula 
and clusters in the sky in real time  
 
4. The technology in night vision allows for far more sensitive x-ray machines 
to be made, reducing the doses necessary for an x-ray 
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3.2 Binocular Night Vision Devices:  

 

 

 

 
 

 

 

                                           Fig 3.2: Binocular night vision device  
 

3.2.1 Parts of Binocular Night Vision Devices: 

  
1. Object Glass  
 
2. Focus  
 
3. Image intensifier tube  
 
4. Eye Piece  
 
5. Eye Guard  
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3.2.2 Parts of Image Intensifier Tube: 

 

 

   

                                   Fig3.3: Image Intensifier Tube 

Night vision is the ability to see in low light conditions. Whether by biological 
or technological means, night vision is made possible by a combination of two 
approaches: sufficient spectral range, and sufficient intensity range.  
 
3.2.3 Image Intensification: 

  
This magnifies the amount of received photons from various natural sources 
such as starlight or moonlight. Examples of such technologies include night 
glasses and low light cameras. In the military context, Image Intensifiers are 
often called "Low Light TV" since the video signal is often transmitted to a 
display within a control center. LLLTV These are usually integrated into a 
sensor containing both visible and IR detectors and the streams are used 
independently or in fused mode, depending on the mission at hand's 
requirements.  
 
The image intensifier is a vacuum-tube based device (photomultiplier tube) that 
can generate an image from a very small number of photons (such as the light 
from stars in the sky) so that a dimly lit scene can be viewed in real-time by the 
naked eye via visual output, or storedas data for later analysis. While many 
believe the light is "amplified," it is not. When light strikes a charged 
photocathode plate, electrons are emitted through a vacuum tube that strike the 
micro channel plate that cause the image screen to illuminate with a picture in 
the same pattern as the light that strikes the photocathode, and is on a frequency 
that the human eye can see. This is much like a CRT television, but instead of 
color guns the photocathode does the emitting.  
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The image is said to become "intensified" because the output visible light is 
brighter than the incoming light, and this effect directly relates to the difference 
in passive and active night vision goggles. Currently, the most popular image 
intensifier is the drop-in ANVIS module, though many other models and sizes 
are available at the market. Recently, the US Navy announced intentions to 
procure a dual-color variant of the ANVIS for use in the cockpit of airborne 
platforms.  
Active illumination couples imaging intensification technology with an active 
source of illumination in the near infrared (NIR) or shortwave infrared 
(SWIR)band. Examples of such technologies include low light cameras.  
 

Active infrared night-vision combines infrared illumination of spectral range 
700–1,000 nm (just below the visible spectrum of the human eye) with CCD 
cameras sensitive to this light. The resulting scene, which is apparently dark to 
a human observer, appears as a monochrome image on a normal display device. 
Because active infrared night-vision systems can incorporate illuminators that 
produce high levels of infrared light, the resulting images are typically higher 
resolution than other night-vision technologies. 

 

3.3 Hand Held Thermal Imaging Camera with LRF:  

 

 

 
 

 

                                       Fig 3.4: HHTI with LRF  

 

 

 
HHTI with LRF or Multifunction HHTI is a cooled TI based integrated 
day/night sight with in-built eye safe Laser Range Finder, Digital Magnetic 
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Compass, Color CCD and GPS. This equipment is capable of giving range, 
azimuth & elevation and also coordinates of the target. This is highly useful to 
Army and Navy for effective engagement of targets. Weather proof and 
withstand shocks and vibrations. It is provided with electronically generated 
reticle.  
 

Introduction:  
 

 
 

 

 

 

                       Fig 3.5: Block diagram of Thermal imaging camera  

 
 
1. Thermal image is the technique of using the heat given off by an object to 
produce an image of it or to locate it.  

2. First developed for military purpose in the late 1950s and 1960s by Texas 
instruments, Hughes, Aircraft and Honeywell  
 

 
3. In recent times it is being used in firefighting, law enforcement, industrial 
applications, security transportation, medical and many other industries.  
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3.3.1 Thermal Imaging:  
 
1. It is the technique of using the heat given off by an object to produce an 
image of it.  
 
2. Works in environments without any ambient light and can penetrate 
obscurants such as smoke, fog and haze.  

3. Normally grey scale in nature: black objects are cold, white objects are hot 
and the depth of the grey indicates variations between the two.  

4. Some thermal cameras, however, add color to images to help users identify 
objects at different temperatures.  
 
3.3.2 Working of thermal imaging: 

  
Here's how thermal imaging works: A special lens focuses the infrared light 
emitted by all of the objects in view. The focused light is scanned by a phased 
array of infrared-detector elements. The detector elements create a very detailed 
temperature pattern called a thermogram.  
 
Infrared Light:  

 
Our eyes are detectors that are designed to detect electromagnetic radiation in 
the visible light spectrum. All other forms of electromagnetic radiation, such as 
infrared, are invisible to the human eye.  
 
The existence of infrared was discovered in 1800 by astronomer Sir Frederick 
William Herschel. Curious to the thermal difference between different light 
colors, he directed sunlight through a glass prism to create a spectrum and then 
measured the temperature of each color. He found that the temperatures of the 
colors increased from the violet to the red part of the spectrum.  
After noticing this pattern Herschel decided to measure the temperature just 
beyond the red portion of the spectrum in a region where no sunlight was 
visible. To his surprise, he found that this region had the highest temperature of 
all.  
 

Infrared radiation lies between the visible and microwave portions of the 
electromagnetic spectrum. The primary source of infrared radiation is heat or 
thermal radiation. Any object that has a temperature above absolute zero (-
273.15 degrees Celsius or 0 Kelvin) emits radiation in the infrared region. Even 
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objects that we think of being very cold, such as ice cubes, emit infrared 
radiation. 

3.4 Thermal imaging camera : 

 

Infrared energy (A) coming from an object is focused by the optics (B) onto an 
infrared detector (C). The detector sends the information to sensor electronics 
(D) for image processing. The electronics translate the data coming from the 
detector into an image (E) that can be viewed in the viewfinder or on a standard 
video monitor or LCD screen.  
 

 
 

 

 

                 Fig 3.6: Block diagram of Thermal imaging camera  

 

 
➢ Being truly passive in nature, thermal imaging systems are finding wide 
range of applications for surveillance and reconnaissance, target acquisition, 
engagement, and missile guidance.  

➢ They are true force multipliers as they allow weapons and equipment to 
be used with efficacy during day and night.  

➢ Recent advancements in optics, detector technology and signal 
processing have enabled revolutionary advancement in the night vision 
technology leading to the realization of third generation thermal imagers (TIs) 
having capabilities twice that of second generation and four times that of first 
generation systems.  
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➢ DRDO is working in this area for the last two decades and has developed 
various TIs operating in 3-5 μm medium wave infrared (MWIR) and 8-12 μm 
long wave infrared (LWIR) spectral bands.  

➢ These systems are based on scanning/staring focal plane array (FPA) 
detectors for target acquisition, which can be used, either in standalone mode 
or as a part of electro-optical fire control system (EOFCS).  

 

 
➢ MWIR TIs perform better in hot humid environments and preferred for 
long range applications because of better atmospheric transmission where as 
LWIR TIs perform better in smoke and dusty environment prevailing in the 
battlefield.  
 

 

3.4.1 Principle of Operation and Types:  
 
Infrared energy is just one part of the electromagnetic spectrum, which 
encompasses radiation from gamma rays, x-rays, ultraviolet, a thin region of 
visible light, infrared, terahertz waves, microwaves, and radio waves. These are 
all related and differentiated in the length of their wave (wavelength). All 
objects emit a certain amount of black body radiation as a function of their 
temperatures.  
 
Generally speaking, the higher an object's temperature, the more infrared 
radiation is emitted as black-body radiation. A special camera can detect this 
radiation in a way similar to the way an ordinary camera detects visible light. It 
works even in total darkness because ambient light level does not matter. This 
makes it useful for rescue operations in smoke-filled buildings and 
underground.  
 
A major difference with optical cameras is that the focusing lenses cannot be 
made of glass, as glass blocks long-wave infrared light. Special materials such 
as Germanium or Sapphire crystals must be used. Germanium lenses are also 
quite fragile, so often have a hard coating to protect against accidental contact. 
The higher cost of these special lenses is one reason why thermographic 
cameras are more costly.  
 

Types:  
 

➢ Cooled infrared detectors  
➢ Un cooled infrared detectors  
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3.4.2 Cooled infrared detectors:  

 
Cooled detectors are typically contained in a vacuum-sealed case or Dewar and 
cryogenically cooled. The cooling is necessary for the operation of the 
semiconductor materials used. Typical operating temperatures range from 4 K 
to just below room temperature, depending on the detector technology. Most 
modern cooled detectors operate in the 60 K to 100 K range, depending on type 
and performance level.  
 

Without cooling, these sensors (which detect and convert light in much the 
same way as common digital cameras, but are made of different materials) 
would be 'blinded' or flooded by their own radiation. The drawbacks of cooled 
infrared cameras are that they are expensive both to produce and to run. 
Cooling is both energy-intensive and time-consuming. 

The camera may need several minutes to cool down before it can begin 
working. The most commonly used cooling systems are rotary Stirling engine 
cryocoolers. Although the cooling apparatus is comparatively bulky and 
expensive, cooled infrared cameras provide superior image quality compared to 
un cooled ones.  
 
Additionally, the greater sensitivity of cooled cameras also allow the use of 
higher F-number lenses, making high performance long focal length lenses both 
smaller and cheaper for cooled detectors. An alternative to Stirling engine 
coolers is to use gases bottled at high pressure, nitrogen being a common 
choice. The pressurised gas is expanded via a micro-sized orifice and passed 
over a miniature heat exchanger resulting in regenerative cooling via the Joule–
Thomson effect. For such systems the supply of pressurized gas is a logistical 
concern for field use.  
 
Materials used for cooled infrared detection include photo detectors based on a 
wide range of narrow gap semiconductors including:  
 

1. Indium antimonide  
 
2. Indium Arsenide  
 
3. Mercury Cadmium telluride  
 
4. Lead sulfide  
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3.4.3 Un cooled Infrared detectors:  
 
Un cooled infrared sensors can be stabilized to an operating temperature to 
reduce image noise, but they are not cooled to low temperatures and do not 
require bulky, expensive cryogenic coolers. This makes infrared cameras 
smaller and less costly. However, their resolution and image quality tend to be 
lower than cooled detectors. This is due to differences in their fabrication 
processes, limited by currently available technology.  
 
Uncooled detectors are mostly based on pyro electric and ferroelectric materials 
or micro bolometer technology. The material is used to form pixels with highly 
temperature-dependent properties, which are thermally insulated from the 
environment and read electronically.  
 

Ferroelectric detectors operate close to phase transition temperature of the 
sensor material; the pixel temperature is read as the highly temperature-
dependent polarization charge. The achieved NETD of ferroelectric detectors 
with f/1 optics and 320x240 sensors is 70-80 mK. A possible sensor assembly 
consists of barium strontium titanate bump-bonded by polyimide thermally 
insulated connection. 
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Chapter – 4 
PRODUCT ASSURANCE 

 

4.1 Definition:  

 
A discipline devoted to the study, planning and implementation of activities 
intended to assure that the design, controls, methods and techniques in a project 
result in a satisfactory level of quality in a product.  
 
The verification by a management function that customer requirements are 
satisfied by ensuring  
 
(1) The identification of critical activities, 
 (2) The availability of the necessary resources for each process, 
 (3) The use of the resources in a manner that is efficient and effective.  
 

 

 

4.2 Product Assurance Testing:  
 
Product assurance testing is conducted in order to evaluate a system in its 
operating environment. Product assurance testing is primarily used to find the 
faults that are not shown within the development or test environments. The tests 
performed are:  
 
➢ Climate Test  
 
a) Heat and Cold Chamber Test  
 
b) Rain and Dust Chamber Test  
 
➢ Durable Test  
 
a) Vibration Test  
 
b) Bump test  
 
➢ Functional Test  

 
a) Resolution Test  
 
b) Field of view  
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4.2.1 Heat and Cold Chamber Test:  

 

 

 
 

 

                                              Fig4.1: Heat and Cold Chamber  
Temperature and humidity test chambers are ranging in size from 50LiTer to 
3000Liter, including bench top, standard type and walk in. Included are ultra 
low temperature test chamber, high rate of change of temperature chambers 
(15℃/min) and climate with humidity chambers.  
 
Our temperature and humidity test chambers are available in a variety of sizes 
and configurations, including bench top / vertical/ walk in constant temperature 
humidity chambers. Temperature Range: -70°C to +180°C; Humidity range: 
10% to 98%R.H.  
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4.2.2 Vibration Test Chamber:  

 

 

 
 

 

 

 

                                         Fig4.2: Vibration Test Chamber  
 

Repetitive Shock Vibration tables generate multi-axis vibration using one or 
more pneumatic impact hammer(s) (also known as impactors) that strike a the 
top of a vibration table on which a product is attached. Thermotron‘s repetitive 
shock vibration test systems are designed specifically for very aggressive 
temperature change rates and high levels of multi-axis repetitive 

shock vibration. Repetitive shock shaker tables can be used as stand-alone units 
or combined with an AGREE or AST chamber for HALT/HASS testing. The 
repetitive shock vibration system incorporates many unique features designed to 
satisfy a wide range of vibration testing and screening applications for many 
industries. The basic system utilizes Multi-Zone Control. This patented feature 
uniformly—and more effectively—tests products. As a result, you receive 
improved product reliability, reduced warranty and recall risks, as well as 
better-utilized company resources. 
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4.2.3 Bump test chamber:  

 
 

 
 

 

                                    Fig4.3: Bump Test Chamber  
 

        This computerized machine is designed to cater the high acceleration and 
high pulse duration repetitive bump tests. The machine is used in product 
qualification testing, transient analysis of structures or models and fatigue tests 
on some systems and parts with an object to determine their suitability under 
repetitive bump environment (during transportation or in-service, etc.), and to 
assess structural integrity and stress screening. The machine has a robust steel 
structure that enables it to be used for testing of test objects having weights 
from 50 kg to 1000 kg, acceleration from 3 to 400 m/s2’ and pulse duration 
from 3 ms to 30 ms.  

        The machine is intended to reproduce the effects of repetitive bumps from 
40 to 180 bumps per minute likely to be experienced by components and 
equipment during transportation or when installed in various classes of vehicles. 
The object mounting hole pattern of the platform is 100 x 100mm matrix or as 
desired by the customer. An optional T-slot for mounting of test objects is also 
provided. The mounting platform is lifted vertically through a cam arrangement 
and is made to drop forcibly with the mechanical impact generating mechanism 
on the rubber pad placed on the anvil, which provides the required acceleration 
level. 
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       The desired impact acceleration can be obtained by adjusting the drop 
height and mechanical impact generating force of the mounting platform. 
Rubber pads are used to produce half-sine pulses, and duration of half sine 
pulse shape can be adjusted by changing the hardness and thickness of the 
rubber pads. The machine is supported with Pentium PC based intelligent 
instrumentation system to control and monitor and analyse acquired 
acceleration waveform on 4 channels. The unit operates on 415/230 V ±10%, 
50 Hz single phase AC and 3-phase 415 V 50 Hz.  

 

4.2.4 Salt Spray Test Chamber:  
 
 

 
 
 
                                  Fig4.4: Salt Spray Test Chamber  
 

          The salt spray (or salt fog) test is a standardized and popular corrosion 
test method, used to check corrosion resistance of materials and surface 
coatings. Usually, the materials to be tested are metallic (although stone, 
ceramics, and polymers may also be tested) and finished with a surface coating 
which is intended to provide a degree of corrosion protection to the underlying 
metal. Salt spray testing is an accelerated corrosion test that produces a 
corrosive attack to coated samples in order to evaluate (mostly comparatively) 
the suitability of the coating for use as a protective finish. 

         The appearance of corrosion products (rust or other oxides) is evaluated 
after a pre-determined period of time. Test duration depends on the corrosion 
resistance of the coating; generally, the more corrosion resistant the coating is, 
the longer the period of testing before the appearance of corrosion/ rust. 
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Chapter – 5 
SUB DEPARTMENTS 

 
5.1 Development and engineering department:  
 
        It is to design to project, make the modifications to prepare design and 
related documents. the software used in BEL Machilipatnam is 
SOLIDWORKS.  
 

5.2 Material management:  
 
         It is the management of materials, this department purchases the materials 
it has different bins that holds items after inspection.  
 

5.3 Quality assurance:  
 
        It deals with the quality of material it is checked before going to customer. 
In quality assurance several equipments are used, they are vernier calipers, 
screw gauge, CMM machine, GO gauge and NO GO gauges etc..  
 

CMM machine:  
 

 

 
 

 

                                 Fig5.1: Coordinate Measuring Machine  
 

       A coordinate measuring machine (CMM) is a device for measuring the 
physical geometrical characteristics of an object. This machine may be 
manually controlled by an operator or it may be computer controlled. 
Measurements are defined by a probe attached to the third moving axis of this 
machine. Probes may be mechanical, optical, laser, or white light, among 
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others. A machine which takes readings in six degrees of freedom and displays 
these readings in mathematical form is known as a CMM. The typical 3D 
"bridge" CMM is composed of three axes, X, Y and Z. These axes are 
orthogonal to each other in a typical three-dimensional coordinate system. Each 
axis has a scale system that indicates the location of that axis. The machine 
reads the input from the touch probe, as directed by the operator or 
programmer. The machine then uses the X,Y,Z coordinates of each of these 
points to determine size and position, typically with micrometer precision.  

A coordinate measuring machine (CMM) is also a device used in manufacturing 
and assembly processes to test a part or assembly against the design intent. By 
precisely recording the X, Y, and Z coordinates of the target, points are 
generated which can then be analysed via regression algorithms for the 
construction of features. These points are collected by using a probe that is 
positioned manually by an operator or automatically via Direct Computer 
Control (DCC). DCC CMMs can be programmed to repeatedly measure 
identical parts, thus a CMM is a specialized form of industrial robot.  
 

5.4 Plant and service:  
 
It is the department for providing the services to company. services are water 
supply, electrical supply, transport, horticulture.  
 

5.5 Human resource &administration:  
 
In this department the recruitment of employees is done it is to use manpower 
in different areas. medical facilities are also available.  
 

5.6 Finance:  
 
It is the department for the sanction of money to the employees it is to be made 
for one year.it is the record of the money.  
 

5.7 Quality management:  
 
It is to sell products in the international market six sigma is the statistical 
technique for maintaining quality. in this department there is a group of 
employees who discuss the problems, find out its solution and present it to 
manager.  
 

 

 

5.8 Machine shop:  
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In BEL machine shop there is both CNC and conventional machines are there, 
several components are manufactured in this machine shop. The conventional 
machines are lathe, milling, grinding and CNC machines like lathe, milling etc.  
 
CNC Lathe Machine  
 
➢ Automated version  
➢ Controlled by G and M code  
➢  Used for turning operations CNC Milling Machine  
➢  Programming for optimal performance  
➢  Large production  

CNC Drilling Machine  
➢  Multi function machining  
➢  High flexibility  

 
5.9 Production Planning and Control:  

 
This department forms the most important section among the others 

present because it forms the backbone right from the beginning till end of the 
particular set the responsibility lies in the hands of this section .It mainly 
performs three functions scheduling and launching control launching control 
the market section takes the order from the customer and gives the equipment 
stock order to ppc now ppc makes the list of each components involved in the 
product .this is called scheduling .next function that comes is launched ppc 
prepares shop order and engineering documents such as drawings .this function 
is called launching now comes to material control here the ppc keeps track of 
production i.e the purchase requisition is given to purchase department and sub 
contract department. 

  
5.10 Assembly section:  

 
In this all the components are gathered and assembled they set properly 

in the complete set .It is the most important and technologically advanced 
department at BEL Machilipatnam. 

  
5.11 &D Department:  

 
➢  Areas of working in R&D Development are Military Radars, Naval 

Systems, Military communication products, Electronic warfare systems, 
Telecommunication products. 
➢  
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Chapter – 6 
CONCLUSION 

 
          Undergoing four weeks of internship in the BEL Machilipatnam unit has 
helped me integrate conceptual knowledge with real life application. I have 
known the functions of various departments in the industry and also products 
produced in the industry. I was fortunate to have personal guidance from 
experienced professionals who took interest in explaning me the working 
details of various equipments.  

         I feel that without this opportunity my own understanding of the subject 
and also the motivation to acquire more knowledge would have remained 
incomplete. I think my training has given me enough motivation and an 
exposure that I will try to join defence services or get linked up with the 
defence of the country.  
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ABSTRACT 

Automation is the technology by which a process or procedure is performed with 

minimal human assistance. Automation or automatic control is the use of various control 

systems for operating equipment such as machinery, processes in factories, boilers and heat 

treating ovens, switching on telephone networks, steering and stabilization of ships, aircraft 

and other applications and vehicles with minimal or reduced human intervention. 

Industrial automation is the use of control systems, such as computers or 

robots, and information technologies for handling different processes and machineries in 

an industry to replace a human being. It is the second step beyond mechanization in the scope 

of industrialization 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

https://en.wikipedia.org/wiki/Control_system
https://en.wikipedia.org/wiki/Control_system
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INTRODUCTION 

The ARC is an initiative by IndoEuroSync to provide real time industrial 

automation solutions in both organizational and academic level. ARC has already been 

organizing regular student seminars in Germany including workshops and live experiments at 

APS in Germany. ARC provides to the students the access to industrial robotics under 

production conditions with remote control. An extensive exchange program for Indian faculty 

members guarantees the high quality of the educational lessons and practical courses. These 

practical courses allow direct control of the industrial robots in Germany from Indian 

universities. Concretely, the students learn simulating, programming and controlling the robots 

in order to test their results at these industrial robots, which are equipped with grippers, sensors, 

etc. 

Applied Robot Control for Industrial Automation: 
 Each participating university receives a software access for simulation and control of 

industrial robots. 
 Students learn individually and as a team to solve concrete industrial tasks which are 

splits into various suitable sub-tasks for immediate learning success. These tasks are 
supervised by trained Indian faculty members along with remotely participating 
German experts. The automation tasks are designed and developed in cooperation with 
the Indian faculty members.  

 
Requirement for Indian University: 

 Indian University/College need to be a member of Indo-Euro Synchronization 
academic cluster. For further inquiries on obtaining the membership please contact us 
at consult@indoeurosync.com 

Benefits of the Membership and Remote robotic lab at Indian University: 
 

 Member of our Academic cluster will receive the necessary training for their faculty 
members at Germany to run this program. 

 Software and its server support will be provided to members of the universities to 
establish automation lab facilities at their location 

 These universities are the premium members of our near future Automation Cluster in 
India to execute the industrial and research projects in next days. 

 Trained students will be the first point of contact for internship positions and jobs in 
our projects and partner automation industries from India and Germany. 

 

 

 

 

 

 

mailto:consult@indoeurosync.com
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CHAPTER 2.1:  MECHANICS AND KINEMATICS 

Mechanical structure of Industrial Robots:  

Robots and Humans share the same underlying structure of links and joints; 

The principle of moving joints and transmitting power through the links is common in both 

humans and robots;  

 

                                                                                                      

 

Robots are roughly categorized in two types: serial link and parallel link arrangements. The 

human arm is arranged as a serial link since its joints (shoulder, arm, and wrist) are aligned in 

series. 

Mechanical structure of Industrial Robots:  

Robots with serial chain of links and joints can be classified into two categories such as:  

   - vertical articulated type,  and  

  - horizontal articulated type. 

 
Vertical articulated  robot Horizontal articulated robot 
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Mechanical design of Articulated Industrial Robots:  

Robots are built from serveral components and parts. Of particular importance are: Arm 

elements, actuators, reduction gears, transmission devices, sensors, and cabling. 

 

Robots are built from numerous parts:  

 Arm elements   material= castings of aluminum alloy, carbon steel, or iron  

 Actuators AC servo motors, 

 Reduction gears to reduce motor rotation and to multiply motor torque  

 Transmission devices to transmit the mechanical power generated by the motors 

(for instance by means of belts, spindels, or gears) 

 Sensors  to measure arm positions and speed of axis motion  

 Cabling  transmission of electrical power and electrical signals. 
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Robot manipulator:  Structure 

 

  spur gears: modify direction 
and/or translate  

     axis of (rotational or translational) 

motor displacement   

 problems: deformations, backlash  

lead screws, worm gearing: convert 
rotational into translational motion 

(prismatic joints)  

 problems: friction, elasticity, backlash 

  

toothed belts and chains: dislocate 
the motor with  

    regard to the joint axis  

 problems: compliance (belts) or 

vibrations in- 

      duced by larger mass at high 
speed (chains)  

harmonic drives: compact, in-line, 
power efficient, 

    with high reduction ratio (up to 150-

200:1)  

 problems: elasticity 
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Extension of workspace: 

Robot workspace extension by linear track systems 

 

 

Shoulder joint 

Upperarm 

Elbow joint 

Forearm Wrist 
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Linear gantry axis: 

Linear gantry axis 

1D workspace extension 

2D workspace extension 

Gantry system 
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Tooling: 

 

 

 

Spot-welding gun 

Arc welding torch 
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CHAPTER 2.2: AUTOMATION AND INDUSTRIAL ROBOTS 

Industrial Automation: 

 Due to the globalisation the manufacturing industry is facing an increasing 

competition on the international market places. 

 Demanded are high quality products with competitive prices. 

 To meet these challenges successfully, fast response to market needs, short time- to -

market based on adequate manufacturing technologies are required. 

Definition: 

Industrial automation can be defined as the use of set technologies and automatic control 

devices that results the automatic operation and control of industrial processes without 

significant human intervention and achieving superior performance than manual control“.  
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. 

 

 

 

 

ADVANTAGES: 

 To increase productivity 

Automation of factory or manufacturing or process plant improves production rate through a 

better control of production. It helps to produce mass production by drastically reducing 

assembly time per product with a greater production quality. Therefore, for a given labor input 

it produces a large amount of output. 
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 To provide optimum cost of operation 

Integration of various processes in industry with automated machineries, minimizes cycle times 

and effort and hence the need of human labor gets reduced. Thus, the investment on employees 

has been saved with automation. 

 To improve product quality 

Since the automation reduces the human involvement, the possibility of human errors also gets 

eliminated. Uniformity and product quality with a greater conformity can be maintained with 

automation by adaptively controlling and monitoring the industrial processes in all stages right 

from inception of a product to an end product. 

 

 

 To reduce routine checks 

Automation completely reduces the need for manual checking of various process parameters. 

By taking advantage of automation technologies, industrial processes automatically adjusts 

process variables to set or desired values using closed loop control techniques.  

https://www.electricaltechnology.org/wp-content/uploads/2015/09/Manual-Control.Why-Industrial-Automation.jpg
https://www.electricaltechnology.org/wp-content/uploads/2015/09/Advantages-of-Industrial-Automation.-Production-in-industries.jpg
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 To raise the level of safety 

Industrial automation increases the level of safety to personnel by substituting them with 

automated machines in hazardous working conditions. Traditionally, industrial robots 

and robotic devices are implemented in such risky and hazardous places. 
 

 

 

 

 

Manufacturing Automation with Industrial Robots Benefits: 

- Improvement of productivity and efficiency in production  

- Provide better effectiveness (2-3 shifts)  

- Reduction of throughput times 

- Improvement of product quality  
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- increase high repeatability  

- High positioning accuracy  

- Better working conditions for human  

- Reduction of hazards to the work forces  

- Better flexibility to change (compared to single-purpose machinery)  

- Save of material and energy - save of labour cost 

Constraints: 

 High initial costs 

 Security threats 

 High and sometimes unpredictable cost for further development, add-on or 

upgrade 

 Personnel of higher qualification is requested; operators need sufficient training 

 

 

 

 

 

 

 

 

 

 

 

CHAPTER 2.3: END EFFECTORS 
  
In robotics, an end effector the device at the end of a robotic arm, designed to interact with the 
environment. The exact nature of this device depends on the application of the robot.  
 
The end effector means the last link (or end) of the robot. At this endpoint the tools are attached. 
In a wider sense, an end effector can be seen as the part of a robot that interacts with the work 
environment. This does not refer to the wheels of a mobile robot or the feet of a humanoid robot 
which are also not end effectors—they are part of the robot's mobility. End effectors may consist 
of a gripper or a tool. The gripper can be of two fingers, three fingers or even five fingers. 
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Mechanism of gripping: 
Generally, the gripping mechanism is done by the grippers or mechanical fingers. Though in the 
industrial robotics due to less complications, two finger grippers are used. The fingers are also 
replaceable. Due to gradual wearing, the fingers can be replaced without actually replacing the 
grippers.  
 
 

Shape of the gripping surface: 
The shape of the gripping surface on the fingers can be chosen according to the shape of the objects 
that are lifted by the grippers. For example, if the robot is designated a task to lift a round object, 
the gripper surface shape can be a negative impression of the object to make the grip efficient, or 
for a square shape the surface can be plane. 
 
 
 
 
 
 

Types:  
1. Impactive – jaws or claws which physically grasp by direct impact upon the object.  

2. Ingressive – pins, needles or hackles which physically penetrate the surface of the object (used 
in textile, carbon and glass fibre handling).  

3. Astrictive – suction forces applied to the objects surface (whether by vacuum, magneto– or 
electro adhesion).  

4. Contigutive – requiring direct contact for adhesion to take place (such as glue, surface tension 
or freezing).  
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Mechanical Grippers 
A mechanical gripper is used as an end effector in a robot for grasping the objects with its 
mechanically operated fingers. In industries, two fingers are enough for holding purposes. As most 
of the fingers are of replaceable type, it can be easily removed and replaced.  
A robot requires either hydraulic, electric, or pneumatic drive system to create the input power. 
The power produced is sent to the gripper for making the fingers react. It also allows the fingers to 
perform open and close actions. Most importantly, a sufficient force must be given to hold the 
object.  
In a mechanical gripper, the holding of an object can be done by two different methods such as:  

 Using the finger pads as like the shape of the work part.  

 Using soft material finger pads.  
In the first method, the contact surfaces of the fingers are designed according to the work part for 
achieving the estimated shape. It will help the fingers to hold the work part for some extent.  
In the second method, the fingers must be capable of supplying sufficient force to hold the work 
part. To avoid scratches on the work part, soft type pads are fabricated on the fingers. As a result, 
the contact surface of the finger and co – efficient of friction are improved. This method is very 
simple and as well as less expensive. It may cause slippage if the force applied against the work 
part is in the parallel direction. The slippage can be avoided by designing the gripper based on the 
force exerted. 
 
 

 
 
 

 
Pneumatic gripper: 
A pneumatic gripper is a specific type of pneumatic actuator that typically involves either 
parallel or angular motion of surfaces, A.K.A. “tooling jaws or fingers” that will grip an object. 
When combined with other pneumatic, electric, or hydraulic components, the gripper can be 
used as part of a "pick and place" system that will allow a component to be picked up and 
placed somewhere else as part of a manufacturing system.  
 

Types of Pneumatic Grippers:  
The most popular types of pneumatic grippers are the 2-jaw parallel and 2-jaw angular gripper 
styles. Parallel grippers open and close parallel to the object that it will be holding, these are 
the most widely used grippers. They are the simplest to tool and can compensate for some 
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dimensional variation. Angular grippers move the jaws in a radial manner to rotate the jaws 
away from the object and therefore require more space. 

 
Adhesive grippers: 
A type of end effector that uses a continuously fed ribbon covered with an adhesive that sticks 
to the objects the robot manipulates. Adhesive grippers are commonly used for lightweight 
materials where other gripper types would be less effective. An adhesion gripper is a robot end 
effector that grasps objects by literally sticking to them. In its most primitive form, this type of 
gripper consists of a rod, sphere, or other solid object covered with two-sided tape. A major 
asset of the adhesive gripper is the fact that it is simple. As long as the adhesive keeps its 
“stickiness,” it will continue to function without maintenance. However, there are certain 
limitations. The most significant is the fact that the adhesive cannot readily be disabled in order 
to release the grasp on an object. Some other means, such as devices that lock the gripped 
object into place, must be used. 
 

 
 
Magnetic grippers: 
Magnetic grippers are most commonly used in a robot as an end effector for grasping the ferrous 
materials. It is another type of handling the work parts other than the mechanical grippers and 
vacuum grippers.  
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Types of magnetic grippers:  
The magnetic grippers can be classified into two common types, namely: Magnetic grippers with 
  

Electromagnets:  
Electromagnetic grippers include a controller unit and a DC power for handling the materials. 
This type of grippers is easy to control, and very effective in releasing the part at the end of the 
operation than the permanent magnets. If the work part gripped is to be released, the polarity 
level is minimized by the controller unit before the electromagnet is turned off. This process 
will certainly help in removing the magnetism on the work parts. As a result, a best way of 
releasing the materials is possible in this gripper.  
 

Permanent magnets:  
The permanent magnets do not require any sort of external power as like the electromagnets 
for handling the materials. After this gripper grasps a work part, an additional device called as 
stripper push – off pin will be required to separate the work part from the magnet. This device 
is incorporated at the sides of the gripper.  
The advantage of this permanent magnet gripper is that it can be used in hazardous applications 
like explosion-proof apparatus because of no electrical circuit. Moreover, there is no possibility 
of spark production as well.  
 

Benefits:  

 This gripper only requires one surface to grasp the materials.  

 The grasping of materials is done very quickly.  

 It does not require separate designs for handling different size of materials.  

 It is capable of grasping materials with holes, which is unfeasible in the vacuum 
grippers.  

 

 

CHAPTER 2.4 ROBOT MOTION CONTROL 
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Main controller tasks: 

 Motion Control & Path Planning 

 Communication (with control panel, teach 
box, external PC) 

 Operator support (set-up, programming, test /automatic mode) 

 Programming 

 Control of tools (gripper, etc.), peripheral devices (turn tables, conveyors, etc.), 
processes (welding, cutting, grinding, etc.) 

 Sensor data processing (adaptive functions) 

 Control of I/O processes (digital, analog, serial, fieldbus) 

 Data management (display, store, print, delete, etc.) 

 Error management 

 Safety functions (emergency stop, reduced speed, etc.) 

Information and data flow: 

 

Motion / Path planning:    
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 The robot controller determines the movement of the robot in consideration of 
the programmed movement type  

 Each movement is related to the end effectors. It is specified by pose, velocity 

and acceleration 

 Pose represents position as well as orientation of the end effector 

 

Movement types: 

 PTP mode – Point-to-point movement (Motion without any interpolation) 

 CP mode - Continues path  movement(Motion on a path with interpolation) 
 

Point- to- point movement: 

 

Continuous path movement: linear motion 

 

Motion with Circular interpolation: 
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CP-Motion / Path planning scheme: 

 

 Any robot movement of the CP type will be performed by dividing the 
planned path into small path sections defined by interpolation points  

trajectory 

 

 The distance between two interpolation points is determined by the Interpolation 

cycle time T
IPO.

 

 Interpolation is performed in the Cartesian space. 
 

 For any interpolation, position data (joint angles) have to be transformed from joint 

coordinates into Cartesian coordinates 

 
 

Interpolation Cycle Time T
IPO

: 
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TIPO = cycle time spent by the robot controller to calculate a new set of setpoint values (joint 
angles) as input to the position control loops of each axis. 

 currently: 10-12 ms interpolation cycle time 

 trend: 7- 4ms interpolation cycle time 

 A shorter TIPO results in higher path accuracy 

Motion and path planning: 

 

 

Information and data flow: 

 

 

 

 

 

CHAPTER 2.5: ROBOT PROGRAMMING 
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 Robot programming is a process of setting up of motion sequences of other activities 

the robot shall execute on demand. 

 Supported is a process of robot programming by special software. The software offers 

the user a set of coded commands &instructions that tell the robot system what task to 

do. 

 In general, the robot software for programming is of highly proprietary nature. Each 

robot manufacturer provides their own software. 

 There is a lack of standardization. However, enough similarities between different 

programming languages help to gain a broad understanding of robot programming 

without having explicit knowledge of each language. 

Programming Languages: 

 ABB robot language: RAPID 

 STAUBLI robot language: VAL3 

 KUKA robot language: KRL 

 COMAU robot language: PDL2 

 YASKAWA robot language: INFORM 

 FANUC robot language: KAREL 

 UNVERSAL robot language: UR Script 

 ONLINE Programming: Program generation with real physical robot 

 OFFLINE Programming: Program generation with virtual robot models 

Robot Motion Programming: 

 

 

 

Basic task in robot motion programming: 
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 Determination of TCP position tool orientation in the Cartesian space. The combination 

of these two entities is known as POSE of a robot. 

 Path: Consists of ordered locations of points in 3D space, which the robot shall follow. 

A planned path is usually taking into account the avoidance of any collision with 

obstacles & the shortest path. 

 Trajectory: Represents a path based on two or more-way points including velocities & 

accelerations in each of the way points. 

There are two movements in robot motion programming: 

1. PTP- Point to Point Movement 

2. Continuous Path Movement 

 

 

 

 

Robot Motion Control: Circle 
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Offline Programming of Industrial Robots: 

Robot studio software is used for programming of industrial robots in offline mode. The robot 

studio software is only used for ABB robots 

 

ABB Robot Studio: 

 Robot studio is a offline programming & robot simulation system. 

 The best way to maximize return of interest is to create robot programming offline on 

a pc. In this case there is no need to stop the production. 

 Robot studio allows tasks like programming, training, simulation, optimization of 

application programs. 

 Robot studio is using graphical models of ABB robots & is built on ABB virtual robot 

controller. 

 The ABB virtual robot controller consists of copy of the real control software. 

Therefore realistic simulations are provided by the tool. 

 

Robot Studio Features: 
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 Design of robot stations (Layout) 

 Modelling of objects (solid, curves, surfaces) 

 Programming of robot (path, orientation of tools, external axis) 

 Virtual Controller (copy of real control software) 

 Generation of RAPID code 

 Loading & saving programs 

 Simulation of programs (collision detection, creating events, simulation time 

measurement, I/O simulation) 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

CHAPTER 2.6: ROBOT PROGRAMMES 
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(A) Pick & Place in Palletizing 

Step1: Measuring sensor to table distance to detect presence & position of table plate 

 

Step2: Measuring sensor to box distance to detect presence of boxes 

 

Step3: Positioning & release of box to set up a new stack or to fill a stack 
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(B)Assembly of wind shields in a sidewall of railway wagon 

Robot in home position 

 

Moving to window position: 

 

Measuring of window position laser distance sensor 
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Moving back to first wind shield 

 

Picking up first windshield 

 

Windshield into assembly position 
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Windshield in assembly position 

 

Windshield assembled 
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ABSTRACT

The 3D EXPERIENCE PLATFORM is a business experience platform .It provides

software solutions for every organization in your company form Marketing to sale to

engineering that help you, in your value creation process, to create differentiating

consumer experience, with a single, easy to use interface, it powers Industry solution

in a collaborative, interactive environment. It is available on premise and on cloud.

Dassault systems offers industry leading application delivered on the 3D

EXPERIENCE platform: Design &Engineering, Manufacturing & Production Simulation,

Governance & Life cycle, 3D Design Experience for Professionals, as well as a broad

catalog of services
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INTRODUCTION TO 3D EXPERIENCE

Consumers today demand experiences that enrich their lives in meaningful ways.
Experience thinking is a framework for innovation, focusing on engaging consumers
with breathtaking experiences that are smarter, intuitive and sustainable. Experience
thinking persuades the organization to define the product and related services in the
context of the customer usage – a holistic approach to creating value for the customer.
Experience thinking encourages companies to consider all aspects of the consumer’s
experience – only possible when all the players in the innovation process from
marketing, sales, design, engineering, manufacturing and the supply chain work
collaboratively.

The 3DEXPERIENCE platform and apps digitalize the customer experience, with
capabilities to analyze, design, simulate, engineer and realize experiences. Innovators
develop a deep understanding of their customer’s operating environment by analyzing
social and usage information on the platform with a data-driven approach. The
experience is modelled in the context of the operating environment, capturing intelligent
interactions between the environment, consumer, product and digital capabilities that
harness operational data and provide insightful services. Enterprises then simulate and
optimize their offerings encompassing all customer scenarios. During the operating
lifecycle, this model is enriched with valuable insights gleaned from the usage data,
setting the stage for the next cycle of innovation.
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3DEXPERIENCE is the most advanced software for product and learning innovation, is
available in the cloud or on-premises, within your own operating environment. Both
options bring new capabilities to educators and students who want to experience the
engineering practices of industry leaders for increased employment opportunities in the
new global economy. Years of collaboration with educators and students across a wide
variety of institutions and disciplines has led to a flexible, tailored set of learning
solutions. 3DEXPERIENCE for Academia encompasses a suite of world-class integrated
applications:

 CATIA for product design
 DELMIA for digital manufacturing
 SIMULIA for realistic simulation
 ENOVIA for collaborative innovation
 3DEXCITE for high-precision rendering and interactive immersion
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3DEXPERIENCE platform builds on the V6 digital architecture and adds information
intelligence, dashboarding and social collaboration capabilities. Businesses now create
a private social collaboration environment on the platform and involve employees,
partners, suppliers, consumers and other stakeholders as active participants in the
innovation process. Leading organizations now adopt a big-data approach to
understand all aspects of the customer experience in a data-driven manner and then
model and simulate all aspects of the customer experience – virtually perfecting the
experience before launching the product to market.

3DEXPERIENCE ESSENTIALS
3DEXPERIENCE Essentials is a broad application set built on the Business and Industry
Innovation baseline, encompassing a vast set of Dassault Systems solutions.
The ideal basis for universities or technical colleges to support their transition to project
-based or student-centered learning, 3DEXPERIENCE Essentials provides a complete
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digital framework for team-based ideation, contextual learning, collective innovation,
solution creation and various methods for project evaluation.
3DEXPERIENCE Essentials includes advanced ENOVIA capabilities for configuration
management, requirements management, change management and compliance
processes.
The Essentials package bundles a large sub-set of CATIA design functions and enables
conceptualization and detailing of virtually.

Using DELMIA digital manufacturing tools makes machining, robotics and rapid
prototyping an integrated exercise, ensuring manufacturability of designs and
streamlining of manufacturing programming.
Right-first-time practices are reinforced through mechanism simulation and associative
stress analysis using SIMULIA and ergonomics simulation.
The fundamental capabilities of additive manufacturing are built-in for powder-bed
fusion additive manufacturing, including nesting, automated support design and laser
path optimization.
Converters to and from other applications, as well as 3D printing output formats, are
available for exchanging data with various partners and devices.

A fundamental enhancement in 3DEXPERIENCE Essentials is the possibility to create
hybrid assemblies mixing new data with legacy models from version 5. New
functionalities can so be applied on existing courses examples without re-creating them.
Projects started in V5 for instance students’ competitions can easily progress in the up-
to-date version.

Common apps and services to connect everyone to the platform

The 3DEXPERIENCE platform provides the underpinning apps and services that enable
the transformation to a digital, data-driven, model-based environment. The common
apps and services provide an effective way to connect everyone early in the innovation
process. Social collaboration with 3DSwym is a great way to harness the innovative
ideas from everyone. With the 3DDashboard users monitor the things they care about –
follow online trends, be alerted by data feeds, and at the same time monitor enterprise
processes and data. Users see everything that's happening, 24/7, all in one dashboard.
With 3DDrive users securely store their documents on the cloud, access them from any
device and share them with co-workers and collaborators across the value chain. Users
collaborate instantly using 3DMessaging with immersive visualization of 3D assemblies
with 3DPlay.
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In this internship program we learned about CATIA, SIMULIA and DELMIA.

CHAPTER-2

CATIA
2.1 Introduction to CATIA:

Catia is the mechanical design software and is capable of addressing the complete
product development process, from product concept specification through product in
service in a fully integrated and associative manner.
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Catia mechanical design discipline products accelerate core activities of development
from concept to detailed design on to drawing production .mechanical design products
also address sheet metal requirements and mold manufactures using dedicated
applications that dramatically enhance productivity and strongly reduce time to market.

In 3D Experience Catia is present in 3D icon which consists of 3D Modelling apps.

Workbenches in CATIA

 PART DESIGN

 GENERATIVE SHAPE DESIGN

 ASSEMBLY DESIGN

2.2 Part Design

Catia provides you so many features which make creating complex mechanical design
in a simple task. The objects created in sketcher are converted into the solid part with
the help of part modeling tools.

Features

 Advanced complex features for dedicated best practices

 Knowledge templates repository approach

 Comprehensive specification approach for value added process reducing
geometry definition and rework

 Process features oriented

2.2.1 Tools

 Pad

 Pocket

 Shaft

 Groove

 Hole

 Rib

 Slot
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 Multi-Section Solid

Pad

Pad tool has the ability to convert any sketch into solid part with given length. If any
geometry also there in between the outer boundary pad operation considers it as an
empty space.

 Select pad tool

 Define types of pads that are

 Dimension

 Up to next

 Up to last

 Up to plane

 Up to surface

 Select sketch

 if you want it to be hollow than select tick option and give limits of thickness

 If you want to extrude body in both sides than check option more and again
select type and dimensions for second side.

 Select OK for implementation

Pocket

Pocket is just opposite operation of pad. Operation process is same as pad tool, all
other options are also same as pad the only difference is removal of material in spite of
generating solid part.

Shaft

Shaft tool is an operation in which any sketch rotates about an axis and forms a solid
part. From this operation we can generate any geometry which is symmetric about an
axis.

 Draw the sketch with axis line.

 Switch out from sketcher and select Shaft Tool to revolve sketch 360 degree.

 Axis should be draw with sketch.
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 Select OK for implementation.

Groove

Groove is just opposite operation of shaft. Shaft makes solid part by revolving any
sketch about an a groove removes material by revolving about an axis. Sketch profile
must be closed one for this operation.

Hole

This operation makes a hole that tab be used for bolted joint or for a tap or for any
locator pin.

Hole can be made threaded.

Rib

Rib operation will increase a 2D profile along to the center curve and create a 3D solid
object. steps are as follows.

 Draw a Center curve

 Select a plane at perpendicular direction of the end point of a Center curve

 Draw Profile at that Plane

 Switch out the sketcher

 Select rib tool

 Select profile first

 Select center curve

 If all given parameter are correct then it will show you a preview

 Select OK for implementation

Slot

Slot is just opposite operation of rib. All the procedure of working is same but slot
removes material according to sketch and rib makes solid part. Here also we follow
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same procedure as in rib.

Multi-section Solid

Multi-sections solid   can be created by joining two or more section curves along the
calculated or user-defined guiding curves. One or more leading curves can be used. The
result is a closed volume.

Some other important tools used in part design are

 Fillet

 Chamfer

 Draft

 Shell

 Thickness

2.2.2 Procedure

 Open 3d experience

 Click on 3d icon at top left corner

 Select part design

 Click on body

 Click on sketcher

 Select the plane to draw

 Draw the profile of the required part

 Click on exit icon

 Select the required operations like pad, shaft etc.

 For another operation on the same part select another body

 By using sketcher draw another profile

 Perform pad operation
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 Based on the required add or remove the body from another body. This process
is known as Boolean operation.

 Perform operations like fillet, chamfer as for the requirement.

Parts designed using part design:
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2.3 Generative Shape Design

 Generative Shape Design helps to design advanced shapes based on a combination of
wireframe and extensive multiple surface features. t provides a large set of tools for
creating and editing shape designs and, when combined with other products such as
CATIA Part Design, it meets the requirements of solid-based hybrid modeling.

2.3.1 Tools

 Extrude surface

 Revolve

 Sphere

 Cylinder

 Sweep

 Fill

 Join

 Split

 Trim

 Boundary

Extrude Surface

This tool extrude surface from already created profile on perpendicular direction of
plane selected.

 Select the tool

 Select profile and plane extrusion

 Now give limits that is length of extrusion in both sides

 Select ok to implement the work

Revolve

This tool is used to create circular surface.

 Draw a open sketch with a axis line

 Select revolve tool
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 Select profile to be revolved

 Select axis line if it is not in sketch

 Define start angle and end angle

 Select OK to implement

Sphere

 Select sphere tool

 Select center point

 Remain sphere and default

 Define the radius of sphere

 Select the sphere limitations

 Select OK to implement

Cylinder

Draw Cylinder through specify point and direction

 Create a point on a plane

 Select cylinder tool

 Specify center point

 Select plane for direction

 Specify radius

 Specify length1 and length 2

 Chose minor extent or Reverse

 Direction When required

 Select OK

Sweep

This the most important tool used in surface design. we can use this tool for generating
any type of surface that may be straight or it may be twisted or curvilinear form.

Types of sweep
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 Explicit sweep

 Linear sweep

 Circle sweep

 Conical sweep

Fill

Fill command is used to crate surface between some intersecting curves but it must be
closed.

 Select tool

 Select curves

 Choose continuity

 Press OK

Join

 The Join tool is used to join two adjacent surfaces or two adjacent curves.

 Choose Join button from the Operation toolbar

 The Join Definition dialog box is displayed

 You are prompted to select the elements (curves or surfaces) to be joined

 Select the elements that you need to join

 Remember that there should not be a large gap between the entities to be joined.

 Choose the OK button from the Joint Definition dialog box to complete the join
operation

 The surfaces or curves that are joined together will behave as a single entity

Split

Split This tool will split the surface about any curve and the selected surface.

 Select split tool

 Split dialog box will open

 Select a surface to split



22

 Select a curve at surface as a cutting element.

 The resulting surface will ready to preview for you.

 Select other side to change side of split

 Select OK

Trim

The Trim tool allows you to trim two intersecting surfaces or curves with respect to
each other

 When you choose this tool, the Trim Definition dialog box will be displayed

 Choose a surface as the first element and the other surface as the second
element.

 One side of each surface will be displayed as transparent.

 You can choose the other side button to reverse the sides of surfaces to be
trimmed. Figure shows the surface Trimmed using the Trim tool.

 Figure shows the trimmed surface when the other side buttons are selected for
both

 Surfaces from the Trim Definition dialog box.

Boundary

Boundary tool will defines the boundary of a surface according to you. This will useful if
want to use semi boundary of any sketch for our next operation

 Create surface as shown figure

 A dialog box open

 Select surface whose boundary need to redefine

 Select limits for new boundary

 These limits must cross that existing surface at any point and the selected limit
sketch will not overlap with surface

 Ok for implementation

2.3.2 Procedure
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 Open 3D Experience

 Click on 3D icon at the top left corner

 Select generative shape design

 Click on sketcher

 Select the plane to draw the profile

 Draw the profile

 Extrude the surface of the profile

 By using offset planes draw remaining profile and extrude the surfaces

 Fill the closed curves according to requirement

 Join all the surfaces by using join command

 Trim the extra projections by using trim command

 After joining all the surfaces inn single surface fillets are made

Components designed by using generative shape design:
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2.4 Assembly Design

Assembly modeling is the process of creating designs that consist of two or more
Component. Assembled together at their respective work positions. The components are
brought together and assembled in Assembly Design workbench by applying suitable
parametric assembly constraint to them. The assembly constraints allow you to restrict the
degrees of freedom of components on their respective work positions. The assembly files in
CATIA are called Product files

.

2.4.1 Product Structure Tools

Inserting a existing part

This tool inserts a part which is already created and saved into .CATPART file. This insets the
part in non position mode.

Insert a new part

This toll gives us a way to create a new component in the assembly workbench.
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Insert new product

This tool is used for inserting another product in the same assembly file. This is used where
assembly are there in the same product.

Replacing a Component

If you places wrong component in assembly then use this tool for replacing it by a correct
one.

 Select a component to replace

 now select replace component tool

 The window will open which contains CATPART files

 Select new part

 Select OK for Implementation.

Multi Instantiation

This is a tool which can create multiple copies of an inserted part without inserting it again
and again. It can set them at specified direction and distance from its parent part.

2.4.2 Move Tools

Manipulation

Manipulation tool is a small subgroup of tools used for moving a component inside the
assembly design workbench. This tool includes the tools used to rotate, translate, and move
tools.

Manipulation tool consists of

 Drag along X-axis

 Drag along Y-axis

 Drag along Z-axis

 Drag along any axis
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 Drag along XY Plane

 Drag along YZ Plane

 Drag along ZX Plane

 Drag along any Plane

 Drag around X-axis

 Drag around Y-axis

 Drag around Z-axis

 Drag around any axis

Snap Tool

The snap tool is used to move the component by snapping the geometric element of the first
component on selection of the geometric elements. The element selected first will move to
snap the second element.

Explode

Explode is command which will breaks your assembly or subassembly and will show you all
its -components individually.

2.4.3 Constraints

Coincidence Constraint

This constraint will make coincidence the centre lines of two cylindrical components

Contact constraint

This constraint will connect surfaces of components. The connected components have no
space between these two surfaces.

Offset constraint
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Surface constraint will create zero gap between two surfaces but if it is desired to make
some distance then offset tool is used.

Angle constraint

This tool I used for placing two components at an angle.

Fix together

This is a constraint which fixes two components together. If you want to perform any
manipulation operation or you are assigning any constraint on any of these components it
will automatically applies on other because they both are fixed together.

2.4.4 Procedure

 Open 3D Experience

 Click on 3D icon at the top left corner

 Select assembly design

 Import all the parts required for the assembly.

 Click on insert existing part

 Click on physical product at the top of the tree located at top left corner.

 Select all the parts and import them to the assembly window.

 Perform the manipulate operations to move the parts and place them in
sequence.

 Fix one part as the reference and assembling should be carried.

 Give coincidence constraint to the parts.

 Then give contact constraint to the parts to complete assembly

Assembly of screw jack
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CHAPTER -3

SIMULIA
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3.1 Introduction

SIMULIA is a complete suite of powerful and realistic solutions that enable users to
explore the real-world behavior of product, nature, and life. Simulia makes virtual
testing a standard business practice that improves the product performance,
reduces physical prototypes and innovation .It allows the simulation of the designed
model by various input parameters.

Workbenches in Simulia

MATERIAL DEFINITION

STRUCTURAL MODEL

STRUCTURAL SCENARIO

3.2 Simulia Procedure:

Material definition

Open 3d experience software

Design a component using part design

Then for simulation click on V.R

Select material definition.

After opening material definition create a material and name it as steel.

In top left corner of the window a tree related to the material is appeared. It
contains Material appearance domain and Material simulation domain.

Click on material simulation domain and add required properties of the material
like density, Youngs modulus, poison ratio etc.



30

 Go to part body created before.

 Click on pick material option in the tool bar located at bottom

 Go to material editor tab and click on steel and the click on product to apply the
material.

Structural model

 Go to V.R and click on structural model.

 Click on finite element methods option which is appeared on the tree.

 Click on nodes and elements then toolbar bar is appeared at the bottom.

 Click on mesh icon and select the mesh type.

 Give mesh size and then apply the mesh by selecting the body.
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 Click on finite element methods.

 Click on properties and select solid section.

Structural scenario

 Go to V.R and click structural scenario and select simulation type.
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 Click on setup from the toolbar located at the bottom and click on finite element
model appeared in the dialogue box.

 Click on procedure and choose the type of procedure.
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 Click on restraints and choose type of support.

 Click on loads and apply the loads required.
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 Click on simulate and the click on simulation checks.

 Simulation status is appeared.
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 Finally click on simulate and note down the results.

CHAPTER-4
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DELMIA

4.1 Introduction

DELMIA-Digital Enterprise Lean Manufacturing Interactive Application is powered by the
3DEXPERIENCE platform.

DELMIA Digital Manufacturing drives manufacturing innovation and efficiency by
planning, simulating, and modeling global production processes. DELMIA allows
manufacturers to virtually experience their entire factory production from the impact of
design to determining how to meet global demand. These simulation activities allow
manufacturers to better address and shift processes so as to quickly respond to the
competition, or to take advantage of new market opportunities.

DELMIA Digital Manufacturing capabilities extend visualization beyond the product into
manufacturing—providing the ability to simulate manufacturing processes before the
physical plant or production line even exists. By proving out plant level considerations
such as manufacturing approaches and material flow in the early stages of product
development, the product concept can be analyzed to determine the best approach to
make the product.

Workbenches in Delmia

 Manufacturing Item Definition

 Process Planning

 Equipment Allocation

 Assembly Evaluation

 Time Motion and Study

4.2 Delmia Procedure:

Importing product

 Open 3d experience.

 Click on import and import the product which is in .3dxml format.

 Right click on product from the tree.

 Then click on open with and select open with advanced.

 Click on expanded with all representative children.
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Manufacturing item definition

 Go to V.R click on manufacturing item definition

 Right click on manufacturing item definition window and the click on product A1.

 Click on manufacturing assembly and create manufacturing item product scope
and click on product.

 Click on Authoring from toolbar at bottom and click on Create / Update
manufacturing.

 Insert required number of manufacturing assemblies and spilt the product in to
different components by using assignment manager.
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Process planning

 Go to V.R click on process planning.

 Click on general system.

 Click on manage scope and create scope.

 Insert no. of general systems as per requirement.

 Insert general operations and loading operations in the general systems.

 Select the components from the tree and place them in them general operations
and loading operations according to the assembling order.

 Click on product flow from the tool bar and create flow between the general
operation and loading operation in the general system and also create flow
between the general systems.
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Equipment allocation

 Go to V.R click on Equipment allocation

 Right click on PPR context from the tree then click on insert resource, click on
manufacturing cell, click on main layout , click on create stations

 Create 4 stations each station must have one conveyor and one storage.

 For creating storage and conveyor click on station, click on insert resource.

 Import station with conveyor file of .3dxml format.

 Copy the imported file and open equipment allocation tab and paste it in main
layout.

 From the imported file copy storage and conveyor and paste them in the stations
created before.

 Click on create scope and create scope between main layout and general system.

 Click on station, click on assignment manager and export general system
operation to the station.

 Define part position and place on conveyors
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Assembly Evaluation

 Go to V.R click on Assembly Evaluation.

 Click on General system and Right click on Loading operation and then Create
Track.

 Copy the Current track to the other operations.

 Click Live Simulate on toolbar located at bottom.

CONCLUSION



41

From this internship I have learnt

 Modelling of solid parts by using Catia part design.

 Creating complex shapes and surfaces by using Generative shape design.

 Assembling of parts to form a assembled component.

 Meshing and simulating structural components with different
supports and loads by using Simulia.

 Basic concepts and procedure of Delmia.
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ABSTRACT 

 

        The Main Objective of this project is to give sufficient information 

regarding How a Object is converting to the Finished Goods form and to obtain 

sufficient knowledge in the Manufacturing Flow process of a product. 

            Manufacturing a product leads to Functioning of many Departments, so 

every Department had its specified functions in order to manipulate the Product 

into the finished one. The Processing of the various departments like Process 

planning/Production planning are been discussed. Beginning from obtaining of 

Orders from the Customers the manufacturing Process begins, which is the key 

way to run for any organizations. So Marketing Principles are bought into clear 

picture in this project. 

          The Project is very useful for analyzing any Industry either of small 
scale/Large scales  

Where a Candidate need to understand a organization it is quite useful. 
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1. INTRODUCTION 

 
1.1About APHMEL 

 

 
 

• Andhra Pradesh Heavy Machinery & Engineering Limited is a leader and 

specialist in the design, manufacture and supply of material handling 

equipment and systems. The company specializes in the manufacture and 

supply of high-quality belt conveyor subsystems for the mining, steel, 

thermal power, cement, and construction industries. The company has been 

accredited with ISO 9001:2008 certification. 

• The major customers for Conveyor Idlers are: 

➢ Singareni Colleries Company Limited 

➢ Neyveli Lignite Corporation Limited 

➢ South Eastern Coal Fields 

➢ Coal India Limited 

➢ Northern Coal Fields 

➢ Visakhapatnam Steel Plant 

➢ Vinukonda Projects Limited  
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2. ORDER EXECUTION FLOW CHART 
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3. ORDERS THROUGH CUSTOMERS: 

➢ The Company has extended its services to Coal, Power, Steel, Thermal and 

Service Sectors.  

➢ By Obtaining Orders from Various sectors the order Estimation Copy is 

prepared by the marketing dept. 

➢ The Orders are been supplied with in the specified time To the customers 

without Delaying the Production Process 

Some of the Customers of A.PH.M.E.L; 

Coal Mining Sector: 

• The Singareni Collieries Company Limited (SCCL) 
• Western Coal fields Limited (WCL) 
• South Eastern Coalfields Limited (SECL) 
• Northern Coalfields Limited (NCL) 
• Naively Lignite Corporation Limited (NLC) 
• Bharat Coaking Coal Limited 
• Eastern Coalfields Limited 
• National Mineral Development Corporation Limited (NMDC) 

Steel Sector:- 

• Visakhapatnam Steel Plant (VSP) 
• Durgapur Steel Plant 
• Rourkela Steel Plant 
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4.MARKETING: 

• The Marketing Department was the Initial Stage were the orders are been 

bought to the organization 

•  

• The Main Functions of Marketing Department are: 

➢ Getting the Tender Documents 

➢ Preparations of Estimations 

➢ Submission of Tenders after Clearance from The higher Comities 

➢ Receiving order and Releasing Order Acceptance 

➢ Receipt of customer Drawings 

➢ Arranging Customer Inspection 

➢ Submitting Invoices to customers and getting Payments 
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5.DESIGNS; 

 

A working drawings or detailed drawings are the principal document which 

contains the manufacturing specifications for a component, as determined by 

the product engineer. It is possible that the process planner may find some 

production difficulties if these specifications are maintained. Consequently, a 

practically feasible design is developed, incorporating such suggestions which 

will offer no difficulties in manufacturing. Such a design is known as the 

Design for Production. Detailed drawings are prepared are bases on it. The 

main specifications contained by these working drawings are as follows: 

i. Geometrical shape and dimensions of the part 

ii. Tolerance prescribed permissible deviation from these dimensions to 

facilitate interchangeable manufacture 

iii. Machining accuracies desired 

iv. Required surface finishes on surfaces to be machined 

v. Method of machining to be employed to be achieve required surface 

finish 

vi. Surfaces to be heat-treated and the type of heat treatment to be given 

vii. Locations and type of surface coatings to be given , if needed 

viii. Locations for measurement of dimensions on the finished part 

ix. Specific inspection requirements and methods, if needed, such as 

ultrasonic testing, hydraulic testing,etc 

x. Bill of materials 
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DESIGN OF A SHAFT 

 

 

DRAWING OF BARREL WITH HOUSING 

 

 
 

1. BARREL  2. BEARING HOUSING  3. SHAFT  4. RAIN CAP  5. DUST 

SEAL  6. LABYRINTH SEAL(INNER)  7. LABYRINTH SEAL(OUTER)  

8. BALL BEARING  9. EXTERNAL CIRCLIP 10. SPACER 
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6. PROCESS PLANNING 

• The process plan of a product is a comprehensive document which, apart 

from carrying manufacturing details contains detailed plans for solving 

problems which are likely to be encountered and also those which are 

already known. The main details contained in a process plan include, 

i. Process Objectives: 

Include name of the product, number of product, lot size, 

requirements of rough finished or semi-finished stock, identification 

of the assembly to which that part is to be fitted, quantity of such 

parts needed for each sub-assembly, date of start of manufacturing, 

order number and name of process planner. 

ii. Details of Operations: 

Include the name of operations; sequence of performing these 

operations is to be performed, etc.  

iii. Quality Control Specifications: 

Include dimensions, tolerances and surface quality, material 

specifications, indications of clamping and locating surfaces, etc. 

iv. Machines and tooling specifications: 

Include the type of machine to be used for each operation, details of 

operations to be performed on each machine, location of each 

machine, accessories and attachments to be used, standard tools to be 

used, special tools to be used, jigs and fixtures to be employed, 

speeds, feeds and depth of cut to be used for each operation, method 

of setting the machine, etc. 

v. Expected performance: 

Include estimated set up time, estimated operating time, total cycle 

time for each lot, total expected production time for each lot, etc. 
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6.1 PROCEDURE FOR PROCESS PLANS 

• The objectives of process planning is to decide and specify the most 

efficient and economical process for manufacturing the product. Process 

planners are always busy in finding out 

➢ cheaper material replacements, 

➢ easier and quicker manufacturing methods,  

➢ ways for better utilization of men, materials and machinery 

➢ ways to reduce time of production cycle 

➢ devising better tooling 

➢ simplifying operations and many other similar efforts  

so that the end product can be manufactured more easily, quickly and 

economically without compromising its quality, utility and performance.  

• Although the procedure may slightly differ from individual, still there are 

some common steps which are generally followed by all process planners. 

i. To acquaint with the end use and, therefore, the service function of 

the part/product 

ii. To determine the required accuracy level and output by analyzing the 

product specifications and standards 
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iii. To study the product specifications and find out the quantity of 

products to be manufactured annually 

iv. To carefully study the part drawings, as certain the feasibility of 

manufacturing it, mark mistakes in these drawings and get them 

rectified 

v. To take  decisions and lay their complete specifications and required 

quantities 

vi. To prepare a material list of all the parts of the product with complete 

specifications for the purpose of purchasing the raw materials from 

outside 

vii. To determine the most appropriate and economical type and form of 

raw materials needed for making the part namely casting, forging, 

bare stock,etc 

viii. To determine the sizes of blanks required, if processes like forging, 

stamping, pressing, etc are involved 

ix. To specify the proportions and gross weight of raw materials, if 

casting works is to be carried out 

x. To determine the most economical and efficient method of 

manufacturing to be followed for each part that is to be produced 

internally 

xi. To determine and lay down the best sequence of operations to be 

followed for each part to be produced 

xii. To decide the machine tool to be employed for different operations in 

order that the required accuracies and quantity of production are 

obtained 

xiii. To ascertain and specify the special requirements of manufacturing 

aids and accessories such as jigs, fixtures, tools, digs, dies,etc., which 

may be helpful in accelerating the production rate 



10 

 

xiv. To decide the stages of inspection and the methodology and 

equipment to be used at each stage 

xv. To determine the loading of machines to be employed and make 

necessary amendments in the process and sequence of operations to 

avoid overloading, idle time of the machine and waiting time for the 

part 

xvi. To study the short comings of the process, revealed during actual 

production and modify the planned process or its sequence of 

operations accordingly 

xvii.  To determine the time standards for different operations and fix 

payment rates 

xviii. To ascertain and specify the type of labour needed for successful 

performance of each operation 

xix. To determine the estimated cost of the proposed product 

  



11 

 

7. PRODUCTION PLANNING AND CONTROL 

• Once the entrepreneur has taken the decisions regarding the product design 

and   production processes and system, the next task is to take steps for 

production planning and control 

• Production planning without production control is like a bank without a 

bank manager, planning initiates action while control is an adjusting 

process, providing corrective measures for planned development. 

Production control regulates and  stimulates the orderly how of materials in 

the manufacturing process from the beginning to the end 

•  

STEPS OF PRODUCTION PLANNING AND CONTROL   

 

 

         

   

 

 

 

 
 
 

i. Production planning: 
          Production planning may be defined as the technique of foreseeing every 
step in a long series of separate operations, each step to be taken at the right time 
and in the right place and each operation to be performed in maximum efficiency. 
It helps entrepreneur to work out the quantity of material manpower, machine and 

PRODUCTION PLANNING AND CONTROLLING 

PRODUCTION PLANNING PRODUCTION CONTROL 

i. PLANNING 

ii. ROUTING 

iii. SCHEDULING 

iv. LOADING 

i. DISPATCHING 

ii. FOLLOWING UP 

ii. INSPECTION 

iv. CORRECTIVE 
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money requires for producing  predetermined level of output in given period of 
time 

ii. Routing: 

         The main aim of routing is to determine the best and cheapest sequence of 
operations and to ensure that this sequence is strictly followed. In small enterprises, 
this job is usually done by entrepreneur himself  
 
Routing procedure involves following different activities 
 

➢ An analysis of the article to determine what to make and what to buy   
➢ To determine the quality and type of material   
➢ Determining the manufacturing operations and their sequence  
➢ A determination of lot sizes   
➢ Determination of scrap factors   
➢ An analysis of cost of the article  
➢ Organization of production control forms 

iii. Scheduling:  

     It means working out of time that should be required to perform each operation 
and also the time necessary to perform the entire series as routed, making 
allowances for all factors concerned. It mainly concerns with time element and 
priorities of a job 

Production schedule: The main aim is to schedule that amount of work which can 
easily be                handled by  

Master Schedule: Scheduling usually starts with preparation of master schedule 
which is weekly or monthly break-down of the production requirement for each 
product for a definite time period and equipment without interference 

iv. Loading: The next step is the execution of the schedule plan as per the route 
chalked out it includes the assignment of the work to the operators at their machines 
or work places. So loading determines who will do the work as routing determines 
where and scheduling determines when it shall be done, Gantt Charts are most 
commonly used in small industries in order to determine the existing load and also 
to foresee how fast a job can be done 
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Production control:  

                Production control is the process of planning production in advance of 

operations, establishing the extract route of each individual item part or assembly, 

setting, starting and finishing for each important item, assembly or the finishing 

production and releasing the necessary orders as well as initiating the necessary 

follow-up to have the smooth function of the enterprise. The production control is 

of complicated nature in small industries 

i. Dispatching:   

Dispatching involves issue of production orders for starting the operations. 
Necessary authority and conformation is given for:  

➢ Movement of materials to different workstations.  
➢ Movement of tools and fixtures necessary for each operation.   
➢ Beginning of work on each operation.   
➢ Recording of time and cost involved in each operation.   
➢ Movement of work from one operation to another in accordance with the 

route sheet.  
➢ Inspecting or supervision of work   

ii. Following up:  

      Every production program involves determination of the progress of work, 
removing bottlenecks in the flow of work and ensuring that the productive 
operations are taking place in accordance with the plans. It spots delays or 
deviations from the production plans. It helps to reveal detects in routing and 
scheduling, misunderstanding of orders and instruction, under loading or 
overloading of work etc 

iii. Inspection: This is mainly to ensure the quality of goods. It can be required 
as effective    agency of production control.   

iv. Corrective measures:   

        Corrective action may involve any of those activities of adjusting the route, 

rescheduling of work changing the workloads, repairs and maintenance of 
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machinery or equipment, control over inventories of the cause of deviation is the 

poor performance of the employees 
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8. MATERIAL PLANNING: 

     Material Planning is a time phased priority-planning technique that calculates 

material requirements and schedules supply to meet demand across all products and 

parts in one or more plants. Information Technology plays a major role in designing 

and implementing Material Requirements Planning systems and processes as it 

provides information about manufacturing needs (linked with customer demand) as 

well as information about inventory levels. MRP techniques focus on optimizing 

inventory. MRP techniques are used to explode bills of material, to calculate net 

material requirements and plan future production. 

Materials requirements planning (MRP) 

➢ It is the logic for determining the number of parts, components, and materials 

needed to produce a product 

➢ MRP provides time scheduling information specifying when each of the 

materials, parts, and components should be ordered or produced 
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Production 
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9. PURCHASE: 

    Purchasing management is the management of purchasing process, and related 

aspects in an organization. Because of production companies purchase nowadays 

about 70% of their turnover, and service companies purchase approximately 40% 

of their turnover, purchasing management is one of the most critical areas in the 

entire organization and needs intensive management. Purchasing management also 

covers the areas of outsourcing and in sourcing 

Purchasing Process 

Purchasing Process includes as usual 8 main stages as follows: 

➢ Market survey Requisitioning 

➢ Approving 

➢ Studying Market 

➢ Making Purchase Decision 

➢ Placing Orders 

➢ Receipting Goods and Services Received 

➢ Accounting Goods and Services 

➢ Receiving Invoices and Making Payment 

➢ Debit note in case of material defect 

Market Survey Requisitioning:  It Deals with the day to day survey report 

analyzed by the executives regarding the strategies in Product price and its quality 

Approving: Approving the Orders from the Vendors 

Studying Market:  Preparing the Market reports and studying day to day to 

position 
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Making Purchase Decision: Purchase Decision are been decided   based on the 

price, quantity, quality 

Placing Orders: The Orders are been placed based on the previous transactions 

and the best supplying goods 

Receipting Goods and Services Received: The Goods are received by the vendor 

Recipients and other service documents are obtained 

Accounting Goods and Services: Accounts department clear the payments 

regarding supply of the goods by getting suitable clarifications 

Receiving Invoices and Making Payment: Payments are been Made only after 

the proper inspection of the good that are been supplied by the vendors after 

receiving the  Invoice copy 
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10. STORES: 

       As emphasized earlier, services to the user departments is the principal 

objective of stores functions. It is, however, obviously desirable to provide the 

services as economically as possible. Frequently, but not always, the most important 

consideration is to keep the stock value at the lowest practical level to economize 

in the use of working capital, which is most of the time scarce, and to minimize the 

cost of storage. It implies that there is some conflict between the need for efficient 

and effective services and the need to economize in stockholdings. On the one hand, 

the more stock held, the easier it is to have items available on demand, on the other 

hand, larger the stock held, greater the cost, though of course ordering very 

frequently in order that holding cost may be kept low can itself lead to high cost 

                                                           

                                                          

 

                                                      

 

 

 

 

 

 

OBJECTIVES OF STORES MANAGEMENT: 

 

✓ To provide services to operating functions by balanced flow of raw materials 

components, tools and tackles and other consumable materials. 

✓ To provide these services in the most economical manner, keeping the stocks 

at the 

Optimum level and bringing down inventory holding and ordering costs to 

the Minimum. 

✓ To account for all the materials received and issued, proper storage to avoid 

Deterioration and loss of materials, economical material handling, stock 

SUPPLIER USER 

STORES 
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verification and reconciliation of discrepancies.  

✓ To receive scrap and other discarded materials and arrange prompt and most 

economical disposal. 

✓ Maintain proper coordination and cordial relationship with departments. 

FUNCTIONS OF STORES: 

 Receiving and Dispatch:     All the incoming materials from the suppliers and 

other units of the organization shall be received at stores. Arrangement need to be 

made for transportation, unloading and receiving of materials, and handing over the 

same to custody group checking up of packages, checking up materials with details 

of invoices and purchase order, identifying discrepancies, if any, record keeping, 

preparation of Stores Receiving cum Inspection Report 

 

Inspection of Materials:   It has to be ensured that every item received in stores 

is checked from quality angle. Any failure of poor quality materials may put the 

organization to heavy losses, especially, those of components of vital equipment. 

Quality plans need to be developed for critical and high consumption value items. 

Inspection can be carried out by independent Quality Assurance Group or by user 

department or by third party, depending upon the set up. 

 

Issue of materials & maintenance of records: Stores department, on receipt of 

requisition/indent from user departments shall identify requirements and issue 

materials without any delay. Proper records need to be made of issue and receipt 

documents. 

 

 Stock control records:  Day to day receipts and issues shall be posted in stock 

ledgers or computer master so that the current balances of each item are known 

without physical counting or checking. 
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Identification and codification:  It is also the function of Stores to properly and 

rationally codify each item of stock, prepare the code catalogues and distribute to 

all the concerned. This shall involve identification, systematic defining and 

describing all items, adoption of material specification, unit of measurement, 

introduction of a degree of standardization and variety reduction 
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11. MACHINE SHOPS: 

          The Machine shops that were provided with A.P.H.M.E.L are with good 

infrastructure and with good facilities basically after obtaining sufficient drawings 

and raw materials the production of heavy machinery begins so we observe 

sufficient no .of employees both technical and non-technical are sufficiently skilled 

with their work and perfect working conditions are been observed 

 

11.1 HEAVY MACHINE SHOP AND IDLERS SECTION 

The List of Machines Provide in HMS (Heavy Machine Shop Section) are: 

• 1.Horizontal Boring Machine 

• 2.Vertical Boring Machine 

• 3.Planning machine 

• 4.Heavy duty Lathe 

• 5.Drilling Machine(Radial) 

 

 

Horizontal Boring Machine: 

  Make: Skoda WD 160  

  Spindle size: Ф160mm 

  Size: 200*200mm 

  Weight -20T 
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Working: In the A horizontal boring machine  bores holes in 

a horizontal direction. There are three main types — table, planer and floor. The 

table type is the most common and, as it is the most versatile, it is also known as 

the universal type. 

A horizontal boring machine has its work spindle parallel to the ground and work 

table. Typically there are 3 linear axes in which the tool head and part move. 

Convention dictates that the main axis that drives the part towards the work spindle 

is the Z axis, with a cross-traversing X axis and a vertically-traversing Y axis. The 

work spindle is referred to as the C axis and, if a rotary table is incorporated, its 

centre line is the B axis. 

 

Vertical Boring machine 

 Make: VTB 4.5(HOMMA) 

Table Diameter: 5500mm 

Height: 2500mm 

Weight: 20T 
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Working:  A vertical Boring machine is so named because the work rotates on 

horizontal table about vertical axis and the tool is stationary except for the feed .the 

machine may be looked as a vertical Lathe with its head stock resting on the floor. 

A vertical Boring Machine particularly adapted for holding and machining large, 

heavy and cumbersome work piece The Typical works are large gear blanks, 

locomotives and rolling stock tires. 

Advantages: 

• Large Diameter jobs and heavy work pieces similar to chucking jobs may be 

set up conveniently 

• There is no over hang as it is in the case of the lathe spindle. 

• Multiple tooling may be adapted as in the case of a Vertical boring Machine 

with its turret type tool post. 

 

Planning Machine: 

Make: HMT PD 20/6000 

Type: Double column 

Width: 2000mm 
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Length: 6000mm 

Height: 2000mm 

Weight: 12T 

 

 

Working: A planer is a type of metalworking machine tool that uses linear relative 

motion between the work piece and a single-point cutting tool to machine a linear 

tool path. Its cut is analogous to that of a lathe, except that it is linear instead 

of helical. A planer is analogous to a shaper, but larger, and with the entire work 

piece moving on a table beneath the cutter, instead of the cutter riding a ram that 

moves above a stationary work piece. The table is moved back and forth on the bed 

beneath the cutting head either by mechanical means, such as a rack and 

pinion drive or a lead screw, or by a hydraulic cylinder 

 

Radial Drilling Machine  

Make: HMT DR 10/4.4 

Radius: 4470mm 

Capacity in Steel: Ф 100mm 

Capacity in Cast Iron: Ф125mm 
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 Working: The Radial drilling Machine is intended for drilling medium to large 

and heavy work pieces The Machine consist of heavy, round vertical column 

mounted on a large base, the column support a radial arm which can be raised and 

lowered to accommodate work pieces of different heights .The arm may be swung 

over the bed around to any position the Drill head containing the mechanism for 

rotating and feeding the drill. The work May be mounted on the table or when the 

work is very large it may mounted on the pit. 

 

IDLERS SECTION: 

• There are basically two types of idlers namely, Carrying and Return Idlers. 

• Within these categories however, there are a number of different designs of 

idler sets which have developed as a result of particular applications, the need 

to minimize the stress imposed onto the belt and the environment in which 

the conveyor operates. 

• These different types of idlers are described below, together with a functional 

explanation for each.  
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Troughing Idlers: 

 

• Troughing idlers are found on the carrying side, along the length of the 

conveyor. On any particular conveyor these idlers are identical, as are the 

bases. 

• The Troughing idlers comprise a centre idler roll of a defined width, and 

‘wing’ idlers on either side of the centre roll. 

Garland Idlers: 

 

• Garland Idlers are another type of troughing idler which is used. The 

garland idler set comprises either 3-roll or 5-roll idlers joined together at the 

ends of their respective shafts by special lugs, to form a continuous chain of 

idlers. 

• The garland idler design is more forgiving than the fixed base troughing idler, 

due to its chain-like design which allows the belt centerline and idler centers 

to move relative to the supporting frame. 

Return Idlers: 
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• The mass of the return belt is the only load that return idlers are required to 

support. As such, return idlers sets are spaced at two to three times the pitch 

of their equivalent carrying-side idler sets. Return Idler sets usually have 

one or two rolls per idler set, for similar reasons 

❖ The various processes involved in the manufacturing of the idler rollers are: 

1. Pipe Cutting 

2. Facing and Boring of Pipe 

3. Fitting of Bearing Housing with Pipe using the mandrel 

4. Welding of Bearing Housing with Pipe 

➢ Arc Welding 

➢ Mig Welding 

5. Shaft Cutting 

6. Turning of the Shaft 

7. Grinding of the Shaft 

8. Groove Making and Milling of the Shaft 

9.  Assembly of Idler 

10.  Final Testing 

11.  Painting 

 

11.2 LIGHT MACHINE SHOP & TOOL ROOM: 

The List of Machines Provide in LMS (Light Machine Shop Section) are: 

• Horizontal  Boring Machine 

• Vertical Boring Machine 

• Slotting Machine 

• Gear Hobbing Machine 

• Shaping Machine 

• Horizontal spindle surface Grinder 
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• Lathes 

• Universal Cylindrical Grinding Machine 

• Vertical/Universal Milling machine 

Slotting Machine: 

Make: Cooper CH/40 

Stroke: 400mm 

Diameter: 800mm 

Height: 650mm 

 

 

Working:  The Ram Holding the tool may also reciprocate at an angle to the 

horizontal         table, the ram can be swiveled not more than 5° to the vertical 

.The Slotter is used for making cutting groves, key ways, slots etc 

 

Gear Hobbing Machine: 

Make: HMT H400 

Diameter: 400 

Module:8 
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Working: Hobbing is a machining process for making gears, splines, 

and sprockets on a hobbing  machine, which is a special type of milling machine. 

The teeth or splines are progressively cut into the work piece by a series of cuts 

made by a cutting tool called a hob. Compared to other gear forming processes it is 

relatively inexpensive but still quite accurate, thus it is used for a broad range of 

parts and quantities. It is the most widely used gear cutting process for creating spur 

and helical gears and more gears are cut by hobbing than any other process since it 

is relatively quick and inexpensive. Hobbing uses a hobbing machine with two 

skew spindles, one mounted with a blank work piece and the other with the hob. 

The angle between the hob's spindle and the work piece’s spindle varies, depending 

on the type of product being produced. if a helical gear is being produced then the 

angle must be increased by the same amount as the helix angle of the helical 

gear. The two shafts are rotated at a proportional ratio, which determines the 

number of teeth on the blank 

Shaping Machine: 

Make: BALTIBOI BSH-63 

Stroke Length:  630mm 

Horizontal Table travel: 690mm 

Vertical Table Travel: 365mm 
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Working: A shaper is a type of machine tool that uses linear relative motion 

between the workpiece and a single-point cutting tool to machine a linear toolpath. 

Its cut is analogous to that of alathe, except that it is (archetypally) linear instead 

of helical. (Adding axes of motion can yield helical toolpaths, as also done 

in helical planning. A shaper is analogous to a planer, but smaller, and with the 

cutter riding a ram that moves above a stationary workpiece, rather than the entire 

workpiece moving beneath the cutter. The ram is moved back and forth typically 

by a crank inside the column; hydraulically actuated shapers also exist. 

 

 

Horizontal spindle surface Grinder: 

 Make: HMT (SFW 2) 

Max Grinding Diameter: Ф400mm 

Max Grinding Length: 1500mm 

Working Surface: 1500*250  

http://en.wikipedia.org/wiki/Lathe
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Working: Surface grinding is used to produce a smooth finish on flat surfaces. It 

is a widely used abrasive machining process in which a spinning wheel covered in 

rough particles cuts chips of metallic or non metallic substance from a workpiece. 

The surface grinder is composed of an abrasive wheel, a workholding device 

known as a chuck, and a reciprocating or rotary table. The chuck holds the 

material in place while it is being worked on. It can do this one of 

ferromagnetic pieces are held in place by a magnetic chuck,. A machine 

vise(made from ferromagnetic steel or cast iron) placed on the magnetic chuck can 

be used to hold non-ferromagnetic workpieces if only a magnetic chuck is 

available. 

The grinding wheel is not limited to a cylindrical shape and can have a myriad of 

options that are useful in transferring different geometries to the object being 

worked on. Straight wheels can be dressed by the operator to produce custom 

geometries. When surface grinding an object, one must keep in mind that the 

shape of the wheel will be transferred to the material of the object like a mirror 

image. 
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Lathes: 

 

MODEL   MAKE BED          GAP    BETWEEN CENTRES 

HD 50B    BECO                1000          1350        400 

NH 26      HMT                  575            800          3000 

LB25        HMT                  500            600          25000 

NH22       HMT                  500            720          1500 

EP1810    KIRLOSKAR     420            730          1500 

LTM20      HMT                  420            550         1500 

LB20         HMT                  410            610         1500 

EP1675    KIRLOSKAR      400           590          1500 

LB17         HMT                   350           520         1000 

EP1330    KIRLOSKAR      350            520         1000 

 

 

Working:  A metal lathe or metalworking lathe is a large class of lathes designed 

for precisely machining relatively hard materials. They were originally designed 
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to machine metals however, with the advent of plastics and other materials, and 

with their inherent versatility, they are used in a wide range of applications, and a 

broad range of materials. In machining jargon, where the larger context is already 

understood, they are usually simply called lathes, or else referred to by more-

specific subtype names These rigid machine tools remove material from 

a rotating work piece via the (typically linear) movements of various cutting tools, 

such as tool bits and drill bits. 

Parts of a Lathe: 

• Headstock 

• Bed 

• Feed and lead screws 

• Carriage 

• Cross-slide 

• Compound rest 

• Tool post 

• Tailstock 

• Steady and follower rests 
Types of metal lathes 

➢ Center lathe  
➢ Engine lathe  
➢ Bench lathe 

 

VERTICAL / UNIVERSAL MILLING MACHINE 

                   

MODEL                         TABLE        HORIZONTAL  VERTICAL    AXIAL   

     

                           SIZE                   X                     Y               Z                            

    
EM 4V  ( HMT )            1800 X 425     1400               475            360          
FN 3V   ( HMT )            1600 X 355     1200               425            320          
FN 2V   ( HMT )            1350 X 310       800               400            265 
FV1       ( BFW )            1000 X 225       560               370            220 
FN3U     (HMT )       1600 
X  300      950                   375                320   UNIVERASAL M/C) 
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Working: In the vertical mill the spindle axis is vertically oriented. Milling 

cutters are held in the spindle and rotate on its axis. The spindle can generally be 

extended (or the table can be raised/lowered, giving the same effect), allowing 

plunge cuts and drilling. There are two subcategories of vertical mills: the bed mill 

and the turret mill. 

▪ A turret mill has a stationary spindle and the table is moved both 

perpendicular and parallel to the spindle axis to accomplish cutting. The most 

common example of this type is the Bridgeport, described below. Turret mills 

often have a quill which allows the milling cutter to be raised and lowered in a 

manner similar to a drill press. This type of machine provides two methods of 

cutting in the vertical (Z) direction: by raising or lowering the quill, and by 

moving the knee. 

▪ In the bed mill, however, the table moves only perpendicular to the spindle's 

axis, while the spindle itself moves parallel to its own axis 

▪  
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TOOL ROOM SECTION: 

      In this sense, tools are made, repaired, inventoried (kept track of), and 

distributed for use throughout the rest of a factory. This extension of sense 

reflects the development of greater systemization in manufacturing. 

Functions of the Tool Room: 

• Providing the tool Bits based on the work to be performed 

• Making written documents when the tool was supplied 

• Inspecting the Condition of various tools 

• Coding and separating the new tools 

• Procuring the new tools based on th working conditions 

  Various Kinds of Cutting tools: 

➢ Micro Boring Tool 

➢ Inserts 

➢ Straight Shank 

➢ Taper Shank 

➢ Brazed Tipped tool 

➢ Carbide tool 

➢ High speed Steel 

➢ Gear Hobbing tool 

➢ Slot Drill (key Ways) 

➢ Drill Bits 

➢ Hack-saw Blade(110T) 

➢ Collets 

➢ 1000 to 1200 mm Micrometer 

➢ Boring Tool(Fixed/Removable) 
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➢ Bore Measuring Gauge 

11.3FABRICATION: 

The List of machine in Fabrication Department are: 
 

1. Press Brake: 

  

Make: SIM TOOLS (40 H 32) 

Capacity- 250T 

Distance between housings -3280mm 

 

 
Working: A press brake, also known as a brake press, is a machine 

tool for bending sheet and plate material, most commonly sheet metal. It forms 

predetermined bends by clamping the work piece between a matching punch and 

die. 

2. 3 roll pinch cum pyramid bending machine: 

MAKE: Fluid Controls (PR25 500)  

MAX PLATE SIZE: 25TK*2550mm 
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WORKING:  Based on the rotation of the rollers the plates are been bended in 

the form of circular shells and through the hydraulic operation the shell is been 

removed 

 

3. Guillotine Shearing Machine: 

MAKE: Baltiboi(13/2000) 

Maximum Plate size : 13TK*2000 

 

Working:  

This is a power operated under crank type guillotine shearing machine featuring all 

steel body solid construction for accuracy and dependability. The crankshaft runs 

in gun metal bushes and flies wheel shaft runs in ball bearings for smooth trouble 

free operation. It is supplied complete with four edge HCHC shearing blades, 

electric motor, hand operated back gauge, front gauge, side gauge, belts, guards and 

shot lubricator.  
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4. Welding Machines 

  
                           

              (ARC WELDING)                                                        (MIG WELDING) 
 

 
    (SUB MERGED ARC WELDING) 
 

Portable gas cutting machine: 

 

Make: Cheetah (IOL) 

Straight Cut: 150TK 

Circular Cut: Ф150-Ф1375mm 

Bevel Cut: 45° 
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Working: Oxy fuel gas cutting process that uses heat from oxy acetylene gas 

flame to raise the temperature of the metal to its kindling temperature before a high 

pressure oxygen is used to cut the metal Oxy fuel gas cutting is used to cut alloys 

of low carbon steel, a few non- ferrous metal such as titanium and magnesium can 

also be cut. The Oxy-acetylene hand torch is the most common hand torch that is 

used to cut the metals. 

11.4 HEAT TREATMENT: 

      Heat treating is a group of industrial and metalworking processes used to alter 

the physical, and sometimes chemical, properties of a material. The most common 

application is metallurgical. Heat treatments are also used in the manufacture of 

many other materials, such as glass. Heat treatment involves the use of heating or 

chilling, normally to extreme temperatures, to achieve a desired result such as 

hardening or softening of a material. Heat treatment techniques 

include annealing, case hardening, precipitation strengthening, 

tempering and quenching. It is noteworthy that while the term heat treatment applies 

only to processes where the heating and cooling are done for the specific purpose of 

altering properties intentionally, heating and cooling often occur incidentally during 

other manufacturing processes such as hot forming or welding. 

 

 Furnaces: STRESS RELIEVING 

 Maximum Temperature: 650°c 

http://en.wikipedia.org/wiki/Glass
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Purpose: Stress relieving is done by subjecting the parts to a temperature of about 

75 ºC (165 ºF) below the transformation temperature, line A1 on the diagram, which 

is about 727 ºC (1340 ºF) of steel—thus stress relieving is done at about 650 ºC 

(1202 ºF) for about one hour or till the whole part reaches the temperature. This 

removes more than 90% of the internal stresses. Alloy steels are stress relieved at 

higher temperatures. After removing from the furnace, the parts are air cooled in still 

air.  

 

Furnaces: CARBURISING FURNACE 

Maximum Temperature: 1050°c 

 

Purpose: It is a heat treatment process in 

which iron or steel absorbs carbon liberated when the metal is heated in the 

presence of a carbon bearing material, such as charcoal or carbon monoxide, with 

the intent of making the metal harder. Depending on the amount of time and 

temperature, the affected area can vary in carbon content. Longer carburizing times 
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and higher temperatures lead to greater carbon diffusion into the part as well as 

increased depth of carbon diffusion. When the iron or steel is cooled rapidly 

by quenching, the higher carbon content on the outer surface becomes hard via the 

transformation from austenite to martensite, while the core remains soft and tough 

as a ferritic and/or pearlite microstructure 

This manufacturing process can be characterized by the following key points: It is 

applied to low-carbon workpieces; workpieces are in contact with a high-carbon 

gas, liquid or solid; it produces a hard workpiece surface; workpiece cores largely 

retain their toughness and ductility; and it produces case hardness depths of up to 

0.25 inches (6.4 mm). 

Furnaces: MUFFLE FURNACE 

Maximum Temperature: 1000°c 

 

Purpose: Steel products are heat treated after forming in order to establish desired 

mechanical properties.  A muffle or retort furnace is used for the heat treating 

process when a controlled atmosphere is needed.  The atmosphere may be controlled 

to prevent oxidation or to enhance surface hardness.  An infrared thermometer is 

used to monitor the process temperatures to assure consistent product qualities and 

efficient process operation 

In a muffle, the product is heated indirectly within a separate chamber so that the 

atmosphere may be controlled.  Therefore, a direct measure of product temperature 

is not always possible.  When it is not possible to measure the heated part directly, 
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then a measure of the muffle wall or inner chamber wall provides a much better 

control parameter than a thermocouple measurement of the heating chamber 

atmosphere.  By measuring the muffle surface or inner wall temperature directly the 

product properties are controlled much more precisely while running the furnace 

more efficiently. 

 

11.5 ASSEMBLY: 

 

The assembly Section is the final Stage  were the products that were been 

manufactured  in the earlier departments were assembled in Assembly section. 

The Major functions of assembly Department: 

 

➢ To Check the Product Part list as per the drawings 

➢ Assembling the Components through précised Instruments 

➢ Maintaining Trail Runs after assembling 

➢ Monitoring the Components with proper care 

➢ Keeping proper Records 

Some of the Products That are Assembled in APHMEL 

➢ Road Header -100kw                                                            

 

➢ Electro Hydraulic Rope Drive 
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➢ Power Sector Equipments 
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12. QUALITY CONTROL 

 

     Quality control emphasizes testing of products to uncover defects and reporting 

to management who make the decision to allow or deny product release, 

whereas quality assurance attempts to improve and stabilize production (and 

associated processes) to avoid, or at least minimize, issues which led to the defect(s) 

in the first place. For contract work, particularly work awarded by government 

agencies, quality control issues are among the top reasons for not renewing a 

contract 

Two Kinds of Testing are been done 

1. Physical Test 

2. Chemical Test 

1. Physical testing Equipments 

➢ Universal Testing Machine 

➢ Rock Well Hardness Test 

➢ Impact Testing machine 

➢ Eltimeter(Paint Thickness Measuring machine) 

➢ Sound level Meter 

➢ Magnetic crack Detector 

➢ Hydraulic testing Unit 

2. Chemical testing Equipments 

          The Chemical Tests are needed in order to examine the Composition involved 

in the Material and to check whether these are under specified Standards as per 

requirements 

• Carbon- By Combustion Test 

• Manganese-By sodium arsenite Method 

• Silicon- By the Gravimetric Method 

• Phosphorous- By Alkali metric Method 
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• Chromium –By Per Sulphate Oxidation Method 

• Nickel- By Dimethyl Gly Oximine Method 

• Molybdenum- By Alpha Benzoine Oxime Method. 
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13. INSPECTION: 

The Inspection deals with the final checking of the Components in the machine 

Shop at in which the Product will be Tested with the suitable Measuring Instruments 

The Major Functions of Inspection: 

➢ To Inspect various Components with utmost care 

➢ Checking whether there is any oil/Fuel Leakage 

➢ Inspecting Electrical Equipments 

➢ Conducting Trial run for few hours 

➢ Manual/Automatic Inspection 

➢ Testing under 3rd  party Inspections 

➢ Clearing the Dispatch orders 

➢ Getting Details from Finance department regarding full payments 

➢ Obtaining Gate pass 

➢ Making necessary Transport facilities 
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14. CONCLUSION: 

✓ A Detailed Study of Manufacturing flow process of Heavy Machine are 

Discussed 

✓ The Manufacturing Facilities of Light Machine Shop/Heavy Machine 

Shop/fabrication section was  discussed 

✓ The Main Objective of Studying the Manufacturing process gives a better 

Knowledge in Manufacturing Industries 

✓ Various Official Departments of Process planning/Production 

Planning/Stores are been discussed 

✓ Many Diagrammatic Charts are included in order to understand the flow 

structure of various departments 
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ABOUT THE ORGANISATION 

 

National Small Industries Corporation (NSIC), is an ISO 9001-2015 certified 

Government of India Enterprise under Ministry of Micro, Small and Medium 

Enterprises (MSME). NSIC has been working to promote, aid and foster the 

growth of micro, small and medium enterprises in the country. NSIC 

operates through countrywide network of offices and Technical Centers in 

the Country.In addition, NSIC has set up Training cum Incubation Centre 

managed by professional manpower. 

 

Mission: “To promote and support Micro, Small & Medium Enterprises 
(MSMEs) Sector” by providing integrated support services encompassing 
Marketing, Technology, Finance and other services. 

Vision: “To be a premier Organization fostering the growth of Micro, Small 
and Medium Enterprises (MSMEs) Sector”. 

 

Schemes of NSIC: 

NSIC facilitates Micro, Small and Medium Enterprises with a set of 

specially tailored scheme to enhance their competitiveness. NSIC provides 

integrated support services under Marketing, Technology, Finance and other 

Support service. 

Technology Support: 

Technology is the key to enhancing a company's competitive advantage in 

today's dynamic information age. Small enterprises need to develop and 

implement a technology strategy in addition to financial, marketing and 

operational strategies and adopt the one that helps integrate their operations 

with their environment, customers and suppliers. 

NSIC offers small enterprises the following support services through its 

Technical Services Centers and Extension Centers: 

1. Advise on application of new techniques. 
2. Material testing facilities through accredited laboratories. 
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3. Product design including CAD. 
4. Common facility support in machining, EDM, CNC, etc. 
5. Energy and environment services at selected centers. 
6. Classroom and practical training for skill upgradation. 

NSIC Technical Services Centers are located at the following places: 

Name of the Centre Focus area 

Chennai Leather &Footwear 

Howrah General Engineering 

Hyderabad Electronics & Computer Application 

New Delhi Machine Tools & related activities 

Rajkot Energy Audit & Energy Conservation activities 

Rajpura (Pb) Domestic Electrical Appliances 

Aligarh (UP) Lock Cluster & Die and Tool making 

Neemka (Haryana) Machine Tools & related activities 
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INTRODUCTION 

 

Energy requirement for refrigeration and air conditioning applications 

bears a huge share of total energy consumption around the world. Since,  

thermal  comfort  plays  a  very  important  role  on  the  health,  working 

efficiency and activities of all living beings, especially, temperature and 

humidity. In the excessively hot climates it is necessary to reduce the 

temperature and humidity whereas in the cold climate there is a need to 

increase the temperature. When the temperature drops below thermal 

comfort level, especially in the winter season, The  heating  systems  are  

employed.  In some countries, where  the atmospheric temperature is very 

low, natural heating like solar energy is not sufficient, the heat pump and 

fuel fired systems are proven to be suitable heating devices.  In  hot  

climates,  thermal  comfort  achieved  through  the  use  of  refrigerators and 

air conditioning systems. 

 

Refrigeration: 

The term “Refrigeration” may be defined as the process of removing heat 
from a substance under controlled conditions. It also includes the process of 

reducing and maintaining the temperature of a body below the general 

temperature of its surroundings. 

In other words, the refrigeration means a continued extraction of heat from a 

body whose temperature is already below temperature of its surroundings. In 

a refrigerator, heat is virtually pumped from a lower temperature to a higher 

temperature.  

Applications of Refrigeration: 

1. Food processing preservation and distribution. 
2. Chemical and process industries. 
3. Special applications such as cold treatment of metals, medical, 

construction, ice skating etc. 
4. Comfort air conditioning.    
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Air Conditioning: 

                              “Air conditioning” is the process of removing heat and 

moisture from the interior of an occupied space to improve the comfort of 

occupants. Air conditioning can be used in both domestic and commercial 

environments. 

Air conditioners often use a fan to distribute the conditioned air to an 

occupied space such as a building or a car to improve thermal 

comfort and indoor air quality. Electric refrigerant-based AC units range 

from small units that can cool a small bedroom, which can be carried by a 

single adult, to massive units installed on the roof of office towers that can 

cool an entire building. The cooling is typically achieved through 

a refrigeration cycle, but sometimes evaporation or free cooling is used. Air 

conditioning systems can also be made based on desiccants (chemicals 

which remove moisture from the air). Some AC systems reject or store heat 

in subterranean pipes. 

 

 

Welding: 

 

     Weldingis a fabrication process that joins materials, usually metals 

or thermoplastics by causing fusion, which is distinct from lower 

temperature metal-joining  techniques such  as brazing and soldering,  which  

do  not melt the base metal. In addition to melting the base metal, a filler 

material is typically added to the joint to form a pool of molten material (the 

weld pool) that cools to form a joint that, based on weld configuration (butt, 

full penetration, fillet, etc.), can be stronger than the base material (parent 

metal). Pressure may also be used in conjunction with heat, or by itself, to  

produce a  weld.  Welding also requires a form of shield to protect the filler 

metals or melted metals from being contaminated or oxidized. 

Although  less  common,  there  are  also  solid  state  welding  

processes  such as friction welding in which the base metal does not melt.
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REFRIGERATION AND AIR CONDITIONIG 

 

Inairrefrigeration,theairisusedasarefrigerant.Inoldendays,airwaswidely 

usedincommercialapplicationsbecauseofit‟savailabilityatfreeofcost.Since 

airdoesnotchangeit‟sphasei.e.remainsgaseousthroughoutthecycle, therefore the 

heat carrying capacity per kg of air is very small as compared to 

vaporabsorbingsystems.Theair-cyclerefrigerationsystems,asoriginally 

designedandinstalled,arenowpracticallyobsoletebecauseoftheirlow 

coefficientofperformanceandhighpowerrequirements;however,thissystem 

continues to be favoured for air refrigeration because of the low weight and 

volume of theequipment. 

Refrigerationessentiallymeanscontinuedabstractionofheatfromasubstance 

(perishablefoods,drinksandmedicinesetc.)atlowtemperaturelevelandthen 

transfersthisheattoanothersystemathighpotentialoftemperature. 

Thebasicelementsofanaircyclerefrigerationsystemareasfollows: 

 Compressor 

 Cooler or heatexchanger 

 Expander 

 Refrigerator 

Air-Conditioning 

The air conditioning is that branch of engineering science which deals 

with the freezingpointofwater. 

Theyconductedtheirexperimentwiththebulbofamercurythermometerastheir 

objectandwithabellowsusedtospeeduptheevaporation.Theyloweredthe study of 

conditioning of air i.e. supplying and maintaining desirable internal atmospheric 

condition for human comfort, irrespective of external condition. This subject, in 

its broad sense, also deals with the conditioning of air for industrial purpose, 

food processing, storage of food and other materials. 

Air conditioning refers to the simultaneous control of temperature, humidity, 

cleanliness and air motion within a confined region or space. 
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The basic elements of an Air- Conditioning system are as follows: 

1. Circulation fan 

2. Compressor 

3. Condenser 

4. Dryer 

5. Evaporator 

6. Supply Duct 

7. Supply outlet 

8. Return outlet 

9. Filters 

Modern air conditioning emerged from advances in chemistry during the 19th 

century, and the first large- scale electrical air conditioning was invented and 

used in 1902 by American inventor Willis Carrier. The introduction of 

residential air conditioning in the 1920s helped enable the great migration to the 

sun belt in the United States. 

In 1758, Benjamin Franklin and John Hadley, a chemistry professor at 

Cambridge University, conducted an experiment to explore the principle of 

evaporation as a means to rapidly cool an object. Franklin and Hadley 

confirmed that evaporation of highly volatile liquids (such as alcohol and ether) 

could be used to drive down the temperature of an object past the temperature of 

the thermometer bulb down to −14 °C (7 °F) while the ambient temperature was 
18 °C (64 °F). Franklin noted that, soon after they passed the freezing point of 

water 0 °C (32 °F), a thin film of ice formed on the surface of the thermometer's 

bulb and that the ice mass was about 6 mm (1⁄4 in) thick when they stopped the 

experiment upon reaching −14 °C (7 °F). Franklin concluded: "From this 
experiment one may see the possibility of freezing a man to death on a warm 

summer's day. 

A simple vapor compression refrigeration system consists of the following 
equipments: i) Compressor ii) Condenser iii) Expansion valve iv) Evaporator. 
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Fig:2.1. Typical single- stage vapour compression refrigeration. 

 

The schematic diagram of the arrangement is as shown in Fig.2.1. The low 
temperature, low pressure vapor at state B is compressed by a compressor to 
high temperature and pressure vapor at state C. This vapor is condensed 
intohigh pressure vapor at state D in the condenser and then passes through the 
expansion valve. Here, the vapor is throttled down to a low pressure liquid and 
passed on to an evaporator, where it absorbs heat from the surroundings from 
the circulating fluid (being refrigerated) and vaporizes into low pressure vapour 
at state B. The cycle then repeats. The exchange of energy is as follows: 

a) Compressor requires work, δw. The work is supplied to the system from 
the surroundings. 

b) During condensation, heat δQ1 the equivalent of latent heat of 
condensation etc, is lost from the refrigerator. 

c) During evaporation, heat δQ2 equivalent to latent heat of vaporization is 
absorbed by the refrigerant. 

d) There is no exchange of heat during throttling process through the 

expansion valve as this process occurs at constant enthalpy. 
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Figureshows a simple vapor compression refrigeration cycle on T- s diagram 
for different compression processes. The cycle works between temperatures 
T1 and T2 representing the condenser and evaporator temperatures 
respectively. 

The various process of the cycleare as given below: 
 

i) Process 2-3: Isentropic compression of the vapor from state 2 to 3. If 

vapor state is saturated or superheated, the compression is called dry 

compression. If initial state is wet the compression is called wet 

compression. 

ii) Process 3-4: Heat rejection in condenser at constant pressure. 

iii) Process 4-1: An irreversible adiabatic expansion of vapor through the 

expansion value. The pressure and temperature of the liquid are 

reduced. The process is accompanied by partial evaporation of some 

liquid.  

iv) Process 1-2: Heat absorption in evaporator at constant pressure. The 

final state depends on the quantity of heat absorbed and same may be 

wet, dry or superheated. 

Thermodynamic properties of Refrigerant: 

1. Boiling point   : It should be low. 

2. Thermal conductivity : it should be high 

3. Specificheat   : It should be low 

4. Freezing point  : it should be low. 

5. Toxicity   : it should be low 
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6. Evaporative pressure : it should be high. 

7. Condensation pressure : It should be low. 

8. Latent heat   : It should be high. 

9. CPO    : It should be high. 

 

REFRIGERANT: 

1) It is heat carrying medium. 

2) It carries heat from low temperature to high temperature system. 

3) Liquid + vapour mixture. 

 

Selection of Refrigerant: 

1) Performance: High efficiency,Low cost. 

2) Safety: Non toxic. 

3) Environmental impact: It should be low. 

 

Types of Refrigerants: 

1) Chlorofluorocarbons(CFC)  :R11,R22,R114,R113. 

2) Hydrocholrofluorocarbons(HCFC) :R22. 

3) Hydrofluorcarbons(HFC)  :R410a,R407,R1234yf,R134a. 

4) Hydrocarbons(HC)   :R600a. 

 

 

Comparison of Air-Conditioners: 

Non-Inverter Inverter 

On/Off type Continuous on 

Current consumption high Low power consumption 

Fixed frequency(50HZ) Variable frequency 

Outdoor unit starts (ODU) 
after 3mins 

Indoorunitandoutdoorunitsta
rtsata sametime 

Constant speed Variable speed 

Ittakesmoretime toreachset 
temperature 

It takes less time 
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Types of refrigerators: 

 

1.Singledoorrefrigerator. 

2.Double doorrefrigerator. 
 

Difference between single and double door refrigerator: 
 

Single door Double door 

Single door is also called as 

directcool refrigerator. 

Doubledoorrefrigeratorisalsocalled

as freezer. 

Plate and tube evaporator coil. Tube and fine evaporator coil. 

Cooling temperature 

is up to -18degrees.c 

Cooling temperature 

is up to - 24degrees.c 

 
Psychrometry process: 

1. Sensiblecooling. 

2. Sensibleheating. 

3. Humidification. 

4. Dehumidification. 

5. Coolinganddehumidification.  

6. Heatingandhumidification. 

 

 

 

Capacitors required for 
starting purpose 

No capacitors required 

PCBs are placed in IDU 
PCBs are placed in IDU 
AND ODU 

R22 Refrigerant isused R4100 Refrigerant isused 

Suction pressure(60- 80psig) 
Suction pressure(120- 
150psig) 

Discharge pressure(270- 
290psig) 

Discharge pressure(440- 
480psig) 
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Servicing of Air conditioners: 

• The main purpose of servicing ac is to increase the cooling effect, 

which is decreased mainly due to 

       1.Dust Formation 

       2.Compressor Working 

3.Reduction in refrigerant pressure 

Dust Removal: 

• Replacing or cleaning air conditioner filters is a critical maintenance 

task. An air conditioner's filters, coils, and fins require regular 

maintenance for the unit to function effectively and efficiently. 

 

 

 

 

 

Compressor Checking: 

 By checking the capacitor. 

 By checking C-R-S terminals. 
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Capacitor Checking: 

       Check the capacitor terminals with the help of multimeter,if it shows 

continuity then we will go for checking of C-R-S terminals or else we will 

change capacitor. 

Checking C-R-S terminals: 

1.C-S terminal:                                          

 

   2.C-R terminal:                                         

 

   3.R-S terminal:                                         

 

 

Refrigerant charging Procedure: 

• Close the valves on low/high pressure sides of the manifold. 

• Install the low/high pressure hoses to the corresponding service ports 

on the vehicle respectively 
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• Connect the center hose of the manifold gauge set with vacuum 

pump. 

• Carefully open the valves on low/high pressure sides to activate the 

vacuum pump. 

• After low pressure gauge reaches 100 k.pa or higher, evacuate the 

system for approx. 15 minutes. 

• After 15 min of evacuation if the reading shows 100 k.pa or higher 

close the valves on the both sides to stop the vacuum pump. 

•  After that check leaks if there are no leaks then charge with required 

refrigerant. 
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WELDING 

Weldingisafabricationprocessthatjoinsmaterials,usuallymetalsorthermoplas
tics,bycausingfusion,whichisdistinctfromlower temperaturemetal-
joiningtechniquessuchasbrazingandsoldering,whichdonotmeltthebasemetal.In
additiontomeltingthebasemetal,afillermaterialis 
typicallyaddedtothejointtoformapoolofmoltenmaterial(theweldpool)that 
coolstoformajointthat,basedonweldconfiguration(butt,fullpenetration,fillet,etc.
),canbestrongerthanthebasematerial(parentmetal).Pressuremayalsobeusedincon
junctionwithheat,orbyitself,toproduceaweld.Weldingalsorequiresaformofshieldt
oprotectthefillermetalsormeltedmetalsfrombeing contaminated oroxidized. 

 
 
Methods of Welding: 

Some of the best known welding methods include: 
 

 Oxy-fuelweldingalsoknownasoxy-acetyleneweldingoroxy-
welding,usesfuelgasesandoxygentoweldandcutmetal. 

 
 
 
 
 
 
 
 
 
 

 
 
 

fig: 3.1 Oxy- Fuel Welding 
 

 Shielded metal arc welding (SMAW)also known as "stick welding" or 
"electricwelding",usesanelectrodethatiscoatedinfluxtoprotecttheweld 
puddle.Theelectrodeholderholdstheelectrodeasitslowlymelts away. Slag 
protects the weld puddle from atmospheric contamination. 
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Fig: 3.2 Shielded Metal ArcWelding 
 

 Gastungstenarcwelding(GTAW)alsoknownasTIG(tungsteninertgas), uses 
a non- consumable tungsten electrode to produce the weld. The weld area 
isprotectedfromatmosphericcontaminationbyaninertshieldinggassuch as 
argon or helium. 
 

 
Fig. 3.3 Gas TungstenArc Welding 

 

 Gasmetalarcwelding(GMAW)–
commonlytermedMIG(metalinertgas)
,usesawirefeedinggunthatfeedswireata
nadjustablespeedandflows anargon-

basedshieldinggasoramixofargonand
carbon-dioxide(CO2)over 
theweldpuddletoprotectitfromatmosp
hericcontamination. 

Fig. 3.4 Gas metal arc welding 
 
 

 Submergedarcwelding(SAW)usesanautomaticallyfedconsumableelectrode
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andablanketofgranularfusibleflux.Themoltenweldandthearc zoneare-
protectedfromatmosphericcontaminationbybeing"submerged" under the flux 
blanket. 

 
 

Fig. 3.5 Submerged Arc Welding 

 Electroslagwelding(ESW)ahighlyproductive,singlepasswelding 

processforthickermaterialsbetween1inch(25mm)and12inches(300mm) 

inaverticalorclosetoverticalposition. 

 

 
 
 

Fig. 3.6 Electroslag Welding 
 

 

 Electric resistance welding (ERW)–a welding process that 

producescoalescence of laying surfaces where heat to form the weld is 
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generated by the electricalresistanceofthematerial.Ingeneral,it is 

anefficientmethod butlimitedto relatively thin material. 

 
Fig. 3.7 Electric resistance welding 

 
 
 
Classification of Welding processes: 

Welding processes can be classified based on following criteria; 
 

1. Weldingwithorwithoutfillermaterial. 

2. Source of energy ofwelding. 

3. Arc and Non- arcwelding. 

4. Fusion and Pressurewelding. 
 

1. Weldingcanbecarriedoutwithorwithouttheapplicationoffillermaterial. 

Earlier only gas welding was the fusion process in which joining could 

be achievedwithorwithoutfillermaterial.Whenweldingwasdonewithout 

fillermaterialitwascalled„autogenouswelding'.However,withthe 

developmentofTIG,electronbeamand other welding processes such 

classification created confusion as many processes shall be falling in 

both the categories. 

2. Varioussourcesofenergiesareusedsuchaschemical,electrical,light,sound,

mechanicalenergies,butexceptforchemicalenergyallotherformsof 

energiesare generated from electrical energy for welding. 

 

 

es classification embraces all the arc welding processes in one class and 
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all other processes in other class. In such classification it is difficult to 

assign either of the class to processes such as 

electroslagweldingandflashbuttwelding,asinelectroslagweldingtheprocesss

tarts with arcing and with the melting of sufficient flux the arc 

extinguishes 

whileinflashbuttweldingtinyarcsi.e.sparksareestablishedduringtheprocess 

and then components are pressed against each other. Therefore, such 

classification is also notperfect. 

3. Fusionwelding and pressure welding is most widely used 
classification as it covers all processes in both the categories 
irrespective of heat source and 
weldingwithorwithoutfillermaterial.Infusionweldingallthoseprocesses
are 
includedwheremoltenmetalsolidifiesfreelywhileinpressureweldingmo
lten 
metalifanyisretainedinconfinedspaceunderpressure(asmaybeincaseof 
resistance spot welding or arc stud welding) solidifies under pressure 
or semisolid metal cools underpressure. 

 
 

 

 

 

 

 

 

Fig. Classification of  FusionWelding Process 
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Fig. Classification of Pressurized welding 
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WELDING INSPECTION (NDT) 

4.1 Non- Destructive Testing: 

Non-destructivetesting(NDT)isawidegroupof analysis techniques used in 
science and technology industry to evaluate the properties of a material, 
component or system without causing damage. The termsnon-
destructiveexamination(NDE),non-destructiveinspection(NDI), andnon-
destructiveevaluation(NDE)arealsocommonlyusedtodescribethis technology. 

Since NDTdoesnot permanentlyalterthecharacteristics of article 
beinginspected, it is a highly valuable technique that can save both money and 
time in product evaluation,troubleshooting,andresearch. 
 

4.2 Types of NDT: 

1. Visualinspection. 
2. Penetranttesting. 
3. Magnetic particle inspectiontesting. 
4. Ultrasonictesting. 
5. Radiographytesting. 
6. Eddy currenttesting. 
7. Leaktest. 
8. Thermography. 
9. Vibrational analysis 

 
4.3 Selection of NDT: 

 
MagneticparticleInspection(MPI):Itisanon-destructivetesting(NDT)process for 

detecting surface and shallow subsurface discontinuities in ferromagnetic 

materialssuchasiron,nickel,cobalt,andsomeoftheiralloys.Theprocessputs 

amagneticfieldintothepart.Thepiececanbemagnetizedbydirectorindirect 

magnetization. 

Directmagnetizationoccurswhentheelectriccurrentispassedthroughthetest object 

and a magnetic field is formed in the material. Indirect magnetization 

occurswhennoelectriccurrentispassedthroughthetestobject,butamagnetic field is 

applied from an outside source. The magnetic lines of force are 

perpendiculartothedirectionoftheelectriccurrent,whichmaybeeither alternating 

current (AC) or some form of direct current (DC) (rectified AC).The presence 

of a surface or subsurface discontinuity in the material allows 

themagneticfluxtoleak,sinceaircannotsupportasmuchmagneticfieldper unit 

volume asmetals. 
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 Fig 4.1 Magnetic particle inspection 

Liquid Penetration method: 

 
 Visible dye penetrant is a NDT (Non Destructive Testing) method. It is a 
simple testtoperform,andagoodwaytotestweldsbeforecarryingoutmoreexpensive 
techniques like x- raytesting. 
 Itwillshowupbadcoldlap,cracks,holesbasicallyanydefectswhereavery 
finedyecanpenetrate.Itcanbeusedforvariousthings,notjust weldtesting. It can be 
used to test the presence of acrackinacylinderheadforexample. 
 Thesimple kitscomein3 parts,usuallyinaerosolcans.Namely, acleaner,a 
penetrant, and a developer. There are four types of dye penetrant system: 

 Water washable : the dyes wash away withwater. 
 Lipophilic  : the dye dissolves in oil forremoval. 
 Hydrophilic

 :thedyewashesawaywithawaterrinse,detergentsare 
necessary. 

 Solventremovable: thedyeisremovedwithacleaningsolvent. 
 

 
Therearefivelevelsoft testing,fromLevel½(Lowestsensitivity)toLevel4 

(Highest Sensitivity). 
Operativescarryingoutthistestingshouldbequalifiedtodoso,andreports, 
sometimeswithphotographicevidence,mightberequested. 

 

 



22 

 

Step 1 : Pre-cleaning 

Firstanyloosematerialneedstoberemoved, 
togetherwithanysilicaontopoftheweld.Itisimportanttor
emovethesilica,oryoucanget false results. A good 
scrape and wire brush sorts this out in mostcases.  
Thenapplysomeofthecleanertoremoveany 

oiletc.Waitforthecleanertodrycompletely before 

applyingpenetrant. 

  Fig. 4.2 Pre cleaning 

 

 

Step 2 : Penetrant 

Oncecleaned,applythe penetrant(a brightred liquid 
dye). Spray plenty on the welds. 
Leavethedyetopenetrate,normallyforabout 20 
minutes. The time scale is usually printed on the 
can or on the product data sheet. The 
photographs show a solvent removable system. 

 
 

Fig. 4.3 Application of Penetrant 
 

Step 3 : Post-cleaning 

Cleaning again. You need to 

remove excess dye from the area, 

which is easier said than 

done.Itisimportantnottospraythecl

eaneron 

theareadirectly,oryouriskwashingt

hedye from theflaw.Use a dry 

tissue to remove excess dye, then 

spray cleaner onto a clean cloth 

for final cleaning. 
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Ultrasonic Testing(UT):       
Ultrasonic testing (UT) is a family of non- destructive testing techniques 

based on the propagation of ultrasonic waves in the object or material tested. 
In most commonUltrasonic Testing applications,veryshortultrasonicpulse-
waveswithcenter frequenciesrangingfrom0.1-15MHz,andoccasionallyup 
to50MHz,are 
transmittedintomaterialstodetectinternalflawsortocharacterizematerials.A 
commonexampleisultrasonicthicknessmeasurement,whichteststhethicknessof
thetestobject,forexample,tomonitorpipeworkcorrosion. 
 Ultrasonictestingisoftenperformedonsteelandothermetalsandalloys, 
thoughItcanalsobeusedonconcrete,woodandcomposites,withless resolution. It 
is used in many industries including steel and 
aluminumconstruction,metallurgy,manufacturing,aerospace,automotiveand 
other transportationsectors. 
Step 2: Instrument settings are input. 
Step3:Theprobeisscannedoverthebladeroot.Inthiscase,anindication(peak 
inthedata)throughtheredline(orgate)indicatesagoodblade;anindicationto 
theleftofthatrangeindicatesacrack. 

 
 

 

 

Fig: 4.5 Ultrasonic Testing 

Principle:A probe sends a sound wave into a test 

material.Therearetwoindications,onefromtheinitialpulseoftheprobe,and 

theseconduct tothebackwallecho.RIGHT:Adefectcreatesathirdindication 

andsimultaneouslyreducestheamplitudeofthebackwallindication.Thedepth 

ofthedefectisdeterminedbytheratioD/Ep. 
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FIG 4.7 Projectional Radiography 

Radiography: 

RadiographyisanimagingtechniqueusingX-raystoviewtheinternalformofan 
object.Tocreatetheimage,abeamofX-rays,aformofelectromagnetic radiation, are 
produced by an X- ray generator and are projected toward the 
object.AcertainamountofX-
rayisabsorbedbytheobject,dependentonit‟sdensityandstructuralcomposition.Th
eX-raysthatpassthroughtheobjectare captured behind the object by a detector 
(either photographic film or a digital detector). The generation of flat two 
dimensional images by this technique is called projectional radiography. In 
Computed tomography(CT scanning) an x ray sourceandit 
isassociateddetectorsrotatearoundthesubjectwhichitselfmoves through the 
conical x ray beam produced. Any given point within the subject is 
crossedfrommanydirectionsbymanydifferentbeamsatdifferenttimes. 

Information regarding attenuation of these beams is collated and 
subjected 
tocomputationtogeneratetwodimensionalimagesinthreeplanes(axial,coronal 
and sagittal) which can be further processed to produce a three dimensional 
image. 
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Conclusion 

 

In this internship program, I have learnt about 

 Trouble shooting of different parts of refrigerator and air conditioner. 

 Different metal joining processes and their applications, with hands on 

experience. 

 Different non-destructive techniques – their principles and 

implementation with hands on experience. 
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ABOUT THE ORGANISATION

National Small Industries Corporation (NSIC), is an ISO 9001-2015
certified Government of India Enterprise under Ministry of Micro,
Small and Medium Enterprises (MSME). NSIC has been working to
promote, aid and foster the growth of micro, small and medium
enterprises in the country. NSIC operates through countrywide
network of offices and Technical Centers in the Country. In addition,
NSIC has set up Training cum Incubation Centre managed by
professional manpower.

Mission: “To promote and support Micro, Small & Medium
Enterprises (MSMEs) Sector” by providing integrated support services
encompassing Marketing, Technology, Finance and other services.

Vision: “To be a premier Organization fostering the growth of Micro,
Small and Medium Enterprises (MSMEs) Sector”.

Schemes of NSIC:

NSIC facilitates Micro, Small and Medium Enterprises with a set of
specially tailored scheme to enhance their competitiveness. NSIC
provides integrated support services under Marketing, Technology,
Finance and other Support service.

Technology Support:

Technology is the key to enhancing a company's competitive
advantage in today's dynamic information age. Small enterprises
need to develop and implement a technology strategy in addition to
financial, marketing and operational strategies and adopt the one that
helps integrate their operations with their environment, customers
and suppliers.

NSIC offers small enterprises the following support services through
its Technical Services Centers and Extension Centers:
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1. Advise on application of new techniques.
2. Material testing facilities through accredited laboratories.
3. Product design including CAD.
4. Common facility support in machining, EDM, CNC, etc.
5. Energy and environment services at selected centers.
6. Classroom and practical training for skill upgradation.

NSIC Technical Services Centers are located at the following places:

Name of the Centre Focus area

Chennai Leather & Footwear

Howrah General Engineering

Hyderabad Electronics & Computer Application

New Delhi Machine Tools & related activities

Rajkot Energy Audit & Energy Conservation activities

Rajpura (Pb) Domestic Electrical Appliances

Aligarh (UP) Lock Cluster & Die and Tool making

Neemka (Haryana) Machine Tools & related activities
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INTRODUCTION

Energy requirement for refrigeration and air conditioning
applications bears a huge share of total energy consumption around
the world. Since, thermal comfort plays a very important role on
the health, working efficiency and activities of all living beings,
especially, temperature and humidity. In the excessively hot climates
it is necessary to reduce the temperature and humidity whereas in the
cold climate there is a need to increase the temperature. When the
temperature drops below thermal comfort level, especially in the
winter season, The heating systems are employed. In some
countries, where the atmospheric temperature is very low, natural
heating like solar energy is not sufficient, the heat pump and fuel fired
systems are proven to be suitable heating devices. In hot climates,
thermal comfort achieved through the use of refrigerators and air
conditioning systems.

Refrigeration:

The term “Refrigeration” may be defined as the process of removing
heat from a substance under controlled conditions. It also includes
the process of reducing and maintaining the temperature of a body
below the general temperature of its surroundings.

In other words, the refrigeration means a continued extraction of heat
from a body whose temperature is already below temperature of its
surroundings. In a refrigerator, heat is virtually pumped from a lower
temperature to a higher temperature.

Applications of Refrigeration:

1. Food processing preservation and distribution.
2. Chemical and process industries.
3. Special applications such as cold treatment of metals, medical,

construction, ice skating etc.
4. Comfort air conditioning.
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Air Conditioning:

“Air conditioning” is the process of removing heat
and moisture from the interior of an occupied space to improve the
comfort of occupants. Air conditioning can be used in both domestic
and commercial environments.

Air conditioners often use a fan to distribute the conditioned air
to an occupied space such as a building or a car to improve thermal
comfort and indoor air quality. Electric refrigerant-based AC units
range from small units that can cool a small bedroom, which can be
carried by a single adult, to massive units installed on the roof of
office towers that can cool an entire building. The cooling is typically
achieved through a refrigeration cycle, but
sometimes evaporation or free cooling is used. Air conditioning
systems can also be made based on desiccants (chemicals which
remove moisture from the air). Some AC systems reject or store heat
in subterranean pipes.

Welding:

Welding is a fabrication process that joins materials, usually
metals or thermoplastics by causing fusion, which is distinct from
lower temperature metal-joining techniques such as brazing and
soldering, which do not melt the base metal. In addition to melting
the base metal, a filler material is typically added to the joint to form a
pool of molten material (the weld pool) that cools to form a joint that,
based on weld configuration (butt, full penetration, fillet, etc.), can be
stronger than the base material (parent metal). Pressure may also be
used in conjunction with heat, or by itself, to produce a weld.
Welding also requires a form of shield to protect the filler metals or
melted metals from being contaminated or oxidized.

Although less common, there are also solid state welding
processes such as friction welding in which the base metal does not
melt.



5

REFRIGERATION AND AIR CONDITIONIG

In air refrigeration, the air is used as a refrigerant. In olden days, air
was widely used in commercial applications because of it’s availability
at free of cost. Since air does not change it’s phase i.e. remains
gaseous through out the cycle, therefore the heat carrying capacity per
kg of air is very small as compared to vapor absorbing systems. The air-
cycle refrigeration systems, as originally designed and installed, are now
practically obsolete because of their low coefficient of performance and
high power requirements; however, this system continues to be favoured
for air refrigeration because of the low weight and volume of the
equipment.

Refrigeration essentially means continued abstraction of heat
from a substance (perishable foods, drinks and medicines etc.) at low
temperature level and then transfers this heat to another system at high
potential of temperature.

The basic elements of an air cycle refrigeration system are as follows:

 Compressor

 Cooler or heat exchanger

 Expander

 Refrigerator

Air-Conditioning

The air conditioning is that branch of engineering science which
deals with the freezing point of water.

They conducted their experiment with the bulb of a mercury
thermometer as their object and with a bellows used to speed up the
evaporation. They lowered the study of conditioning of air i.e. supplying
and maintaining desirable internal atmospheric condition for human
comfort, irrespective of external condition. This subject, in its broad
sense, also deals with the conditioning of air for industrial purpose, food
processing, storage of food and other materials.
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Air conditioning refers to the simultaneous control of temperature,
humidity, cleanliness and air motion within a confined region or space.

The basic elements of an Air- Conditioning system are as follows:

1. Circulation fan

2. Compressor

3. Condenser

4. Dryer

5. Evaporator

6. Supply Duct

7. Supply outlet

8. Return outlet

9. Filters

Modern air conditioning emerged from advances in chemistry during
the 19th century, and the first large- scale electrical air conditioning was
invented and used in 1902 by American inventor Willis Carrier. The
introduction of residential air conditioning in the 1920s helped enable
the great migration to the sun belt in the United States.

In 1758, Benjamin Franklin and John Hadley, a chemistry professor at
Cambridge University, conducted an experiment to explore the principle
of evaporation as a means to rapidly cool an object. Franklin and Hadley
confirmed that evaporation of highly volatile liquids (such as alcohol and
ether) could be used to drive down the temperature of an object past the
temperature of the thermometer bulb down to −14 °C (7 °F) while the
ambient temperature was 18 °C (64 °F). Franklin noted that, soon after
they passed the freezing point of water 0 °C (32 °F), a thin film of ice
formed on the surface of the thermometer's bulb and that the ice mass
was about 6 mm (1⁄4 in) thick when they stopped the experiment upon
reaching −14 °C (7 °F). Franklin concluded: "From this experiment one
may see the possibility of freezing a man to death on a warm summer's
day.

A simple vapor compression refrigeration system consists of the
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following equipments: i) Compressor ii) Condenser iii) Expansion valve iv)
Evaporator.

Fig:2.1. Typical single- stage vapour compression refrigeration.

The schematic diagram of the arrangement is as shown in Fig.2.1. The
low temperature, low pressure vapor at state B is compressed by a
compressor to high temperature and pressure vapor at state C. This
vapor is condensed into high pressure vapor at state D in the condenser
and then passes through the expansion valve. Here, the vapor is
throttled down to a low pressure liquid and passed on to an evaporator,
where it absorbs heat from the surroundings from the circulating fluid
(being refrigerated) and vaporizes into low pressure vapour at state B.
The cycle then repeats. The exchange of energy is as follows:

a) Compressor requires work, δw. The work is supplied to the system
from the surroundings.

b) During condensation, heat δQ1 the equivalent of latent heat of
condensation etc, is lost from the refrigerator.

c) During evaporation, heat δQ2 equivalent to latent heat of
vaporization is absorbed by the refrigerant.

d) There is no exchange of heat during throttling process through the
expansion valve as this process occurs at constant enthalpy.
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Figure shows a simple vapor compression refrigeration cycle on T- s
diagram for different compression processes. The cycle works
between temperatures T1 and T2 representing the condenser and
evaporator temperatures respectively.
The various process of the cycle are as given below:

i) Process 2-3: Isentropic compression of the vapor from state 2
to 3. If vapor state is saturated or superheated, the
compression is called dry compression. If initial state is wet the
compression is called wet compression.

ii) Process 3-4: Heat rejection in condenser at constant pressure.

iii) Process 4-1: An irreversible adiabatic expansion of vapor
through the expansion value. The pressure and temperature of
the liquid are reduced. The process is accompanied by partial
evaporation of some liquid.

iv) Process 1-2: Heat absorption in evaporator at constant
pressure. The final state depends on the quantity of heat
absorbed and same may be wet, dry or superheated.

Thermodynamic properties of Refrigerant:
1. Boiling point : It should be low.
2. Thermal conductivity : it should be high
3. Specific heat : It should be low
4. Freezing point : it should be low.
5. Toxicity : it should be low
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6. Evaporative pressure : it should be high.
7. Condensation pressure : It should be low.
8. Latent heat : It should be high.
9. CPO : It should be high.

REFRIGERANT:
1) It is heat carrying medium.
2) It carries heat from low temperature to high temperature system.
3) Liquid + vapour mixture.

Selection of Refrigerant:
1) Performance: High efficiency, Low cost.
2) Safety: Non toxic.
3) Environmental impact: It should be low.

Types of Refrigerants:
1) Chlorofluorocarbons(CFC) :R11,R22,R114,R113.
2) Hydrocholrofluorocarbons(HCFC) :R22.
3) Hydrofluorcarbons(HFC)

:R410a,R407,R1234yf,R134a.
4) Hydrocarbons(HC) :R600a.

Comparison of Air-Conditioners:

Non-Inverter Inverter

On/Off type Continuous on

Current consumption high Low power consumption

Fixed frequency(50HZ) Variable frequency

Outdoor unit starts (ODU)
after 3mins

Indoor unit and outdoor
unit starts at a same time

Constant speed Variable speed

It takes more time to
reach set temperature It takes less time
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Types of refrigerators:

1.Single door refrigerator.

2.Double door refrigerator.

Difference between single and double door refrigerator:

Single door Double door

Single door is also called as
direct cool refrigerator.

Double door refrigerator is also
called as freezer.

Plate and tube evaporator coil. Tube and fine evaporator coil.
Cooling
temperature is up
to -18degrees.c

Cooling
temperature is up
to - 24degrees.c

Psychrometry process:
1. Sensible cooling.
2. Sensible heating.
3. Humidification.
4. Dehumidification.
5. Cooling and dehumidification.
6. Heating and humidification.

Capacitors required for
starting purpose No capacitors required

PCBs are placed in IDU PCBs are placed in IDU
AND ODU

R22 Refrigerant is used R4100 Refrigerant is used
Suction pressure(60-
80psig)

Suction pressure(120-
150psig)

Discharge pressure(270-
290psig)

Discharge pressure(440-
480psig)
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Servicing of Air conditioners:

• The main purpose of servicing ac is to increase the cooling
effect, which is decreased mainly due to

1.Dust Formation

2.Compressor Working

3.Reduction in refrigerant pressure

Dust Removal:

• Replacing or cleaning air conditioner filters is a critical
maintenance task. An air conditioner's filters, coils, and fins
require regular maintenance for the unit to function effectively
and efficiently.

Compressor Checking:

 By checking the capacitor.
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 By checking C-R-S terminals.

Capacitor Checking:

Check the capacitor terminals with the help of multimeter, if it
shows continuity then we will go for checking of C-R-S terminals or
else we will change capacitor.

Checking C-R-S terminals:

1.C-S terminal:

2.C-R terminal:

3.R-S terminal:

Refrigerant charging Procedure:

• Close the valves on low/high pressure sides of the manifold.

• Install the low/high pressure hoses to the corresponding service
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ports on the vehicle respectively

• Connect the center hose of the manifold gauge set with vacuum
pump.

• Carefully open the valves on low/high pressure sides to activate
the vacuum pump.

• After low pressure gauge reaches 100 k.pa or higher, evacuate
the system for approx. 15 minutes.

• After 15 min of evacuation if the reading shows 100 k.pa or
higher close the valves on the both sides to stop the vacuum
pump.

• After that check leaks if there are no leaks then charge with
required refrigerant.
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WELDING

Welding is a fabrication process that joins materials, usually
metals or thermoplastics, by causing fusion, which is distinct from
lower temperature metal-joining techniques such as brazing and
soldering, which do not melt the base metal. In addition to melting the
base metal, a filler material is typically added to the joint to form a pool
of molten material(the weld pool) that cools to form a joint that, based
on weld configuration (butt, full penetration, fillet, etc.), can be stronger
than the base material (parent metal). Pressure may also be used in
conjunction with heat, or by itself, to produce a weld. Welding also
requires a form of shield to protect the filler metals or melted metals
from being contaminated or oxidized.

Methods of Welding:
Some of the best known welding methods include:

 Oxy-fuel welding also known as oxy-acetylene welding or oxy-
welding, uses fuel gases and oxygen to weld and cut metal.

fig: 3.1 Oxy- Fuel Welding

 Shielded metal arc welding (SMAW) also known as "stick welding"
or "electric welding", uses an electrode that is coated in flux to
protect the weld puddle. The electrode holder holds the electrode as
its lowly melts away. Slag protects the weld puddle from
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atmospheric contamination.

Fig: 3.2 Shielded Metal Arc Welding

 Gas tungsten arc welding (GTAW) also known as TIG(tungsten
inert gas), uses a non- consumable tungsten electrode to produce
the weld. The weld area is protected from atmospheric
contamination by an inert shielding gas such as argon or helium.

Fig. 3.3 Gas Tungsten Arc Welding

 Gas metal arc
welding(GMAW)–commonly
termed MIG(metal inert gas),
uses a wire feeding gun that
feeds wire at an adjustable speed
and flows an argon-based
shielding gas or a mix of argon
and carbon-dioxide(CO2) over the
weld puddle to protect it from
atmospheric contamination.
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Fig. 3.4 Gas metal arc welding

 Submerged arc welding(SAW)uses an automatically fed
consumable electrode and a blanket of granular fusible flux. The
molten weld and the arc zone are-protected from atmospheric
contamination by being "submerged" under the flux blanket.

Fig. 3.5 Submerged Arc Welding

 Electro slag welding (ESW) a highly productive, single pass
welding process for thicker materials between 1 inch (25mm) and
12inches (300mm) in a vertical or close to vertical position.

Fig. 3.6 Electroslag Welding
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 Electric resistance welding (ERW)–a welding process that
produces coalescence of laying surfaces where heat to form the weld
is generated by the electrical resistance of the material. In general, it is
an efficient method but limited to relatively thin material.

Fig. 3.7 Electric resistance welding

Classification of Welding processes:

Welding processes can be classified based on following criteria;

1. Welding with or without filler material.
2. Source of energy of welding.
3. Arc and Non- arc welding.
4. Fusion and Pressure welding.

1. Welding can be carried out with or without the application of filler
material. Earlier only gas welding was the fusion process in which
joining could be achieved with or without filler material. When
welding was done without filler material it was called ‘autogenous
welding'. However, with the development of TIG, electron beam and
other welding processes such classification created confusion as
many processes shall be falling in both the categories.

2. Various sources of energies are used such as chemical,
electrical, light, sound, mechanical energies, but except for chemical
energy all other forms of energies are generated from electrical
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energy for welding.

es classification embraces all the arc welding processes in one
class and all other processes in other class. In such classification
it is difficult to assign either of the class to processes such as
electroslagweldingandflashbuttwelding,asinelectroslagweldingthep
rocess starts with arcing and with the melting of sufficient flux the
arc extinguishes
whileinflashbuttweldingtinyarcsi.e.sparksareestablishedduringthep
rocess and then components are pressed against each other.
Therefore, such classification is also notperfect.

3. Fusionwelding and pressure welding is most widely used
classification as it covers all processes in both the categories
irrespective of heat source and
weldingwithorwithoutfillermaterial.Infusionweldingallthoseproc
essesare
includedwheremoltenmetalsolidifiesfreelywhileinpressureweldi
ngmolten
metalifanyisretainedinconfinedspaceunderpressure(asmaybei
ncaseof resistance spot welding or arc stud welding) solidifies
under pressure or semisolid metal cools underpressure.

Fig. Classification of Fusion Welding Process



19

Fig. Classification of Pressurized welding
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WELDING INSPECTION (NDT)

4.1 Non- Destructive Testing:

Non-destructive testing (NDT) is a wide group of analysis
techniques used in science and technology industry to evaluate the
properties of a material, component or system without causing damage.
The terms non-destructive examination (NDE), non-destructive inspection
(NDI), and non-destructive evaluation (NDE) are also commonly used to
describe this technology.

Since NDT does not permanently alter the characteristics of article
being inspected, it is a highly valuable technique that can save both
money and time in product evaluation, troubleshooting, and research.

4.2 Types of NDT:
1. Visual inspection.
2. Penetrant testing.
3. Magnetic particle inspection testing.
4. Ultrasonic testing.
5. Radiography testing.
6. Eddy current testing.
7. Leak test.
8. Thermography.
9. Vibrational analysis

4.3 Selection of NDT:

Magnetic particle Inspection (MPI):It is a non-destructive testing (NDT)
process for detecting surface and shallow subsurface discontinuities in
ferromagnetic materials such as iron, nickel, cobalt, and some of their
alloys. The process puts a magnetic field into the part. The piece can
be magnetized by director indirect magnetization.

Direct magnetization occurs when the electric current is passed through
the test object and a magnetic field is formed in the material. Indirect
magnetization occurs when no electric current is passed through the
test object, but a magnetic field is applied from an outside source. The
magnetic lines of force are perpendicular to the direction of the electric
current, which may be either alternating current (AC) or some form of
direct current (DC) (rectified AC). The presence of a surface or
subsurface discontinuity in the material allows the magnetic flux to leak,
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since air cannot support as much magnetic field per unit volume as
metals.

Fig 4.1 Magnetic particle inspection

Liquid Penetration method:

Visible dye penetrant is a NDT (Non Destructive Testing) method.
It is a simple test to perform, and a good way to test welds before
carrying out more expensive techniques like x- ray testing.

It will show up bad cold lap, cracks, holes basically any defects
where a very fine dye can penetrate. It can be used for various things, not
just weld testing. It can be used to test the presence of a crack in a
cylinder head for example.

The simple kits come in 3 parts, usually in a erosol cans. Namely,
a cleaner, a penetrant, and a developer. There are four types of dye
penetrant system:

 Water washable : the dyes wash away with water.
 Lipophilic : the dye dissolves in oil for removal.
 Hydrophilic : the dye washes away with a water

rinse, detergents are
necessary.

 Solvent removable: the dye is removed with a cleaning solvent.

There are five level soft testing, from Level ½(Lowest sensitivity) to
Level 4 (Highest Sensitivity). Operatives carrying out this testing should
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be qualified to do so, and reports, sometimes with photographic
evidence, might be requested.

Step 1 : Pre-cleaning
First any loose material needs to be removed,
together with any silica on top of the weld. It is
important to remove the silica, or you can get
false results. A good scrape and wire brush
sorts this out in most cases.
Then apply some of the cleaner to remove any
oil etc. Wait for the cleaner to dry completely
before applying penetrant.

Fig. 4.2 Pre cleaning

Step 2 : Penetrant
Once cleaned, apply the penetrant (a bright red
liquid dye). Spray plenty on the welds.
Leave the dye to penetrate, normally for
about 20 minutes. The time scale is usually
printed on the can or on the product data
sheet. The photographs show a solvent
removable system.

Fig. 4.3 Application of
Penetrant

Step 3 : Post-cleaning
Cleaning again. You need to
remove excess dye from the
area, which is easier said than
done. It is important not to
spray the cleaner on the area
directly, or you risk washing the
dye from the flaw. Use a dry
tissue to remove excess dye,
then spray cleaner onto a
clean cloth for final cleaning.
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Ultrasonic Testing(UT):
Ultrasonic testing (UT) is a family of non- destructive testing

techniques based on the propagation of ultrasonic waves in the object
or material tested. In most common Ultrasonic Testing applications,
very short ultrasonic pulse-waves with center frequencies ranging
from 0.1-15 MHz, and occasionally up to 50MHz, are transmitted into
materials to detect internal flaws or to characterize materials. A
common example is ultrasonic thickness measurement, which tests
the thickness of the test object, for example, to monitor pipe work
corrosion.

Ultrasonic testing is often performed on steel and other metals
and alloys, though It can also be used on concrete, wood and
composites, with less resolution. It is used in many industries
including steel and aluminum construction, metallurgy, manufacturing,
aerospace, automotive and other transportation sectors.
Step 2: Instrument settings are input.
Step3:The probe is scanned over the blade root. In this case, an
indication (peak in the data) through the red line (or gate) indicates a
good blade; an indication to the left of that range indicates a crack.

Fig: 4.5 Ultrasonic Testing
Principle: A probe sends a sound wave into a test material. There are two
indications, one from the initial pulse of the probe, and these conduct to



24

FIG 4.7 Projectional Radiography

the back wall echo. RIGHT: A defect creates a third indication and
simultaneously reduces the amplitude of the back wall indication. The
depth of the defect is determined by the ratio D/Ep.

Radiography:
Radiography is an imaging technique using X-rays to view the

internal form of an object. To create the image, a beam of X-rays, a form
of electromagnetic radiation, are produced by an X- ray generator and
are projected toward the object. A certain amount of X-ray is absorbed
by the object, dependent on it’s density and structural composition. The
X-rays that pass through the object are captured behind the object by a
detector (either photographic film or a digital detector). The generation
of flat two dimensional images by this technique is called projectional
radiography. In Computed tomography(CT scanning) an x ray source
and it is associated detectors rotate around the subject which itself
moves through the conical x ray beam produced. Any given point
within the subject is crossed from many directions by many different
beams at different times.

Information regarding attenuation of these beams is collated and
subjected to computation to generate two dimensional images in
three planes (axial, coronal and sagittal) which can be further
processed to produce a three dimensional image.
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Conclusion

In this internship program, I have learnt about

 Trouble shooting of different parts of refrigerator and air

conditioner.

 Different metal joining processes and their applications, with

hands on experience.

 Different non-destructive techniques – their principles and

implementation with hands on experience.
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ABSTRACT 

 

The 3D EXPERIENCE PLATFORM is a business experience platform .It provides 

software solutions for every organization in your company form  Marketing to sale to 

engineering that help you, in your value creation process, to create differentiating consumer 

experience, with a single, easy to use interface, it powers Industry solution in a collaborative, 

interactive environment. It is available on premise and on cloud.  

 

Dassault systems offers industry leading application delivered on the 3D EXPERIENCE 

platform: Design &Engineering, Manufacturing & Production Simulation, Governance & 

Life cycle, 3D Design Experience for Professionals, as well as a broad catalog of services 
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CHAPTER-1 

INTRODUCTION TO 3D EXPERIENCE 

 

 Consumers today demand experiences that enrich their lives in meaningful ways. Experience 

thinking is a framework for innovation, focusing on engaging consumers with breathtaking 

experiences that are smarter, intuitive and sustainable. Experience thinking persuades the 

organization to define the product and related services in the context of the customer usage – a 

holistic approach to creating value for the customer. Experience thinking encourages companies 

to consider all aspects of the consumer’s experience – only possible when all the players in the 

innovation process from marketing, sales, design, engineering, manufacturing and the supply 

chain work collaboratively.  

 

The 3DEXPERIENCE platform and apps digitalize the customer experience, with capabilities to 

analyze, design, simulate, engineer and realize experiences. Innovators develop a deep 

understanding of their customer’s operating environment by analyzing social and usage 
information on the platform with a data-driven approach. The experience is modelled in the 

context of the operating environment, capturing intelligent interactions between the environment, 

consumer, product and digital capabilities that harness operational data and provide insightful 

services. Enterprises then simulate and optimize their offerings encompassing all customer 

scenarios. During the operating lifecycle, this model is enriched with valuable insights gleaned 

from the usage data, setting the stage for the next cycle of innovation. 
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3DEXPERIENCE is the most advanced software for product and learning innovation, is 

available in the cloud or on-premises, within your own operating environment. Both options 

bring new capabilities to educators and students who want to experience the engineering 

practices of industry leaders for increased employment opportunities in the new global economy. 

Years of collaboration with educators and students across a wide variety of institutions and 

disciplines has led to a flexible, tailored set of learning solutions. 3DEXPERIENCE for 

Academia encompasses a suite of world-class integrated applications: 

 CATIA for product design 
 DELMIA for digital manufacturing  
 SIMULIA for realistic simulation 
 ENOVIA for collaborative innovation 
 3DEXCITE for high-precision rendering and interactive immersion 
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3DEXPERIENCE platform builds on the V6 digital architecture and adds information 

intelligence, dashboarding and social collaboration capabilities. Businesses now create a private 

social collaboration environment on the platform and involve employees, partners, suppliers, 

consumers and other stakeholders as active participants in the innovation process. Leading 

organizations now adopt a big-data approach to understand all aspects of the customer 

experience in a data-driven manner and then model and simulate all aspects of the customer 

experience – virtually perfecting the experience before launching the product to market. 

3DEXPERIENCE ESSENTIALS 

3DEXPERIENCE Essentials is a broad application set built on the Business and Industry 

Innovation baseline, encompassing a vast set of Dassault Systems solutions. 

The ideal basis for universities or technical colleges to support their transition to project-based or 

student-centered learning, 3DEXPERIENCE Essentials provides a complete digital framework 

for team-based ideation, contextual learning, collective innovation, solution creation and various 

methods for project evaluation. 

3DEXPERIENCE Essentials includes advanced ENOVIA capabilities for configuration 

management, requirements management, change management and compliance processes.  

The Essentials package bundles a large sub-set of CATIA design functions and enables 

conceptualization and detailing of virtually. 

Using DELMIA digital manufacturing tools makes machining, robotics and rapid prototyping an 

integrated exercise, ensuring manufacturability of designs and streamlining of manufacturing 

programming.  

Right-first-time practices are reinforced through mechanism simulation and associative stress 

analysis using SIMULIA and ergonomics simulation.  

The fundamental capabilities of additive manufacturing are built-in for powder-bed fusion 

additive manufacturing, including nesting, automated support design and laser path optimization.  

Converters to and from other applications, as well as 3D printing output formats, are available 

for exchanging data with various partners and devices. 

A fundamental enhancement in 3DEXPERIENCE Essentials is the possibility to create hybrid 

assemblies mixing new data with legacy models from version 5. New functionalities can so be 

applied on existing courses examples without re-creating them. Projects started in V5 for 

instance students’ competitions can easily progress in the up-to-date version. 

Common apps and services to connect everyone to the platform 

The 3DEXPERIENCE platform provides the underpinning apps and services that enable the 

transformation to a digital, data-driven, model-based environment. The common apps and 

services provide an effective way to connect everyone early in the innovation process. Social 

collaboration with 3DSwym is a great way to harness the innovative ideas from everyone. With 
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the 3DDashboard users monitor the things they care about – follow online trends, be alerted by 

data feeds, and at the same time monitor enterprise processes and data. Users see everything 

that's happening, 24/7, all in one dashboard. With 3DDrive users securely store their documents 

on the cloud, access them from any device and share them with co-workers and collaborators 

across the value chain. Users collaborate instantly using 3DMessaging with immersive 

visualization of 3D assemblies with 3DPlay.  

 

 

 

In this internship program we learned about CATIA, SIMULIA and DELMIA. 
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CHAPTER-2 

CATIA 

    2.1 Introduction to CATIA: 

 Catia is the mechanical design software and is capable of addressing the complete product 

development process, from product concept specification through product in service in a fully 

integrated and associative manner. 

      Catia mechanical design discipline products accelerate core activities of development from 

concept to detailed design on to drawing production .mechanical design products also address 

sheet metal requirements and mold manufactures using dedicated applications that dramatically 

enhance productivity and strongly reduce time to market. 

In 3D Experience Catia is present in 3D icon which consists of 3D Modelling apps. 

     Workbenches in CATIA 

 PART DESIGN 

 GENERATIVE SHAPE DESIGN 

 ASSEMBLY DESIGN 

 

2.2 Part Design 

Catia provides you so many features which make creating complex mechanical design in a 

simple task. The objects created in sketcher are converted into the solid part with the help of part 

modeling tools. 

Features 

 Advanced complex features for dedicated best practices 

 Knowledge templates repository approach 

 Comprehensive specification approach for value added process reducing geometry 

definition and rework 

 Process features oriented 

2.2.1 Tools  

 Pad  

 Pocket 

 Shaft 

 Groove 

 Hole 

 Rib 
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 Slot 

 Multi-Section Solid 

Pad 

Pad tool has the ability to convert any sketch into solid part with given length. If any geometry 

also there in between the outer boundary pad operation considers it as an empty space. 

 Select pad tool  

 Define types of pads that are 

 Dimension 

 Up to next 

 Up to last 

 Up to plane 

 Up to surface  

 Select sketch 

 if you want it to be hollow than select tick option and give limits of thickness 

 If you want to extrude body in both sides than check option more and again select type 

and dimensions for second side. 

 Select OK for implementation 

 

Pocket  

Pocket is just opposite operation of pad. Operation process is same as pad tool, all other options 

are also same as pad the only difference is removal of material in spite of generating solid part. 

Shaft 

Shaft tool is an operation in which any sketch rotates about an axis and forms a solid part. From 
this operation we can generate any geometry which is symmetric about an axis. 

 Draw the sketch with axis line. 

 Switch out from sketcher and select Shaft Tool to revolve sketch 360 degree. 

 Axis should be draw with sketch. 

 Select OK for implementation.   

Groove 

Groove is just opposite operation of shaft. Shaft makes solid part by revolving any sketch about 

an a groove removes material by revolving about an axis. Sketch profile must be closed one for 

this operation. 

 

Hole 

This operation makes a hole that tab be used for bolted joint or for a tap or for any locator pin. 

Hole can be made threaded. 
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Rib 

Rib operation will increase a 2D profile along to the center curve and create a 3D solid object. 

steps are as follows. 

 Draw a Center curve  

 Select a plane at perpendicular direction of the end point of a Center curve 

 Draw Profile at that Plane  

 Switch out the sketcher  

 Select rib tool 

 Select profile first 

 Select center curve 

 If all given parameter are correct then it will show you a preview  

 Select OK for implementation 

 

Slot 

Slot is just opposite operation of rib. All the procedure of working is same but slot removes 

material according to sketch and rib makes solid part. Here also we follow same procedure as in 

rib. 

 

Multi-section Solid  

Multi-sections solid   can be created by joining two or more section curves along the calculated 

or user-defined guiding curves. One or more leading curves can be used. The result is a closed 

volume. 

Some other important tools used in part design are   

 Fillet 

 Chamfer 

 Draft 

 Shell 

 Thickness 

 

2.2.2 Procedure  

 Open 3d experience  

 Click on 3d icon at top left corner  

 Select part design 

 Click on body  

 Click on sketcher  

 Select the plane to draw 

 Draw the profile of the required part  

 Click on exit icon  

 Select the required operations like pad, shaft etc. 
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 For another operation on the same part select another body  

 By using sketcher draw another profile 

 Perform pad operation  

 Based on the required add or remove the body from another body. This process is known 

as Boolean operation. 

 Perform operations like fillet, chamfer as for the requirement. 

 

 

 

 

 Parts designed using part design: 
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2.3 Generative Shape Design 

 Generative Shape Design helps to design advanced shapes based on a combination of wireframe 

and extensive multiple surface features. t provides a large set of tools for creating and editing 

shape designs and, when combined with other products such as CATIA Part Design, it meets the 

requirements of solid-based hybrid modeling. 

 

2.3.1 Tools  

 Extrude surface 

 Revolve 

 Sphere 

 Cylinder 

 Sweep 

 Fill 

 Join  

 Split 

 Trim 

 Boundary  

Extrude Surface 

This tool extrude surface from already created profile on perpendicular direction of plane 

selected. 

 Select the tool 

 Select profile and plane extrusion 

 Now give limits that is length of extrusion in both sides 

 Select ok to implement the work 

Revolve 

 This tool is used to create circular surface. 

 Draw a open sketch with a axis line 

 Select revolve tool 

 Select profile to be revolved  

 Select axis line if it is not in sketch  

 Define start angle and end angle  

 Select OK to implement 

Sphere 

 Select sphere tool  

 Select center point  

 Remain sphere and default  

 Define the radius of sphere  

 Select the sphere limitations 

 Select OK to implement 
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Cylinder 

Draw Cylinder through specify point and direction 

 Create a point on a plane 

 Select cylinder tool  

 Specify center point  

 Select plane for direction 

 Specify radius 

 Specify length1 and length 2 

 Chose minor extent or Reverse 

 Direction When required 

 Select OK 

Sweep 

This the most important tool used in surface design. we can use this tool for generating any type 

of surface that may be straight or it may be twisted or curvilinear form. 

Types of sweep 

 Explicit sweep 

 Linear sweep 

 Circle sweep 

 Conical sweep 

Fill 

Fill command is used to crate surface between some intersecting curves but it must be closed. 

 Select tool 

 Select curves 

 Choose continuity 

 Press OK 

Join 

 The Join tool is used to join two adjacent surfaces or two adjacent curves. 

 Choose Join button from the Operation toolbar  

 The Join Definition dialog box is displayed 

 You are prompted to select the elements (curves or surfaces) to be joined 

 Select the elements that you need to join 

 Remember that there should not be a large gap between the entities to be joined. 

 Choose the OK button from the Joint Definition dialog box to complete the join operation 

 The surfaces or curves that are joined together will behave as a single entity 
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Split 

Split This tool will split the surface about any curve and the selected surface. 

 Select split tool 

 Split dialog box will open  

 Select a surface to split 

 Select a curve at surface as a cutting element. 

 The resulting surface will ready to preview for you. 

 Select other side to change side of split 

 Select OK 

Trim 

 The Trim tool allows you to trim two intersecting surfaces or curves with respect to each other 

 When you choose this tool, the Trim Definition dialog box will be displayed 

 Choose a surface as the first element and the other surface as the second element. 

 One side of each surface will be displayed as transparent. 

 You can choose the other side button to reverse the sides of surfaces to be trimmed. 

Figure shows the surface Trimmed using the Trim tool. 

 Figure shows the trimmed surface when the other side buttons are selected for both 

 Surfaces from the Trim Definition dialog box. 

Boundary 

Boundary tool will defines the boundary of a surface according to you. This will useful if want to 

use semi boundary of any sketch for our next operation 

 Create surface as shown figure 

 A dialog box open  

 Select surface whose boundary need to redefine 

 Select limits for new boundary 

 These limits must cross that existing surface at any point and the selected limit sketch 

will not overlap with surface 

 Ok for implementation 

 

2.3.2 Procedure  

 Open 3D Experience 

 Click on 3D icon at the top left corner  

 Select generative shape design 

 Click on sketcher 

 Select the plane to draw the profile 

 Draw the profile  

 Extrude the surface of the profile 
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 By using offset planes  draw remaining profile and extrude the surfaces 

 Fill the closed curves according to requirement 

 Join all the surfaces  by using join command 

 Trim the extra projections by using trim command 

 After joining all the surfaces inn single surface fillets are made 

 

 

 Components designed by using generative shape design: 
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2.4 Assembly Design 

Assembly modeling is the process of creating designs that consist of two or more Component. 

Assembled together at their respective work positions. The components are brought together and 

assembled in Assembly Design workbench by applying suitable parametric assembly constraint to 

them. The assembly constraints allow you to restrict the degrees of freedom of components on their 

respective work positions. The assembly files in CATIA are called Product files 

.  

2.4.1 Product Structure Tools 

 

Inserting a existing part 

This tool inserts a part which is already created and saved into .CATPART file. This insets the part in 

non position mode. 

 

 Insert a new part  

This toll gives us a way to create a new component in the assembly workbench. 

 

Insert new product 

This tool is used for inserting another product in the same assembly file. This is used where assembly 

are there in the same product. 

 

Replacing a Component  

If you places wrong component in assembly then use this tool for replacing it by a correct one. 

 Select a component to replace  

 now select replace component tool 

 The window will open which contains CATPART files 

 Select new part 

 Select OK for Implementation. 

 

 Multi Instantiation 

This is a tool which can create multiple copies of an inserted part without inserting it again and again. 

It can set them at specified direction and distance from its parent part. 

 

2.4.2 Move Tools 

 

 Manipulation 

Manipulation tool is a small subgroup of tools used for moving a component inside the assembly 

design workbench. This tool includes the tools used to rotate, translate, and move tools. 

Manipulation tool consists of 

 Drag along X-axis 

 Drag along Y-axis 

 Drag along Z-axis 
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 Drag along any axis 

 Drag along XY Plane 

 Drag along YZ Plane 

 Drag along ZX Plane 

 Drag along any  Plane 

 Drag around X-axis 

 Drag around Y-axis 

 Drag around Z-axis 

 Drag around any axis 

 

Snap Tool 

The snap tool is used to move the component by snapping the geometric element of the first 

component on selection of the geometric elements. The element selected first will move to snap the 

second element. 

 

Explode 

Explode is command which will breaks your assembly or subassembly and will show you all its -

components individually. 

 

2.4.3 Constraints 

 

Coincidence Constraint 

This constraint will make coincidence the centre lines of two cylindrical components 

 

Contact constraint 

This constraint will connect surfaces of components. The connected components have no space 

between these two surfaces. 

 

 Offset constraint  

Surface constraint will create zero gap between two surfaces but if it is desired to make some distance 

then offset tool is used. 

 

Angle constraint  

This tool I used for placing two components at an angle. 

 

Fix together 

This is a constraint which fixes two components together. If you want to perform any manipulation 

operation or you are assigning any constraint on any of these components it will automatically applies 

on other because they both are fixed together. 
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2.4.4 Procedure  

 Open 3D Experience 

 Click on 3D icon at the top left corner  

 Select assembly design 

 Import all the parts required for the assembly. 

 Click on insert existing part 

 Click on physical product at the top of the tree located at top left corner. 

 Select all the parts and import them to the assembly window. 

 Perform the manipulate operations to move the parts and place them in sequence. 

 Fix one part as the reference and assembling should be carried. 

 Give coincidence constraint to the parts. 

 Then give contact constraint to the parts to complete assembly 

Assembly of screw jack 
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CHAPTER -3 

SIMULIA 
3.1 Introduction 

SIMULIA is a complete suite of powerful and realistic solutions that enable users to explore 

the real-world behavior of product, nature, and life.  Simulia makes virtual testing a standard 

business practice that improves the product performance, reduces physical prototypes and 

innovation .It allows the simulation of the designed model by various input parameters. 

Workbenches in Simulia 

 MATERIAL DEFINITION  

 STRUCTURAL MODEL  

 STRUCTURAL SCENARIO 

3.2 Simulia Procedure: 

  Material definition 

 Open 3d experience software 

 Design a component using part design  

 Then for simulation click on V.R  

 Select material definition. 

 After opening material definition create a material and name it as steel. 

 In top left corner of the window a tree related to the material is appeared. It contains 

Material appearance domain and Material simulation domain. 

 Click on material simulation domain and add required properties of the material like 

density, Youngs modulus, poison ratio etc. 
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 Go to part body created before. 

 Click on pick material option in the tool bar located at bottom 

 Go to material editor tab and click on steel and the click on product to apply the material. 

Structural model 

 Go to V.R and click on structural model. 

 Click on finite element methods option which is appeared on the tree. 

 Click on nodes and elements then toolbar bar is appeared at the bottom. 

 Click on mesh icon and select the mesh type. 

 Give mesh size and then apply the mesh by selecting the body. 
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 Click on finite element methods. 

 Click on properties and select solid section. 

Structural scenario 

 Go to V.R and click structural scenario and select simulation type. 

 

 Click on setup from the toolbar located at the bottom and click on finite element model 

appeared in the dialogue box. 

 



20 

 

 Click on procedure and choose the type of procedure. 

 

 Click on restraints and choose type of support. 
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 Click on loads and apply the loads required. 

 

 

 Click on simulate and the click on simulation checks. 

 

 

 



22 

 

 Simulation status is appeared. 

 

 

 Finally click on simulate and note down the results. 
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CHAPTER-4 

DELMIA 

4.1 Introduction 

DELMIA-Digital Enterprise Lean Manufacturing Interactive Application is powered by the 

3DEXPERIENCE platform. 

DELMIA Digital Manufacturing drives manufacturing innovation and efficiency by planning, 

simulating, and modeling global production processes. DELMIA allows manufacturers to 

virtually experience their entire factory production from the impact of design to determining how 

to meet global demand. These simulation activities allow manufacturers to better address and 

shift processes so as to quickly respond to the competition, or to take advantage of new market 

opportunities. 

 DELMIA Digital Manufacturing capabilities extend visualization beyond the product into 

manufacturing—providing the ability to simulate manufacturing processes before the physical 

plant or production line even exists. By proving out plant level considerations such as 

manufacturing approaches and material flow in the early stages of product development, the 

product concept can be analyzed to determine the best approach to make the product. 

 

Workbenches in Delmia 

 Manufacturing Item Definition 

 Process Planning 

 Equipment Allocation 

 Assembly Evaluation 

  Time Motion and Study 

4.2 Delmia Procedure: 

Importing product 

 Open 3d experience. 

 Click on import and import the product which is in .3dxml format. 

 Right click on product from the tree. 

 Then click on open with and select open with advanced. 

  Click on expanded with all representative children. 
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Manufacturing item definition 

 Go to V.R  click on manufacturing item definition 

 Right click on manufacturing item definition window and the click on product A1. 

 Click on manufacturing assembly and create manufacturing item product scope and click 

on product. 

  Click on Authoring from toolbar at bottom and click on Create / Update manufacturing. 

 Insert required number of manufacturing assemblies and spilt the product in to different 

components by using assignment manager. 
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Process planning 

 Go to V.R click on process planning. 

 Click on general system. 

 Click on manage scope and create scope. 

 Insert no. of general systems as per requirement. 

 Insert general operations and loading operations in the general systems. 

 Select the components from the tree and place them in them general operations and 

loading operations according to the assembling order. 

 Click on product flow from the tool bar and create flow between the general operation and 

loading operation in the general system and also create flow between the general systems. 

 

 

 

Equipment allocation 

 Go to V.R click on Equipment allocation 

 Right click on PPR context from the tree then click on insert resource, click on 

manufacturing cell, click on main layout , click on create stations  

 Create 4 stations each station must have one conveyor and one storage. 

 For creating storage and conveyor click on station, click on insert resource. 

 Import station with conveyor file of .3dxml format. 

 Copy the imported file and open equipment allocation tab and paste it in main layout. 

 From the imported file copy storage and conveyor and paste them in the stations created 

before. 

 Click on create scope and create scope between main layout and general system. 
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 Click on station, click on assignment manager and export general system operation to the 

station. 

 Define part position and place on conveyors  

 

Assembly Evaluation 

 Go to V.R click on Assembly Evaluation. 

 Click on General system and Right click on Loading operation and then Create Track. 

 Copy the Current track to the other operations. 

 Click Live Simulate on toolbar located at bottom. 
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CONCLUSION 

From this internship I have learnt  

 Modelling of solid parts by using Catia part design. 

 Creating complex shapes and surfaces by using Generative shape design. 

 Assembling of parts to form a assembled component. 

 Meshing and simulating structural components with different supports 
and loads by using Simulia. 

 Basic concepts and procedure of Delmia. 
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ABOUT THE ORGANISATION

National Small Industries Corporation (NSIC), is an ISO 9001-2015
certified Government of India Enterprise under Ministry of Micro, Small and
Medium Enterprises (MSME). NSIC has been working to promote, aid and foster
the growth of micro, small and medium enterprises in the country. NSIC operates
through countrywide network of offices and Technical Centers in the Country. In
addition, NSIC has set up Training cum Incubation Centre managed by
professional manpower.

Mission: “To promote and support Micro, Small & Medium Enterprises (MSMEs)
Sector” by providing integrated support services encompassing Marketing,
Technology, Finance and other services.

Vision: “To be a premier Organization fostering the growth of Micro, Small and
Medium Enterprises (MSMEs) Sector”.

Schemes of NSIC:

NSIC facilitates Micro, Small and Medium Enterprises with a set of specially
tailored scheme to enhance their competitiveness. NSIC provides integrated
support services under Marketing, Technology, Finance and other Support service.

Technology Support:

Technology is the key to enhancing a company's competitive advantage in
today's dynamic information age. Small enterprises need to develop and
implement a technology strategy in addition to financial, marketing and
operational strategies and adopt the one that helps integrate their operations
with their environment, customers and suppliers.

NSIC offers small enterprises the following support services through its
Technical Services Centers and Extension Centers:

1. Advise on application of new techniques.
2. Material testing facilities through accredited laboratories.
3. Product design including CAD.
4. Common facility support in machining, EDM, CNC, etc.
5. Energy and environment services at selected centers.
6. Classroom and practical training for skill upgradation.
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NSIC Technical Services Centers are located at the following places:

Name of the Centre Focus area

Chennai Leather & Footware

Howrah General Engineering

Hyderabad Electronics & Computer Application

New Delhi Machine Tools & related activities

Rajkot Energy Audit & Energy Conservation activities

Rajpura (Pb) Domestic Electrical Appliances

Aligarh (UP) Lock Cluster & Die and Tool making

Neemka (Haryana) Machine Tools & related activities
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INTRODUCTION

Energy requirement for refrigeration and air conditioning applications
bears a huge share of total energy consumption around the world. Since, thermal
comfort plays a very important role on the health, working efficiency and
activities of all living beings, especially, temperature and humidity. In the
excessively hot climates it is necessary to reduce the temperature and humidity
whereas in the cold climate there is a need to increase the temperature. When the
temperature drops below thermal comfort level, especially in the winter season,
The heating systems are employed. In some countries, where the
atmospheric temperature is very low, natural heating like solar energy is not
sufficient, the heat pump and fuel fired systems are proven to be suitable heating
devices. In hot climates, thermal comfort achieved through the use of
refrigerators and air conditioning systems.

Refrigeration:

The term “Refrigeration” may be defined as the process of
removing heat from a substance under controlled conditions. It also includes the
process of reducing and maintaining the temperature of a body below the general
temperature of its surroundings.

In other words, the refrigeration means a continued extraction of heat from a
body whose temperature is already below temperature of its surroundings. In a
refrigerator, heat is virtually pumped from a lower temperature to a higher
temperature.

Applications of Refrigeration:

1. Food processing preservation and distribution.
2. Chemical and process industries.
3. Special applications such as cold treatment of metals, medical,

construction, ice skating etc.
4. Comfort air conditioning.

Air Conditioning:

“Air conditioning” is the process of removing heat and moisture
from the interior of an occupied space to improve the comfort of occupants. Air
conditioning can be used in both domestic and commercial environments.
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Air conditioners often use a fan to distribute the conditioned air to an
occupied space such as a building or a car to improve thermal
comfort and indoor air quality. Electric refrigerant-based AC units range from
small units that can cool a small bedroom, which can be carried by a single adult,
to massive units installed on the roof of office towers that can cool an entire
building. The cooling is typically achieved through a refrigeration cycle, but
sometimes evaporation or free cooling is used. Air conditioning systems can also
be made based on desiccants (chemicals which remove moisture from the
air). Some AC systems reject or store heat in subterranean pipes.

Welding:

Welding is a fabrication process that joins materials, usually metals or
thermoplastics by causing fusion, which is distinct from lower temperature metal
- joining techniques such as brazing and soldering, which do not melt the base
metal. In addition to melting the base metal, a filler material is typically added to
the joint to form a pool of molten material (the weld pool) that cools to form a
joint that, based on weld configuration (butt, full penetration, fillet, etc.), can be
stronger than the base material (parent metal). Pressure may also be used in
conjunction with heat, or by itself, to produce a weld. Welding also requires a
form of shield to protect the filler metals or melted metals from being
contaminated or oxidized.

Although less common, there are also solid state welding processes
such as friction welding in which the base metal does not melt.
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REFRIGERATION AND AIR CONDITIONIG

In air refrigeration, the air is used as a refrigerant. In olden days, air was widely
used in commercial applications because of its availability at free of cost. Since air
does not change its phase i.e. remains gaseous throughout the cycle, therefore the
heat carrying capacity per kg of air is very small as compared to vapour absorbing
systems. The air- cycle refrigeration systems, as originally designed and installed,
are now practically obsolete because of their low coefficient of performance and high
power requirements; however, this system continues to be favoured for air
refrigeration because of the low weight and volume of the equipment.

Refrigeration essentially means continued abstraction of heat from a
substance (perishable foods, drinks and medicines etc.) at low temperature level and
then transfers this heat to another system at high potential of temperature.

The basic elements of an air cycle refrigeration system are as follows:

Compressor

Cooler or heat exchanger

Expander

Refrigerator

Air- Conditioning

The air conditioning is that branch of engineering science which deals with
the freezing point of water.

They conducted their experiment with the bulb of a mercury thermometer as their
object and with a bellows used to speed up the evaporation. They lowered the study
of conditioning of air i.e. supplying and maintaining desirable internal atmospheric
condition for human comfort, irrespective of external condition. This subject, in its
broad sense, also deals with the conditioning of air for industrial purpose, food
processing, storage of food and other materials.

Air conditioning refers to the simultaneous control of temperature, humidity,
cleanliness and air motion within a confined region or space.

The basic elements of an Air- Conditioning system are as follows:

1. Circulation fan

2. Compressor

3. Condenser

4. Dryer
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5. Evaporator

6. Supply Duct

7. Supply outlet

8. Return outlet

9. Filters

Modern air conditioning emerged from advances in chemistry during the 19th
century, and the first large- scale electrical air conditioning was invented and used in
1902 by American inventor Willis Carrier. The introduction of residential air
conditioning in the 1920s helped enable the great migration to the sun belt in the
United States.

In 1758, Benjamin Franklin and John Hadley, a chemistry professor at Cambridge
University, conducted an experiment to explore the principle of evaporation as a
means to rapidly cool an object. Franklin and Hadley confirmed that evaporation of
highly volatile liquids (such as alcohol and ether) could be used to drive down the
temperature of an object past the temperature of the thermometer bulb down to −14
°C (7 °F) while the ambient temperature was 18 °C (64 °F). Franklin noted that, soon

after they passed the freezing point of water 0 °C (32 °F), a thin film of ice formed on
the surface of the thermometer's bulb and that the ice mass was about 6 mm (1⁄4 in)
thick when they stopped the experiment upon reaching −14 °C (7 °F). Franklin
concluded: "From this experiment one may see the possibility of freezing a man to
death on a warm summer's day.

A simple vapor compression refrigeration system consists of the following
equipments: i) Compressor ii) Condenser iii) Expansion valve iv) Evaporator.

Fig: 2.1. Typical single- stage vapour compression referigeration.

The schematic diagram of the arrangement is as shown in Fig.2.1. The low
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temperature, low pressure vapor at state B is compressed by a compressor to high
temperature and pressure vapor at state C. This vapor is condensed intohigh
pressure vapor at state D in the condenser and then passes through the expansion
valve. Here, the vapor is throttled down to a low pressure liquid and passed on to an
evaporator, where it absorbs heat from the surroundings from the circulating fluid
(being refrigerated) and vaporizes into low pressure vapour at state B. The cycle then
repeats. The exchange of energy is as follows:

a) Compressor requires work, δw. The work is supplied to the system from the
surroundings.

b) During condensation, heat δQ1 the equivalent of latent heat of condensation
etc, is lost from the refrigerator.

c) During evaporation, heat δQ2 equivalent to latent heat of vaporization is
absorbed by the refrigerant.

d) There is no exchange of heat during throttling process through the expansion
valve as this process occurs at constant enthalpy.

Figure shows a simple vapor compression refrigeration cycle on T- s
diagram for different compression processes. The cycle works between
temperatures T1 and T2 representing the condenser and evaporator
temperatures respectively.
The various process of the cycle are as given below:

i) Process 2-3: Isentropic compression of the vapor from state 2 to 3. If
vapor state is saturated or superheated, the compression is called dry
compression. If initial state is wet the compression is called wet
compression.

ii) Process 3-4: Heat rejection in condenser at constant pressure.

iii) Process 4-1: An irreversible adiabatic expansion of vapor through the
expansion value. The pressure and temperature of the liquid are reduced.
The process is accompanied by partial evaporation of some liquid.
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iv) Process 1-2: Heat absorption in evaporator at constant pressure. The final
state depends on the quantity of heat absorbed and same may be wet, dry
or superheated.

Thermodynamic properties of Refrigerant:
1. Boiling point : It should be low.
2. Thermal conductivity : it should be high
3. Specific heat : It should be low
4. Freezing point : it should be low.
5. Toxicity : it should be low
6. Evaporative pressure : it should be high.
7. Condensation pressure : It should be low.
8. Latent heat : It should be high.
9. CPO : It should be high.

REFRIGERENT:
1) It is heat carrying medium.
2) It carries heat from low temperature to high temperature system.
3) Liquid + vapour mixture.

Selection of Refrigerant:
1) Performance: High efficiency, Low cost.
2) Safety: Non toxic.
3) Environmental impact: It should be low.

Types of Refrigerants:
1) Chlorofluorocarbons (CFC) :R11, R22, R114, R113.
2) Hydro cholrofluoro carbons (HCFC):R22.
3) Hydrofluorcarbons (HFC) :R410a, R407, R1234yf, R134a.
4) Hydrocarbons(HC) :R600a.

Comparison of Air-Conditioners:

Non- Inverter Inverter

On/Off type Continuous on

Current consumption high Low power consumption
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Types of

refrigerators:

1.Single door refrigerator.

2.Double door refrigerator.

Difference between single and double door refrigerator:

Single door Double door

Single door is also called as direct
cool refrigerator.

Double door refrigerator is also
called as freezer.

Plate and tube evaporator coil. Tube and fine evaporator coil.

Cooling temperature
is up to - 18degrees.c

Cooling temperature is
up to - 24degrees.c

Psychrometry process:
1. Sensible cooling.
2. Sensible heating.
3. Humidification.
4. Dehumidification.
5. Cooling and dehumidification.
6. Heating and humidification.

Fixed frequency(50HZ) Variable frequency

Outdoor unit starts (ODU) after
3mins

Indoor unit and outdoor unit
starts at a same time

Constant speed Variable speed

It takes more time to reach set
temperature It takes less time

Capacitors required for starting
purpose No capacitors required

PCBs are placed in IDU PCBs are placed in IDU AND
ODU

R22 Refrigerant is used R4100 Refrigerant is used

Suction pressure (60- 80psig) Suction pressure (120- 150psig)

Discharge pressure (270-
290psig)

Discharge pressure (440-
480psig)
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WELDING

Welding is a fabrication process that joins materials, usually metals or
thermoplastics, by causing fusion, which is distinct from lower temperature metal-
joining techniques such as brazing and soldering, which do not melt the base
metal. In addition to melting the base metal, a filler material is typically added to
the joint to form a pool of molten material (the weld pool) that cools to form a joint
that, based on weld configuration (butt, full penetration, fillet, etc.), can be stronger
than the base material (parent metal). Pressure may also be used in conjunction
with heat, or by itself, to produce a weld. Welding also requires a form of shield to
protect the filler metals or melted metals from being contaminated or oxidized.

Methods of Welding:
Some of the best known welding methods include:

 Oxy-fuel welding – also known as oxyacetylene welding or oxy-welding, uses
fuel gases and oxygen to weld and cut metal.

fig: 3.1 Oxy- Fuel Welding

 Shielded metal arc welding (SMAW) – also known as "stick welding" or
"electric welding", uses an electrode that is coated in flux to protect the weld
puddle. The electrode holder holds the electrode as it slowly melts away. Slag
protects the weld puddle from atmospheric contamination.
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Fig: 3.2 Shielded Metal Arc Welding

 Gas tungsten arc welding (GTAW) – also known as TIG (tungsten, inert gas),
uses a non- consumable tungsten electrode to produce the weld. The weld
area is protected from atmospheric contamination by an inert shielding gas
such as argon or helium.

Fig. 3.3 Gas Tungsten Arc Welding

 Gas metal arc welding (GMAW) –
commonly termed MIG (metal inert
gas), uses a wire feeding gun that
feeds wire at an adjustable speed and
flows an argon- based shielding gas or
a mix of argon and carbon dioxide (CO2)
over the weld puddle to protect it from
atmospheric contamination.

Fig. 3.4 Gas metal arc welding

 Submerged arc welding (SAW) – uses an automatically fed consumable
electrode and a blanket of granular fusible flux. The molten weld and the arc zone
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are - protected from atmospheric contamination by being "submerged" under the
flux blanket.

Fig. 3.5 Submerged Arc Welding

 Electroslag welding (ESW) – a highly productive, single pass welding
process for thicker materials between 1 inch (25 mm) and 12 inches (300 mm)
in a vertical or close to vertical position.

Fig. 3.6 Electroslag Welding

 Electric resistance welding (ERW) – a welding process that produces
coalescence of laying surfaces where heat to form the weld is generated by the
electrical resistance of the material. In general, it is an efficient method but limited to
relatively thin material.
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Fig. 3.7 Electric resistance welding

Classification of Welding Processes:

Welding processes can be classified based on following criteria;

1. Welding with or without filler material.
2. Source of energy of welding.
3. Arc and Non- arc welding.
4. Fusion and Pressure welding.

1. Welding can be carried out with or without the application of filler material.
Earlier only gas welding was the fusion process in which joining could be
achieved with or without filler material. When welding was done without filler
material it was called ‘autogenous welding'. However, with the development of
TIG, electron beam and other welding processes such classification created
confusion as many processes shall be falling in both the categories.

2. Various sources of energies are used such as chemical, electrical, light,
sound, mechanical energies, but except for chemical energy all other forms
of energies are generated from electrical energy for welding. So this criterion
does not justify proper
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es classification embraces all the arc welding processes in one class and all
other processes in other class. In such classification it is difficult to assign
either of the class to processes such as electroslag welding and flash butt
welding, as inelectroslag welding the process starts with arcing and with the
melting of sufficient flux the arc extinguishes while in flash butt welding tiny
arcs i.e. sparks are established during the process and then components are
pressed against each other. Therefore, such classification is also not perfect.

3. Fusionwelding and pressure welding is most widely used classification
as it covers all processes in both the categories irrespective of heat
source and welding with or without filler material. In fusion welding all
those processes are included where molten metal solidifies freely while
in pressure welding molten metal if any is retained in confined space
under pressure (as may be in case of resistance spot welding or arc stud
welding) solidifies under pressure or semisolid metal cools under
pressure.

Fig. Classification of Welding Process
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Fig. Classification of Pressurized welding
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WELDING INSPECTION (NDT)

4.1 Non- Destructive Testing:

Nondestructive testing or non- destructive testing (NDT) is a wide group of
analysis techniques used in science and technology industry to evaluate the
properties of a material, component or system without causing damage The terms
nondestructive examination (NDE), nondestructive inspection (NDI), and nondestructive
evaluation (NDE) are also commonly used to describe this technology.

Since NDT does not permanently alter the characteristics of article being
inspected, it is a highly valuable technique that can save both money and time in
product evaluation, troubleshooting, and research. The six most frequently used NDT
methods are:

4.2 Types of NDT:
1. Visual inspection.
2. Penetrant testing.
3. Magnetic particle inspection testing.
4. Ultrasonic testing.
5. Radiography testing.
6. Eddy current testing.
7. Leak test.
8. Thermography.
9. Vibrational analysis

4.3 Selection of NDT:

Magnetic particle Inspection (MPI): It is a non- destructive testing (NDT) process for
detecting surface and shallow subsurface discontinuities in ferromagnetic materials
such as iron, nickel, cobalt, and some of their alloys. The process puts a magnetic
field into the part. The piece can be magnetized by direct or indirect magnetization.

Direct magnetization occurs when the electric current is passed through the test
object and a magnetic field is formed in the material. Indirect magnetization occurs
when no electric current is passed through the test object, but a magnetic field is
applied from an outside source. The magnetic lines of force are perpendicular to the
direction of the electric current, which may beeither alternating current (AC) or some
form of direct current (DC) (rectified AC).

The presence of a surface or subsurface discontinuity in the material allows the
magnetic flux to leak, since air cannot support as much magnetic field per unit
volume as metals.
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Fig 4.1 Magnetic particle inspection

Liquid Penetration method:

Visible dye penetrant is a NDT (Non Destructive Testing) method. It is a
simple test to perform, and a good way to test welds before carrying out more
expensive techniques like x- ray testing.

It will show up bad cold lap, cracks, holes... basically any defects where a very
fine dye can penetrate, hence the name. It can be used for various things, not just
weld testing. It can be used to test the presence of a crack in a cylinder head for
example.

The simple kits come in 3 parts, usually in aerosol cans. Namely, a cleaner, a
penetrant, and a developer. There are four types of dye penetrant system:

 Water washable : the dyes wash away with water.
 Lipophilic : the dye dissolves in oil for removal.
 Hydrophilic : the dye washes away with a water rinse,

but detergents are necessary.
 Solvent removable : the dye is removed with a cleaning solvent.

There are five levels of testing, from Level ½ (Lowest sensitivity) to Level 4
(Highest Sensitivity). Operatives carrying out this testing should be qualified to do so,
and reports, sometimes with photographic evidence, might be requested.

Step 1 - Pre cleaning
First any loose material needs to be removed, together
with any silica on top of the weld. It is important to
remove the silica, or you can get false results. A good
scrape and wire brush sorts this out in most cases.
Then apply some of the cleaner to remove any oil etc.
Wait for the cleaner to dry completely before applying
penetrant.
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Fig. 4.2 Pre cleaning

Step 2 - Penetrant
Once cleaned, apply the penetrant (a bright red
liquid dye). Spray plenty on the welds.
Leave the dye to penetrate, normally for about 20
minutes. The time scale is usually printed on the
can or on the product data sheet. The
photographs show a solvent removable system.

Fig. 4.3 Application of Penetrant
Step 3 - Post cleaning

Cleaning again. You need to remove
excess dye from the area, which is
easier said than done. It is
important not to spray the cleaner
on the area directly, or you risk
washing the dye from the flaw. Use
a dry tissue to remove excess dye,
then spray cleaner onto a clean
cloth for final cleaning.

Ultrasonic Testing(UT):
Ultrasonic testing (UT) is a family of non- destructive testing techniques

based on the propagation of ultrasonic waves in the object or material tested. In
most common UT applications, very short ultrasonic pulse- waves with
center frequencies ranging from 0.1- 15 MHz, and occasionally up to 50 MHz,
are transmitted into materials to detect internal flaws or to characterize materials.
A common example is ultrasonic thickness measurement, which tests
the thickness of the test object, for example, to monitor pipe work corrosion.

Ultrasonic testing is often performed on steel and other metals and alloys,
though it can also be used on concrete, wood and composites, albeit with less
resolution. It is used in many industries including steel and aluminium
construction, metallurgy, manufacturing, aerospace, automotive and other
transportation sectors.
Step 2: Instrument settings are input.
Step 3: The probe is scanned over the blade root. In this case, an indication (peak
in the data) through the red line (or gate) indicates a good blade; an indication to
the left of that range indicates a crack.
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FIG 4.7 Projectional Radiography

Fig: 4.5 Ultrasonic Testing
Principle: A probe sends a sound wave into a test material. There are two indications,
one from the initial pulse of the probe, and the second due to the back wall echo.
RIGHT: A defect creates a third indication and simultaneously reduces the amplitude
of the back wall indication. The depth of the defect is determined by the ratio D/Ep.

Radiography:
Radiography is an imaging technique using X- rays to view the internal form of

an object. To create the image, a beam of X- rays, a form of electromagnetic
radiation, are produced by an X- ray generator and are projected toward the object.
A certain amount of X- ray is absorbed by the object, dependent on its density and
structural composition. The X- rays that pass through the object are captured
behind the object by a detector (either photographic film or a digital detector). The
generation of flat two dimensional images by this technique is called projectional
radiography. In Computed tomography(CT scanning) an x ray source and its
associated detectors rotate around the subject which itself moves through the
conical x ray beam produced. Any given point within the subject is crossed from
many directions by many different beams at different times.

Information regarding attenuation of these beams is collated and subjected
to computation to generate two dimensional images in three planes (axial, coronal
and sagittal) which can be further processed to produce a three dimensional
image.
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Conclusion

In this internship programme, I have learnt about

 Different metal joining processes and their applications, with hands on

experience.

 Different non-destructive techniques – their principles and implementation

with hands on experience.

 Working of refrigeration and air-conditioning machines followed by their

assembly.
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Chapter - 1 

INTRODUCTION 

 
With the ongoing revolution in the field of mechanical where innovations are taking place at the 

blink of an eye, it is impossible to keep the pace with the emerging trends excellence is an 

attitude that whole of human race is born with. It is the environment that makes sure that whether 

the result of this attitude is visible or otherwise. A well planned, properly executed and evaluated 

industrial training helps a lot in including a professional attitude. It provides a linkage between 

the student and industry to develop an awareness of industrial approach to problem solving, 

based on broad understanding of process and mode of operation of organization. 

During this period, the student gets the real experience for working in the actual industry 

environment. Most of the theoretical knowledge that has been gained during the course of their 

studies is put to test here. Apart from this the student gets an opportunity to learn the latest 

technology, which is immensely helps in them in building their carrier. I had the opportunity to 

have a real experience on many ventures, which increased my sphere of knowledge to great 

extent. I got a chance to learn many new technologies and interfaced to many instruments. 

The word quality holds out different meaning for different people, but for an industry it is most 

important and can be defined as the totality of features and characteristics of product/services 

that bear on its ability to satisfy given needs. 

 

 

 

 

 

 

 

 

 

 

 



Gudlavalleru engineering college Page 2  

Chapter - 2 

COMPANY PROFILE 

 

2.1 About BEL & Products: 
 

Bharat Electronics Limited, a Professional Electronics company in India incorporated in 1954. 

BEL was born to meet the growing needs of Indian Defence services for electronic systems. 

Employing the best engineering talent available in the country, BEL has progressed 

manufacturing state-of-the-art products in the field of Defence Electronics like Communications 

including encryption, Radars and strategic components. Over the years, BEL has diversified to 

meet the needs of civilian customers as well and has provided products and network solutions on 

turnkey basis to customers in India and abroad. 

Bharat Electronics Limited is a Pioneer in the field of Professional Electronics in India and has 

been manufacturing a wide range of Defence and Civil communication products since 1954. 

Multiple years of operations covering design, development, engineering and manufacturing 

professional electronics equipment in diverse fields based on various technologies has enabled 

BEL to offer end-to-end system solutions on turnkey basis. 

Products: 

 Defence. 

 Telecommunications. 

 Land based radars. 

 Naval systems. 

 Opto electronics. 

 Tank electronics. 

 Electronic warfare. 

 Simulators. 

 Non defence. 

 Telecommunications. 

 Sound vision broadcasting. 

 Solar photovoltaic systems. 

 Electronic components.
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2.2 Manufacturing units: 

BEL has a total of nine manufacturing units spread throughout the nation with Bangalore being 

the biggest of them. The details about the different manufacturing units of BEL along with their 

product specialties are as follows: 

 

S.No BEL Unit State 

1. Bangalore Karnataka 

2. Panchkula Haryana 

3. Kotdwara Uttaranchal 

4. Ghaziabad Uttar Pradesh 

5. Pune Maharashtra 

6. Hyderabad Telangana 

7. Machilipatnam Andhra Pradesh 

8. Navi Mumbai Maharashtra 

9. Chennai Tamilnadu 

 
Table 2.1: Manufacturing units 

 

In 1954 with a factory of Jallahali, Bharat Electronics grew into nine units, spread all over India. 

The locations and products of the units are given below: 
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1. BANGALORE: This is also called BG complex. Jallahali unit which is the mother unit is now 

a part of the BG complex. This is the biggest unit with approx 10,000 employees working here. 

Among the products here, the important ones are: 

 Communication equipment. 

 Air and Doordarshan equipment like mobile van for live telecast. 

 Radar-mobile, one dimensional, 3-dimensional and multi-dimensional Radars are 

manufactured here. Different range of semi-conductors devices like ICs. 

 Resistors and black & white color TV picture tube glasses. 

 ISRO‘s requirements are met at space electronics department at Bangalore. Satellite 

launch vehicle was also manufactured here. 

 
2. PANCHKULA: Panchkula & kotdwara were proposed simultaneously by the government in 

1985.It was proposed to set up one unit each in Haryana & Uttar Pradesh. But the place in U.P 

for setting up a BEL unit could not be decided while that at Haryana was decided & hence this 

unit started earlier. This unit manufactures only tactical communication equipment like VHF, 

UHF transceivers etc. 

 
3. KOTDWARA: This is a unit in garhwal district of Uttaranchal. This unit manufacturers 

radio relay, multiplex equipments &exchanges etc. 

 
4. GHAZIABAD: This is the second unit which was set up in 1974, & approx. 2500 employees 

working here. Radars & some communication equipment are the products manufactured here are: 

 Radars 

 SATCOM 

 Microwave components 

 

5. PUNE: To diversity further one more branch was added 1979 & this was in pune. In this 

branch around 700-800 employees are working. The product profile includes: 

 Image convertor, image intensifier 
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 X-ray tubes 

 Batteries 

 Electro-optics 

 

6. HYDERABAD: This is another unit of BEL which manufactures electronic warfare 

equipments. 

 

7. MACHILIPATNAM: There was one Andhra scientific company, which was a sick 

unit. This was taken over by BEL & is called ASCO unit 1983.The products include: 

 Optical & Optoelectronic equipment like binoculars, microscopes. 

 Medical Electronics 

 

8. NAVI MUMBAI: This is an industrial place near Mumbai. This unit makes: 

 Glass shells for black & white TV picture tubes 

 Shelters for electronic equipment 

 Train actuated warning system 

 Electronic equipment assembly 

 

9. CHENNAI: This unit manufactures: 

 Tank related electronic equipments 

 Optical fire control systems 
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2.3 Market of BEL: 

 
Bharat Electronics Limited is a major supplier of products and turnkey systems to the Indian 

Defence Services. Over the years, BEL has diversified into manufacturing many civilian 

products as well. Large trunkey telecommunication solutions are also being offered to civilian 

market.BEL has been involved in providing state of the art communication equipment to the 

Indian army, be it hand held mobile radios and terminals ,ground based system, airborne and 

even ship borne equipment and systems. The communication equipment developed here cover 

HF,VHF, UHF, and VV/UHF frequency bands. The most important project of BEL under the 

communication equipment is STARS-V which provides secure mode of data transfer in STARS- 

V, the data to be transferred is first encrypted using a microprocessor which could be read only 

by a similar device with same coding. Now the latest technology of frequency hopping is being 

implemented which is a very useful tool in making a secure data transfer system.BEL 

manufactures a lot product which is very difficult to list but some of the major products were as 

follows: 

 

 

Integrated circuits and micro circuits Radars 

 
X- ray tubes and magnetrons STARS-V 

 
HF & broadcast equipment ACME MK CNR 

 
SPACE GUIDING EQUIPMENTS HUD 

 
AIR BORNE GPS RECEIVER LUP 

 
SIRAX TIDEX 

 
SECURE TELEPHONE SECURE FAX 
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2.4 Domestic market: 
 
 

S.No PRODUCT CUSTOMER 

1. Defence communication Indian defence services, para military forces 

2. Radars & sonars Indian defence services, civil aviation, 

Meteorological department,ISRO 

3. Telecommunication Department of telecommunication, para 

military forces, power sector, oil industry, 

Railways 

4. Broadcasting equipment and studio 

systems 

All India radio, Dooradarshan (National radio & 

TV broadcasters) 

5. Electronic voting machines Election commission of India 

6. Solar products & systems Individuals, private and government organizations 

7. Trunkey systems-Governance 
Networks 

Police, state government, Public sector 

undertakings 

8. Components All India radio and doordarshan the national 

Radio & TV Broadcasters, instrumentation 

industry, switching 

industry, entertainment 

 

Table 2.2: List of Domestic customers 
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Exports play a key role in BEL‘s strategic perspective. A number of International companies are 

using the facilities at BEL for contract Manufacturing. The broad list of products and services 

being exported is given below: 

2.5 Exports/International market: 
 
 

Sl.no PRODUCT CUSTOMER 

1. Defence communication 

equipment and spare parts 

Botswana, Indonesia, 

Suriname, Malaysia 

2. Radars & Sub-systems Indonesia, Egypt, Switzerland 

3. Electronic warfare products 

and services 

Russia, Brazil 

4. Opto electronics products Sri lanka, Nepal, Israel, South Africa 

5. Semi conductor devices, 

microwave tubes and 

transmitting tubes 

Malaysia, Singapore, Turkey, 

Netherlands, UK, USA, France, Hong 

Kong 

6. Solar products & systems Suriname, Germany, Zimbabwe, 

Botswana, Kenya, Nigeria 

7. Telecom and SATCOM 

systems 

Nigeria, Kenya 

8. Radio & TV Broadcasting 

products and systems 

Nepal, Mauritius 

9. Electric voting systems Sri lanka, Uganda, Malawi, South Africa 

10. Vacuum Interrupters Malaysia, UAE, Uganda, Turkey, UK, 
Azerbaijan 

 

Table 2.3: List of International customers
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Chapter - 3 

BEL MACHILIPATNAM & IT’S PRODUCTS 

 
In 1983, the Andhra scientific company (ASCO) was taken over by BEL converted it to its 

fourth manufacturing unit at Machilipatnam .The products include 

 Night vision devices 

 Electric voting systems 

 

3.1 NIGHT VISION DEVICES 

   Definition: 

A night vision device (NVD), also known as a night optical/observation device (NOD), is an 

optoelectronic device that allows images to be produced in levels of light approaching total 

darkness. The image may be a conversion to visible light of both visible light and near-infrared, 

while by convention detection of thermal infrared is denoted thermal imaging. The image 

produced is typically monochrome, e.g. shades of green. NVDs are most often used by the 

military and law enforcement agencies, but are available to civilian users. The term usually refers 

to a complete unit, including an image intensifier tube, a protective and generally water-resistant 

housing, and some type of mounting system. Many NVDs also include optical components such 

as a sacrificial lens, or telescopic lenses or mirrors. An NVD may have an IR illuminator,  

making it an active as opposed to passive night vision device. 

   3.1.1 Working of Night Vision Devices: 

Technical Night Vision can work in two different ways 

Image Intensifier: 

1. Night vision amplifiers light to achieve better vision. 

 
2. A conventional lens, captures ambient light. 

 
3. The gathered light is sent to image - intensifier tube. 

 
4. The light energy released electron from the cathode and accelerated. 

 
5. These electrons enter micro channel plate and bounce off and generate more electron. 

 
6. Thousands of other electrons to be released in each channel. 
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7. Original electrons collide with the channel, exciting atoms and causing other electrons. 

 
8. New electrons collide with atoms, creating a chain. 

 
9. In image-intensifier tube, the electrons hit a screen. 

 
10. The energy of the electrons release photons and create green image on the screen. 

 
11. The green phosphor image is viewed through another lens. 

   3.1.2 Thermal Imaging: 

All objects emits infrared energy as a function of temperature 

1. A lens focuses the infrared light. Original electrons collide with the channel, exciting atoms and 

causing others. 

2. The focused light is scanned and creates temperature pattern. 

 
3. The pattern created is translated into electric impulses. 

 
4. The impulses are sent to a circuit board that translates the information into data for the display. 

 
5. The signal-processing unit sends the information to the is play, and appears as various colors. 

 
6. The images are black and white in nature. 

3.1.3 Purpose of Night Vision Devices: 

The original purpose of night vision was to locate enemy targets at night. It is still used extensively 

by the military for that purpose, as well as for navigation, surveillance and targeting. Police and 

security often use both thermal-imaging and image-enhancement technology, particularly for 

surveillance. 

   3.1.4 Classification of Night Vision Devices: 

 Night Vision devices 

 Passive Night Vision devices 

 Thermal imaging cameras 

 Cooled and Un cooled 

 Active Night Vision devices 
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Fig 3.1: Classification of Night Vision Devices 

 

   3.1.5 Advantages of Night Vision Cameras: 

1. The most common use is the military, and the quick answer would be that they allow soldiers to 

continue operations at night, without giving away their position through the use of flashlights. 

 
2. However night vision has many other uses. People with night blindness can use night vision 

devices to see better at night 

 
3. Astronomers use night vision to improve their view of the stars, to see more stars in the city, 

amplify the image post hydrogen-alpha filters or to see nebula and clusters in the sky in real time 

 
4. The technology in night vision allows for far more sensitive x-ray machines to be made, reducing 

the doses necessary for an x-ray
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3.2 Binocular Night Vision Devices: 
 
 

 

 

    Fig 3.2: Binocular night vision device 

3.2.1 Parts of Binocular Night Vision Devices: 

1. Object Glass 

 
 

2. Focus 

 
 

3. Image intensifier tube 

 
 

4. Eye Piece 

 

5. Eye Guard 

3.2.2 Parts of Image Intensifier Tube: 
 

 

  
Fig3.3: Image Intensifier Tube 
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Night vision is the ability to see in low light conditions. Whether by biological or technological 

means, night vision is made possible by a combination of two approaches: sufficient spectral range, 

and sufficient intensity range. 

  3.2.3 Image Intensification: 

This magnifies the amount of received photons from various natural sources such as starlight or 

moonlight. Examples of such technologies include night glasses and low light cameras. In the 

military context, Image Intensifiers are often called "Low Light TV" since the video signal is often 

transmitted to a display within a control center. LLLTV These are usually integrated into a sensor 

containing both visible and IR detectors and the streams are used independently or in fused mode, 

depending on the mission at hand's requirements. 

The image intensifier is a vacuum-tube based device (photomultiplier tube) that can generate an 

image from a very small number of photons (such as the light from stars in the sky) so that a dimly lit 

scene can be viewed in real-time by the naked eye via visual output, or storedas data for later 

analysis. While many believe the light is "amplified," it is not. When light strikes a charged 

photocathode plate, electrons are emitted through a vacuum tube that strike the micro channel plate 

that cause the image screen to illuminate with a picture in the same pattern as the light that strikes the 

photocathode, and is on a frequency that the human eye can see. This is much like a CRT television, 

but instead of color guns the photocathode does the emitting. 

The image is said to become "intensified" because the output visible light is brighter than the 

incoming light, and this effect directly relates to the difference in passive and active night vision 

goggles. Currently, the most popular image intensifier is the drop-in ANVIS module, though many 

other models and sizes are available at the market. Recently, the US Navy announced intentions to 

procure a dual-color variant of the ANVIS for use in the cockpit of airborne platforms. 

Active illumination couples imaging intensification technology with an active source of illumination 

in the near infrared (NIR) or shortwave infrared (SWIR)band. Examples of such technologies include 

low light cameras. 

Active infrared night-vision combines infrared illumination of spectral range 700–1,000 nm (just 

below the visible spectrum of the human eye) with CCD cameras sensitive to this light. The resulting 

scene, which is apparently dark to a human observer, appears as a monochrome image on a normal 

display device. Because active infrared night-vision systems can incorporate illuminators that 

produce high levels of infrared light, the resulting images are typically higher resolution than other 

night-vision technologies.
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3.3 Hand Held Thermal Imaging Camera with LRF: 
 
 

 
 

 

Fig 3.4: HHTI with LRF 

HHTI with LRF or Multifunction HHTI is a cooled TI based integrated day/night sight with in-built 

eye safe Laser Range Finder, Digital Magnetic Compass, Color CCD and GPS. This equipment is 

capable of giving range, azimuth & elevation and also coordinates of the target. This is highly useful 

to Army and Navy for effective engagement of targets. Weather proof and withstand shocks and 

vibrations. It is provided with electronically generated reticle. 

Introduction: 
 

Fig 3.5: Block diagram of Thermal imaging camera 

1. Thermal image is the technique of using the heat given off by an object to produce an image of it 

or to locate it. 

2. First developed for military purpose in the late 1950s and 1960s by Texas instruments, Hughes, 

Aircraft and Honeywell 
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3. In recent times it is being used in firefighting, law enforcement, industrial applications, security 

transportation, medical and many other industries. 

 
3.3.1 Thermal Imaging: 

1. It is the technique of using the heat given off by an object to produce an image of it. 

 
2. Works in environments without any ambient light and can penetrate obscurants such as smoke, fog 

and haze. 

3. Normally grey scale in nature: black objects are cold, white objects are hot and the depth of the 

grey indicates variations between the two. 

4. Some thermal cameras, however, add color to images to help users identify objects at different 

temperatures. 

3.3.2 Working of thermal imaging: 

Here's how thermal imaging works: A special lens focuses the infrared light emitted by all of the 

objects in view. The focused light is scanned by a phased array of infrared-detector elements. The 

detector elements create a very detailed temperature pattern called a thermogram. 

Infrared Light: 

Our eyes are detectors that are designed to detect electromagnetic radiation in the visible light 

spectrum. All other forms of electromagnetic radiation, such as infrared, are invisible to the human 

eye. 

The existence of infrared was discovered in 1800 by astronomer Sir Frederick William Herschel. 

Curious to the thermal difference between different light colors, he directed sunlight through a glass 

prism to create a spectrum and then measured the temperature of each color. He found that the 

temperatures of the colors increased from the violet to the red part of the spectrum. 

After noticing this pattern Herschel decided to measure the temperature just beyond the red portion 

of the spectrum in a region where no sunlight was visible. To his surprise, he found that this region 

had the highest temperature of all. 

Infrared radiation lies between the visible and microwave portions of the electromagnetic spectrum. 

The primary source of infrared radiation is heat or thermal radiation. Any object that has a 

temperature above absolute zero (-273.15 degrees Celsius or 0 Kelvin) emits radiation in the infrared 

region. Even objects that we think of being very cold, such as ice cubes, emit infrared radiation. 
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3.4 Thermal imaging camera 

Infrared energy (A) coming from an object is focused by the optics (B) onto an infrared detector (C). 

The detector sends the information to sensor electronics (D) for image processing. The electronics 

translate the data coming from the detector into an image (E) that can be viewed in the viewfinder or 

on a standard video monitor or LCD screen. 

 

 
         Fig 3.6: Block diagram of Thermal imaging camera 

 Being truly passive in nature, thermal imaging systems are finding wide range of applications 

for surveillance and reconnaissance, target acquisition, engagement, and missile guidance. 

 They are true force multipliers as they allow weapons and equipment to be used with efficacy 

during day and night.  

 Recent advancements in optics, detector technology and signal processing have enabled 

revolutionary advancement in the night vision technology leading to the realization of third 

generation thermal imagers (TIs) having capabilities twice that of second generation and four 

times that of first generation systems.  

 DRDO is working in this area for the last two decades and has developed various TIs operating 

in 3-5 μm medium wave infrared (MWIR) and 8-12 μm long wave infrared (LWIR) spectral 

bands.  

 These systems are based on scanning/staring focal plane array (FPA) detectors for target 

acquisition, which can be used, either in standalone mode or as a part of electro-optical fire 

control system (EOFCS). 
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 MWIR TIs perform better in hot humid environments and preferred for long range 

applications because of better atmospheric transmission where as LWIR TIs perform better in 

smoke and dusty environment prevailing in the battlefield. 

3.4.1 Principle of Operation and Types: 

Infrared energy is just one part of the electromagnetic spectrum, which encompasses radiation from 

gamma rays, x-rays, ultraviolet, a thin region of visible light, infrared, terahertz waves, microwaves, 

and radio waves. These are all related and differentiated in the length of their wave (wavelength). All 

objects emit a certain amount of black body radiation as a function of their temperatures. 

Generally speaking, the higher an object's temperature, the more infrared radiation is emitted as 

black-body radiation. A special camera can detect this radiation in a way similar to the way an 

ordinary camera detects visible light. It works even in total darkness because ambient light level does 

not matter. This makes it useful for rescue operations in smoke-filled buildings and underground. 

A major difference with optical cameras is that the focusing lenses cannot be made of glass, as glass 

blocks long-wave infrared light. Special materials such as Germanium or Sapphire crystals must be 

used. Germanium lenses are also quite fragile, so often have a hard coating to protect against 

accidental contact. The higher cost of these special lenses is one reason why thermographic cameras 

are more costly. 

Types: 

 Cooled infrared detectors 

 Un cooled infrared detectors 

3.4.2 Cooled infrared detectors: 

Cooled detectors are typically contained in a vacuum-sealed case or Dewar and cryogenically cooled. 

The cooling is necessary for the operation of the semiconductor materials used. Typical operating 

temperatures range from 4 K to just below room temperature, depending on the detector technology. 

Most modern cooled detectors operate in the 60 K to 100 K range, depending on type and 

performance level. 

Without cooling, these sensors (which detect and convert light in much the same way as common 

digital cameras, but are made of different materials) would be 'blinded' or flooded by their own 

radiation. The drawbacks of cooled infrared cameras are that they are expensive both to produce and 

to run. Cooling is both energy-intensive and time-consuming. 
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The camera may need several minutes to cool down before it can begin working. The most 

commonly used cooling systems are rotary Stirling engine cryocoolers. Although the cooling 

apparatus is comparatively bulky and expensive, cooled infrared cameras provide superior image 

quality compared to un cooled ones. 

Additionally, the greater sensitivity of cooled cameras also allow the use of higher F-number lenses, 

making high performance long focal length lenses both smaller and cheaper for cooled detectors. An 

alternative to Stirling engine coolers is to use gases bottled at high pressure, nitrogen being a 

common choice. The pressurised gas is expanded via a micro-sized orifice and passed over a 

miniature heat exchanger resulting in regenerative cooling via the Joule–Thomson effect. For such 

systems the supply of pressurized gas is a logistical concern for field use. 

Materials used for cooled infrared detection include photo detectors based on a wide range of narrow 

gap semiconductors including: 

1. Indium antimonide 

 
2. Indium Arsenide 

 
3. Mercury Cadmium telluride 

 
4. Lead sulfide 

 
 

3.4.3Un cooled Infrared detectors: 

Un cooled infrared sensors can be stabilized to an operating temperature to reduce image noise, but 

they are not cooled to low temperatures and do not require bulky, expensive cryogenic coolers. This 

makes infrared cameras smaller and less costly. However, their resolution and image quality tend to 

be lower than cooled detectors. This is due to differences in their fabrication processes, limited by 

currently available technology. 

Uncooled detectors are mostly based on pyro electric and ferroelectric materials or micro bolometer 

technology. The material is used to form pixels with highly temperature-dependent properties, which 

are thermally insulated from the environment and read electronically. 

Ferroelectric detectors operate close to phase transition temperature of the sensor material; the pixel 

temperature is read as the highly temperature-dependent polarization charge. The achieved NETD of 

ferroelectric detectors with f/1 optics and 320x240 sensors is 70-80 mK. A possible sensor assembly 

consists of barium strontium titanate bump-bonded by polyimide thermally insulated connection. 
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Silicon microbolometers can reach NETD down to 20 mK. They consists of a layer of amorphous 

silicon, or a thin film vanadium(V) oxide sensing element suspended on silicon nitride bridge above 

the silicon-based scanning electronics. The electric resistance of the sensing element is measured 

once per frame. 

3.5Applications: 

1. Military and Police 

One of the most common users of a thermal imager is a law enforcement or military professional. 

They need to be able to see potential threats without being detected and thermal units give them this 

chance. Modern thermal imaging technology is tough enough to withstand the abuse of recoil, so 

many police officers and soldiers now employ thermal imaging rifle scopes such as the ATN ThOR 

640 Thermal Imaging Weapon Sight. The drawback of using thermal imagers in life-and-death 

situations is that while they're incredibly effective at detecting people or animals, identification is far 

more challenging. You may see a man in front of you, but this doesn't mean you'll be able to tell if 

he's a friend or a foe. 

2.Surveillance 

Thermal imaging cameras are one of the most effective tools for surveillance because they work 

equally well in the day and night. A regular CCTV camera is limited by its need for light, and night 

vision doesn't function during the day. The chance to see through smoke and fog also gives thermal a 

leg up on other surveillance techniques. 

3.Energy Audits 

Heating and cooling companies have used thermal imagers for years to see where buildings are 

leaking heat. Small cracks or holes cause homes to lose hundreds of dollars a year on heating and 

cooling bills. 

4.Security and Law Enforcement 

With a thermal imager, an officer can stop and scan the property at a distance identify any person 

present at there. 

Perimeter Surveillance is another application in which thermal imaging is used to dramatically 

improve results and reduce time committed to a particular operation. 

Thermal imaging cameras can also used in search and rescue operation as officers may be able to 

search up to 1,500 feet in any direction. 
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Chapter – 4 

PRODUCT ASSURANCE 

 

4.1 Definition: 

A discipline devoted to the study, planning and implementation of activities intended to assure that 

the design, controls, methods and techniques in a project result in a satisfactory level of quality in a 

product. 

The verification by a management function that customer requirements are satisfied by ensuring 

(1) The identification of critical activities, (2) The availability of the necessary resources for each 

process, (3) The use of the resources in a manner that is efficient and effective. 

 

4.2 Product Assurance Testing: 

Product assurance testing is conducted in order to evaluate a system in its operating environment. 

Product assurance testing is primarily used to find the faults that are not shown within the 

development or test environments. The tests performed are: 

 Climate Test 

 
a) Heat and Cold Chamber Test 

 
b) Rain and Dust Chamber Test 

 

 Durable Test 

 
a) Vibration Test 

 
b) Bump test 

 

 Functional Test 

 
a) Resolution Test 

 
b) Field of view 



Gudlavalleru engineering college Page 21  

4.2.1 Heat and Cold Chamber Test: 
 
 

 

Fig4.1: Heat and Cold Chamber  

 
Temperature and humidity test chambers are ranging in size from 50LiTer to 3000Liter, 

including bench top, standard type and walk in. Included are ultra low temperature test chamber, 

high rate of change of temperature chambers (15℃ /min) and climate with humidity chambers. 

Our temperature and humidity test chambers are available in a variety of sizes and 

configurations, including bench top / vertical/ walk in constant temperature humidity chambers. 

Temperature Range: -70°C to +180°C; Humidity range: 10% to 98%R.H. 

4.2.2 Vibration Test Chamber: 

 

 

         Fig4.2: Vibration Test Chamber 

 
Repetitive Shock Vibration tables generate multi-axis vibration using one or more pneumatic 

impact hammer(s) (also known as impactors) that strike a the top of a vibration table on which a 

product is attached. Thermotron‘s repetitive shock vibration test systems are designed 

specifically for very aggressive temperature change rates and high levels of multi-axis repetitive 



Gudlavalleru engineering college Page 22  

shock vibration. Repetitive shock shaker tables can be used as stand-alone units or combined 

with an AGREE or AST chamber for HALT/HASS testing. The repetitive shock vibration 

system incorporates many unique features designed to satisfy a wide range of vibration testing 

and screening applications for many industries. The basic system utilizes Multi-Zone Control. 

This patented feature uniformly—and more effectively—tests products. As a result, you receive 

improved product reliability, reduced warranty and recall risks, as well as better-utilized 

company resources. 

  4.2.3 Bump test chamber: 

 

 

Fig4.3: Bump Test Chamber 

 
This computerized machine is designed to cater the high acceleration and high pulse duration 

repetitive bump tests. The machine is used in product qualification testing, transient analysis of 

structures or models and fatigue tests on some systems and parts with an object to determine 

their suitability under repetitive bump environment (during transportation or in-service, etc.), and 

to assess structural integrity and stress screening. The machine has a robust steel structure that 

enables it to be used for testing of test objects having weights from 50 kg to 1000 kg, 

acceleration from 3 to 400 m/s2’ and pulse duration from 3 ms to 30 ms. The machine is intended 

to reproduce the effects of repetitive bumps from 40 to 180 bumps per minute likely to be 

experienced by components and equipment during transportation or when installed in various 

classes of vehicles. The object mounting hole pattern of the platform is 100 x 100mm matrix or 

as desired by the customer. An optional T-slot for mounting of test objects is also provided. The 
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mounting platform is lifted vertically through a cam arrangement and is made to drop forcibly 

with the mechanical impact generating mechanism on the rubber pad placed on the anvil, which 

provides the required acceleration level. The desired impact acceleration can be obtained by 

adjusting the drop height and mechanical impact generating force of the mounting platform. 

Rubber pads are used to produce half-sine pulses, and duration of half sine pulse shape can be 

adjusted by changing the hardness and thickness of the rubber pads. The machine is supported 

with Pentium PC based intelligent instrumentation system to control and monitor and analyse 

acquired acceleration waveform on 4 channels. The unit operates on 415/230 V ±10%, 50 Hz 

single phase AC and 3-phase 415 V 50 Hz. 

  4.2.4 Salt Spray Test Chamber: 

 

 

       Fig4.4: Salt Spray Test Chamber 

 
The salt spray (or salt fog) test is a standardized and popular corrosion test method, used to check 

corrosion resistance of materials and surface coatings. Usually, the materials to be tested are 

metallic (although stone, ceramics, and polymers may also be tested) and finished with a surface 

coating which is intended to provide a degree of corrosion protection to the underlying metal. 

Salt spray testing is an accelerated corrosion test that produces a corrosive attack to coated 

samples in order to evaluate (mostly comparatively) the suitability of the coating for use as a 

protective finish. The appearance of corrosion products (rust or other oxides) is evaluated after a 

pre-determined period of time. Test duration depends on the corrosion resistance of the coating; 

generally, the more corrosion resistant the coating is, the longer the period of testing before the 

appearance of corrosion/ rust. 
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Chapter – 5 

SUB DEPARTMENTS 
 
5.1 Development and engineering department: 

It is to design to project, make the modifications to prepare design and related documents. the 

software used in BEL  Machilipatnam  is SOLIDWORKS. 

5.2 Material management: 

It is the management of materials, this department purchases the materials it has different bins 

that holds items after inspection. 

5.3 Quality assurance: 

It deals with the quality of material it is checked before going to customer. In quality assurance 

several equipments are used, they are vernier calipers, screw gauge, CMM machine, GO gauge 

and NO GO gauges etc.. 

CMM machine: 
 

Fig5.1: Coordinate Measuring Machine 

A coordinate measuring machine (CMM) is a device for measuring the physical geometrical 

characteristics of an object. This machine may be manually controlled by an operator or it may 

be computer controlled. Measurements are defined by a probe attached to the third moving axis 

of this machine. Probes may be mechanical, optical, laser, or white light, among others. A 

machine which takes readings in six degrees of freedom and displays these readings in 

mathematical form is known as a CMM. The typical 3D "bridge" CMM is composed of three 

axes, X, Y and Z. These axes are orthogonal to each other in a typical three-dimensional 
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coordinate system. Each axis has a scale system that indicates the location of that axis. The 

machine reads the input from the touch probe, as directed by the operator or programmer. The 

machine then uses the X,Y,Z coordinates of each of these points to determine size and position, 

typically with micrometer precision. 

A coordinate measuring machine (CMM) is also a device used in manufacturing and assembly 

processes to test a part or assembly against the design intent. By precisely recording the X, Y, 

and Z coordinates of the target, points are generated which can then be analysed via regression 

algorithms for the construction of features. These points are collected by using a probe that is 

positioned manually by an operator or automatically via Direct Computer Control (DCC). DCC 

CMMs can be programmed to repeatedly measure identical parts, thus a CMM is a specialized 

form of industrial robot. 

5.4 Plant and service: 

It is the department for providing the services to company. services are water supply, electrical 

supply, transport, horticulture. 

5.5 Human resource &administration: 

In this department the recruitment of employees is done it is to use manpower in different areas. 

medical facilities are also available. 

5.6 Finance: 

It is the department for the sanction of money to the employees it is to be made for one year.it is 

the record of the money. 

5.7 Quality management: 

It is to sell products in the international market six sigma is the statistical technique for 

maintaining quality. in this department there is a group of employees who discuss the problems, 

find out its solution and present it to manager. 

5.8 Machine shop: 

In BEL machine shop there is both CNC and conventional machines are there, several 

components are manufactured in this machine shop. The conventional machines are lathe, 

milling, grinding and CNC machines like lathe, milling etc. 

CNC Lathe Machine 

 Automated version 
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 Controlled by G and M code 

 Used for turning operations 

CNC Milling Machine 

 Programming for optimal performance 

 Large production 

 

     CNC Drilling Machine 

 Multi function machining 

 High flexibility 

5.9 Production Planning and Control: 

This department forms the most important section among the others present because it forms the 

backbone right from the beginning till end of the particular set the responsibility lies in the hands 

of this section .It mainly performs three functions scheduling and launching control launching 

control the market section takes the order from the customer and gives the equipment stock order 

to ppc now ppc makes the list of each components involved in the product .this is called 

scheduling .next function that comes is launched ppc prepares shop order and engineering 

documents such as drawings .this function is called launching now comes to material control 

here the ppc keeps track of production i.e the purchase requisition is given to purchase 

department and sub contract department. 

5.10 Assembly section: 

In this all the components are gathered and assembled they set properly in the complete set .It is 

the most important and technologically advanced department at BEL Machilipatnam. 

5.11 R&D Department: 

 Areas of working in R&D Development are Military Radars, Naval Systems, Military 

communication products, Electronic warfare systems, Telecommunication products. 

 There are about 1000 engineers working in BEL on various D&E Projects.BEL R&D Units 

are recognized by the Department of scientific & industrial Research under the ministry of 

science & Technology, Govt. of India
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Chapter – 6 

CONCLUSION 

 
 Undergoing four weeks of internship in the BEL Machilipatnam unit has helped 

me integrate conceptual   knowledge with real life application. I have known the 

functions of various departments in the industry and also products produced in 

the industry. I was fortunate to have personal guidance from experienced 

professionals who took interest in explaning me the working details of various 

equipments. 

 I feel that without this opportunity my own understanding of the subject and also 

the motivation to acquire more knowledge would have remained incomplete. I 

think my training has given me enough motivation and an exposure that I will 

try to join defence services or get linked up with the defence of the country. 
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ABOUT THE ORGANISATION 

 

National Small Industries Corporation (NSIC), is an ISO 9001-2015 certified 
Government of India Enterprise under Ministry of Micro, Small and Medium 
Enterprises (MSME). NSIC has been working to promote, aid and foster the 
growth of micro, small and medium enterprises in the country. NSIC 
operates through countrywide network of offices and Technical Centers in 
the Country. In addition, NSIC has set up Training cum Incubation Centre 
managed by professional manpower. 

 

Mission: “To promote and support Micro, Small & Medium Enterprises 
(MSMEs) Sector” by providing integrated support services encompassing 
Marketing, Technology, Finance and other services. 

Vision: “To be a premier Organization fostering the growth of Micro, Small 
and Medium Enterprises (MSMEs) Sector”. 

 

Schemes of NSIC: 

NSIC facilitates Micro, Small and Medium Enterprises with a set of 
specially tailored scheme to enhance their competitiveness. NSIC provides 
integrated support services under Marketing, Technology, Finance and other 
Support service. 

Technology Support: 

Technology is the key to enhancing a company's competitive advantage in 
today's dynamic information age. Small enterprises need to develop and 
implement a technology strategy in addition to financial, marketing and 
operational strategies and adopt the one that helps integrate their operations 
with their environment, customers and suppliers. 

NSIC offers small enterprises the following support services through its 
Technical Services Centers and Extension Centers: 

1. Advise on application of new techniques. 
2. Material testing facilities through accredited laboratories. 
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3. Product design including CAD. 
4. Common facility support in machining, EDM, CNC, etc. 
5. Energy and environment services at selected centers. 
6. Classroom and practical training for skill upgradation. 

NSIC Technical Services Centers are located at the following places: 

Name of the Centre Focus area 

Chennai Leather & Footwear 

Howrah General Engineering 

Hyderabad Electronics & Computer Application 

New Delhi Machine Tools & related activities 

Rajkot Energy Audit & Energy Conservation activities 

Rajpura (Pb) Domestic Electrical Appliances 

Aligarh (UP) Lock Cluster & Die and Tool making 

Neemka (Haryana) Machine Tools & related activities 
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INTRODUCTION 

 
Energy requirement for refrigeration and air conditioning applications 

bears a huge share of total energy consumption around the world. Since,  
thermal  comfort  plays  a  very  important  role  on  the  health,  working 
efficiency and activities of all living beings, especially, temperature and 
humidity. In the excessively hot climates it is necessary to reduce the 
temperature and humidity whereas in the cold climate there is a need to 
increase the temperature. When the temperature drops below thermal 
comfort level, especially in the winter season, The  heating  systems  are  
employed.  In some countries, where  the atmospheric temperature is very 
low, natural heating like solar energy is not sufficient, the heat pump and 
fuel fired systems are proven to be suitable heating devices.  In  hot  
climates,  thermal  comfort  achieved  through  the  use  of  refrigerators and 
air conditioning systems. 
 

Refrigeration: 

The term “Refrigeration” may be defined as the process of removing heat 
from a substance under controlled conditions. It also includes the process of 
reducing and maintaining the temperature of a body below the general 
temperature of its surroundings. 

In other words, the refrigeration means a continued extraction of heat from a 
body whose temperature is already below temperature of its surroundings. In 
a refrigerator, heat is virtually pumped from a lower temperature to a higher 
temperature.  

Applications of Refrigeration: 

1. Food processing preservation and distribution. 
2. Chemical and process industries. 
3. Special applications such as cold treatment of metals, medical, 

construction, ice skating etc. 
4. Comfort air conditioning.    

 

 

 



4 

 

Air Conditioning: 

                              “Air conditioning” is the process of removing heat and 
moisture from the interior of an occupied space to improve the comfort of 
occupants. Air conditioning can be used in both domestic and commercial 
environments. 

Air conditioners often use a fan to distribute the conditioned air to an 
occupied space such as a building or a car to improve thermal 
comfort and indoor air quality. Electric refrigerant-based AC units range 
from small units that can cool a small bedroom, which can be carried by a 
single adult, to massive units installed on the roof of office towers that can 
cool an entire building. The cooling is typically achieved through 
a refrigeration cycle, but sometimes evaporation or free cooling is used. Air 
conditioning systems can also be made based on desiccants (chemicals 
which remove moisture from the air). Some AC systems reject or store heat 
in subterranean pipes. 

 
 

Welding: 

 

     Welding is a fabrication process that joins materials, usually metals 
or thermoplastics by causing fusion, which is distinct from lower 
temperature metal-joining  techniques such  as brazing and soldering,  which  
do  not melt the base metal. In addition to melting the base metal, a filler 
material is typically added to the joint to form a pool of molten material (the 
weld pool) that cools to form a joint that, based on weld configuration (butt, 
full penetration, fillet, etc.), can be stronger than the base material (parent 
metal). Pressure may also be used in conjunction with heat, or by itself, to  
produce a  weld.  Welding also requires a form of shield to protect the filler 
metals or melted metals from being contaminated or oxidized. 

Although  less  common,  there  are  also  solid  state  welding  
processes  such as friction welding in which the base metal does not melt.
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REFRIGERATION AND AIR CONDITIONIG 

 

In air refrigeration, the air is used as a refrigerant. In olden days, air was 
widely used in commercial applications because of it’s availability at free of 
cost. Since air does not change it’s phase i.e. remains gaseous through out the 
cycle, therefore the heat carrying capacity per kg of air is very small as 
compared to vapor absorbing systems. The air-cycle refrigeration systems, as 
originally designed and installed, are now practically obsolete because of their 
low coefficient of performance and high power requirements; however, this 
system continues to be favoured for air refrigeration because of the low weight 
and volume of the equipment. 

Refrigeration essentially means continued abstraction of heat from a 
substance (perishable foods, drinks and medicines etc.) at low temperature level 
and then transfers this heat to another system at high potential of temperature. 

The basic elements of an air cycle refrigeration system are as follows: 

• Compressor 
• Cooler or heat exchanger 
• Expander 
• Refrigerator 

Air-Conditioning 

The air conditioning is that branch of engineering science which deals 
with the freezing point of water. 

They conducted their experiment with the bulb of a mercury thermometer as 
their object and with a bellows used to speed up the evaporation. They lowered 
the study of conditioning of air i.e. supplying and maintaining desirable internal 
atmospheric condition for human comfort, irrespective of external condition. 
This subject, in its broad sense, also deals with the conditioning of air for 
industrial purpose, food processing, storage of food and other materials. 

Air conditioning refers to the simultaneous control of temperature, humidity, 
cleanliness and air motion within a confined region or space. 
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The basic elements of an Air- Conditioning system are as follows: 

1. Circulation fan 

2. Compressor 

3. Condenser 

4. Dryer 

5. Evaporator 

6. Supply Duct 

7. Supply outlet 

8. Return outlet 

9. Filters 

Modern air conditioning emerged from advances in chemistry during the 19th 
century, and the first large- scale electrical air conditioning was invented and 
used in 1902 by American inventor Willis Carrier. The introduction of 
residential air conditioning in the 1920s helped enable the great migration to the 
sun belt in the United States. 

In 1758, Benjamin Franklin and John Hadley, a chemistry professor at 
Cambridge University, conducted an experiment to explore the principle of 
evaporation as a means to rapidly cool an object. Franklin and Hadley 
confirmed that evaporation of highly volatile liquids (such as alcohol and ether) 
could be used to drive down the temperature of an object past the temperature of 
the thermometer bulb down to −14 °C (7 °F) while the ambient temperature was 
18 °C (64 °F). Franklin noted that, soon after they passed the freezing point of 
water 0 °C (32 °F), a thin film of ice formed on the surface of the thermometer's 
bulb and that the ice mass was about 6 mm (1⁄4 in) thick when they stopped the 
experiment upon reaching −14 °C (7 °F). Franklin concluded: "From this 
experiment one may see the possibility of freezing a man to death on a warm 
summer's day. 

A simple vapor compression refrigeration system consists of the following 
equipments: i) Compressor ii) Condenser iii) Expansion valve iv) Evaporator. 
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Fig:2.1. Typical single- stage vapour compression refrigeration. 

 

The schematic diagram of the arrangement is as shown in Fig.2.1. The low 
temperature, low pressure vapor at state B is compressed by a compressor to 
high temperature and pressure vapor at state C. This vapor is condensed into 
high pressure vapor at state D in the condenser and then passes through the 
expansion valve. Here, the vapor is throttled down to a low pressure liquid and 
passed on to an evaporator, where it absorbs heat from the surroundings from 
the circulating fluid (being refrigerated) and vaporizes into low pressure vapour 
at state B. The cycle then repeats. The exchange of energy is as follows: 

a) Compressor requires work, δw. The work is supplied to the system from 
the surroundings. 

b) During condensation, heat δQ1 the equivalent of latent heat of 
condensation etc, is lost from the refrigerator. 

c) During evaporation, heat δQ2 equivalent to latent heat of vaporization is 
absorbed by the refrigerant. 

d) There is no exchange of heat during throttling process through the 
expansion valve as this process occurs at constant enthalpy. 
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Figure shows a simple vapor compression refrigeration cycle on T- s 
diagram for different compression processes. The cycle works between 
temperatures T1 and T2 representing the condenser and evaporator 
temperatures respectively. 

The various process of the cycle are as given below: 
 

i) Process 2-3: Isentropic compression of the vapor from state 2 to 3. If 
vapor state is saturated or superheated, the compression is called dry 
compression. If initial state is wet the compression is called wet 
compression. 

ii) Process 3-4: Heat rejection in condenser at constant pressure. 

iii) Process 4-1: An irreversible adiabatic expansion of vapor through the 
expansion value. The pressure and temperature of the liquid are 
reduced. The process is accompanied by partial evaporation of some 
liquid.  

iv) Process 1-2: Heat absorption in evaporator at constant pressure. The 
final state depends on the quantity of heat absorbed and same may be 
wet, dry or superheated. 

Thermodynamic properties of Refrigerant: 
1. Boiling point   : It should be low. 
2. Thermal conductivity : it should be high 
3. Specific heat   : It should be low 
4. Freezing point  : it should be low. 
5. Toxicity   : it should be low 
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6. Evaporative pressure : it should be high. 
7. Condensation pressure : It should be low. 
8. Latent heat   : It should be high. 
9. CPO    : It should be high. 

 
REFRIGERANT: 

1) It is heat carrying medium. 
2) It carries heat from low temperature to high temperature system. 
3) Liquid + vapour mixture. 

 
Selection of Refrigerant: 

1) Performance: High efficiency, Low cost. 
2) Safety: Non toxic. 
3) Environmental impact: It should be low. 

 
Types of Refrigerants: 

1) Chlorofluorocarbons(CFC)  :R11,R22,R114,R113. 
2) Hydrocholrofluorocarbons(HCFC) :R22. 
3) Hydrofluorcarbons(HFC)            :R410a,R407,R1234yf,R134a. 
4) Hydrocarbons(HC)             :R600a. 

 
 
Comparison of Air-Conditioners: 

Non-Inverter Inverter 

On/Off type Continuous on 

Current consumption high Low power consumption 

Fixed frequency(50HZ) Variable frequency 

Outdoor unit starts (ODU) 
after 3mins 

Indoor unit and outdoor unit 
starts at a same time 

Constant speed Variable speed 

It takes more time to reach 
set temperature 

It takes less time 
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Types of refrigerators: 

 

1.Single door refrigerator. 

2.Double door refrigerator. 
 

Difference between single and double door refrigerator: 
 

Single door Double door 

Single door is also called as 
direct cool refrigerator. 

Double door refrigerator is also 
called as freezer. 

Plate and tube evaporator coil. Tube and fine evaporator coil. 

Cooling temperature 
is up to -18degrees.c 

Cooling temperature 
is up to - 24degrees.c 

 
Psychrometry process: 

1. Sensible cooling. 
2. Sensible heating. 
3. Humidification. 
4. Dehumidification. 
5. Cooling and dehumidification.  
6. Heating and humidification. 
 

 

 

Capacitors required for 
starting purpose 

No capacitors required 

PCBs are placed in IDU 
PCBs are placed in IDU 
AND ODU 

R22 Refrigerant is used R4100 Refrigerant is used 

Suction pressure(60- 80psig) 
Suction pressure(120- 
150psig) 

Discharge pressure(270- 
290psig) 

Discharge pressure(440- 
480psig) 
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Servicing of Air conditioners: 

• The main purpose of servicing ac is to increase the cooling effect, 
which is decreased mainly due to 

       1.Dust Formation 

       2.Compressor Working 

       3.Reduction in refrigerant pressure 

Dust Removal: 

• Replacing or cleaning air conditioner filters is a critical maintenance 
task. An air conditioner's filters, coils, and fins require regular 
maintenance for the unit to function effectively and efficiently. 

 

 

 

 

 

Compressor Checking: 

• By checking the capacitor. 
• By checking C-R-S terminals. 
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Capacitor Checking: 

       Check the capacitor terminals with the help of multimeter, if it shows 
continuity then we will go for checking of C-R-S terminals or else we will 
change capacitor. 

Checking C-R-S terminals: 

1.C-S terminal:                                          

 

   2.C-R terminal:                                         

 

   3.R-S terminal:                                         

 

 

Refrigerant charging Procedure: 

• Close the valves on low/high pressure sides of the manifold. 

• Install the low/high pressure hoses to the corresponding service ports 
on the vehicle respectively 

• Connect the center hose of the manifold gauge set with vacuum pump. 



13 

 

• Carefully open the valves on low/high pressure sides to activate the 
vacuum pump. 

• After low pressure gauge reaches 100 k.pa or higher, evacuate the 
system for approx. 15 minutes. 

• After 15 min of evacuation if the reading shows 100 k.pa or higher 
close the valves on the both sides to stop the vacuum pump. 

•  After that check leaks if there are no leaks then charge with required 
refrigerant. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

WELDING 
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Welding is a fabrication process that joins materials, usually metals or 
thermoplastics, by causing fusion, which is distinct from lower  temperature 
metal-joining techniques such as brazing and soldering, which do  not melt 
the base metal. In addition to melting the base metal, a filler material is 
typically added to the joint to form a pool of molten material(the weld pool) 
that cools to form a joint that, based on weld configuration (butt, full 
penetration, fillet,  etc.), can be stronger than the base material (parent metal). 
Pressure may also  be used in conjunction with heat, or by itself, to produce a 
weld. Welding also  requires a form of shield to protect the filler metals or 
melted metals from being contaminated or oxidized. 

 
 
Methods of Welding: 

Some of the best known welding methods include: 
 

• Oxy-fuel welding also known as oxy-acetylene welding or oxy-welding,  
uses fuel gases and oxygen to weld and cut metal. 

 
 
 
 
 
 
 
 
 
 

 
 
 

fig: 3.1 Oxy- Fuel Welding 
 

• Shielded metal arc welding (SMAW) also known as "stick welding" or 
"electric welding", uses an electrode that is coated in flux to protect the weld 
puddle. The electrode holder holds the electrode as its lowly melts away. 
Slag protects the weld puddle from atmospheric contamination. 
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Fig: 3.2 Shielded Metal Arc Welding 
 

• Gas tungsten arc welding (GTAW) also known as TIG(tungsten inert 
gas), uses a non- consumable tungsten electrode to produce the weld. The 
weld area is protected from atmospheric contamination by an inert 
shielding gas such as argon or helium. 
 

 
Fig. 3.3 Gas Tungsten Arc Welding 

 

• Gas metal arc welding(GMAW)–
commonly termed MIG(metal inert 

gas), uses a wire feeding gun that 
feeds wire at an adjustable speed and 
flows an argon-based shielding gas 
or a mix of argon and carbon-
dioxide(CO2) over the weld puddle to 
protect it from atmospheric 
contamination. 

                                                                         Fig. 3.4 Gas metal arc welding 
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• Submerged arc welding(SAW)uses an  automatically fed consumable 
electrode and a blanket of granular fusible flux. The molten weld and the arc 
zone are-protected from atmospheric contamination by being "submerged" 
under the flux blanket. 

 
 

Fig. 3.5 Submerged Arc Welding 

• Electro slag welding (ESW) a highly productive, single pass welding 
process for thicker materials between 1 inch (25mm) and 12inches 
(300mm) in a vertical or close to vertical position. 

 

 
 
 

Fig. 3.6 Electroslag Welding 
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• Electric resistance welding (ERW)–a welding process that produces 
coalescence of laying surfaces where heat to form the weld is generated by the 
electrical resistance of the material. In general, it is an efficient method but limited 
to relatively thin material. 

 
Fig. 3.7 Electric resistance welding 

 
 
 
Classification of Welding processes: 

Welding processes can be classified based on following criteria; 
 

1. Welding with or without filler material. 

2. Source of energy of welding. 
3. Arc and Non- arc welding. 
4. Fusion and Pressure welding. 

 
1. Welding can be carried out with or without the application of filler 

material. Earlier only gas welding was the fusion process in which 
joining could be achieved with or without filler material. When welding 
was done without filler material it was called ‘autogenous welding'. 
However, with the development of TIG, electron beam and other welding 
processes such classification created confusion as many processes shall 
be falling in both the categories. 

2. Various sources of energies are used such as chemical, electrical, light,  
sound, mechanical energies, but except for chemical energy all other forms 
of energies are generated from electrical energy for welding. 
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es classification embraces all the arc welding processes in one class and 
all other processes in other class. In such classification it is difficult to 
assign either of the class to processes such as 
electroslagweldingandflashbuttwelding,asinelectroslagweldingtheprocess 
starts with arcing and with the melting of sufficient flux the arc 
extinguishes 
whileinflashbuttweldingtinyarcsi.e.sparksareestablishedduringtheprocess 
and then components are pressed against each other. Therefore, such 
classification is also notperfect. 

3. Fusionwelding and pressure welding is most widely used 
classification as it covers all processes in both the categories 
irrespective of heat source and 
weldingwithorwithoutfillermaterial.Infusionweldingallthoseprocesses
are 
includedwheremoltenmetalsolidifiesfreelywhileinpressureweldingmo
lten 
metalifanyisretainedinconfinedspaceunderpressure(asmaybeincaseof 
resistance spot welding or arc stud welding) solidifies under pressure 
or semisolid metal cools underpressure. 

 
 

 

 

 

 

 

 

Fig. Classification of  Fusion Welding Process 

 

 



19 

 

 
 

Fig. Classification of Pressurized welding 
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WELDING INSPECTION (NDT) 

4.1 Non- Destructive Testing: 

Non-destructive testing (NDT) is a wide group of analysis techniques 
used in science and technology industry to evaluate the properties of a material, 
component or system without causing damage. The terms non-destructive 
examination (NDE), non-destructive inspection (NDI), and non-destructive 
evaluation (NDE) are also commonly used to describe this technology. 

Since NDT does not permanently alter the characteristics of article being 
inspected, it is a highly valuable technique that can save both money and time in 
product evaluation, troubleshooting, and research. 
 

4.2 Types of NDT: 

1. Visual inspection. 
2. Penetrant testing. 
3. Magnetic particle inspection testing. 
4. Ultrasonic testing. 
5. Radiography testing. 
6. Eddy current testing. 
7. Leak test. 
8. Thermography. 
9. Vibrational analysis 

 
4.3 Selection of NDT: 

 
Magnetic particle Inspection (MPI):It is a non-destructive testing (NDT) 
process for detecting surface and shallow subsurface discontinuities in 
ferromagnetic materials such as iron, nickel, cobalt, and some of their alloys. The 
process puts a magnetic field into the part. The piece can be magnetized by 
director indirect magnetization. 

Direct magnetization occurs when the electric current is passed through the test 
object and a magnetic field is formed in the material. Indirect magnetization 
occurs when no electric current is passed through the test object, but a magnetic 
field is applied from an outside source. The magnetic lines of force are 
perpendicular to the direction of the electric current, which may be either 
alternating current (AC) or some form of direct current (DC) (rectified AC). 
The presence of a surface or subsurface discontinuity in the material allows the 
magnetic flux to leak, since air cannot support as much magnetic field per unit 
volume as metals. 
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 Fig 4.1 Magnetic particle inspection 

Liquid Penetration method: 

 
 Visible dye penetrant is a NDT (Non Destructive Testing) method. It is a 
simple test to perform, and a good way to test welds before carrying out more 
expensive techniques like x- ray testing. 
 It will show up bad cold lap, cracks, holes basically any defects where a 
very fine dye can penetrate. It can be used for various things, not just weld 
testing. It can be used to test the presence of a crack in a cylinder head for 
example. 
 The simple kits come in 3 parts, usually in a erosol cans. Namely, a 
cleaner, a penetrant, and a developer. There are four types of dye penetrant 
system: 

• Water washable : the dyes wash away with water. 
• Lipophilic  : the dye dissolves in oil for removal. 
• Hydrophilic :      the dye washes away with a water rinse,                                                          

detergents are necessary. 
• Solvent removable: the dye is removed with a cleaning solvent. 

 
 
There are five level soft testing, from Level ½(Lowest sensitivity) to Level 

4 (Highest Sensitivity). Operatives carrying out this testing should be qualified 
to do so, and reports, sometimes with photographic evidence, might be requested. 
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Step 1 : Pre-cleaning 

First any loose material needs to be removed, 
together with any silica on top of the weld. It is  
important to remove the silica, or you can get false 
results. A good scrape and wire brush sorts this out 
in most cases.  
Then apply some of the cleaner to remove any oil 
etc. Wait for the cleaner to dry completely before 
applying penetrant.                                                       
                                                                                        Fig. 4.2 Pre cleaning 

 

 

Step 2 : Penetrant 

Once cleaned, apply the penetrant (a bright red 
liquid dye). Spray plenty on the welds. 
Leave the dye to penetrate, normally for about 20 
minutes. The time scale is usually printed on the 
can or on the product data sheet. The 
photographs show a solvent removable system. 

 
 

   Fig. 4.3 Application of Penetrant 
 

Step 3 : Post-cleaning 

Cleaning again. You need to 
remove excess dye from the area, 
which is easier said than done. It 
is important not to spray the 
cleaner on  the area directly, or you 
risk washing the dye from the 
flaw. Use a dry tissue to remove 
excess dye, then spray cleaner 
onto a clean cloth for final 
cleaning. 
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Ultrasonic Testing(UT):       
Ultrasonic testing (UT) is a family of non- destructive testing techniques 

based on the propagation of ultrasonic waves in the object or material tested. 
In most common Ultrasonic Testing applications, very short ultrasonic pulse-
waves with center frequencies ranging from 0.1-15 MHz, and occasionally up 
to 50MHz, are transmitted into materials to detect internal flaws or to 
characterize materials. A common example is ultrasonic thickness 
measurement, which tests the  thickness of the test object, for example, to 
monitor pipe work corrosion. 
 Ultrasonic testing is often performed on steel and other metals and alloys, 
though It can also be used on concrete, wood and composites, with less 
resolution. It is used in many industries including steel and aluminum  
construction, metallurgy, manufacturing, aerospace, automotive and other 
transportation sectors. 
Step 2: Instrument settings are input. 
Step3:The probe is scanned over the blade root. In this case, an indication 
(peak in the data) through the red line (or gate) indicates a good blade; an 
indication to the left of that range indicates a crack. 

 
 

 

 

Fig: 4.5 Ultrasonic Testing 

Principle: A probe sends a sound wave into a test material. There are two 
indications, one from the initial pulse of the probe, and these conduct to the back 
wall echo. RIGHT: A defect creates a third indication and simultaneously 
reduces the amplitude of the back wall indication. The depth of the defect is 
determined by the ratio D/Ep. 
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FIG 4.7 Projectional Radiography 

Radiography: 

Radiography is an imaging technique using X-rays to view the internal 
form of an object. To create the image, a beam of X-rays, a form  of 
electromagnetic radiation, are produced by an X- ray generator and are 
projected toward the object. A certain amount of X-ray is absorbed by the 
object, dependent on it’s density and structural composition. The X-rays that 
pass through the object are captured behind the object by a detector (either 
photographic film or a digital detector). The generation of flat two 
dimensional images by this technique is called projectional radiography. In 
Computed tomography(CT scanning) an x ray source and it is associated 
detectors rotate around the subject which itself moves through the conical x 
ray beam produced. Any given point within the subject is crossed from many 
directions by many different beams at different times. 

Information regarding attenuation of these beams is collated and 
subjected to computation  to generate two dimensional images in three planes 
(axial, coronal and sagittal) which can be further processed to produce a three 
dimensional image. 
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Conclusion 

 

In this internship program, I have learnt about 

• Trouble shooting of different parts of refrigerator and air conditioner. 

• Different metal joining processes and their applications, with hands on 

experience. 

• Different non-destructive techniques – their principles and 

implementation with hands on experience. 
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ABSTRACT 

 

 
 

The 3D EXPERIENCE PLATFORM is a business experience platform 
 

It provides software solutions for every organization in your company form 

Marketing to sale to engineering that help you, in your value creation process, 

to create differentiating consumer experience, with a single, easy to use 

interface, it powers Industry solution in a collaborative, interactive 

environment. It is available on premise and on cloud. Explore the entire portfoli 

Dassault systems offers industry leading application delivered on the 3D 

EXPERIENCE platform: Design &Engineering, Manufacturing & Production 

Simulation, Governance & Life cycle, 3D Design Experience for Professionals, 

as well as a broad catalog of services. 
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Chapter – 1 

 

 
INTRODUCTION 

 

 
CATIA isacronymforComputer Aided Threedimensional Interactive Applicatio 

n. It is one of the leading 3D software used by organizations in multiple industries ranging 

from aerospace, automobile to consumer products. 

 

 

CATIA is a multi platform 3D software suite developed by Dassault Systems, 

encompassing CAD, CAM as well as CAE. Dassault is a French engineering giant active in 

the field of aviation, 3D design, 3D digital mock-ups, and product lifecycle management 

(PLM) software. CATIA is a solid modelling tool that unites the 3D parametric features with 

2D tools and also addresses every design-to-manufacturing process. In addition to creating 

solid models and assemblies, CATIA also provides generating orthographic, section, 

auxiliary, isometric or detailed 2D drawing views. It is also possible to generate model 

dimensions and create reference dimensions in the drawing views. The bi- directionally 

associative property of CATIA ensures that the modifications made in the model are 

reflected in the drawing views and vice-versa. 

 

 

The first release of CATIA was way back in 1977, and the software suite is still going 

strong more than 30 years later. While CATIA V6 is just being released, the most popular 

version of CATIA is V5 which was introduced in 1998. That said, it is important to note that 

each version of CATIA introduces considerable 
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additional functionality. For example, V4 (introduced in 1192) offered enhancements to the 

Assembly Modeling Product including easy-to-use graphical tree-based assembly 

management. V5 and V6 saw changes in the way data is handled. Dassault Systemes 

typically offers new updates, releases and bug fixes for each version. The CATIA software is 

written in C++. It runs on both UNIX and Windows. 

 

 

 

CATIA started as an in-house development in 1977 by French aircraft manufacturer 

AVIONS MARCEL DASSAULT,  at  that  time  customer  of  the CADAM software to 

develop Dassault’s Mirage fighter jet. It was later adopted by the aerospace, automotive, 

shipbuilding, and other industries. 

Initially named CATI (conception assistee tridimensionnelle interactive – French for 

interactive aided three-dimensional design), it was renamed CATIA in 1981 when Dassault 

created a subsidiary to develop and sell the software and signed a non-exclusive distribution 

agreement with IBM. 

In 1984, the Boeing Company chose CATIA V2 as its main 3D CAD tool, becoming 

its largest customer. 

In 1988, CATIA V3 was ported from mainframe computers to Unix. 

 

In 1990, General Dynamics Electric Boat Corp chose CATIA as its main 3D CAD 

tool to design the U.S. Navy's Virginia class submarine. Also, Lockheed was selling its 

CADAM system worldwide through the channel of IBM since 1978. 

In 1992, CADAM was purchased from IBM, and the next year CATIA CADAM V4 

was published. 
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In 1996, it was ported from one to four UNIX operating systems, including  IBM 

AIX, Silicon Graphics IRIX, Sun Microsystems SunOS, and Hewlett- Packard HP-UX. 

In 1998, V5 was released and was an entirely rewritten version of CATIA with 

support for UNIX, Windows NT and Windows XP (since 2001) 

In the years prior to 2000, problems caused by incompatibility between versions of 

CATIA (Version 4 and Version 5) led to $6.1B in additional costs due to years of project 

delays in production of the Airbus A380. 

In 2008, Dassault Systems released  CATIA  V6. While  the  server  can  run  on 

Microsoft Windows, Linux or AIX, client support for any operating system other than 

Microsoft Windows was dropped. 

In November 2010, Dassault Systems launched CATIA V6R2011x, the latest release 

of its PLM2.0 platform, while continuing to support and improve its CATIA V5 software. 

In June 2011, Dassault Systems launched V6 R2012. In 2012, 

Dassault Systems launched V6 2013x. 

In 2014, Dassault Systems launched 3DEXPERIENCE Platform R2014x and CATIA on 

the Cloud, a cloud version of its software. 

In 2018, Dassault Systems launched 3DExperience Marketplaces to connect CATIA 

Users, with manufacturers, standard parts creators and engineers. 

In 2019, 3DExperience Marketplaces launched an Add-in in Catia, to connect directly 

manufacturers with designers. 
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Chapter – 2 
 

 

 

 

WHAT DOES CATIA DO:- 

 

CATIA provides the capability to visualize designs in 3D. When it was introduced, this 

concept was innovative. Since Dassault Systemes did not have an expertise in marketing, 

they had revenue sharing tie-up with IBM which proved extremely fruitful to both the 

companies to market CATIA. 

 

 

In the early stages, CATIA was extensively used in the design of the Mirage aircrafts 

however the potential of the software soon made it a popular choice in the automotive sector 

as well. As CATIA was accepted by more and more manufacturing companies, Dassault 

changed the product classification from CAD / CAM software to Project Lifecycle 

Management. The company also expanded the scope of the software. 

 

 

CATIA can be used at different stages of the design - ideate, draw, test and iterate. The 

software comes with different workbenches (“modules”) that allow CATIA to be used across 

varied industries – from parts design, surface design and assembly to sheet metal design. 

CATIA can also be used for CNC. 

CATIA offers many workbenches that can be loosely termed as modules. A few of the 

important workbenches and their brief functionality description is given 
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WORKBENCHES:- 

 

 Part Design 

 

 Generative Shape Design 

 

 Assembly 

 

 

Part Design: 

 

The most essential workbench needed for solid modelling. This CATIA module makes it 

possible to design precise 3D mechanical parts with an intuitive and flexible user interface, from 

sketching in an assembly context to iterative detailed design. 

Features 

➢ Advanced complex features for dedicated best practices 

➢ Knowledge templates repository approach 

➢ Comprehensive specification approach for value added process reducing geometry definition and 

rework 

➢ Process features oriented 

 Tools  

➢ Pad 

➢ Pocket 

➢ Shaft 

➢ Groove 

➢ Hole 

➢ Rib 

➢ Slot 

➢ Multi-Section Solid 

 

Pad 

       Pad tool has the ability to convert any sketch into solid part with given length.  If any geometry also 
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there in between the outer boundary pad operation considers it as an empty space. 

➢ Select pad tool  

➢ Define types of pads that are 

➢ Dimension 

➢ Up to next 

 

➢ Up to last 

➢ Up to plane 

➢ Up to surface  

➢ Select sketch 

➢ if you want it to be hollow than select tick option and give limits of thickness 

➢ If you want to extrude body in both sides than check option more and again select type and 

dimensions for second side. 

➢ Select OK for implementation 

 

Pocket 

            Pocket is just opposite operation of pad. Operation process is same as pad tool, all other options are also 

same as pad the only difference is removal of material in spite of generating solid part. 

Shaft 

      Shaft tool is an operation in which any sketch rotates about an axis and forms a solid part. From this 

operation we can generate any geometry which is symmetric about an axis. 

➢ Draw the sketch with axis line. 

➢ Switch out from sketcher and select Shaft Tool to revolvesketch 360 degree. 

➢ Axis should be draw with sketch. 

➢ Select OK for implementation.   

    Groove 

            Groove is just opposite operation of shaft. Shaft makes solid part by revolving any sketch about an a 

groove removes material by revolving about an axis. Sketch profile must be closed one for this operation. 

 

    Hole 

           This operation makes a hole that tab be used for bolted joint or for a tap or for any locator pin. 

      Hole can be made threaded. 
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    Rib 

            Rib operation will increase a 2D profile along to the center curve and create a 3D solid object. steps are 

as follows. 

➢ Draw a Center curve  

➢ Select a plane at perpendicular direction of the end point of a Center curve 

➢ Draw Profile at that Plane  

➢ Switch out the sketcher  

➢ Select rib tool 

➢ Select profile first 

➢ Select center curve 

➢ If all given parameter are correct then it will show you a preview  

➢ Select OK for implementation 

Slot 

                    Slot is just opposite operation of rib. All the procedure of working is same but slot removes 

material according to sketch and rib makes solid part. Here also we follow same procedure as in rib. 

 

 

 

     Multi-section Solid 

 

                  Multi-sections solid   can be created by joining two or more section curves along the calculated or 

user-defined guiding curves. One or more leading curves can be used. The result is a closed volume. 

      Some other important tools used in part design are   

➢ Fillet 

➢ Chamfer 

➢ Draft 

➢ Shell 

➢ Thickness 

 

 

 

 



Gudlavalleru engineering college Page 14  

 



Gudlavalleru engineering college Page 15  

 

 

Generative Shape Design: 

 

Allows you to quickly model both simple and complex shapes using wireframe and surface 

features. It provides a large set of tools for creating and editing shape designs. Though not 

essential, knowledge of Part Design will be very handy in better utilization of this module. 

         Tools  

➢ Extrude surface 

➢ Revolve 

➢ Sphere 

➢ Cylinder 

➢ Sweep 

➢ Fill 

➢ Join  

➢ Split 

➢ Trim 

➢ Boundary 

       Extrude Surface 

            This tool extrude surface from already created profile on perpendicular direction of plane selected. 

➢ Select the tool 

➢ Select profile and plane extrusion 

➢ Now give limits that is length of extrusion in both sides 

➢ Select ok to implement the work 

Revolve 

  This tool is used to create circular surface. 

➢ Draw a open sketch with a axis line 

➢ Select revolve tool 

➢ Select profile to be revolved  

➢ Select axis line if it is not in sketch  

➢ Define start angle and end angle  

➢ Select OK to implement 
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Sphere 

➢ Select sphere tool  

➢ Select center point  

➢ Remain sphere and default  

➢ Define the radius of sphere  

➢ Select the sphere limitations 

➢ Select OK to implement 

 

Cylinder 

      Draw Cylinder through specify point and direction 

➢ Create a point on a plane 

➢ Select cylinder tool  

➢ Specify center point  

➢ Select plane for direction 

➢ Specify radius 

➢ Specify length1 and length 2 

➢ Chose minor extent or Reverse 

➢ Direction When required 

➢ Select OK 

Sweep 

        This the most important tool used in surface design. we can use this tool for generating any type of 

surface that may be straight or it may be twisted or curvilinear form. 

Types of sweep 

➢ Explicit sweep 

➢ Linear sweep 

➢ Circle sweep 

➢ Conical sweep 

Fill 

       Fill command is used to crate surface between some intersecting curves but it must be closed. 

➢ Select tool 

➢ Select curves 

➢ Choose continuity 
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➢ Press OK 

Join 

➢ The Join tool is used to join two adjacent surfaces or two adjacent curves. 

➢ Choose Join button from the Operation toolbar  

➢ The Join Definition dialog box is displayed 

➢ You are prompted to select the elements (curves or surfaces) to be joined 

➢ Select the elements that you need to join 

➢ Remember that there should not be a large gap between the entities to be joined. 

➢ Choose the OK button from the Joint Definition dialog box to complete the join operation 

➢ The surfaces or curves that are joined together will behave as a single entity 

 

Split 

      Split This tool will split the surface about any curve and the selected surface. 

➢ Select split tool 

➢ Split dialog box will open  

➢ Select a surface to split 

➢ Select a curve at surface as a cutting element. 

➢ The resulting surface will ready to preview for you. 

➢ Select other side to change side of split 

➢ Select OK 

Trim 

       The Trim tool allows you to trim two intersecting surfaces or curves with respect to each other 

➢ When you choose this tool, the Trim Definition dialog box will be displayed 

➢ Choose a surface as the first element and the other surface as the second element. 

➢ One side of each surface will be displayed as transparent. 

➢ You can choose the other side button to reverse the sides of surfaces to be trimmed. Figure shows 

the surface Trimmed using the Trim tool. 

➢ Figure shows the trimmed surface when the other side buttons are selected for both 

➢ Surfaces from the Trim Definition dialog box. 

Boundary 

       Boundary tool will defines the boundary of a surface according to you. This will useful if want to use 
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semi boundary of any sketch for our next operation 

➢ Create surface as shown figure 

➢ A dialog box open  

➢ Select surface whose boundary need to redefine 

➢ Select limits for new boundary 

➢ These limits must cross that existing surface at any point and the selected limit sketch will not 

overlap with surface 

➢ Ok for implementation 

 

 

 

 

 

Assembly: 

 

The basics of product structure, constraints, and moving assemblies and parts can be learned 

quickly. This is the workbench that allows connecting all the parts to form a machine or a 

component. 

              



Gudlavalleru engineering college Page 19  

                 Product Structure Tools 

 

                    Inserting a existing part 

                        This tool inserts a part which is already created and saved into .CATPART file. This insets the  

                    part in non position mode. 

 

                  Insert anew part  

                         This toll gives us a way to create a new component in the assembly workbench. 

 

                Insert new product 

                    This tool is used for inserting another product in the same assembly file. This is used where assembly  

                are there in the same product. 

 

                Replacing a Component  

                         If you places wrong component in assembly then use this tool for replacing it by a correct one. 

➢ Select a component to replace  

➢ now select replace component tool 

➢ The window will open which contains CATPART files 

➢ Select new part 

➢ Select OK for Implementation. 

 

               Multi Instantiation 

                  This is a tool which can create multiple copies of an inserted part without inserting it again and  

               again. It can set them at specified direction and distance from its parent part. 

 

              Move Tools 

 

              Manipulation 

                     Manipulation tool is a small subgroup of tools used for moving a component inside the assembly, 

             design workbench. This tool includes the tools used to rotate, translate, and move tools. 

            Manipulation tool consists of 

➢ Drag along X-axis 

➢ Drag along Y-axis 
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➢ Drag along Z-axis 

➢ Drag along any axis 

➢ Drag along XY Plane 

➢ Drag along YZ Plane 

➢ Drag along ZX Plane 

➢ Drag along any  Plane 

➢ Drag around X-axis 

➢ Drag around Y-axis 

➢ Drag around Z-axis 

➢ Drag around any axis 

 

          Snap Tool 

                The snap tool is used to move the component by snapping the geometric element of the first component  

        on selection of the geometric elements. The element selected first will move to snap the second element. 

 

          Explode 

                 Explode is command which will breaks your assembly or subassembly and will show you all  

          its -components individually. 

 

        Constraints 

 

        Coincidence Constraint 

                 This constraint will make coincidence the centre lines of two cylindrical components 

 

         Contact constraint 

                 This constraint will connect surfaces of components. The connected components have no space  

         between these two surfaces. 

 

       Offset constraint  

                 Surface constraint will create zero gap between two surfaces but if it is desired to make some distance  

       then offset tool is used. 

 

      Angle constraint  
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               This tool I used for placing two components at an angle. 

 

       Fix together 

                This is a constraint which fixes two components together. If you want to perform any   manipulation 

operation or you are assigning any constraint on any of these components it will automatically applies on other 

because they both are fixed together. 
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CHAPTER-3 

SIMULIA 

INTRODUCTION:- 

 

All platform users can benefit from the value of simulation by utilizing the capabilities in the 

simulation data science discipline taking Simulation process & data management (SPDM) to 

the next level. Powerful results analytics allows users to use simulation results to inform 

decision making. Democratization of simulation results and reuse of simulation methods is 

enabled through dashboard accesses to a company’s library of published methods and best- 

practices. With simulation analytics, simulation knowledge and its value becomes available 

for all platform users 

 

 

WORK BENCHES USED IN SIMULIA:- 

 

• Material Definitions 

 

• Structural Model 

 

• Structural Model 
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MATERAL BROWSER:- 

 

 

 

PROCEDURE:- 

 

Go to V.R → Material Definition 

 

Click on Create Material → enter the steel and tick the simulation domain in Add domain 

Material Simulation domain → Double click Density value (8020) → 

Mechanical → Elastic → Young’s modulus 
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STRUCTURAL MODEL:- 

 

 

 

 

 

 

 

 

 

PROCEDURE:- 

 

Go to V.R → Structural model click → Fem controls → click none 

 

Then Click → Model (Action Bar) → Mesh → Octree tetrahedron → Mesh size 

(10) → Select the object → Mesh 
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STRUCTURAL SCENARIO:- 

 

 

 

 

 

 

 

PROCEDURE:- 

 

Go to V.R → Click Structural Scenario → Simulate type Click 

Setup → Select Finite Element Metod and click ok Procedures → 

Static perturbation 

Then you will obtain double ticks 

 

Restrain → Clamp → Select one surface → Click ok 

 

Loads → Force → Click on body → Give force in Z direction 

 

Simulate → Simulate check → If there are no errors → Click simulate → Ok 
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CHAPTER-4 DELMIA 

 

INTRODUCTION:- 

Manufacturing is debately the most important step in the creation of a product designs and 

concepts mean nothing if no part is produced in the end. Its important to have the 

manufacturing processes done in the most efficient way safetly, and with as few errors as 

possible. This could range from reducing errors in the machining itself to reducing errors in 

the assembly of products with Delmia from the 3D Experience platform introduced by 

Dassault systems, these worries will be a thing of the past. 

 

 

As described in the introduction Delmia is an app within the3DExperinence platform that 

mainly focuses on aiding the manufacturing process. Depending on the enabled disciplines, 

these are things such as the machining of parts, how robotics interacts and behave, the 

ergonomics of the work conditions, and many more and with over 40 different disciplines 

that cover a wide variety of facets in the manufacturing process. Companies are sure to find 

exact ones to aid in their operations 



Gudlavalleru engineering college Page 27  

WORK BENCHES USED IN DELMIA:- 

 

 

 Manufacturing item definition 

 Process planning 

 Equipment allocation 

 Assembly evaluation 
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MANUFACTURING ITEM DEFINITION:- 

 

 

 

 

 

 

 

 

 

 

PROCEDURE:- 

 

 

→ Go to V.R → manufacturing item definition→ click on manufacturing assembly→ create 

manufacturing item product scope and click on product 

→ View → shading with materials 

 

→Authoring → Create / Update manufacturing → Next 
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PROCESS PLANNING:- 

 

 

 

 

 

PROCEDURE:- 

 

 

 

→ Go to V.R → Process planning → General system click → Manage scope → Click the 

create scope → Product 1 
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EQUIPMENT ALLOCATION:- 

 

 

 

 

 

 

 

 

 

PROCEDURE:- 

 

→ Go to V.R → Equipment allocation → Click on PPR Contex→ Insert resource 

→ Manufacturing cell and Rename Station as 10,20,30,40 Every station 

has 1 conveyor, 1 storage 

→Station → Insert Source → Conveyor 

 

→Station → Insert Source → Storage 
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ASSEMBLY EVALUATION:- 

 

 

 

 

 

 

 

PROCEDURE:- 

 

Go to V.R → Assembly Evaluation 

 

Click on General system → Right click on loading operation → Create Track Copy the 

Current track to the other operations 

Click Live Simulate → (Bottom bar) 
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CONCLUSION 
From this internship I have learnt  

➢ Modelling of solid parts by using Catia part design. 

➢ Creating complex shapes and surfaces by using Generative shape design. 

➢ Assembling of parts to form a assembled component. 

➢ Meshing and simulating structural components with different supports 

and loads by using Simulia. 

➢ Basic concepts and procedure of Delmia. 
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ABOUT THE ORGANISATION

National Small Industries Corporation (NSIC), is an ISO 9001-2015
certified Government of India Enterprise under Ministry of Micro, Small and
Medium Enterprises (MSME). NSIC has been working to promote, aid and foster
the growth of micro, small and medium enterprises in the country. NSIC operates
through countrywide network of offices and Technical Centers in the Country. In
addition, NSIC has set up Training cum Incubation Centre managed by
professional manpower.

Mission: “To promote and support Micro, Small & Medium Enterprises (MSMEs)
Sector” by providing integrated support services encompassing Marketing,
Technology, Finance and other services.

Vision: “To be a premier Organization fostering the growth of Micro, Small and
Medium Enterprises (MSMEs) Sector”.

Schemes of NSIC:

NSIC facilitates Micro, Small and Medium Enterprises with a set of specially
tailored scheme to enhance their competitiveness. NSIC provides integrated
support services under Marketing, Technology, Finance and other Support service.

Technology Support:

Technology is the key to enhancing a company's competitive advantage in
today's dynamic information age. Small enterprises need to develop and
implement a technology strategy in addition to financial, marketing and
operational strategies and adopt the one that helps integrate their operations
with their environment, customers and suppliers.

NSIC offers small enterprises the following support services through its
Technical Services Centers and Extension Centers:

1. Advise on application of new techniques.
2. Material testing facilities through accredited laboratories.
3. Product design including CAD.
4. Common facility support in machining, EDM, CNC, etc.
5. Energy and environment services at selected centers.
6. Classroom and practical training for skill upgradation.
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NSIC Technical Services Centers are located at the following places:

Name of the Centre Focus area

Chennai Leather & Footware

Howrah General Engineering

Hyderabad Electronics & Computer Application

New Delhi Machine Tools & related activities

Rajkot Energy Audit & Energy Conservation activities

Rajpura (Pb) Domestic Electrical Appliances

Aligarh (UP) Lock Cluster & Die and Tool making

Neemka (Haryana) Machine Tools & related activities
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INTRODUCTION

Energy requirement for refrigeration and air conditioning applications
bears a huge share of total energy consumption around the world. Since, thermal
comfort plays a very important role on the health, working efficiency and
activities of all living beings, especially, temperature and humidity. In the
excessively hot climates it is necessary to reduce the temperature and humidity
whereas in the cold climate there is a need to increase the temperature. When the
temperature drops below thermal comfort level, especially in the winter season,
The heating systems are employed. In some countries, where the
atmospheric temperature is very low, natural heating like solar energy is not
sufficient, the heat pump and fuel fired systems are proven to be suitable heating
devices. In hot climates, thermal comfort achieved through the use of
refrigerators and air conditioning systems.

Refrigeration:

The term “Refrigeration” may be defined as the process of
removing heat from a substance under controlled conditions. It also includes the
process of reducing and maintaining the temperature of a body below the general
temperature of its surroundings.

In other words, the refrigeration means a continued extraction of heat from a
body whose temperature is already below temperature of its surroundings. In a
refrigerator, heat is virtually pumped from a lower temperature to a higher
temperature.

Applications of Refrigeration:

1. Food processing preservation and distribution.
2. Chemical and process industries.
3. Special applications such as cold treatment of metals, medical,

construction, ice skating etc.
4. Comfort air conditioning.

Air Conditioning:

“Air conditioning” is the process of removing heat and moisture
from the interior of an occupied space to improve the comfort of occupants. Air
conditioning can be used in both domestic and commercial environments.
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Air conditioners often use a fan to distribute the conditioned air to an
occupied space such as a building or a car to improve thermal
comfort and indoor air quality. Electric refrigerant-based AC units range from
small units that can cool a small bedroom, which can be carried by a single adult,
to massive units installed on the roof of office towers that can cool an entire
building. The cooling is typically achieved through a refrigeration cycle, but
sometimes evaporation or free cooling is used. Air conditioning systems can also
be made based on desiccants (chemicals which remove moisture from the
air). Some AC systems reject or store heat in subterranean pipes.

Welding:

Welding is a fabrication process that joins materials, usually metals or
thermoplastics by causing fusion, which is distinct from lower temperature metal
- joining techniques such as brazing and soldering, which do not melt the base
metal. In addition to melting the base metal, a filler material is typically added to
the joint to form a pool of molten material (the weld pool) that cools to form a
joint that, based on weld configuration (butt, full penetration, fillet, etc.), can be
stronger than the base material (parent metal). Pressure may also be used in
conjunction with heat, or by itself, to produce a weld. Welding also requires a
form of shield to protect the filler metals or melted metals from being
contaminated or oxidized.

Although less common, there are also solid state welding processes
such as friction welding in which the base metal does not melt.
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REFRIGERATION AND AIR CONDITIONIG

In air refrigeration, the air is used as a refrigerant. In olden days, air was widely
used in commercial applications because of its availability at free of cost. Since air
does not change its phase i.e. remains gaseous throughout the cycle, therefore the
heat carrying capacity per kg of air is very small as compared to vapour absorbing
systems. The air- cycle refrigeration systems, as originally designed and installed,
are now practically obsolete because of their low coefficient of performance and high
power requirements; however, this system continues to be favoured for air
refrigeration because of the low weight and volume of the equipment.

Refrigeration essentially means continued abstraction of heat from a
substance (perishable foods, drinks and medicines etc.) at low temperature level and
then transfers this heat to another system at high potential of temperature.

The basic elements of an air cycle refrigeration system are as follows:

Compressor

Cooler or heat exchanger

Expander

Refrigerator

Air- Conditioning

The air conditioning is that branch of engineering science which deals with
the freezing point of water.

They conducted their experiment with the bulb of a mercury thermometer as their
object and with a bellows used to speed up the evaporation. They lowered the study
of conditioning of air i.e. supplying and maintaining desirable internal atmospheric
condition for human comfort, irrespective of external condition. This subject, in its
broad sense, also deals with the conditioning of air for industrial purpose, food
processing, storage of food and other materials.

Air conditioning refers to the simultaneous control of temperature, humidity,
cleanliness and air motion within a confined region or space.

The basic elements of an Air- Conditioning system are as follows:

1. Circulation fan

2. Compressor

3. Condenser

4. Dryer



6

5. Evaporator

6. Supply Duct

7. Supply outlet

8. Return outlet

9. Filters

Modern air conditioning emerged from advances in chemistry during the 19th
century, and the first large- scale electrical air conditioning was invented and used in
1902 by American inventor Willis Carrier. The introduction of residential air
conditioning in the 1920s helped enable the great migration to the sun belt in the
United States.

In 1758, Benjamin Franklin and John Hadley, a chemistry professor at Cambridge
University, conducted an experiment to explore the principle of evaporation as a
means to rapidly cool an object. Franklin and Hadley confirmed that evaporation of
highly volatile liquids (such as alcohol and ether) could be used to drive down the
temperature of an object past the temperature of the thermometer bulb down to −14
°C (7 °F) while the ambient temperature was 18 °C (64 °F). Franklin noted that, soon

after they passed the freezing point of water 0 °C (32 °F), a thin film of ice formed on
the surface of the thermometer's bulb and that the ice mass was about 6 mm (1⁄4 in)
thick when they stopped the experiment upon reaching −14 °C (7 °F). Franklin
concluded: "From this experiment one may see the possibility of freezing a man to
death on a warm summer's day.

A simple vapor compression refrigeration system consists of the following
equipments: i) Compressor ii) Condenser iii) Expansion valve iv) Evaporator.

Fig: 2.1. Typical single- stage vapour compression referigeration.

The schematic diagram of the arrangement is as shown in Fig.2.1. The low
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temperature, low pressure vapor at state B is compressed by a compressor to high
temperature and pressure vapor at state C. This vapor is condensed intohigh
pressure vapor at state D in the condenser and then passes through the expansion
valve. Here, the vapor is throttled down to a low pressure liquid and passed on to an
evaporator, where it absorbs heat from the surroundings from the circulating fluid
(being refrigerated) and vaporizes into low pressure vapour at state B. The cycle then
repeats. The exchange of energy is as follows:

a) Compressor requires work, δw. The work is supplied to the system from the
surroundings.

b) During condensation, heat δQ1 the equivalent of latent heat of condensation
etc, is lost from the refrigerator.

c) During evaporation, heat δQ2 equivalent to latent heat of vaporization is
absorbed by the refrigerant.

d) There is no exchange of heat during throttling process through the expansion
valve as this process occurs at constant enthalpy.

Figure shows a simple vapor compression refrigeration cycle on T- s
diagram for different compression processes. The cycle works between
temperatures T1 and T2 representing the condenser and evaporator
temperatures respectively.
The various process of the cycle are as given below:

i) Process 2-3: Isentropic compression of the vapor from state 2 to 3. If
vapor state is saturated or superheated, the compression is called dry
compression. If initial state is wet the compression is called wet
compression.

ii) Process 3-4: Heat rejection in condenser at constant pressure.

iii) Process 4-1: An irreversible adiabatic expansion of vapor through the
expansion value. The pressure and temperature of the liquid are reduced.
The process is accompanied by partial evaporation of some liquid.
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iv) Process 1-2: Heat absorption in evaporator at constant pressure. The final
state depends on the quantity of heat absorbed and same may be wet, dry
or superheated.

Thermodynamic properties of Refrigerant:
1. Boiling point : It should be low.
2. Thermal conductivity : it should be high
3. Specific heat : It should be low
4. Freezing point : it should be low.
5. Toxicity : it should be low
6. Evaporative pressure : it should be high.
7. Condensation pressure : It should be low.
8. Latent heat : It should be high.
9. CPO : It should be high.

REFRIGERENT:
1) It is heat carrying medium.
2) It carries heat from low temperature to high temperature system.
3) Liquid + vapour mixture.

Selection of Refrigerant:
1) Performance: High efficiency, Low cost.
2) Safety: Non toxic.
3) Environmental impact: It should be low.

Types of Refrigerants:
1) Chlorofluorocarbons (CFC) :R11, R22, R114, R113.
2) Hydro cholrofluoro carbons (HCFC):R22.
3) Hydrofluorcarbons (HFC) :R410a, R407, R1234yf, R134a.
4) Hydrocarbons(HC) :R600a.

Comparison of Air-Conditioners:

Non- Inverter Inverter

On/Off type Continuous on

Current consumption high Low power consumption
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Types of

refrigerators:

1.Single door refrigerator.

2.Double door refrigerator.

Difference between single and double door refrigerator:

Single door Double door

Single door is also called as direct
cool refrigerator.

Double door refrigerator is also
called as freezer.

Plate and tube evaporator coil. Tube and fine evaporator coil.

Cooling temperature
is up to - 18degrees.c

Cooling temperature is
up to - 24degrees.c

Psychrometry process:
1. Sensible cooling.
2. Sensible heating.
3. Humidification.
4. Dehumidification.
5. Cooling and dehumidification.
6. Heating and humidification.

Fixed frequency(50HZ) Variable frequency

Outdoor unit starts (ODU) after
3mins

Indoor unit and outdoor unit
starts at a same time

Constant speed Variable speed

It takes more time to reach set
temperature It takes less time

Capacitors required for starting
purpose No capacitors required

PCBs are placed in IDU PCBs are placed in IDU AND
ODU

R22 Refrigerant is used R4100 Refrigerant is used

Suction pressure (60- 80psig) Suction pressure (120- 150psig)

Discharge pressure (270-
290psig)

Discharge pressure (440-
480psig)
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WELDING

Welding is a fabrication process that joins materials, usually metals or
thermoplastics, by causing fusion, which is distinct from lower temperature metal-
joining techniques such as brazing and soldering, which do not melt the base
metal. In addition to melting the base metal, a filler material is typically added to
the joint to form a pool of molten material (the weld pool) that cools to form a joint
that, based on weld configuration (butt, full penetration, fillet, etc.), can be stronger
than the base material (parent metal). Pressure may also be used in conjunction
with heat, or by itself, to produce a weld. Welding also requires a form of shield to
protect the filler metals or melted metals from being contaminated or oxidized.

Methods of Welding:
Some of the best known welding methods include:

 Oxy-fuel welding – also known as oxyacetylene welding or oxy-welding, uses
fuel gases and oxygen to weld and cut metal.

fig: 3.1 Oxy- Fuel Welding

 Shielded metal arc welding (SMAW) – also known as "stick welding" or
"electric welding", uses an electrode that is coated in flux to protect the weld
puddle. The electrode holder holds the electrode as it slowly melts away. Slag
protects the weld puddle from atmospheric contamination.
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Fig: 3.2 Shielded Metal Arc Welding

 Gas tungsten arc welding (GTAW) – also known as TIG (tungsten, inert gas),
uses a non- consumable tungsten electrode to produce the weld. The weld
area is protected from atmospheric contamination by an inert shielding gas
such as argon or helium.

Fig. 3.3 Gas Tungsten Arc Welding

 Gas metal arc welding (GMAW) –
commonly termed MIG (metal inert
gas), uses a wire feeding gun that
feeds wire at an adjustable speed and
flows an argon- based shielding gas or
a mix of argon and carbon dioxide (CO2)
over the weld puddle to protect it from
atmospheric contamination.

Fig. 3.4 Gas metal arc welding

 Submerged arc welding (SAW) – uses an automatically fed consumable
electrode and a blanket of granular fusible flux. The molten weld and the arc zone
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are - protected from atmospheric contamination by being "submerged" under the
flux blanket.

Fig. 3.5 Submerged Arc Welding

 Electroslag welding (ESW) – a highly productive, single pass welding
process for thicker materials between 1 inch (25 mm) and 12 inches (300 mm)
in a vertical or close to vertical position.

Fig. 3.6 Electroslag Welding

 Electric resistance welding (ERW) – a welding process that produces
coalescence of laying surfaces where heat to form the weld is generated by the
electrical resistance of the material. In general, it is an efficient method but limited to
relatively thin material.
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Fig. 3.7 Electric resistance welding

Classification of Welding Processes:

Welding processes can be classified based on following criteria;

1. Welding with or without filler material.
2. Source of energy of welding.
3. Arc and Non- arc welding.
4. Fusion and Pressure welding.

1. Welding can be carried out with or without the application of filler material.
Earlier only gas welding was the fusion process in which joining could be
achieved with or without filler material. When welding was done without filler
material it was called ‘autogenous welding'. However, with the development of
TIG, electron beam and other welding processes such classification created
confusion as many processes shall be falling in both the categories.

2. Various sources of energies are used such as chemical, electrical, light,
sound, mechanical energies, but except for chemical energy all other forms
of energies are generated from electrical energy for welding. So this criterion
does not justify proper
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es classification embraces all the arc welding processes in one class and all
other processes in other class. In such classification it is difficult to assign
either of the class to processes such as electroslag welding and flash butt
welding, as inelectroslag welding the process starts with arcing and with the
melting of sufficient flux the arc extinguishes while in flash butt welding tiny
arcs i.e. sparks are established during the process and then components are
pressed against each other. Therefore, such classification is also not perfect.

3. Fusionwelding and pressure welding is most widely used classification
as it covers all processes in both the categories irrespective of heat
source and welding with or without filler material. In fusion welding all
those processes are included where molten metal solidifies freely while
in pressure welding molten metal if any is retained in confined space
under pressure (as may be in case of resistance spot welding or arc stud
welding) solidifies under pressure or semisolid metal cools under
pressure.

Fig. Classification of Welding Process
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Fig. Classification of Pressurized welding
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WELDING INSPECTION (NDT)

4.1 Non- Destructive Testing:

Nondestructive testing or non- destructive testing (NDT) is a wide group of
analysis techniques used in science and technology industry to evaluate the
properties of a material, component or system without causing damage The terms
nondestructive examination (NDE), nondestructive inspection (NDI), and nondestructive
evaluation (NDE) are also commonly used to describe this technology.

Since NDT does not permanently alter the characteristics of article being
inspected, it is a highly valuable technique that can save both money and time in
product evaluation, troubleshooting, and research. The six most frequently used NDT
methods are:

4.2 Types of NDT:
1. Visual inspection.
2. Penetrant testing.
3. Magnetic particle inspection testing.
4. Ultrasonic testing.
5. Radiography testing.
6. Eddy current testing.
7. Leak test.
8. Thermography.
9. Vibrational analysis

4.3 Selection of NDT:

Magnetic particle Inspection (MPI): It is a non- destructive testing (NDT) process for
detecting surface and shallow subsurface discontinuities in ferromagnetic materials
such as iron, nickel, cobalt, and some of their alloys. The process puts a magnetic
field into the part. The piece can be magnetized by direct or indirect magnetization.

Direct magnetization occurs when the electric current is passed through the test
object and a magnetic field is formed in the material. Indirect magnetization occurs
when no electric current is passed through the test object, but a magnetic field is
applied from an outside source. The magnetic lines of force are perpendicular to the
direction of the electric current, which may beeither alternating current (AC) or some
form of direct current (DC) (rectified AC).

The presence of a surface or subsurface discontinuity in the material allows the
magnetic flux to leak, since air cannot support as much magnetic field per unit
volume as metals.
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Fig 4.1 Magnetic particle inspection

Liquid Penetration method:

Visible dye penetrant is a NDT (Non Destructive Testing) method. It is a
simple test to perform, and a good way to test welds before carrying out more
expensive techniques like x- ray testing.

It will show up bad cold lap, cracks, holes... basically any defects where a very
fine dye can penetrate, hence the name. It can be used for various things, not just
weld testing. It can be used to test the presence of a crack in a cylinder head for
example.

The simple kits come in 3 parts, usually in aerosol cans. Namely, a cleaner, a
penetrant, and a developer. There are four types of dye penetrant system:

 Water washable : the dyes wash away with water.
 Lipophilic : the dye dissolves in oil for removal.
 Hydrophilic : the dye washes away with a water rinse,

but detergents are necessary.
 Solvent removable : the dye is removed with a cleaning solvent.

There are five levels of testing, from Level ½ (Lowest sensitivity) to Level 4
(Highest Sensitivity). Operatives carrying out this testing should be qualified to do so,
and reports, sometimes with photographic evidence, might be requested.

Step 1 - Pre cleaning
First any loose material needs to be removed, together
with any silica on top of the weld. It is important to
remove the silica, or you can get false results. A good
scrape and wire brush sorts this out in most cases.
Then apply some of the cleaner to remove any oil etc.
Wait for the cleaner to dry completely before applying
penetrant.



18

Fig. 4.2 Pre cleaning

Step 2 - Penetrant
Once cleaned, apply the penetrant (a bright red
liquid dye). Spray plenty on the welds.
Leave the dye to penetrate, normally for about 20
minutes. The time scale is usually printed on the
can or on the product data sheet. The
photographs show a solvent removable system.

Fig. 4.3 Application of Penetrant
Step 3 - Post cleaning

Cleaning again. You need to remove
excess dye from the area, which is
easier said than done. It is
important not to spray the cleaner
on the area directly, or you risk
washing the dye from the flaw. Use
a dry tissue to remove excess dye,
then spray cleaner onto a clean
cloth for final cleaning.

Ultrasonic Testing(UT):
Ultrasonic testing (UT) is a family of non- destructive testing techniques

based on the propagation of ultrasonic waves in the object or material tested. In
most common UT applications, very short ultrasonic pulse- waves with
center frequencies ranging from 0.1- 15 MHz, and occasionally up to 50 MHz,
are transmitted into materials to detect internal flaws or to characterize materials.
A common example is ultrasonic thickness measurement, which tests
the thickness of the test object, for example, to monitor pipe work corrosion.

Ultrasonic testing is often performed on steel and other metals and alloys,
though it can also be used on concrete, wood and composites, albeit with less
resolution. It is used in many industries including steel and aluminium
construction, metallurgy, manufacturing, aerospace, automotive and other
transportation sectors.
Step 2: Instrument settings are input.
Step 3: The probe is scanned over the blade root. In this case, an indication (peak
in the data) through the red line (or gate) indicates a good blade; an indication to
the left of that range indicates a crack.
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FIG 4.7 Projectional Radiography

Fig: 4.5 Ultrasonic Testing
Principle: A probe sends a sound wave into a test material. There are two indications,
one from the initial pulse of the probe, and the second due to the back wall echo.
RIGHT: A defect creates a third indication and simultaneously reduces the amplitude
of the back wall indication. The depth of the defect is determined by the ratio D/Ep.

Radiography:
Radiography is an imaging technique using X- rays to view the internal form of

an object. To create the image, a beam of X- rays, a form of electromagnetic
radiation, are produced by an X- ray generator and are projected toward the object.
A certain amount of X- ray is absorbed by the object, dependent on its density and
structural composition. The X- rays that pass through the object are captured
behind the object by a detector (either photographic film or a digital detector). The
generation of flat two dimensional images by this technique is called projectional
radiography. In Computed tomography(CT scanning) an x ray source and its
associated detectors rotate around the subject which itself moves through the
conical x ray beam produced. Any given point within the subject is crossed from
many directions by many different beams at different times.

Information regarding attenuation of these beams is collated and subjected
to computation to generate two dimensional images in three planes (axial, coronal
and sagittal) which can be further processed to produce a three dimensional
image.
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Conclusion

In this internship programme, I have learnt about

 Different metal joining processes and their applications, with hands on

experience.

 Different non-destructive techniques – their principles and implementation

with hands on experience.

 Working of refrigeration and air-conditioning machines followed by their

assembly.
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ABOUT THE ORGANISATION 

 

National Small Industries Corporation (NSIC), is an ISO 9001-2015 certified 

Government of India Enterprise under Ministry of Micro, Small and Medium 

Enterprises (MSME). NSIC has been working to promote, aid and foster the 

growth of micro, small and medium enterprises in the country. NSIC 

operates through countrywide network of offices and Technical Centers in 

the Country. In addition, NSIC has set up Training cum Incubation Centre 

managed by professional manpower. 

 

Mission: “To promote and support Micro, Small & Medium Enterprises 

(MSMEs) Sector” by providing integrated support services encompassing 
Marketing, Technology, Finance and other services. 

Vision: “To be a premier Organization fostering the growth of Micro, Small 
and Medium Enterprises (MSMEs) Sector”. 

 

Schemes of NSIC: 

NSIC facilitates Micro, Small and Medium Enterprises with a set of 

specially tailored scheme to enhance their competitiveness. NSIC provides 

integrated support services under Marketing, Technology, Finance and other 

Support service. 

Technology Support: 

Technology is the key to enhancing a company's competitive advantage in 

today's dynamic information age. Small enterprises need to develop and 

implement a technology strategy in addition to financial, marketing and 

operational strategies and adopt the one that helps integrate their operations 

with their environment, customers and suppliers. 

NSIC offers small enterprises the following support services through its 

Technical Services Centers and Extension Centers: 

1. Advise on application of new techniques. 
2. Material testing facilities through accredited laboratories. 
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3. Product design including CAD. 
4. Common facility support in machining, EDM, CNC, etc. 
5. Energy and environment services at selected centers. 
6. Classroom and practical training for skill upgradation. 

NSIC Technical Services Centers are located at the following places: 

Name of the Centre Focus area 

Chennai Leather & Footwear 

Howrah General Engineering 

Hyderabad Electronics & Computer Application 

New Delhi Machine Tools & related activities 

Rajkot Energy Audit & Energy Conservation activities 

Rajpura (Pb) Domestic Electrical Appliances 

Aligarh (UP) Lock Cluster & Die and Tool making 

Neemka (Haryana) Machine Tools & related activities 
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INTRODUCTION 

 

Energy requirement for refrigeration and air conditioning applications 

bears a huge share of total energy consumption around the world. Since,  

thermal  comfort  plays  a  very  important  role  on  the  health,  working 

efficiency and activities of all living beings, especially, temperature and 

humidity. In the excessively hot climates it is necessary to reduce the 

temperature and humidity whereas in the cold climate there is a need to 

increase the temperature. When the temperature drops below thermal 

comfort level, especially in the winter season, The  heating  systems  are  

employed.  In some countries, where  the atmospheric temperature is very 

low, natural heating like solar energy is not sufficient, the heat pump and 

fuel fired systems are proven to be suitable heating devices.  In  hot  

climates,  thermal  comfort  achieved  through  the  use  of  refrigerators and 

air conditioning systems. 

 

Refrigeration: 

The term “Refrigeration” may be defined as the process of removing heat 
from a substance under controlled conditions. It also includes the process of 

reducing and maintaining the temperature of a body below the general 

temperature of its surroundings. 

In other words, the refrigeration means a continued extraction of heat from a 

body whose temperature is already below temperature of its surroundings. In 

a refrigerator, heat is virtually pumped from a lower temperature to a higher 

temperature.  

Applications of Refrigeration: 

1. Food processing preservation and distribution. 
2. Chemical and process industries. 
3. Special applications such as cold treatment of metals, medical, 

construction, ice skating etc. 
4. Comfort air conditioning.    
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Air Conditioning: 

                              “Air conditioning” is the process of removing heat and 

moisture from the interior of an occupied space to improve the comfort of 

occupants. Air conditioning can be used in both domestic and commercial 

environments. 

Air conditioners often use a fan to distribute the conditioned air to an 

occupied space such as a building or a car to improve thermal 

comfort and indoor air quality. Electric refrigerant-based AC units range 

from small units that can cool a small bedroom, which can be carried by a 

single adult, to massive units installed on the roof of office towers that can 

cool an entire building. The cooling is typically achieved through 

a refrigeration cycle, but sometimes evaporation or free cooling is used. Air 

conditioning systems can also be made based on desiccants (chemicals 

which remove moisture from the air). Some AC systems reject or store heat 

in subterranean pipes. 

 

 

Welding: 

 

     Welding is a fabrication process that joins materials, usually metals 

or thermoplastics by causing fusion, which is distinct from lower 

temperature metal-joining  techniques such  as brazing and soldering,  which  

do  not melt the base metal. In addition to melting the base metal, a filler 

material is typically added to the joint to form a pool of molten material (the 

weld pool) that cools to form a joint that, based on weld configuration (butt, 

full penetration, fillet, etc.), can be stronger than the base material (parent 

metal). Pressure may also be used in conjunction with heat, or by itself, to  

produce a  weld.  Welding also requires a form of shield to protect the filler 

metals or melted metals from being contaminated or oxidized. 

Although  less  common,  there  are  also  solid  state  welding  

processes  such as friction welding in which the base metal does not melt.
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REFRIGERATION AND AIR CONDITIONIG 

 

In air refrigeration, the air is used as a refrigerant. In olden days, air was 

widely used in commercial applications because of it’s availability at free of 

cost. Since air does not change it’s phase i.e. remains gaseous through out the 

cycle, therefore the heat carrying capacity per kg of air is very small as 

compared to vapor absorbing systems. The air-cycle refrigeration systems, as 

originally designed and installed, are now practically obsolete because of their 

low coefficient of performance and high power requirements; however, this 

system continues to be favoured for air refrigeration because of the low weight 

and volume of the equipment. 

Refrigeration essentially means continued abstraction of heat from a 

substance (perishable foods, drinks and medicines etc.) at low temperature level 

and then transfers this heat to another system at high potential of temperature. 

The basic elements of an air cycle refrigeration system are as follows: 

 Compressor 

 Cooler or heat exchanger 

 Expander 

 Refrigerator 

Air-Conditioning 

The air conditioning is that branch of engineering science which deals 

with the freezing point of water. 

They conducted their experiment with the bulb of a mercury thermometer as 

their object and with a bellows used to speed up the evaporation. They lowered 

the study of conditioning of air i.e. supplying and maintaining desirable internal 

atmospheric condition for human comfort, irrespective of external condition. 

This subject, in its broad sense, also deals with the conditioning of air for 

industrial purpose, food processing, storage of food and other materials. 

Air conditioning refers to the simultaneous control of temperature, humidity, 

cleanliness and air motion within a confined region or space. 
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The basic elements of an Air- Conditioning system are as follows: 

1. Circulation fan 

2. Compressor 

3. Condenser 

4. Dryer 

5. Evaporator 

6. Supply Duct 

7. Supply outlet 

8. Return outlet 

9. Filters 

Modern air conditioning emerged from advances in chemistry during the 19th 

century, and the first large- scale electrical air conditioning was invented and 

used in 1902 by American inventor Willis Carrier. The introduction of 

residential air conditioning in the 1920s helped enable the great migration to the 

sun belt in the United States. 

In 1758, Benjamin Franklin and John Hadley, a chemistry professor at 

Cambridge University, conducted an experiment to explore the principle of 

evaporation as a means to rapidly cool an object. Franklin and Hadley 

confirmed that evaporation of highly volatile liquids (such as alcohol and ether) 

could be used to drive down the temperature of an object past the temperature of 

the thermometer bulb down to −14 °C (7 °F) while the ambient temperature was 
18 °C (64 °F). Franklin noted that, soon after they passed the freezing point of 

water 0 °C (32 °F), a thin film of ice formed on the surface of the thermometer's 

bulb and that the ice mass was about 6 mm (1⁄4 in) thick when they stopped the 

experiment upon reaching −14 °C (7 °F). Franklin concluded: "From this 
experiment one may see the possibility of freezing a man to death on a warm 

summer's day. 

A simple vapor compression refrigeration system consists of the following 
equipments: i) Compressor ii) Condenser iii) Expansion valve iv) Evaporator. 
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Fig:2.1. Typical single- stage vapour compression refrigeration. 

 

The schematic diagram of the arrangement is as shown in Fig.2.1. The low 
temperature, low pressure vapor at state B is compressed by a compressor to 
high temperature and pressure vapor at state C. This vapor is condensed into 
high pressure vapor at state D in the condenser and then passes through the 
expansion valve. Here, the vapor is throttled down to a low pressure liquid and 
passed on to an evaporator, where it absorbs heat from the surroundings from 
the circulating fluid (being refrigerated) and vaporizes into low pressure vapour 
at state B. The cycle then repeats. The exchange of energy is as follows: 

a) Compressor requires work, δw. The work is supplied to the system from 
the surroundings. 

b) During condensation, heat δQ1 the equivalent of latent heat of 

condensation etc, is lost from the refrigerator. 

c) During evaporation, heat δQ2 equivalent to latent heat of vaporization is 
absorbed by the refrigerant. 

d) There is no exchange of heat during throttling process through the 

expansion valve as this process occurs at constant enthalpy. 
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Figure shows a simple vapor compression refrigeration cycle on T- s 
diagram for different compression processes. The cycle works between 
temperatures T1 and T2 representing the condenser and evaporator 
temperatures respectively. 

The various process of the cycle are as given below: 
 

i) Process 2-3: Isentropic compression of the vapor from state 2 to 3. If 

vapor state is saturated or superheated, the compression is called dry 

compression. If initial state is wet the compression is called wet 

compression. 

ii) Process 3-4: Heat rejection in condenser at constant pressure. 

iii) Process 4-1: An irreversible adiabatic expansion of vapor through the 

expansion value. The pressure and temperature of the liquid are 

reduced. The process is accompanied by partial evaporation of some 

liquid.  

iv) Process 1-2: Heat absorption in evaporator at constant pressure. The 

final state depends on the quantity of heat absorbed and same may be 

wet, dry or superheated. 

Thermodynamic properties of Refrigerant: 

1. Boiling point   : It should be low. 

2. Thermal conductivity : it should be high 

3. Specific heat   : It should be low 

4. Freezing point  : it should be low. 

5. Toxicity   : it should be low 
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6. Evaporative pressure : it should be high. 

7. Condensation pressure : It should be low. 

8. Latent heat   : It should be high. 

9. CPO    : It should be high. 

 

REFRIGERANT: 

1) It is heat carrying medium. 

2) It carries heat from low temperature to high temperature system. 

3) Liquid + vapour mixture. 

 

Selection of Refrigerant: 

1) Performance: High efficiency, Low cost. 

2) Safety: Non toxic. 

3) Environmental impact: It should be low. 

 

Types of Refrigerants: 

1) Chlorofluorocarbons(CFC)  :R11,R22,R114,R113. 

2) Hydrocholrofluorocarbons(HCFC) :R22. 

3) Hydrofluorcarbons(HFC)            :R410a,R407,R1234yf,R134a. 

4) Hydrocarbons(HC)             :R600a. 

 

 

Comparison of Air-Conditioners: 

Non-Inverter Inverter 

On/Off type Continuous on 

Current consumption high Low power consumption 

Fixed frequency(50HZ) Variable frequency 

Outdoor unit starts (ODU) 
after 3mins 

Indoor unit and outdoor unit 
starts at a same time 

Constant speed Variable speed 

It takes more time to reach 
set temperature 

It takes less time 
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Types of refrigerators: 

 

1.Single door refrigerator. 

2.Double door refrigerator. 
 

Difference between single and double door refrigerator: 
 

Single door Double door 

Single door is also called as 

direct cool refrigerator. 

Double door refrigerator is also 

called as freezer. 

Plate and tube evaporator coil. Tube and fine evaporator coil. 

Cooling temperature 

is up to -18degrees.c 

Cooling temperature 

is up to - 24degrees.c 

 

Psychrometry process: 

1. Sensible cooling. 

2. Sensible heating. 

3. Humidification. 

4. Dehumidification. 

5. Cooling and dehumidification.  

6. Heating and humidification. 

 

 

 

Capacitors required for 
starting purpose 

No capacitors required 

PCBs are placed in IDU 
PCBs are placed in IDU 
AND ODU 

R22 Refrigerant is used R4100 Refrigerant is used 

Suction pressure(60- 80psig) 
Suction pressure(120- 
150psig) 

Discharge pressure(270- 
290psig) 

Discharge pressure(440- 
480psig) 
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Servicing of Air conditioners: 

• The main purpose of servicing ac is to increase the cooling effect, 

which is decreased mainly due to 

       1.Dust Formation 

       2.Compressor Working 

       3.Reduction in refrigerant pressure 

Dust Removal: 

• Replacing or cleaning air conditioner filters is a critical maintenance 

task. An air conditioner's filters, coils, and fins require regular 

maintenance for the unit to function effectively and efficiently. 

 

 

 

 

 

Compressor Checking: 

 By checking the capacitor. 

 By checking C-R-S terminals. 
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Capacitor Checking: 

       Check the capacitor terminals with the help of multimeter, if it shows 

continuity then we will go for checking of C-R-S terminals or else we will 

change capacitor. 

Checking C-R-S terminals: 

1.C-S terminal:                                          

 

   2.C-R terminal:                                         

 

   3.R-S terminal:                                         

 

 

Refrigerant charging Procedure: 

• Close the valves on low/high pressure sides of the manifold. 

• Install the low/high pressure hoses to the corresponding service ports 

on the vehicle respectively 
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• Connect the center hose of the manifold gauge set with vacuum 

pump. 

• Carefully open the valves on low/high pressure sides to activate the 

vacuum pump. 

• After low pressure gauge reaches 100 k.pa or higher, evacuate the 

system for approx. 15 minutes. 

• After 15 min of evacuation if the reading shows 100 k.pa or higher 

close the valves on the both sides to stop the vacuum pump. 

•  After that check leaks if there are no leaks then charge with required 

refrigerant. 
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WELDING 

Welding is a fabrication process that joins materials, usually metals or 
thermoplastics, by causing fusion, which is distinct from lower  temperature 
metal-joining techniques such as brazing and soldering, which do  not melt 
the base metal. In addition to melting the base metal, a filler material is 
typically added to the joint to form a pool of molten material(the weld pool) 
that cools to form a joint that, based on weld configuration (butt, full 
penetration, fillet,  etc.), can be stronger than the base material (parent metal). 
Pressure may also  be used in conjunction with heat, or by itself, to produce a 
weld. Welding also  requires a form of shield to protect the filler metals or 
melted metals from being contaminated or oxidized. 

 
 
Methods of Welding: 

Some of the best known welding methods include: 
 

 Oxy-fuel welding also known as oxy-acetylene welding or oxy-welding,  
uses fuel gases and oxygen to weld and cut metal. 

 
 
 
 
 
 
 
 
 
 

 
 
 

fig: 3.1 Oxy- Fuel Welding 
 

 Shielded metal arc welding (SMAW) also known as "stick welding" or 
"electric welding", uses an electrode that is coated in flux to protect the 
weld puddle. The electrode holder holds the electrode as its lowly melts 
away. Slag protects the weld puddle from atmospheric contamination. 
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Fig: 3.2 Shielded Metal Arc Welding 
 

 Gas tungsten arc welding (GTAW) also known as TIG(tungsten inert 
gas), uses a non- consumable tungsten electrode to produce the weld. The 
weld area is protected from atmospheric contamination by an inert 
shielding gas such as argon or helium. 
 

 
Fig. 3.3 Gas Tungsten Arc Welding 

 

 Gas metal arc welding(GMAW)–
commonly termed MIG(metal inert 

gas), uses a wire feeding gun that 
feeds wire at an adjustable speed and 

flows an argon-based shielding gas 

or a mix of argon and carbon-
dioxide(CO2) over the weld puddle to 
protect it from atmospheric 
contamination. 

                                                                         Fig. 3.4 Gas metal arc welding 
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 Submerged arc welding(SAW)uses an  automatically fed consumable 
electrode and a blanket of granular fusible flux. The molten weld and the arc 
zone are-protected from atmospheric contamination by being "submerged" 
under the flux blanket. 

 

 
Fig. 3.5 Submerged Arc Welding 

 Electro slag welding (ESW) a highly productive, single pass welding 

process for thicker materials between 1 inch (25mm) and 12inches 

(300mm) in a vertical or close to vertical position. 

 

 
 
 

Fig. 3.6 Electroslag Welding 
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 Electric resistance welding (ERW)–a welding process that produces 

coalescence of laying surfaces where heat to form the weld is generated by the 

electrical resistance of the material. In general, it is an efficient method but limited 

to relatively thin material. 

 
Fig. 3.7 Electric resistance welding 

 
 
 

Classification of Welding processes: 

Welding processes can be classified based on following criteria; 
 

1. Welding with or without filler material. 

2. Source of energy of welding. 

3. Arc and Non- arc welding. 

4. Fusion and Pressure welding. 
 

1. Welding can be carried out with or without the application of filler 

material. Earlier only gas welding was the fusion process in which 

joining could be achieved with or without filler material. When welding 

was done without filler material it was called ‘autogenous welding'. 

However, with the development of TIG, electron beam and other welding 

processes such classification created confusion as many processes shall 

be falling in both the categories. 

2. Various sources of energies are used such as chemical, electrical, light,  

sound, mechanical energies, but except for chemical energy all other forms 

of energies are generated from electrical energy for welding. 
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es classification embraces all the arc welding processes in one class and 

all other processes in other class. In such classification it is difficult to 

assign either of the class to processes such as 

electroslagweldingandflashbuttwelding,asinelectroslagweldingtheprocess 

starts with arcing and with the melting of sufficient flux the arc 

extinguishes 

whileinflashbuttweldingtinyarcsi.e.sparksareestablishedduringtheprocess 

and then components are pressed against each other. Therefore, such 

classification is also notperfect. 

3. Fusionwelding and pressure welding is most widely used 
classification as it covers all processes in both the categories 
irrespective of heat source and 
weldingwithorwithoutfillermaterial.Infusionweldingallthoseprocesses
are 
includedwheremoltenmetalsolidifiesfreelywhileinpressureweldingmo
lten 
metalifanyisretainedinconfinedspaceunderpressure(asmaybeincaseof 
resistance spot welding or arc stud welding) solidifies under pressure 
or semisolid metal cools underpressure. 

 
 

 

 

 

 

 

 

Fig. Classification of  Fusion Welding Process 
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Fig. Classification of Pressurized welding 
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WELDING INSPECTION (NDT) 

4.1 Non- Destructive Testing: 

Non-destructive testing (NDT) is a wide group of analysis techniques 
used in science and technology industry to evaluate the properties of a material, 
component or system without causing damage. The terms non-destructive 
examination (NDE), non-destructive inspection (NDI), and non-destructive 
evaluation (NDE) are also commonly used to describe this technology. 

Since NDT does not permanently alter the characteristics of article being 
inspected, it is a highly valuable technique that can save both money and time in 
product evaluation, troubleshooting, and research. 

 

4.2 Types of NDT: 

1. Visual inspection. 
2. Penetrant testing. 
3. Magnetic particle inspection testing. 
4. Ultrasonic testing. 
5. Radiography testing. 
6. Eddy current testing. 
7. Leak test. 
8. Thermography. 
9. Vibrational analysis 

 
4.3 Selection of NDT: 

 
Magnetic particle Inspection (MPI):It is a non-destructive testing (NDT) 

process for detecting surface and shallow subsurface discontinuities in 

ferromagnetic materials such as iron, nickel, cobalt, and some of their alloys. The 

process puts a magnetic field into the part. The piece can be magnetized by 

director indirect magnetization. 

Direct magnetization occurs when the electric current is passed through the test 

object and a magnetic field is formed in the material. Indirect magnetization 

occurs when no electric current is passed through the test object, but a magnetic 

field is applied from an outside source. The magnetic lines of force are 

perpendicular to the direction of the electric current, which may be either 

alternating current (AC) or some form of direct current (DC) (rectified AC). 

The presence of a surface or subsurface discontinuity in the material allows the 

magnetic flux to leak, since air cannot support as much magnetic field per unit 

volume as metals. 
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 Fig 4.1 Magnetic particle inspection 

Liquid Penetration method: 

 
 Visible dye penetrant is a NDT (Non Destructive Testing) method. It is a 
simple test to perform, and a good way to test welds before carrying out more 
expensive techniques like x- ray testing. 
 It will show up bad cold lap, cracks, holes basically any defects where a 
very fine dye can penetrate. It can be used for various things, not just weld 
testing. It can be used to test the presence of a crack in a cylinder head for 
example. 
 The simple kits come in 3 parts, usually in a erosol cans. Namely, a 
cleaner, a penetrant, and a developer. There are four types of dye penetrant 
system: 

 Water washable : the dyes wash away with water. 
 Lipophilic  : the dye dissolves in oil for removal. 
 Hydrophilic :      the dye washes away with a water rinse,                                                          

detergents are necessary. 
 Solvent removable: the dye is removed with a cleaning solvent. 

 
 
There are five level soft testing, from Level ½(Lowest sensitivity) to Level 

4 (Highest Sensitivity). Operatives carrying out this testing should be qualified 
to do so, and reports, sometimes with photographic evidence, might be requested. 
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Step 1 : Pre-cleaning 

First any loose material needs to be removed, 
together with any silica on top of the weld. It is  
important to remove the silica, or you can get false 
results. A good scrape and wire brush sorts this out 
in most cases.  
Then apply some of the cleaner to remove any oil 

etc. Wait for the cleaner to dry completely before 

applying penetrant.                                                       

                                                                                        Fig. 4.2 Pre cleaning 

 

 

Step 2 : Penetrant 

Once cleaned, apply the penetrant (a bright red 
liquid dye). Spray plenty on the welds. 
Leave the dye to penetrate, normally for about 20 
minutes. The time scale is usually printed on the 
can or on the product data sheet. The 
photographs show a solvent removable system. 

 
 

   Fig. 4.3 Application of Penetrant 
 

Step 3 : Post-cleaning 

Cleaning again. You need to 

remove excess dye from the area, 

which is easier said than done. It 

is important not to spray the 

cleaner on  the area directly, or you 

risk washing the dye from the 

flaw. Use a dry tissue to remove 

excess dye, then spray cleaner 

onto a clean cloth for final 

cleaning. 
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Ultrasonic Testing(UT):       
Ultrasonic testing (UT) is a family of non- destructive testing techniques 

based on the propagation of ultrasonic waves in the object or material tested. 
In most common Ultrasonic Testing applications, very short ultrasonic pulse-
waves with center frequencies ranging from 0.1-15 MHz, and occasionally up 
to 50MHz, are transmitted into materials to detect internal flaws or to 
characterize materials. A common example is ultrasonic thickness 
measurement, which tests the  thickness of the test object, for example, to 
monitor pipe work corrosion. 
 Ultrasonic testing is often performed on steel and other metals and alloys, 
though It can also be used on concrete, wood and composites, with less 
resolution. It is used in many industries including steel and aluminum  
construction, metallurgy, manufacturing, aerospace, automotive and other 
transportation sectors. 
Step 2: Instrument settings are input. 
Step3:The probe is scanned over the blade root. In this case, an indication 
(peak in the data) through the red line (or gate) indicates a good blade; an 
indication to the left of that range indicates a crack. 

 
 

 

 

Fig: 4.5 Ultrasonic Testing 

Principle: A probe sends a sound wave into a test material. There are two 

indications, one from the initial pulse of the probe, and these conduct to the back 

wall echo. RIGHT: A defect creates a third indication and simultaneously 

reduces the amplitude of the back wall indication. The depth of the defect is 

determined by the ratio D/Ep. 
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FIG 4.7 Projectional Radiography 

Radiography: 

Radiography is an imaging technique using X-rays to view the internal 
form of an object. To create the image, a beam of X-rays, a form  of 
electromagnetic radiation, are produced by an X- ray generator and are 
projected toward the object. A certain amount of X-ray is absorbed by the 
object, dependent on it’s density and structural composition. The X-rays that 
pass through the object are captured behind the object by a detector (either 
photographic film or a digital detector). The generation of flat two 
dimensional images by this technique is called projectional radiography. In 
Computed tomography(CT scanning) an x ray source and it is associated 
detectors rotate around the subject which itself moves through the conical x 
ray beam produced. Any given point within the subject is crossed from many 
directions by many different beams at different times. 

Information regarding attenuation of these beams is collated and 
subjected to computation  to generate two dimensional images in three planes 
(axial, coronal and sagittal) which can be further processed to produce a three 
dimensional image. 
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Conclusion 

 

In this internship program, I have learnt about 

 Trouble shooting of different parts of refrigerator and air conditioner. 

 Different metal joining processes and their applications, with hands on 

experience. 

 Different non-destructive techniques – their principles and 

implementation with hands on experience. 
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Chapter - 1 INTRODUCTION  
  

With the ongoing revolution in the field of mechanical where innovations are taking place at the 

blink of an eye, it is impossible to keep the pace with the emerging trends excellence is an attitude 

that whole of human race is born with. It is the environment that makes sure that whether the result 

of this attitude is visible or otherwise. A well planned, properly executed and evaluated industrial 

training helps a lot in including a professional attitude. It provides a linkage between the student 

and industry to develop an awareness of industrial approach to problem solving, based on broad 

understanding of process and mode of operation of organization.  

During this period, the student gets the real experience for working in the actual industry 

environment. Most of the theoretical knowledge that has been gained during the course of their 

studies is put to test here. Apart from this the student gets an opportunity to learn the latest 

technology, which is immensely helps in them in building their carrier. I had the opportunity to 

have a real experience on many ventures, which increased my sphere of knowledge to great extent. 

I got a chance to learn many new technologies and interfaced to many instruments.  

The word quality holds out different meaning for different people, but for an industry it is most 

important and can be defined as the totality of features and characteristics of product/services that 

bear on its ability to satisfy given needs.  
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Chapter - 2  

COMPANY PROFILE  
  

2.1 About BEL & Products:  

  

Bharat Electronics Limited, a Professional Electronics company in India incorporated in 1954.  

BEL was born to meet the growing needs of Indian Defence services for electronic systems. 

Employing the best engineering talent available in the country, BEL has progressed manufacturing 

state-of-the-art products in the field of Defence Electronics like Communications including 

encryption, Radars and strategic components. Over the years, BEL has diversified to meet the 

needs of civilian customers as well and has provided products and network solutions on turnkey 

basis to customers in India and abroad.  

Bharat Electronics Limited is a Pioneer in the field of Professional Electronics in India and has 

been manufacturing a wide range of Defence and Civil communication products since 1954. 

Multiple years of operations covering design, development, engineering and manufacturing 

professional electronics equipment in diverse fields based on various technologies has enabled 

BEL to offer end-to-end system solutions on turnkey basis. Products:  

• Defence.  

• Telecommunications.  

• Land based radars.  

• Naval systems.  

• Opto electronics.  

• Tank electronics.  

• Electronic warfare.  

• Simulators.  

• Non defence.  

• Telecommunications.  

• Sound vision broadcasting.  

• Solar photovoltaic systems.  

• Electronic components. 
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2.2 Manufacturing units:  

BEL has a total of nine manufacturing units spread throughout the nation with Bangalore being the 

biggest of them. The details about the different manufacturing units of BEL along with their 

product specialties are as follows:  

  

S.No  BEL Unit  State  

1.  Bangalore  Karnataka  

2.  Panchkula  Haryana  

3.  Kotdwara  Uttaranchal  

4.  Ghaziabad  Uttar Pradesh  

5.  Pune  Maharashtra  

6.  Hyderabad  Telangana  

7.  Machilipatnam  Andhra Pradesh  

8.  Navi Mumbai  Maharashtra  

9.  Chennai  Tamilnadu  

  
Table 2.1: Manufacturing units  
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In 1954 with a factory of Jallahali, Bharat Electronics grew into nine units, spread all over India.  

The locations and products of the units are given below:  

1. BANGALORE: This is also called BG complex. Jallahali unit which is the mother unit is now 

a part of the BG complex. This is the biggest unit with approx 10,000 employees working here.  

Among the products here, the important ones are:  

• Communication equipment.  

• Air and Doordarshan equipment like mobile van for live telecast.  

• Radar-mobile, one dimensional, 3-dimensional and multi-dimensional Radars are 

manufactured here. Different range of semi-conductors devices like ICs.  

• Resistors and black & white color TV picture tube glasses.  

• ISRO‘s requirements are met at space electronics department at Bangalore. Satellite launch 
vehicle was also manufactured here.  

  

2. PANCHKULA: Panchkula & kotdwara were proposed simultaneously by the government in 

1985.It was proposed to set up one unit each in Haryana & Uttar Pradesh. But the place in U.P 

for setting up a BEL unit could not be decided while that at Haryana was decided & hence this 

unit started earlier. This unit manufactures only tactical communication equipment like VHF, 

UHF transceivers etc.   

3. KOTDWARA: This is a unit in garhwal district of Uttaranchal. This unit manufacturers radio 

relay, multiplex equipments &exchanges etc.  

  

4. GHAZIABAD: This is the second unit which was set up in 1974, & approx. 2500 employees 

working here. Radars & some communication equipment are the products manufactured here 

are:  

• Radars  

• SATCOM  

• Microwave components  

  

5. PUNE: To diversity further one more branch was added 1979 & this was in pune. In this branch 

around 700-800 employees are working. The product profile includes:  

• Image convertor, image intensifier  
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• X-ray tubes  

• Batteries  

• Electro-optics  

  

6. HYDERABAD: This is another unit of BEL which manufactures electronic warfare 

equipments.  

  

7. MACHILIPATNAM: There was one Andhra scientific company, which was a sick unit. This 

was taken over by BEL & is called ASCO unit 1983.The products include:  

• Optical & Optoelectronic equipment like binoculars, microscopes.  

• Medical Electronics  

  

8. NAVI MUMBAI: This is an industrial place near Mumbai. This unit makes:  

• Glass shells for black & white TV picture tubes  

• Shelters for electronic equipment  

• Train actuated warning system  

• Electronic equipment assembly  

  

9. CHENNAI: This unit manufactures:  

• Tank related electronic equipments  

• Optical fire control systems  
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2.3 Market of BEL:  

  

Bharat Electronics Limited is a major supplier of products and turnkey systems to the Indian 

Defence Services. Over the years, BEL has diversified into manufacturing many civilian products 

as well. Large trunkey telecommunication solutions are also being offered to civilian market.BEL 

has been involved in providing state of the art communication equipment to the Indian army, be it 

hand held mobile radios and terminals ,ground based system, airborne and even ship borne 

equipment and systems. The communication equipment developed here cover HF,VHF, UHF, and 

VV/UHF frequency bands. The most important project of BEL under the communication 

equipment is STARS-V which provides secure mode of data transfer in STARS- V, the data to be 

transferred is first encrypted using a microprocessor which could be read only by a similar device 

with same coding. Now the latest technology of frequency hopping is being implemented which is 

a very useful tool in making a secure data transfer system.BEL manufactures a lot product which 

is very difficult to list but some of the major products were as follows:  

  
  

Integrated circuits and micro circuits   Radars  

X- ray tubes and magnetrons   STARS-V  

HF & broadcast equipment ACME MK   CNR  

SPACE GUIDING EQUIPMENTS   HUD  

AIR BORNE GPS RECEIVER   LUP  

SIRAX   TIDEX  

SECURE TELEPHONE  SECURE FAX  
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2.4 Domestic market:  
  

  

S.No  PRODUCT  CUSTOMER  

1.  Defence communication  Indian defence services, para military forces  

2.  Radars & sonars  Indian defence services, civil aviation,  

Meteorological department,ISRO  

3.  Telecommunication  Department of telecommunication, para military 

forces, power sector, oil industry,  

Railways  

4.  Broadcasting equipment and studio 
systems  

All India radio, Dooradarshan (National radio &  

TV broadcasters)  

5.  Electronic voting machines  Election commission of India  

6.  Solar products & systems  Individuals, private and government 
organizations 

7.  Trunkey systems-Governance 
Networks  

Police, state government, Public sector 
undertakings  

8.  Components  All India radio and doordarshan the national 
Radio & TV Broadcasters, instrumentation 
industry, switching industry, entertainment  

  

Table 2.2: List of Domestic customers  
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Exports play a key role in BEL‘s strategic perspective. A number of International companies are 

using the facilities at BEL for contract Manufacturing. The broad list of products and services being 

exported is given below:  

2.5 Exports/International market:  
  

  

Sl.no  PRODUCT  CUSTOMER  

1.  Defence communication 
equipment and spare parts  

Botswana, Indonesia,  

Suriname, Malaysia  

2.  Radars & Sub-systems  Indonesia, Egypt, Switzerland  

3.  Electronic warfare products 
and services  

Russia, Brazil  

4.  Opto electronics products  Sri lanka, Nepal, Israel, South Africa  

5.  Semi conductor devices, 
microwave tubes and 
transmitting tubes  

Malaysia, Singapore, Turkey,  

Netherlands, UK, USA, France, Hong  

Kong  

6.  Solar products & systems  Suriname, Germany, Zimbabwe,  

Botswana, Kenya, Nigeria  

7.  Telecom and SATCOM 
systems  

Nigeria, Kenya  

8.  Radio & TV Broadcasting 
products and systems  

Nepal, Mauritius  

9.  Electric voting systems  Sri lanka, Uganda, Malawi, South Africa  

10.  Vacuum Interrupters  Malaysia, UAE, Uganda, Turkey, UK, 
Azerbaijan  

  

Table 2.3: List of International customers 
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Chapter - 3  

BEL MACHILIPATNAM & IT’S PRODUCTS  
  

In 1983, the Andhra scientific company (ASCO) was taken over by BEL converted it to its fourth 

manufacturing unit at Machilipatnam .The products include  

 Night vision devices  

Electric voting systems  

  

3.1 NIGHT VISION DEVICES  

   Definition:  

A night vision device (NVD), also known as a night optical/observation device (NOD), is an 

optoelectronic device that allows images to be produced in levels of light approaching total 

darkness. The image may be a conversion to visible light of both visible light and near-infrared, 

while by convention detection of thermal infrared is denoted thermal imaging. The image produced 

is typically monochrome, e.g. shades of green. NVDs are most often used by the military and law 

enforcement agencies, but are available to civilian users. The term usually refers to a complete 

unit, including an image intensifier tube, a protective and generally water-resistant housing, and 

some type of mounting system. Many NVDs also include optical components such as a sacrificial 

lens, or telescopic lenses or mirrors. An NVD may have an IR illuminator,  making it an active as 

opposed to passive night vision device.  

   3.1.1 Working of Night Vision Devices:  

Technical Night Vision can work in two different ways Image 

Intensifier:  

1. Night vision amplifiers light to achieve better vision.  

  
2. A conventional lens, captures ambient light.  

  
3. The gathered light is sent to image - intensifier tube.  

  
4. The light energy released electron from the cathode and accelerated.  

  
5. These electrons enter micro channel plate and bounce off and generate more electron.  
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6. Thousands of other electrons to be released in each channel.  

7. Original electrons collide with the channel, exciting atoms and causing other electrons.  

  
8. New electrons collide with atoms, creating a chain.  

  
9. In image-intensifier tube, the electrons hit a screen.  

  
10. The energy of the electrons release photons and create green image on the screen.  

  
11. The green phosphor image is viewed through another lens.  

   3.1.2 Thermal Imaging:  

All objects emits infrared energy as a function of temperature  

1. A lens focuses the infrared light. Original electrons collide with the channel, exciting atoms and 

causing others.  

2. The focused light is scanned and creates temperature pattern.  

  
3. The pattern created is translated into electric impulses.  

  
4. The impulses are sent to a circuit board that translates the information into data for the display.  

  
5. The signal-processing unit sends the information to the is play, and appears as various colors.  

  
6. The images are black and white in nature.  

3.1.3 Purpose of Night Vision Devices:  

The original purpose of night vision was to locate enemy targets at night. It is still used extensively by 

the military for that purpose, as well as for navigation, surveillance and targeting. Police and security 

often use both thermal-imaging and image-enhancement technology, particularly for surveillance.  

   3.1.4 Classification of Night Vision Devices:  

• Night Vision devices  

• Passive Night Vision devices  

• Thermal imaging cameras  

• Cooled and Un cooled  

• Active Night Vision devices  
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Fig 3.1: Classification of Night Vision Devices  

  

   3.1.5 Advantages of Night Vision Cameras:  

1. The most common use is the military, and the quick answer would be that they allow soldiers to 

continue operations at night, without giving away their position through the use of flashlights.  

  

2. However night vision has many other uses. People with night blindness can use night vision 

devices to see better at night   

3. Astronomers use night vision to improve their view of the stars, to see more stars in the city, 

amplify the image post hydrogen-alpha filters or to see nebula and clusters in the sky in real time  

  

4. The technology in night vision allows for far more sensitive x-ray machines to be made, reducing 

the doses necessary for an x-ray 
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3.2 Binocular Night Vision Devices:  

  

  

  

 

  

    Fig 3.2: Binocular night vision device  

3.2.1 Parts of Binocular Night Vision Devices:  

1. Object Glass  

  
  

2. Focus  

  
  

3. Image intensifier tube  

  
  

4. Eye Piece  

  

5. Eye Guard  

3.2.2 Parts of Image Intensifier Tube:  
  

  

 

   
Fig3.3: Image Intensifier Tube  
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Night vision is the ability to see in low light conditions. Whether by biological or technological means, 

night vision is made possible by a combination of two approaches: sufficient spectral range, and 

sufficient intensity range.  

  3.2.3 Image Intensification:  

This magnifies the amount of received photons from various natural sources such as starlight or 

moonlight. Examples of such technologies include night glasses and low light cameras. In the military 

context, Image Intensifiers are often called "Low Light TV" since the video signal is often transmitted 

to a display within a control center. LLLTV These are usually integrated into a sensor containing both 

visible and IR detectors and the streams are used independently or in fused mode, depending on the 

mission at hand's requirements.  

The image intensifier is a vacuum-tube based device (photomultiplier tube) that can generate an image 

from a very small number of photons (such as the light from stars in the sky) so that a dimly lit scene 

can be viewed in real-time by the naked eye via visual output, or storedas data for later analysis. While 

many believe the light is "amplified," it is not. When light strikes a charged photocathode plate, 

electrons are emitted through a vacuum tube that strike the micro channel plate that cause the image 

screen to illuminate with a picture in the same pattern as the light that strikes the photocathode, and is 

on a frequency that the human eye can see. This is much like a CRT television, but instead of color 

guns the photocathode does the emitting.  

The image is said to become "intensified" because the output visible light is brighter than the incoming 

light, and this effect directly relates to the difference in passive and active night vision goggles. 

Currently, the most popular image intensifier is the drop-in ANVIS module, though many other models 

and sizes are available at the market. Recently, the US Navy announced intentions to procure a dual-

color variant of the ANVIS for use in the cockpit of airborne platforms.  

Active illumination couples imaging intensification technology with an active source of illumination 

in the near infrared (NIR) or shortwave infrared (SWIR)band. Examples of such technologies include 

low light cameras.  

Active infrared night-vision combines infrared illumination of spectral range 700–1,000 nm (just below 

the visible spectrum of the human eye) with CCD cameras sensitive to this light. The resulting scene, 

which is apparently dark to a human observer, appears as a monochrome image on a normal display 

device. Because active infrared night-vision systems can incorporate illuminators that produce high 

levels of infrared light, the resulting images are typically higher resolution than other night-vision 

 technologies. 
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3.3 Hand Held Thermal Imaging Camera with LRF:  
  

  

  

  

 

  

Fig 3.4: HHTI with LRF  

HHTI with LRF or Multifunction HHTI is a cooled TI based integrated day/night sight with in-built 

eye safe Laser Range Finder, Digital Magnetic Compass, Color CCD and GPS. This equipment is 

capable of giving range, azimuth & elevation and also coordinates of the target. This is highly useful 

to Army and Navy for effective engagement of targets. Weather proof and withstand shocks and 

vibrations. It is provided with electronically generated reticle.  

Introduction:  
  

 

Fig 3.5: Block diagram of Thermal imaging camera  

1. Thermal image is the technique of using the heat given off by an object to produce an image of it or 

to locate it.  

2. First developed for military purpose in the late 1950s and 1960s by Texas instruments, Hughes,  

Aircraft and Honeywell  

3. In recent times it is being used in firefighting, law enforcement, industrial applications, security 

transportation, medical and many other industries.   
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3.3.1 Thermal Imaging:  

1. It is the technique of using the heat given off by an object to produce an image of it.  

  
2. Works in environments without any ambient light and can penetrate obscurants such as smoke, fog 

and haze.  

3. Normally grey scale in nature: black objects are cold, white objects are hot and the depth of the grey 

indicates variations between the two.  

4. Some thermal cameras, however, add color to images to help users identify objects at different 

temperatures.  

3.3.2 Working of thermal imaging:  

Here's how thermal imaging works: A special lens focuses the infrared light emitted by all of the objects 

in view. The focused light is scanned by a phased array of infrared-detector elements. The detector 

elements create a very detailed temperature pattern called a thermogram. Infrared Light:  

Our eyes are detectors that are designed to detect electromagnetic radiation in the visible light spectrum. 

All other forms of electromagnetic radiation, such as infrared, are invisible to the human eye.  

The existence of infrared was discovered in 1800 by astronomer Sir Frederick William Herschel. 

Curious to the thermal difference between different light colors, he directed sunlight through a glass 

prism to create a spectrum and then measured the temperature of each color. He found that the 

temperatures of the colors increased from the violet to the red part of the spectrum.  

After noticing this pattern Herschel decided to measure the temperature just beyond the red portion of 

the spectrum in a region where no sunlight was visible. To his surprise, he found that this region had 

the highest temperature of all.  

Infrared radiation lies between the visible and microwave portions of the electromagnetic spectrum. 

The primary source of infrared radiation is heat or thermal radiation. Any object that has a temperature 

above absolute zero (-273.15 degrees Celsius or 0 Kelvin) emits radiation in the infrared region. Even 

objects that we think of being very cold, such as ice cubes, emit infrared radiation.  

3.4 Thermal imaging camera  

Infrared energy (A) coming from an object is focused by the optics (B) onto an infrared detector (C). 

The detector sends the information to sensor electronics (D) for image processing. The electronics 

translate the data coming from the detector into an image (E) that can be viewed in the viewfinder or 

on a standard video monitor or LCD screen.  
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         Fig 3.6: Block diagram of Thermal imaging camera  
• Being truly passive in nature, thermal imaging systems are finding wide range of applications for 

surveillance and reconnaissance, target acquisition, engagement, and missile guidance.  

• They are true force multipliers as they allow weapons and equipment to be used with efficacy 

during day and night.   

• Recent advancements in optics, detector technology and signal processing have enabled 

revolutionary advancement in the night vision technology leading to the realization of third 

generation thermal imagers (TIs) having capabilities twice that of second generation and four 

times that of first generation systems.   

• DRDO is working in this area for the last two decades and has developed various TIs operating 

in 3-5 μm medium wave infrared (MWIR) and 8-12 μm long wave infrared (LWIR) spectral 
bands.   

• These systems are based on scanning/staring focal plane array (FPA) detectors for target 

acquisition, which can be used, either in standalone mode or as a part of electro-optical fire 

control system (EOFCS).  

• MWIR TIs perform better in hot humid environments and preferred for long range applications 

because of better atmospheric transmission where as LWIR TIs perform better in smoke and 

dusty environment prevailing in the battlefield.  

3.4.1 Principle of Operation and Types:  

Infrared energy is just one part of the electromagnetic spectrum, which encompasses radiation from 

gamma rays, x-rays, ultraviolet, a thin region of visible light, infrared, terahertz waves, microwaves, 

and radio waves. These are all related and differentiated in the length of their wave (wavelength). All 

objects emit a certain amount of black body radiation as a function of their temperatures.  



` 

  Gudlavalleru engineering college  Page 22  

Generally speaking, the higher an object's temperature, the more infrared radiation is emitted as black-

body radiation. A special camera can detect this radiation in a way similar to the way an ordinary 

camera detects visible light. It works even in total darkness because ambient light level does not matter. 

This makes it useful for rescue operations in smoke-filled buildings and underground. A major 

difference with optical cameras is that the focusing lenses cannot be made of glass, as glass blocks 

long-wave infrared light. Special materials such as Germanium or Sapphire crystals must be used. 

Germanium lenses are also quite fragile, so often have a hard coating to protect against accidental 

contact. The higher cost of these special lenses is one reason why thermographic cameras are more 

costly.  

Types:  

• Cooled infrared detectors  

• Un cooled infrared detectors  

3.4.2 Cooled infrared detectors:  

Cooled detectors are typically contained in a vacuum-sealed case or Dewar and cryogenically cooled. 

The cooling is necessary for the operation of the semiconductor materials used. Typical operating 

temperatures range from 4 K to just below room temperature, depending on the detector technology. 

Most modern cooled detectors operate in the 60 K to 100 K range, depending on type and performance 

level.  

Without cooling, these sensors (which detect and convert light in much the same way as common 

digital cameras, but are made of different materials) would be 'blinded' or flooded by their own 

radiation. The drawbacks of cooled infrared cameras are that they are expensive both to produce and 

to run. Cooling is both energy-intensive and time-consuming.  

The camera may need several minutes to cool down before it can begin working. The most commonly 

used cooling systems are rotary Stirling engine cryocoolers. Although the cooling apparatus is 

comparatively bulky and expensive, cooled infrared cameras provide superior image quality compared 

to un cooled ones.  

Additionally, the greater sensitivity of cooled cameras also allow the use of higher F-number lenses, 

making high performance long focal length lenses both smaller and cheaper for cooled detectors. An 

alternative to Stirling engine coolers is to use gases bottled at high pressure, nitrogen being a common 

choice. The pressurised gas is expanded via a micro-sized orifice and passed over a miniature heat 

exchanger resulting in regenerative cooling via the Joule–Thomson effect. For such systems the supply 

of pressurized gas is a logistical concern for field use.  

Materials used for cooled infrared detection include photo detectors based on a wide range of narrow 

gap semiconductors including:  
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1. Indium antimonide  

  
2. Indium Arsenide  

  
3. Mercury Cadmium telluride  

  
4. Lead sulfide  

  
  

3.4.3Un cooled Infrared detectors:  

Un cooled infrared sensors can be stabilized to an operating temperature to reduce image noise, but 

they are not cooled to low temperatures and do not require bulky, expensive cryogenic coolers. This 

makes infrared cameras smaller and less costly. However, their resolution and image quality tend to be 

lower than cooled detectors. This is due to differences in their fabrication processes, limited by 

currently available technology.  

Uncooled detectors are mostly based on pyro electric and ferroelectric materials or micro bolometer 

technology. The material is used to form pixels with highly temperature-dependent properties, which 

are thermally insulated from the environment and read electronically.  

Ferroelectric detectors operate close to phase transition temperature of the sensor material; the pixel 

temperature is read as the highly temperature-dependent polarization charge. The achieved NETD of 

ferroelectric detectors with f/1 optics and 320x240 sensors is 70-80 mK. A possible sensor assembly 

consists of barium strontium titanate bump-bonded by polyimide thermally insulated connection.  

Silicon microbolometers can reach NETD down to 20 mK. They consists of a layer of amorphous 

silicon, or a thin film vanadium(V) oxide sensing element suspended on silicon nitride bridge above 

the silicon-based scanning electronics. The electric resistance of the sensing element is measured once 

per frame.  

3.5Applications:  

1. Military and Police  

One of the most common users of a thermal imager is a law enforcement or military professional. They 

need to be able to see potential threats without being detected and thermal units give them this chance. 

Modern thermal imaging technology is tough enough to withstand the abuse of recoil, so many police 

officers and soldiers now employ thermal imaging rifle scopes such as the ATN ThOR 640 Thermal 

Imaging Weapon Sight. The drawback of using thermal imagers in life-and-death situations is that 

while they're incredibly effective at detecting people or animals, identification is far more challenging. 

You may see a man in front of you, but this doesn't mean you'll be able to tell if he's a friend or a foe.  
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2.Surveillance  

Thermal imaging cameras are one of the most effective tools for surveillance because they work equally 

well in the day and night. A regular CCTV camera is limited by its need for light, and night vision 

doesn't function during the day. The chance to see through smoke and fog also gives thermal a leg up 

on other surveillance techniques.  

3.Energy Audits  

Heating and cooling companies have used thermal imagers for years to see where buildings are leaking 

heat. Small cracks or holes cause homes to lose hundreds of dollars a year on heating and cooling bills.  

4.Security and Law Enforcement  

With a thermal imager, an officer can stop and scan the property at a distance identify any person 

present at there.  

Perimeter Surveillance is another application in which thermal imaging is used to dramatically improve 

results and reduce time committed to a particular operation.  

Thermal imaging cameras can also used in search and rescue operation as officers may be able to search 

up to 1,500 feet in any direction.  

 

 

 

 

 

 

 

 

 

 

 

 



` 

  Gudlavalleru engineering college  Page 25  

  

Chapter – 4 

PRODUCT ASSURANCE  

  

4.1 Definition:  

A discipline devoted to the study, planning and implementation of activities intended to assure that 

the design, controls, methods and techniques in a project result in a satisfactory level of quality in a 

product.  

The verification by a management function that customer requirements are satisfied by ensuring (1) 

The identification of critical activities, (2) The availability of the necessary resources for each 

process, (3) The use of the resources in a manner that is efficient and effective.  

  

4.2 Product Assurance Testing:  

Product assurance testing is conducted in order to evaluate a system in its operating environment. 

Product assurance testing is primarily used to find the faults that are not shown within the 

development or test environments. The tests performed are:  

 Climate Test  

  
a) Heat and Cold Chamber Test  

  
b) Rain and Dust Chamber Test  

  

 Durable Test  

  
a) Vibration Test  

  
b) Bump test  

  

 Functional Test  

  
a) Resolution Test  

  
b) Field of view  
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4.2.1 Heat and Cold Chamber Test:  
  

  

 

  

Fig4.1: Heat and Cold Chamber   

  
Temperature and humidity test chambers are ranging in size from 50LiTer to 3000Liter, including 

bench top, standard type and walk in. Included are ultra low temperature test chamber, high rate of 

change of temperature chambers (15 /min) and climate with humidity chambers. Our temperature 

and humidity test chambers are available in a variety of sizes and configurations, including bench 

top / vertical/ walk in constant temperature humidity chambers.  

Temperature Range: -70°C to +180°C; Humidity range: 10% to 98%R.H.  

4.2.2 Vibration Test Chamber:  

  

 

  

         Fig4.2: Vibration Test Chamber  

  

Repetitive Shock Vibration tables generate multi-axis vibration using one or more pneumatic 

impact hammer(s) (also known as impactors) that strike a the top of a vibration table on which a 

product is attached. Thermotron‘s repetitive shock vibration test systems are designed specifically 
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for very aggressive temperature change rates and high levels of multi-axis repetitive shock 

vibration. Repetitive shock shaker tables can be used as stand-alone units or combined with an 

AGREE or AST chamber for HALT/HASS testing. The repetitive shock vibration system 

incorporates many unique features designed to satisfy a wide range of vibration testing and 

screening applications for many industries. The basic system utilizes Multi-Zone Control. This 

patented feature uniformly—and more effectively—tests products. As a result, you receive 

improved product reliability, reduced warranty and recall risks, as well as better-utilized company 

resources.  

  4.2.3 Bump test chamber:  

  

 

  

Fig4.3: Bump Test Chamber  

  

This computerized machine is designed to cater the high acceleration and high pulse duration 

repetitive bump tests. The machine is used in product qualification testing, transient analysis of 

structures or models and fatigue tests on some systems and parts with an object to determine their 

suitability under repetitive bump environment (during transportation or in-service, etc.), and to 

assess structural integrity and stress screening. The machine has a robust steel structure that enables 

it to be used for testing of test objects having weights from 50 kg to 1000 kg, acceleration from 3 

to 400 m/s2’ and pulse duration from 3 ms to 30 ms. The machine is intended to reproduce the 

effects of repetitive bumps from 40 to 180 bumps per minute likely to be experienced by 

components and equipment during transportation or when installed in various classes of vehicles. 

The object mounting hole pattern of the platform is 100 x 100mm matrix or as desired by the 

customer. An optional T-slot for mounting of test objects is also provided. The mounting platform 
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is lifted vertically through a cam arrangement and is made to drop forcibly with the mechanical 

impact generating mechanism on the rubber pad placed on the anvil, which provides the required 

acceleration level. The desired impact acceleration can be obtained by adjusting the drop height 

and mechanical impact generating force of the mounting platform. Rubber pads are used to produce 

half-sine pulses, and duration of half sine pulse shape can be adjusted by changing the hardness 

and thickness of the rubber pads. The machine is supported with Pentium PC based intelligent 

instrumentation system to control and monitor and analyse acquired acceleration waveform on 4 

channels. The unit operates on 415/230 V ±10%, 50 Hz single phase AC and 3-phase 415 V 50 

Hz.  

  4.2.4 Salt Spray Test Chamber:  
  

 

  

       Fig4.4: Salt Spray Test Chamber  

  

The salt spray (or salt fog) test is a standardized and popular corrosion test method, used to check 

corrosion resistance of materials and surface coatings. Usually, the materials to be tested are 

metallic (although stone, ceramics, and polymers may also be tested) and finished with a surface 

coating which is intended to provide a degree of corrosion protection to the underlying metal. Salt 

spray testing is an accelerated corrosion test that produces a corrosive attack to coated samples in 

order to evaluate (mostly comparatively) the suitability of the coating for use as a protective finish. 

The appearance of corrosion products (rust or other oxides) is evaluated after a pre-determined 

period of time. Test duration depends on the corrosion resistance of the coating; generally, the 

more corrosion resistant the coating is, the longer the period of testing before the appearance of 

corrosion/ rust.  
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Chapter – 5  

SUB DEPARTMENTS  
  

5.1 Development and engineering department:  

It is to design to project, make the modifications to prepare design and related documents. the 

software used in BEL  Machilipatnam  is SOLIDWORKS.  

5.2 Material management:  

It is the management of materials, this department purchases the materials it has different bins that 

holds items after inspection.  

5.3 Quality assurance:  

It deals with the quality of material it is checked before going to customer. In quality assurance 

several equipments are used, they are vernier calipers, screw gauge, CMM machine, GO gauge 

and NO GO gauges etc..  

CMM machine:  

  

 

Fig5.1: Coordinate Measuring Machine  

A coordinate measuring machine (CMM) is a device for measuring the physical geometrical 

characteristics of an object. This machine may be manually controlled by an operator or it may be 

computer controlled. Measurements are defined by a probe attached to the third moving axis of 

this machine. Probes may be mechanical, optical, laser, or white light, among others. A machine 

which takes readings in six degrees of freedom and displays these readings in mathematical form 

is known as a CMM. The typical 3D "bridge" CMM is composed of three axes, X, Y and Z. These 

axes are orthogonal to each other in a typical three-dimensional coordinate system. Each axis has 
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a scale system that indicates the location of that axis. The machine reads the input from the touch 

probe, as directed by the operator or programmer. The machine then uses the X,Y,Z coordinates 

of each of these points to determine size and position, typically with micrometer precision.  

A coordinate measuring machine (CMM) is also a device used in manufacturing and assembly 

processes to test a part or assembly against the design intent. By precisely recording the X, Y, and 

Z coordinates of the target, points are generated which can then be analysed via regression 

algorithms for the construction of features. These points are collected by using a probe that is 

positioned manually by an operator or automatically via Direct Computer Control (DCC). DCC 

CMMs can be programmed to repeatedly measure identical parts, thus a CMM is a specialized 

form of industrial robot.  

5.4 Plant and service:  

It is the department for providing the services to company. services are water supply, electrical 

supply, transport, horticulture.  

5.5 Human resource &administration:  

In this department the recruitment of employees is done it is to use manpower in different areas.  

medical facilities are also available.  

5.6 Finance:  

It is the department for the sanction of money to the employees it is to be made for one year.it is 

the record of the money.  

5.7 Quality management:  

It is to sell products in the international market six sigma is the statistical technique for maintaining 

quality. in this department there is a group of employees who discuss the problems, find out its 

solution and present it to manager.  

5.8 Machine shop:  

In BEL machine shop there is both CNC and conventional machines are there, several components 

are manufactured in this machine shop. The conventional machines are lathe, milling, grinding and 

CNC machines like lathe, milling etc. CNC Lathe Machine  

• Automated version  

• Controlled by G and M code  

• Used for turning operations CNC Milling Machine  

• Programming for optimal performance  
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• Large production  

  

     CNC Drilling Machine  

• Multi function machining  High flexibility  

5.9 Production Planning and Control:  

This department forms the most important section among the others present because it forms the 

backbone right from the beginning till end of the particular set the responsibility lies in the hands 

of this section .It mainly performs three functions scheduling and launching control launching 

control the market section takes the order from the customer and gives the equipment stock order 

to ppc now ppc makes the list of each components involved in the product .this is called scheduling 

.next function that comes is launched ppc prepares shop order and engineering documents such as 

drawings .this function is called launching now comes to material control here the ppc keeps track 

of production i.e the purchase requisition is given to purchase department and sub contract 

department.  

5.10 Assembly section:  

In this all the components are gathered and assembled they set properly in the complete set .It is 

the most important and technologically advanced department at BEL Machilipatnam.  

5.11 R&D Department:  

• Areas of working in R&D Development are Military Radars, Naval Systems, Military 

communication products, Electronic warfare systems, Telecommunication products.  

• There are about 1000 engineers working in BEL on various D&E Projects.BEL R&D 

Units are recognized by the Department of scientific & industrial Research under the 

ministry of science & Technology, Govt. of India 
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Chapter – 6  

CONCLUSION  
  

• Undergoing four weeks of internship in the BEL Machilipatnam unit has helped 

me integrate conceptual   knowledge with real life application. I have known the 

functions of various departments in the industry and also products produced in the 

industry. I was fortunate to have personal guidance from experienced 

professionals who took interest in explaning me the working details of various 

equipments.  

• I feel that without this opportunity my own understanding of the subject and also 

the motivation to acquire more knowledge would have remained incomplete. I 

think my training has given me enough motivation and an exposure that I will try 

to join defence services or get linked up with the defence of the country.  
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1  

ABOUT THE ORGANISATION 
 
 

National Small Industries Corporation (NSIC), is an ISO 9001-2015 
certified Government of India Enterprise under Ministry of Micro, Small and 
Medium Enterprises (MSME). NSIC has been working to promote, aid and foster 
the growth of micro, small and medium enterprises in the country. NSIC operates 
through countrywide network of offices and Technical Centers in the Country. In 
addition, NSIC has set up Training cum Incubation Centre managed by 
professional manpower. 

 
 

Mission: “To promote and support Micro, Small & Medium Enterprises (MSMEs) 
Sector” by providing integrated support services encompassing Marketing, 
Technology, Finance and other services. 

Vision: “To be a premier Organization fostering the growth of Micro, Small and 
Medium Enterprises (MSMEs) Sector”. 

 
 

Schemes of NSIC: 
 
 

NSIC facilitates Micro, Small and Medium Enterprises with a set of specially 
tailored scheme to enhance their competitiveness. NSIC provides integrated 
support services under Marketing, Technology, Finance and other Support service. 

Technology Support: 

Technology is the key to enhancing a company's competitive advantage in 
today's dynamic information age. Small enterprises need to develop and 
implement a technology strategy in addition to financial, marketing and 
operational strategies and adopt the one that helps integrate their operations  
with their environment, customers and suppliers. 

NSIC offers small enterprises the following support services through its  
Technical Services Centers and Extension Centers: 

 
1. Advise on application of new techniques. 
2. Material testing facilities through accredited laboratories. 
3. Product design including CAD. 
4. Common facility support in machining, EDM, CNC, etc. 
5. Energy and environment services at selected centers. 
6. Classroom and practical training for skill upgradation. 



 

  
 
 
 
 
 
NSIC Technical Services Centers are located at the following places: 

Name of the Centre Focus area 

 

Chennai Leather & Footware  

Howrah General Engineering  

Hyderabad Electronics & Computer Application  

New Delhi Machine Tools & related activities  

Rajkot Energy Audit & Energy Conservation activities  

Rajpura (Pb) Domestic Electrical Appliances  

Aligarh (UP) Lock Cluster & Die and Tool making  
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INTRODUCTION 
 
 

Energy requirement for refrigeration and air conditioning applications 
bears a huge share of total energy consumption around the world. Since, thermal 
comfort plays a very important role on the health, working efficiency and  
activities of all living beings, especially, temperature and humidity. In the 
excessively hot climates it is necessary to reduce the temperature and humidity 
whereas in the cold climate there is a need to increase the temperature. When the 
temperature drops below thermal comfort level, especially in the winter season, 
The heating systems are employed. In  some  countries,  where  the  
atmospheric temperature is very low, natural heating like solar energy is not 
sufficient, the heat pump and fuel fired systems are proven to be suitable heating 
devices. In hot climates, thermal comfort achieved through the use of 
refrigerators and air conditioning systems. 

 
 
 

Refrigeration: 

The term “Refrigeration” may be defined as the process of 
removing heat from a substance under controlled conditions. It also includes the 
process of reducing and maintaining the temperature of a body below the general 
temperature of its surroundings. 

In other words, the refrigeration means a continued extraction of heat from a 
body whose temperature is already below temperature of its surroundings. In a 
refrigerator, heat is virtually pumped from a lower temperature to a higher 
temperature. 

Applications of Refrigeration: 

1. Food processing preservation and distribution. 
2. Chemical and process industries. 
3. Special applications such as cold treatment of metals, medical, 

construction, ice skating etc. 
4. Comfort air conditioning. 

 

Air Conditioning: 

“Air conditioning” is the process of removing heat and moisture 
from the interior of an occupied space to improve the comfort of occupants. Air 
conditioning can be used in both domestic and commercial environments. 
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Air conditioners often use a fan to distribute the conditioned air to an 
occupied  space  such   as   a   building   or   a car   to   improve thermal   
comfort and indoor air quality. Electric refrigerant-based AC units range from 
small units that can cool a small bedroom, which can be carried by a single adult, 
to massive units installed on the roof of office towers that can cool an entire 
building. The cooling is typically achieved through a refrigeration cycle, but 
sometimes evaporation or free cooling is used. Air conditioning systems can also 
be made based on desiccants (chemicals which  remove  moisture  from  the  
air). Some AC systems reject or store heat in subterranean pipes. 

 
 

Welding: 
 

Welding is a fabrication process that joins materials, usually metals or 
thermoplastics by causing fusion, which is distinct from lower temperature metal 
- joining techniques such as brazing and soldering, which do not melt the base 
metal. In addition to melting the base metal, a filler material is typically added to 
the joint to form a pool of molten material (the weld pool) that cools to form a 
joint that, based on weld configuration (butt, full penetration, fillet, etc.), can be 
stronger than the base material (parent metal). Pressure may also be used in 
conjunction with heat, or by itself, to produce a weld. Welding also requires a 
form of shield to protect the filler metals or melted metals from being 
contaminated or oxidized. 

Although less common, there are also solid state welding processes 
such as friction welding in which the base metal does not melt. 
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REFRIGERATION AND AIR CONDITIONIG 

 
In air refrigeration, the air is used as a refrigerant. In olden days, air was widely 

used in commercial applications because of its availability at free of cost. Since air 
does not change its phase i.e. remains gaseous throughout the cycle, therefore the 
heat carrying capacity per kg of air is very small as compared to vapour absorbing 
systems. The air- cycle refrigeration systems, as originally designed and installed, 
are now practically obsolete because of their low coefficient of performance and high 
power   requirements;   however,   this   system   continues   to   be   favoured   for   air 
refrigeration because of the low weight and volume of the equipment. 

Refrigeration essentially means continued abstraction of heat from a 
substance (perishable foods, drinks and medicines etc.) at low temperature level and 
then transfers this heat to another system at high potential of temperature. 

The basic elements of an air cycle refrigeration system are as follows: 

Compressor 

Cooler or heat exchanger 

Expander 

Refrigerator 

Air- Conditioning 

The air conditioning is that branch of engineering science which deals with 
the freezing point of water. 

They conducted their experiment with the bulb of a mercury thermometer as their 
object and with a bellows used to speed up the evaporation. They lowered the study 
of conditioning of air i.e. supplying and maintaining desirable internal atmospheric 
condition for human comfort, irrespective of external condition. This subject, in its 
broad sense, also deals with the conditioning of air for industrial purpose, food 
processing, storage of food and other materials. 

Air conditioning refers to the simultaneous control of temperature, humidity, 
cleanliness and air motion within a confined region or space. 

The basic elements of an Air- Conditioning system are as follows: 

1. Circulation fan 

2. Compressor 

3. Condenser 

4. Dryer 
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5. Evaporator 

6. Supply Duct 

7. Supply outlet 

8. Return outlet 

9. Filters 

Modern air conditioning emerged from advances in chemistry during the 19th 
century, and the first large- scale electrical air conditioning was invented and used in 
1902 by American inventor Willis Carrier. The introduction of residential air 
conditioning in the 1920s helped enable the great migration to the sun belt in the 
United States. 

In 1758, Benjamin Franklin and John Hadley, a chemistry professor at Cambridge 
University, conducted an experiment to explore the principle of evaporation as a 
means to rapidly cool an object. Franklin and Hadley confirmed that evaporation of 
highly volatile liquids (such as alcohol and ether) could be used to drive down the 
temperature of an object past the temperature of the thermometer bulb down to −14 
°C (7 °F) while the ambient temperature was 18 °C (64 °F). Franklin noted that, soon 
after they passed the freezing point of water 0 °C (32 °F), a thin film of ice formed on 
the surface of the thermometer's bulb and that the ice mass was about 6 mm (1 4 in) 
thick when they stopped the experiment upon reaching −14 °C (7 °F). Franklin 
concluded: "From this experiment one may see the possibility of freezing a man to 
death on a warm summer's day. 

A simple vapor compression refrigeration system consists of the following 
equipments: i) Compressor ii) Condenser iii) Expansion valve iv) Evaporator. 

 
 

Fig: 2.1. Typical single- stage vapour compression referigeration. 
 

The schematic diagram of the arrangement is as shown in Fig.2.1. The low 
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temperature, low pressure vapor at state B is compressed by a compressor to high 
temperature and pressure vapor at state C. This vapor is condensed intohigh 
pressure vapor at state D in the condenser and then passes through the expansion 
valve. Here, the vapor is throttled down to a low pressure liquid and passed on to an 
evaporator, where it absorbs heat from the surroundings from the circulating fluid 
(being refrigerated) and vaporizes into low pressure vapour at state B. The cycle then 
repeats. The exchange of energy is as follows: 

a) Compressor requires work, δw. The work is supplied to the system from the 
surroundings. 

b) During condensation, heat δQ1 the equivalent of latent heat of condensation 
etc, is lost from the refrigerator. 

c) During evaporation, heat δQ2 equivalent to latent heat of vaporization is 
absorbed by the refrigerant. 

d) There is no exchange of heat during throttling process through the expansion 
valve as this process occurs at constant enthalpy. 

 

 
Figure shows a simple vapor compression refrigeration cycle on T- s 

diagram for different compression processes. The cycle works between 
temperatures T1 and T2 representing the condenser and evaporator 
temperatures respectively. 
The various process of the cycle are as given below: 

 

i) Process 2-3: Isentropic compression of the vapor from state 2 to 3. If 
vapor state is saturated or superheated, the compression is called dry 
compression. If initial state is wet the compression is called wet 
compression. 

ii) Process 3-4: Heat rejection in condenser at constant pressure. 

iii) Process 4-1: An irreversible adiabatic expansion of vapor through the 
expansion value. The pressure and temperature of the liquid are reduced. 
The process is accompanied by partial evaporation of some liquid. 
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iv) Process 1-2: Heat absorption in evaporator at constant pressure. The final 
state depends on the quantity of heat absorbed and same may be wet, dry 
or superheated. 

 
 
 

Thermodynamic properties of Refrigerant: 
1. Boiling point : It should be low. 
2. Thermal conductivity : it should be high 
3. Specific heat : It should be low 
4. Freezing point : it should be low. 
5. Toxicity : it should be low 
6. Evaporative pressure : it should be high. 
7. Condensation pressure : It should be low. 
8. Latent heat : It should be high. 
9. CPO : It should be high. 

 
REFRIGERENT: 

1) It is heat carrying medium. 
2) It carries heat from low temperature to high temperature system. 
3) Liquid + vapour mixture. 

 
Selection of Refrigerant: 

1) Performance: High efficiency, Low cost. 
2) Safety: Non toxic. 
3) Environmental impact: It should be low. 

 
Types of Refrigerants: 

1) Chlorofluorocarbons (CFC) :R11, R22, R114, R113. 
2) Hydro cholrofluoro carbons (HCFC):R22. 
3) Hydrofluorcarbons (HFC) :R410a, R407, R1234yf, R134a. 
4) Hydrocarbons(HC) :R600a. 

 
 

Comparison of Air-Conditioners: 
 
 

Non- Inverter Inverter 

On/Off type Continuous on 

Current consumption high Low power consumption 
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Types of 

 
refrigerators: 

 
1.Single door refrigerator. 

2.Double door refrigerator. 

Difference between single and double door refrigerator: 
 

Single door Double door 

Single door is also called as direct 
cool refrigerator. 

Double door refrigerator is also 
called as freezer. 

Plate and tube evaporator coil. Tube and fine evaporator coil. 

Cooling temperature 
is up to - 18degrees.c 

Cooling temperature is 
up to - 24degrees.c 

 

Psychrometry process: 
1. Sensible cooling. 
2. Sensible heating. 
3. Humidification. 
4. Dehumidification. 
5. Cooling and dehumidification. 
6. Heating and humidification. 

Fixed frequency(50HZ) Variable frequency 

Outdoor unit starts (ODU) after 
3mins 

Indoor unit and outdoor unit 
starts at a same time 

Constant speed Variable speed 

It takes more time to reach set 
temperature 

 
It takes less time 

Capacitors required for starting 
purpose No capacitors required 

PCBs are placed in IDU PCBs are placed in IDU AND 
ODU 

R22 Refrigerant is used R4100 Refrigerant is used 

Suction pressure (60- 80psig) Suction pressure (120- 150psig) 

Discharge pressure (270- 
290psig) 

Discharge pressure (440- 
480psig) 
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WELDING 
 
 

Welding  is  a  fabrication  process  that  joins  materials,  usually  metals  or 
thermoplastics, by causing fusion, which is distinct from lower temperature metal- 
joining  techniques  such  as  brazing  and  soldering,  which  do  not  melt  the  base 
metal. In addition to melting the base metal, a filler material is typically added to 
the joint to form a pool of molten material (the weld pool) that cools to form a joint 
that, based on weld configuration (butt, full penetration, fillet, etc.), can be stronger 
than the base material (parent metal). Pressure may also be used in conjunction 
with heat, or by itself, to produce a weld. Welding also requires a form of shield to 
protect the filler metals or melted metals from being contaminated or oxidized. 

 

Methods of Welding: 
Some of the best known welding methods include: 

 
 Oxy-fuelwelding – also known as oxyacetylene welding or oxy-welding, uses          

fuel gases and oxygen to weld and cut metal. 
 
 
 

fig: 3.1 Oxy- Fuel Welding 
 

 Shielded metal arc welding (SMAW) – also known as "stick welding" or "electric welding", 
uses an electrode that is coated in flux to protect the weld puddle. The 
electrode holder holds the electrode as it slowly melts away. Slag protects the 
weld puddle from atmospheric contamination. 



 

 

Fig: 3.2 Shielded Metal Arc Welding
 

 Gastungstenarcwelding(GTAW)– a
uses a non- consumable tungsten electrode to produce the weld. The weld 
area is protected from atmospheric contamination by an inert shielding gas 
such as argon or helium.

 

Fig. 3.3 Gas Tungsten Arc Welding
 

 Gas         metal            arc         welding             
commonly termed MIG (metal inert gas)
feeding  gun  that feeds wire at an 
adjustable speed and flows
based shielding gas or
and carbon dioxide (CO2

puddle to protect it from atmospheric
contamination. 

 
 

 

 Submerged      arc   welding     (SAW)       –  
electrode and a blanket of granular
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Fig: 3.2 Shielded Metal Arc Welding 

also known as TIG (tungsten, i
consumable tungsten electrode to produce the weld. The weld 

area is protected from atmospheric contamination by an inert shielding gas 
helium. 

Fig. 3.3 Gas Tungsten Arc Welding 

welding             (GMAW)             – 
s),  uses  a  wire  

feeds wire at an 
adjustable speed and flows an argon- 

or a mix of argon 
2) over the weld 

puddle to protect it from atmospheric 

Fig. 3.4 Gas metal arc welding

  uses  an  automatically  fed  consumable 
granular fusible flux. The molten weld and the

inert gas),                                                           
consumable tungsten electrode to produce the weld. The weld 

area is protected from atmospheric contamination by an inert shielding gas 

Fig. 3.4 Gas metal arc welding 

uses  an  automatically  fed  consumable 
the arc zone 



 

are - protected from atmospheric contamination by being "submerged" under the 
flux blanket. 

 

 

 
 Electroslag welding (ESW) –  

process for thicker materials between 1 inch (25 mm) and 12 inches (300 mm) 
in a vertical or close to vertical

 
 

Fig. 3.6 Electroslag Welding
 

 Electric resistance welding (ERW) 
coalescence of laying surfaces where heat to form the weld is generated by the 
electrical resistance of the m
relatively thin material. 

12 

protected from atmospheric contamination by being "submerged" under the 

Fig. 3.5 Submerged Arc Welding 

 a  highly  productive,  single  pass
process for thicker materials between 1 inch (25 mm) and 12 inches (300 mm) 
in a vertical or close to vertical position. 

 

Fig. 3.6 Electroslag Welding 

Electric resistance welding (ERW) – a welding process that produces 
coalescence of laying surfaces where heat to form the weld is generated by the 

material. In general, it is an efficient method b

protected from atmospheric contamination by being "submerged" under the 

s  welding           
process for thicker materials between 1 inch (25 mm) and 12 inches (300 mm) 

a welding process that produces 
coalescence of laying surfaces where heat to form the weld is generated by the 

but limited to 
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Fig. 3.7 Electric resistance welding 

 
 
 
 
 
 
 

Classification of Welding Processes: 
 

Welding processes can be classified based on following criteria; 
 

1. Welding with or without filler material. 
2. Source of energy of welding. 
3. Arc and Non- arc welding. 
4. Fusion and Pressure welding. 

 
1. Welding can be carried out with or without the application of filler material. 

Earlier only gas welding was the fusion process in which joining could be 
achieved with or without filler material. When welding was done without filler 
material it was called ‘autogenous welding'. However, with the development of 
TIG, electron beam and other welding processes such classification created 
confusion as many processes shall be falling in both the categories. 

2. Various  sources  of  energies  are  used  such  as  chemical,  electrical,  light, 
sound, mechanical energies, but except for chemical energy all other forms 
of energies are generated from electrical energy for welding. So this criterion 
does not justify proper 
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es classification embraces all the arc welding processes in one class and all 
other processes in other class. In such classification it is difficult to assign 
either of the class to processes such as electroslag welding and flash butt 
welding, as inelectroslag welding the process starts with arcing and with the 
melting of sufficient flux the arc extinguishes while in flash butt welding tiny 
arcs i.e. sparks are established during the process and then components are 
pressed against each other. Therefore, such classification is also not perfect. 

3. Fusionwelding and pressure welding is most widely used classification 
as it covers all processes in both the categories irrespective of heat 
source and welding with or without filler material. In fusion welding all 
those processes are included where molten metal solidifies freely while  
in pressure welding molten metal if any is retained in confined space 
under pressure (as may be in case of resistance spot welding or arc stud 
welding) solidifies under pressure or semisolid metal cools under 
pressure. 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Fig. Classification of Welding Process 
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Fig. Classification of Pressurized welding 
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WELDING INSPECTION (NDT) 
 

 Non- Destructive Testing: 

Nondestructive testing or non- destructive testing (NDT) is a wide group of 
analysis techniques used in science and technology industry to evaluate the 
properties of a material, component or system without causing damage The terms 
nondestructive examination (NDE), nondestructive inspection (NDI), and nondestructive 
evaluation (NDE) are also commonly used to describe this technology. 

Since NDT does not permanently alter the characteristics of article being 
inspected, it  is  a highly valuable technique that  can save both money and time in 
product evaluation, troubleshooting, and research. The six most frequently used NDT 
methods are: 

 
 Types of NDT: 

1. Visual inspection. 
2. Penetrant testing. 
3. Magnetic particle inspection testing. 
4. Ultrasonic testing. 
5. Radiography testing. 
6. Eddy current testing. 
7. Leak test. 
8. Thermography. 
9. Vibrational analysis 

 
 Selection of NDT: 

 
MagneticparticleInspection(MPI): It   is   a   non-   destructive   testing   (NDT)   process   for 
detecting surface and shallow subsurface discontinuities in ferromagnetic materials 
such as iron, nickel, cobalt, and some of their alloys. The process puts a magnetic 
field into the part. The piece can be magnetized by direct or indirect magnetization. 

Direct magnetization occurs when the electric current is passed through the test 
object and a magnetic field is formed in the material. Indirect magnetization occurs 
when no electric current is passed through the test object, but a magnetic field is 
applied from an outside source. The magnetic lines of force are perpendicular to the 
direction of the electric current, which may beeither alternating current (AC) or some 
form of direct current (DC) (rectified AC). 

The presence of a surface or subsurface discontinuity in the material allows the 
magnetic flux to leak, since air cannot support as much magnetic field per unit 
volume as metals. 
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Fig 4.1 Magnetic particle inspection 

Liquid Penetration method: 

Visible dye penetrant is a NDT (Non Destructive Testing) method. It is a 
simple test to perform, and a good way to test welds before carrying out more 
expensive techniques like x- ray testing. 

It will show up bad cold lap, cracks, holes... basically any defects where a very 
fine dye can penetrate, hence the name. It can be used for various things, not just 
weld testing. It can be used to test the presence of a crack in a cylinder head for 
example. 

The simple kits come in 3 parts, usually in aerosol cans. Namely, a cleaner, a 
penetrant, and a developer. There are four types of dye penetrant system: 

 Water washable : the dyes wash away with water. 
 Lipophilic : the dye dissolves in oil for removal. 
 Hydrophilic : the dye washes away with a water rinse, 

but detergents are necessary. 
 Solvent removable : the dye is removed with a cleaning solvent. 

 
There  are  five  levels  of  testing,  from  Level  ½  (Lowest  sensitivity)  to  Level  4 

(Highest Sensitivity). Operatives carrying out this testing should be qualified to do so, 
and reports, sometimes with photographic evidence, might be requested. 

Step 1 - Pre cleaning 
First any loose material needs to be removed, together 
with any silica on top of the weld. It is important to 
remove the silica, or you can get false results. A good 
scrape and wire brush sorts this out in most cases. 
Then apply some of the cleaner to remove any oil etc. 
Wait for the cleaner to dry completely before applying 
penetrant. 
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Fig. 4.2 Pre cleaning 
 

Step 2 - Penetrant 
Once  cleaned,  apply  the  penetrant  (a  bright  red 
liquid dye). Spray plenty on the welds. 
Leave the dye to penetrate, normally for about 20 
minutes. The time scale is usually printed on the 
can or on the product data sheet. The 
photographs show a solvent removable system. 

 
 

Fig. 4.3 Application of Penetrant 
Step 3 - Post cleaning 

Cleaning again. You need to remove 
excess dye from the area, which is 
easier said than done. It is 
important not to spray the cleaner 
on   the   area   directly,   or   you   risk 
washing the dye from the flaw. Use 
a dry tissue to remove excess dye, 
then spray cleaner onto a clean 
cloth for final cleaning. 

 

Ultrasonic Testing(UT): 
Ultrasonic testing (UT) is a family of non- destructive testing techniques 

based on the propagation of ultrasonic waves in the object or material tested. In 
most common   UT   applications,   very   short   ultrasonic   pulse- waves   with 
center frequencies ranging from 0.1- 15 MHz, and  occasionally  up  to  50 MHz, 
are transmitted into materials to detect internal flaws or to characterize materials. 
A common    example    is ultrasonic    thickness    measurement,    which    tests 
the thickness of the test object, for example, to monitor pipe work corrosion. 

Ultrasonic testing is  often performed on steel and other metals and alloys, 
though it can also be used on concrete, wood and composites, albeit with less 
resolution. It is used in many industries including steel and aluminium 
construction,   metallurgy,   manufacturing,   aerospace,   automotive   and   other 
transportation sectors. 
Step 2: Instrument settings are input. 
Step 3: The probe is scanned over the blade root. In this case, an indication (peak 
in the data) through the red line (or gate) indicates a good blade; an indication to 
the left of that range indicates a crack. 
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Fig: 4.5 Ultrasonic Testing 
Principle: A probe sends a sound wave into a test material. There are two indications,           one 
from the initial pulse of the probe, and the second due to the back wall echo. 
RIGHT: A defect creates a third indication and simultaneously reduces the amplitude 
of the back wall indication. The depth of the defect is determined by the ratio D/Ep. 

Radiography: 
Radiography is an imaging technique using X- rays to view the internal form of 

an  object.  To  create  the  image,  a  beam  of  X-  rays,  a  form  of  electromagnetic 
radiation, are produced by an X- ray generator and are projected toward the object. 
A certain amount of X- ray is absorbed by the object, dependent on its density and 
structural composition. The X- rays that pass through the object are captured 
behind the object by a detector (either photographic film or a digital detector). The 
generation of flat two dimensional images by this technique is called projectional 
radiography. In Computed tomography(CT scanning) an x ray source and its 
associated detectors rotate around the subject which itself moves through the 
conical x ray beam produced. Any given point within the subject is crossed from 
many directions by many different beams at different times. 

Information regarding attenuation of these beams is collated and subjected 
to computation to generate two dimensional images in three planes (axial, coronal 
and sagittal) which can be further processed to produce a three dimensional 
imag
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Conclusion 

In this internship programme, I have learnt about 

 Different metal joining processes and their applications, with hands on 

experience. 

 Different non-destructive techniques – their principles and implementation 

with hands on experience. 

 Working of refrigeration and air-conditioning machines followed by their 

assembly. 
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ABSTRACT 

With the completion of this training, I am now aware of the different types of 

casting. I have worked for one month in prathap industries.I have worked almost as 

an engineer to the extent of my technical capabilities. Doing all these, I have 

acquired a lot of knowledge about the casting techniques for rice and sugar mills. I 

was the part of one of the most happening and demanding field of casting and 

spending one month into it really proved very useful to me and I have gained a lot 

out of it. Finally, the main advantage of this training was that it has now enabled 

me to explore myself in the field of casting industries. 
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CHAPTER 01 

INTRODUCTION 

1.1 CASTING: 

Casting is a manufacturing process in which a liquid material is usually poured into 

a mold, which contains a hollow cavity of the desired shape, and then allowed to 

solidify. The solidified part is also known as a casting, which is ejected or broken 

out of the mold to complete the process. Casting materials are usually metals or 

various time setting materials that cure after mixing two or more components 

together; examples are epoxy, concrete, plaster and clay. Casting is most often 

used for making complex shapes that would be otherwise difficult or uneconomical 

to make by other methods 

1.2 CAST IRON: 

Cast iron is a group of iron-carbon alloys with a carbon content greater than 

2%. Its usefulness derives from its relatively low melting temperature. The alloy 

constituents affect its color when fractured. white cast iron has carbide impurities 

which allow cracks to pass straight through, grey cast iron has graphite flakes 

which deflect a passing crack and initiate countless new cracks as the material 

breaks, and ductile cast iron has spherical graphite "nodules" which stop the crack 

from further progressing. 

Carbon (C) ranging from 1.8 to 4 wt%, and silicon (Si) 1–3 wt%, are the main 

alloying elements of cast iron. Iron alloys with lower carbon content are known 

as steel. 

Cast iron tends to be brittle, except for malleable cast irons. With its relatively low 

melting point, good fluidity, castability, excellent machinability, resistance to 

deformation and wear resistance, cast irons have become an engineering 

material with a wide range of applications and are used in pipes, machines 

and automotive industry parts, such as cylinder heads, cylinder 

blocks and gearbox cases. It is resistant to damage by oxidation. 
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1.3 TYPES OF CAST IRON: 

Based on the alloying elements added, the variation in the solidification of the cast 

iron and heat treatment used, the microstructure of the cast iron can vary. 

Depending upon the application and the preferred mechanical properties, iron 

castings can be classified into the following. 

1.3.1 WHITE CAST IRON: 

When the white cast iron is fractured, white coloured cracks are seen throughout 

because of the presence of carbide impurities. White cast iron is hard but brittle. It 

has lower silicon content and low melting point. The carbon present in the white 

cast iron precipitates and forms large particles that increase the hardness of the cast 

iron. It is abrasive resistant as well as cost-effective making them useful in various 

applications like lifter bars and shell liners in grinding mills, wear surfaces of 

pumps, balls and rings of coal pulverisers, etc. 

1.3.2 GREY CAST IRON: 

Grey is the most versatile and widely used cast iron. The presence of carbon leads 

to formation of graphite flakes that does not allow cracks to pass through, when the 

material breaks. Instead, as the material breaks the graphite initiates numerous new 

cracks. The fractured cast iron is greyish in colour, which also gives it the name. 

The graphite flakes make the grey cast iron exhibit low shock resistance. They also 

lack elasticity and have low tensile strength. 

However, the graphite fakes gives the cast iron excellent machinability, damping 

features as well as good lubricating properties making them useful in many 

industrial applications. The graphite microstructure of the cast iron has a matrix 

that consists of ferrite, pearlite or a combination of two. The molten grey iron has 

greater fluidity and they expand well during the solidification or freezing of cast 

iron. This has made them useful in industries like agriculture, automobile, textile 

mills, etc. 
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1.3.3 MALLEABLE CAST IRON: 

Malleable cast iron is basically white iron that undergoes heat treatment to convert 

the carbide into graphite. The resultant cast iron has properties that vary from both 

grey and white cast iron. In case of malleable cast iron, the graphite structure is 

formed into irregularly shaped spheroidal particles rather than flakes that are 

usually present in gray cast iron. This make the malleable cast iron behave like 

low-carbon steel. There is considerable shrinkage that results in reduced 

production of cast iron as well increased costs. Malleable cast iron can be 

identified easily by the blunt boundaries. 

1.3.4 DUCTILE CAST IRON: 

Ductile cast iron is yet another type of ferrous alloy that is used as an engineering 

material in many applications. To produce ductile iron, small amount of 

magnesium is added to the molten iron, which alters the graphite structure that is 

formed. The magnesium reacts with oxygen and sulphur in the molten iron leading 

to nodule shaped graphite that has earned them the name-nodular cast iron. Like 

malleable iron, ductile iron is flexible and exhibits a linear stress strain relation. It 

can be casted in varied sizes and into varying thickness. 

 

 

Fig 1.2 Different types off cast iron 
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1.4 IMPORTANCE OF METAL CASTING: 

Metal castings will play a key role in the expansion of all renewable energy 

sources.” The casting industry is important for so many reasons. It supports other 

industries, small businesses, the global economy, the growth of the people who 

dedicate their time every day to building the industry and the environment. 

1.5 METAL CASTING PROCESS: 

The metal casting process has been divided into the following five major 

operations: 

Obtaining the Casting Geometry:The process is referred as the study of the 

geometry of parts and plans, so as to improve the life and quality of casting. 

Casting Pattern making:In pattern making, a physical model of casting, i.e. a 

pattern is used to make the mold. The mold is made by packing some readily 

formed aggregated materials, like molding sand, around the pattern. After the 

pattern is withdrawn, its imprint leaves the mold cavity that is ultimately filled 

with metal to become the casting.  case, the castings is required to be hollow, such 

as in the case of pipe fittings, additional patterns, known as cores, are used to 

develop these cavities. 

Core making & Molding :In core making, cores are formed, (usually of sand) that 

are placed into a mold cavity to form the interior surface of the casting. Thus the 

annul space between the mold-cavity surface and the core is what finally becomes 

the casting. 

Molding is a process that consists of different operations essential to develop a 

mold for receiving molten metal. 

Alloy Melting and Pouring: Melting is a process of preparing the molten material 

for casting. It is generally done in a specifically designated part of foundry, and the 

molten metal is transported to the pouring area wherein the molds are filled. 

Casting Cleaning: Cleaning is a process that refers to the different activities 

performed for the removal of sand, scale, and excess metal from the casting. 
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CHAPTER 02 

CAST IRON CASTINGS FOR RICE MILLS  

2.1 RICE HULLERS: 

A rice huller or rice husker is an agricultural machine used to automate the process 

of removing the chaff (the outer husks) of grains of rice. Throughout history, there 

have been numerous techniques to hull rice. Traditionally, it would be pounded 

using some form of mortar and pestle. An early simple machine to do this is a rice 

pounder. Later even more efficient machinery was developed to hull and polish 

rice.  

 

 

 

Fig 2.1:Rice huller 

https://en.wikipedia.org/wiki/Agricultural_machinery
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CHAPTER 03 

SUGAR MILL ROLLERS 

3.1 SUGAR MILL ROLLER: 

A sugar cane mill is a factory that processes sugar cane to produce raw or 

white sugar. 

There are a number of steps in producing raw sugar from cane: 

1. Cane receiving and unloading (receive the cane at the factory and unload it 

from the transport vehicles) 

2. Cane preparation (cutting and shredding cane to prepare it for juice 

extraction) 

3. Juice extraction (two technologies are in common use; milling or diffusion) 

4. Juice clarification (remove suspended solids from the juice, typically mud, 

waxes, fibres) 

5. Juice evaporation (to concentrate the juice to a thick syrup of about 65°brix) 

6. Syrup clarification (remove suspended solids from the syrup, typically 

colloid size of mud, waxes, fibres, etc.) 

7. Crystallisation 

8. Centrifugation (Separation of the sugar crystals from the mother liquor, done 

by centrifugal machines) 

9. Sugar drying 

10. Packaging and delivery 

These processing steps will produce a brown or raw sugar. Mill white sugar also 

known as plantation white sugar can be produced by introducing some form of 

colour removal process (often sulphitation) between the juice clarification and the 

juice evaporation stages mentioned above. The raw sugar produced is 

often refined to produce white sugar. This sugar refining can be done either at a 

https://en.wikipedia.org/wiki/Sugar_cane
https://en.wikipedia.org/wiki/Raw_sugar
https://en.wikipedia.org/wiki/Sugar
https://en.wikipedia.org/wiki/Brix
https://en.wikipedia.org/wiki/Sugar_refinery
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completely separate factory or at a back-end refinery which is attached to the raw 

sugar factory. 

 

Fig 3.1: Sugar mill roller 

3.2 THREE ROLLER SUGAR MILL: 

Three roller sugar mill is the most vital part of sugar industry & sugar roller mill is 

used for to separate the sucrose-containing juice from the cane i.e. extraction of 

juice consist of three rollers namely Top, Feed and Discharge. The extraction of 

juice in a mill is achieved by squeezing prepared cane between two rolls. The main 

objective of milling is to separate the sucrose containing juice from the cane. The 

prepared cane comes under three roller mills between top roller and feed roller of 

these roller’s rotates the prepared cane is squeezed. Once by which juice is 

extracted and collected in a trough the bagasse obtained after squeezing the juice is 

guided by means of trash plate to the opening between top roller and discharge 

roller and bagasse is squeezed once again in set of three roller mills. In three roller 

mill, three rollers are arranged in triangular pattern for removing sucrose up to 96-

97 % max. 
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 Fig 3.2 Three roller sugar mill 

 

Usually, three roller mills are used for extraction of juice which consists of top, 

feed and discharge rollers. Sugar cane is being fed into top and feed rollers which 

further passes through top and discharge roller along with trash plate. This trash 

plate is having a downside that 25% of total hydraulic load is shared by this trash 

plate in overcoming friction and remaining 75% only the useful one. i.e. 25% 

hydraulic load is shared by feed roller and 50% is shared by discharge roller. 

Crushing rolls are designed with high coefficient of friction and very low rotational 

speed up to 4 to 5 rpm. The rollers are arranged in an isosceles triangle with a top 

angle of 73Û. The feed and discharge rollers are placed at an angle of 36Û & 37Û 

respectively from the vertical below the top roller. The crushing of cane takes 

place first in top-feed roller and then in top-discharge roller. The shaft of roller is 

made up of forged steel and shell of the roller is made up of cast iron. The shell is 

shrink fitted on the shaft. The power for crushing of sugarcane is given to the top 

roller which rotates feed and discharge roller with arrangement of pinion attached 

on one side of roller. The direction of rotation of top and feed – discharge rollers is 
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opposite. The A.C. power is given to the top roller for crushing. Top roller is 

critical component amongst all. As the drive torque, hydraulic load, crushing load 

is coming on the top roller. The forces acting on the mill rolls give rise to shearing, 

bending, torsion and compressive stresses. The top roller is most highly stressed, 

since it consumes about half of the mill torque. Out of total power 50% is taken by 

top roller, 35% is taken by discharge roller, 15% is taken by feed roller. 

3.3JUICE EXTRACTION: 

There are two processes for extracting juice from cane  

• Milling, and 

• Diffusion. 

3.3.1 MILLING: 

Juice extraction by milling is the process of squeezing the juice from the cane 

under a set mills using high pressure between heavy iron rollers. Those mills can 

have from 3 up to 6 rolls; every set of mills is called a tandem mill or mill train. To 

improve the milling extraction efficiency, imbibition water is added at each mill. 

Hot water is poured over the cane just before it enters the last mill in the milling 

train and is recirculated up to reach the first mill. The juice squeezed from this 

cane is low in sugar concentration and is pumped to the preceding mill and poured 

onto the cane just before it enters the rollers, the juice from this mill is the same 

way pumped back up the milling train. Mixed juice (that is to say cane juice mixed 

with the water introduced at the last mill) is withdrawn from the first and second 

mills and is sent for further processing. Milling trains typically have four, five or 

six mills in the tandem. To improve the milling extraction performance before the 

cane reaches the first mill, knife and shredder preparation equipment is normally 

used. 
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3.3.2 DIFFUSION: 

Sugarcane diffusion is the process of extracting the sucrose from the cane with the 

use of imbibtion but without the squeezing by mills. Shredded cane is introduced 

into the diffuser at the feed end, Hot water is poured over the shredded cane just 

before the discharge end of the diffuser. The hot water percolates through the bed 

of cane and removes sucrose from the cane. This dilute juice is then collected in a 

compartment under the bed of cane and is pumped to a point a little closer to the 

feed end of the diffuser and this dilute juice is allowed to percolate through the bed 

of cane. At this point the concentration of sucrose in the cane is higher than the 

concentration of sucrose in the dilute juice just mentioned and so sucrose diffuses 

from the cane to the juice, this now slightly richer juice is pumped back up the 

diffuser and the process is repeated, typically, 12 to 15 times 

3.4JUICE CLARIFICATION: 

Sugar cane juice has a pH of about 4.0 to 4.5 which is quite acidic. Calcium 

hydroxide, also known as milk of lime or limewater, is added to the cane juice to 

adjust its pH to 7. The lime helps to prevent sucrose's decay into glucose and 

fructose. The limed juice is then heated to a temperature above its boiling point. 

The superheated limed juice is then allowed to flash to its saturation temperature: 

this process precipitates impurities which get held up in the calcium carbonate 

crystals. The flashed juice is then transferred to a clarification tank which allows 

the suspended solids to settle. The supernatant, known as clear juice is drawn off of 

the clarifier and sent to the evaporators. 

3.5JUICE EVAPORATING: 

The clarified juice is concentrated in a multiple-effect evaporator to make a syrup 

of about 50 percent sucrose by weight. 

 

 

https://en.wikipedia.org/wiki/PH
https://en.wikipedia.org/wiki/Milk_of_lime
https://en.wikipedia.org/wiki/Supernatant
https://en.wikipedia.org/wiki/Multiple-effect_evaporator
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3.6 CRYSTALLIZATION AND CENTRIFUGING: 

This syrup is further concentrated under vacuum in a vacuum boiling pan  until it 

becomes supersaturated, finely ground sugar crystals suspended in alcohol are 

introduced into the vacuum pan as seed crystals around which sucrose is deposited 

and these crystals then grow in size until they are ready to be discharged (typically 

about 1 millimetre (0.039 in)) 

A number of boiling schemes are possible, the most commonly used boiling 

scheme is the three-boiling scheme. This method boils the sugar liquors in three 

stages, called A-, B- and C-. 

A batch type sugar centrifuge separates the sugar crystals from the mother liquor. 

These centrifuges have a capacity of up to 2,200 kilograms (4,900 lb) per cycle. 

The sugar from the centrifuges is dried and cooled and then stored in a silo or 

directly packed into bags for shipment. 

The mother liquor from the first crystallization step (A-product) is again 

crystallized in vacuum pans and then passed through continuous sugar centrifuges. 

The mother-liquor is again crystallized in vacuum pans. Due to the low purity the 

evapo-crystallization alone is not sufficient to exhaust molasses, and so the so-

called massecuite (French for “boiled mass”) is passed through cooling 

crystallizers until a temperature of approx. 45 °C (113 °F) is reached. Then the 

massecuite is re-heated in order to reduce its viscosity and then purged in the C-

produced centrifugals. The run-off from the C-centrifugals is called molasses. 

The spun-off sugar from the B-product and C-product centrifuges is re-melted, 

filtered, and added to the syrup coming from the evaporator station. 

 

 

 

https://en.wikipedia.org/wiki/Supersaturation
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CHAPTER 04 

MILL ROLLER SHAFT 

Roller mills are mills that use cylindrical rollers, either in opposing pairs or against 

flat plates, to crush or grind various materials, such as grain, ore, gravel, plastic, 

and others. Roller grain mills are an alternative to 

traditional millstone arrangements in gristmills. Roller mills for rock complement 

other types of mills, such as ball mills and hammermills, in such industries as 

the mining and processing of ore and construction aggregate; cement milling; 

and recycling. 

 

Fig 4: Mill roller shaft 

4.1 TYPES OF ROLLER MILLS: 

4.1.1 Two-roller mills: 

 Two-roller mills are the simplest variety, in which the material is crushed between 

two rollers before it continues on to its final destination. The spacing between 

https://en.wikipedia.org/wiki/Mill_(grinding)
https://en.wikipedia.org/wiki/Cylinder_(geometry)
https://en.wikipedia.org/wiki/Cereal
https://en.wikipedia.org/wiki/Ore
https://en.wikipedia.org/wiki/Gravel
https://en.wikipedia.org/wiki/Plastic
https://en.wikipedia.org/wiki/Millstone
https://en.wikipedia.org/wiki/Gristmill
https://en.wikipedia.org/wiki/Ball_mill
https://en.wikipedia.org/wiki/Hammermill
https://en.wikipedia.org/wiki/Mining
https://en.wikipedia.org/wiki/Construction_aggregate
https://en.wikipedia.org/wiki/Cement_mill
https://en.wikipedia.org/wiki/Recycling
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these two rollers can be adjusted by the operator. Thinner spacing usually leads to 

that material being crushed into smaller pieces. 

4.1.2Four-roller mills : 

Four-roller mills have two sets of rollers. When using a four-roller mill to mill 

grain, the grain first goes through rollers with a rather wide gap, which separates 

the seed from the husk without much damage to the husk, but leaves large grits. 

Flour is sieved out of the cracked grain, and then the coarse grist and husks are sent 

through the second set of rollers, which further crush the grist without damaging 

the crusts. Similarly, there are three-roller mills, in which one of the rollers is used 

twice. 

4.1.3 Five- and six-roller mills: 

 Six-roller mills have three sets of rollers. When using this type of mill on grain, 

the first set of rollers crush the whole kernel, and its output is divided three ways: 

Flour immediately is sent out the mill, grits without a husk proceed to the last 

roller, and husk, possibly still containing parts of the seed, go to the second set of 

rollers. From the second roller flour is directly output, as are husks and any 

possible seed still in them, and the husk-free grits are channeled into the last roller. 

Five-roller mills are six-roller mills in which one of the rollers performs double 

duty. 

4.2 WORKING PRINCIPLE: 

While working, motor drives the hanger of the grinding roller to rotate through V 

pulley and centre bearing. The roller, which is hung by bearing and pendulum 

shaft, will roll along the inner circle of the roll ring while the hanger is rotating. A 

dust removal blower will generate negative pressure at the inlet and outlet of the 

grinder to prevent dust and radiating the heat in the machine. 

 

 

https://en.wikipedia.org/wiki/Pressure#Negative_pressures
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Fig 4.2: Casting for mill roller shaft 

4.3 APPLICATIONS: 

✓ Specialized for the high production of superfine pyrophyllite powder making 

in glass fiber industry 

✓ Specialized for the high production of gangue powder making in coal 

industry 

✓ Specialized for the high production of various of chemical raw material 

powder making in the chemical industry. 

 

 

 

 

 

https://en.wikipedia.org/wiki/Fiberglass
https://en.wikipedia.org/wiki/Chemical_industry
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CHAPTER 05 

GUN METAL BEARINGS 

5.1 GUN METAL: 

Gun metal, also known as red brass in the United States, is a type of bronze – 

an alloy of copper, tin, and zinc. Proportions vary but 88% copper, 8–10% tin, and 

2–4% zinc is an approximation. Originally used chiefly for making guns, it has 

largely been replaced by steel. Gunmetal, which casts and machines well and is 

resistant to corrosion from steam and salt water,[1] is used to make steam and 

hydraulic castings, valves, gears, statues, and various small objects, such as 

buttons. It has a tensile strength of 221 to 310 MPa, a specific gravity of 8.7, 

a Brinell hardness of 65 to 74, and a melting point of around 1,000 degrees 

Celsius. 

 

Fig 5.1 Gun metal bearings 

Modified gunmetal contains lead in addition to the zinc; it is typically composed 

of 86% copper, 9.5% tin, 2.5% lead, and 2% zinc. It is used for gears and bearings. 

https://en.wikipedia.org/wiki/Bronze
https://en.wikipedia.org/wiki/Alloy
https://en.wikipedia.org/wiki/Copper
https://en.wikipedia.org/wiki/Tin
https://en.wikipedia.org/wiki/Zinc
https://en.wikipedia.org/wiki/Cannon
https://en.wikipedia.org/wiki/Steel
https://en.wikipedia.org/wiki/Steam
https://en.wikipedia.org/wiki/Seawater
https://en.wikipedia.org/wiki/Gunmetal#cite_note-gm2-1
https://en.wikipedia.org/wiki/Brinell_hardness
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U.S. Government bronze specification G C90500 is composed of 88% copper, 

10% tin, and 2% zinc, as is British Admiralty gunmetal. 

5.2 GUN METAL CASTING LG2 ALLOYS: 

Gunmetal,  AKA  red brass is a type of Bronze – an alloy of Copper, Tin, and 

Zinc.  ASTM B62 (or UNS C83600) alloy is a leaded red brass copper casting 

(gunmetal) alloy. Gunmetal alloys are useful for many applications because of 

their combination of high strength in tension and compression, hardness, ductility 

and high resistance to impact. It has very good castability and this allows for 

consistent thin sections which makes the alloy also suitable for intricate parts. This 

gunmetal also has very good thermal and electrical conductivity. Machinability of 

B62 is also excellent as the high lead content gives fine turnings with a light 

cutting load and very good machining characteristics. Gunmetal casts and 

machines well and is resistant to corrosion from steam and salt water, and is used 

to make steam and hydraulic castings, turned parts, Bushings, Plugs, Threaded 

connectors, Tank Connectors, Water tank DZR Brass fittings, valves, pump parts 

 and gears, and also statues and various small objects, e.g. buttons. A material with 

excellent machining characteristics, good casting qualities and moderate strength. 

Particularly suitable where pressure tightness is required. It has a tensile strength of 

221 to 310 MPa, a specific gravity of 8.7, a density 8,719 kg/m3, and a Brinell 

hardness of 65 to 74.Main alloys used in Gunmetal castings are -LG2, LG3, LG4, 

PB, LPB, HTB. 
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Fig 5.2: Gun metal LG2 casting 

5.3 FEATURES: 

➢ Long lasting finish 

➢ Rust proof 

➢ Optimum strength 

5.4 TYPICAL APPLICATIONS : 

Pressure tight requirements, valve and pump bodies, pump impellers, fittings for 

gasoline and oil lines, bushings, general engineering applications etc.We have state 

of the art foundry in Jamnagar India casting Lg2 Gunmetal alloy of Copper and 

also CNC machines to offer machined Bronze and Gunmetal castings, connectors, 

bushes, pump impellers, valve bodies, Pipe clamps, grounding clamps, earthing 

accessories, couplings, electrical accessories, Bronze threaded fittings, Gunmetal 

couplings, hose fittings,  pipe fittings, Elbows, Tees, etc. 
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CHAPTER 06 

CONCLUSION 

With the completion of this training, I am now aware of the different types of 

casting. I was the part of one of the most happening and demanding field of casting 

and spending one month into it really proved very useful to me and I have gained a 

lot out of it. Finally, the main advantage of this training was that it has now 

enabled me to explore myself in the field of casting industries. 
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INTODUCTION: 

 

1. PATTERN SECTION 

 

In casting, a pattern is a replica of the object to be cast, used to prepare the cavity into which 

molten material will be poured during the casting process. Patterns used in sand casting may be made of 

wood, metal, plastics or other materials 

Types of patterns: 

1) Single piece pattern 

2) Split piece pattern 

3) Loose piece pattern 

4) Gated pattern 

5) Match pattern 

6) Sweep pattern 

7) Cope and drag pattern 

8) Skeleton pattern 

9) Shell pattern 

10) Follow board pattern 
 

Single Piece Pattern: 

It is simplest type of pattern which is made in single piece. It is used for simple objects. It is either 

placed into cope or in drag according to the simplicity of operation. It is used to cast stuffing box of steam 

engines. 

 

 
 

Split Pattern or Multi Piece Pattern: 
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These patterns are made into two or more pieces. The first half of pattern placed into cope and 

other half into drag. It is used for complex objects where removal of single piece pattern from mould is 

impossible. When pattern is made in more than three parts cheeks are also used for easy removal. 

Cope and Drag Pattern: 

These are two piece split pattern as discussed above. It is used for large objects 
 

 

Match Plate Pattern: 

Match plate pattern is a split pattern in which cope and drag section mounted on opposite sides of a 

plate. The plate is known as match plate. These will make easy to cast any shape with high production 

rate. Mostly runner, gates etc. are also mounted on same plate which will easy to mould making work. 

These patterns are used for mass production. 

 
 

 

 

Loose Piece Pattern: 
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When removal of pattern is impossible due to an extended surface at either upper half or lower 

half, the extended part made as loose piece so this extended part can be removed first before removal of 

whole pattern. This will make easy removal of pattern without effect on the cavity. These patterns are 

known as loose piece pattern. 

Gated Pattern: 

These are simply more than one looses piece which are attached with a common gating system. 

These are used for mass production. It is used to produce small size cavities into one mould. 
 

 

Sweep Pattern: 

These pattern are used for large rotational symmetrical casting. A sweep is a section of large 

symmetrical object which is rotated along a edge into sand which make a large symmetrical mould. These 

patterns makes easy pattern making work of large objects. 
 

 

Skeleton Pattern: 

These patterns used for large simple castings. In these patterns, skeleton like structure made by 

using simple pattern sections. These will save both time and material. 
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Follow Board Pattern: 

Follow board is a wooden board which is used to support pattern during moulding. It acts as sit for 

pattern. 

 

 

Types of allowances: 

To compensate for any dimensional and structural changes which will happen during the casting or 

patterning process, allowances are usually made in the pattern. 

Contraction allowance / Shrinkage allowance : 

The metal which undergo shrinkage during solidification and contract further on cooling to room 

temperature. To compensate this, the pattern is made larger than the required casting. This extra size is 

given on the pattern for metal shrinkage is called shrinkage allowance. 

The pattern needs to incorporate suitable allowances for shrinkage; these are called contraction 

allowances, and their exact values depend on the alloy being cast and the exact sand casting method being 

used. Some alloys will have overall linear shrinkage of up to 2.5%, whereas other alloys may actually 

experience no shrinkage or a slight "positive" shrinkage or increase in size in  the  casting  process  

(notably type metal and certain cast irons). The shrinkage amount is also dependent on the sand casting 

process employed, for example clay-bonded sand, chemical bonded sands, or other bonding materials used 

within the sand. This was traditionally accounted for using a shrink rule, which is an oversized rule. 

Shrinkage can again be classified into liquid shrinkage and solid shrinkage. Liquid shrinkage is the 

reduction in volume during the process of solidification, and Solid shrinkage is the reduction in volume 

during the cooling of the cast metal. Shrinkage allowance takes into account only the solid shrinkage. The 

liquid shrinkage is accounted for by risers. Generally during shrinkage, all dimensions are going to be 

altered uniformly, unless there is a restriction. 

Draft allowance 

When the pattern is to be removed from the sand mold, there is a possibility that any leading edges 

may break off, or get damaged in the process. To avoid this, a taper is provided on the pattern, so as to 

facilitate easy removal of the pattern from the mold, and hence reduce damage to edges. The taper angle 

provided is called the Draft angle. The value of the draft angle depends upon the complexity of the 

pattern, the type of molding (hand molding or machine molding), height of the surface, etc. Draft provided 

on the casting is usually 1 to 3 degrees on external surfaces (5 to 8 internal surfaces). 



5  

Finishing or Machining allowance 

The surface finish obtained in sand castings is generally poor (dimensionally inaccurate), and 

hence in many cases, the cast product is subjected to machining processes like turning or grinding in order 

to improve the surface finish. During machining processes, some metal is removed from the piece. To 

compensate for this, a machining allowance (additional material) should be given in the casting. the 

amount of finish allowance depends on the material of the casting, size of casting, volume of production, 

method of molding, and etc.. 

Shake allowance 

Usually during removal of the pattern from the mold cavity, the pattern is rapped all around the 

faces, in order to facilitate easy removal. In this process, the final cavity is enlarged. To compensate for 

this, the pattern dimensions need to be reduced. There are no standard values for this allowance, as it is 

heavily dependent on the personnel. This allowance is a negative allowance, and a common way of going 

around this allowance is to increase the draft allowance. Shaking of the pattern causes an enlargement of 

the mould cavity and results in a bigger casting. 

Distortion allowance 

During cooling of the mould , stresses developed in the solid metal may induce distortions in the 

cast. This is more evident when the mould is thinner in width as compared to its length. This can be 

eliminated by initially distorting the pattern in the opposite direction. 

Observed patterns 

1. Head stock pattern 

2. Core boxes in head stock pattern 

3. Bearing house pattern 

4. Hot strip mill 

5. Cogged roller pattern 

6. Journal head 
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Introduction: 

 

2. MOLDING SECTION 

 

Molding is the process of manufacturing by shaping liquid or pliable raw material using a rigid 

frame called a mold or matrix. This itself may have been made using a pattern or model of the final object. 

A mold  is  a  hollowed-out   block   that   is   filled   with   a   liquid   or   pliable   material   such 

as plastic, glass, metal, or ceramic raw material. The liquid hardens or sets inside the mold, adopting its 

shape. A mold is the counterpart to a cast. The very common bi-valve molding process uses two molds, 

one for each half of the object. Articulated moulds have multiple pieces that come together to form the 

complete mold, and then disassemble to release the finished casting, they are expensive, but necessary 

when the casting shape has complex overhangs. 
 

Sand Molding Process 

Sand Molding: 
 

Sand casting, also known as sand molded casting, is a metal casting process characterized by 

using sand as the mold material. The term "sand casting" can also refer to an object produced via the sand 

casting process. Sand castings are produced in specialized factories called foundries. Over 70% of all 

metal castings are produced via sand casting process. Molds made of sand are relatively cheap, and 

sufficiently refractory even for steel foundry use. In addition to the sand, a suitable bonding agent is mixed 

or occurs with the sand. 

Particulars used: 

1. Sands: 

2. Silicate sand. 

3. Quartz sand. 

4. Chromite sand. 

5. Black sand. 

6. Oils: 

7. Silicate oil – Na2SiO3. 

8. Gases: 

9. Co2 gas. 
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10. Carbon gas. 

11. Powder: 

12. Bentonite powder. 

13. Paints: 

14. Zircon paint. 

15. Magnesium paint. 

16. Tinder paint. 

17. Boxes Used: 

18. Cope. 

19. Drag. 

20. Cheek. 
 

Co2 Molding: 

Introduction: 
 

Co2 Casting is a kind of sand casting process. In this process the sand molding mixture is hardened 
by blowing gas over the mold. This process is favoured by hobby metal casters because a lot of cost 
cutting can be done. In addition, one can be sure of getting dimensionally accurate castings with fine 
surface finish. But, this process is not economical than green sand casting process. 

 

Process: 

The Mold for Co2 Casting is made of a mixture of sand and liquid silicate binder which  is 

hardened by passing Co2 gas over the mold. The equipment of the molding process include Co2 cylinder, 

regulator, hoses and hand held applicator gun or nozzle. Carbon di oxide molding deliver great  accuracy 

in production. 

 
Any existing pattern can be used for the molding purpose which can be placed in the mold before 

the mold is hardened. This method helps in producing strong mold and cores that can be used for high end 

applications. If the process is carefully executed then casting can be as precise as produced by the shell 

casting method. 

Na2SiO3 + Co2 ———> Na2Co3 + SiO2 [Colloidal]. 

 
Carbon di-oxide casting is favored both by the commercial foundry men and hobbyist for a number 

of reasons. In commercial operations, foundry men can assure customers of affordable castings which 

require less machining. The molding process which can be fully automated is generally used for casting 

process that require speed, high production runs and flexibility. 

Applications: Co2 casting process is ideal where speed and flexibility is the prime requirement. 

Advantages: This process has many advantages in comparison to other forms of castings some of them 

are as follows: 

 Compared to other casting methods cores and molds are strong 

 Reduces fuel cost since gas is used instead of to other costly heating generating elements 

 Reduces large requirement for number of mold boxes and core dryers 

 Provides great dimensional tolerance and accuracy in production 

 Moisture is completely eliminated from the molding sand 
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 This process can be fully automated. 

Sand Proportions for Co2 Molding: 

 Quartz sand – 100Kg / 5.5Kg of Sodium silicate. [Facing Sand] 

 Silica sand – 250Kg / 11Kg of Sodium silicate. [Backing sand] 

 Chromite sand – 100Kg / 4.5Kg of Sodium silicate. 
 

Gating System: 

The assembly of channels which facilitates the molten metal to enter into the mold cavity is called 

the gating system. Alternatively, the gating system refers to all passage ways through which molten metal 

passes to enter into the mold cavity. The nomenclature of gating system depends upon the function of 

different channels which they perform. 

 Down gates or sprue 

 Cross gates or runners 

 Ingates or gates 

The metal flows down from the pouring basin or pouring cup into the down gate or sprue and 

passes through the cross gate or channels and ingates or gates before entering into the mold cavity 
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3. HEAT TREATMENT 

 
Heat treating (or heat treatment) is a group of industrial and metalworking processes used to 

alter the physical, and  sometimes chemical,  properties  of  a  material.  The  most  common  application  

is metallurgical. Heat treatments are also used in the manufacture of many other materials, such as glass. 

Heat treatment involves the use of heating or chilling, normally to extreme temperatures, to achieve a 

desired  result   such   as   hardening   or   softening   of   a   material.   Heat   treatment   techniques 

include annealing, case hardening, tempering, normalizing and quenching. It is noteworthy that while the 

term heat treatment applies only to processes where the heating and cooling are done for the specific 

purpose of altering properties intentionally, heating and cooling often occur incidentally during other 

manufacturing processes such as hot forming or welding. 

Types of Heat Treatment Techniques: 

1. Annealing 

2. Case hardening 

3. Tempering 

4. Normalizing 

5. Quenching 
 

Annealing: 

Annealing consists of heating a metal to a specific temperature and then cooling at a rate that will 

produce a refined microstructure, either fully or partially separating the constituents. The rate of cooling is 

generally slow. Annealing is most often used to soften a metal for cold working, to improve machinability, 

or to enhance properties like electrical conductivity. 

In ferrous alloys, annealing is usually accomplished by heating the metal beyond the upper critical 

temperature and then cooling very slowly, resulting in the formation of pearlite. In both pure metals and 

many alloys that cannot be heat treated, annealing is used to remove the hardness caused by cold working. 

The metal is heated to a temperature where recrystallization can occur, thereby repairing the defects 

caused by plastic deformation. In these metals, the rate of cooling will usually have little effect. Most non- 

ferrous alloys that are heat-treatable are also annealed to relieve the hardness of cold working. These may 

be slowly cooled to allow full precipitation of the constituents and produce a refined microstructure. 

Ferrous alloys are usually either "full annealed" or "process annealed." Full annealing requires 

very slow cooling rates, in order to form coarse pearlite. In process annealing, the cooling rate may be 

faster; up to, and including normalizing. The main goal of process annealing is to produce a uniform 

microstructure. Non-ferrous alloys are often subjected to a variety of annealing techniques, including "re 

crystallization annealing," "partial annealing," "full annealing," and "final annealing." Not all annealing 

techniques involve re crystallization, such as stress relieving. 

Case hardening: 

Case hardening is a thermo chemical diffusion process in which an alloying element, most 

commonly carbon or nitrogen, diffuses into the surface of a monolithic metal. The resulting interstitial 

solid solution is harder than the base material, which improves wear resistance 
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Laser surface engineering is a surface treatment with high versatility, selectivity and novel 

properties. Since the cooling rate is very high in laser treatment, metastable even metallic glass can be 

obtained by this method. 

Tempering: 

Untempered martensitic steel, while very hard, is too brittle to be useful for most applications. A 

method for alleviating this problem is called tempering. Most applications require that quenched parts be 

tempered. Tempering consists of heating steel below the lower critical temperature, (often from 400 to 

1105 ˚F or 205 to 595 ˚C, depending on the desired results), to impart some toughness. Higher tempering 
temperatures (may be up to 1,300 ˚F or 700 ˚C, depending on the alloy and application) are sometimes 

used to impart further ductility, although some yield strength is lost. 

Tempering may also be performed on normalized steels. Other methods of tempering consist of 

quenching to a specific temperature, which is above the martensite start temperature, and then holding it 

there until pure  bainite  can  form  or  internal  stresses  can  be  relieved.  These  include austempering 

and martempering. 

Normalizing: 

Normalizing is a technique used to provide uniformity in grain size and composition (equiaxing) 

throughout an alloy. The term is often used for ferrous alloys that have been austenized and then cooled in 

open air. Normalizing not only produces pearlite, but also martensite and sometimes bainite, which gives 

harder and stronger steel, but with less ductility for the same composition than full annealing. 

Quenching: 

Quenching is a process of cooling a metal at a rapid rate. This is most often done to produce a 

martensite transformation. In ferrous alloys, this will often produce a harder metal, while non-ferrous 

alloys will usually become softer than normal. 

To harden by quenching, a metal (usually steel or cast iron) must be heated above the upper critical 

temperature and then quickly cooled. Depending on the alloy and other considerations (such as concern 

for maximum hardness vs. cracking and distortion), cooling may be done with forced air or other gases, 

(such as nitrogen). Liquids may  be  used,  due  to  their  better thermal  conductivity,  such  as oil,  water, 

a polymer dissolved in water, or a brine. Upon being rapidly cooled, a portion of austenite (dependent on 

alloy composition) will transform to martensite, a hard, brittle crystalline structure. The quenched 

hardness of a metal depends on its chemical composition and quenching method. Cooling speeds, from 

fastest to slowest, go from brine, polymer (i.e. mixtures of water + glycol polymers), fresh water, oil, and 

forced air. However, quenching a certain steel too fast can result in cracking, which is why high-tensile 

steels such as AISI 4140 should be quenched in oil, tool steels such as ISO 1.2767 or H13 hot work tool 

steel should be quenched in forced air, and low alloy or medium-tensile steels such as XK1320 or AISI 

1040 should be quenched in brine. 

Some Beta titanium based alloys have also shown similar trends of increased strength through 

rapid cooling. However, most non-ferrous metals, like alloys of copper, aluminum, or nickel, and some 

high alloy steels such as austenitic stainless steel (304, 316), produce an opposite effect when these are 

quenched: they soften. Austenitic stainless steels must be quenched to become fully corrosion resistant, as 

they work-harden significantly. 
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Iron Carbon Diagram 
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4. WELDING PROCESS 

Welding is a fabrication or sculptural process that joins materials, usually metals or thermoplastics, 

by   causing fusion,   which   is   distinct   from   lower   temperature   metal-joining   techniques   such    

as brazing and soldering, which do not melt the base metal. In addition to melting the base metal, a filler 

material is typically added to the joint to form a pool of molten material (the weld pool) that cools to form 

a joint that, based on weld configuration (butt, full penetration, fillet, etc.), can be stronger than the base 

material (parent metal). Pressure may also be used in conjunction with heat, or by itself, to produce a  

weld. Welding also requires a form of shield to protect the filler metals or melted metals from being 

contaminated or oxidized. 

Types of Welding processes used: 

1. Arc welding 

2. Gas welding 

3. TIG welding 

4. MIG welding 
 

Arc Welding : 
 

 

 

 
Arc welding is also called as Shielded Metal Arc welding, or simply referred to as ‘Stick’. This is 

the most basic of all welding types. The welding stick uses electric current to form an electric arc between 

the stick and the metals to  be  joined.  To  weld  iron and  steel,  this  type  of welding  is  often used  in 

the construction of steel structures and in industrial fabrication. Stick welding can be used for 

manufacturing, construction and repair work. 

Gas welding: 

In oxy-fuel welding, a welding torch is used to weld metals. Welding metal results when two 

pieces are heated to a temperature that produces a shared pool of molten metal. The molten pool is 

generally supplied with additional metal called filler. Filler material depends upon the metals to be 

welded. 
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MIG (Metal Inert Gas) Welding: 

The concept of combining two pieces of metal together with a wire that is connected to an 

electrode current, is referred to as Metal Inert Gas (MIG) welding. In this type of welding process, a 

shielded gas is used along the wire electrode, which heats up the two metals to be joined. A constant 

voltage and direct current power source is required for this method, and this is the most common industrial 

welding process. The MIG or GMAW process is suitable for fusing mild steel, stainless-steel as well as 

aluminum. 

TIG (Tungsten Inert Gas) : 
 

 
 

A non-consumable tungsten electrode is used in this type of welding process. This tungsten 

electrode is made use of to heat the base metal and create a molten weld puddle. By melting two pieces of 

metal together, an autogenous weld can be created. For this type of welding, the welder needs to have a lot 

of expertise as it’s a very complex process. This welding process is employed to carry out high-quality 

work when a superior standard finish is required, without making use of excessive clean up by sanding or 

grinding. 

Cutting: 

Cutting operation is done as same as gas welding . but in cutting the torch size will be more than 

the welding torch . so that’s the reason when the flame is in contact with the surface the area will melt and 

by the air blow the part will come out of the body. 
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Introduction: 

5. MACHINING SECTION 

 

Machining is any process in which a cutting tool is used to  remove small chips of material from 

the work piece (the work piece is often called the "Job"). To perform the operation, relative motion is 

required between the tool and the work. This relative motion is achieved in most machining operation by 

means of a primary motion, called "cutting speed" and a secondary motion called "feed". The shape of the 

tool and its penetration into the work surface, combined with these motions, produce the desired shape of 

the resulting work surface. 
 
 
 
 
 

 
 

Machining Terminology 

Family of Machinery: 

1. Lathe Machine. 

2. Vertical Turning Lathe (VTL). 

3. Plano miller/ Miller/Planar. 

4. Boring Machine. 

5. Shaper Machine. 

6. Drilling Machine. 

7. Slotting Machine. 
 

Machining Operations: 

1. Facing – Decreasing the Length. 

2. Boring – Increases the Diameter of Hollow section. 

3. Threading – Laying Threads for driving Screw. 

4. Drilling - Making a Hole. 

5. Turning –Decreasing the Diameter. 

 
6. Knurling – Laying the pattern of straight, angled or cross lines (Indentions). 

7. Broaching – Cutting a keyway. 

8. Grinding – Improving the finish for the surface. 

9. Sawing – Cutting up bars of material. 
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Lathe Machine: 

A lathe is a tool or a Machine that rotates the work piece about an axis of rotation to perform 

various machining  operations  with  tools  that  are  applied  to  the  work  piece  to  create  an  object  

with symmetry about that axis. 
 

 

 

Specified Parts: 

Head stock – Contains a 4 jaw independent movable chuck helps to hold the job. 

Tail stock – Contains either a chuck or a Pointer helps to support the Job. 

Carriage – Carries the tool post used to fox the tool against the job. 
 

 Length between the centers of the head stock and the tail stock resembles the Specification of the 

lathe. 

 Carriage is able to move according to the lead screw. 

 A lathe can carry a single operation with a single tool at a time. 

 The pitch of the threading laid on the job will be depend on the pitch if the lead screw. 

Operations performed: 

 Straight turning, 

 Step turning, 

 Tapper turning, 

 Contour turning , 

 Chamfering , 

 Threading, 

 Grooving, 

 Knurling, 

 Boring etc…, 

Vertical Turning Lathe (VTL): 

The VTL machine otherwise called as Turret lathe is a form of metal working lathe that is used 

for repetitive production of duplicate parts, which by the nature of their cutting process are 
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usually interchangeable.  It  evolved   from  earlier  lathes  with  the  addition  of  the  turret,   which  is   

an indexable tool  post  that  allows multiple  cutting  operations  to  be  performed,  each  with   a 

different cutting tool, in easy, rapid succession, with no need for the operator to perform set-up tasks in 

between, such as installing or uninstalling tools, nor to control the tool path. The latter is due to the tool 

path's being controlled by the machine, either in jig-like fashion, via the mechanical limits placed on it by 

the turret's slide and stops, or via electronically-directed servomechanisms for computer  numerical  

control lathes. 
 
 

 

Turret lathe  (VTL) 

Specified parts: 

Bed – In order to place the Job. 
 

Slider – Holds the tool in it (Contained the tool post). 
 

 Maximum of three tools can be inserted in three tool posts i.e, one each can carry different 

operations at different positions of the job. 

 Tool made of high speed is used in any Operation of VTL. 

 Threading cannot be done on VTL because of lack of threads on the Lead screw. 

Operations performed: 

1. Facing , 

2. Turning, 

3. Boring, 

4. Grooving. 
 

Planar and Shaper Machines: 

A planer is a type of metalworking machine tool that uses linear relative motion between the work 

piece and a single-point cutting tool to cut the work piece. A planer is similar to a shaper, but larger, and 

with work piece moving, whereas in a shaper the cutting tool moves. 
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Specified parts: 

1. Bed and table: The bed is a long heavy base and table made of cast iron. 

2. Housings: The housings are the rigid and upright column like castings. 

3. Cross rail: The cross rail is a horizontal member supported on the machined ways of the upright 

columns. 

4. Tool heads: Generally two tool heads are mounted in the horizontal cross rail and one on each of 

the vertical housing. 

5. Driving and feed mechanism: The tool heads may be fed either by hand or by power in crosswise 

or vertical direction. 
 

 

 

Operations performed: 

1. Planning flat horizontal, vertical and curved surfaces. 

2. Planning at an angle and machining dovetails. 

3. Planning slots and grooves. 
 

Boring machine: 

Boring machines are used to drill closed and open openings in solid material, boring, reaming, 

threading, milling surfaces, etc. Drill bits, reamers, thread cutters, milling cutters and other tools are used 

to perform these operations. One type of boring machine is a horizontal boring machine with a 

horizontal spindle. 

Specified parts: 

1. Bed 

2. Head stock 

3. End supporting column 

4. Saddle 

5. Boring bar 
 

Operations performed: 

1. Turning 

2. Facing 

3. Boring 
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Drilling machines: 

A drilling rig is a machine that creates holes in the earth subsurface. Drilling rigs can be massive 

structures housing equipment used to drill water wells, oil wells, or natural gas extraction wells, or they 

can be small enough to be moved manually by one person and such are called augers. Drilling rigs can 

sample subsurface mineral deposits, test rock, soil and groundwater physical properties, and also can be 

used to install sub-surface fabrications, such as underground utilities, instrumentation, tunnels or wells. 

Drilling rigs can be mobile equipment mounted on trucks, tracks or trailers, or more permanent land or 

marine-based structures (such as oil platforms, commonly called 'offshore oil rigs' even if they don't 

contain a drilling rig). The term "rig" therefore generally refers to the complex equipment that is used to 

penetrate the surface of the Earth's crust. 
 

 

 
Specified parts: 

1. Hand wheel 

2. Drill chuck 

3. Bed 

4. Pulley 

5. Pillar 
 

Operations performed: 

1. Drilling holes 

2. Threading in the holes 

3. Providing taper 
 

Slotting machines: 

The slotting machine is a reciprocating machine tool in which, the ram holding the tool 

reciprocates in a vertical axis and the cutting action of the tool is only during the downward stroke. The 

base of the slotting machine is rigidly built to take up all the cutting forces. It is used for providing 

keyholes . 
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Specified parts: 

1. Bed 

2. Tool 

3. Ram 
 

Operations performed: 

 Providing key holes 
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INTODUCTION: 

6. QUALITY SECTION 

 

This method is used to test the quality of the product after casting in casting process. This method 

is useful for checking the defects ,surface crackings ,internal diameters ,etc. 

Types of quality tests: 

There are two types of quality checking 
 

1. Destructive test 

2. Non destructive test 
 

Destructive test: 

It is again sub divided into 3 methods 
 

1. Tension test 

2. Hardness test 

3. Impact test 
 

Tension test: 

This test is done by using the UTM (universal testing machine) .In the utm machine we can check 

how much tension force does a material can with stand on the application of load. 
 
 

 

Hardness test: 
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This test is useful for checking the hardness of the material Two types of hardness tests are done BRINELL 

(OR) ROCKWELL . This test is done on hardness testing machine .For different materials different methods are 

used . 

Impact test: 

This test is conducted to find the energy stored in the product . Firstly a V Notch is created in the 

specimen and the hammer is made to strike the v notch .After striking the V-notch the energy stored in it  

is observed on the scale. 
 

NON DESTRUCTIVE TESTING: 

Magnetic penetrant test: 

Magnetic particle Inspection (MPI) is a non-destructive testing (NDT) process for detecting 

surface and shallow subsurface discontinuities in ferromagnetic materials as iron, nickel, cobalt, and some 

of their alloys. The process puts a magnetic field into the part. The piece can be magnetized by direct or 

indirect magnetization. Direct magnetization occurs when the electric current is passed through the test 

object and a magnetic field is formed in the material. Indirect magnetization occurs when no electric 

current is passed through the test object, but a magnetic field is applied from an outside source. The 

magnetic lines of force are perpendicular  to  the  direction  of  the  electric  current,  which  may  be  

either alternating current (AC) or some form of direct current (DC) (rectified AC). 

The presence of a surface or subsurface discontinuity in the material allows the magnetic flux to 

leak, since air cannot support as much magnetic field per unit volume as metals. 

To identify a leak, ferrous particles, either dry or in a wet suspension, are applied to a part. These 

are attracted to an area of flux leakage and form what is known as an indication, which is evaluated to 

determine its nature, cause, and course of action, if any. 
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Ultrasonic test: 

Ultrasonic testing (UT) is a family of non-destructive testing techniques based on the propagation 

of ultrasonic waves in the object or material tested. In most common UT applications, very  short 

ultrasonic pulse-waves with center frequencies ranging from 0.1-15 MHz, and occasionally up to 50 MHz, 

are transmitted into materials to detect  internal flaws or to  characterize  materials.  A common example  

is ultrasonic thickness measurement, which tests the thickness of the test object, for example, to monitor 

pipe work corrosion. 

Ultrasonic testing is often performed on steel and other metals and alloys, though it can also be 

used on concrete, wood and composites, albeit with less resolution. It is used in many industries including 

steel and aluminum construction, metallurgy, manufacturing, aerospace, automotive and other 

transportation sectors. 

 

DYE PENETRATION TEST: 

Dye penetrant inspection (DPI), also called liquid penetrate inspection (LPI) or penetrant 

testing (PT), is a widely applied and low-cost inspection method used to locate surface-breaking defects 

in all non-porous materials (metals, plastics, or ceramics). The penetrant may be applied to all non-ferrous 

materials and ferrous materials, although for ferrous components magnetic-particle inspection is often 

used instead for its subsurface detection capability. LPI is used to detect casting, forging and welding 

surface defects such ashairline cracks, surface porosity, leaks in new products, and fatigue cracks on in- 

service components hairline cracks, surface porosity, leaks in new products, and fatigue cracks on in- 

service components. 
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Yoke Test: 

Magnetic particle Inspection (MPI) is a non-destructive testing (NDT) process for detecting 

surface and shallow subsurface discontinuities in ferromagnetic materialsuch as iron, nickel, cobalt, and 

some of their alloys. The process puts a magnetic field into the part. The piece can be magnetized by  

direct or indirect magnetization. Direct magnetization occurs when the electric current is passed through 

the test object and a magnetic field is formed in the material. Indirect magnetization occurs when no 

electric current is passed through the test object, but a magnetic field is applied from an outside source. 

The magnetic lines of force are perpendicular to the direction of the electric  current,  which  may be 

either alternating current (AC) or some form of direct current (DC) (rectified AC). 

The presence of a surface or subsurface discontinuity in the material allows the magnetic flux to 

leak, since air cannot support as much magnetic field per unit volume as metals. 

To identify a leak, ferrous particles, either dry or in a wet suspension, are applied to a part. These 

are attracted to an area of flux leakage and form what is known as an indication, which is evaluated to 

determine its nature, cause, and course of action, if any 
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CONCLUSION 

In review this intern ship has been excellent and rewarding .our experience in this company is an 

awesome we have learnt a lot of things that are really required for an engineer to survive in the industry 

one more thing we loved in this company is punctuality ,here they give much importance to punctuality 

the staff in this company is very skilled staff ,our technical doubts are easily solved by them. so we are 

very glad to complete our one month internship in this company. 



26  

RESULT 

In this project we are able to know about how a company is manufacturing the products by using 

different materials and tools for preparing the final for the other company and dealing with major machine 

project and design in AUTOCAD software for the drawing and preparing the pattern with wood and send 

to mold casting process. After casting apply the heat treatment process for hardening then to machining 

process after machining check and the quality controlling checking process the product is sent to ordered 

company. 
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ABSTRACT 

This report describes the internship I spent at Bharat Electronics Limited (BEL) Machilipatnam. 

Bharat Electronics Limited (BEL) is an Indian state-owned aerospace and defense company with 

about nine factories, and several regional offices in India. I have reported the functions of various 

departments in the industry and also products produced in the industry. Furthermore I describe the 

responsibilities of various departments namely Development and Engineering Department, Material 

Management, Quality Assurance, Plant and Service, Assembly Section and R&D Department. I also 

present the basic working principles and applications of Night Vision Devices, Binocular Night 

Vision Devices, Hand Held Thermal Imaging Camera with LRF and Thermal Imaging Camera. 
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Chapter– 1 INTRODUCTION 

 
With the ongoing revolution in the field of mechanical where innovations are taking place at 

the blink of an eye, it is impossible to keep the pace with the emerging trends excellence is an 

attitude that whole of human race is born with. It is the environment that makes sure that 

whether the result of this attitude is visible or otherwise. A well planned, properly executed 

and evaluated industrial training helps a lot in including a professional attitude. It provides a 

linkage between the student and industry to develop an awareness of industrial approach to 

problem solving, based on broad understanding of process and mode of operation of 

organization. 

During this period, the student gets the real experience for working in the actual industry 

environment. Most of the theoretical knowledge that has been gained during the course of 

their studies is put to test here. Apart from this the student gets an opportunity to learn the 

latest technology, which is immensely helps in them in building their carrier. I had the 

opportunity to have a real experience on many ventures, which increased my sphere of 

knowledge to great extent. I got a chance to learn many new technologies and interfaced to 

many instruments. 

The word quality holds out different meaning for different people, but for an industry it is 

most important and can be defined as the totality of features and characteristics of 

product/services that bear on its ability to satisfy given needs. 

 

 

 

 

 



 
 

 

 

       Chapter – 2 

 COMPANYPROFILE 

 
About BEL & Products: 

 
Bharat Electronics Limited, a Professional Electronics company in India incorporated in 

1954. BEL was born to meet the growing needs of Indian Defence services for electronic 

systems. Employing the best engineering talent available in the country, BEL has progressed 

manufacturing state-of-the-art products in the field of Defence Electronics like 

Communications including encryption, Radars and strategic components. Over the years, 

BEL has diversified to meet the needs of civilian customers as well and has provided 

products and network solutions on turnkey basis to customers in India and abroad. 

Bharat Electronics Limited is a Pioneer in the field of Professional Electronics in India and 

has been manufacturing a wide range of Defence and Civil communication products since 

1954. Multiple years of operations covering design, development, engineering and 

manufacturing professional electronics equipment in diverse fields based on various 

technologies has enabled BEL to offer end-to-end system solutions on turnkey basis. 

Products: 

• Defence. 

• Telecommunications. 

• Land based radars. 

• Naval systems. 

• Opto electronics. 

• Tank electronics. 

• Electronic warfare. 

• Simulators. 

• Non defence. 

• Telecommunications. 

• Sound vision broadcasting. 

• Solar photovoltaic systems. 



• Electronic components. 
  

Manufacturing units: 

BEL has a total of nine manufacturing units spread throughout the nation with Bangalore 

being the biggest of them. The details about the different manufacturing units of BEL along 

with their product specialties are as follows: 

 

S.No BEL Unit State 

1. Bangalore Karnataka 

2. Panchkula Haryana 

3. Kotdwara Uttaranchal 

4. Ghaziabad Uttar Pradesh 

5. Pune Maharashtra 

6. Hyderabad Telangana 

7. Machilipatnam Andhra Pradesh 

8. Navi Mumbai Maharashtra 

9. Chennai Tamilnadu 

 
Table 2.1: Manufacturing units 

 
 

In 1954 with a factory of Jallahali, Bharat Electronics grew into nine units, spread all over 

India. The locations and products of the units are given below: 

1. BANGALORE: This is also called BG complex. Jallahali unit which is the mother unit is 

now a part of the BG complex. This is the biggest unit with approx 10,000 employees 

working here. Among the products here, the important ones are: 

• Communication equipment. 

• Air and Doordarshan equipment like mobile van for live telecast. 

• Radar-mobile, one dimensional, 3-dimensional and multi-dimensional Radars 



are manufactured here. Different range of semi-conductors devices like ICs. 

• Resistors and black & white color TV picture tube glasses. 

• ISRO‘s requirements are met at space electronics department at Bangalore. 

Satellite launch vehicle was also manufactured here. 

 
2. PANCHKULA: Panchkula & kotdwara were proposed simultaneously by the government 

in 1985.It was proposed to set up one unit each in Haryana & Uttar Pradesh. But the place in 

U.P for setting up a BEL unit could not be decided while that at Haryana was decided & 

hence this unit started earlier. This unit manufactures only tactical communication equipment 

like VHF, UHF transceivers etc. 

 
3. KOTDWARA: This is a unit in garhwal district of Uttaranchal. This unit manufacturers  

radio relay, multiplex equipments &exchanges etc. 

 
4. GHAZIABAD: This is the second unit which was set up in 1974, & approx. 2500 

employees working here. Radars & some communication equipment are the products 

manufactured here are: 

• Radars 

• SATCOM 

• Microwave components 
 

5. PUNE: To diversity further one more branch was added 1979 & this was in pune. In this 

branch around 700-800 employees are working. The product profile includes: 

• Image convertor, image intensifier 
• X-ray tubes 

• Batteries 

• Electro-optics 
 

6. HYDERABAD: This is another unit of BEL which manufactures electronic 

warfare equipments. 

 

7. MACHILIPATNAM: There was one Andhra scientific company, which was a 

sick unit. This was taken over by BEL & is called ASCO unit 1983.The products 

include: 



• Optical & Optoelectronic equipment like binoculars, microscopes. 

• Medical Electronics 
 

8. NAVI MUMBAI: This is an industrial place near Mumbai. This unit makes: 

• Glass shells for black & white TV picture tubes 

• Shelters for electronic equipment 

• Train actuated warning system 

• Electronic equipment assembly 
 

9. CHENNAI: This unit manufactures: 

• Tank related electronic equipments 

• Optical fire control systems 
Market of BEL: 

 
Bharat Electronics Limited is a major supplier of products and turnkey systems to the Indian 

Defence Services. Over the years, BEL has diversified into manufacturing many civilian 

products as well. Large trunkey telecommunication solutions are also being offered to civilian 

market.BEL has been involved in providing state of the art communication equipment to the 

Indian army, be it hand held mobile radios and terminals ,ground based system, airborne and 

even ship borne equipment and systems. The communication equipment developed here 

cover HF,VHF, UHF, and VV/UHF frequency bands. The most important project of BEL 

under the communication equipment is STARS-V which provides secure mode of data 

transfer in STARS- V, the data to be transferred is first encrypted using a microprocessor 

which could be read only by a similar device with same coding. Now the latest technology of 

frequency hopping is being implemented which is a very useful tool in making a secure data 

transfer system.BEL manufactures a lot product which is very difficult to list but some of the 

major products were as follows: 

 

Integrated circuits and micro circuits Radars 
 

X- ray tubes and magnetrons STARS-V 
 

HF & broadcast equipment ACME MK CNR 
 

SPACE GUIDING EQUIPMENTS HUD 
 



AIR BORNE GPS RECEIVER LUP 
 

SIRAX TIDEX 
 

SECURE TELEPHONE SECURE FAX 
Domestic market: 
 
 

S.No PRODUCT CUSTOMER 

1. Defence communication Indian defence services, para military forces 

2. Radars & sonars Indian defence services, civil aviation, 

Meteorological department,ISRO 

3. Telecommunication Department of telecommunication, para 

military forces, power sector, oil industry, 

Railways 

4. Broadcasting equipment and studio 
systems 

All India radio, Dooradarshan (National radio & 

TV broadcasters) 

5. Electronic voting machines Election commission of India 

6. Solar products & systems Individuals, private and government organizations 

7. Trunkey systems-Governance 
Networks 

Police, state government, Public sector 

undertakings 

8. Components All India radio and doordarshan the national 

Radio & TV Broadcasters, instrumentation 

industry, switching 

industry, entertainment 
 

Table 2.2: List of Domestic customers 

Exports play a key role in BEL‘s strategic perspective. A number of International companies are 

using the facilities at BEL for contract Manufacturing. The broad list of products and services  

being exported is given below: 



  

Exports/International market: 
 
 

Sl.no PRODUCT CUSTOMER 

1. Defence communication 

equipment and spare parts 

Botswana, Indonesia, 

Suriname, Malaysia 

2. Radars & Sub-systems Indonesia, Egypt, Switzerland 

3. Electronic warfare products 

and services 

Russia, Brazil 

4. Opto electronics products Sri lanka, Nepal, Israel, South Africa 

5. Semi conductor devices, 

microwave tubes and 

transmitting tubes 

Malaysia, Singapore, Turkey, 

Netherlands, UK, USA, France, Hong 

Kong 

6. Solar products & systems Suriname, Germany, Zimbabwe, 

Botswana, Kenya, Nigeria 

7. Telecom and SATCOM 

systems 

Nigeria, Kenya 

8. Radio & TV Broadcasting 

products and systems 

Nepal, Mauritius 

9. Electric voting systems Sri lanka, Uganda, Malawi, South Africa 

10. Vacuum Interrupters Malaysia, UAE, Uganda, Turkey, UK, 
Azerbaijan 

 

Table 2.3: List of International customers 

      

 

 

 

 



Chapter - 3 

BEL MACHILIPATNAM & ITS 

PRODUCTS 

 
In 1983, the Andhra scientific company (ASCO) was taken over by BEL converted it 

to its fourth manufacturing unit at Machilipatnam .The products include 

• Night vision devices 

• Electric voting systems 
 

 NIGHT VISION DEVICES 

Definition: 

A night vision device (NVD), also known as a night optical/observation device (NOD), is an 

optoelectronic device that allows images to be produced in levels of light approaching total 

darkness. The image may be a conversion to visible light of both visible light and near-

infrared, while by convention detection of thermal infrared is denoted thermal imaging. The 

image produced is typically monochrome, e.g. shades of green. NVDs are most often used by 

the military and law enforcement agencies, but are available to civilian users. The term 

usually refers to a complete unit, including an image intensifier tube, a protective and 

generally water-resistant housing, and some type of mounting system. Many NVDs also 

include optical components such as a sacrificial lens, or telescopic lenses or mirrors. An NVD 

may have an IR illuminator,  making it an active as opposed to passive night vision device. 

Working of Night Vision Devices: 

Technical Night Vision can work in two different ways 

Image Intensifier: 

1. Night vision amplifiers light to achieve better vision. 
 

2. A conventional lens, captures ambient light. 
 

3. The gathered light is sent to image - intensifier tube. 
 

4. The light energy released electron from the cathode and accelerated. 
 

5. These electrons enter micro channel plate and bounce off and generate more electron. 
 

6. Thousands of other electrons to be released in each channel. 
7. Original electrons collide with the channel, exciting atoms and causing other electrons. 

 



8. New electrons collide with atoms, creating a chain. 
 

9. In image-intensifier tube, the electrons hit a screen. 
 

10. The energy of the electrons release photons and create green image on the screen. 
 

11. The green phosphor image is viewed through another lens. 

Thermal Imaging: 

All objects emits infrared energy as a function of temperature 

1. A lens focuses the infrared light. Original electrons collide with the channel, exciting atoms 

and causing others. 

2. The focused light is scanned and creates temperature pattern. 
 

3. The pattern created is translated into electric impulses. 
 

4. The impulses are sent to a circuit board that translates the information into data for the display. 
 

5. The signal-processing unit sends the information to the is play, and appears as various colors. 
 

6. The images are black and white in nature. 

 Purpose of Night Vision Devices: 

The original purpose of night vision was to locate enemy targets at night. It is still used 

extensively by the military for that purpose, as well as for navigation, surveillance and targeting. 

Police and security often use both thermal-imaging and image-enhancement technology, 

particularly for surveillance. 

Classification of Night Vision Devices: 

 Night Vision devices 

 Passive Night Vision devices 

 Thermal imaging cameras 

 Cooled and Un cooled 

 Active Night Vision devices 
 



 
 

Fig 3.1: Classification of Night Vision Devices 

 

Advantages of Night Vision Cameras: 

1. The most common use is the military, and the quick answer would be that they allow 

soldiers to continue operations at night, without giving away their position through the use of 

flashlights. 

 
2. However night vision has many other uses. People with night blindness can use night 

vision devices to see better at night 

 
3. Astronomers use night vision to improve their view of the stars, to see more stars in the 

city, amplify the image post hydrogen-alpha filters or to see nebula and clusters in the sky in 

real time 

 
4. The technology in night vision allows for far more sensitive x-ray machines to be made, 

reducing the doses necessary for an x-ray 

 Binocular Night Vision Devices: 
 

 

 

 



 

 
Fig 3.2: Binocular night vision device 

 Parts of Binocular Night Vision Devices: 

1. Object Glass 
 
 

2. Focus 
 
 

3. Image intensifier tube 
 
 

4. Eye Piece 
 

5. Eye Guard 

 Parts of Image Intensifier Tube: 
 

 

 
Fig3.3: Image Intensifier Tube 

Night vision is the ability to see in low light conditions. Whether by biological or technological 

means, night vision is made possible by a combination of two approaches: sufficient spectral 

range, and sufficient intensity range. 

Image Intensification: 

This magnifies the amount of received photons from various natural sources such as starlight or 

moonlight. Examples of such technologies include night glasses and low light cameras. In the 

military context, Image Intensifiers are often called "Low Light TV" since the video signal is 



often transmitted to a display within a control center. LLLTV These are usually integrated into a 

sensor containing both visible and IR detectors and the streams are used independently or in fused 

mode, depending on the mission at hand's requirements. 

The image intensifier is a vacuum-tube based device (photomultiplier tube) that can generate an 

image from a very small number of photons (such as the light from stars in the sky) so that a 

dimly lit scene can be viewed in real-time by the naked eye via visual output, or storedas data for 

later analysis. While many believe the light is "amplified," it is not. When light strikes a charged 

photocathode plate, electrons are emitted through a vacuum tube that strike the micro channel 

plate that cause the image screen to illuminate with a picture in the same pattern as the light that 

strikes the photocathode, and is on a frequency that the human eye can see. This is much like a 

CRT television, but instead of color guns the photocathode does the emitting. 

The image is said to become "intensified" because the output visible light is brighter than the 

incoming light, and this effect directly relates to the difference in passive and active night vision 

goggles. Currently, the most popular image intensifier is the drop-in ANVIS module, though 

many other models and sizes are available at the market. Recently, the US Navy announced 

intentions to procure a dual-color variant of the ANVIS for use in the cockpit of airborne 

platforms. 

Active illumination couples imaging intensification technology with an active source of 

illumination in the near infrared (NIR) or shortwave infrared (SWIR)band. Examples of such 

technologies include low light cameras. 

Active infrared night-vision combines infrared illumination of spectral range 700–1,000 nm (just 

below the visible spectrum of the human eye) with CCD cameras sensitive to this light. The 

resulting scene, which is apparently dark to a human observer, appears as a monochrome image 

on a normal display device. Because active infrared night-vision systems can incorporate 

illuminators that produce high levels of infrared light, the resulting images are typically higher 

resolution than er night-vision

 technolo

gies. 

  

  

  

  

  



 Hand Held Thermal Imaging Camera with LRF: 
 

 

 
 

 
Fig 3.4: HHTI with LRF 

HHTI with LRF or Multifunction HHTI is a cooled TI based integrated day/night sight with in-

built eye safe Laser Range Finder, Digital Magnetic Compass, Color CCD and GPS. This 

equipment is capable of giving range, azimuth & elevation and also coordinates of the target. This 

is highly useful to Army and Navy for effective engagement of targets. Weather proof and 

withstand shocks and vibrations. It is provided with electronically generated reticle. 

Introduction: 
 

Fig 3.5: Block diagram of Thermal imaging camera 

1. Thermal image is the technique of using the heat given off by an object to produce an image of 

it or to locate it. 

2. First developed for military purpose in the late 1950s and 1960s by Texas instruments, 

Hughes, Aircraft and Honeywell 

3. In recent times it is being used in firefighting, law enforcement, industrial applications, security 

transportation, medical and many other industries. 

 
  



 Thermal Imaging: 

1. It is the technique of using the heat given off by an object to produce an image of it. 
 

2. Works in environments without any ambient light and can penetrate obscurants such as smoke, 

fog and haze. 

3. Normally grey scale in nature: black objects are cold, white objects are hot and the depth of 

the grey indicates variations between the two. 

4. Some thermal cameras, however, add color to images to help users identify objects at different 

temperatures. 

 Working of thermal imaging: 

Here's how thermal imaging works: A special lens focuses the infrared light emitted by all of the 

objects in view. The focused light is scanned by a phased array of infrared-detector elements. The 

detector elements create a very detailed temperature pattern called a thermogram. 

Infrared Light: 

Our eyes are detectors that are designed to detect electromagnetic radiation in the visible light 

spectrum. All other forms of electromagnetic radiation, such as infrared, are invisible to the 

human eye. 

The existence of infrared was discovered in 1800 by astronomer Sir Frederick William Herschel. 

Curious to the thermal difference between different light colors, he directed sunlight through a 

glass prism to create a spectrum and then measured the temperature of each color. He found that 

the temperatures of the colors increased from the violet to the red part of the spectrum. 

After noticing this pattern Herschel decided to measure the temperature  just beyond the red 

portion of the spectrum in a region where no sunlight was visible. To his surprise, he found that 

this region had the highest temperature of all. 

Infrared radiation lies between the visible and microwave portions of the electromagnetic 

spectrum. The primary source of infrared radiation is heat or thermal radiation. Any object that 

has a temperature above absolute zero (-273.15 degrees Celsius or 0 Kelvin) emits radiation in the 

infrared region. Even objects that we think of being very cold, such as ice cubes, emit infrared 

radiation. 

Thermal imaging camera 

Infrared energy (A) coming from an object is focused by the optics (B) onto an infrared detector 

(C). The detector sends the information to sensor electronics (D) for image processing. The 



electronics translate the data coming from the detector into an image (E) that can be viewed in the 

viewfinder or on a standard video monitor or LCD screen. 

 
 

Fig 3.6: Block diagram of Thermal imaging camera 

• Being truly passive in nature, thermal imaging systems are finding wide range of 

applications for surveillance and reconnaissance, target acquisition, engagement, and missile 

guidance. 

• They are true force multipliers as they allow weapons and equipment to be used with 

efficacy during day and night. 

• Recent advancements in optics, detector technology and signal processing have enabled 

revolutionary advancement in the night vision technology leading to the realization of third 

generation thermal imagers (TIs) having capabilities twice that of second generation and 

four times that of first generation systems. 

• DRDO is working in this area for the last two decades and has developed various TIs 

operating in 3-5 μm medium wave infrared (MWIR) and 8-12 μm long wave infrared 

(LWIR) spectral bands. 

• These systems are based on scanning/staring focal plane array (FPA) detectors for target 

acquisition, which can be used, either in standalone mode or as a part of electro-optical fire 

control system (EOFCS). 

• MWIR TIs perform better in hot humid environments and preferred for long range 

applications because of better atmospheric transmission where as LWIR TIs perform 

better in smoke and dusty environment prevailing in the battlefield. 

 Principle of Operation and Types: 

Infrared energy is just one part of the electromagnetic spectrum, which encompasses radiation 

from gamma rays, x-rays, ultraviolet, a thin region of visible light, infrared, terahertz waves, 

microwaves, and radio waves. These are all related and differentiated in the length of their wave 



(wavelength). All objects emit a certain amount of black body radiation as a function of their 

temperatures. 

Generally speaking, the higher an object's temperature, the more infrared radiation is emitted as 

black-body radiation. A special camera can detect this radiation in a way similar to the way an 

ordinary camera detects visible light. It works even in total darkness because ambient light level 

does not matter. This makes it useful for rescue operations in smoke-filled buildings and 

underground. 

A major difference with optical cameras is that the focusing lenses cannot be made of glass, as 

glass blocks long-wave infrared light. Special materials such as Germanium or Sapphire crystals 

must be used. Germanium lenses are also quite fragile, so often have a hard coating to protect 

against accidental contact. The higher cost of these special lenses is one reason why 

thermographic cameras are more costly. 

Types: 

 Cooled infrared detectors 

 Un cooled infrared detectors 

 Cooled infrared detectors: 

Cooled detectors are typically contained in a vacuum-sealed case or Dewar and cryogenically 

cooled. The cooling is necessary for the operation of the semiconductor materials used. Typical 

operating temperatures range from 4 K to just below room temperature, depending on the 

detector technology. Most modern cooled detectors operate in the 60 K to 100 K range, 

depending on type and performance level. 

Without cooling, these sensors (which detect and convert light in much the same way as common 

digital cameras, but are made of different materials) would be 'blinded' or flooded by their own 

radiation. The drawbacks of cooled infrared cameras are that they are expensive both to produce 

and to run. Cooling is both energy-intensive and time-consuming. 

The camera may need several minutes to cool down before it  can begin working. The most 

commonly used cooling systems are rotary Stirling engine cryocoolers. Although the cooling 

apparatus is comparatively bulky and expensive, cooled infrared cameras provide superior image 

quality compared to un cooled ones. 

Additionally, the greater sensitivity of cooled cameras also allow the use of higher F-number 

lenses, making high performance long focal length lenses both smaller and cheaper for cooled 

detectors. An alternative to Stirling engine coolers is to use gases bottled at high pressure, 



nitrogen being a common choice. The pressurised gas is expanded via a micro-sized orifice and 

passed over a miniature heat exchanger resulting in regenerative cooling via the Joule–Thomson 

effect. For such systems the supply of pressurized gas is a logistical concern for field use. 

Materials used for cooled infrared detection include photo detectors based on a wide range of 

narrow gap semiconductors including: 

1. Indium antimonide 
 

2. Indium Arsenide 
 

3. Mercury Cadmium telluride 
 

4. Lead sulfide 
 
 

 Un cooled Infrared detectors: 

Un cooled infrared sensors can be stabilized to an operating temperature to reduce image noise, 

but they are not cooled to low temperatures and do not require bulky, expensive cryogenic 

coolers. This makes infrared cameras smaller and less costly. However, their resolution and 

image quality tend to be lower than cooled detectors. This is due to differences in their fabrication 

processes, limited by currently available technology. 

Uncooled detectors are mostly based on pyro electric and ferroelectric materials or micro 

bolometer technology. The material is used to form pixels with highly temperature-dependent 

properties, which are thermally insulated from the environment and read electronically. 

Ferroelectric detectors operate close to phase transition temperature of the sensor material; the 

pixel temperature is read as the highly temperature-dependent polarization charge. The achieved 

NETD of ferroelectric detectors with f/1 optics and 320x240 sensors is 70-80 mK. A possible 

sensor assembly consists of barium strontium titanate bump-bonded by polyimide thermally 

insulated connection. 

Silicon microbolometers can reach NETD down to 20 mK. They consists of a layer of amorphous 

silicon, or a thin film vanadium(V) oxide sensing element suspended on silicon nitride bridge 

above the silicon-based scanning electronics. The electric resistance of the sensing element is 

measured once per frame. 

  

  

  

  



 Applicatios

: 

1. Military and Police 

One of the most common users of a thermal imager is a law enforcement or military professional. 

They need to be able to see potential threats without being detected and thermal units give them 

this chance. Modern thermal imaging technology is tough enough to withstand the abuse of 

recoil, so many police officers and soldiers now employ thermal imaging rifle scopes such as the 

ATN ThOR 640 Thermal Imaging Weapon Sight. The drawback of using thermal imagers in life-

and-death situations is that while they're incredibly effective at detecting people or animals, 

identification is far more challenging. You may see a man in front of you, but this doesn't mean 

you'll be able to tell if he's a friend or a foe. 

2. Surveillance 

Thermal imaging cameras are one of the most effective tools for surveillance because they work 

equally well in the day and night. A regular CCTV camera is limited by its need for light, and 

night vision doesn't function during the day. The chance to see through smoke and fog also gives 

thermal a leg up on other surveillance techniques. 

3. Energy Audits 

Heating and cooling companies have used thermal imagers for years to see where buildings are 

leaking heat. Small cracks or holes cause homes to lose hundreds of dollars a year on heating and 

cooling bills. 

4. Security and Law Enforcement 

With a thermal imager, an officer can stop and scan the property at a distance identify any person 

present at there. 

Perimeter Surveillance is another application in which thermal imaging is used to dramatically 

improve results and reduce time committed to a particular operation. 

Thermal imaging cameras can also used in search and rescue operation as officers may be able to 

search up to 1,500 feet in any direction. 

 

 

 

 



Chapter – 4 

PRODUCT ASSURANCE 
 

 

Definition: 

 
A discipline devoted to the study, planning and implementation of activities intended to assure 

that the design, controls, methods and techniques in a project result in a satisfactory level of 

quality in a product. 

The verification by a management function that customer requirements are satisfied by ensuring 

(1) The identification of critical activities, (2) The availability of the necessary resources for 

each process, (3) The use of the resources in a manner that is efficient and effective. 

 
 Product Assurance Testing: 

Product assurance testing is conducted in order to evaluate a system in its operating 

environment. Product assurance testing is primarily used to find the faults that are not shown 

within the development or test environments. The tests performed are: 

• Climate Test 
 

a) Heat and Cold Chamber Test 
 

b) Rain and Dust Chamber Test 
 

• Durable Test 
 

a) Vibration Test 
 

b) Bump test 
 

• Functional Test 
 

a) Resolution Test 
 

b) Field of view 
Heat and Cold Chamber Test: 
 

 



Fig4.1: Heat and Cold Chamber 

 
Temperature and humidity test chambers are ranging in size from 50LiTer to 3000Liter, 

including bench top, standard type and walk in. Included are ultra low temperature test 

chamber, high rate of change of temperature chambers (15℃/min) and climate with 

humiditychambers. 

Our temperature and humidity test chambers are available in a variety of sizes and 

configurations, including bench top / vertical/ walk in constant temperature humidity 

chambers. Temperature Range: -70°C to +180°C; Humidity range: 10% to 98%R.H. 

Vibration Test Chamber: 
 
 

Fig4.2: Vibration Test Chamber 

 
Repetitive Shock Vibration tables generate multi-axis vibration using one or more pneumatic 

impact hammer(s) (also known as impactors) that strike a the top of a vibration table on 

which a product is attached. Thermotron‘s repetitive shock vibration test systems are 

designed specifically for very aggressive temperature change rates and high levels of multi-

axis repetitive 

shock vibration. Repetitive shock shaker tables can be used as stand-alone units or combined 

with an AGREE or AST chamber for HALT/HASS testing. The repetitive shock vibration 

system incorporates many unique features designed to satisfy a wide range of vibration 

testing and screening applications for many industries. The basic system utilizes Multi-Zone 

Control. This patented feature uniformly—and more effectively—tests products. As a result, 

you receive improved product reliability, reduced warranty and recall risks, as well as better-

utilized company resources. 

 Bump test chamber: 



 

 

Fig4.3: Bump Test Chamber 

 
This computerized machine is designed to cater the high acceleration and high pulse duration 

repetitive bump tests. The machine is used in product qualification testing, transient analysis 

of structures or models and fatigue tests on some systems and parts with an object to  

determine their suitability under repetitive bump environment (during transportation or in-

service, etc.), and to assess structural integrity and stress screening. The machine has a robust 

steel structure that enables it to be used for testing of test objects having weights from 50 kg 

to 1000 kg, acceleration from 3 to 400 m/s2’ and pulse duration from 3 ms to 30 ms. The 

machine is intended to reproduce the effects of repetitive bumps from 40 to 180 bumps per 

minute likely to be experienced by components and equipment during transportation or when 

installed in various classes of vehicles. The object mounting hole pattern of the platform is 

100 x 100mm matrix or as desired by the customer. An optional T-slot for mounting of test 

objects is also provided. The 

mounting platform is lifted vertically through a cam arrangement and is made to drop forcibly 

with the mechanical impact generating mechanism on the rubber pad placed on the anvil, 

which provides the required acceleration level. The desired impact acceleration can be 

obtained by adjusting the drop height and mechanical impact generating force of the 

mounting platform. Rubber pads are used to produce half-sine pulses, and duration of half 

sine pulse shape can be adjusted by changing the hardness and thickness of the rubber pads. 

The machine is supported with Pentium PC based intelligent instrumentation system to 

control and monitor and analyse acquired acceleration waveform on 4 channels. The unit 

operates on 415/230 V ±10%, 50 Hz single phase AC and 3-phase 415 V 50 Hz. 

 Salt Spray Test Chamber: 



 

Fig4.4: Salt Spray Test Chamber 

 

The salt spray (or salt fog) test is a standardized and popular corrosion test method, used to 

check corrosion resistance of materials and surface coatings. Usually, the materials to be 

tested are metallic (although stone, ceramics, and polymers may also be tested) and finished 

with a surface coating which is intended to provide a degree of corrosion protection to the 

underlying metal. Salt spray testing is an accelerated corrosion test that produces a corrosive 

attack to coated samples in order to evaluate (mostly comparatively) the suitability of the 

coating for use as a protective finish. The appearance of corrosion products (rust or other 

oxides) is evaluated after a pre-determined period of time. Test duration depends on the 

corrosion resistance of the coating; generally, the more corrosion resistant the coating is, the 

longer the period of testing before the appearance of corrosion/ rust. 

 

 

 

 

 

 



            Chapter – 5 

SUB DEPARTMENTS 

 
 Development and engineering department: 

It is to design to project, make the modifications to prepare design and related documents. 

the software used in BEL Machilipatnam is SOLIDWORKS. 

 Material management: 

It is the management of materials, this department purchases the materials it has different 

bins that holds items after inspection. 

 Quality assurance: 

It deals with the quality of material it is checked before going to customer. In quality 

assurance several equipments are used, they are vernier calipers, screw gauge, CMM 

machine, GO gauge and NO GO gauges etc.. 

CMM machine: 
 

Fig5.1: Coordinate Measuring Machine 

A coordinate measuring machine (CMM) is a device for measuring the physical 

geometrical characteristics of an object. This machine may be manually controlled by an 

operator or it  may be computer controlled. Measurements are defined by a probe attached to 

the third moving axis of this machine. Probes may be mechanical, optical, laser, or white 

light, among others. A machine which takes readings in six degrees of freedom and displays 

these readings in mathematical form is known as a CMM. The typical 3D "bridge" CMM is 

composed of three axes, X, Y and Z. These axes are orthogonal to each other in a typical 

three-dimensional 

coordinate system. Each axis has a scale system that indicates the location of that axis. The 

machine reads the input from the touch probe, as directed by the operator or programmer. The 



machine then uses the X,Y,Z coordinates of each of these points to determine size and 

position, typically with micrometer precision. 

A coordinate measuring machine (CMM) is also a device used in manufacturing and 

assembly processes to test a part or assembly against the design intent. By precisely recording 

the X, Y, and Z coordinates of the target, points are generated which can then be analysed via 

regression algorithms for the construction of features. These points are collected by using a 

probe that is positioned manually by an operator or automatically via Direct Computer 

Control (DCC). DCC CMMs can be programmed to repeatedly measure identical parts, thus a 

CMM is a specialized form of industrial robot. 

 Plant and service: 

It is the department for providing the services to company. services are water supply, 

electrical supply, transport, horticulture. 

 Human resource &administration: 

In this department the recruitment of employees is done it is to use manpower in different 

areas. medical facilities are also available. 

 Finance: 

It is the department for the sanction of money to the employees it is to be made for one 

year.it is the record of the money. 

 Quality management: 

It is to sell products in the international market six sigma is the statistical technique for 

maintaining quality. in this department there is a group of employees who discuss the 

problems, find out its solution and present it to manager. 

 Machine shop: 

In BEL machine shop there is both CNC and conventional machines are there, several 

components are manufactured in this machine shop. The conventional machines are lathe, 

milling, grinding and CNC machines like lathe, milling etc. 

CNC Lathe Machine 

• Automated version 
• Controlled by G and M code 

• Used for turning 

operations CNC Milling Machine 

• Programming for optimal performance 

• Large production 
 



CNC Drilling Machine 

• Multi function machining 

• High flexibility 

 Production Planning and Control: 

This department forms the most important section among the others present because it forms 

the backbone right from the beginning till end of the particular set the responsibility lies in 

the hands of this section .It mainly performs three functions scheduling and launching control 

launching control the market section takes the order from the customer and gives the 

equipment stock order to ppc now ppc makes the list of each components involved in the 

product .this is called scheduling .next function that comes is launched ppc prepares shop 

order and engineering documents such as drawings .this function is called launching now 

comes to material control  here the ppc keeps track of production i.e the purchase requisition 

is given to purchase department and sub contract department. 

 Assembly section: 

In this all the components are gathered and assembled they set properly in the complete set 

.It is the most important and technologically advanced department at BEL Machilipatnam. 

 R&D Department: 

• Areas of working in R&D Development are Military Radars, Naval Systems, 

Military communication products, Electronic warfare systems, 

Telecommunication products. 

• There are about 1000 engineers working in BEL on various D&E Projects.BEL R&D 

Units are recognized by the Department of scientific & industrial Research under the 

ministry of science & Technology, Govt. of India 
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Chapter-6 

CONCLUSION 

 
• Undergoing four weeks of internship in the BEL Machilipatnam unit has helped me integrate 

conceptual knowledge with real life application. I have known the functions of various 

departments in the industry and also products produced in the industry. I was fortunate to 

have personal guidance from experienced professionals who took interest in explaning me the 

working details of various equipments. 

I feel that without this opportunity my own understanding of the subject 

and also the motivation to acquire more knowledge would have remained 

incomplete. I think my training has given me enough motivation and an 

exposure that I will  try to join defence services or get linked up with the 
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ABSTRACT 

With the completion of this training, I am now aware of the different types of 

casting. I have worked for one month in prathap industries.I have worked almost as 

an engineer to the extent of my technical capabilities. Doing all these, I have 

acquired a lot of knowledge about the casting techniques for rice and sugar mills. I 

was the part of one of the most happening and demanding field of casting and 

spending one month into it really proved very useful to me and I have gained a lot 

out of it. Finally, the main advantage of this training was that it has now enabled 

me to explore myself in the field of casting industries. 
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CHAPTER 01 

INTRODUCTION 

1.1 CASTING: 

Casting is a manufacturing process in which a liquid material is usually poured 

into a mold, which contains a hollow cavity of the desired shape, and then allowed 

to solidify. The solidified part is also known as a casting, which is ejected or 

broken out of the mold to complete the process. Casting materials are usually 

metals or various time setting materials that cure after mixing two or more 

components together; examples are epoxy, concrete, plaster and clay. Casting is 

most often used for making complex shapes that would be otherwise difficult or 

uneconomical to make by other methods 

1.2 CAST IRON: 

Cast iron is a group of iron-carbon alloys with a carbon content greater than 

2%. Its usefulness derives from its relatively low melting temperature. The alloy 

constituents affect its color when fractured. white cast iron has carbide impurities 

which allow cracks to pass straight through, grey cast iron has graphite flakes 

which deflect a passing crack and initiate countless new cracks as the material 

breaks, and ductile cast iron has spherical graphite "nodules" which stop the crack 

from further progressing. 

Carbon (C) ranging from 1.8 to 4 wt%, and silicon (Si) 1–3 wt%, are the main 

alloying elements of cast iron. Iron alloys with lower carbon content are known 

as steel. 

Cast iron tends to be brittle, except for malleable cast irons. With its relatively low 

melting point, good fluidity, castability, excellent machinability, resistance to 

deformation and wear resistance, cast irons have become an engineering 

material with a wide range of applications and are used in pipes, machines 

https://en.wikipedia.org/wiki/Manufacturing
https://en.wikipedia.org/wiki/Mold_(manufacturing)
https://en.wikipedia.org/wiki/Curing_(chemistry)
https://en.wikipedia.org/wiki/Epoxy
https://en.wikipedia.org/wiki/Concrete
https://en.wikipedia.org/wiki/Plaster
https://en.wikipedia.org/wiki/Clay
https://en.wikipedia.org/wiki/Iron
https://en.wikipedia.org/wiki/Carbon
https://en.wikipedia.org/wiki/Alloys
https://en.wikipedia.org/wiki/Carbide
https://en.wikipedia.org/wiki/Grey_iron
https://en.wikipedia.org/wiki/Ductile_iron
https://en.wikipedia.org/wiki/Silicon
https://en.wikipedia.org/wiki/Steel
https://en.wikipedia.org/wiki/Brittle
https://en.wikipedia.org/wiki/Malleable_iron
https://en.wikipedia.org/wiki/Castability
https://en.wikipedia.org/wiki/Machinability
https://en.wikipedia.org/wiki/Wear_resistance
https://en.wikipedia.org/wiki/Engineering_material
https://en.wikipedia.org/wiki/Engineering_material
https://en.wikipedia.org/wiki/Cast_iron_pipe
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and automotive industry parts, such as cylinder heads, cylinder 

blocks and gearbox cases. It is resistant to damage by oxidation. 

1.3 TYPES OF CAST IRON: 

Based on the alloying elements added, the variation in the solidification of the cast 

iron and heat treatment used, the microstructure of the cast iron can vary. 

Depending upon the application and the preferred mechanical properties, iron 

castings can be classified into the following. 

1.3.1 WHITE CAST IRON: 

When the white cast iron is fractured, white coloured cracks are seen throughout 

because of the presence of carbide impurities. White cast iron is hard but brittle. 

It has lower silicon content and low melting point. The carbon present in the 

white cast iron precipitates and forms large particles that increase the hardness of 

the cast iron. It is abrasive resistant as well as cost-effective making them useful 

in various applications like lifter bars and shell liners in grinding mills, wear 

surfaces of pumps, balls and rings of coal pulverisers, etc. 

1.3.2 GREY CAST IRON: 

Grey is the most versatile and widely used cast iron. The presence of carbon leads 

to formation of graphite flakes that does not allow cracks to pass through, when 

the material breaks. Instead, as the material breaks the graphite initiates 

numerous new cracks. The fractured cast iron is greyish in colour, which also gives 

it the name. The graphite flakes make the grey cast iron exhibit low shock 

resistance. They also lack elasticity and have low tensile strength. 

However, the graphite fakes gives the cast iron excellent machinability, damping 

features as well as good lubricating properties making them useful in many 

industrial applications. The graphite microstructure of the cast iron has a matrix 

that consists of ferrite, pearlite or a combination of two. The molten grey iron has 

https://en.wikipedia.org/wiki/Automotive_industry
https://en.wikipedia.org/wiki/Cylinder_head
https://en.wikipedia.org/wiki/Cylinder_block
https://en.wikipedia.org/wiki/Cylinder_block
https://en.wikipedia.org/wiki/Gearbox
https://en.wikipedia.org/wiki/Oxidation
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greater fluidity and they expand well during the solidification or freezing of cast 

iron. This has made them useful in industries like agriculture, automobile, textile 

mills, etc. 

1.3.3 MALLEABLE CAST IRON: 

Malleable cast iron is basically white iron that undergoes heat treatment to 

convert the carbide into graphite. The resultant cast iron has properties that vary 

from both grey and white cast iron. In case of malleable cast iron, the graphite 

structure is formed into irregularly shaped spheroidal particles rather than flakes 

that are usually present in gray cast iron. This make the malleable cast iron 

behave like low-carbon steel. There is considerable shrinkage that results in 

reduced production of cast iron as well increased costs. Malleable cast iron can be 

identified easily by the blunt boundaries. 

1.3.4 DUCTILE CAST IRON: 

Ductile cast iron is yet another type of ferrous alloy that is used as an engineering 

material in many applications. To produce ductile iron, small amount of 

magnesium is added to the molten iron, which alters the graphite structure that is 

formed. The magnesium reacts with oxygen and sulphur in the molten iron 

leading to nodule shaped graphite that has earned them the name-nodular cast 

iron. Like malleable iron, ductile iron is flexible and exhibits a linear stress strain 

relation. It can be casted in varied sizes and into varying thickness. 
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Fig 1.2 Different types off cast iron 

1.4 IMPORTANE OF METAL CASTING: 

Metal castings will play a key role in the expansion of all renewable energy 

sources.”  The casting industry is important for so many reasons. It supports other 

industries, small businesses, the global economy, the growth of the people who 

dedicate their time every day to building the industry and the environment. 

1.5 METAL CASTING PROCESS: 

The metal casting process has been divided into the following five major 

operations: 

Obtaining the Casting Geometry:The process is referred as the study of the 

geometry of parts and plans, so as to improve the life and quality of casting. 

Casting Pattern making:In pattern making, a physical model of casting, i.e. a 

pattern is used to make the mold. The mold is made by packing some readily 

formed aggregated materials, like molding sand, around the pattern. After the 

pattern is withdrawn, its imprint leaves the mold cavity that is ultimately filled 

with metal to become the casting. n case, the castings is required to be hollow, 

such as in the case of pipe fittings, additional patterns, known as cores, are used 

to develop these cavities. 
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Core making & Molding :In core making, cores are formed, (usually of sand) that 

are placed into a mold cavity to form the interior surface of the casting. Thus the 

annul space between the mold-cavity surface and the core is what finally 

becomes the casting. 

Molding is a process that consists of different operations essential to develop a 

mold for receiving molten metal. 

Alloy Melting and Pouring: Melting is a process of preparing the molten material 

for casting. It is generally done in a specifically designated part of foundry, and 

the molten metal is transported to the pouring area wherein the molds are filled. 

Casting Cleaning: Cleaning is a process that refers to the different activities 

performed for the removal of sand, scale, and excess metal from the casting. 

 

CHAPTER 02 

CAST IRON CASTINGS FOR RICE MILLS  

2.1 RICE HULLERS: 

A rice huller or rice husker is an agricultural machine used to automate the process 

of removing the chaff (the outer husks) of grains of rice. Throughout history, there 

have been numerous techniques to hull rice. Traditionally, it would be pounded 

using some form of mortar and pestle. An early simple machine to do this is a rice 

pounder. Later even more efficient machinery was developed to hull and polish 

rice.  

https://en.wikipedia.org/wiki/Agricultural_machinery
https://en.wikipedia.org/wiki/Chaff
https://en.wikipedia.org/wiki/Husk
https://en.wikipedia.org/wiki/Rice
https://en.wikipedia.org/wiki/Mortar_and_pestle
https://en.wikipedia.org/wiki/Rice_pounder
https://en.wikipedia.org/wiki/Rice_pounder
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Fig 2.1:Rice huller 

CHAPTER 03 

SUGAR MILL ROLLERS 

3.1 SUGAR MILL ROLLER: 

A sugar cane mill is a factory that processes sugar cane to produce raw or 

white sugar. 

There are a number of steps in producing raw sugar from cane: 

1. Cane receiving and unloading (receive the cane at the factory and unload it 

from the transport vehicles) 

https://en.wikipedia.org/wiki/Sugar_cane
https://en.wikipedia.org/wiki/Raw_sugar
https://en.wikipedia.org/wiki/Sugar
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2. Cane preparation (cutting and shredding cane to prepare it for juice 

extraction) 

3. Juice extraction (two technologies are in common use; milling or diffusion) 

4. Juice clarification (remove suspended solids from the juice, typically mud, 

waxes, fibres) 

5. Juice evaporation (to concentrate the juice to a thick syrup of about 65°brix) 

6. Syrup clarification (remove suspended solids from the syrup, typically 

colloid size of mud, waxes, fibres, etc.) 

7. Crystallisation 

8. Centrifugation (Separation of the sugar crystals from the mother liquor, done 

by centrifugal machines) 

9. Sugar drying 

10. Packaging and delivery 

These processing steps will produce a brown or raw sugar. Mill white sugar also 

known as plantation white sugar can be produced by introducing some form of 

colour removal process (often sulphitation) between the juice clarification and 

the juice evaporation stages mentioned above.[2] The raw sugar produced is 

often refined to produce white sugar. This sugar refining can be done either at a 

completely separate factory or at a back-end refinery which is attached to the raw 

sugar factory. 

https://en.wikipedia.org/wiki/Brix
https://en.wikipedia.org/wiki/Sugarcane_mill#cite_note-Steindl-2
https://en.wikipedia.org/wiki/Sugar_refinery
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Fig 3.1: Sugar mill roller 

3.2 THREE ROLLER SUGAR MILL: 

Three roller sugar mill is the most vital part of sugar industry & sugar roller mill is 

used for to separate the sucrose-containing juice from the cane i.e. extraction of 

juice consist of three rollers namely Top, Feed and Discharge. The extraction of 

juice in a mill is achieved by squeezing prepared cane between two rolls. The main 

objective of milling is to separate the sucrose containing juice from the cane. The 

prepared cane comes under three roller mills between top roller and feed roller of 

these roller’ s rotates the prepared cane is squeezed. Once by which juice is 

extracted and collected in a trough the bagasse obtained after squeezing the juice is 

guided by means of trash plate to the opening between top roller and discharge 

roller and bagasse is squeezed once again in set of three roller mills. In three roller 

mill, three rollers are arranged in triangular pattern for removing sucrose up to 96-

97 % max. 
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 Fig 3.2 Three roller sugar mill 

 

Usually, three roller mills are used for extraction of juice which consists of top, 

feed and discharge rollers. Sugar cane is being fed into top and feed rollers which 

further passes through top and discharge roller along with trash plate. This trash 

plate is having a downside that 25% of total hydraulic load is shared by this trash 

plate in overcoming friction and remaining 75% only the useful one. i.e. 25% 

hydraulic load is shared by feed roller and 50% is shared by discharge roller. 

Crushing rolls are designed with high coefficient of friction and very low rotational 

speed up to 4 to 5 rpm. The rollers are arranged in an isosceles triangle with a top 

angle of 73Û. The feed and discharge rollers are placed at an angle of 36Û & 37Û 

respectively from the vertical below the top roller. The crushing of cane takes 

place first in top-feed roller and then in top-discharge roller. The shaft of roller is 

made up of forged steel and shell of the roller is made up of cast iron. The shell is 

shrink fitted on the shaft. The power for crushing of sugarcane is given to the top 

roller which rotates feed and discharge roller with arrangement of pinion 
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attached on one side of roller. The direction of rotation of top and feed – 

discharge rollers is opposite. The A.C. power is given to the top roller for crushing. 

Top roller is critical component amongst all. As the drive torque, hydraulic load, 

crushing load is coming on the top roller. The forces acting on the mill rolls give 

rise to shearing, bending, torsion and compressive stresses. The top roller is most 

highly stressed, since it consumes about half of the mill torque. Out of total 

power 50% is taken by top roller, 35% is taken by discharge roller, 15% is taken by 

feed roller. 

3.3JUICE EXTRACTION: 

There are two processes for extracting juice from cane  

• Milling, and 

• Diffusion. 

3.3.1 MILLING: 

Juice extraction by milling is the process of squeezing the juice from the cane 

under a set mills using high pressure between heavy iron rollers. Those mills can 

have from 3 up to 6 rolls; every set of mills is called a tandem mill or mill train. To 

improve the milling extraction efficiency, imbibition water is added at each mill. 

Hot water is poured over the cane just before it enters the last mill in the milling 

train and is recirculated up to reach the first mill. The juice squeezed from this 

cane is low in sugar concentration and is pumped to the preceding mill and 

poured onto the cane just before it enters the rollers, the juice from this mill is 

the same way pumped back up the milling train. Mixed juice (that is to say cane 

juice mixed with the water introduced at the last mill) is withdrawn from the first 

and second mills and is sent for further processing. Milling trains typically have 

four, five or six mills in the tandem. To improve the milling extraction 
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performance before the cane reaches the first mill, knife and shredder 

preparation equipment is normally used. 

3.3.2 DIFFUSION: 

Sugarcane diffusion is the process of extracting the sucrose from the cane with 

the use of imbibtion but without the squeezing by mills. Shredded cane is 

introduced into the diffuser at the feed end, Hot water is poured over the 

shredded cane just before the discharge end of the diffuser. The hot water 

percolates through the bed of cane and removes sucrose from the cane. This 

dilute juice is then collected in a compartment under the bed of cane and is 

pumped to a point a little closer to the feed end of the diffuser and this dilute 

juice is allowed to percolate through the bed of cane. At this point the 

concentration of sucrose in the cane is higher than the concentration of sucrose 

in the dilute juice just mentioned and so sucrose diffuses from the cane to the 

juice, this now slightly richer juice is pumped back up the diffuser and the process 

is repeated, typically, 12 to 15 times 

3.4JUICE CLARIFICATION: 

Sugar cane juice has a pH of about 4.0 to 4.5 which is quite acidic. Calcium 

hydroxide, also known as milk of lime or limewater, is added to the cane juice to 

adjust its pH to 7. The lime helps to prevent sucrose's decay into glucose and 

fructose. The limed juice is then heated to a temperature above its boiling point. 

The superheated limed juice is then allowed to flash to its saturation 

temperature: this process precipitates impurities which get held up in the calcium 

carbonate crystals. The flashed juice is then transferred to a clarification tank 

which allows the suspended solids to settle. The supernatant, known as clear juice 

is drawn off of the clarifier and sent to the evaporators. 

3.5JUICE EVAPORATING: 

https://en.wikipedia.org/wiki/PH
https://en.wikipedia.org/wiki/Milk_of_lime
https://en.wikipedia.org/wiki/Supernatant
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The clarified juice is concentrated in a multiple-effect evaporator to make a syrup 

of about 50 percent sucrose by weight. 

 

 

3.6 CRYSTALLIZATION AND CENTRIFUGING: 

This syrup is further concentrated under vacuum in a vacuum boiling pan  until it 

becomes supersaturated, finely ground sugar crystals suspended in alcohol are 

introduced into the vacuum pan as seed crystals around which sucrose is 

deposited and these crystals then grow in size until they are ready to be 

discharged (typically about 1 millimetre (0.039 in)) 

A number of boiling schemes are possible, the most commonly used boiling 

scheme is the three-boiling scheme. This method boils the sugar liquors in three 

stages, called A-, B- and C-. 

A batch type sugar centrifuge separates the sugar crystals from the mother liquor. 

These centrifuges have a capacity of up to 2,200 kilograms (4,900 lb) per cycle. 

The sugar from the centrifuges is dried and cooled and then stored in a silo or 

directly packed into bags for shipment. 

The mother liquor from the first crystallization step (A-product) is again 

crystallized in vacuum pans and then passed through continuous sugar 

centrifuges. The mother-liquor is again crystallized in vacuum pans. Due to the 

low purity the evapo-crystallization alone is not sufficient to exhaust molasses, 

and so the so-called massecuite (French for “boiled mass”) is passed through 

cooling crystallizers until a temperature of approx. 45 °C (113 °F) is reached. Then 

the massecuite is re-heated in order to reduce its viscosity and then purged in the 

C-produced centrifugals. The run-off from the C-centrifugals is called molasses. 

https://en.wikipedia.org/wiki/Multiple-effect_evaporator
https://en.wikipedia.org/wiki/Supersaturation
https://en.wikipedia.org/wiki/Centrifuge
https://en.wikipedia.org/wiki/Molasses
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The spun-off sugar from the B-product and C-product centrifuges is re-melted, 

filtered, and added to the syrup coming from the evaporator station. 

 

 

 

 

CHAPTER 04 

MILL ROLLER SHAFT 

Roller mills are mills that use cylindrical rollers, either in opposing pairs or against 

flat plates, to crush or grind various materials, such as grain, ore, gravel, plastic, 

and others. Roller grain mills are an alternative to 

traditional millstone arrangements in gristmills. Roller mills for rock complement 

other types of mills, such as ball mills and hammermills, in such industries as 

the mining and processing of ore and construction aggregate; cement milling; 

and recycling. 

 

https://en.wikipedia.org/wiki/Mill_(grinding)
https://en.wikipedia.org/wiki/Cylinder_(geometry)
https://en.wikipedia.org/wiki/Cereal
https://en.wikipedia.org/wiki/Ore
https://en.wikipedia.org/wiki/Gravel
https://en.wikipedia.org/wiki/Plastic
https://en.wikipedia.org/wiki/Millstone
https://en.wikipedia.org/wiki/Gristmill
https://en.wikipedia.org/wiki/Ball_mill
https://en.wikipedia.org/wiki/Hammermill
https://en.wikipedia.org/wiki/Mining
https://en.wikipedia.org/wiki/Construction_aggregate
https://en.wikipedia.org/wiki/Cement_mill
https://en.wikipedia.org/wiki/Recycling


 14

Fig 4: Mill roller shaft 

4.1 TYPES OF ROLLER MILLS: 

4.1.1 Two-roller mills: 

 Two-roller mills are the simplest variety, in which the material is crushed between 

two rollers before it continues on to its final destination. The spacing between 

these two rollers can be adjusted by the operator. Thinner spacing usually leads to 

that material being crushed into smaller pieces. 

4.1.2Four-roller mills : 

Four-roller mills have two sets of rollers. When using a four-roller mill to mill 

grain, the grain first goes through rollers with a rather wide gap, which separates 

the seed from the husk without much damage to the husk, but leaves large grits. 

Flour is sieved out of the cracked grain, and then the coarse grist and husks are sent 

through the second set of rollers, which further crush the grist without damaging 

the crusts. Similarly, there are three-roller mills, in which one of the rollers is used 

twice. 

4.1.3 Five- and six-roller mills: 

 Six-roller mills have three sets of rollers. When using this type of mill on grain, 

the first set of rollers crush the whole kernel, and its output is divided three ways: 

Flour immediately is sent out the mill, grits without a husk proceed to the last 

roller, and husk, possibly still containing parts of the seed, go to the second set of 

rollers. From the second roller flour is directly output, as are husks and any 

possible seed still in them, and the husk-free grits are channeled into the last roller. 

Five-roller mills are six-roller mills in which one of the rollers performs double 

duty. 

4.2 WORKING PRINCIPLE: 
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While working, motor drives the hanger of the grinding roller to rotate through V 

pulley and centre bearing. The roller, which is hung by bearing and pendulum 

shaft, will roll along the inner circle of the roll ring while the hanger is rotating. A 

dust removal blower will generate negative pressure at the inlet and outlet of the 

grinder to prevent dust and radiating the heat in the machine. 

 

 

 

 

 

 

Fig 4.2: Casting for mill roller shaft 

4.3 APPLICATIONS: 

✓ Specialized for the high production of superfine pyrophyllite powder making 

in glass fiber industry 

✓ Specialized for the high production of gangue powder making in coal 

industry 

https://en.wikipedia.org/wiki/Pressure#Negative_pressures
https://en.wikipedia.org/wiki/Fiberglass
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✓ Specialized for the high production of various of chemical raw material 

powder making in the chemical industry. 

 

 

 

 

 

CHAPTER 05 

GUN METAL BEARINGS 

5.1 GUN METAL: 

Gun metal, also known as red brass in the United States, is a type of bronze –  

an alloy of copper, tin, and zinc. Proportions vary but 88% copper, 8– 10% tin, and 

2– 4% zinc is an approximation. Originally used chiefly for making guns, it has 

largely been replaced by steel. Gunmetal, which casts and machines well and is 

resistant to corrosion from steam and salt water,[1] is used to make steam and 

hydraulic castings, valves, gears, statues, and various small objects, such as 

buttons. It has a tensile strength of 221 to 310 MPa, a specific gravity of 8.7, 

a Brinell hardness of 65 to 74, and a melting point of around 1,000 degrees 

Celsius. 

https://en.wikipedia.org/wiki/Chemical_industry
https://en.wikipedia.org/wiki/Bronze
https://en.wikipedia.org/wiki/Alloy
https://en.wikipedia.org/wiki/Copper
https://en.wikipedia.org/wiki/Tin
https://en.wikipedia.org/wiki/Zinc
https://en.wikipedia.org/wiki/Cannon
https://en.wikipedia.org/wiki/Steel
https://en.wikipedia.org/wiki/Steam
https://en.wikipedia.org/wiki/Seawater
https://en.wikipedia.org/wiki/Gunmetal#cite_note-gm2-1
https://en.wikipedia.org/wiki/Brinell_hardness
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Fig 5.1 Gun metal bearings 

Modified gunmetal contains lead in addition to the zinc; it is typically composed 

of 86% copper, 9.5% tin, 2.5% lead, and 2% zinc. It is used for gears and bearings. 

U.S. Government bronze specification G C90500 is composed of 88% copper, 

10% tin, and 2% zinc, as is British Admiralty gunmetal. 

5.2 GUN METAL CASTING LG2 ALLOYS: 

Gunmetal,  AKA  red brass is a type of Bronze –  an alloy of Copper, Tin, and 

Zinc.  ASTM B62 (or UNS C83600) alloy is a leaded red brass copper casting 

(gunmetal) alloy. Gunmetal alloys are useful for many applications because of 

their combination of high strength in tension and compression, hardness, ductility 

and high resistance to impact. It has very good castability and this allows for 

consistent thin sections which makes the alloy also suitable for intricate parts. This 

gunmetal also has very good thermal and electrical conductivity. Machinability of 

B62 is also excellent as the high lead content gives fine turnings with a light 

cutting load and very good machining characteristics. Gunmetal casts and 

machines well and is resistant to corrosion from steam and salt water, and is used 

to make steam and hydraulic castings, turned parts, Bushings, Plugs, Threaded 
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connectors, Tank Connectors, Water tank DZR Brass fittings, valves, pump parts 

 and gears, and also statues and various small objects, e.g. buttons. A material with 

excellent machining characteristics, good casting qualities and moderate strength. 

Particularly suitable where pressure tightness is required. It has a tensile strength of 

221 to 310 MPa, a specific gravity of 8.7, a density 8,719 kg/m3, and a Brinell 

hardness of 65 to 74.Main alloys used in Gunmetal castings are -LG2, LG3, LG4, 

PB, LPB, HTB. 

  

 

Fig 5.2: Gun metal LG2 casting 

5.3 FEATURES: 

➢ Long lasting finish 

➢ Rust proof 

➢ Optimum strength 

5.4 TYPICAL APPLICATIONS : 

Pressure tight requirements, valve and pump bodies, pump impellers, fittings for 

gasoline and oil lines, bushings, general engineering applications etc.We have state 

of the art foundry in Jamnagar India casting Lg2 Gunmetal alloy of Copper and 

also CNC machines to offer machined Bronze and Gunmetal castings, connectors, 

bushes, pump impellers, valve bodies, Pipe clamps, grounding clamps, earthing 



 19

accessories, couplings, electrical accessories, Bronze threaded fittings, Gunmetal 

couplings, hose fittings,  pipe fittings, Elbows, Tees, etc. 

 

 

 

 

 

CHAPTER 06 

CONCLUSION 

With the completion of this training, I am now aware of the different types of 

Scasting. I was the part of one of the most happening and demanding field of 

casting and spending one month into it really proved very useful to me and I have 

gained a lot out of it. Finally, the main advantage of this training was that it has 

now enabled me to explore myself in the field of casting industries. 
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ABSTRACT 

 
 

The 3D EXPERIENCE PLATFORM is a business experience platform .It provides 

software solutions for every organization in your company form Marketing to sale to 

engineering that help you, in your value creation process, to create differentiating 

consumer experience, with a single, easy to use interface, it powers Industry solution in a 

collaborative, interactive environment. It is available on premise and on cloud. 

 
Dassault systems offers industry leading application delivered on the 3D EXPERIENCE 

platform: Design &Engineering, Manufacturing & Production Simulation, Governance & 

Life cycle, 3D Design Experience for Professionals, as well as a broad catalog of services 
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CHAPTER-1 

INTRODUCTION TO 3D EXPERIENCE 

 
Consumers today demand experiences that enrich their lives in meaningful ways. Experience 

thinking is a framework for innovation, focusing on engaging consumers with breathtaking 

experiences that are smarter, intuitive and sustainable. Experience thinking persuades the 

organization to define the product and related services in the context of the customer usage – a 

holistic approach to creating value for the customer. Experience thinking encourages companies 

to consider all aspects of the consumer’s experience – only possible when all the players in the 

innovation process from marketing, sales, design, engineering, manufacturing and the supply 

chain work collaboratively. 

 
The 3DEXPERIENCE platform and apps digitalize the customer experience, with capabilities to 

analyze, design, simulate, engineer and realize experiences. Innovators develop a deep 

understanding of their customer’s operating environment by analyzing social and usage 
information on the platform with a data-driven approach. The experience is modelled in the 

context of the operating environment, capturing intelligent interactions between the environment, 

consumer, product and digital capabilities that harness operational data and provide insightful 

services. Enterprises then simulate and optimize their offerings encompassing all customer 

scenarios. During the operating lifecycle, this model is enriched with valuable insights gleaned 

from the usage data, setting the stage for the next cycle of innovation. 
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3DEXPERIENCE is the most advanced software for product and learning innovation, is 

available in the cloud or on-premises, within your own operating environment. Both options 

bring new capabilities to educators and students who want to experience the engineering 

practices of industry leaders for increased employment opportunities in the new global economy. 

Years of collaboration with educators and students across a wide variety of institutions and 

disciplines has led to a flexible, tailored set of learning solutions. 3DEXPERIENCE for 

Academia encompasses a suite of world-class integrated applications: 

 CATIA for product design 
 DELMIA for digital manufacturing 
 SIMULIA for realistic simulation 
 ENOVIA for collaborative innovation 
 3DEXCITE for high-precision rendering and interactive immersion 
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3DEXPERIENCE platform builds on the V6 digital architecture and adds information 

intelligence, dashboarding and social collaboration capabilities. Businesses now create a private 

social collaboration environment on the platform and involve employees, partners, suppliers, 

consumers and other stakeholders as active participants in the innovation process. Leading 

organizations now adopt a big-data approach to understand all aspects of the customer 

experience in a data-driven manner and then model and simulate all aspects of the customer 

experience – virtually perfecting the experience before launching the product to market. 

3DEXPERIENCE ESSENTIALS 

3DEXPERIENCE Essentials is a broad application set built on the Business and Industry 

Innovation baseline, encompassing a vast set of Dassault Systems solutions. 

The ideal basis for universities or technical colleges to support their transition to project-based or 

student-centered learning, 3DEXPERIENCE Essentials provides a complete digital framework 

for team-based ideation, contextual learning, collective innovation, solution creation and various 

methods for project evaluation. 

3DEXPERIENCE Essentials includes advanced ENOVIA capabilities for configuration 

management, requirements management, change management and compliance processes. 

The Essentials package bundles a large sub-set of CATIA design functions and enables 

conceptualization and detailing of virtually. 

Using DELMIA digital manufacturing tools makes machining, robotics and rapid prototyping an 

integrated exercise, ensuring manufacturability of designs and streamlining of manufacturing 

programming. 

Right-first-time practices are reinforced through mechanism simulation and associative stress 

analysis using SIMULIA and ergonomics simulation. 

The fundamental capabilities of additive manufacturing are built-in for powder-bed fusion 

additive manufacturing, including nesting, automated support design and laser path optimization. 

Converters to and from other applications, as well as 3D printing output formats, are available 

for exchanging data with various partners and devices. 

A fundamental enhancement in 3DEXPERIENCE Essentials is the possibility to create hybrid 

assemblies mixing new data with legacy models from version 5. New functionalities can so be 

applied on existing courses examples without re-creating them. Projects started in V5 for 

instance students’ competitions can easily progress in the up-to-date version. 

Common apps and services to connect everyone to the platform 

The 3DEXPERIENCE platform provides the underpinning apps and services that enable the 

transformation to a digital, data-driven, model-based environment. The common apps and 

services provide an effective way to connect everyone early in the innovation process. Social 

collaboration with 3DSwym is a great way to harness the innovative ideas from everyone. With 
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the 3DDashboard users monitor the things they care about – follow online trends, be alerted by 

data feeds, and at the same time monitor enterprise processes and data. Users see everything 

that's happening, 24/7, all in one dashboard. With 3DDrive users securely store their documents 

on the cloud, access them from any device and share them with co-workers and collaborators 

across the value chain. Users collaborate instantly using 3DMessaging with immersive 

visualization of 3D assemblies with 3DPlay. 
 
 
 
 
 

 

In this internship program we learned about CATIA, SIMULIA and DELMIA. 
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Introduction to CATIA: 

CHAPTER-2 

CATIA 

 

Catia is the mechanical design software and is capable of addressing the complete product 

development process, from product concept specification through product in service in a fully 

integrated and associative manner. 

Catia mechanical design discipline products accelerate core activities of development from 

concept to detailed design on to drawing production .mechanical design products also address 

sheet metal requirements and mold manufactures using dedicated applications that dramatically 

enhance productivity and strongly reduce time to market. 

In 3D Experience Catia is present in 3D icon which consists of 3D Modelling apps. 
 

Workbenches in Catia 

 PART DESIGN 

 GENERATIVE SHAPE DESIGN 

 ASSEMBLY DESIGN 

 
 

 PART DESIGN 

Catia provides you so many features which make creating complex mechanical design in a 

simple task. The objects created in sketcher are converted into the solid part with the help of part 

modeling tools. 

Features 

 Advanced complex features for dedicated best practices 

 Knowledge templates repository approach 

 Comprehensive specification approach for value added process reducing geometry 

definition and rework 

 Process features oriented 

Tools                                    
 

 Pad                                                                            

 Pocket 

 Shaft 

 Groove 

 Hole 

 Rib 
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 Slot 

 Multi-Section Solid 
 

Pad 
 

Pad tool has the ability to convert any sketch into solid part with given length. If any geometry 

also there in between the outer boundary pad operation considers it as an empty space. 

 Select pad tool 

 Define types of pads that are 

 Dimension 

 Up to next 

 Up to last 

 Up to plane 

 Up to surface 

 Select sketch 

 if you want it to be hollow than select tick option and give limits of thickness 

 If you want to extrude body in both sides than check option more and again select type 

and dimensions for second side. 

 Select OK for implementation 

 
 

Pocket 

Pocket is just opposite operation of pad. Operation process is same as pad tool, all other options 

are also same as pad the only difference is removal of material in spite of generating solid part. 

Shaft 

Shaft tool is an operation in which any sketch rotates about an axis and forms a solid part. From 
this operation we can generate any geometry which is symmetric about an axis. 

 Draw the sketch with axis line. 

 Switch out from sketcher and select Shaft Tool to revolve sketch 360 degree. 

 Axis should be draw with sketch. 

 Select OK for implementation. 

Groove 

Groove is just opposite operation of shaft. Shaft makes solid part by revolving any sketch about 

an a groove removes material by revolving about an axis. Sketch profile must be closed one for 

this operation. 

 
Hole 

This operation makes a hole that tab be used for bolted joint or for a tap or for any locator pin. 

Hole can be made threaded. 
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Rib 

Rib operation will increase a 2D profile along to the center curve and create a 3D solid object. 

steps are as follows. 

 Draw a Center curve 

 Select a plane at perpendicular direction of the end point of a Center curve 

 Draw Profile at that Plane 

 Switch out the sketcher 

 Select rib tool 

 Select profile first 

 Select center curve 

 If all given parameter are correct then it will show you a preview 

 Select OK for implementation 

 
 

Slot 

Slot is just opposite operation of rib. All the procedure of working is same but slot removes 

material according to sketch and rib makes solid part. Here also we follow same procedure as in 

rib. 

 
Multi-section Solid 

Multi-sections solid  can be created by joining two or more section curves along the calculated  

or user-defined guiding curves. One or more leading curves can be used. The result is a closed 

volume. 

Some other important tools used in part design are 

 Fillet 

 Chamfer 

 Draft 

 Shell 

 Thickness 

 
 

 PROCEDURE 

 Open 3d experience 

 Click on 3d icon at top left corner 

 Select part design 

 Click on body 

 Click on sketcher 

 Select the plane to draw 

 Draw the profile of the required part 

 Click on exit icon 

 Select the required operations like pad, shaft etc. 
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 For another operation on the same part select another body 

 By using sketcher draw another profile 

 Perform pad operation 

 Based on the required add or remove the body from another body. This process is known 

as Boolean operation. 

 Perform operations like fillet, chamfer as for the requirement. 

 
 
 
 

SOME PARTS DESIGNED USING PART DESIGN: 
 

 

 

 

 

Rear axle  Disc plate 
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GENERATIVE SHAPE DESIGN 

Generative Shape Design helps to design advanced shapes based on a combination of wireframe 

and extensive multiple surface features. t provides a large set of tools for creating and editing 

shape designs and, when combined with other products such as CATIA Part Design, it meets the 

requirements of solid-based hybrid modeling. 

Tools used                                   

 Extrude surface 

 Revolve 

 Sphere 

 Cylinder 

 Sweep 

 Fill 

 Join 

 Split 

 Trim 

 Boundary 

Extrude Surface 

This tool extrude surface from already created profile on perpendicular direction of plane 

selected. 

 Select the tool 

 Select profile and plane extrusion 

 Now give limits that is length of extrusion in both sides 

 Select ok to implement the work 
 

Revolve 
 

This tool is used to create circular surface. 
 

 Draw a open sketch with a axis line 
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 Select revolve tool 

 Select profile to be revolved 

 Select axis line if it is not in sketch 

 Define start angle and end angle 

 Select OK to implement 
 

Sphere 
 

 Select sphere tool 

 Select center point 

 Remain sphere and default 

 Define the radius of sphere 

 Select the sphere limitations 

 Select OK to implement 
 

Cylinder 
 

Draw Cylinder through specify point and direction 
 

 Create a point on a plane 

 Select cylinder tool 

 Specify center point 

 Select plane for direction 

 Specify radius 

 Specify length1 and length 2 

 Chose minor extent or Reverse 

 Direction When required 

 Select OK 
 

Sweep 
 

This the most important tool used in surface design. we can use this tool for generating any type 

of surface that may be straight or it may be twisted or curvilinear form. 

Types of sweep 
 

 Explicit sweep 

 Linear sweep 

 Circle sweep 

 Conical sweep 
 

Fill 
 

Fill command is used to crate surface between some intersecting curves but it must be closed. 
 

 Select tool 

 Select curves 
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 Choose continuity 

 Press OK 
 

Join 
 

 The Join tool is used to join two adjacent surfaces or two adjacent curves. 

 Choose Join button from the Operation toolbar 

 The Join Definition dialog box is displayed 

 You are prompted to select the elements (curves or surfaces) to be joined 

 Select the elements that you need to join 

 Remember that there should not be a large gap between the entities to be joined. 

 Choose the OK button from the Joint Definition dialog box to complete the join operation 

 The surfaces or curves that are joined together will behave as a single entity 

 
 

Split 
 

Split This tool will split the surface about any curve and the selected surface. 
 

 Select split tool 

 Split dialog box will open 

 Select a surface to split 

 Select a curve at surface as a cutting element. 

 The resulting surface will ready to preview for you. 

 Select other side to change side of split 

 Select OK 
 

Trim 
 

The Trim tool allows you to trim two intersecting surfaces or curves with respect to each other 
 

 When you choose this tool, the Trim Definition dialog box will be displayed 

 Choose a surface as the first element and the other surface as the second element. 

 One side of each surface will be displayed as transparent. 

 You can choose the other side button to reverse the sides of surfaces to be trimmed. 

Figure shows the surface Trimmed using the Trim tool. 

 Figure shows the trimmed surface when the other side buttons are selected for both 

 Surfaces from the Trim Definition dialog box. 
 

Boundary 
 

Boundary tool will defines the boundary of a surface according to you. This will useful if want to 

use semi boundary of any sketch for our next operation 

 Create surface as shown figure 

 A dialog box open 
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 Select surface whose boundary need to redefine 

 Select limits for new boundary 

 These limits must cross that existing surface at any point and the selected limit sketch 

will not overlap with surface 

 Ok for implementation 

 
PROCEDURE FOR GENERATIVE SHAPE DESIGN 

 Open 3D Experience 

 Click on 3D icon at the top left corner 

 Select generative shape design 

 Click on sketcher 

 Select the plane to draw the profile 

 Draw the profile 

 Extrude the surface of the profile 

 By using offset planes draw remaining profile and extrude the surfaces 

 Fill the closed curves according to requirement 

 Join all the surfaces by using join command 

 Trim the extra projections by using trim command 

 After joining all the surfaces inn single surface fillets are made 

 

 
Here are some components designed by using generative shape design 
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Go-kart front doom in catia V5 
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 ASSEMBLY DESIGN 

Assembly modeling is the process of creating designs that consist of two or more Component. 

Assembled together at their respective work positions. The components are brought together and 

assembled in Assembly Design workbench by applying suitable parametric assembly constraint to 

them. The assembly constraints allow you to restrict the degrees of freedom of components on their 

respective work positions. The assembly files in CATIA are called Product files 

. 

 PRODUCT STRUCTURE TOOLS 

 
Inserting a existing part 

This tool inserts a part which is already created and saved into .CATPART file. This insets the part in 

non position mode. 

 
Insert a new part 

This toll gives us a way to create a new component in the assembly workbench. 

 
Insert new product 

This tool is used for inserting another product in the same assembly file. This is used where assembly 

are there in the same product. 

 
Replacing a Component 

If you places wrong component in assembly then use this tool for replacing it by a correct one. 

 Select a component to replace 

 now select replace component tool 

 The window will open which contains CATPART files 

 Select new part 

 Select OK for Implementation. 

 
Multi Instantiation 

This is a tool which can create multiple copies of an inserted part without inserting it again and again. 

It can set them at specified direction and distance from its parent part. 
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 MOVE TOOLS 

 
Manipulation 

Manipulation tool is a small subgroup of tools used for moving a component inside the assembly 

design workbench. This tool includes the tools used to rotate, translate, and move tools. 

Manipulation tool consists of 

 Drag along X-axis 

 Drag along Y-axis 

 Drag along Z-axis                                              

 Drag along any axis 

 Drag along XY Plane 

 Drag along YZ Plane 

 Drag along ZX Plane 

 Drag along any Plane 

 Drag around X-axis 

 Drag around Y-axis 

 Drag around Z-axis 

 Drag around any axis 

 
Snap Tool 

The snap tool is used to move the component by snapping the geometric element of the first 

component on selection of the geometric elements. The element selected first will move to snap the 

second element. 

 
Explode 

Explode is command which will breaks your assembly or subassembly and will show you all its - 

components individually. 

CONSTRAINTS 

Coincidence 

Constraint 

This constraint will make coincidence the centre lines of two cylindrical components 

 
Contact constraint 

This constraint will connect surfaces of components. The connected components have no space 

between these two surfaces. 

 
Offset constraint 

Surface constraint will create zero gap between two surfaces but if it is desired to make some distance 

then offset tool is used. 
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This tool I used for placing two components at an angle. 

 
Fix together 

This is a constraint which fixes two components together. If you want to perform any manipulation 

operation or you are assigning any constraint on any of these components it will automatically applies 

on other because they both are fixed together. 

 
 
 

 
 PROCEDURE FOR ASSEMBLY DESIGN 

 Open 3D Experience 

 Click on 3D icon at the top left corner 

 Select assembly design 

 Import all the parts required for the assembly. 

 Click on insert existing part 

 Click on physical product at the top of the tree located at top left corner. 

 Select all the parts and import them to the assembly window. 

 Perform the manipulate operations to move the parts and place them in sequence. 

 Fix one part as the reference and assembling should be carried. 

 Give coincidence constraint to the parts. 

 Then give contact constraint to the parts to complete assembly 

Assembly of screw jack 

 
Parts to be assembled 
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Assembled component 
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CHAPTER -3 
 

 
 Introduction 

SIMULIA 

 

SIMULIA is a complete suite of powerful and realistic solutions that enable users to explore 

the real-world behavior of product, nature, and life. Simulia makes virtual testing a standard 

business practice that improves the product performance, reduces physical prototypes and 

innovation .It allows the simulation of the designed model by various input parameters. 

WORK BENCHES IN SIMULIA 

MATERIAL DEFINITION 

STRUCTURAL MODEL 

STRUCTURAL SCENARIO 
 

 SIMULIA PROCEDURE: 
 

Material definition 
 

Open 3d experience software 

Design a component using part design 

Then for simulation click on V.R 

Select material definition. 

After opening material definition create a material and name it as steel. 

  In top left corner of the window a tree related to the material is appeared. It contains 

Material appearance domain and Material simulation domain. 

  Click on material simulation domain and add required properties of the material like 

density, Youngs modulus, poison ratio etc. 
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  Go to part body created before. 

  Click on pick material option in the tool bar located at bottom 

  Go to material editor tab and click on steel and the click on product to apply the material. 
 

Structural model 
 

  Go to V.R and click on structural model. 

  Click on finite element methods option which is appeared on the tree. 

  Click on nodes and elements then toolbar bar is appeared at the bottom. 

  Click on mesh icon and select the mesh type. 

  Give mesh size and then apply the mesh by selecting the body. 
 

 
 
 



21 
 

  Click on finite element methods. 

  Click on properties and select solid section. 
 

Structural scenario 
 

 Go to V.R and click structural scenario and select simulation type. 

 Click on setup from the toolbar located at the bottom and click on finite element model 

 Click on procedure and choose the type of procedure. 

 Click on restraints and choose type of support. 
 

Click on loads and apply the loads required. 
 

 

 
  Click on simulate and the click on simulation checks. 
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  Simulation status is appeared. 
 

Finally click on simulate and note down the results. 
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CHAPTER 4 

DESIGN AND SIMULATION ON A GO-KART FRAME 

 INTRODUCTION 
 

A Go-kart is a simple race vehicle; It has all working systems as similar to general race car 

or a basic four wheeler .But, as all the components are to assembled to the frame itself 

strength of the kart frame should be sounding. 

Driver safety plays a major role here, so the frame has to bear all the physically applicable 

static and dynamical load conditions 

 SIMULATION 
 

I have designed a Go-kart frame and have done simulation on the frame under many load 

variable conditions and the step wise methodology is as shown 

Constrained parts are, 

 C-clamps for front wheel stub axles 

 Base plate welded the pipe frame for the rear axle journal bearings 
 

 

Constrain application 
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 Application of loads 
 
 
 
 

 

 

Results of the simulation 
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 Introduction 

CHAPTER-5 

DELMIA 

 

DELMIA-Digital Enterprise Lean Manufacturing Interactive Application is powered by the 

3DEXPERIENCE platform. 

DELMIA Digital Manufacturing drives manufacturing innovation and efficiency by planning, 

simulating, and modeling global production processes. DELMIA allows manufacturers to 

virtually experience their entire factory production from the impact of design to determining how 

to meet global demand. These simulation activities allow manufacturers to better address and 

shift processes so as to quickly respond to the competition, or to take advantage of new market 

opportunities. 

DELMIA Digital Manufacturing capabilities extend visualization beyond the product into 

manufacturing—providing the ability to simulate manufacturing processes before the physical 

plant or production line even exists. By proving out plant level considerations such as 

manufacturing approaches and material flow in the early stages of product development, the 

product concept can be analyzed to determine the best approach to make the product. 

 

 
Workbenches in Delmia 

 

 Manufacturing Item Definition 
 

 Process Planning 
 

 Equipment Allocation 
 

 Assembly Evaluation 
 

 Time Motion and Study 
 

 Delmia Procedure: 
 

Importing product 
 

 Open 3d experience. 

 Click on import and import the product which is in .3dxml format. 

 Right click on product from the tree. 

 Then click on open with and select open with advanced. 

 Click on expanded with all representative children. 
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Manufacturing item definition 
 

 Go to V.R click on manufacturing item definition 

 Right click on manufacturing item definition window and the click on product A1. 

 Click on manufacturing assembly and create manufacturing item product scope and click 

on product. 

 Click on Authoring from toolbar at bottom and click on Create / Update manufacturing. 

 Insert required number of manufacturing assemblies and spilt the product in to different 

components by using assignment manager. 
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Process planning 
 

 Go to V.R click on process planning. 

 Click on general system. 

 Click on manage scope and create scope. 

 Insert no. of general systems as per requirement. 

 Insert general operations and loading operations in the general systems. 

 Select the components from the tree and place them in them general operations and 

loading operations according to the assembling order. 

 Click on product flow from the tool bar and create flow between the general operation and 

loading operation in the general system and also create flow between the general systems. 
 
 
 

 

 
Equipment allocation 

 

 Go to V.R click on Equipment allocation 

 Right click on PPR context from the tree then click on insert resource, click on 

manufacturing cell, click on main layout , click on create stations 

 Create 4 stations each station must have one conveyor and one storage. 

 For creating storage and conveyor click on station, click on insert resource. 

 Import station with conveyor file of .3dxml format. 

 Copy the imported file and open equipment allocation tab and paste it in main layout. 

 From the imported file copy storage and conveyor and paste them in the stations created 

before. 

 Click on create scope and create scope between main layout and general system. 
 

Click on station, click on assignment manager and export general system operation to the 

station. 

 Define part position and place on conveyors 
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Assembly Evaluation 
 

 Go to V.R click on Assembly Evaluation. 

 Click on General system and Right click on Loading operation and then Create Track. 

 Copy the Current track to the other operations. 

 Click Live Simulate on toolbar located at bottom 
 

 

.
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CONCLUSION 

 
From my internship I have learnt, 
 

 Modeling on solid parts by using part design 
 

 Creating complex shapes and surface models using generative shape designs 

 

 Assembling of components 

 

 Meshing and simulating of designed mechanical components using SIMULIA 

 

 Basing procedures of DELMIA work bench 
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ABOUT THE ORGANISATION 

National Small Industries Corporation (NSIC), is an ISO 9001-2015 certified 

Government of India Enterprise under Ministry of Micro, Small and Medium 

Enterprises (MSME). NSIC has been working to promote, aid and foster the 

growth of micro, small and medium enterprises in the country. NSIC 

operates through countrywide network of offices and Technical Centers in 

the Country.In addition, NSIC has set up Training cum Incubation Centre 

managed by professional manpower. 

Mission: “To promote and support Micro, Small & Medium Enterprises 
(MSMEs) Sector” by providing integrated support services encompassing 

Marketing, Technology, Finance and other services. 

 

Vision: “To be a premier Organization fostering the growth of Micro, Small 
and Medium Enterprises (MSMEs) Sector”. 

Schemes of NSIC: 

NSIC facilitates Micro, Small and Medium Enterprises with a set of 

specially tailored scheme to enhance their competitiveness. NSIC provides 

integrated support services under Marketing, Technology, Finance and other 

Support service. 

Technology Support: 

Technology is the key to enhancing a company's competitive advantage in 

today's dynamic information age. Small enterprises need to develop and 

implement a technology strategy in addition to financial, marketing and 

operational strategies and adopt the one that helps integrate their operations 

with their environment, customers and suppliers. 

NSIC offers small enterprises the following support services through its 

Technical Services Centers and Extension Centers: 

1. Advise on application of new techniques. 
2. Material testing facilities through accredited laboratories. 
3. Product design including CAD. 
4. Common facility support in machining, EDM, CNC, etc. 
5. Energy and environment services at selected centers. 
6. Classroom and practical training for skill upgradation. 



 

 

NSIC Technical Services Centers are located at the following places: 

Name of the Centre Focus area 

Chennai Leather & Footwear 

Howrah General Engineering 

Hyderabad Electronics & Computer Application 

New Delhi Machine Tools & related activities 

Rajkot Energy Audit & Energy Conservation activities 

Rajpura (Pb) Domestic Electrical Appliances 

Aligarh (UP) Lock Cluster & Die and Tool making 

Neemka (Haryana) Machine Tools & related activities 

 

 

 

 



 

 

INTRODUCTION 

 

Energy requirement for refrigeration and air conditioning applications 

bears a huge share of total energy consumption around the world. Since,  

thermal  comfort  plays  a  very  important  role  on  the  health,  working 

efficiency and activities of all living beings, especially, temperature and 

humidity. In the excessively hot climates it is necessary to reduce the 

temperature and humidity whereas in the cold climate there is a need to 

increase the temperature. When the temperature drops below thermal 

comfort level, especially in the winter season, The  heating  systems  are  

employed.  In some countries, where  the atmospheric temperature is very 

low, natural heating like solar energy is not sufficient, the heat pump and 

fuel fired systems are proven to be suitable heating devices.  In  hot  

climates,  thermal  comfort  achieved  through  the  use  of  refrigerators and 

air conditioning systems. 

 

Refrigeration: 

The term “Refrigeration” may be defined as the process of removing heat 
from a substance under controlled conditions. It also includes the process of 

reducing and maintaining the temperature of a body below the general 

temperature of its surroundings. 

In other words, the refrigeration means a continued extraction of heat from a 

body whose temperature is already below temperature of its surroundings. In 

a refrigerator, heat is virtually pumped from a lower temperature to a higher 

temperature.  

Applications of Refrigeration: 

1. Food processing preservation and distribution. 
2. Chemical and process industries. 
3. Special applications such as cold treatment of metals, medical, 

construction, ice skating etc. 
4. Comfort air conditioning.    

 

 

 



 

 

Air Conditioning: 

                              “Air conditioning” is the process of removing heat and 

moisture from the interior of an occupied space to improve the comfort of 

occupants. Air conditioning can be used in both domestic and commercial 

environments. 

Air conditioners often use a fan to distribute the conditioned air to an 

occupied space such as a building or a car to improve thermal 

comfort and indoor air quality. Electric refrigerant-based AC units range 

from small units that can cool a small bedroom, which can be carried by a 

single adult, to massive units installed on the roof of office towers that can 

cool an entire building. The cooling is typically achieved through 

a refrigeration cycle, but sometimes evaporation or free cooling is used. Air 

conditioning systems can also be made based on desiccants (chemicals 

which remove moisture from the air). Some AC systems reject or store heat 

in subterranean pipes. 

 

 

Welding: 

 

     Welding is a fabrication process that joins materials, usually metals 

or thermoplastics by causing fusion, which is distinct from lower 

temperature metal-joining  techniques such  as brazing and soldering,  which  

do  not melt the base metal. In addition to melting the base metal, a filler 

material is typically added to the joint to form a pool of molten material (the 

weld pool) that cools to form a joint that, based on weld configuration (butt, 

full penetration, fillet, etc.), can be stronger than the base material (parent 

metal). Pressure may also be used in conjunction with heat, or by itself, to  

produce a  weld.  Welding also requires a form of shield to protect the filler 

metals or melted metals from being contaminated or oxidized. 

Although  less  common,  there  are  also  solid  state  welding  

processes  such as friction welding in which the base metal does not melt. 



 

 

REFRIGERATION AND AIR CONDITIONIG 

 

In air refrigeration, the air is used as a refrigerant. In olden days, air was widely 

used in commercial applications because of it‟s availability at free of cost. Since air 

does not change it‟s phase i.e. remains gaseous through out the cycle, therefore the 

heat carrying capacity per kg of air is very small as compared to vaporabsorbing 

systems. The air-cycle refrigeration systems, as originally designed and installed, 

are now practically obsolete because of their low coefficient of performance and 

high power requirements; however, this system continues to be favoured for air 

refrigeration because of the low weight and volume of the equipment. 

Refrigeration essentially means continued abstraction of heat from a 

substance (perishable foods, drinks and medicines etc.) at low temperature level and 

then transfers this heat to another system at high potential of temperature. 

The basic elements of an air cycle refrigeration system are as follows: 

 Compressor 

 Cooler or heat exchanger 

 Expander 

 Refrigerator 

Air-Conditioning 

The air conditioning is that branch of engineering science which deals with 

the freezing point of water. 

They conducted their experiment with the bulb of a mercury thermometer as 

their object and with a bellows used to speed up the evaporation. They lowered the 

study of conditioning of air i.e. supplying and maintaining desirable internal 

atmospheric condition for human comfort, irrespective of external condition. This 

subject, in its broad sense, also deals with the conditioning of air for industrial 

purpose, food processing, storage of food and other materials. 

Air conditioning refers to the simultaneous control of temperature, humidity, 

cleanliness and air motion within a confined region or space. 

 



 

 

 

The basic elements of an Air- Conditioning system are as follows: 

1. Circulation fan 

2. Compressor 

3. Condenser 

4. Dryer 

5. Evaporator 

6. Supply Duct 

7. Supply outlet 

8. Return outlet 

9. Filters 

Modern air conditioning emerged from advances in chemistry during the 19th 

century, and the first large- scale electrical air conditioning was invented and used 

in 1902 by American inventor Willis Carrier. The introduction of residential air 

conditioning in the 1920s helped enable the great migration to the sun belt in the 

United States. 

In 1758, Benjamin Franklin and John Hadley, a chemistry professor at 

Cambridge University, conducted an experiment to explore the principle of 

evaporation as a means to rapidly cool an object. Franklin and Hadley confirmed 

that evaporation of highly volatile liquids (such as alcohol and ether) could be used 

to drive down the temperature of an object past the temperature of the thermometer 

bulb down to −14 °C (7 °F) while the ambient temperature was 18 °C (64 °F). 
Franklin noted that, soon after they passed the freezing point of water 0 °C (32 °F), 

a thin film of ice formed on the surface of the thermometer's bulb and that the ice 

mass was about 6 mm (1⁄4 in) thick when they stopped the experiment upon 

reaching −14 °C (7 °F). Franklin concluded: "From this experiment one may see 
the possibility of freezing a man to death on a warm summer's day. 

A simple vapor compression refrigeration system consists of the following 
equipments: i) Compressor ii) Condenser iii) Expansion valve iv) Evaporator. 

 



 

 

Fig:2.1. Typical single- stage vapour compression refrigeration. 

 

The schematic diagram of the arrangement is as shown in Fig.2.1. The low 
temperature, low pressure vapor at state B is compressed by a compressor to high 
temperature and pressure vapor at state C. This vapor is condensed into high 
pressure vapor at state D in the condenser and then passes through the expansion 
valve. Here, the vapor is throttled down to a low pressure liquid and passed on to 
an evaporator, where it absorbs heat from the surroundings from the circulating 
fluid (being refrigerated) and vaporizes into low pressure vapour at state B. The 
cycle then repeats. The exchange of energy is as follows: 

a) Compressor requires work, δw. The work is supplied to the system from the 
surroundings. 

b) During condensation, heat δQ1 the equivalent of latent heat of condensation 
etc, is lost from the refrigerator. 

c) During evaporation, heat δQ2 equivalent to latent heat of vaporization is 

absorbed by the refrigerant. 

d) There is no exchange of heat during throttling process through the expansion 

valve as this process occurs at constant enthalpy. 



 

 

 

Figure shows a simple vapor compression refrigeration cycle on T- s diagram 
for different compression processes. The cycle works between temperatures T1 
and T2 representing the condenser and evaporator temperatures respectively. 

The various process of the cycle are as given below: 
 

i) Process 2-3: Isentropic compression of the vapor from state 2 to 3. If 

vapor state is saturated or superheated, the compression is called dry 

compression. If initial state is wet the compression is called wet 

compression. 

ii) Process 3-4: Heat rejection in condenser at constant pressure. 

iii) Process 4-1: An irreversible adiabatic expansion of vapor through the 

expansion value. The pressure and temperature of the liquid are reduced. 

The process is accompanied by partial evaporation of some liquid.  

iv) Process 1-2: Heat absorption in evaporator at constant pressure. The final 

state depends on the quantity of heat absorbed and same may be wet, dry 

or superheated. 

Thermodynamic properties of Refrigerant: 

1. Boiling point   : It should be low. 

2. Thermal conductivity : it should be high 

3. Specific heat   : It should be low 

4. Freezing point  : it should be low. 

5. Toxicity   : it should be low 



 

 

6. Evaporative pressure : it should be high. 

7. Condensation pressure : It should be low. 

8. Latent heat   : It should be high. 

9. CPO    : It should be high. 

 

REFRIGERANT: 

1) It is heat carrying medium. 

2) It carries heat from low temperature to high temperature system. 

3) Liquid + vapour mixture. 

 

Selection of Refrigerant: 

1) Performance: High efficiency, Low cost. 

2) Safety: Non toxic. 

3) Environmental impact: It should be low. 

 

Types of Refrigerants: 

1) Chlorofluorocarbons(CFC)  :R11,R22,R114,R113. 

2) Hydrocholrofluorocarbons(HCFC) :R22. 

3) Hydrofluorcarbons(HFC)            :R410a,R407,R1234yf,R134a. 

4) Hydrocarbons(HC)             :R600a. 

 

 

Comparison of Air-Conditioners: 

Non-Inverter Inverter 

On/Off type Continuous on 

Current consumption high Low power consumption 

Fixed frequency(50HZ) Variable frequency 

Outdoor unit starts (ODU) 
after 3mins 

Indoor unit and outdoor unit 
starts at a same time 

Constant speed Variable speed 



 

 

 

 

 

 

 

 

 

 

 

 

Types of 

refrigerators: 

 

1.Single door refrigerator. 

2.Double door refrigerator. 
 

Difference between single and double door refrigerator: 
 

Single door Double door 

Single door is also called as 

direct cool refrigerator. 

Double door refrigerator is also 

called as freezer. 

Plate and tube evaporator coil. Tube and fine evaporator coil. 

Cooling temperature 

is up to -18degrees.c 

Cooling temperature 

is up to - 24degrees.c 

 

Psychrometry process: 

1. Sensible cooling. 

2. Sensible heating. 

3. Humidification. 

4. Dehumidification. 

5. Cooling and dehumidification.  

6. Heating and humidification. 

It takes more time to reach 
set temperature 

It takes less time 

Capacitors required for 
starting purpose 

No capacitors required 

PCBs are placed in IDU 
PCBs are placed in IDU 
AND ODU 

R22 Refrigerant is used R4100 Refrigerant is used 

Suction pressure(60- 80psig) 
Suction pressure(120- 
150psig) 

Discharge pressure(270- 
290psig) 

Discharge pressure(440- 
480psig) 



 

 

 

 

 

Servicing of Air conditioners: 

• The main purpose of servicing ac is to increase the cooling effect, which 

is decreased mainly due to 

       1.Dust Formation 

       2.Compressor Working 

       3.Reduction in refrigerant pressure 

Dust Removal: 

• Replacing or cleaning air conditioner filters is a critical maintenance 

task. An air conditioner's filters, coils, and fins require regular 

maintenance for the unit to function effectively and efficiently. 

 

 

 

 



 

 

 

Compressor Checking: 

 By checking the capacitor. 

 By checking C-R-S terminals. 

 

Capacitor Checking: 

       Check the capacitor terminals with the help of multimeter, if it shows 

continuity then we will go for checking of C-R-S terminals or else we will 

change capacitor. 

Checking C-R-S terminals: 

1.C-S terminal:                                          

 

   2.C-R terminal:                                         

 

   3.R-S terminal:                                         



 

 

 

 

Refrigerant charging Procedure: 

• Close the valves on low/high pressure sides of the manifold. 

• Install the low/high pressure hoses to the corresponding service ports on 

the vehicle respectively 

• Connect the center hose of the manifold gauge set with vacuum pump. 

• Carefully open the valves on low/high pressure sides to activate the 

vacuum pump. 

• After low pressure gauge reaches 100 k.pa or higher, evacuate the 

system for approx. 15 minutes. 

• After 15 min of evacuation if the reading shows 100 k.pa or higher close 

the valves on the both sides to stop the vacuum pump. 

•  After that check leaks if there are no leaks then charge with required 

refrigerant. 

 

 

 

 

 

 

 

 

 



 

 

 

 

 

 

 

 

 

WELDING 

Welding is a fabrication process that joins materials, usually metals or 
thermoplastics, by causing fusion, which is distinct from lower  temperature metal-
joining techniques such as brazing and soldering, which do  not melt the base 
metal. In addition to melting the base metal, a filler material is typically added to 
the joint to form a pool of molten material(the weld pool) that cools to form a 
joint that, based on weld configuration (butt, full penetration, fillet,  etc.), can be 
stronger than the base material (parent metal). Pressure may also  be used in 
conjunction with heat, or by itself, to produce a weld. Welding also  requires a form 
of shield to protect the filler metals or melted metals from being contaminated or 
oxidized. 

 
 
Methods of Welding: 

Some of the best known welding methods include: 
 

 Oxy-fuel weldingalso known as oxy-acetylene welding or oxy-welding,  uses 
fuel gases and oxygen to weld and cut metal. 

 
 
 
 
 
 
 
 



 

 

 
 

 
 
 

fig: 3.1 Oxy- Fuel Welding 
 

 Shielded metal arc welding (SMAW)also known as "stick welding" or 
"electric welding", uses an electrode that is coated in flux to protect the weld 
puddle. The electrode holder holds the electrode as its lowly melts away. Slag 
protects the weld puddle from atmospheric contamination. 

 

 

Fig: 3.2 Shielded Metal Arc Welding 
 

 Gas tungsten arc welding (GTAW)also known as TIG(tungsteninert gas), 
uses a non- consumable tungsten electrode to produce the weld. The weld 
area is protected from atmospheric contamination by an inert shielding gas 
such as argon or helium. 
 



 

 

 
Fig. 3.3 Gas Tungsten Arc Welding 

 

 Gas metal arc welding(GMAW)–
commonly termed MIG(metal inert 

gas), uses a wire feeding gun that 
feeds wire at an adjustable speed and 
flows an argon-based shielding gas or a 
mix of argon and carbon-
dioxide(CO2) over the weld puddle to 
protect it from atmospheric 
contamination. 

                                                                         Fig. 3.4 Gas metal arc welding 
 
 

 Submerged arc welding(SAW)uses an  automatically fed consumable 
electrode and a blanket of granular fusible flux. The molten weld and the arc 
zone are-protected from atmospheric contamination by being "submerged" under 
the flux blanket. 



 

 

 
 

Fig. 3.5 Submerged Arc Welding 

 Electro slag welding (ESW)a highly productive, single pass welding process 

for thicker materials between 1 inch (25mm) and 12inches (300mm) in a 

vertical or close to vertical position. 

 

 
 
 

Fig. 3.6 Electroslag Welding 
 

 

 Electric resistance welding (ERW)–a welding process that produces 

coalescence of laying surfaces where heat to form the weld is generated by the 



 

 

electrical resistance of the material. In general, it is an efficient method but limited to 

relatively thin material. 

 
Fig. 3.7 Electric resistance welding 

 
 
 
Classification of Welding processes: 

Welding processes can be classified based on following criteria; 
 

1. Welding with or without filler material. 
2. Source of energy of welding. 
3. Arc and Non- arc welding. 
4. Fusion and Pressure welding. 

 

1. Welding can be carried out with or without the application of filler 

material. Earlier only gas welding was the fusion process in which joining 

could be achieved with or without filler material. When welding was done 

without filler material it was called „autogenous welding'. However, with the 

development of TIG, electron beam and other welding processes such 

classification created confusion as many processes shall be falling in both 

the categories. 

2. Various sources of energies are used such as chemical, electrical, light,  

sound, mechanical energies, but except for chemical energy all other forms of 

energies are generated from electrical energy for welding. 

 



 

 

 

es classification embraces all the arc welding processes in one class and all 

other processes in other class. In such classification it is difficult to assign 

either of the class to processes such as 

electroslagweldingandflashbuttwelding,asinelectroslagweldingtheprocess 

starts with arcing and with the melting of sufficient flux the arc extinguishes 

whileinflashbuttweldingtinyarcsi.e.sparksareestablishedduringtheprocess and 

then components are pressed against each other. Therefore, such 

classification is also notperfect. 

3. Fusionwelding and pressure welding is most widely used 
classification as it covers all processes in both the categories irrespective 
of heat source and 
weldingwithorwithoutfillermaterial.Infusionweldingallthoseprocessesare 
includedwheremoltenmetalsolidifiesfreelywhileinpressureweldingmolte
n metalifanyisretainedinconfinedspaceunderpressure(asmaybeincaseof 
resistance spot welding or arc stud welding) solidifies under pressure or 
semisolid metal cools underpressure. 

 
 

 

 

 

 

 

 

Fig. Classification of  Fusion Welding Process 

 

 



 

 

 
 

Fig. Classification of Pressurized welding 
 
 
 
 
 
 
 
 



 

 

 

 

 

 

WELDING INSPECTION (NDT) 

4.1 Non- Destructive Testing: 

Non-destructive testing (NDT) is a wide group of analysis techniques used 
in science and technology industry to evaluate the properties of a material, 
component or system without causing damage. The terms non-destructive 
examination (NDE), non-destructive inspection (NDI), and non-destructive evaluation 
(NDE) are also commonly used to describe this technology. 

Since NDT does not permanently alter the characteristics of article being 
inspected, it is a highly valuable technique that can save both money and time in 
product evaluation, troubleshooting, and research. 
 

4.2 Types of NDT: 

1. Visual inspection. 
2. Penetrant testing. 
3. Magnetic particle inspection testing. 
4. Ultrasonic testing. 
5. Radiography testing. 
6. Eddy current testing. 
7. Leak test. 
8. Thermography. 
9. Vibrational analysis 

 
4.3 Selection of NDT: 

 
Magnetic particle Inspection (MPI):It is a non-destructive testing (NDT) process 

for detecting surface and shallow subsurface discontinuities in ferromagnetic 

materials such as iron, nickel, cobalt, and some of their alloys. The process puts a 

magnetic field into the part. The piece can be magnetized by director indirect 

magnetization. 

Direct magnetization occurs when the electric current is passed through the test 



 

 

object and a magnetic field is formed in the material. Indirect magnetization 

occurs when no electric current is passed through the test object, but a magnetic 

field is applied from an outside source. The magnetic lines of force are 

perpendicular to the direction of the electric current, which may be either alternating 

current (AC) or some form of direct current (DC) (rectified AC). The presence of a 

surface or subsurface discontinuity in the material allows the magnetic flux to leak, 

since air cannot support as much magnetic field per unit volume as metals. 

 

 

 Fig 4.1 Magnetic particle inspection 

Liquid Penetration method: 

 
 Visible dye penetrant is a NDT (Non Destructive Testing) method. It is a 
simple test to perform, and a good way to test welds before carrying out more 
expensive techniques like x- ray testing. 
 It will show up bad cold lap, cracks, holesbasically any defects where a very 
fine dye can penetrate. It can be used for various things, not just weld testing. It can 
be used to test the presence of a crack in a cylinder head for example. 
 The simple kits come in 3 parts, usually in a erosol cans. Namely, a cleaner, a 
penetrant, and a developer. There are four types of dye penetrant system: 

 Water washable : the dyes wash away with water. 
 Lipophilic  : the dye dissolves in oil for removal. 
 Hydrophilic :      the dye washes away with a water rinse,                           

detergents are necessary. 



 

 

 Solvent removable: the dye is removed with a cleaning solvent. 
 

 
There are five level soft testing, from Level ½(Lowest sensitivity) to Level 4 

(Highest Sensitivity). Operatives carrying out this testing should be qualified to do 
so, and reports, sometimes with photographic evidence, might be requested. 

 

 

Step 1 : Pre-cleaning 

First any loose material needs to be removed, 
together with any silica on top of the weld. It is  
important to remove the silica, or you can get false 
results. A good scrape and wire brush sorts this out 
in most cases.  
Then apply some of the cleaner to remove any oil 

etc. Wait for the cleaner to dry completely before 

applying penetrant.                                                       

                                                                                        Fig. 4.2 Pre cleaning 

 

 

Step 2 : Penetrant 

Once cleaned, apply the penetrant (a bright red 
liquid dye). Spray plenty on the welds. 
Leave the dye to penetrate, normally for about 20 
minutes. The time scale is usually printed on the 
can or on the product data sheet. The photographs 
show a solvent removable system. 

 
 

   Fig. 4.3 Application of Penetrant 
 

Step 3 : Post-cleaning 

Cleaning again. You need to remove 

excess dye from the area, which is 

easier said than done. It is important 

not to spray the cleaner on  the area 

directly, or you risk washing the dye 

from the flaw. Use a dry tissue to 



 

 

remove excess dye, then spray 

cleaner onto a clean cloth for final 

cleaning. 

 

 

 

Ultrasonic Testing(UT):       
Ultrasonic testing (UT) is a family of non- destructive testing techniques 

based on the propagation of ultrasonic waves in the object or material tested. In 
most common Ultrasonic Testing applications, very short ultrasonic pulse-waves 
with center frequencies ranging from 0.1-15 MHz, and occasionally up to 
50MHz, are transmitted into materials to detect internal flaws or to characterize 
materials. A common example is ultrasonic thickness measurement, which tests 
the  thickness of the test object, for example, to monitor pipe work corrosion. 
 Ultrasonic testing is often performed on steel and other metals and alloys, 
though It can also be used on concrete, wood and composites, with less 
resolution. It is used in many industries including steel and aluminum  
construction, metallurgy, manufacturing, aerospace, automotive and other 
transportation sectors. 
Step 2: Instrument settings are input. 
Step3:The probe is scanned over the blade root. In this case, an indication (peak 
in the data) through the red line (or gate) indicates a good blade; an indication to 
the left of that range indicates a crack. 

 
 



 

 

 

 

Fig: 4.5 Ultrasonic Testing 

Principle: A probe sends a sound wave into a test material. There are two 

indications, one from the initial pulse of the probe, and these conduct to the back wall 

echo. RIGHT: A defect creates a third indication and simultaneously reduces the 

amplitude of the back wall indication. The depth of the defect is determined by the 

ratio D/Ep. 

 

 

Radiography: 

Radiography is an imaging technique using X-rays to view the internal form 
of an object. To create the image, a beam of X-rays, a form  of electromagnetic 
radiation, are produced by an X- ray generator and are projected toward the 
object. A certain amount of X-ray is absorbed by the object, dependent on it‟s 
density and structural composition. The X-rays that pass through the object are 
captured behind the object by a detector (either photographic film or a digital 
detector). The generation of flat two dimensional images by this technique is 
called projectional radiography. In Computed tomography(CT scanning) an x ray 
source and it is associated detectors rotate around the subject which itself moves 
through the conical x ray beam produced. Any given point within the subject is 
crossed from many directions by many different beams at different times. 

Information regarding attenuation of these beams is collated and subjected 
to computation  to generate two dimensional images in three planes (axial, 
coronal and sagittal) which can be further processed to produce a three 
dimensional image. 

 



 

 

 

 

 

 

FIG 4.7 Projectional Radiography 

 

 

 

 

 

 
 

 
 

 

 

 

 

 

 

 

Conclusion 

 

In this internship program, I have learnt about 

 Trouble shooting of different parts of refrigerator and air conditioner. 

 Different metal joining processes and their applications, with hands on 

experience. 

 Different non-destructive techniques – their principles and implementation 

with hands on experience. 
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Chapter - 1 

INTRODUCTION 

 
With the ongoing revolution in the field of mechanical where innovations are taking place at the 

blink of an eye, it is impossible to keep the pace with the emerging trends excellence is an 

attitude that whole of human race is born with. It is the environment that makes sure that whether 

the result of this attitude is visible or otherwise. A well planned, properly executed and evaluated 

industrial training helps a lot in including a professional attitude. It provides a linkage between 

the student and industry to develop an awareness of industrial approach to problem solving, 

based on broad understanding of process and mode of operation of organization. 

During this period, the student gets the real experience for working in the actual industry 

environment. Most of the theoretical knowledge that has been gained during the course of their 

studies is put to test here. Apart from this the student gets an opportunity to learn the latest 

technology, which is immensely helps in them in building their carrier. I had the opportunity to 

have a real experience on many ventures, which increased my sphere of knowledge to great 

extent. I got a chance to learn many new technologies and interfaced to many instruments. 

The word quality holds out different meaning for different people, but for an industry it is most 

important and can be defined as the totality of features and characteristics of product/services 

that bear on its ability to satisfy given needs. 
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Chapter - 2 

COMPANY PROFILE 

 

2.1 About BEL & Products: 
 

Bharat Electronics Limited, a Professional Electronics company in India incorporated in 1954. 

BEL was born to meet the growing needs of Indian Defence services for electronic systems. 

Employing the best engineering talent available in the country, BEL has progressed 

manufacturing state-of-the-art products in the field of Defence Electronics like Communications 

including encryption, Radars and strategic components. Over the years, BEL has diversified to 

meet the needs of civilian customers as well and has provided products and network solutions on 

turnkey basis to customers in India and abroad. 

Bharat Electronics Limited is a Pioneer in the field of Professional Electronics in India and has 

been manufacturing a wide range of Defence and Civil communication products since 1954. 

Multiple years of operations covering design, development, engineering and manufacturing 

professional electronics equipment in diverse fields based on various technologies has enabled 

BEL to offer end-to-end system solutions on turnkey basis. 

Products: 

 Defence. 

 Telecommunications. 

 Land based radars. 

 Naval systems. 

 Opto electronics. 

 Tank electronics. 

 Electronic warfare. 

 Simulators. 

 Non defence. 

 Telecommunications. 

 Sound vision broadcasting. 

 Solar photovoltaic systems. 

 Electronic components.
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2.2 Manufacturing units: 

BEL has a total of nine manufacturing units spread throughout the nation with Bangalore being 

the biggest of them. The details about the different manufacturing units of BEL along with their 

product specialties are as follows: 

 

S.No BEL Unit State 

1. Bangalore Karnataka 

2. Panchkula Haryana 

3. Kotdwara Uttaranchal 

4. Ghaziabad Uttar Pradesh 

5. Pune Maharashtra 

6. Hyderabad Telangana 

7. Machilipatnam Andhra Pradesh 

8. Navi Mumbai Maharashtra 

9. Chennai Tamilnadu 

 
Table 2.1: Manufacturing units 

 

In 1954 with a factory of Jallahali, Bharat Electronics grew into nine units, spread all over India. 

The locations and products of the units are given below: 



Gudlavalleru engineering college Page 4  

1. BANGALORE: This is also called BG complex. Jallahali unit which is the mother unit is now 

a part of the BG complex. This is the biggest unit with approx 10,000 employees working here. 

Among the products here, the important ones are: 

 Communication equipment. 

 Air and Doordarshan equipment like mobile van for live telecast. 

 Radar-mobile, one dimensional, 3-dimensional and multi-dimensional Radars are 

manufactured here. Different range of semi-conductors devices like ICs. 

 Resistors and black & white color TV picture tube glasses. 

 ISRO‘s requirements are met at space electronics department at Bangalore. Satellite 

launch vehicle was also manufactured here. 

 
2. PANCHKULA: Panchkula & kotdwara were proposed simultaneously by the government in 

1985.It was proposed to set up one unit each in Haryana & Uttar Pradesh. But the place in U.P 

for setting up a BEL unit could not be decided while that at Haryana was decided & hence this 

unit started earlier. This unit manufactures only tactical communication equipment like VHF, 

UHF transceivers etc. 

 
3. KOTDWARA: This is a unit in garhwal district of Uttaranchal. This unit manufacturers 

radio relay, multiplex equipments &exchanges etc. 

 
4. GHAZIABAD: This is the second unit which was set up in 1974, & approx. 2500 employees 

working here. Radars & some communication equipment are the products manufactured here are: 

 Radars 

 SATCOM 

 Microwave components 

 

5. PUNE: To diversity further one more branch was added 1979 & this was in pune. In this 

branch around 700-800 employees are working. The product profile includes: 

 Image convertor, image intensifier 
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 X-ray tubes 

 Batteries 

 Electro-optics 

 

6. HYDERABAD: This is another unit of BEL which manufactures electronic warfare 

equipments. 

 

7. MACHILIPATNAM: There was one Andhra scientific company, which was a sick 

unit. This was taken over by BEL & is called ASCO unit 1983.The products include: 

 Optical & Optoelectronic equipment like binoculars, microscopes. 

 Medical Electronics 

 

8. NAVI MUMBAI: This is an industrial place near Mumbai. This unit makes: 

 Glass shells for black & white TV picture tubes 

 Shelters for electronic equipment 

 Train actuated warning system 

 Electronic equipment assembly 

 

9. CHENNAI: This unit manufactures: 

 Tank related electronic equipments 

 Optical fire control systems 
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2.3 Market of BEL: 

 
Bharat Electronics Limited is a major supplier of products and turnkey systems to the Indian 

Defence Services. Over the years, BEL has diversified into manufacturing many civilian 

products as well. Large trunkey telecommunication solutions are also being offered to civilian 

market.BEL has been involved in providing state of the art communication equipment to the 

Indian army, be it hand held mobile radios and terminals ,ground based system, airborne and 

even ship borne equipment and systems. The communication equipment developed here cover 

HF,VHF, UHF, and VV/UHF frequency bands. The most important project of BEL under the 

communication equipment is STARS-V which provides secure mode of data transfer in STARS- 

V, the data to be transferred is first encrypted using a microprocessor which could be read only 

by a similar device with same coding. Now the latest technology of frequency hopping is being 

implemented which is a very useful tool in making a secure data transfer system.BEL 

manufactures a lot product which is very difficult to list but some of the major products were as 

follows: 

 

 

Integrated circuits and micro circuits Radars 

 
X- ray tubes and magnetrons STARS-V 

 
HF & broadcast equipment ACME MK CNR 

 
SPACE GUIDING EQUIPMENTS HUD 

 
AIR BORNE GPS RECEIVER LUP 

 
SIRAX TIDEX 

 
SECURE TELEPHONE SECURE FAX 
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2.4 Domestic market: 
 
 

S.No PRODUCT CUSTOMER 

1. Defence communication Indian defence services, para military forces 

2. Radars & sonars Indian defence services, civil aviation, 

Meteorological department,ISRO 

3. Telecommunication Department of telecommunication, para 

military forces, power sector, oil industry, 

Railways 

4. Broadcasting equipment and studio 

systems 

All India radio, Dooradarshan (National radio & 

TV broadcasters) 

5. Electronic voting machines Election commission of India 

6. Solar products & systems Individuals, private and government organizations 

7. Trunkey systems-Governance 
Networks 

Police, state government, Public sector 

undertakings 

8. Components All India radio and doordarshan the national 

Radio & TV Broadcasters, instrumentation 

industry, switching 

industry, entertainment 

 

Table 2.2: List of Domestic customers 
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Exports play a key role in BEL‘s strategic perspective. A number of International companies are 

using the facilities at BEL for contract Manufacturing. The broad list of products and services 

being exported is given below: 

2.5 Exports/International market: 
 
 

Sl.no PRODUCT CUSTOMER 

1. Defence communication 

equipment and spare parts 

Botswana, Indonesia, 

Suriname, Malaysia 

2. Radars & Sub-systems Indonesia, Egypt, Switzerland 

3. Electronic warfare products 

and services 

Russia, Brazil 

4. Opto electronics products Sri lanka, Nepal, Israel, South Africa 

5. Semi conductor devices, 

microwave tubes and 

transmitting tubes 

Malaysia, Singapore, Turkey, 

Netherlands, UK, USA, France, Hong 

Kong 

6. Solar products & systems Suriname, Germany, Zimbabwe, 

Botswana, Kenya, Nigeria 

7. Telecom and SATCOM 

systems 

Nigeria, Kenya 

8. Radio & TV Broadcasting 

products and systems 

Nepal, Mauritius 

9. Electric voting systems Sri lanka, Uganda, Malawi, South Africa 

10. Vacuum Interrupters Malaysia, UAE, Uganda, Turkey, UK, 
Azerbaijan 

 

Table 2.3: List of International customers
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Chapter - 3 

BEL MACHILIPATNAM & IT’S PRODUCTS 

 
In 1983, the Andhra scientific company (ASCO) was taken over by BEL converted it to its 

fourth manufacturing unit at Machilipatnam .The products include 

 Night vision devices 

 Electric voting systems 

 

3.1 NIGHT VISION DEVICES 

   Definition: 

A night vision device (NVD), also known as a night optical/observation device (NOD), is an 

optoelectronic device that allows images to be produced in levels of light approaching total 

darkness. The image may be a conversion to visible light of both visible light and near-infrared, 

while by convention detection of thermal infrared is denoted thermal imaging. The image 

produced is typically monochrome, e.g. shades of green. NVDs are most often used by the 

military and law enforcement agencies, but are available to civilian users. The term usually refers 

to a complete unit, including an image intensifier tube, a protective and generally water-resistant 

housing, and some type of mounting system. Many NVDs also include optical components such 

as a sacrificial lens, or telescopic lenses or mirrors. An NVD may have an IR illuminator,  

making it an active as opposed to passive night vision device. 

   3.1.1 Working of Night Vision Devices: 

Technical Night Vision can work in two different ways 

Image Intensifier: 

1. Night vision amplifiers light to achieve better vision. 

 
2. A conventional lens, captures ambient light. 

 
3. The gathered light is sent to image - intensifier tube. 

 
4. The light energy released electron from the cathode and accelerated. 

 
5. These electrons enter micro channel plate and bounce off and generate more electron. 

 
6. Thousands of other electrons to be released in each channel. 
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7. Original electrons collide with the channel, exciting atoms and causing other electrons. 

 
8. New electrons collide with atoms, creating a chain. 

 
9. In image-intensifier tube, the electrons hit a screen. 

 
10. The energy of the electrons release photons and create green image on the screen. 

 
11. The green phosphor image is viewed through another lens. 

   3.1.2 Thermal Imaging: 

All objects emits infrared energy as a function of temperature 

1. A lens focuses the infrared light. Original electrons collide with the channel, exciting atoms and 

causing others. 

2. The focused light is scanned and creates temperature pattern. 

 
3. The pattern created is translated into electric impulses. 

 
4. The impulses are sent to a circuit board that translates the information into data for the display. 

 
5. The signal-processing unit sends the information to the is play, and appears as various colors. 

 
6. The images are black and white in nature. 

3.1.3 Purpose of Night Vision Devices: 

The original purpose of night vision was to locate enemy targets at night. It is still used extensively 

by the military for that purpose, as well as for navigation, surveillance and targeting. Police and 

security often use both thermal-imaging and image-enhancement technology, particularly for 

surveillance. 

   3.1.4 Classification of Night Vision Devices: 

 Night Vision devices 

 Passive Night Vision devices 

 Thermal imaging cameras 

 Cooled and Un cooled 

 Active Night Vision devices 



Gudlavalleru engineering college Page 11  

 

 
 

Fig 3.1: Classification of Night Vision Devices 

 

   3.1.5 Advantages of Night Vision Cameras: 

1. The most common use is the military, and the quick answer would be that they allow soldiers to 

continue operations at night, without giving away their position through the use of flashlights. 

 
2. However night vision has many other uses. People with night blindness can use night vision 

devices to see better at night 

 
3. Astronomers use night vision to improve their view of the stars, to see more stars in the city, 

amplify the image post hydrogen-alpha filters or to see nebula and clusters in the sky in real time 

 
4. The technology in night vision allows for far more sensitive x-ray machines to be made, reducing 

the doses necessary for an x-ray
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3.2 Binocular Night Vision Devices: 
 
 

 

 

    Fig 3.2: Binocular night vision device 

3.2.1 Parts of Binocular Night Vision Devices: 

1. Object Glass 

 
 

2. Focus 

 
 

3. Image intensifier tube 

 
 

4. Eye Piece 

 

5. Eye Guard 

3.2.2 Parts of Image Intensifier Tube: 
 

 

  
Fig3.3: Image Intensifier Tube 
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Night vision is the ability to see in low light conditions. Whether by biological or technological 

means, night vision is made possible by a combination of two approaches: sufficient spectral range, 

and sufficient intensity range. 

  3.2.3 Image Intensification: 

This magnifies the amount of received photons from various natural sources such as starlight or 

moonlight. Examples of such technologies include night glasses and low light cameras. In the 

military context, Image Intensifiers are often called "Low Light TV" since the video signal is often 

transmitted to a display within a control center. LLLTV These are usually integrated into a sensor 

containing both visible and IR detectors and the streams are used independently or in fused mode, 

depending on the mission at hand's requirements. 

The image intensifier is a vacuum-tube based device (photomultiplier tube) that can generate an 

image from a very small number of photons (such as the light from stars in the sky) so that a dimly lit 

scene can be viewed in real-time by the naked eye via visual output, or storedas data for later 

analysis. While many believe the light is "amplified," it is not. When light strikes a charged 

photocathode plate, electrons are emitted through a vacuum tube that strike the micro channel plate 

that cause the image screen to illuminate with a picture in the same pattern as the light that strikes the 

photocathode, and is on a frequency that the human eye can see. This is much like a CRT television, 

but instead of color guns the photocathode does the emitting. 

The image is said to become "intensified" because the output visible light is brighter than the 

incoming light, and this effect directly relates to the difference in passive and active night vision 

goggles. Currently, the most popular image intensifier is the drop-in ANVIS module, though many 

other models and sizes are available at the market. Recently, the US Navy announced intentions to 

procure a dual-color variant of the ANVIS for use in the cockpit of airborne platforms. 

Active illumination couples imaging intensification technology with an active source of illumination 

in the near infrared (NIR) or shortwave infrared (SWIR)band. Examples of such technologies include 

low light cameras. 

Active infrared night-vision combines infrared illumination of spectral range 700–1,000 nm (just 

below the visible spectrum of the human eye) with CCD cameras sensitive to this light. The resulting 

scene, which is apparently dark to a human observer, appears as a monochrome image on a normal 

display device. Because active infrared night-vision systems can incorporate illuminators that 

produce high levels of infrared light, the resulting images are typically higher resolution than other 

night-vision technologies.
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3.3 Hand Held Thermal Imaging Camera with LRF: 
 
 

 
 

 

Fig 3.4: HHTI with LRF 

HHTI with LRF or Multifunction HHTI is a cooled TI based integrated day/night sight with in-built 

eye safe Laser Range Finder, Digital Magnetic Compass, Color CCD and GPS. This equipment is 

capable of giving range, azimuth & elevation and also coordinates of the target. This is highly useful 

to Army and Navy for effective engagement of targets. Weather proof and withstand shocks and 

vibrations. It is provided with electronically generated reticle. 

Introduction: 
 

Fig 3.5: Block diagram of Thermal imaging camera 

1. Thermal image is the technique of using the heat given off by an object to produce an image of it 

or to locate it. 

2. First developed for military purpose in the late 1950s and 1960s by Texas instruments, Hughes, 

Aircraft and Honeywell 
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3. In recent times it is being used in firefighting, law enforcement, industrial applications, security 

transportation, medical and many other industries. 

 
3.3.1 Thermal Imaging: 

1. It is the technique of using the heat given off by an object to produce an image of it. 

 
2. Works in environments without any ambient light and can penetrate obscurants such as smoke, fog 

and haze. 

3. Normally grey scale in nature: black objects are cold, white objects are hot and the depth of the 

grey indicates variations between the two. 

4. Some thermal cameras, however, add color to images to help users identify objects at different 

temperatures. 

3.3.2 Working of thermal imaging: 

Here's how thermal imaging works: A special lens focuses the infrared light emitted by all of the 

objects in view. The focused light is scanned by a phased array of infrared-detector elements. The 

detector elements create a very detailed temperature pattern called a thermogram. 

Infrared Light: 

Our eyes are detectors that are designed to detect electromagnetic radiation in the visible light 

spectrum. All other forms of electromagnetic radiation, such as infrared, are invisible to the human 

eye. 

The existence of infrared was discovered in 1800 by astronomer Sir Frederick William Herschel. 

Curious to the thermal difference between different light colors, he directed sunlight through a glass 

prism to create a spectrum and then measured the temperature of each color. He found that the 

temperatures of the colors increased from the violet to the red part of the spectrum. 

After noticing this pattern Herschel decided to measure the temperature just beyond the red portion 

of the spectrum in a region where no sunlight was visible. To his surprise, he found that this region 

had the highest temperature of all. 

Infrared radiation lies between the visible and microwave portions of the electromagnetic spectrum. 

The primary source of infrared radiation is heat or thermal radiation. Any object that has a 

temperature above absolute zero (-273.15 degrees Celsius or 0 Kelvin) emits radiation in the infrared 

region. Even objects that we think of being very cold, such as ice cubes, emit infrared radiation. 
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3.4 Thermal imaging camera 

Infrared energy (A) coming from an object is focused by the optics (B) onto an infrared detector (C). 

The detector sends the information to sensor electronics (D) for image processing. The electronics 

translate the data coming from the detector into an image (E) that can be viewed in the viewfinder or 

on a standard video monitor or LCD screen. 

 

 
         Fig 3.6: Block diagram of Thermal imaging camera 

 Being truly passive in nature, thermal imaging systems are finding wide range of applications 

for surveillance and reconnaissance, target acquisition, engagement, and missile guidance. 

 They are true force multipliers as they allow weapons and equipment to be used with efficacy 

during day and night.  

 Recent advancements in optics, detector technology and signal processing have enabled 

revolutionary advancement in the night vision technology leading to the realization of third 

generation thermal imagers (TIs) having capabilities twice that of second generation and four 

times that of first generation systems.  

 DRDO is working in this area for the last two decades and has developed various TIs operating 

in 3-5 μm medium wave infrared (MWIR) and 8-12 μm long wave infrared (LWIR) spectral 

bands.  

 These systems are based on scanning/staring focal plane array (FPA) detectors for target 

acquisition, which can be used, either in standalone mode or as a part of electro-optical fire 

control system (EOFCS). 
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 MWIR TIs perform better in hot humid environments and preferred for long range 

applications because of better atmospheric transmission where as LWIR TIs perform better in 

smoke and dusty environment prevailing in the battlefield. 

3.4.1 Principle of Operation and Types: 

Infrared energy is just one part of the electromagnetic spectrum, which encompasses radiation from 

gamma rays, x-rays, ultraviolet, a thin region of visible light, infrared, terahertz waves, microwaves, 

and radio waves. These are all related and differentiated in the length of their wave (wavelength). All 

objects emit a certain amount of black body radiation as a function of their temperatures. 

Generally speaking, the higher an object's temperature, the more infrared radiation is emitted as 

black-body radiation. A special camera can detect this radiation in a way similar to the way an 

ordinary camera detects visible light. It works even in total darkness because ambient light level does 

not matter. This makes it useful for rescue operations in smoke-filled buildings and underground. 

A major difference with optical cameras is that the focusing lenses cannot be made of glass, as glass 

blocks long-wave infrared light. Special materials such as Germanium or Sapphire crystals must be 

used. Germanium lenses are also quite fragile, so often have a hard coating to protect against 

accidental contact. The higher cost of these special lenses is one reason why thermographic cameras 

are more costly. 

Types: 

 Cooled infrared detectors 

 Un cooled infrared detectors 

3.4.2 Cooled infrared detectors: 

Cooled detectors are typically contained in a vacuum-sealed case or Dewar and cryogenically cooled. 

The cooling is necessary for the operation of the semiconductor materials used. Typical operating 

temperatures range from 4 K to just below room temperature, depending on the detector technology. 

Most modern cooled detectors operate in the 60 K to 100 K range, depending on type and 

performance level. 

Without cooling, these sensors (which detect and convert light in much the same way as common 

digital cameras, but are made of different materials) would be 'blinded' or flooded by their own 

radiation. The drawbacks of cooled infrared cameras are that they are expensive both to produce and 

to run. Cooling is both energy-intensive and time-consuming. 
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The camera may need several minutes to cool down before it can begin working. The most 

commonly used cooling systems are rotary Stirling engine cryocoolers. Although the cooling 

apparatus is comparatively bulky and expensive, cooled infrared cameras provide superior image 

quality compared to un cooled ones. 

Additionally, the greater sensitivity of cooled cameras also allow the use of higher F-number lenses, 

making high performance long focal length lenses both smaller and cheaper for cooled detectors. An 

alternative to Stirling engine coolers is to use gases bottled at high pressure, nitrogen being a 

common choice. The pressurised gas is expanded via a micro-sized orifice and passed over a 

miniature heat exchanger resulting in regenerative cooling via the Joule–Thomson effect. For such 

systems the supply of pressurized gas is a logistical concern for field use. 

Materials used for cooled infrared detection include photo detectors based on a wide range of narrow 

gap semiconductors including: 

1. Indium antimonide 

 
2. Indium Arsenide 

 
3. Mercury Cadmium telluride 

 
4. Lead sulfide 

 
 

3.4.3Un cooled Infrared detectors: 

Un cooled infrared sensors can be stabilized to an operating temperature to reduce image noise, but 

they are not cooled to low temperatures and do not require bulky, expensive cryogenic coolers. This 

makes infrared cameras smaller and less costly. However, their resolution and image quality tend to 

be lower than cooled detectors. This is due to differences in their fabrication processes, limited by 

currently available technology. 

Uncooled detectors are mostly based on pyro electric and ferroelectric materials or micro bolometer 

technology. The material is used to form pixels with highly temperature-dependent properties, which 

are thermally insulated from the environment and read electronically. 

Ferroelectric detectors operate close to phase transition temperature of the sensor material; the pixel 

temperature is read as the highly temperature-dependent polarization charge. The achieved NETD of 

ferroelectric detectors with f/1 optics and 320x240 sensors is 70-80 mK. A possible sensor assembly 

consists of barium strontium titanate bump-bonded by polyimide thermally insulated connection. 
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Silicon microbolometers can reach NETD down to 20 mK. They consists of a layer of amorphous 

silicon, or a thin film vanadium(V) oxide sensing element suspended on silicon nitride bridge above 

the silicon-based scanning electronics. The electric resistance of the sensing element is measured 

once per frame. 

3.5Applications: 

1. Military and Police 

One of the most common users of a thermal imager is a law enforcement or military professional. 

They need to be able to see potential threats without being detected and thermal units give them this 

chance. Modern thermal imaging technology is tough enough to withstand the abuse of recoil, so 

many police officers and soldiers now employ thermal imaging rifle scopes such as the ATN ThOR 

640 Thermal Imaging Weapon Sight. The drawback of using thermal imagers in life-and-death 

situations is that while they're incredibly effective at detecting people or animals, identification is far 

more challenging. You may see a man in front of you, but this doesn't mean you'll be able to tell if 

he's a friend or a foe. 

2.Surveillance 

Thermal imaging cameras are one of the most effective tools for surveillance because they work 

equally well in the day and night. A regular CCTV camera is limited by its need for light, and night 

vision doesn't function during the day. The chance to see through smoke and fog also gives thermal a 

leg up on other surveillance techniques. 

3.Energy Audits 

Heating and cooling companies have used thermal imagers for years to see where buildings are 

leaking heat. Small cracks or holes cause homes to lose hundreds of dollars a year on heating and 

cooling bills. 

4.Security and Law Enforcement 

With a thermal imager, an officer can stop and scan the property at a distance identify any person 

present at there. 

Perimeter Surveillance is another application in which thermal imaging is used to dramatically 

improve results and reduce time committed to a particular operation. 

Thermal imaging cameras can also used in search and rescue operation as officers may be able to 

search up to 1,500 feet in any direction. 
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Chapter – 4 

PRODUCT ASSURANCE 

 

4.1 Definition: 

A discipline devoted to the study, planning and implementation of activities intended to assure that 

the design, controls, methods and techniques in a project result in a satisfactory level of quality in a 

product. 

The verification by a management function that customer requirements are satisfied by ensuring 

(1) The identification of critical activities, (2) The availability of the necessary resources for each 

process, (3) The use of the resources in a manner that is efficient and effective. 

 

4.2 Product Assurance Testing: 

Product assurance testing is conducted in order to evaluate a system in its operating environment. 

Product assurance testing is primarily used to find the faults that are not shown within the 

development or test environments. The tests performed are: 

 Climate Test 

 
a) Heat and Cold Chamber Test 

 
b) Rain and Dust Chamber Test 

 

 Durable Test 

 
a) Vibration Test 

 
b) Bump test 

 

 Functional Test 

 
a) Resolution Test 

 
b) Field of view 
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4.2.1 Heat and Cold Chamber Test: 
 
 

 

Fig4.1: Heat and Cold Chamber  

 
Temperature and humidity test chambers are ranging in size from 50LiTer to 3000Liter, 

including bench top, standard type and walk in. Included are ultra low temperature test chamber, 

high rate of change of temperature chambers (15℃ /min) and climate with humidity chambers. 

Our temperature and humidity test chambers are available in a variety of sizes and 

configurations, including bench top / vertical/ walk in constant temperature humidity chambers. 

Temperature Range: -70°C to +180°C; Humidity range: 10% to 98%R.H. 

4.2.2 Vibration Test Chamber: 

 

 

         Fig4.2: Vibration Test Chamber 

 
Repetitive Shock Vibration tables generate multi-axis vibration using one or more pneumatic 

impact hammer(s) (also known as impactors) that strike a the top of a vibration table on which a 

product is attached. Thermotron‘s repetitive shock vibration test systems are designed 

specifically for very aggressive temperature change rates and high levels of multi-axis repetitive 
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shock vibration. Repetitive shock shaker tables can be used as stand-alone units or combined 

with an AGREE or AST chamber for HALT/HASS testing. The repetitive shock vibration 

system incorporates many unique features designed to satisfy a wide range of vibration testing 

and screening applications for many industries. The basic system utilizes Multi-Zone Control. 

This patented feature uniformly—and more effectively—tests products. As a result, you receive 

improved product reliability, reduced warranty and recall risks, as well as better-utilized 

company resources. 

  4.2.3 Bump test chamber: 

 

 

Fig4.3: Bump Test Chamber 

 
This computerized machine is designed to cater the high acceleration and high pulse duration 

repetitive bump tests. The machine is used in product qualification testing, transient analysis of 

structures or models and fatigue tests on some systems and parts with an object to determine 

their suitability under repetitive bump environment (during transportation or in-service, etc.), and 

to assess structural integrity and stress screening. The machine has a robust steel structure that 

enables it to be used for testing of test objects having weights from 50 kg to 1000 kg, 

acceleration from 3 to 400 m/s2’ and pulse duration from 3 ms to 30 ms. The machine is intended 

to reproduce the effects of repetitive bumps from 40 to 180 bumps per minute likely to be 

experienced by components and equipment during transportation or when installed in various 

classes of vehicles. The object mounting hole pattern of the platform is 100 x 100mm matrix or 

as desired by the customer. An optional T-slot for mounting of test objects is also provided. The 
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mounting platform is lifted vertically through a cam arrangement and is made to drop forcibly 

with the mechanical impact generating mechanism on the rubber pad placed on the anvil, which 

provides the required acceleration level. The desired impact acceleration can be obtained by 

adjusting the drop height and mechanical impact generating force of the mounting platform. 

Rubber pads are used to produce half-sine pulses, and duration of half sine pulse shape can be 

adjusted by changing the hardness and thickness of the rubber pads. The machine is supported 

with Pentium PC based intelligent instrumentation system to control and monitor and analyse 

acquired acceleration waveform on 4 channels. The unit operates on 415/230 V ±10%, 50 Hz 

single phase AC and 3-phase 415 V 50 Hz. 

  4.2.4 Salt Spray Test Chamber: 

 

 

       Fig4.4: Salt Spray Test Chamber 

 
The salt spray (or salt fog) test is a standardized and popular corrosion test method, used to check 

corrosion resistance of materials and surface coatings. Usually, the materials to be tested are 

metallic (although stone, ceramics, and polymers may also be tested) and finished with a surface 

coating which is intended to provide a degree of corrosion protection to the underlying metal. 

Salt spray testing is an accelerated corrosion test that produces a corrosive attack to coated 

samples in order to evaluate (mostly comparatively) the suitability of the coating for use as a 

protective finish. The appearance of corrosion products (rust or other oxides) is evaluated after a 

pre-determined period of time. Test duration depends on the corrosion resistance of the coating; 

generally, the more corrosion resistant the coating is, the longer the period of testing before the 

appearance of corrosion/ rust. 
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Chapter – 5 

SUB DEPARTMENTS 
 
5.1 Development and engineering department: 

It is to design to project, make the modifications to prepare design and related documents. the 

software used in BEL  Machilipatnam  is SOLIDWORKS. 

5.2 Material management: 

It is the management of materials, this department purchases the materials it has different bins 

that holds items after inspection. 

5.3 Quality assurance: 

It deals with the quality of material it is checked before going to customer. In quality assurance 

several equipments are used, they are vernier calipers, screw gauge, CMM machine, GO gauge 

and NO GO gauges etc.. 

CMM machine: 
 

Fig5.1: Coordinate Measuring Machine 

A coordinate measuring machine (CMM) is a device for measuring the physical geometrical 

characteristics of an object. This machine may be manually controlled by an operator or it may 

be computer controlled. Measurements are defined by a probe attached to the third moving axis 

of this machine. Probes may be mechanical, optical, laser, or white light, among others. A 

machine which takes readings in six degrees of freedom and displays these readings in 

mathematical form is known as a CMM. The typical 3D "bridge" CMM is composed of three 

axes, X, Y and Z. These axes are orthogonal to each other in a typical three-dimensional 
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coordinate system. Each axis has a scale system that indicates the location of that axis. The 

machine reads the input from the touch probe, as directed by the operator or programmer. The 

machine then uses the X,Y,Z coordinates of each of these points to determine size and position, 

typically with micrometer precision. 

A coordinate measuring machine (CMM) is also a device used in manufacturing and assembly 

processes to test a part or assembly against the design intent. By precisely recording the X, Y, 

and Z coordinates of the target, points are generated which can then be analysed via regression 

algorithms for the construction of features. These points are collected by using a probe that is 

positioned manually by an operator or automatically via Direct Computer Control (DCC). DCC 

CMMs can be programmed to repeatedly measure identical parts, thus a CMM is a specialized 

form of industrial robot. 

5.4 Plant and service: 

It is the department for providing the services to company. services are water supply, electrical 

supply, transport, horticulture. 

5.5 Human resource &administration: 

In this department the recruitment of employees is done it is to use manpower in different areas. 

medical facilities are also available. 

5.6 Finance: 

It is the department for the sanction of money to the employees it is to be made for one year.it is 

the record of the money. 

5.7 Quality management: 

It is to sell products in the international market six sigma is the statistical technique for 

maintaining quality. in this department there is a group of employees who discuss the problems, 

find out its solution and present it to manager. 

5.8 Machine shop: 

In BEL machine shop there is both CNC and conventional machines are there, several 

components are manufactured in this machine shop. The conventional machines are lathe, 

milling, grinding and CNC machines like lathe, milling etc. 

CNC Lathe Machine 

 Automated version 
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 Controlled by G and M code 

 Used for turning operations 

CNC Milling Machine 

 Programming for optimal performance 

 Large production 

 

     CNC Drilling Machine 

 Multi function machining 

 High flexibility 

5.9 Production Planning and Control: 

This department forms the most important section among the others present because it forms the 

backbone right from the beginning till end of the particular set the responsibility lies in the hands 

of this section .It mainly performs three functions scheduling and launching control launching 

control the market section takes the order from the customer and gives the equipment stock order 

to ppc now ppc makes the list of each components involved in the product .this is called 

scheduling .next function that comes is launched ppc prepares shop order and engineering 

documents such as drawings .this function is called launching now comes to material control 

here the ppc keeps track of production i.e the purchase requisition is given to purchase 

department and sub contract department. 

5.10 Assembly section: 

In this all the components are gathered and assembled they set properly in the complete set .It is 

the most important and technologically advanced department at BEL Machilipatnam. 

5.11 R&D Department: 

 Areas of working in R&D Development are Military Radars, Naval Systems, Military 

communication products, Electronic warfare systems, Telecommunication products. 

 There are about 1000 engineers working in BEL on various D&E Projects.BEL R&D Units 

are recognized by the Department of scientific & industrial Research under the ministry of 

science & Technology, Govt. of India
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Chapter – 6 

CONCLUSION 

 
 Undergoing four weeks of internship in the BEL Machilipatnam unit has helped 

me integrate conceptual   knowledge with real life application. I have known the 

functions of various departments in the industry and also products produced in 

the industry. I was fortunate to have personal guidance from experienced 

professionals who took interest in explaning me the working details of various 

equipments. 

 I feel that without this opportunity my own understanding of the subject and also 

the motivation to acquire more knowledge would have remained incomplete. I 

think my training has given me enough motivation and an exposure that I will 

try to join defence services or get linked up with the defence of the country. 
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ABSTRACT

A company that wants to be able to provide customers with the
best solutions always has to do more than other companies on the
market. Innovation is the basis for progress and part of our DNA. It is
rooted in the close cooperation with our customers and is created via
outstanding work in the field of research and development (R&D). Every
year Measure India Pvt Ltd invests more than 20 percent of the annual
turnover in the R&D department. This team develops new measuring
principles, sensor generations and technologies which contribute in the
long term to expanding our market leadership and achieving this
position in other fields. Using state-of-the-art production technologies,
We produces high-precision measuring instruments which are designed
to meet the requirements of customers.
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MEASURE INDIA CORPORATION PVT LTD

BACK GROUND

Measure India Corporation (MIC) was founded in the year 2006, based at
Hyderabad, India, by well experienced engineers in the field of material testing. It was
started with a goal to provide arguably the best possible, yet, affordable solutions for
materials and component. The main intention of our esteemed company was to
ensure qualitative measuring at an affordable range and supply across the country.

INTRODUCTION

Measure India Corporation (MIC) was established in the year 2006,
at Hyderabad, Telangana, India, as a Private Limited Company, we Measure
India Corporation Pvt Ltd are known as an Authorized Wholesale Dealer and
Supplier of a premium quality range of Servo Hydraulic Testing Machines, Shake
Table, Fatigue Test System, Structural Actuators, Accessories For Hydraulic
Test System, Servo Hydraulic Test System, Accessories For Testing Machine,
Grip Accessories & many more. 

Our offered products are procured directly from the most trusted vendors
of the market in complete adherence with predefined industry standards. In
order to design and assemble these products, our vendors use finest quality
basic material and most recent technology. The offered products are widely
commanded in the market for features like high strength, easy operation, less
maintenance, longer service life and durability.

Our company has established sophisticated infrastructure, comprises all
requisite amenities and machines that assists us to carry smooth business
operations. Our production unit comprises latest machinery, which we upgrade
regularly to rise up with innovative products in the market.

We work under the astute guiding principles of K. Rajendra Prasad
(Director), who played a vital role in establishing our position in the industry. Due
to his sharp business insight and rich experience, we have acquired the huge
satisfied base of clients that are based across the country.
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Measure India Corporation was well experienced in the field of material
testing. Measure India Corporation Pvt Ltd are known as an Authorized
Wholesale Dealer and Supplier of a premium quality range of the following
testing equipments. Some of the following testing machines used are:

Horizontal Universal Testing Machine
A universal testing machine (UTM), also known as a universal tester, materials

testing machine or materials test frame, is used to test the tensile
strength and compressive strength of materials. An earlier name for a tensile testing
machine is a tensometre. The "universal" part of the name reflects that it can
perform many standard tensile and compression tests on materials, components

Features

 Load range from 50kN to 3000kN
 Frame stiffness up to 1100 KN/mm
 Actuator stroke range 100 to 1500mm
 Testing speed range 0.01 to 500mm/min
 Low friction and wear resistant actuators

Applications:

 Tensile testing of longer samples
 Wires, ropes, chains, cables
 Static and quasi static tests
 Testing labs, quality control and R&D
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Servo Hydraulic Testing Machine
Servo-Hydraulic Universal Testing Machine is consisting of Load Frame,

Advanced servo controlled automatic power pack, Electronic Control Unit and
Material Testing Software as standard. Servo-Hydraulic Universal Testing Machine
can carry out tensile and yield, compression, flexure tests with load and
displacement controls.

Features
 Dimensional stability
 Sturdy design
 Rust proof body

 Load Capacities from 50kN to 600kN static & dynamic
 Frame stiffness 1100kN/mm(optionally up to 6000KN/mm)

Applications

 Ductile and Brittle Fracture toughness (K1c, J1c, CTOD, J-R)
 Fatigue crack propagation (da/dN)
 Threshold stress intensity
 Low-Cycle/High-Cycle Fatigue (LCF/HCF)
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UNI AXIAL SHAKE TABLE 
Uniaxial Shake Table are used to test the response of structures to verify their

seismic simulation. This is a device for shaking structural models or building
components with a wide range of simulated ground motions. The system is powered
by an electronically servo controlled valve with highly precise close loop PID
controller that is workable with any type of waveform and is workable with mat lab
generated waveform. With facility to connect numbers of transducer

Features

 Easy to install

 Corrosion-free

 Simulator tables, 0.5 x 0.5 m, 1 x 1 m, 2.5 x 2.5 m and 3 x 3 m

 Pay load range over 10000Kg

 Stroke range over 1000mm

Applications

 Earth quake motion simulation

 soil liquefaction studies

 seismic qualification tests on components & structures

 Vibration qualification tests on mechanical components
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AXIAL TORSION TESTING MACHINE
Multi-axial stress fields are generated by an axial-torsion testing machine

capable of imparting uniaxial tension/compression and torsional forces.  Axial-
torsion tests involve simultaneous axial-torsional loading which may be monotonic
or cyclic in nature.  Several axial-torsion test examples are measuring the adhesive
properties of biopolymers; determining the mechanical properties of bone screws

Features

 Excellent texture & Light weight
 Axial Load Capacities from 25kN to 600kN dynamic
 Torsional actuator capacities from 20N-m to 2000N-m
 Hydraulic lifts & clamps
 Frame stiffness: 1100kN/mm

Applications
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 Axial static / fatigue
 Torsional static / fatigue
 Axial torsion static / fatigue
 Smooth round, flat and tubular sample

SINGLE AXIS STRUCTURAL ACTUATORS

Single-axis actuator for ultra-high load applications. The new compact single-
axis actuator is designed for general industrial machinery, including equipment used
in automotive production.

Features

 Impeccable finish
 Easy to install
 Dimensional accuracy
 1 to 16 channels, expandable to 64
 Servo controlled actuators with pedestal or face mounting
 Up to 1000mm strokes with resolution down to 1 micron
 Testing speed range 0.01 to 2500mm/min
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Applications

 Testing of concrete slabs, I-channels, beams etc
 Compression, Flexural and pull tests
 Testing of aerospace & automotive components
 Testing of structures

ELECTRA SERVO-ELECTRIC TESTING MACHINE

Creep and creep-fatigue testing demand high levels of long-term
stability in controlled temperature as well as strain. It also demands the
ability to accurately track small, time-dependent variations in stress over
extended periods of time that are inevitably associated with the creep
phenomenon. These requirements led to the development of Electra Servo-
electric machines.

Features

 Corrosion resistance
 Low maintenance
 Excellent strength
 Fully integrated two column, free standing, self-reacting high

stiffness(600KN/mm) precision aligned load frames
 Load capacities: 10KN to 200KN
 32 bit DSP based servo controller with stroke, load and strain channels
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Applications

 Static and quasi static applications
 Tension/Compression/3 point bend
 Ductile and brittle fracture toughness(K1c, J1c, CTOD, J-R)
 Creep,stress Relaxation and Acceleration stre

SAMPLE PREPARATION

The samples that are used in the machining are priorly prepared and some of the
following test samples are:

 Hardness test samples
 Impact test samples
 Tensile test samples
 Compression test samples
 Flexural test samples
 Shear test samples
 Low cycle fatigue test samples
 High cycle fatigue test samples
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CORE SERVICE OFFERINGS

Mechanical and Physical Testing

Measure India Corporation Pvt Ltd has a comprehensive range of Mechanical
Testing services with a dedicated in-house machine shop that assists in sample
preparation. Test specimens are duly prepared for metallic and non-metallic
materials for the evaluation of tensile, compression, impact, weldability, fatigue and
bend properties.

With its Mechanical Testing Facility, MIC provides a precise determination of Proof
Stress by the attachment of various Electronic Extensometers. The Tensile test at
Elevated Temperature is a special service offered by MIC. Tests are conducted as
per ASTM, BS, IS,  DIN, NACE or other client-specified standards.

The Mechanical Testing Facility at TCR conducts tensile tests for understanding the
strength and characteristics of a particular material. It provides a precise
determination of Proof Stress by the attachment of various electronic controls and
extensometers.

Testing temperatures range from 50°C to 850°C and beyond, for particularly high-
temperature applications. The Mechanical Testing department at TCR performs a
range of Impact tests, including Izod and Charpy testing at temperatures from 100°C
to -196°C. Highly specialized pressure test facilities are also frequently done at
Measure India Corporation Pvt Ltd.

MODERN TECHNOLOGY

Measure India Corporation Pvt Ltd are known as an Authorized Wholesale
Dealer and Supplier of a premium quality range of Servo Hydraulic Testing
Machines, Shake Table, Fatigue Test System, Structural Actuators,
Accessories For Hydraulic Test System, Servo Hydraulic Test System,
Accessories For Testing Machine, Grip Accessories & many more. 

 Tensile &Bend Testing
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 Impact Testing

 .Hardness Testing

 Nick Break &Weldability

 Component Testing & Fastereners

 Creep & Stress Rupture Test

ASSOCIATES

Some of the following associates that are indulged in Measure India Corporation are

 Biss

 Admet

 Wance

 Lavision

 Boge

 Ele International

Services provided by MIC

The services provided by MIC are profoundly more satisfactory and has its support in
the following contexts of its processing. This services compresses of following
providings

 Maintaince and repairs

 Calibrations

 Retrofits

 Online support

 Training and testing services
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Industrial relation with

The works and functions of the company are very satisfactory and this finds
applications in many of the industries like

 Ministry of Defence

 Mechanical Engineering

 Metallurycal Engineering

 Aerospace Engineering

 Civil Engineering

 Bio-medical Engineering

 Automobile Engineering

The prestigious projects undertaken are

 Package supply to Heavy Structures Lab,NIT, Patna, India

 1000 Hour Stress Relaxation Test System, NTH Kolkata, India

 6-Axis Friction Stir Welding Machine 1st in India IIT Kharagpur

 200kN UTM with High Temp Tests up to 1200oC ASL Hyderabad

Clients of MIC are

 National institute of technology ROURKELA

 National institute of technology DURGAPUR

 National institute of technology JAIPUR

 National institute of technology CALICUT

 Jawaharlal Nehru Technological University Hyderabad
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ABSTRACT 

 

The 3D EXPERIENCE PLATFORM is a business experience platform .It provides 

software solutions for every organization in your company form  Marketing to sale to 

engineering that help you, in your value creation process, to create differentiating consumer 

experience, with a single, easy to use interface, it powers Industry solution in a 

collaborative, interactive environment. It is available on premise and on cloud.  

 

Dassault systems offers industry leading application delivered on the 3D EXPERIENCE 

platform: Design &Engineering, Manufacturing & Production Simulation, Governance & 

Life cycle, 3D Design Experience for Professionals, as well as a broad catalog of services 
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CHAPTER-1 

INTRODUCTION TO 3D EXPERIENCE 

 
 Consumers today demand experiences that enrich their lives in meaningful ways. Experience  
thinking is a framework for innovation, focusing on engaging consumers with breathtaking 
experiences that are smarter, intuitive and sustainable. Experience thinking persuades the 
organization to define the product and related services in the context of the customer usage – a 
holistic approach to creating value for the customer. Experience thinking encourages companies 
to consider all aspects of the consumer’s experience – only possible when all the players in the 
innovation process from marketing, sales, design, engineering, manufacturing and the supply chain 
work collaboratively.  
 
The 3DEXPERIENCE platform and apps digitalize the customer experience, with capabilities to 
analyze, design, simulate, engineer and realize experiences. Innovators develop a deep 
understanding of their customer’s operating environment by analyzing social and usage 
information on the platform with a data-driven approach. The experience is modelled in the context 
of the operating environment, capturing intelligent interactions between the environment, 
consumer, product and digital capabilities that harness operational data and provide insightful 
services. Enterprises then simulate and optimize their offerings encompassing all customer 
scenarios. During the operating lifecycle, this model is enriched with valuable insights gleaned 
from the usage data, setting the stage for the next cycle of innovation. 
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3DEXPERIENCE is the most advanced software for product and learning innovation, is available 
in the cloud or on-premises, within your own operating environment. Both options bring new 
capabilities to educators and students who want to experience the engineering practices of industry 
leaders for increased employment opportunities in the new global economy. Years of collaboration 
with educators and students across a wide variety of institutions and disciplines has led to a 
flexible, tailored set of learning solutions. 3DEXPERIENCE for Academia encompasses a suite of 
world-class integrated applications: 

➢ CATIA for product design 
➢ DELMIA for digital manufacturing  
➢ SIMULIA for realistic simulation 
➢ ENOVIA for collaborative innovation 
➢ 3DEXCITE for high-precision rendering and interactive immersion 
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3DEXPERIENCE platform builds on the V6 digital architecture and adds information intelligence, 
dashboarding and social collaboration capabilities. Businesses now create a private social 
collaboration environment on the platform and involve employees, partners, suppliers, consumers 
and other stakeholders as active participants in the innovation process. Leading organizations now 
adopt a big-data approach to understand all aspects of the customer experience in a data-driven 
manner and then model and simulate all aspects of the customer experience – virtually perfecting 
the experience before launching the product to market. 

3DEXPERIENCE ESSENTIALS 

3DEXPERIENCE Essentials is a broad application set built on the Business and Industry 
Innovation baseline, encompassing a vast set of Dassault Systems solutions. 

The ideal basis for universities or technical colleges to support their transition to project-based or 
student-centered learning, 3DEXPERIENCE Essentials provides a complete digital framework for 
team-based ideation, contextual learning, collective innovation, solution creation and various 
methods for project evaluation. 

3DEXPERIENCE Essentials includes advanced ENOVIA capabilities for configuration 
management, requirements management, change management and compliance processes.  

The Essentials package bundles a large sub-set of CATIA design functions and enables 
conceptualization and detailing of virtually. 

Using DELMIA digital manufacturing tools makes machining, robotics and rapid prototyping an 
integrated exercise, ensuring manufacturability of designs and streamlining of manufacturing 
programming.  

Right-first-time practices are reinforced through mechanism simulation and associative stress 
analysis using SIMULIA and ergonomics simulation.  

The fundamental capabilities of additive manufacturing are built-in for powder-bed fusion additive 
manufacturing, including nesting, automated support design and laser path optimization.  

Converters to and from other applications, as well as 3D printing output formats, are available for 
exchanging data with various partners and devices. 

A fundamental enhancement in 3DEXPERIENCE Essentials is the possibility to create hybrid 
assemblies mixing new data with legacy models from version 5. New functionalities can so be 
applied on existing courses examples without re-creating them. Projects started in V5 for instance 
students’ competitions can easily progress in the up-to-date version. 

Common apps and services to connect everyone to the platform 

The 3DEXPERIENCE platform provides the underpinning apps and services that enable the 
transformation to a digital, data-driven, model-based environment. The common apps and services 
provide an effective way to connect everyone early in the innovation process. Social collaboration 
with 3DSwym is a great way to harness the innovative ideas from everyone. With the 
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3DDashboard users monitor the things they care about – follow online trends, be alerted by data 
feeds, and at the same time monitor enterprise processes and data. Users see everything that's 
happening, 24/7, all in one dashboard. With 3DDrive users securely store their documents on the 
cloud, access them from any device and share them with co-workers and collaborators across the 
value chain. Users collaborate instantly using 3DMessaging with immersive visualization of 3D 
assemblies with 3DPlay.  
 

 

 

In this internship program we learned about CATIA, SIMULIA and DELMIA. 
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CHAPTER-2 

CATIA 

    2.1 Introduction to CATIA: 

 Catia is the mechanical design software and is capable of addressing the complete product 
development process, from product concept specification through product in service in a fully 
integrated and associative manner. 

      Catia mechanical design discipline products accelerate core activities of development from 
concept to detailed design on to drawing production .mechanical design products also address 
sheet metal requirements and mold manufactures using dedicated applications that dramatically 
enhance productivity and strongly reduce time to market. 

In 3D Experience Catia is present in 3D icon which consists of 3D Modelling apps. 

     Workbenches in CATIA 

➢ PART DESIGN 
➢ GENERATIVE SHAPE DESIGN 
➢ ASSEMBLY DESIGN 

 

2.2 Part Design 

Catia provides you so many features which make creating complex mechanical design in a simple 
task. The objects created in sketcher are converted into the solid part with the help of part modeling 
tools. 

Features 

➢ Advanced complex features for dedicated best practices 
➢ Knowledge templates repository approach 
➢ Comprehensive specification approach for value added process reducing geometry 

definition and rework 
➢ Process features oriented 

2.2.1 Tools  

➢ Pad  
➢ Pocket 
➢ Shaft 
➢ Groove 
➢ Hole 
➢ Rib 
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➢ Slot 
➢ Multi-Section Solid 

Pad 

Pad tool has the ability to convert any sketch into solid part with given length. If any geometry 
also there in between the outer boundary pad operation considers it as an empty space. 

➢ Select pad tool  
➢ Define types of pads that are 
➢ Dimension 
➢ Up to next 
➢ Up to last 
➢ Up to plane 
➢ Up to surface  
➢ Select sketch 
➢ if you want it to be hollow than select tick option and give limits of thickness 
➢ If you want to extrude body in both sides than check option more and again select type and 

dimensions for second side. 
➢ Select OK for implementation 

 

Pocket  

Pocket is just opposite operation of pad. Operation process is same as pad tool, all other options 
are also same as pad the only difference is removal of material in spite of generating solid part. 

Shaft 

Shaft tool is an operation in which any sketch rotates about an axis and forms a solid part. From 
this operation we can generate any geometry which is symmetric about an axis. 

➢ Draw the sketch with axis line. 
➢ Switch out from sketcher and select Shaft Tool to revolve sketch 360 degree. 
➢ Axis should be draw with sketch. 
➢ Select OK for implementation.   

Groove 

Groove is just opposite operation of shaft. Shaft makes solid part by revolving any sketch about 
an a groove removes material by revolving about an axis. Sketch profile must be closed one for 
this operation. 
 
Hole 

This operation makes a hole that tab be used for bolted joint or for a tap or for any locator pin. 
Hole can be made threaded. 
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Rib 

Rib operation will increase a 2D profile along to the center curve and create a 3D solid object. 
steps are as follows. 
➢ Draw a Center curve  
➢ Select a plane at perpendicular direction of the end point of a Center curve 
➢ Draw Profile at that Plane  
➢ Switch out the sketcher  
➢ Select rib tool 
➢ Select profile first 
➢ Select center curve 
➢ If all given parameter are correct then it will show you a preview  
➢ Select OK for implementation 

 

Slot 

Slot is just opposite operation of rib. All the procedure of working is same but slot removes 
material according to sketch and rib makes solid part. Here also we follow same procedure as in 
rib. 
 
Multi-section Solid  

Multi-sections solid   can be created by joining two or more section curves along the calculated or 
user-defined guiding curves. One or more leading curves can be used. The result is a closed 
volume. 

Some other important tools used in part design are   
➢ Fillet 
➢ Chamfer 
➢ Draft 
➢ Shell 
➢ Thickness 

 

2.2.2 Procedure  

• Open 3d experience  
• Click on 3d icon at top left corner  
• Select part design 
• Click on body  
• Click on sketcher  
• Select the plane to draw 
• Draw the profile of the required part  
• Click on exit icon  
• Select the required operations like pad, shaft etc. 
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• For another operation on the same part select another body  
• By using sketcher draw another profile 
• Perform pad operation  
• Based on the required add or remove the body from another body. This process is known 

as Boolean operation. 
• Perform operations like fillet, chamfer as for the requirement. 

 
 
 
 

 Parts designed using part design: 
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2.3 Generative Shape Design 

 Generative Shape Design helps to design advanced shapes based on a combination of wireframe 
and extensive multiple surface features. t provides a large set of tools for creating and editing shape 
designs and, when combined with other products such as CATIA Part Design, it meets the 
requirements of solid-based hybrid modeling. 

 

2.3.1 Tools  

➢ Extrude surface 
➢ Revolve 
➢ Sphere 
➢ Cylinder 
➢ Sweep 
➢ Fill 
➢ Join  
➢ Split 
➢ Trim 
➢ Boundary  

Extrude Surface 

This tool extrude surface from already created profile on perpendicular direction of plane selected. 
➢ Select the tool 
➢ Select profile and plane extrusion 
➢ Now give limits that is length of extrusion in both sides 
➢ Select ok to implement the work 

Revolve 

 This tool is used to create circular surface. 

➢ Draw a open sketch with a axis line 
➢ Select revolve tool 
➢ Select profile to be revolved  
➢ Select axis line if it is not in sketch  
➢ Define start angle and end angle  
➢ Select OK to implement 

Sphere 

➢ Select sphere tool  
➢ Select center point  
➢ Remain sphere and default  
➢ Define the radius of sphere  
➢ Select the sphere limitations 
➢ Select OK to implement 
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Cylinder 

Draw Cylinder through specify point and direction 

➢ Create a point on a plane 
➢ Select cylinder tool  
➢ Specify center point  
➢ Select plane for direction 
➢ Specify radius 
➢ Specify length1 and length 2 
➢ Chose minor extent or Reverse 
➢ Direction When required 
➢ Select OK 

Sweep 

This the most important tool used in surface design. we can use this tool for generating any type 
of surface that may be straight or it may be twisted or curvilinear form. 

Types of sweep 

➢ Explicit sweep 
➢ Linear sweep 
➢ Circle sweep 
➢ Conical sweep 

Fill 

Fill command is used to crate surface between some intersecting curves but it must be closed. 

➢ Select tool 
➢ Select curves 
➢ Choose continuity 
➢ Press OK 

Join 

➢ The Join tool is used to join two adjacent surfaces or two adjacent curves. 
➢ Choose Join button from the Operation toolbar  
➢ The Join Definition dialog box is displayed 
➢ You are prompted to select the elements (curves or surfaces) to be joined 
➢ Select the elements that you need to join 
➢ Remember that there should not be a large gap between the entities to be joined. 
➢ Choose the OK button from the Joint Definition dialog box to complete the join operation 
➢ The surfaces or curves that are joined together will behave as a single entity 

 



12 

 

Split 

Split This tool will split the surface about any curve and the selected surface. 

➢ Select split tool 
➢ Split dialog box will open  
➢ Select a surface to split 
➢ Select a curve at surface as a cutting element. 
➢ The resulting surface will ready to preview for you. 
➢ Select other side to change side of split 
➢ Select OK 

Trim 

 The Trim tool allows you to trim two intersecting surfaces or curves with respect to each other 

➢ When you choose this tool, the Trim Definition dialog box will be displayed 
➢ Choose a surface as the first element and the other surface as the second element. 
➢ One side of each surface will be displayed as transparent. 
➢ You can choose the other side button to reverse the sides of surfaces to be trimmed. Figure 

shows the surface Trimmed using the Trim tool. 
➢ Figure shows the trimmed surface when the other side buttons are selected for both 
➢ Surfaces from the Trim Definition dialog box. 

Boundary 

Boundary tool will defines the boundary of a surface according to you. This will useful if want to 
use semi boundary of any sketch for our next operation 

➢ Create surface as shown figure 
➢ A dialog box open  
➢ Select surface whose boundary need to redefine 
➢ Select limits for new boundary 
➢ These limits must cross that existing surface at any point and the selected limit sketch will 

not overlap with surface 
➢ Ok for implementation 

 

2.3.2 Procedure  

• Open 3D Experience 
• Click on 3D icon at the top left corner  
• Select generative shape design 
• Click on sketcher 
• Select the plane to draw the profile 
• Draw the profile  
• Extrude the surface of the profile 
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• By using offset planes  draw remaining profile and extrude the surfaces 
• Fill the closed curves according to requirement 
• Join all the surfaces  by using join command 
• Trim the extra projections by using trim command 
• After joining all the surfaces inn single surface fillets are made 

 
 
 Components designed by using generative shape design: 
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2.4 Assembly Design 

Assembly modeling is the process of creating designs that consist of two or more Component. 
Assembled together at their respective work positions. The components are brought together and 
assembled in Assembly Design workbench by applying suitable parametric assembly constraint to them. 
The assembly constraints allow you to restrict the degrees of freedom of components on their respective 
work positions. The assembly files in CATIA are called Product files 
.  
2.4.1 Product Structure Tools 

 

Inserting a existing part 

This tool inserts a part which is already created and saved into .CATPART file. This insets the part in 
non position mode. 
 
 Insert a new part  

This toll gives us a way to create a new component in the assembly workbench. 
 
Insert new product 

This tool is used for inserting another product in the same assembly file. This is used where assembly 
are there in the same product. 
 
Replacing a Component  

If you places wrong component in assembly then use this tool for replacing it by a correct one. 
➢ Select a component to replace  
➢ now select replace component tool 
➢ The window will open which contains CATPART files 
➢ Select new part 
➢ Select OK for Implementation. 

 

 Multi Instantiation 

This is a tool which can create multiple copies of an inserted part without inserting it again and again. It 
can set them at specified direction and distance from its parent part. 
 
2.4.2 Move Tools 

 

 Manipulation 

Manipulation tool is a small subgroup of tools used for moving a component inside the assembly design 
workbench. This tool includes the tools used to rotate, translate, and move tools. 
Manipulation tool consists of 
➢ Drag along X-axis 
➢ Drag along Y-axis 
➢ Drag along Z-axis 
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➢ Drag along any axis 
➢ Drag along XY Plane 
➢ Drag along YZ Plane 
➢ Drag along ZX Plane 
➢ Drag along any  Plane 
➢ Drag around X-axis 
➢ Drag around Y-axis 
➢ Drag around Z-axis 
➢ Drag around any axis 

 
Snap Tool 

The snap tool is used to move the component by snapping the geometric element of the first component 
on selection of the geometric elements. The element selected first will move to snap the second element. 
 
Explode 

Explode is command which will breaks your assembly or subassembly and will show you all its -
components individually. 
 

2.4.3 Constraints 

 

Coincidence Constraint 

This constraint will make coincidence the centre lines of two cylindrical components 
 
Contact constraint 

This constraint will connect surfaces of components. The connected components have no space between 
these two surfaces. 
 
 Offset constraint  

Surface constraint will create zero gap between two surfaces but if it is desired to make some distance 
then offset tool is used. 
 
Angle constraint  

This tool I used for placing two components at an angle. 
 
Fix together 

This is a constraint which fixes two components together. If you want to perform any manipulation 
operation or you are assigning any constraint on any of these components it will automatically applies 
on other because they both are fixed together. 
 
 
 
2.4.4 Procedure  
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• Open 3D Experience 
• Click on 3D icon at the top left corner  
• Select assembly design 
• Import all the parts required for the assembly. 
• Click on insert existing part 
• Click on physical product at the top of the tree located at top left corner. 
• Select all the parts and import them to the assembly window. 
• Perform the manipulate operations to move the parts and place them in sequence. 
• Fix one part as the reference and assembling should be carried. 
• Give coincidence constraint to the parts. 
• Then give contact constraint to the parts to complete assembly 

Assembly of screw jack 
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CHAPTER -3 

SIMULIA 
3.1 Introduction 

SIMULIA is a complete suite of powerful and realistic solutions that enable users to explore 
the real-world behavior of product, nature, and life.  Simulia makes virtual testing a standard 
business practice that improves the product performance, reduces physical prototypes and 
innovation .It allows the simulation of the designed model by various input parameters. 

Workbenches in Simulia 

➢ MATERIAL DEFINITION  
➢ STRUCTURAL MODEL  
➢ STRUCTURAL SCENARIO 

3.2 Simulia Procedure: 

  Material definition 

➢ Open 3d experience software 

➢ Design a component using part design  
➢ Then for simulation click on V.R  
➢ Select material definition. 
➢ After opening material definition create a material and name it as steel. 
➢ In top left corner of the window a tree related to the material is appeared. It contains Material 

appearance domain and Material simulation domain. 
➢ Click on material simulation domain and add required properties of the material like density, 

Youngs modulus, poison ratio etc. 
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➢ Go to part body created before. 
➢ Click on pick material option in the tool bar located at bottom 

➢ Go to material editor tab and click on steel and the click on product to apply the material. 

Structural model 

➢ Go to V.R and click on structural model. 
➢ Click on finite element methods option which is appeared on the tree. 
➢ Click on nodes and elements then toolbar bar is appeared at the bottom. 
➢ Click on mesh icon and select the mesh type. 
➢ Give mesh size and then apply the mesh by selecting the body. 

 

 

➢ Click on finite element methods. 
➢ Click on properties and select solid section. 
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Structural scenario 

➢ Go to V.R and click structural scenario and select simulation type. 

 

➢ Click on setup from the toolbar located at the bottom and click on finite element model 
appeared in the dialogue box. 

 

➢ Click on procedure and choose the type of procedure. 
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➢ Click on restraints and choose type of support. 

 

➢ Click on loads and apply the loads required. 
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➢ Click on simulate and the click on simulation checks. 

 

 

 

➢ Simulation status is appeared. 
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➢ Finally click on simulate and note down the results. 

 

 

 

 

CHAPTER-4 
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DELMIA 

4.1 Introduction 

DELMIA-Digital Enterprise Lean Manufacturing Interactive Application is powered by the 
3DEXPERIENCE platform. 

DELMIA Digital Manufacturing drives manufacturing innovation and efficiency by planning, 
simulating, and modeling global production processes. DELMIA allows manufacturers to virtually 
experience their entire factory production from the impact of design to determining how to meet 
global demand. These simulation activities allow manufacturers to better address and shift 
processes so as to quickly respond to the competition, or to take advantage of new market 
opportunities. 

 DELMIA Digital Manufacturing capabilities extend visualization beyond the product into 
manufacturing—providing the ability to simulate manufacturing processes before the physical 
plant or production line even exists. By proving out plant level considerations such as 
manufacturing approaches and material flow in the early stages of product development, the 
product concept can be analyzed to determine the best approach to make the product. 

 

Workbenches in Delmia 

➢ Manufacturing Item Definition 

➢ Process Planning 

➢ Equipment Allocation 

➢ Assembly Evaluation 

➢  Time Motion and Study 

4.2 Delmia Procedure: 

Importing product 

➢ Open 3d experience. 
➢ Click on import and import the product which is in .3dxml format. 
➢ Right click on product from the tree. 
➢ Then click on open with and select open with advanced. 
➢  Click on expanded with all representative children. 
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Manufacturing item definition 

➢ Go to V.R  click on manufacturing item definition 

➢ Right click on manufacturing item definition window and the click on product A1. 
➢ Click on manufacturing assembly and create manufacturing item product scope and click 

on product. 
➢  Click on Authoring from toolbar at bottom and click on Create / Update manufacturing. 
➢ Insert required number of manufacturing assemblies and spilt the product in to different 

components by using assignment manager. 
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Process planning 

➢ Go to V.R click on process planning. 
➢ Click on general system. 
➢ Click on manage scope and create scope. 
➢ Insert no. of general systems as per requirement. 
➢ Insert general operations and loading operations in the general systems. 
➢ Select the components from the tree and place them in them general operations and loading 

operations according to the assembling order. 
➢ Click on product flow from the tool bar and create flow between the general operation and 

loading operation in the general system and also create flow between the general systems. 

 

 

 

Equipment allocation 

➢ Go to V.R click on Equipment allocation 

➢ Right click on PPR context from the tree then click on insert resource, click on 
manufacturing cell, click on main layout , click on create stations  

➢ Create 4 stations each station must have one conveyor and one storage. 
➢ For creating storage and conveyor click on station, click on insert resource. 
➢ Import station with conveyor file of .3dxml format. 
➢ Copy the imported file and open equipment allocation tab and paste it in main layout. 
➢ From the imported file copy storage and conveyor and paste them in the stations created 

before. 
➢ Click on create scope and create scope between main layout and general system. 
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➢ Click on station, click on assignment manager and export general system operation to the 
station. 

➢ Define part position and place on conveyors  

 

Assembly Evaluation 

➢ Go to V.R click on Assembly Evaluation. 

➢ Click on General system and Right click on Loading operation and then Create Track. 

➢ Copy the Current track to the other operations. 

➢ Click Live Simulate on toolbar located at bottom. 
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CONCLUSION 

From this internship I have learnt  

➢ Modelling of solid parts by using Catia part design. 

➢ Creating complex shapes and surfaces by using Generative shape design. 

➢ Assembling of parts to form a assembled component. 

➢ Meshing and simulating structural components with different supports 
and loads by using Simulia. 

➢ Basic concepts and procedure of Delmia. 
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ABSTRACT: 

 
 

  A company that wants to be able to provide customers with the best solutions 
always has to do more than other companies on the market. Innovation is the basis for 
progress and part of our DNA. It is rooted in the close cooperation with our customers 
and is created via outstanding work in the field of research and development (R&D). 
Every year Measure India Pvt Ltd invests more than 20 percent of the annual turnover in 
the R&D department. This team develops new measuring principles, sensor generations 
and technologies which contribute in the long term to expanding our market leadership 
and achieving this position in other fields. Using state-of-the-art production technologies, 
We produces high-precision measuring instruments which are designed to meet the 
requirements of customers. 
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MEASURE INDIA CORPORATION PVT LTD 

 

 
 

BACK GROUND:  
 

Measure India Corporation (MIC) was founded in the year 2006, based at Hyderabad, India, by 
well experienced engineers in the field of material testing. It was started with a goal to provide arguably 
the best possible, yet, affordable solutions for materials and component. The main intention of our 
esteemed company was to ensure qualitative measuring at an affordable range and supply across the 
country. 
 

 

INTRODUCTION: 

 
Measure India Corporation (MIC)  was established in the year 2006, at Hyderabad, 

Telangana, India, as a Private Limited Company, we Measure India Corporation Pvt Ltd are 
known as an Authorized Wholesale Dealer and Supplier of a premium quality range of Servo 
Hydraulic Testing Machines, Shake Table, Fatigue Test System, Structural Actuators, 
Accessories For Hydraulic Test System, Servo Hydraulic Test System, Accessories For Testing 
Machine, Grip Accessories & many more.  

 
Our offered products are procured directly from the most trusted vendors of the market in 

complete adherence with predefined industry standards. In order to design and assemble these 
products, our vendors use finest quality basic material and most recent technology. The offered 
products are widely commanded in the market for features like high strength, easy operation, less 
maintenance, longer service life and durability.  

 
Our company has established sophisticated infrastructure, comprises all requisite 

amenities and machines that assists us to carry smooth business operations. Our production unit 
comprises latest machinery, which we upgrade regularly to rise up with innovative products in 
the market. 

 
  We work under the astute guiding principles of K. Rajendra Prasad (Director), who played 
a vital role in establishing our position in the industry. Due to his sharp business insight and rich 
experience, we have acquired the huge satisfied base of clients that are based across the country.  
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4) Horizontal Universal Testing Machine:-  

A universal testing machine (UTM), also known as a universal tester, materials testing 
machine or materials test frame, is used to test the tensile strength and compressive strength of materials. 
An earlier name for a tensile testing machine is a tensometre. The "universal" part of the name reflects 
that it can perform many standard tensile and compression tests on materials, components 

 

Features: 

 Load range from 50kN to 3000kN 

 Frame stiffness up to 1100 KN/mm 

 Actuator stroke range 100 to 1500mm 

 Testing speed range 0.01 to 500mm/min 

 Low friction and wear resistant actuators 

 

Applications:  

 Tensile testing of longer samples 

 Wires, ropes, chains, cables 

 Static and quasi static tests 

 Testing labs, quality control and R&D 

 

 

https://www.indiamart.com/proddetail/horizontal-universal-testing-machine-10329383062.html
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5) Servo Hydraulic Testing Machine: 

Servo-Hydraulic Universal Testing Machine is consisting of Load Frame, Advanced servo 
controlled automatic power pack, Electronic Control Unit and Material Testing Software as standard. 
Servo-Hydraulic Universal Testing Machine can carry out tensile and yield, compression, flexure tests 
with load and displacement controls. 

Features: 

 

 Dimensional stability 

 Sturdy design 

 Rust proof body 

 Load Capacities from 50kN to 600kN static & dynamic 

 Frame stiffness 1100kN/mm(optionally up to 6000KN/mm) 

  

 

 

Applications: 

 Ductile and Brittle Fracture toughness (K1c, J1c, CTOD, J-R) 

 Fatigue crack propagation (da/dN) 

 Threshold stress intensity 

 Low-Cycle/High-Cycle Fatigue (LCF/HCF) 

https://www.indiamart.com/proddetail/servo-hydraulic-testing-machine-10329247330.html
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6) Uni Axial Shake Table : 

Uniaxial Shake Table are used to test the response of structures to verify their seismic 
simulation. This is a device for shaking structural models or building components with a wide range 
of simulated ground motions. The system is powered by an electronically servo controlled valve with 
highly precise close loop PID controller that is workable with any type of waveform and is workable 
with mat lab generated waveform. With facility to connect numbers of transducer 

Features: 

 Easy to install 

 Corrosion-free 

 Simulator tables, 0.5 x 0.5 m, 1 x 1 m, 2.5 x 2.5 m and 3 x 3 m 

 Pay load range over 10000Kg 

 Stroke range over 1000mm 

                       

 Applications: 

 Earth quake motion simulation 

 soil liquefaction studies 

 seismic qualification tests on components & structures 

 Vibration qualification tests on mechanical components 

https://www.indiamart.com/proddetail/uni-axial-shake-table-10329591697.html
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7) AXIAL TORSION TESTING MACHINE 

Multi-axial stress fields are generated by an axial-torsion testing machine capable of imparting 
uniaxial tension/compression and torsional forces.  Axial-torsion tests involve simultaneous axial-
torsional loading which may be monotonic or cyclic in nature.  Several axial-torsion test examples are 
measuring the adhesive properties of biopolymers; determining the mechanical properties of bone 
screws 
 
 
Features: 

 Excellent texture & Light weight 
 Axial Load Capacities from 25kN to 600kN dynamic 
 Torsional actuator capacities from 20N-m to 2000N-m 
 Hydraulic lifts & clamps 
 Frame stiffness: 1100kN/mm 

 
 

 

 

 

 

 

 

 

 

 

 

 

Applications: 

 Axial static / fatigue 
 Torsional static / fatigue 
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 Axial torsion static / fatigue 
 Smooth round, flat and tubular samples 

8) Single Axis Structural Actuators 

       Single-axis actuator for ultra-high load applications. The new compact single-axis actuator is 

designed for general industrial machinery, including equipment used in automotive production. 

 Features: 

 Impeccable finish 
 Easy to install 
 Dimensional accuracy 
 1 to 16 channels, expandable to 64 
 Servo controlled actuators with pedestal or face mounting 
 Up to 1000mm strokes with resolution down to 1 micron 
 Testing speed range 0.01 to 2500mm/min 

 

 

 

 

Applications:  

 Testing of concrete slabs, I-channels, beams etc 
 Compression, Flexural and pull tests 
 Testing of aerospace & automotive components 
 Testing of structures 
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9) Electra Servo-Electric Testing Machine 

        Creep and creep-fat igue test ing demand high levels of long-term stabilit y in 

controlled temperature as well as strain. It also demands the abilit y to accurately track 

small, t ime-dependent variat ions in stress over extended per iods of t ime that are  

inevitably associated with the creep phenomenon. These requirements led to the 

development of Electra Servo-electric machines.  

Features: 

 Corrosion resistance 
 Low maintenance 
 Excellent strength 
 Fully integrated two column, free standing, self-reacting high stiffness(600KN/mm) precision 

aligned load frames 
 Load capacities: 10KN to 200KN 
 32 bit DSP based servo controller with stroke, load and strain channels 

 

Applications: 

 



 

14 

 

 Static and quasi static applications 
 Tension/Compression/3 point bend 
 Ductile and brittle fracture toughness(K1c, J1c, CTOD, J-R) 
 Creep,stress Relaxation and Acceleration stress Rupture 

 Sample Preparation Centre:- 

 Hardness test samples 
 Impact test samples 
 Tensile test samples 
 Compression test samples 
 Flexural test samples 
 Shear test samples 
 Low cycle fatigue test samples 
 High cycle fatigue test samples 
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10) CORE SERVICE OFFERINGS: 

 

Mechanical and Physical Testing:- 

 
Measure India Corporation Pvt Ltd has a comprehensive range of Mechanical Testing services with a 
dedicated in-house machine shop that assists in sample preparation. Test specimens are duly prepared 
for metallic and non-metallic materials for the evaluation of tensile, compression, impact, weldability, 
fatigue and bend properties. 
 
 
With its Mechanical Testing Facility, MIC provides a precise determination of Proof Stress by the 
attachment of various Electronic Extensometers. The Tensile test at Elevated Temperature is a special 
service offered by MIC. Tests are conducted as per ASTM, BS, IS,  DIN, NACE  or  other  client-
specified  standards. 
 
 
The Mechanical Testing Facility at TCR conducts tensile tests for understanding the strength and 
characteristics of a particular material. It provides a precise determination of Proof Stress by the 
attachment of various electronic controls and extensometers.  
 
 
Testing temperatures range from 50°C to 850°C and beyond, for particularly high-temperature 
applications. The Mechanical Testing department at TCR performs a range of Impact tests, including 
Izod and Charpy testing at temperatures from 100°C to -196°C. Highly specialized pressure test 
facilities are also frequently done at Measure India Corporation Pvt Ltd. 
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11) MODERN  TECHNOLOGY :- Measure India Corporation Pvt Ltd are known as 

an Authorized Wholesale Dealer and Supplier  of a premium quality range of Servo Hydraulic 

Testing Machines, Shake Table, Fatigue Test System, Structural Actuators, Accessories For 

Hydraulic Test System, Servo Hydraulic Test  System, Accessories For Testing Machine, Grip 

Accessories & many more.  

 Tensile &Bend Testing 

 Impact Testing 

 .Hardness Testing 

 Nick Break &Weldability 

 Component Testing & Fastereners 

 Creep & Stress Rupture Test 

 

12) ASSOCIATES 

 

 Biss 

 Admet 

 Wance 

 Lavision 

 Nanatom 

 Boge 

 Ele International 

 

 

 

13) Services provided by MIC: 

 Maintaince and repairs 

 Calibrations 
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 Retrofits 

 Online support 

 Training and testing services 

 

 

14) Industrial relation with: 

 Ministry of Defence  

 Mechanical Engineering 

 Metallurycal Engineering 

 Aerospace Engineering 

 Civil Engineering 

 Bio-medical Engineering 

 Automobile Engineering 

 

15) The prestigious projects undertaken are: 

 Package supply to Heavy Structures Lab,NIT, Patna, India 

 1000 Hour Stress Relaxation Test System, NTH Kolkata, India 

 6-Axis Friction Stir Welding Machine 1st in India IIT Kharagpur 

 200kN UTM with High Temp Tests up to 1200oC ASL Hyderabad 
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16) Clients: 

 National institute of technology ROURKELA 

 National institute of technology DURGAPUR 

 National institute of technology JAIPUR 

 National institute of technology CALICUT 

 Jawaharlal Nehru Technological University Hyderabad 
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ABSTRACT

The 3D EXPERIENCE PLATFORM is a business experience platform .It provides

software solutions for every organization in your company form Marketing to

sale to engineering that help you, in your value creation process, to create

differentiating consumer experience, with a single, easy to use interface, it

powers Industry solution in a collaborative, interactive environment. It is available

on premise and on cloud.

Dassault systems offers industry leading application delivered on the 3D

EXPERIENCE platform: Design &Engineering, Manufacturing & Production

Simulation, Governance & Life cycle, 3D Design Experience for Professionals, as

well as a broad catalog of services
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CHAPTER-1

INTRODUCTION TO 3D EXPERIENCE

Consumers today demand experiences that enrich their lives in meaningful ways.
Experience thinking is a framework for innovation, focusing on engaging consumers
with breathtaking experiences that are smarter, intuitive and sustainable. Experience
thinking persuades the organization to define the product and related services in the
context of the customer usage – a holistic approach to creating value for the
customer. Experience thinking encourages companies to consider all aspects of the
consumer’s experience – only possible when all the players in the innovation
process from marketing, sales, design, engineering, manufacturing and the supply
chain work collaboratively.

The 3DEXPERIENCE platform and apps digitalize the customer experience, with
capabilities to analyze, design, simulate, engineer and realize experiences.
Innovators develop a deep understanding of their customer’s operating environment
by analyzing social and usage information on the platform with a data-driven
approach. The experience is modelled in the context of the operating environment,
capturing intelligent interactions between the environment, consumer, product and
digital capabilities that harness operational data and provide insightful services.
Enterprises then simulate and optimize their offerings encompassing all customer
scenarios. During the operating lifecycle, this model is enriched with valuable
insights gleaned from the usage data, setting the stage for the next cycle of
innovation.
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3DEXPERIENCE is the most advanced software for product and learning innovation, is
available in the cloud or on-premises, within your own operating environment. Both
options bring new capabilities to educators and students who want to experience the
engineering practices of industry leaders for increased employment opportunities in the
new global economy. Years of collaboration with educators and students across a wide
variety of institutions and disciplines has led to a flexible, tailored set of learning solutions.
3DEXPERIENCE for Academia encompasses a suite of world-class integrated
applications:

 CATIA for product design
 DELMIA for digital manufacturing
 SIMULIA for realistic simulation
 ENOVIA for collaborative innovation
 3DEXCITE for high-precision rendering and interactive immersion
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3DEXPERIENCE platform builds on the V6 digital architecture and adds information
intelligence, dashboarding and social collaboration capabilities. Businesses now
create a private social collaboration environment on the platform and involve
employees, partners, suppliers, consumers and other stakeholders as active
participants in the innovation process. Leading organizations now adopt a big-data
approach to understand all aspects of the customer experience in a data-driven
manner and then model and simulate all aspects of the customer experience –
virtually perfecting the experience before launching the product to market.

3DEXPERIENCE ESSENTIALS
3DEXPERIENCE Essentials is a broad application set built on the Business and
Industry Innovation baseline, encompassing a vast set of Dassault Systems
solutions.
The ideal basis for universities or technical colleges to support their transition to
project-based or student-centered learning, 3DEXPERIENCE Essentials provides a
complete digital framework for team-based ideation, contextual learning, collective
innovation, solution creation and various methods for project evaluation.
3DEXPERIENCE Essentials includes advanced ENOVIA capabilities for configuration
management, requirements management, change management and compliance
processes.
The Essentials package bundles a large sub-set of CATIA design functions and
enables conceptualization and detailing of virtually.

Using DELMIA digital manufacturing tools makes machining, robotics and rapid
prototyping an integrated exercise, ensuring manufacturability of designs and
streamlining of manufacturing programming.
Right-first-time practices are reinforced through mechanism simulation and
associative stress analysis using SIMULIA and ergonomics simulation.
The fundamental capabilities of additive manufacturing are built-in for powder-bed
fusion additive manufacturing, including nesting, automated support design and
laser path optimization.
Converters to and from other applications, as well as 3D printing output formats, are
available for exchanging data with various partners and devices.

A fundamental enhancement in 3DEXPERIENCE Essentials is the possibility to create
hybrid assemblies mixing new data with legacy models from version 5. New
functionalities can so be applied on existing courses examples without re-creating
them. Projects started in V5 for instance students’ competitions can easily progress
in the up-to-date version.

Common apps and services to connect everyone to the platform

The 3DEXPERIENCE platform provides the underpinning apps and services that enable the
transformation to a digital, data-driven, model-based environment. The common apps and
services provide an effective way to connect everyone early in the innovation process. Social
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collaboration with 3DSwym is a great way to harness the innovative ideas from everyone.
With

the 3DDashboard users monitor the things they care about – follow online trends, be
alerted by data feeds, and at the same time monitor enterprise processes and data.
Users see everything that's happening, 24/7, all in one dashboard. With 3DDrive
users securely store their documents on the cloud, access them from any device and
share them with co-workers and collaborators across the value chain. Users
collaborate instantly using 3DMessaging with immersive visualization of 3D
assemblies with 3DPlay.

In this internship program we learned about CATIA, SIMULIA and DELMIA.
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CHAPTER-2

CATIA
2.1 Introduction to CATIA:

Catia is the mechanical design software and is capable of addressing the complete
product development process, from product concept specification through product
in service in a fully integrated and associative manner.

Catia mechanical design discipline products accelerate core activities of
development from concept to detailed design on to drawing production .mechanical
design products also address sheet metal requirements and mold manufactures
using dedicated applications that dramatically enhance productivity and strongly
reduce time to market.

In 3D Experience Catia is present in 3D icon which consists of 3D Modelling apps.

Workbenches in CATIA

 PART DESIGN

 GENERATIVE SHAPE DESIGN

 ASSEMBLY DESIGN

2.2 Part Design

Catia provides you so many features which make creating complex mechanical
design in a simple task. The objects created in sketcher are converted into the solid
part with the help of part modeling tools.

Features

 Advanced complex features for dedicated best practices

 Knowledge templates repository approach

 Comprehensive specification approach for value added process reducing
geometry definition and rework

 Process features oriented

2.2.1 Tools

 Pad

 Pocket

 Shaft
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 Groove

 Hole

 Rib

 Slot

 Multi-Section Solid

Pad

Pad tool has the ability to convert any sketch into solid part with given length. If any
geometry also there in between the outer boundary pad operation considers it as an
empty space.

 Select pad tool

 Define types of pads that are

 Dimension

 Up to next

 Up to last

 Up to plane

 Up to surface

 Select sketch

 if you want it to be hollow than select tick option and give limits of thickness

 If you want to extrude body in both sides than check option more and again
select type and dimensions for second side.

 Select OK for implementation

Pocket

Pocket is just opposite operation of pad. Operation process is same as pad tool, all
other options are also same as pad the only difference is removal of material in spite
of generating solid part.

Shaft

Shaft tool is an operation in which any sketch rotates about an axis and forms a
solid part. From this operation we can generate any geometry which is symmetric
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about an axis.

 Draw the sketch with axis line.

 Switch out from sketcher and select Shaft Tool to revolve sketch 360 degree.

 Axis should be draw with sketch.

 Select OK for implementation.

Groove

Groove is just opposite operation of shaft. Shaft makes solid part by revolving any
sketch about an a groove removes material by revolving about an axis. Sketch profile
must be closed one for this operation.

Hole

This operation makes a hole that tab be used for bolted joint or for a tap or for any
locator pin.

Hole can be made thread

Rib

Rib operation will increase a 2D profile along to the center curve and create a 3D
solid object. steps are as follows.

 Draw a Center curve

 Select a plane at perpendicular direction of the end point of a Center curve

 Draw Profile at that Plane

 Switch out the sketcher

 Select rib tool

 Select profile first

 Select center curve

 If all given parameter are correct then it will show you a preview

 Select OK for implementation

Slot

Slot is just opposite operation of rib. All the procedure of working is same but slot
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removes material according to sketch and rib makes solid part. Here also we follow
same procedure as in rib.

Multi-section Solid

Multi-sections solid   can be created by joining two or more section curves along the
calculated or user-defined guiding curves. One or more leading curves can be used.
The result is a closed volume.

Some other important tools used in part design are

 Fillet

 Chamfer

 Draft

 Shell

 Thickness

2.2.2 Procedure

 Open 3d experience

 Click on 3d icon at top left corner

 Select part design

 Click on body

 Click on sketcher

 Select the plane to draw

 Draw the profile of the required part

 Click on exit icon

 Select the required operations like pad, shaft etc.
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 For another operation on the same part select another body

 By using sketcher draw another profile

 Perform pad operation

 Based on the required add or remove the body from another body. This
process is known as Boolean operation.

 Perform operations like fillet, chamfer as for the requirement.
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2.3 Generative Shape Design

 Generative Shape Design helps to design advanced shapes based on a combination
of wireframe and extensive multiple surface features. t provides a large set of tools
for creating and editing shape designs and, when combined with other products
such as CATIA Part Design, it meets the requirements of solid-based hybrid
modeling.

2.3.1 Tools

 Extrude surface

 Revolve

 Sphere

 Cylinder

 Sweep

 Fill

 Join

 Split

 Trim

 Boundary

Extrude Surface

This tool extrude surface from already created profile on perpendicular direction of
plane selected.

 Select the tool

 Select profile and plane extrusion

 Now give limits that is length of extrusion in both sides

 Select ok to implement the work

Revolve

This tool is used to create circular surface.

 Draw a open sketch with a axis line

 Select revolve tool
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 Select profile to be revolved

 Select axis line if it is not in sketch

 Define start angle and end angle

 Select OK to implement

Sphere

 Select sphere tool

 Select center point

 Remain sphere and default

 Define the radius of sphere

 Select the sphere limitations

 Select OK to implement

Cylinder

Draw Cylinder through specify point and direction

 Create a point on a plane

 Select cylinder tool

 Specify center point

 Select plane for direction

 Specify radius

 Specify length1 and length 2

 Chose minor extent or Reverse

 Direction When required

 Select OK

Sweep

This the most important tool used in surface design. we can use this tool for
generating any type of surface that may be straight or it may be twisted or curvilinear
form.

Types of sweep
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 Explicit sweep

 Linear sweep

 Circle sweep

 Conical sweep

Fill

Fill command is used to crate surface between some intersecting curves but it must
be closed.

 Select tool

 Select curves

 Choose continuity

 Press OK

Join

 The Join tool is used to join two adjacent surfaces or two adjacent curves.

 Choose Join button from the Operation toolbar

 The Join Definition dialog box is displayed

 You are prompted to select the elements (curves or surfaces) to be joined

 Select the elements that you need to join

 Remember that there should not be a large gap between the entities to be
joined.

 Choose the OK button from the Joint Definition dialog box to complete the
join operation

 The surfaces or curves that are joined together will behave as a single entity

Split

Split This tool will split the surface about any curve and the selected surface.

 Select split tool

 Split dialog box will open

 Select a surface to split
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 Select a curve at surface as a cutting element.

 The resulting surface will ready to preview for you.

 Select other side to change side of split

 Select OK

Trim

The Trim tool allows you to trim two intersecting surfaces or curves with respect to
each other

 When you choose this tool, the Trim Definition dialog box will be displayed

 Choose a surface as the first element and the other surface as the second
element.

 One side of each surface will be displayed as transparent.

 You can choose the other side button to reverse the sides of surfaces to be
trimmed. Figure shows the surface Trimmed using the Trim tool.

 Figure shows the trimmed surface when the other side buttons are selected
for both

 Surfaces from the Trim Definition dialog box.

Boundary

Boundary tool will defines the boundary of a surface according to you. This will
useful if want to use semi boundary of any sketch for our next operation

 Create surface as shown figure

 A dialog box open

 Select surface whose boundary need to redefine

 Select limits for new boundary

 These limits must cross that existing surface at any point and the selected
limit sketch will not overlap with surface

 Ok for implementation

2.3.2 Procedure

 Open 3D Experience
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 Click on 3D icon at the top left corner

 Select generative shape design

 Click on sketcher

 Select the plane to draw the profile

 Draw the profile

 Extrude the surface of the profile

 By using offset planes draw remaining profile and extrude the surfaces

 Fill the closed curves according to requirement

 Join all the surfaces by using join command

 Trim the extra projections by using trim command

 After joining all the surfaces inn single surface fillets are made

Components designed by using generative shape design:
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2.4 Assembly Design

Assembly modeling is the process of creating designs that consist of two or more
Component. Assembled together at their respective work positions. The components are
brought together and assembled in Assembly Design workbench by applying suitable
parametric assembly constraint to them. The assembly constraints allow you to restrict
the degrees of freedom of components on their respective work positions. The assembly
files in CATIA are called Product files

.

2.4.1 Product Structure Tools

Inserting a existing part

This tool inserts a part which is already created and saved into .CATPART file. This insets
the part in non position mode.

Insert a new part

This toll gives us a way to create a new component in the assembly workbench.

Insert new product
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This tool is used for inserting another product in the same assembly file. This is used
where assembly are there in the same product.

Replacing a Component

If you places wrong component in assembly then use this tool for replacing it by a correct
one.

 Select a component to replace

 now select replace component tool

 The window will open which contains CATPART files

 Select new part

 Select OK for Implementation.

Multi Instantiation

This is a tool which can create multiple copies of an inserted part without inserting it
again and again. It can set them at specified direction and distance from its parent part.

2.4.2 Move Tools

Manipulation

Manipulation tool is a small subgroup of tools used for moving a component inside the
assembly design workbench. This tool includes the tools used to rotate, translate, and
move tools.

Manipulation tool consists of

 Drag along X-axis

 Drag along Y-axis

 Drag along Z-axis

 Drag along any axis

 Drag along XY Plane
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 Drag along YZ Plane

 Drag along ZX Plane

 Drag along any Plane

 Drag around X-axis

 Drag around Y-axis

 Drag around Z-axis

 Drag around any axis

Snap Tool

The snap tool is used to move the component by snapping the geometric element of the
first component on selection of the geometric elements. The element selected first will
move to snap the second element.

Explode

Explode is command which will breaks your assembly or subassembly and will show you
all its -components individually.

2.4.3 Constraints

Coincidence Constraint

This constraint will make coincidence the centre lines of two cylindrical components

Contact constraint

This constraint will connect surfaces of components. The connected components have
no space between these two surfaces.

Offset constraint

Surface constraint will create zero gap between two surfaces but if it is desired to make
some distance then offset tool is used.
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Angle constraint

This tool I used for placing two components at an angle.

Fix together

This is a constraint which fixes two components together. If you want to perform any
manipulation operation or you are assigning any constraint on any of these components it
will automatically applies on other because they both are fixed together.
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2.4.4 Procedure

 Open 3D Experience

 Click on 3D icon at the top left corner

 Select assembly design

 Import all the parts required for the assembly.

 Click on insert existing part

 Click on physical product at the top of the tree located at top left corner.

 Select all the parts and import them to the assembly window.

 Perform the manipulate operations to move the parts and place them in
sequence.

 Fix one part as the reference and assembling should be carried.

 Give coincidence constraint to the parts.

 Then give contact constraint to the parts to complete assembly

Assembly of screw jack:
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CHAPTER -3

SIMULIA

3.1 Introduction

SIMULIA is a complete suite of powerful and realistic solutions that enable users
to explore the real-world behavior of product, nature, and life. Simulia makes
virtual testing a standard business practice that improves the product
performance, reduces physical prototypes and innovation .It allows the
simulation of the designed model by various input parameters.

Workbenches in Simulia

MATERIAL DEFINITION

STRUCTURAL MODEL

STRUCTURAL SCENARIO
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3.2 Simulia Procedure:

Material definition

Open 3d experience software

Design a component using part design

Then for simulation click on V.R

Select material definition.

After opening material definition create a material and name it as steel.

In top left corner of the window a tree related to the material is appeared. It
contains Material appearance domain and Material simulation domain.

Click on material simulation domain and add required properties of the material like
density, Youngs modulus, poison ratio etc.
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 Go to part body created before.

 Click on pick material option in the tool bar located at bottom

 Go to material editor tab and click on steel and the click on product to apply
the material.

Structural model

 Go to V.R and click on structural model.

 Click on finite element methods option which is appeared on the tree.

 Click on nodes and elements then toolbar bar is appeared at the bottom.

 Click on mesh icon and select the mesh type.

 Give mesh size and then apply the mesh by selecting the body.
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 Click on finite element methods.

 Click on properties and select solid section.

Structural scenario

 Go to V.R and click structural scenario and select simulation type.

 Click on setup from the toolbar located at the bottom and click on finite
element model appeared in the dialogue box
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 Click on procedure and choose the type of procedure.

 Click on restraints and choose type of support.
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 Click on loads and apply the loads required.

 Click on simulate and the click on simulation checks.
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 Simulation status is appeared.

 Finally click on simulate and note down the results.
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CHAPTER-4

DELMIA

4.1 Introduction

DELMIA-Digital Enterprise Lean Manufacturing Interactive Application is powered by
the 3DEXPERIENCE platform.

DELMIA Digital Manufacturing drives manufacturing innovation and efficiency by
planning, simulating, and modeling global production processes. DELMIA allows
manufacturers to virtually experience their entire factory production from the impact
of design to determining how to meet global demand. These simulation activities
allow manufacturers to better address and shift processes so as to quickly respond
to the competition, or to take advantage of new market opportunities.

DELMIA Digital Manufacturing capabilities extend visualization beyond the product
into manufacturing—providing the ability to simulate manufacturing processes
before the physical plant or production line even exists. By proving out plant level
considerations such as manufacturing approaches and material flow in the early
stages of product development, the product concept can be analyzed to determine
the best approach to make the product.

Workbenches in Delmia

 Manufacturing Item Definition

 Process Planning

 Equipment Allocation

 Assembly Evaluation

 Time Motion and Study

4.2 Delmia Procedure:

Importing product

 Open 3d experience.

 Click on import and import the product which is in .3dxml format.

 Right click on product from the tree.

 Then click on open with and select open with advanced.
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 Click on expanded with all representative children.

Manufacturing item definition

 Go to V.R click on manufacturing item definition

 Right click on manufacturing item definition window and the click on product
A1.

 Click on manufacturing assembly and create manufacturing item product
scope and click on product.

 Click on Authoring from toolbar at bottom and click on Create / Update
manufacturing.

 Insert required number of manufacturing assemblies and spilt the product in to
different components by using assignment manager.
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Process planning

 Go to V.R click on process planning.

 Click on general system.

 Click on manage scope and create scope.

 Insert no. of general systems as per requirement.

 Insert general operations and loading operations in the general systems.

 Select the components from the tree and place them in them general
operations and loading operations according to the assembling order.

Click on product flow from the tool bar and create flow between the general
operation and loading operation in the general system and also create flow
between the general systems.
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Equipment allocation

 Go to V.R click on Equipment allocation

 Right click on PPR context from the tree then click on insert resource, click on
manufacturing cell, click on main layout , click on create stations

 Create 4 stations each station must have one conveyor and one storage.

 For creating storage and conveyor click on station, click on insert resource.

 Import station with conveyor file of .3dxml format.

 Copy the imported file and open equipment allocation tab and paste it in main
layout.

 From the imported file copy storage and conveyor and paste them in the
stations created before.

 Click on create scope and create scope between main layout and general
system.

 Click on station, click on assignment manager and export general system
operation to the station.

 Define part position and place on conveyors.
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Assembly Evaluation

 Go to V.R click on Assembly Evaluation.

 Click on General system and Right click on Loading operation and then
Create Track.

 Copy the Current track to the other operations.

 Click Live Simulate on toolbar located at bottom.

CONCLUSION
From this internship I have learnt

 Modelling of solid parts by using Catia part design.
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 Creating complex shapes and surfaces by using Generative shape design.

 Assembling of parts to form a assembled component.

 Meshing and simulating structural components with different
supports and loads by using Simulia.

 Basic concepts and procedure of Delmia.
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ABOUT THE ORGANISATION 

 

National Small Industries Corporation (NSIC), is an ISO 9001-2015 

certified Government of India Enterprise under Ministry of Micro, Small and 

Medium Enterprises (MSME). NSIC has been working to promote, aid and 

foster the growth of micro, small and medium enterprises in the country. 

NSIC operates through countrywide network of offices and Technical 

Centers in the Country.In addition, NSIC has set up Training cum Incubation 

Centre managed by professional manpower. 

Mission: “To promote and support Micro, Small & Medium Enterprises 
(MSMEs) Sector” by providing integrated support services encompassing 

Marketing, Technology, Finance and other services. 

Vision: “To be a premier Organization fostering the growth of Micro, Small 
and Medium Enterprises (MSMEs) Sector”. 

Schemes of NSIC: 

NSIC facilitates Micro, Small and Medium Enterprises with a set of 

specially tailored scheme to enhance their competitiveness. NSIC provides 

integrated support services under Marketing, Technology, Finance and other 

Support service. 

Technology Support: 

Technology is the key to enhancing a company's competitive advantage in 

today's dynamic information age. Small enterprises need to develop and 

implement a technology strategy in addition to financial, marketing and 

operational strategies and adopt the one that helps integrate their operations 

with their environment, customers and suppliers. 

NSIC offers small enterprises the following support services through its 

Technical Services Centers and Extension Centers: 

1. Advise on application of new techniques. 
2. Material testing facilities through accredited laboratories. 
3. Product design including CAD. 
4. Common facility support in machining, EDM, CNC, etc. 
5. Energy and environment services at selected centers. 
6. Classroom and practical training for skill upgradation. 
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NSIC Technical Services Centers are located at the following places: 

Name of the Centre Focus area 

Chennai Leather &Footware 

Howrah General Engineering 

Hyderabad Electronics & Computer Application 

New Delhi Machine Tools & related activities 

Rajkot Energy Audit & Energy Conservation activity 

Rajpura (Pb) Domestic Electrical Appliances 

Aligarh (UP) Lock Cluster & Die and Tool making 

Neemka (Haryana) Machine Tools & related activities 
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INTRODUCTION 

 

 

Energy requirement for refrigeration and air conditioning applications 

bears a huge share of total energy consumption around the world. Since,  

thermal  comfort  plays  a  very  important  role  on  the  health,  working 

efficiency and activities of all living beings, especially, temperature and 

humidity. In the excessively hot climates it is necessary to reduce the 

temperature and humidity whereas in the cold climate there is a need to 

increase the temperature. When the temperature drops below thermal 

comfort level, especially in the winter season,  The  heating  systems  are  

employed.  In some countries,  where  the atmospheric temperature is very 

low, natural heating like solar energy is not sufficient, the heat pump and 

fuel fired systems are proven to be suitable heating devices.  In  hot  

climates,  thermal  comfort  achieved  through  the  use  of  refrigerators and 

air conditioning systems. 

Refrigeration: 

The term “Refrigeration” may be defined as the process of removing heat 
from a substance under controlled conditions. It also includes the process of 

reducing and maintaining the temperature of a body below the general 

temperature of its surroundings. 

In other words, the refrigeration means a continued extraction of heat from a 

body whose temperature is already below temperature of its surroundings. In 

a refrigerator, heat is virtually pumped from a lower temperature to a higher 

temperature.  

Applications of Refrigeration: 

1. Food processing preservation and distribution. 
2. Chemical and process industries. 
3. Special applications such as cold treatment of metals, medical, 

construction, ice skating etc. 
4. Comfort air conditioning.    
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Air Conditioning: 

                              “Air conditioning” is the process of removing heat and 

moisture from the interior of an occupied space to improve the comfort of 

occupants. Air conditioning can be used in both domestic and commercial 

environments. 

Air conditioners often use a fan to distribute the conditioned air to an 

occupied space such as a building or a car to improve thermal 

comfort and indoor air quality. Electric refrigerant-based AC units range 

from small units that can cool a small bedroom, which can be carried by a 

single adult, to massive units installed on the roof of office towers that can 

cool an entire building. The cooling is typically achieved through 

a refrigeration cycle, but sometimes evaporation or free cooling is used. Air 

conditioning systems can also be made based on desiccants (chemicals 

which remove moisture from the air). Some AC systems reject or store heat 

in subterranean pipes. 

 

Welding: 

 

     Weldingis a fabrication process that joins materials, usually metals 

or thermoplastics by causing fusion, which is distinct from lower 

temperature metal-joining  techniques such  as brazing and soldering,  which  

do  not melt the base metal. In addition to melting the base metal, a filler 

material is typically added to the joint to form a pool of molten material (the 

weld pool) that cools to form a joint that, based on weld configuration (butt, 

full penetration, fillet, etc.), can be stronger than the base material (parent 

metal). Pressure may also be used in conjunction with heat, or by itself, to  

produce a  weld.  Welding also requires a form of shield to protect the filler 

metals or melted metals from being contaminated or oxidized. 

Although  less  common,  there  are  also  solid  state  welding  

processes  such as friction welding in which the base metal does not melt.
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REFRIGERATION AND AIR CONDITIONIG 

 

In air refrigeration , the air is used as a refrigerant. In olden days , air was 

widely used in commercial applications because of its availability at free of 

cost.Since air does not change its phase i.e. remains gaseous throughout the 

cycle, therefore the heat carrying capacity per kg of air is very small as 

compared to vapour absorbing systems.The air-cycle refrigeration systems, as 

originally designed and installed, are now practically obsolete because of their 

low coefficient of performance and high power requirements; however, this 

system continues to be favoured for air refrigeration because of the low weight 

and volume of theequipment. 

Refrigeration essentially means continued abstraction of heat from a 

substance (perishable foods, drinks and medicines etc.) at low temperature level 

and then transfers this heat to another system at high potential of temperature. 

The basic elements of an air cycle refrigeration system are as follows: 

Compressor 

Cooler or heatexchanger 

Expander 

Refrigerator 

Air-Conditioning 

The air conditioning is that branch of engineering science which deals 

with the freezingpointofwater. 

They conducted their experiment with the bulb of a mercury thermometer as 

their object and with a bellows used to speed up the evaporation.They lowered 

the study of conditioning of air i.e. supplying and maintaining desirable internal 

atmospheric condition for human comfort, irrespective of external condition. 

This subject, in its broad sense, also deals with the conditioning of air for 

industrial purpose, food processing, storage of food and other materials. 

Air conditioning refers to the simultaneous control of temperature, humidity, 

cleanliness and air motion within a confined region or space. 
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The basic elements of an Air- Conditioning system are as follows: 

1. Circulation fan 

2. Compressor 

3. Condenser 

4. Dryer 

5. Evaporator 

6. Supply Duct 

7. Supply outlet 

8. Return outlet 

9. Filters 

Modern air conditioning emerged from advances in chemistry during the 19th 

century, and the first large- scale electrical air conditioning was invented and 

used in 1902 by American inventor Willis Carrier. The introduction of 

residential air conditioning in the 1920s helped enable the great migration to the 

sun belt in the United States. 

In 1758, Benjamin Franklin and John Hadley, a chemistry professor at 

Cambridge University, conducted an experiment to explore the principle of 

evaporation as a means to rapidly cool an object. Franklin and Hadley 

confirmed that evaporation of highly volatile liquids (such as alcohol and ether) 

could be used to drive down the temperature of an object past the temperature of 

the thermometer bulb down to −14 °C (7 °F) while the ambient temperature was 
18 °C (64 °F). Franklin noted that, soon after they passed the freezing point of 

water 0 °C (32 °F), a thin film of ice formed on the surface of the thermometer's 

bulb and that the ice mass was about 6 mm (1⁄4 in) thick when they stopped the 

experiment upon reaching −14 °C (7 °F). Franklin concluded: "From this 
experiment one may see the possibility of freezing a man to death on a warm 

summer's day. 

A simple vapor compression refrigeration system consists of the following 

equipments: i) Compressor ii) Condenser iii) Expansion valve iv) Evaporator. 
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Fig:2.1. Typical single- stage vapour compression referigeration. 

 

The schematic diagram of the arrangement is as shown in Fig.2.1. The low 
temperature, low pressure vapor at state B is compressed by a compressor to 
high temperature and pressure vapor at state C. This vapor is condensed 
intohigh pressure vapor at state D in the condenser and then passes through the 
expansion valve. Here, the vapor is throttled down to a low pressure liquid and 
passed on to an evaporator, where it absorbs heat from the surroundings from 
the circulating fluid (being refrigerated) and vaporizes into low pressure vapour 
at state B. The cycle then repeats. The exchange of energy is as follows: 

a) Compressor requires work, δw. The work is supplied to the system from 
the surroundings. 

b) During condensation, heat δQ1 the equivalent of latent heat of 

condensation etc, is lost from the refrigerator. 

c) During evaporation, heat δQ2 equivalent to latent heat of vaporization is 
absorbed by the refrigerant. 

d) There is no exchange of heat during throttling process through the 

expansion valve as this process occurs at constant enthalpy. 
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Figureshows a simple vapor compression refrigeration cycle on T- s diagram 
for different compression processes. The cycle works between temperatures 
T1 and T2 representing the condenser and evaporator temperatures 
respectively. 

The various process of the cycleare as given below: 
 

i) Process 2-3: Isentropic compression of the vapor from state 2 to 3. If 

vapor state is saturated or superheated, the compression is called dry 

compression. If initial state is wet the compression is called wet 

compression. 

ii) Process 3-4: Heat rejection in condenser at constant pressure. 

iii) Process 4-1: An irreversible adiabatic expansion of vapor through the 

expansion value. The pressure and temperature of the liquid are 

reduced. The process is accompanied by partial evaporation of some 

liquid.  

iv) Process 1-2: Heat absorption in evaporator at constant pressure. The 

final state depends on the quantity of heat absorbed and same may be 

wet, dry or superheated. 

Thermodynamic properties of Refrigerant: 

1. Boiling point   : It should be low. 

2. Thermal conductivity : It should be high 

3. Specificheat   : It should be low 

4. Freezing point  : It should be low. 

5. Toxicity   : It should be low 
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6. Evaporative pressure : It should be high. 

7. Condensation pressure : It should be low. 

8. Latent heat   : It should be high. 

9. CPO    : It should be high. 

 

REFRIGERENT: 

1) It is heat carrying medium. 

2) It carries heat from low temperature to high temperature system. 

3) Liquid + vapour mixture. 

 

Selection of Refrigerant: 

1) Performance: High efficiency,Low cost. 

2) Safety: Non toxic. 

3) Environmental impact: It should be low. 

 

Types of Refrigerants: 

 

1) Chlorofluorocarbons(CFC)  :R11,R22,R114,R113. 

2) Hydrocholrofluorocarbons(HCFC) :R22. 

3) Hydrofluorcarbons(HFC)             :R410a,R407,R1234yf,R134a. 

4) Hydrocarbons(HC)              :R600a. 
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Comparison of Air-Conditioners: 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Non-Inverter Inverter 

On/Off type Continuous on 

Current consumption high Low power consumption 

Fixed frequency(50HZ) Variable frequency 

Outdoor unit starts (ODU) after 
3mins 

Indoor unit and outdoor unit starts at a same 
time 

Constant speed Variable speed 

It takes more time to reach set 
temperature 

It takes less time 

Capacitors required for starting 
purpose 

No capacitors required 

PCBs are placed in IDU PCBs are placed in IDU AND ODU 

R22 Refrigerant is used R4100 Refrigerant is used 

Suction pressure(60- 80psig) Suction pressure(120- 150psig) 

Discharge pressure(270- 290psig) Discharge pressure(440- 480psig) 
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Types of refrigerators: 

 

   1.Single door refrigerator. 

2.Double door refrigerator. 
 

Difference between single and double door refrigerator: 
 

Single door Double door 

Single door is also called as 

direct cool refrigerator. 

Double door refrigerator is also 

called as freezer. 

Plate and tube evaporator coil. Tube and fine evaporator coil. 

Cooling temperature 

is up to - 

18degrees.c 

Cooling temperature 

is up to - 24degrees.c 

 
Psychrometry process: 

1. Sensible cooling. 

2. Sensible heating. 

3. Humidification. 

4. Dehumidification. 

5. Cooling and dehumidification.  

6. Heating and humidification. 

Servicing of Air conditioners: 

• The main purpose of servicing ac is to increase the cooling effect, 

which is decreased mainly due to 

       1.Dust Formation 

       2.Compressor Working 

       3.Reduction in refrigerant pressure 
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Dust Removal: 

• Replacing or cleaning air conditioner filters is a critical maintenance 

task. An air conditioner's filters, coils, and fins require regular 

maintenance for the unit to function effectively and efficiently. 

 

 

 

 

 

 

Compressor Checking: 

 By checking the capacitor. 

 By checking C-R-S terminals. 

 

Capacitor Checking: 

       Check the capacitor terminals with the help of multimeter,if it shows 

continuity then we will go for checking of C-R-S terminals or else we will 

change capacitor. 
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Checking C-R-S terminals: 

   1.C-S terminal:                                          

 

   2.C-R terminal:                                         

 

   3.R-S terminal:                                         

Refrigerant charging Procedure: 

• Close the valves on low/high pressure sides of the manifold. 

• Install the low/high pressure hoses to the corresponding service ports 

on the vehicle respectively 

• Connect the center hose of the manifold gauge set with vacuum pump.  

• Carefully open the valves on low/high pressure sides to activate the 

vacuum pump. 

• After low pressure gauge reaches 100 k.pa or higher, evacuate the 

system for approx. 15 minutes. 

• After 15 min of evacuation if the reading shows 100 k.pa or higher 

close the valves on the both sides to stop the vacuum pump. 
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•  After that check leaks if there are no leaks then charge with required 

refrigerant. 

WELDING 

Welding is a fabrication process that joins materials, usually metals or 
thermoplastics, by causing fusion, which is distinct from lower temperature metal-
joining techniques such as brazing and soldering, which do not melt the base 
metal. In addition to melting the basemetal, a filler material is typically added to 
the joint to form a pool of molten material (the weld pool) that coolest form a 
joint that, based on weld configuration (butt, full penetration, fillet, etc.), can be 
stronger than the base material (parent metal). Pressure may also be used in 
conjunction with heat, or by itself, to produce a weld. Welding also requires a form 
of shield to protect the filler metals or melted metals from being contaminated 
or oxidized. 
 
Methods of Welding: 

Some of the best known welding methods include: 
 

 Oxy-fuel welding–also known as oxyacetylene welding or oxy-welding, 
uses fuel gases and oxy gento weld and cut metal. 

 
 
 
 
 
 
 
 
 
 

 
 
 

fig: 3.1 Oxy- Fuel Welding 
 

 Shielded metal arc welding (SMAW)– also known as "stick welding" 
or "electricwelding", uses an electrode that is coated in flux to protect the 
weld puddle.The electrode holder holds the electrode as it slowly melts 
away. Slag protects the weld puddle from atmospheric contamination. 
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Fig: 3.2 Shielded Metal ArcWelding 
 

 Gastungstenarcwelding(GTAW)–also known as TIG (tungsten, inert 
gas), uses a non- consumable tungsten electrode to produce the weld. The 
weld area is protected from atmospheric contamination by an inert 
shielding gas such as argon or helium. 
 

 
Fig. 3.3 Gas TungstenArc Welding 

 

 Gas metal arc welding (GMAW)–
commonly termed MIG (metal inert 
gas),uses a wire feeding gun that 
feeds wire at an adjustable speed and 

flows an argon-based shielding gas 

or a mix of argon and carbon dioxide 
(CO2) over the weld puddle to 
protect it from atmospheric 
contamination. 
                                                                                                    Fig. 3.4 Gas 

metal arc welding 
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 Submergedarcwelding(SAW)–uses an automatically fed consumable 

electrode and a blanket of granular fusible flux.The molten weld and the arc 
zone are-protected from atmospheric contamination by being "submerged" 
under the flux blanket. 

 

 
Fig. 3.5 Submerged Arc Welding 

 Electroslagwelding(ESW)–a highly productive, single pass welding 

process for thicker materials between1inch(25mm)and12inches(300mm) 

in a verticalor close to vertical position. 

 
 
 

Fig. 3.6 Electroslag Welding 
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Electric resistance welding (ERW)–a welding process that produces 

coalescence of laying surfaces where heat to form the weld is generated by the 

electrical resistance of the material. In general, it is an efficient method but limited 

to relatively thin material. 

 
Fig. 3.7 Electric resistance welding 

 
 
 

Classification of WeldingProcesses: 

Welding processes can be classified based on following criteria; 
 

1. Weldingwithorwithoutfillermaterial. 

2. Source of energy ofwelding. 

3. Arc and Non- arcwelding. 

4. Fusion and Pressurewelding. 
 

1. Welding can be carried out with or without the application of filler 

material. Earlier only gas welding was the fusion process in which 

joining could be achieved with or without filler material. When welding 

was done without filler material it was called ‘autogenous welding'. 

However, with the development of TIG, electron be a many other welding 

processes such classification created confusion as many processes shall 

be falling in both the categories. 

2. Various sources of energies are used such as chemical, electrical, light, 

sound, mechanical energies, but except for chemical energy all other forms 

of energies are generated from electrical energy for welding. So this 

criterion does not justify proper 
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es classification embraces all the arc welding processes in one class and 

all other processes in other class. In such classification it is difficult to 

assign either of the class to processes such as 

electroslagweldingandflashbuttwelding,asinelectroslagweldingtheprocess 

starts with arcing and with the melting of sufficient flux the arc 

extinguishes 

whileinflashbuttweldingtinyarcsi.e.sparksareestablishedduringtheprocess 

and then components are pressed against each other. Therefore, such 

classification is also notperfect. 

3. Fusionwelding and pressure welding is most widely used 
classification as it covers all processes in both the categories 
irrespective of heat source and 
weldingwithorwithoutfillermaterial.Infusionweldingallthoseprocesses
are 
includedwheremoltenmetalsolidifiesfreelywhileinpressureweldingmo
lten 
metalifanyisretainedinconfinedspaceunderpressure(asmaybeincaseof 
resistance spot welding or arc stud welding) solidifies under pressure 
or semisolid metal cools underpressure. 
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Fig. Classification of Welding Process 

 

 

 
 

Fig. Classification of Pressurized welding 
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WELDING INSPECTION (NDT) 

4.1 Non- Destructive Testing: 

Non destructive testing or non-destructive testing(NDT) is a wide group 
of analysis techniques used in science and technology industry to evaluate the 
properties of a material, component or system without causing damage The 
terms non destructive examination (NDE), non destructive inspection(NDI), and 
non destructive evaluation (NDE) are also commonly used to describe this 
technology. 

Since NDT does not permanently alter the characteristics of article being 
inspected, it is a highly valuable technique that can save both money and time in 
product evaluation, trouble shooting, and research. 

The six most frequently used NDT methods are: 

 

4.2 Types of NDT: 

1. Visual inspection. 
2. Penetrant testing. 
3. Magnetic particle inspection testing. 
4. Ultrasonic testing. 
5. Radiography testing. 
6. Eddy current testing. 
7. Leak test. 
8. Thermography. 
9. Vibrational analysis 

 
4.3 Selection of NDT: 

 
Magnetic particle Inspection (MPI):It is a non-destructivetesting(NDT) 

process for detecting surface and shallow subsurface discontinuities in 

ferromagnetic materials such as iron, nickel, cobalt, and some of their alloys.The 

process puts a magnetic field in to the part.The piece can be magnetized by 

director indirect magnetization. 

Direct magnetization occurs when the electric current is passed through the test 

object and a magnetic field is formed in the material. Indirect magnetization 

occurs when no electric current is passed through the test object, but a magnetic 

field is applied from an outside source. The magnetic lines of force are 

perpendicular to the direction of the electric current, which may be either 

alternating current (AC) or some form of direct current (DC) (rectified AC). 
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The presence of a surface or subsurface discontinuity in the material allows the 

magnetic flux to leak, since air cannot support as much magnetic field per unit 

volume as metals. 

 

 

 Fig 4.1 Magnetic particle inspection 

Liquid Penetration method: 

 
 Visible dye penetrant is a NDT (Non Destructive Testing) method. It is a 
simple test to perform, and a good way to test welds before carrying out more 
expensive techniques like x- raytesting. 
 It will show up bad cold lap, cracks, holes...basically any defects where a 
very fined can penetrate, hence the name. It can be used for various things, not 
just weld testing. It can be used to test the presence of a crack in a cylinder head 
for example. 
 The simple kits come in 3 parts, usually in aerosolcans. Namely, a cleaner, 
a penetrant, and a developer. There are four types of dye penetrant system: 

 Water washable            : the dyes wash away withwater. 
 Lipophilic            : the dye dissolves in oil forremoval. 
 Hydrophilic  : The dye washes away with a                  

water rinse, but detergents are necessary. 
 Solvent removable : the dye is removed with a cleaning 

solvent. 
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There are five levels of testing, from Level ½ (Lowest sensitivity) to Level4 
(Highest Sensitivity). Operatives carrying out this testing should be qualified to 
do so, and reports, sometimes with photographic evidence, might be requested. 

Step 1 - Precleaning 

First any loose material needs to be removed, together with any silica on top 
of the weld. It is important to remove the silica, or you can get false results. A 
good scrape and wire brush sorts this out in mostcases.  
Then apply some of the cleaner to remove any oil etc.Wait for the cleaner to 

dry completely before applying penetrant. 

 
 

                                              Fig. 4.2 Pre cleaning 

 

Step 2 - Penetrant 

Once cleaned, apply the penetrant (a bright red liquid 
dye). Spray plenty on the welds. 
Leave the dye to penetrate, normally for about 20 
minutes. The time scale is usually printed on the can 
or on the product data sheet. The photographs show 
a solvent removable system. 

 
 

Fig. 4.3 Application of Penetrant 
Step 3 - Postcleaning 

Cleaning again. You need to 

remove excess dye from the area, 

which is easier said than done.It 

is important not to spray the 

cleaner on the area directly, or you 

risk washing the dye from the 

flaw.Use a dry tissue to remove 

excess dye, then spray cleaner 

onto a clean cloth for final 

cleaning. 
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Ultrasonic Testing(UT):       
Ultrasonic testing (UT) is a family of non- destructive testing techniques 

based on the propagation of ultrasonic waves in the object or material tested. 
In most common UT applications, very short ultrasonicpulse-waves with 
center frequencies ranging from 0.1-15 MHz, and occasionally up to 50MHz, 
are transmitted into materials to detect internal flaws or to characterize 
materials.A common example is ultrasonic thickness measurement, which 
tests the thickness of the test object, for example, to monitor pipe workc 
orrosion. 
 Ultrasonic testing is often performed on steel and other metals and alloys, 
though it can also be used on concrete, wood and composites, al be it with less 
resolution. It is used in many industries including steel and aluminium 
construction, metallurgy, manufacturing, aerospace, automotive and other 
transportation sectors. 
Step 2: Instrument settings are input. 
Step3:The probeis scanned over the blade root. In this case, an indication(peak 
in the data) through the red line(or gate)indicates a good blade;an indication 
to the left of that range indicates a crack. 

 
 

 

 

Fig: 4.5 Ultrasonic Testing 

 

Principle: A probe sends a sound wave into a test material. There  are two 

indications, one from the initial pulse of the probe, and these cond due to the back 

wall echo. RIGHT: A defect creates a third indication and simultaneously 

reduces the amplitude of the back wall indication. The depth of the defect is 

determined by the ratio D/Ep. 
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FIG 4.7 Projectional Radiography 

 

Radiography: 

 
Radiography is an imaging technique using X-rays to view the internal 

form of an object. To create the image, a beam of X-rays, a form of 

electromagnetic radiation, are produced by an X- ray generator and are 

projected toward the object. A certain amount of X-ray is absorbed by the 

object, dependent on its density and structural composition. The X-rays that 

pass through the object are captured behind the object by a detector (either 

photographic film or a digital detector). The generation of flat two 

dimensional images by this technique is called projectional radiography. In 

Computed tomography (CT scanning) an x ray source and its associated 

detectors rotate around the subject which itself moves through the conical x 

ray beam produced. Any given point within the subject is crossed from many 

directions by many different beams at different times. 

Information regarding attenuation of these beams is collated and 

subjected to computation to generate two dimensional images in three planes 

(axial, coronal and sagittal) which can be further processed to produce a three 

dimensional image. 
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Conclusions 

 

In this internship programme, I have learnt about 

 Trouble shooting of different parts of refrigerator and air conditioner. 

 Different metal joining processes and their applications, with hands on 

experience. 

 Different non-destructive techniques – their principles and 

implementation with hands on experience. 
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ABOUT THE ORGANISATION 

 

National Small Industries Corporation (NSIC), is an ISO 9001-2015 certified 

Government of India Enterprise under Ministry of Micro, Small and Medium 

Enterprises (MSME). NSIC has been working to promote, aid and foster the 

growth of micro, small and medium enterprises in the country. NSIC operates 

through countrywide network of offices and Technical Centers in the 

Country.In addition, NSIC has set up Training cum Incubation Centre 

managed by professional manpower. 

 

Mission: “To promote and support Micro, Small & Medium Enterprises 
(MSMEs) Sector” by providing integrated support services encompassing 

Marketing, Technology, Finance and other services. 

Vision: “To be a premier Organization fostering the growth of Micro, Small 
and Medium Enterprises (MSMEs) Sector”. 

 

Schemes of NSIC: 

 

NSIC facilitates Micro, Small and Medium Enterprises with a set of specially 

tailored scheme to enhance their competitiveness. NSIC provides integrated 

support services under Marketing, Technology, Finance and other Support 

service. 

Technology Support: 

Technology is the key to enhancing a company's competitive advantage in 

today's dynamic information age. Small enterprises need to develop and 

implement a technology strategy in addition to financial, marketing and 

operational strategies and adopt the one that helps integrate their operations 

with their environment, customers and suppliers. 

NSIC offers small enterprises the following support services through its 

Technical Services Centers and Extension Centers: 
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1. Advise on application of new techniques. 
2. Material testing facilities through accredited laboratories. 
3. Product design including CAD. 
4. Common facility support in machining, EDM, CNC, etc. 
5. Energy and environment services at selected centers. 
6. Classroom and practical training for skill upgradation. 

 

 

NSIC Technical Services Centers are located at the following places: 

Name of the Centre Focus area 

Chennai Leather & Footware 

Howrah General Engineering 

Hyderabad Electronics & Computer Application 

New Delhi Machine Tools & related activities 

Rajkot Energy Audit & Energy Conservation activiti 

Rajpura (Pb) Domestic Electrical Appliances 

Aligarh (UP) Lock Cluster & Die and Tool making 

Neemka (Haryana) Machine Tools & related activities 
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INTRODUCTION 

 

 

Energy requirement for refrigeration and air conditioning applications 

bears a huge share of total energy consumption around the world. Since,  

thermal  comfort  plays  a  very  important  role  on  the  health,  working 

efficiency and activities of all living beings, especially, temperature and 

humidity. In the excessively hot climates it is necessary to reduce the 

temperature and humidity whereas in the cold climate there is a need to 

increase the temperature. When the temperature drops below thermal comfort 

level, especially in the winter season,  The  heating  systems  are  employed.  

In some countries,  where  the atmospheric temperature is very low, natural 

heating like solar energy is not sufficient, the heat pump and fuel fired systems 

are proven to be suitable heating devices.  In  hot  climates,  thermal  comfort  

achieved  through  the  use  of  refrigerators and air conditioning systems. 

 

 

Refrigeration: 

The term “Refrigeration” may be defined as the process of removing heat from 
a substance under controlled conditions. It also includes the process of 

reducing and maintaining the temperature of a body below the general 

temperature of its surroundings. 

In other words, the refrigeration means a continued extraction of heat from a 

body whose temperature is already below temperature of its surroundings. In 

a refrigerator, heat is virtually pumped from a lower temperature to a higher 

temperature.  

Applications of Refrigeration: 

1. Food processing preservation and distribution. 
2. Chemical and process industries. 
3. Special applications such as cold treatment of metals, medical, 

construction, ice skating etc. 
4. Comfort air conditioning.    

 

Air Conditioning: 
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                              “Air conditioning” is the process of removing heat and 

moisture from the interior of an occupied space to improve the comfort of 

occupants. Air conditioning can be used in both domestic and commercial 

environments. 

Air conditioners often use a fan to distribute the conditioned air to an 

occupied space such as a building or a car to improve thermal 

comfort and indoor air quality. Electric refrigerant-based AC units range from 

small units that can cool a small bedroom, which can be carried by a single 

adult, to massive units installed on the roof of office towers that can cool an 

entire building. The cooling is typically achieved through a refrigeration cycle, 

but sometimes evaporation or free cooling is used. Air conditioning systems 

can also be made based on desiccants (chemicals which remove moisture from 

the air). Some AC systems reject or store heat in subterranean pipes. 

 

 

Welding: 

 

     Weldingis a fabrication process that joins materials, usually metals 

or thermoplastics by causing fusion, which is distinct from lower temperature 

metal-joining  techniques such  as brazing and soldering,  which  do  not melt 

the base metal. In addition to melting the base metal, a filler material is 

typically added to the joint to form a pool of molten material (the weld pool) 

that cools to form a joint that, based on weld configuration (butt, full 

penetration, fillet, etc.), can be stronger than the base material (parent metal). 

Pressure may also be used in conjunction with heat, or by itself, to  produce a  

weld.  Welding also requires a form of shield to protect the filler metals or 

melted metals from being contaminated or oxidized. 

Although  less  common,  there  are  also  solid  state  welding  processes  

such as friction welding in which the base metal does not melt.



5 

 

5 

 

REFRIGERATION AND AIR CONDITIONIG 

 

Inairrefrigeration,theairisusedasarefrigerant.Inoldendays,airwaswidely 

usedincommercialapplicationsbecauseofitsavailabilityatfreeofcost.Since 

airdoesnotchangeitsphasei.e.remainsgaseousthroughoutthecycle, therefore the 

heat carrying capacity per kg of air is very small as compared to 

vapourabsorbingsystems.Theair-cyclerefrigerationsystems,asoriginally 

designedandinstalled,arenowpracticallyobsoletebecauseoftheirlow 

coefficientofperformanceandhighpowerrequirements;however,thissystem 

continues to be favoured for air refrigeration because of the low weight and 

volume of theequipment. 

Refrigerationessentiallymeanscontinuedabstractionofheatfromasubstance 

(perishablefoods,drinksandmedicinesetc.)atlowtemperaturelevelandthen 

transfersthisheattoanothersystemathighpotentialoftemperature. 

Thebasicelementsofanaircyclerefrigerationsystemareasfollows: 

Compressor 

Cooler or heatexchanger 

Expander 

Refrigerator 

Air-Conditioning 

The air conditioning is that branch of engineering science which deals 

with the freezingpointofwater. 

Theyconductedtheirexperimentwiththebulbofamercurythermometerastheir 

objectandwithabellowsusedtospeeduptheevaporation.Theyloweredthe study of 

conditioning of air i.e. supplying and maintaining desirable internal atmospheric 

condition for human comfort, irrespective of external condition. This subject, in 

its broad sense, also deals with the conditioning of air for industrial purpose, food 

processing, storage of food and other materials. 

Air conditioning refers to the simultaneous control of temperature, humidity, 

cleanliness and air motion within a confined region or space. 

The basic elements of an Air- Conditioning system are as follows: 
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1. Circulation fan 

2. Compressor 

3. Condenser 

4. Dryer 

5. Evaporator 

6. Supply Duct 

7. Supply outlet 

8. Return outlet 

9. Filters 

Modern air conditioning emerged from advances in chemistry during the 19th 

century, and the first large- scale electrical air conditioning was invented and used 

in 1902 by American inventor Willis Carrier. The introduction of residential air 

conditioning in the 1920s helped enable the great migration to the sun belt in the 

United States. 

In 1758, Benjamin Franklin and John Hadley, a chemistry professor at 

Cambridge University, conducted an experiment to explore the principle of 

evaporation as a means to rapidly cool an object. Franklin and Hadley confirmed 

that evaporation of highly volatile liquids (such as alcohol and ether) could be 

used to drive down the temperature of an object past the temperature of the 

thermometer bulb down to −14 °C (7 °F) while the ambient temperature was 18 
°C (64 °F). Franklin noted that, soon after they passed the freezing point of water 

0 °C (32 °F), a thin film of ice formed on the surface of the thermometer's bulb 

and that the ice mass was about 6 mm (1⁄4 in) thick when they stopped the 

experiment upon reaching −14 °C (7 °F). Franklin concluded: "From this 
experiment one may see the possibility of freezing a man to death on a warm 

summer's day. 

A simple vapor compression refrigeration system consists of the following 
equipments: i) Compressor ii) Condenser iii) Expansion valve iv) Evaporator. 
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Fig:2.1. Typical single- stage vapour compression referigeration. 

 

The schematic diagram of the arrangement is as shown in Fig.2.1. The low 
temperature, low pressure vapor at state B is compressed by a compressor to high 
temperature and pressure vapor at state C. This vapor is condensed intohigh 
pressure vapor at state D in the condenser and then passes through the expansion 
valve. Here, the vapor is throttled down to a low pressure liquid and passed on to 
an evaporator, where it absorbs heat from the surroundings from the circulating 
fluid (being refrigerated) and vaporizes into low pressure vapour at state B. The 
cycle then repeats. The exchange of energy is as follows: 

a) Compressor requires work, δw. The work is supplied to the system from 
the surroundings. 

b) During condensation, heat δQ1 the equivalent of latent heat of 
condensation etc, is lost from the refrigerator. 

c) During evaporation, heat δQ2 equivalent to latent heat of vaporization is 
absorbed by the refrigerant. 

d) There is no exchange of heat during throttling process through the 

expansion valve as this process occurs at constant enthalpy. 
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Figureshows a simple vapor compression refrigeration cycle on T- s diagram 
for different compression processes. The cycle works between temperatures 
T1 and T2 representing the condenser and evaporator temperatures 
respectively. 

The various process of the cycle are as given below: 
 

i) Process 2-3: Isentropic compression of the vapor from state 2 to 3. If 

vapor state is saturated or superheated, the compression is called dry 

compression. If initial state is wet the compression is called wet 

compression. 

ii) Process 3-4: Heat rejection in condenser at constant pressure. 

iii) Process 4-1: An irreversible adiabatic expansion of vapor through the 

expansion value. The pressure and temperature of the liquid are 

reduced. The process is accompanied by partial evaporation of some 

liquid.  

iv) Process 1-2: Heat absorption in evaporator at constant pressure. The 

final state depends on the quantity of heat absorbed and same may be 

wet, dry or superheated. 

Thermodynamic properties of Refrigerant: 

1. Boiling point   : It should be low. 

2. Thermal conductivity  : it should be high 

3. Specificheat   : It should be low 

4. Freezing point   : it should be low. 

5. Toxicity   : it should be low 
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6. Evaporative pressure  : it should be high. 

7. Condensation pressure  : It should be low. 

8. Latent heat   : It should be high. 

9. CPO    : It should be high. 

 

REFRIGERENT: 

1) It is heat carrying medium. 

2) It carries heat from low temperature to high temperature system. 

3) Liquid + vapour mixture. 

 

Selection of Refrigerant: 

1) Performance: High efficiency,Low cost. 

2) Safety: Non toxic. 

3) Environmental impact: It should be low. 

 

Types of Refrigerants: 

1) Chlorofluorocarbons(CFC)  :R11,R22,R114,R113. 

2) Hydrocholrofluorocarbons(HCFC) :R22. 

3) Hydrofluorcarbons(HFC)  :R410a,R407,R1234yf,R134a. 

4) Hydrocarbons(HC)   :R600a. 

 

 

Comparison of Air-Conditioners: 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Types of refrigerators: 

Non-Inverter Inverter 

On/Off type Continuous on 

Current consumption high Low power consumption 

Fixed frequency(50HZ) Variable frequency 

Outdoor unit starts (ODU) after 
3mins 

Indoorunitandoutdoorunitsta
rtsata sametime 

Constant speed Variable speed 

Ittakesmoretime toreachset 
temperature 

It takes less time 
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1.Single doorrefrigerator. 

2.Double doorrefrigerator. 
 

Difference between single and double door refrigerator: 
 

Single door Double door 

Single door is also called as 

directcool refrigerator. 

Doubledoorrefrigeratorisalsocalled

as freezer. 

Plate and tube evaporator coil. Tube and fine evaporator coil. 

Cooling temperature 

is up to - 

18degrees.c 

Cooling temperature 

is up to - 24degrees.c 

 

Psychrometry process: 

1. Sensiblecooling. 

2. Sensibleheating. 

3. Humidification. 

4. Dehumidification. 

5. Coolinganddehumidification.  

6. Heatingandhumidification. 

Servicing of Air conditioners: 

• The main purpose of servicing ac is to increase the cooling effect, 

which is decreased mainly due to 

       1.Dust Formation 

       2.Compressor Working 

Capacitors required for starting 
purpose 

No capacitors required 

PCBs are placed in IDU 
PCBs are placed in IDU AND 
ODU 

R22 Refrigerant isused R4100 Refrigerant isused 

Suction pressure(60- 80psig) 
Suction pressure(120- 
150psig) 

Discharge pressure(270- 
290psig) 

Discharge pressure(440- 
480psig) 
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       3.Reduction in refrigerant pressure 

 

 

Dust Removal: 

• Replacing or cleaning air conditioner filters is a critical maintenance 

task. An air conditioner's filters, coils, and fins require regular 

maintenance for the unit to function effectively and efficiently. 

 

 

 

 

 

 

Compressor Checking: 

 By checking the capacitor. 

 By checking C-R-S terminals. 

 

Capacitor Checking: 
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       Check the capacitor terminals with the help of multimeter,if it shows 

continuity then we will go for checking of C-R-S terminals or else we will 

change capacitor. 

Checking C-R-S terminals: 

   1.C-S terminal:                                          

 

   2.C-R terminal:                                         

 

   3.R-S terminal:                                         

 

 

 

Refrigerant charging Procedure: 

• Close the valves on low/high pressure sides of the manifold. 

• Install the low/high pressure hoses to the corresponding service ports 

on the vehicle respectively 

• Connect the center hose of the manifold gauge set with vacuum pump. 
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• Carefully open the valves on low/high pressure sides to activate the 

vacuum pump. 

• After low pressure gauge reaches 100 k.pa or higher, evacuate the 

system for approx. 15 minutes. 

• After 15 min of evacuation if the reading shows 100 k.pa or higher 

close the valves on the both sides to stop the vacuum pump. 

•  After that check leaks if there are no leaks then charge with required 

refrigerant. 

 

 

 

 

 

 

 

 

 

 

 

 

WELDING 

Weldingisafabricationprocessthatjoinsmaterials,usuallymetalsorthermoplas
tics,bycausingfusion,whichisdistinctfromlower temperaturemetal-
joiningtechniquessuchasbrazingandsoldering,whichdo 
notmeltthebasemetal.Inadditiontomeltingthebasemetal,afillermaterialis 
typicallyaddedtothejointtoformapoolofmoltenmaterial(theweldpool)that 
coolstoformajointthat,basedonweldconfiguration(butt,fullpenetration,fillet, 
etc.),canbestrongerthanthebasematerial(parentmetal).Pressuremayalso 
beusedinconjunctionwithheat,orbyitself,toproduceaweld.Weldingalso 
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requiresaformofshieldtoprotectthefillermetalsormeltedmetalsfrombeing 
contaminated oroxidized. 

 
 

Methods of Welding: 

Some of the best known welding methods include: 
 

 Oxy-fuelwelding–alsoknownasoxyacetyleneweldingoroxy-welding, 
usesfuelgasesandoxygentoweldandcutmetal. 

 
 
 
 
 
 
 
 
 
 

 
 
 

fig: 3.1 Oxy- Fuel Welding 
 

 Shielded metal arc welding (SMAW)– also known as "stick welding" or 
"electricwelding",usesanelectrodethatiscoatedinfluxtoprotecttheweld 
puddle.Theelectrodeholderholdstheelectrodeasitslowlymelts away. Slag 
protects the weld puddle from atmospheric contamination. 

 

 

Fig: 3.2 Shielded Metal ArcWelding 
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 Gastungstenarcwelding(GTAW)–alsoknownasTIG(tungsten,inertgas), 
uses a non- consumable tungsten electrode to produce the weld. The weld 
area isprotectedfromatmosphericcontaminationbyaninertshieldinggassuch 
as argon or helium. 
 

 
Fig. 3.3 Gas TungstenArc Welding 

 

 Gasmetalarcwelding(GMAW)–

commonlytermedMIG(metalinertgas),usesawirefeedinggunthatfeedswireat

anadjustablespeedandflows anargon-

basedshieldinggasoramixofargonandcarbondioxide(CO2)over 

theweldpuddletoprotectitfromatmosphericcontamination. 
 
 
 

Fig. 3.4 Gas metal arc welding 
 
 

 Submergedarcwelding(SAW)–
usesanautomaticallyfedconsumableelectrodeandablanketofgranularfusiblefl
ux.Themoltenweldandthearc zoneare-
protectedfromatmosphericcontaminationbybeing"submerged" under the flux 
blanket. 
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Fig. 3.5 Submerged Arc Welding 

 Electroslagwelding(ESW)–ahighlyproductive,singlepasswelding 

processforthickermaterialsbetween1inch(25mm)and12inches(300mm) 

inaverticalorclosetoverticalposition. 

 
 
 

Fig. 3.6 Electroslag Welding 
 

 

 Electric resistance welding (ERW)–a welding process that 

producescoalescence of laying surfaces where heat to form the weld is 

generated by the electricalresistanceofthematerial.Ingeneral,it is 

anefficientmethod butlimitedto relatively thin material. 
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Fig. 3.7 Electric resistance welding 

 
 
 
Classification of WeldingProcesses: 

Welding processes can be classified based on following criteria; 
 

1. Weldingwithorwithoutfillermaterial. 

2. Source of energy ofwelding. 

3. Arc and Non- arcwelding. 

4. Fusion and Pressurewelding. 
 

1. Weldingcanbecarriedoutwithorwithouttheapplicationoffillermaterial. 

Earlier only gas welding was the fusion process in which joining could be 

achievedwithorwithoutfillermaterial.Whenweldingwasdonewithout 

fillermaterialitwascalled‘autogenouswelding'.However,withthe 

developmentofTIG,electronbeamand other welding processes such 

classification created confusion as many processes shall be falling in both 

the categories. 

2. Varioussourcesofenergiesareusedsuchaschemical,electrical,light, 

sound,mechanicalenergies,butexceptforchemicalenergyallotherformsof 

energiesare generated from electrical energy for welding. So this criterion 

does not justify proper 

 

 

es classification embraces all the arc welding processes in one class and 

all other processes in other class. In such classification it is difficult to 

assign either of the class to processes such as 
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electroslagweldingandflashbuttwelding,asinelectroslagweldingtheprocess 

starts with arcing and with the melting of sufficient flux the arc 

extinguishes 

whileinflashbuttweldingtinyarcsi.e.sparksareestablishedduringtheprocess 

and then components are pressed against each other. Therefore, such 

classification is also notperfect. 

3. Fusionwelding and pressure welding is most widely used 
classification as it covers all processes in both the categories 
irrespective of heat source and 
weldingwithorwithoutfillermaterial.Infusionweldingallthoseprocesses
are 
includedwheremoltenmetalsolidifiesfreelywhileinpressureweldingmo
lten 
metalifanyisretainedinconfinedspaceunderpressure(asmaybeincaseof 
resistance spot welding or arc stud welding) solidifies under pressure 
or semisolid metal cools underpressure. 

 
 

 

 

 

 

 

 

 

 

 

 

Fig. Classification of Welding Process 
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Fig. Classification of Pressurized welding 
 
 
 
 
 
 
 
 

 

 

 

WELDING INSPECTION (NDT) 
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4.1 Non- Destructive Testing: 

Nondestructivetestingornon-destructivetesting(NDT)isawidegroupof 
analysis techniques used in science and technology industry to evaluate the 
properties of a material, component or system without causing damage The 
termsnondestructiveexamination(NDE),nondestructiveinspection(NDI), 
andnondestructiveevaluation(NDE)arealsocommonlyusedtodescribethis 
technology. 

Since NDTdoesnot permanentlyalterthecharacteristics of article 
beinginspected, it is a highly valuable technique that can save both money and 
time in product 
evaluation,troubleshooting,andresearch.ThesixmostfrequentlyusedNDT methods 
are: 

 

4.2 Types of NDT: 

1. Visualinspection. 
2. Penetranttesting. 
3. Magnetic particle inspectiontesting. 
4. Ultrasonictesting. 
5. Radiographytesting. 
6. Eddy currenttesting. 
7. Leaktest. 
8. Thermography. 
9. Vibrational analysis 

 
4.3 Selection of NDT: 

 
MagneticparticleInspection(MPI):Itisanon-destructivetesting(NDT)process for 

detecting surface and shallow subsurface discontinuities in ferromagnetic 

materialssuchasiron,nickel,cobalt,andsomeoftheiralloys.Theprocessputs 

amagneticfieldintothepart.Thepiececanbemagnetizedbydirectorindirect 

magnetization. 

Directmagnetizationoccurswhentheelectriccurrentispassedthroughthetest object 

and a magnetic field is formed in the material. Indirect magnetization 

occurswhennoelectriccurrentispassedthroughthetestobject,butamagnetic field is 

applied from an outside source. The magnetic lines of force are 

perpendiculartothedirectionoftheelectriccurrent,whichmaybeeither alternating 

current (AC) or some form of direct current (DC) (rectified AC). 

The presence of a surface or subsurface discontinuity in the material allows 

themagneticfluxtoleak,sinceaircannotsupportasmuchmagneticfieldper unit 
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volume asmetals. 

 

 

 Fig 4.1 Magnetic particle inspection 

Liquid Penetration method: 

 
 Visible dye penetrant is a NDT (Non Destructive Testing) method. It is a 
simple testtoperform,andagoodwaytotestweldsbeforecarryingoutmoreexpensive 
techniques like x- raytesting. 
 Itwillshowupbadcoldlap,cracks,holes...basicallyanydefectswhereavery 
finedyecanpenetrate,hencethename.Itcanbeusedforvariousthings,notjust 
weldtesting. It can be used to test the presence of 
acrackinacylinderheadforexample. 
 Thesimple kitscomein3 parts,usuallyinaerosolcans.Namely, acleaner,a 
penetrant, and a developer. There are four types of dye penetrant system: 

 Water washable : the dyes wash away withwater. 
 Lipophilic  : the dye dissolves in oil forremoval. 
 Hydrophilic  :

 thedyewashesawaywithawaterrinse,butdetergentsare 
necessary. 

 Solventremovable : thedyeisremovedwithacleaningsolvent. 
 

 
 
Therearefivelevelsoftesting,fromLevel½(Lowestsensitivity)toLevel4 

(Highest Sensitivity). 
Operativescarryingoutthistestingshouldbequalifiedtodoso,andreports, 
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sometimeswithphotographicevidence,mightberequested. 
Step 1 - Precleaning 

Firstanyloosematerialneedstoberemoved, 
togetherwithanysilicaontopoftheweld.Itis 
importanttoremovethesilica,oryoucanget false results. 
A good scrape and wire brush sorts this out in 
mostcases.  
Thenapplysomeofthecleanertoremoveany 

oiletc.Waitforthecleanertodrycompletely before 

applyingpenetrant. 

 
 

                                              Fig. 4.2 Pre cleaning 

 

Step 2 - Penetrant 

Oncecleaned,applythe penetrant(a brightred 
liquid dye). Spray plenty on the welds. 
Leavethedyetopenetrate,normallyforabout 20 
minutes. The time scale is usually printed on the 
can or on the product data sheet. The 
photographs show a solvent removable system. 

 
 

Fig. 4.3 Application of Penetrant 
Step 3 - Postcleaning 

Cleaning again. You need to 

remove excess dye from the area, 

which is easier said than 

done.Itisimportantnottospraythecl

eaneron 

theareadirectly,oryouriskwashingt

hedye from theflaw.Use a dry 

tissue to remove excess dye, then 

spray cleaner onto a clean cloth for 

final cleaning. 
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Ultrasonic Testing(UT):       
Ultrasonic testing (UT) is a family of non- destructive testing techniques 

based on the propagation of ultrasonic waves in the object or material tested. 
In most commonUTapplications,veryshortultrasonicpulse-waveswithcenter 
frequenciesrangingfrom0.1-15MHz,andoccasionallyup to50MHz,are 
transmittedintomaterialstodetectinternalflawsortocharacterizematerials.A 
commonexampleisultrasonicthicknessmeasurement,whichteststhe 
thicknessofthetestobject,forexample,tomonitorpipeworkcorrosion. 
 Ultrasonictestingisoftenperformedonsteelandothermetalsandalloys, 
thoughitcanalsobeusedonconcrete,woodandcomposites,albeitwithless 
resolution. It is used in many industries including steel and aluminium 
construction,metallurgy,manufacturing,aerospace,automotiveand other 
transportationsectors. 
Step 2: Instrument settings are input. 
Step3:Theprobeisscannedoverthebladeroot.Inthiscase,anindication(peak 
inthedata)throughtheredline(orgate)indicatesagoodblade;anindicationto 
theleftofthatrangeindicatesacrack. 

 
 

 

 

Fig: 4.5 Ultrasonic Testing 

Principle: A probe sends a sound wave into a test 

material.Therearetwoindications,onefromtheinitialpulseoftheprobe,and 

thesecondduetothebackwallecho.RIGHT:Adefectcreatesathirdindication 

andsimultaneouslyreducestheamplitudeofthebackwallindication.Thedepth 

ofthedefectisdeterminedbytheratioD/Ep. 

 

 

Radiography: 
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FIG 4.7 Projectional Radiography 

RadiographyisanimagingtechniqueusingX-raystoviewtheinternalformofan 
object.Tocreatetheimage,abeamofX-rays,aformofelectromagnetic radiation, are 
produced by an X- ray generator and are projected toward the 
object.AcertainamountofX-rayisabsorbedbytheobject,dependentonits 
densityandstructuralcomposition.TheX-raysthatpassthroughtheobjectare 
captured behind the object by a detector (either photographic film or a digital 
detector). The generation of flat two dimensional images by this technique is 
called projectional radiography. In Computed tomography(CT scanning) an x 
ray sourceanditsassociateddetectorsrotatearoundthesubjectwhichitselfmoves 
through the conical x ray beam produced. Any given point within the subject 
is crossedfrommanydirectionsbymanydifferentbeamsatdifferenttimes. 

Information regarding attenuation of these beams is collated and subjected 
tocomputationtogeneratetwodimensionalimagesinthreeplanes(axial,coronal 
and sagittal) which can be further processed to produce a three dimensional 
image. 

 
 

 

 

 

 

 
 

 
 

 

 

 

 

 

 

Conclusion 
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In this internship programme, I have learnt about 

 Trouble shooting of different parts of refrigerator and air conditioner. 

 Different metal joining processes and their applications, with hands on 

experience. 

 Different non-destructive techniques – their principles and 

implementation with hands on experience. 
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ABOUT THE ORGANISATION

National Small Industries Corporation (NSIC), is an ISO 9001-
2015 certified Government of India Enterprise under Ministry of Micro,
Small and Medium Enterprises (MSME). NSIC has been working to
promote, aid and foster the growth of micro, small and medium
enterprises in the country. NSIC operates through countrywide
network of offices and Technical Centers in the Country. In addition,
NSIC has set up Training cum Incubation Centre managed by
professional manpower.

Mission: “To promote and support Micro, Small & Medium
Enterprises (MSMEs) Sector” by providing integrated support services
encompassing Marketing, Technology, Finance and other services.

Vision: “To be a premier Organization fostering the growth of Micro,
Small and Medium Enterprises (MSMEs) Sector”.

Schemes of NSIC:

NSIC facilitates Micro, Small and Medium Enterprises with a set of
specially tailored scheme to enhance their competitiveness. NSIC
provides integrated support services under Marketing, Technology,
Finance and other Support service.

Technology Support:

Technology is the key to enhancing a company's competitive
advantage in today's dynamic information age. Small enterprises
need to develop and implement a technology strategy in addition to
financial, marketing and operational strategies and adopt the one that
helps integrate their operations with their environment, customers
and suppliers.

NSIC offers small enterprises the following support services through
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its Technical Services Centers and Extension Centers:

1. Advise on application of new techniques.
2. Material testing facilities through accredited laboratories.
3. Product design including CAD.
4. Common facility support in machining, EDM, CNC, etc.
5. Energy and environment services at selected centers.
6. Classroom and practical training for skill upgradation.

NSIC Technical Services Centers are located at the following places:

Name of the Centre Focus area

Chennai Leather & Footware

Howrah General Engineering

Hyderabad Electronics & Computer Application

New Delhi Machine Tools & related activities

Rajkot Energy Audit & Energy Conservation activiti

Rajpura (Pb) Domestic Electrical Appliances

Aligarh (UP) Lock Cluster & Die and Tool making

Neemka (Haryana) Machine Tools & related activities
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INTRODUCTION

Energy requirement for refrigeration and air conditioning
applications bears a huge share of total energy consumption around
the world. Since, thermal comfort plays a very important role on
the health, working efficiency and activities of all living beings,
especially, temperature and humidity. In the excessively hot climates
it is necessary to reduce the temperature and humidity whereas in the
cold climate there is a need to increase the temperature. When the
temperature drops below thermal comfort level, especially in the
winter season, The heating systems are employed. In some
countries, where the atmospheric temperature is very low, natural
heating like solar energy is not sufficient, the heat pump and fuel fired
systems are proven to be suitable heating devices. In hot climates,
thermal comfort achieved through the use of refrigerators and air
conditioning systems.

Refrigeration:

The term “Refrigeration” may be defined as the process
of removing heat from a substance under controlled conditions. It
also includes the process of reducing and maintaining the
temperature of a body below the general temperature of its
surroundings.

In other words, the refrigeration means a continued extraction of heat
from a body whose temperature is already below temperature of its
surroundings. In a refrigerator, heat is virtually pumped from a lower
temperature to a higher temperature.

Applications of Refrigeration:

1. Food processing preservation and distribution.
2. Chemical and process industries.
3. Special applications such as cold treatment of metals, medical,
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construction, ice skating etc.
4. Comfort air conditioning.

Air Conditioning:

“Air conditioning” is the process of removing heat
and moisture from the interior of an occupied space to improve the
comfort of occupants. Air conditioning can be used in both domestic
and commercial environments.

Air conditioners often use a fan to distribute the conditioned air
to an occupied space such as a building or a car to improve thermal
comfort and indoor air quality. Electric refrigerant-based AC units
range from small units that can cool a small bedroom, which can be
carried by a single adult, to massive units installed on the roof of
office towers that can cool an entire building. The cooling is typically
achieved through a refrigeration cycle, but
sometimes evaporation or free cooling is used. Air conditioning
systems can also be made based on desiccants (chemicals which
remove moisture from the air). Some AC systems reject or store heat
in subterranean pipes.

Welding:

Welding is a fabrication process that joins materials, usually
metals or thermoplastics by causing fusion, which is distinct from
lower temperature metal- joining techniques such as brazing and
soldering, which do not melt the base metal. In addition to melting
the base metal, a filler material is typically added to the joint to form a
pool of molten material (the weld pool) that cools to form a joint that,
based on weld configuration (butt, full penetration, fillet, etc.), can be
stronger than the base material (parent metal). Pressure may also be
used in conjunction with heat, or by itself, to produce a weld.
Welding also requires a form of shield to protect the filler metals or
melted metals from being contaminated or oxidized.

Although less common, there are also solid state welding
processes such as friction welding in which the base metal does not
melt.
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REFRIGERATION AND AIR CONDITIONIG

In air refrigeration, the air is used as a refrigerant. In olden days, air
was widely used in commercial applications because of its availability at
free of cost. Since air does not change its phase i.e. remains gaseous
throughout the cycle, therefore the heat carrying capacity per kg of air is
very small as compared to vapour absorbing systems. The air- cycle
refrigeration systems, as originally designed and installed, are now
practically obsolete because of their low coefficient of performance and
high power requirements; however, this system continues to be favoured
for air refrigeration because of the low weight and volume of the
equipment.

Refrigeration essentially means continued abstraction of heat
from a substance (perishable foods, drinks and medicines etc.) at low
temperature level and then transfers this heat to another system at high
potential of temperature.

The basic elements of an air cycle refrigeration system are as follows:

Compressor

Cooler or heat exchanger

Expander

Refrigerator

Air- Conditioning

The air conditioning is that branch of engineering science which
deals with the freezing point of water.

They conducted their experiment with the bulb of a mercury
thermometer as their object and with a bellows used to speed up the
evaporation. They lowered the study of conditioning of air i.e. supplying
and maintaining desirable internal atmospheric condition for human
comfort, irrespective of external condition. This subject, in its broad
sense, also deals with the conditioning of air for industrial purpose, food
processing, storage of food and other materials.

Air conditioning refers to the simultaneous control of temperature,
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humidity, cleanliness and air motion within a confined region or space.

The basic elements of an Air- Conditioning system are as follows:

1. Circulation fan

2. Compressor

3. Condenser

4. Dryer

5. Evaporator

6. Supply Duct

7. Supply outlet

8. Return outlet

9. Filters

Modern air conditioning emerged from advances in chemistry during
the 19th century, and the first large- scale electrical air conditioning was
invented and used in 1902 by American inventor Willis Carrier. The
introduction of residential air conditioning in the 1920s helped enable
the great migration to the sun belt in the United States.

In 1758, Benjamin Franklin and John Hadley, a chemistry professor at
Cambridge University, conducted an experiment to explore the principle
of evaporation as a means to rapidly cool an object. Franklin and Hadley
confirmed that evaporation of highly volatile liquids (such as alcohol and
ether) could be used to drive down the temperature of an object past the
temperature of the thermometer bulb down to −14 °C (7 °F) while the
ambient temperature was 18 °C (64 °F). Franklin noted that, soon after
they passed the freezing point of water 0 °C (32 °F), a thin film of ice
formed on the surface of the thermometer's bulb and that the ice mass
was about 6 mm (1⁄4 in) thick when they stopped the experiment upon
reaching −14 °C (7 °F). Franklin concluded: "From this experiment one
may see the possibility of freezing a man to death on a warm summer's
day.

A simple vapor compression refrigeration system consists of the
following equipments: i) Compressor ii) Condenser iii) Expansion valve iv)
Evaporator.
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Fig: 2.1. Typical single- stage vapour compression referigeration.

The schematic diagram of the arrangement is as shown in Fig.2.1. The
low temperature, low pressure vapor at state B is compressed by a
compressor to high temperature and pressure vapor at state C. This
vapor is condensed intohigh pressure vapor at state D in the condenser
and then passes through the expansion valve. Here, the vapor is
throttled down to a low pressure liquid and passed on to an evaporator,
where it absorbs heat from the surroundings from the circulating fluid
(being refrigerated) and vaporizes into low pressure vapour at state B.
The cycle then repeats. The exchange of energy is as follows:

a) Compressor requires work, δw. The work is supplied to the system
from the surroundings.

b) During condensation, heat δQ1 the equivalent of latent heat of
condensation etc, is lost from the refrigerator.

c) During evaporation, heat δQ2 equivalent to latent heat of
vaporization is absorbed by the refrigerant.

d) There is no exchange of heat during throttling process through the
expansion valve as this process occurs at constant enthalpy.
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Figure shows a simple vapor compression refrigeration cycle
on T- s diagram for different compression processes. The cycle
works between temperatures T1 and T2 representing the condenser
and evaporator temperatures respectively.
The various process of the cycle are as given below:

i) Process 2-3: Isentropic compression of the vapor from state 2
to 3. If vapor state is saturated or superheated, the
compression is called dry compression. If initial state is wet the
compression is called wet compression.

ii) Process 3-4: Heat rejection in condenser at constant pressure.

iii) Process 4-1: An irreversible adiabatic expansion of vapor
through the expansion value. The pressure and temperature of
the liquid are reduced. The process is accompanied by partial
evaporation of some liquid.

iv) Process 1-2: Heat absorption in evaporator at constant
pressure. The final state depends on the quantity of heat
absorbed and same may be wet, dry or superheated.

Thermodynamic properties of Refrigerant:
1. Boiling point : It should be low.
2. Thermal conductivity : it should be high
3. Specific heat : It should be low
4. Freezing point : it should be low.
5. Toxicity : it should be low
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6. Evaporative pressure : it should be high.
7. Condensation pressure : It should be low.
8. Latent heat : It should be high.
9. CPO : It should be high.

REFRIGERENT:
1) It is heat carrying medium.
2) It carries heat from low temperature to high temperature system.
3) Liquid + vapour mixture.

Selection of Refrigerant:
1) Performance: High efficiency, Low cost.
2) Safety: Non toxic.
3) Environmental impact: It should be low.

Types of Refrigerants:
1) Chlorofluorocarbons (CFC) :R11, R22, R114, R113.
2) Hydro cholrofluoro carbons (HCFC) :R22.
3) Hydrofluorcarbons (HFC) :R410a, R407, R1234yf, R134a.
4) Hydrocarbons(HC) :R600a.

Comparison of Air-Conditioners:

Non- Inverter Inverter

On/Off type Continuous on

Current consumption high Low power consumption

Fixed frequency(50HZ) Variable frequency

Outdoor unit starts (ODU)
after 3mins

Indoor unit and outdoor
unit starts at a same time

Constant speed Variable speed

It takes more time to
reach set temperature It takes less time
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Types of refrigerators:

1.Single door refrigerator.

2.Double door refrigerator.

Difference between single and double door refrigerator:

Single door Double door

Single door is also called as
direct cool refrigerator.

Double door refrigerator is also
called as freezer.

Plate and tube evaporator coil. Tube and fine evaporator coil.
Cooling
temperature is up
to - 18degrees.c

Cooling
temperature is up
to - 24degrees.c

Psychrometry process:
1. Sensible cooling.
2. Sensible heating.
3. Humidification.
4. Dehumidification.
5. Cooling and dehumidification.
6. Heating and humidification.

Capacitors required for
starting purpose No capacitors required

PCBs are placed in IDU PCBs are placed in IDU
AND ODU

R22 Refrigerant is used R4100 Refrigerant is used
Suction pressure (60-
80psig)

Suction pressure (120-
150psig)

Discharge pressure (270-
290psig)

Discharge pressure (440-
480psig)
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Servicing of Air conditioners:

• The main purpose of servicing ac is to increase the cooling
effect, which is decreased mainly due to

1.Dust Formation

2.Compressor Working

3.Reduction in refrigerant pressure

Dust Removal:

• Replacing or cleaning air conditioner filters is a critical
maintenance task. An air conditioner's filters, coils, and fins
require regular maintenance for the unit to function effectively
and efficiently.
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Compressor Checking:

 By checking the capacitor.

 By checking C-R-S terminals.

Capacitor Checking:

Check the capacitor terminals with the help of multimeter, if it
shows continuity then we will go for checking of C-R-S terminals or
else we will change capacitor.

Checking C-R-S terminals:

1.C-S terminal:

2.C-R terminal:

3.R-S terminal:
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Refrigerant charging Procedure:

• Close the valves on low/high pressure sides of the manifold.

• Install the low/high pressure hoses to the corresponding service
ports on the vehicle respectively

• Connect the center hose of the manifold gauge set with vacuum
pump.

• Carefully open the valves on low/high pressure sides to activate
the vacuum pump.

• After low pressure gauge reaches 100 k.pa or higher, evacuate
the system for approx. 15 minutes.

• After 15 min of evacuation if the reading shows 100 k.pa or
higher close the valves on the both sides to stop the vacuum
pump.

• After that check leaks if there are no leaks then charge with
required refrigerant.
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WELDING

Welding is a fabrication process that joins materials, usually
metals or thermoplastics, by causing fusion, which is distinct from
lower temperature metal- joining techniques such as brazing and
soldering, which do not melt the base metal. In addition to melting the
base metal, a filler material is typically added to the joint to form a pool
of molten material (the weld pool) that cools to form a joint that, based
on weld configuration (butt, full penetration, fillet, etc.), can be stronger
than the base material (parent metal). Pressure may also be used in
conjunction with heat, or by itself, to produce a weld. Welding also
requires a form of shield to protect the filler metals or melted metals
from being contaminated or oxidized.

Methods of Welding:
Some of the best known welding methods include:

 Oxy-fuel welding – also known as oxyacetylene welding or oxy-
welding, uses fuel gases and oxygen to weld and cut metal.

fig: 3.1 Oxy- Fuel Welding

 Shielded metal arc welding (SMAW) – also known as "stick
welding" or "electric welding", uses an electrode that is coated in
flux to protect the weld puddle. The electrode holder holds the
electrode as it slowly melts away. Slag protects the weld puddle
from atmospheric contamination.
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Fig: 3.2 Shielded Metal Arc Welding

 Gas tungsten arc welding (GTAW) – also known as TIG
(tungsten, inert gas), uses a non- consumable tungsten electrode to
produce the weld. The weld area is protected from atmospheric
contamination by an inert shielding gas such as argon or helium.

Fig. 3.3 Gas Tungsten Arc Welding

 Gas metal arc welding (GMAW)
– commonly termed MIG (metal
inert gas), uses a wire feeding
gun that feeds wire at an
adjustable speed and flows an
argon- based shielding gas or a
mix of argon and carbon dioxide
(CO2) over the weld puddle to
protect it from atmospheric
contamination.

Fig. 3.4 Gas metal arc welding
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 Submerged arc welding (SAW) – uses an automatically fed
consumable electrode and a blanket of granular fusible flux. The
molten weld and the arc zone are - protected from atmospheric
contamination by being "submerged" under the flux blanket.

Fig. 3.5 Submerged Arc Welding

 Electroslag welding (ESW) – a highly productive, single pass
welding process for thicker materials between 1 inch (25 mm) and
12 inches (300 mm) in a vertical or close to vertical position.

Fig. 3.6 Electroslag Welding
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 Electric resistance welding (ERW) – a welding process that
produces coalescence of laying surfaces where heat to form the weld
is generated by the electrical resistance of the material. In general, it is
an efficient method but limited to relatively thin material.

Fig. 3.7 Electric resistance welding

Classification of Welding Processes:

Welding processes can be classified based on following criteria;

1. Welding with or without filler material.
2. Source of energy of welding.
3. Arc and Non- arc welding.
4. Fusion and Pressure welding.

1. Welding can be carried out with or without the application of filler
material. Earlier only gas welding was the fusion process in which
joining could be achieved with or without filler material. When
welding was done without filler material it was called ‘autogenous
welding'. However, with the development of TIG, electron beam
and other welding processes such classification created
confusion as many processes shall be falling in both the
categories.

2. Various sources of energies are used such as chemical,
electrical, light, sound, mechanical energies, but except for
chemical energy all other forms of energies are generated from
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electrical energy for welding. So this criterion does not justify
proper

es classification embraces all the arc welding processes in one
class and all other processes in other class. In such classification
it is difficult to assign either of the class to processes such as
electroslag welding and flash butt welding, as inelectroslag welding
the process starts with arcing and with the melting of sufficient
flux the arc extinguishes while in flash butt welding tiny arcs i.e.
sparks are established during the process and then components
are pressed against each other. Therefore, such classification is
also not perfect.

3. Fusionwelding and pressure welding is most widely used
classification as it covers all processes in both the categories
irrespective of heat source and welding with or without filler
material. In fusion welding all those processes are included
where molten metal solidifies freely while in pressure welding
molten metal if any is retained in confined space under
pressure (as may be in case of resistance spot welding or arc
stud welding) solidifies under pressure or semisolid metal
cools under pressure.
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Fig. Classification of Welding Process

Fig. Classification of Pressurized welding
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WELDING INSPECTION (NDT)

4.1 Non- Destructive Testing:

Nondestructive testing or non- destructive testing (NDT) is a wide
group of analysis techniques used in science and technology industry to
evaluate the properties of a material, component or system without
causing damage The terms nondestructive examination (NDE),
nondestructive inspection (NDI), and nondestructive evaluation (NDE) are
also commonly used to describe this technology.

Since NDT does not permanently alter the characteristics of article
being inspected, it is a highly valuable technique that can save both
money and time in product evaluation, troubleshooting, and research. The
six most frequently used NDT methods are:

4.2 Types of NDT:
1. Visual inspection.
2. Penetrant testing.
3. Magnetic particle inspection testing.
4. Ultrasonic testing.
5. Radiography testing.
6. Eddy current testing.
7. Leak test.
8. Thermography.
9. Vibrational analysis

4.3 Selection of NDT:

Magnetic particle Inspection (MPI): It is a non- destructive testing (NDT)
process for detecting surface and shallow subsurface discontinuities in
ferromagnetic materials such as iron, nickel, cobalt, and some of their
alloys. The process puts a magnetic field into the part. The piece can
be magnetized by direct or indirect magnetization.

Direct magnetization occurs when the electric current is passed through
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the test object and a magnetic field is formed in the material. Indirect
magnetization occurs when no electric current is passed through the
test object, but a magnetic field is applied from an outside source. The
magnetic lines of force are perpendicular to the direction of the electric
current, which may beeither alternating current (AC) or some form of
direct current (DC) (rectified AC).

The presence of a surface or subsurface discontinuity in the material
allows the magnetic flux to leak, since air cannot support as much
magnetic field per unit volume as metals.

Fig 4.1 Magnetic particle inspection

Liquid Penetration method:

Visible dye penetrant is a NDT (Non Destructive Testing) method.
It is a simple test to perform, and a good way to test welds before
carrying out more expensive techniques like x- ray testing.

It will show up bad cold lap, cracks, holes... basically any defects
where a very fine dye can penetrate, hence the name. It can be used for
various things, not just weld testing. It can be used to test the presence
of a crack in a cylinder head for example.

The simple kits come in 3 parts, usually in aerosol cans. Namely, a
cleaner, a penetrant, and a developer. There are four types of dye
penetrant system:

 Water washable : the dyes wash away with water.
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 Lipophilic : the dye dissolves in oil for removal.
 Hydrophilic : the dye washes away with a

water rinse, but detergents are necessary.
 Solvent removable : the dye is removed with a cleaning

solvent.

There are five levels of testing, from Level ½ (Lowest sensitivity) to
Level 4 (Highest Sensitivity). Operatives carrying out this testing should
be qualified to do so, and reports, sometimes with photographic
evidence, might be requested.

Step 1 - Pre cleaning
First any loose material needs to be removed, together with any silica
on top of the weld. It is important to remove the silica, or you can get
false results. A good scrape and wire brush sorts this out in most
cases.
Then apply some of the cleaner to remove any
oil etc. Wait for the cleaner to dry completely
before applying penetrant.

Fig. 4.2 Pre cleaning

Step 2 - Penetrant
Once cleaned, apply the penetrant (a bright
red liquid dye). Spray plenty on the welds.
Leave the dye to penetrate, normally for
about 20 minutes. The time scale is
usually printed on the can or on the
product data sheet. The photographs
show a solvent removable system.

Fig. 4.3 Application of Penetrant
Step 3 - Post cleaning

Cleaning again. You need to
remove excess dye from the
area, which is easier said than
done. It is important not to
spray the cleaner on the area
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directly, or you risk washing
the dye from the flaw. Use a
dry tissue to remove excess
dye, then spray cleaner onto a
clean cloth for final cleaning.

Ultrasonic Testing(UT):
Ultrasonic testing (UT) is a family of non- destructive testing

techniques based on the propagation of ultrasonic waves in the object
or material tested. In most common UT applications, very short
ultrasonic pulse- waves with center frequencies ranging from 0.1-
15 MHz, and occasionally up to 50 MHz, are transmitted into
materials to detect internal flaws or to characterize materials. A
common example is ultrasonic thickness measurement, which
tests the thickness of the test object, for example, to monitor pipe
work corrosion.

Ultrasonic testing is often performed on steel and other metals
and alloys, though it can also be used on concrete, wood and
composites, albeit with less resolution. It is used in many industries
including steel and aluminium construction, metallurgy, manufacturing,
aerospace, automotive and other transportation sectors.
Step 2: Instrument settings are input.
Step 3: The probe is scanned over the blade root. In this case, an
indication (peak in the data) through the red line (or gate) indicates a
good blade; an indication to the left of that range indicates a crack.
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FIG 4.7 Projectional Radiography

Fig: 4.5 Ultrasonic Testing
Principle: A probe sends a sound wave into a test material. There are two
indications, one from the initial pulse of the probe, and the second due to
the backwall echo. RIGHT: A defect creates a third indication and
simultaneously reduces the amplitude of the backwall indication. The
depth of the defect is determined by the ratio D/Ep.

Radiography:
Radiography is an imaging technique using X- rays to view the

internal form of an object. To create the image, a beam of X- rays, a
form of electromagnetic radiation, are produced by an X- ray generator
and are projected toward the object. A certain amount of X- ray is
absorbed by the object, dependent on its density and structural
composition. The X- rays that pass through the object are captured
behind the object by a detector (either photographic film or a digital
detector). The generation of flat two dimensional images by this
technique is called projectional radiography. In Computed tomography
(CT scanning) an x ray source and its associated detectors rotate
around the subject which itself moves through the conical x ray beam
produced. Any given point within the subject is crossed from many
directions by many different beams at different times.

Information regarding attenuation of these beams is collated and
subjected to computation to generate two dimensional images in three
planes (axial, coronal and sagittal) which can be further processed to
produce a three dimensional image.
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Conclusion

In this internship programme, I have learnt about

 Trouble shooting of different parts of refrigerator and air

conditioner.

 Different metal joining processes and their applications, with

hands on experience.

 Different non-destructive techniques – their principles and

implementation with hands on experience.
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ABSTRACT

Bharat Electronics Limited (BEL) is an Indian state-owned aerospace and

defense  company with about nine factories, and several regional offices in India. It

is owned by  the Indian Government and primarily manufactures advanced

electronic products for  the Indian Armed Forces. BEL is one of nine PSUs under the

Ministry of Defense of India. It  was founded in 1990 with the aim of conducting

research, development and manufacture  of image intensifier tubes and associated

high voltage power supply units for use in military,  security and commercial

systems.

 
Starting with the manufacture of a few communication equipment in 1956, BEL

started  producing receiving valves in 1961, germanium semiconductors in 1962

and radio  transmitters for AIR in 1964.

Till now company had produced very diverse products including night vision

goggles,  night vision sniper heads etc.

In addition, new products and technologies including software defined radios,

next  generation bulk encryptor and high data tactical radio were also on show.

Airborne products  displayed included radar finger printing system, data link, digital

flight control computer and  identification friend or foe. Also on display were the

complete range of optoelectronic  equipment, including night vision devices, digital

handheld compass and an advanced land  navigation system.
 

BEL is the lead integrator of Akash, the Indian-made guided missile air defense

weapon  system. Another major system is weapon locating radar, the state-of-the-

art passive, phased  array radar which has undergone successful user trials by the

Indian defense forces.
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INTRODUCTION:

Bharat Electronics Limited (BEL) is an Indian state-owned aerospace and

defense  company with about nine factories, and several regional offices in India. It

is owned by  the Indian Government and primarily manufactures advanced

electronic products for  the Indian Armed Forces. BEL is one of nine PSUs under the

Ministry of Defense of India. It  was founded in 1990 with the aim of conducting

research, development and manufacture  of image intensifier tubes and associated

high voltage power supply units for use in military,  security and commercial

systems.

Starting with the manufacture of a few communication equipment in 1956,

BEL  started producing receiving valves in 1961, germanium semiconductors in

1962 and radio  transmitters for AIR in 1964.

In 1966, BEL set up a radar manufacturing facility for the army and in-house R&D.

In  1967, BEL began manufacturing transmitting tubes, silicon devices and

integrated circuits.  The PCB manufacturing facility was established in 1968.

In 1970, BEL started making black & white TV picture tubes, X-ray tubes and

microwave  tubes. In 1971, BEL set up facilities for the manufacture of integrated

circuits and hybrid  micro circuits. 1972, BEL established manufacturing facilities

for TV transmitters for  Doordarshan. In 1973, BEL began manufacturing frigate

radars for the navy.
 

Under the government's policy of decentralisation and due to strategic reasons,

BEL set  up new units at different location across the country. The second unit of

BEL was set up at  Ghaziabad in 1974 to manufacture radars and Tropo

communication equipment for the Indian  Air Force. The third unit was established

at Pune in 1979 to manufacture image converter and  image intensifier tubes.

In 1980, the first overseas office of BEL was set up in New York for the

procurement of  components and materials.

In 1981, a manufacturing facility for magnesium manganese dioxide batteries

was set up  at Pune. The Space Electronic Division was set up at Bangalore to

support the satellite  programmes in 1982. That year, BEL achieved a turnover of Rs.

1 billion (US$21 million).

In 1983, the Andhra Scientific Company (ASCO) was taken over by BEL

converted it to  its fourth manufacturing unit at Machilipatnam. In 1985, the fifth

unit was set up in Chennai
7



for supply of tank electronics, with proximity to HVF, Avadi. The sixth unit was set

up at  Panchkula the same year to manufacture military communication equipment.

In 1986, BEL set up three units. Its seventh unit was set up at Kotdwara to

manufacture  switching equipment, the eighth unit to manufacture TV glass shell at

Taloja (Navi Mumbai)  and the ninth unit at Hyderabad to manufacture electronic

warfare equipment.

In 1987, a separate Naval Equipment Division was set up at Bangalore to give

greater  focus to naval projects. The first Central Research Laboratory was

established at Bangalore in  1988 to focus on futuristic research and development.

In 1989, BEL started manufacturing telecom switching and transmission

systems and also  the set up the Mass Manufacturing Facility in Bangalore and the

manufacture of the first  batch of 75,000 electronic voting machines.
 

The agreement for setting up BEL's first joint venture company, BE DELFT, with M/

s  Delft of Holland, was signed in 1990. This later became a subsidiary of BEL with

the exit of  the foreign partner and has been renamed BEL Optronic Devices Limited.
 

The second Central Research Laboratory was established at Ghaziabad in 1992.

The first  disinvestment (20%) and listing of the company's shares in the Bangalore

and Mumbai Stock  Exchanges took place in same year-1992.
 

In 1996, BEL achieved ₹10 billion (US$215 million) turnover.

In 1997, GE BEL, the second joint venture company with M/s GE, USA, was

formed as  also the third JVC with M/s Multitone, UK, BEL Multitone. The same year,

the US imposed  supply restrictions on BEL.

In 1998, BEL set up its second overseas office at Singapore to source

components from  South East Asia. In the same year US and Europe imposed

sanctions on BEL. The company  was able to overcome the effects of the sanctions

and kept up the promised deliveries to  customers.

In 2000, BEL reorganised its Bangalore unit into six Strategic Business Units

(SBUs).  The R&D groups in Bangalore were also restructured into Specific Core

Groups and Product  Development Groups. The same year, BEL shares were listed in

the National Stock  Exchange.
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In 2002, BEL became the first defense PSU to achieve operational Mini Ratna

Category I  status. In 2003, the company's turnover crossed the ₹25 billion mark

(US$540 million). In  2005, BEL had a turnover of ₹32.20 billion (US$695 million).

BEL achieved a turnover of

₹35.60 billion (US$767 million) in 2005–06.
 

On May 12, 2010, Boeing announced that it received the Data Link II

communications  technology for the Indian Navy’s P-8I from Bharat Electronics

Limited (BEL) in April, one  month ahead of schedule. BEL delivered the Indian-

designed communications system that  will enable exchange of tactical data and

messages between Indian Navy aircraft, ships and  shore establishments. Boeing

will install the system during P-8I final assembly.

In 2011, the Indian government-owned Bharat Electronic Limited (BEL)

showcased its  entire range of C4ISR capabilities including network centric warfare

technologies developed  in-house at Aero India 2011. These include command and

control system, air space  management multi sensor tracking, situation simulator

and tactical algorithm for air defense  applications; battlefield management system

and an all-weather 24/7 coastal surveillance  system.
 

In addition, new products and technologies including software defined radios,

next  generation bulk encryptor and high data tactical radio were also on show.

Airborne products  displayed included radar finger printing system, data link, digital

flight control computer and  identification friend or foe. Also on display were the

complete range of optoelectronic  equipment, including night vision devices, digital

handheld compass and an advanced land  navigation system.
 

BEL is the lead integrator of Akash, the Indian-made guided missile air defense

weapon  system. Another major system is weapon locating radar, the state-of-the-

art passive, phased  array radar which has undergone successful user trials by the

Indian defense forces.
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BEL PRODUCTS:

BEL Units and Products:

S.no BEL Unit BEL Products

1. Bangalore Military communication, Radars,  Navy,
Solar Products

2. Panchkula (Haryana) Military communication,  Encryption
products

3. Kotdwara (Uttarakhand) Tele communication systems,
Military  communications

4. Ghaziabad(UP) Network Centric systems, Radars,
Antenna, Satellite communications.

5. Pune X-ray tubes, Batteries, Electro  optics

6. Hyderabad, Telangana Electronic systems

7. Machilipatnam, Andhra
Pradesh

Electro Optics(night vision  devices)

8. Mumbai Security systems

9. Kolkata Solar Energy equipment system
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PRODUCT ASSURANCE:
Definition:

A discipline devoted to the study, planning and implementation of activities
intended to

assure that the design, controls, methods and techniques in a project result in a

satisfactory level  of quality in a product.

The verification by a management function that customer requirements are

satisfied by  ensuring (1) the identification of critical activities, (2) The availability of

the necessary  resources for each process, (3) The use of the resources in a manner

that is efficient and  effective.

Product Assurance Testing:
Product assurance testing is conducted in order to evaluate a system in its
operating

environment. Product assurance testing is primarily used to find the faults that are

not shown  within the development or test environments.
 
NIGHT VISION DEVICE:

Definition:

A night vision device (NVD), also known as a night optical/observation device

(NOD), is an optoelectronic device that allows images to be produced in levels of light

approaching total darkness. The image may be a conversion to visible light of both

visible  light and near-infrared, while by convention detection of thermal infrared is

denoted thermal  imaging. The image produced is typically monochrome, e.g. shades

of green. NVDs are most  often used by the military and law enforcement agencies,

but are available to civilian users.  The term usually refers to a complete unit,

including an image intensifier tube, a protective  and generally water-resistant

housing, and some type of mounting system. Many NVDs also  include optical

components such as a sacrificial lens, or telescopic lenses or mirrors. An NVD  may

have an IR illuminator, making it an active as opposed to passive night vision device.

Working of Night Vision Devices:
Technical Night Vision can work in two different ways

 
Working Principle of Image Intensifier:

Night vision amplifiers light to achieve better vision. A conventional lens, captures
ambient light.
The gathered light is sent to image - intensifier tube. The light energy released electron

from the  cathode and accelerated. These electrons enter micro channel plate and

bounce off and generate  more electron. 11



Thousands of other electrons to be released in each channel. Original

electrons collide  with the channel, exciting atoms and causing other electrons. New

electrons collide with atoms,  creating a chain. In image-intensifier tube, the electrons

hit a screen. The energy of the electrons  release photons and create green image on

the screen.The green phosphor image is viewed  through another lens.
 

Working Principle of Thermal Imaging
 

All objects emits infrared energy as a function of temperature

A lens focuses the infrared light. Original electrons collide with the channel,

exciting  atoms and causing others. The focused light is scanned and creates

temperature pattern.The  pattern created is translated into electric impulses. The

impulses are sent to a circuit board that  translates the information into data for the

display. The signal-processing unit sends the  information to the is play, and appears

as various colors. The images are black and white in  nature.

Purpose of Night Vision Devices:
The original purpose of night vision was to locate enemy targets at night. It is
still used

extensively by the military for that purpose, as well as for navigation, surveillance and

targeting.  Police and security often use both thermal-imaging and image-

enhancement technology,  particularly for surveillance.
 

Classification of Night Vision Devices:

12



Advantages of Night Vision Cameras:

The most common use is the military, and the quick answer would be that

they allow  soldiers to continue operations at night, without giving away their position

through the use of  flashlights. However night vision has many other uses. People with

night blindness can use night  vision devices to see better at night. Astronomers use

night vision to improve their view of the  stars, to see more stars in the city, amplify the

image post hydrogen-alpha filters or to see nebula  and clusters in the sky in real time.

The technology in night vision allows for far more sensitive  x-ray machines to be made,

reducing the doses necessary for an x-ray

13



CASE STUDY OF IMAGE INTENSIFIER TUBES:

Binocular Night Vision Devices:

1.

2.

3.

4.

5.

Figure 1: Passive Night Vision
Binocular

Parts of Binocular Night Vision Devices:
 

Object Glass
 
 

Focus
 
 

Image intensifier tube
 
 

Eye Piece
 
 

Eye Guard
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Image Intensifier Tube:

Figure 2: Image Intensifier Tube

Night vision is the ability to see in low light conditions. Whether by biological or

technological means, night vision is made possible by a combination of two

approaches. They  are sufficient spectral range and sufficient intensity range.

Image Intensification:
This magnifies the amount of received photons from various natural sources
such

as starlight or moonlight. Examples of such technologies include night glasses and

low light  cameras. In the military context, Image Intensifiers are often called "Low Light

TV" since the  video signal is often transmitted to a display within a control center.

LLLTV These are usually  integrated into a sensor containing both visible and IR

detectors and the streams are used  independently or in fused mode, depending on the

mission at hand's requirements.

The image intensifier is a vacuum-tube based device (photomultiplier tube) that

can  generate an image from a very small number of photons (such as the light from

stars in the sky)  so that a dimly lit scene can be viewed in real-time by the naked eye

via visual output, or stored  as data for later analysis. While many believe the light is "

amplified," it is not. When light strikes  a charged photocathode plate, electrons are

emitted through a vacuum tube that strike the micro  channel plate that cause the

image screen to illuminate with a picture in the same pattern as the  light that strikes

the photocathode, and is on a frequency that the human eye can see. This is  much like

a CRT television, but instead of color guns the photocathode does the emitting.

The image is said to become "intensified" because the output visible light is brighter

than the  incoming light, and this effect directly relates to the difference in passive and

active night vision  goggles. Currently, the most popular image intensifier is the drop-in

ANVIS module, though  many other models and sizes are available at the market.

Recently, the US Navy announced
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intentions to procure a dual-color variant of the ANVIS for use in the cockpit of airborne

platforms.Active illumination couples imaging intensification technology with an

active source  of illumination in the near infrared (NIR) or shortwave infrared

(SWIR)band. Examples of such  technologies include low light cameras.

Active infrared night-vision combines infrared illumination of spectral range

700– 1,000  nm (just below the visible spectrum of the human eye) with CCD cameras

sensitive to this light.  The resulting scene, which is apparently dark to a human

observer, appears as a monochrome  image on a normal display device. Because

active infrared night-vision systems can incorporate  illuminators that produce high

levels of infrared light, the resulting images are typically higher  resolution than other

night-vision technologies.
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CASE STUDY OF THERMAL IMAGING:
 
Example : Study Of Hand Held Thermal Imaging Camera With LRF Product

Figure 3: HHTI with LRF

HHTI with LRF or Multifunction HHTI is a cooled TI based integrated day/night

sight  with in-built eye safe Laser Range Finder, Digital Magnetic Compass, Color CCD

and GPS. This  equipment is capable of giving range, azimuth & elevation and also

coordinates of the target.  This is highly useful to Army and Navy for effective

engagement of targets. Weather proof and  withstand shocks and vibrations. It is

provided with electronically generated reticle.
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Introduction:

Figure 4: Block diagram of Thermal imaging camera

Thermal image is the technique of using the heat given off by an object to

produce an  image of it or to locate it. First developed for military purpose in the

late 1950s and 1960s  by Texas instruments, Hughes, Aircraft and Honeywell In

recent times it is being used in  firefighting, law enforcement, industrial

applications, security transportation, medical and  many other industries.

Thermal Imaging:

It is the technique of using the heat given off by an object to produce an
image of it.

Works in environments without any ambient light and can penetrate obscurants such

as smoke,  fog and haze.

Normally grey scale in nature: black objects are cold, white objects are hot and

the  depth of the grey indicates variations between the two.Some thermal cameras,

however, add  color to images to help users identify objects at different temperatures.
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Working of thermal imaging:

Here's how thermal imaging works: A special lens focuses the infrared light

emitted  by all of the objects in view. The focused light is scanned by a phased array

of infrared-  detector elements. The detector elements create a very detailed

temperature pattern called a  thermogram.
 

Infrared Light:
Our eyes are detectors that are designed to detect electromagnetic radiation in
the

visible light spectrum. All other forms of electromagnetic radiation, such as infrared,

are  invisible to the human eye.

The existence of infrared was discovered in 1800 by astronomer Sir Frederick

William Herschel. Curious to the thermal difference between different light colors, he

directed sunlight through a glass prism to create a spectrum and then measured the

temperature of each color. He found that the temperatures of the colors increased

from the  violet to the red part of the spectrum.

After noticing this pattern Herschel decided to measure the temperature just

beyond  the red portion of the spectrum in a region where no sunlight was visible. To

his surprise, he  found that this region had the highest temperature of all.

Infrared radiation lies between the visible and microwave portions of the

electromagnetic spectrum. The primary source of infrared radiation is heat or

thermal  radiation. Any object that has a temperature above absolute zero (-273.15

degrees Celsius or  0 Kelvin) emits radiation in the infrared region. Even objects that

we think of being very  cold, such as ice cubes, emit infrared radiation.
 

The thermal imaging camera:

Infrared energy (A) coming from an object is focused by the optics (B) onto an infrared

detector  (C). The detector sends the information to sensor electronics (D) for image

processing. The  electronics translate
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the data coming from the detector into an image (E) that can be viewed in the

viewfinder or on a  standard video monitor or LCD screen.

Being truly passive in nature, thermal imaging systems are finding wide range of
applications
for surveillance and reconnaissance, target acquisition, engagement, and missile

guidance. They  are true force multipliers as they allow weapons and equipment to be

used with efficacy during  day and night. Recent advancements in optics, detector

technology and signal processing have  enabled revolutionary advancement in the

night vision technology leading to the realisation of  third generation thermal imagers

(TIs) having capabilities twice that of second generation and  four times that of first

generation systems.

DRDO is working in this area for the last two decades and has developed

various TIs  operating in 3-5 μm medium wave infrared (MWIR) and 8-12 μm long wave

infrared (LWIR)  spectral bands. These systems are based on scanning/staring focal

plane array (FPA) detectors  for target acquisition, which can be used, either in

standalone mode or as a part of electro-optical  fire control system (EOFCS). MWIR TI

perform better in hot humid environments and preferred  for long range applications

because of better atmospheric transmission where as LWIR TIs  perform better in

smoke and dusty environment prevailing in the battlefield. either in standalone  mode

or as a part of electro-optical fire control system (EOFCS).
MWIR TI perform better in hot humid environments and preferred for long

range  applications because of better atmospheric transmission where as LWIR TIs

perform better in 20







smoke and dusty environment prevailing in the battlefield. Either in standalone mode

or as a part  of electro-optical fire control system (EOFCS). MWIR TI perform better in

hot humid  environments and preferred for long range applications because of better

atmospheric  transmission where as LWIR TIs perform better in smoke and dusty

environment prevailing in  the battlefield.

Principle of Operation and Types:

Infrared energy is just one part of the electromagnetic spectrum, which

encompasses  radiation from gamma rays, x-rays, ultraviolet, a thin region of visible

light, infrared, terahertz  waves, microwaves, and radio waves. These are all related and

differentiated in the length of  their wave (wavelength). All objects emit a certain

amount of black body radiation as a function  of their temperatures.

Generally speaking, the higher an object's temperature, the more infrared

radiation is  emitted as black-body radiation. A special camera can detect this

radiation in a way similar to the  way an ordinary camera detects visible light. It works

even in total darkness because ambient  light level does not matter. This makes it

useful for rescue operations in smoke-filled buildings  and underground.

A major difference with optical cameras is that the focusing lenses cannot be

made of  glass, as glass blocks long-wave infrared light. Special materials such as

Germanium or Sapphire  crystals must be used. Germanium lenses are also quite

fragile, so often have a hard coating to  protect against accidental contact. The higher

cost of these special lenses is one reason why  thermographic cameras are more costly.

Types:
 

Cooled infrared detectors

Uncooled infrared detectors

Principle of Operation and Types:
Infrared energy is just one part of the electromagnetic spectrum, which
encompasses 21







radiation from gamma rays, x-rays, ultraviolet, a thin region of visible light, infrared,

terahertz  waves, microwaves, and radio waves. These are all related and differentiated

in the length of  their wave (wavelength). All objects emit a certain amount of black

body radiation as a function  of their temperatures.

Generally speaking, the higher an object's temperature, the more infrared

radiation is  emitted as black-body radiation. A special camera can detect this

radiation in a way similar to the  way an ordinary camera detects visible light. It works

even in total darkness because ambient  light level does not matter. This makes it

useful for rescue operations in smoke-filled buildings  and underground.

A major difference with optical cameras is that the focusing lenses cannot be

made of  glass, as glass blocks long-wave infrared light. Special materials such as

Germanium or Sapphire  crystals must be used. Germanium lenses are also quite

fragile, so often have a hard coating to  protect against accidental contact. The higher

cost of these special lenses is one reason why  thermographic cameras are more costly.

Types:
Cooled infrared detectors

Uncooled infrared detectors
Cooled infrared detectors:

Cooled detectors are typically contained in a vacuum-sealed case or Dewar and

cryogenically cooled. The cooling is necessary for the operation of the semiconductor

materials  used. Typical operating temperatures range from 4 K to just below room

temperature,  depending on the detector technology. Most modern cooled detectors

operate in the 60 K to 100  K range, depending on type and performance level.

Without cooling, these sensors (which detect and convert light in much the same

way as  common digital cameras, but are made of different materials) would be

'blinded' or flooded by  their own radiation. The drawbacks of cooled infrared cameras

are that they are expensive both  to produce and to run. Cooling is both energy-

intensive and time-consuming.

The camera may need several minutes to cool down before it can begin working.

The most  commonly used cooling systems are rotary Stirling engine cryocoolers.

Although the cooling  apparatus is comparatively bulky and expensive, cooled infrared

cameras provide superior image  quality compared to uncooled ones.

 
Additionally, the greater sensitivity of cooled cameras also allow the use of higher

F-  number lenses, making high performance long focal length lenses both smaller and

cheaper for
22



cooled detectors. An alternative to Stirling engine coolers is to use gases bottled at

high pressure,  nitrogen being a common choice. The pressurised gas is expanded via

a micro-sized orifice and  passed over a miniature heat exchanger resulting in

regenerative cooling via the Joule–Thomson  effect. For such systems the supply of

pressurized gas is a logistical concern for field use.

Materials used for cooled infrared detection include photodetectors based on a wide

range  of narrow gap semiconductors including:
1.

2.

3.

4.

Indium antimonide

Indium Arsenide

Mercury Cadmium
telluride

Lead sulfideUncooled Infrared Detectors:
Uncooled infrared sensors can be stabilized to an operating temperature to

reduce image  noise, but they are not cooled to low temperatures and do not require

bulky, expensive cryogenic  coolers. This makes infrared cameras smaller and less

costly. However, their resolution and  image quality tend to be lower than cooled

detectors. This is due to differences in their  fabrication processes, limited by currently

available technology.

Ferroelectric detectors operate close to phase transition temperature of the

sensor  material; the pixel temperature is read as the highly temperature-dependent

polarization charge.  The achieved NETD of ferroelectric detectors with f/1 optics and

320x240 sensors is 70-80 mK.  A possible sensor assembly consists of barium

strontium titanate bump-bonded by polyimide  thermally insulated connection.

Silicon microbolometers can reach NETD down to 20 mK. They consist of a

layer  ofamorphous silicon, or a thin film vanadium(V) oxide sensing element

suspended on silicon  nitride bridge above the silicon-based scanning electronics. The

electric resistance of the sensing  element is measured once per frame.
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WHITE HOT AND BLACK HOT IMAGES :

A Thermal Imager can be selected to either ‘black hot’ or ‘white hot'. Camera

Palette  (also known as Polarity) is set by default to White Hot, alternatively the Black

Hot palette  displays warmer objects as black or dark rather than white or light shades

(Fig 2a & 2b ).

The light brown Therm Bright material shows ‘cold’ to a thermal imager. Anything

covering the  material will appear hot, but only relative to the ThermBright. The material

is most effective with  ‘white hot’ selected. This will present a clear black image to the

imager.

Though we offer both polarities, ‘cold’ targets work best and are visible at significantly

greater  ranges than ‘hot’.

Figure 5: Black Hot
Image

Figure 6: White Hot
Image
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a)

b)

c)

d)

i.

ii.

e)

i.

ii.

a)

b)

c)
d)

e)

f)

Status Display:
 

The HHTI generates the following status displays:
 
 

COMM . status – indicates that the system is connected to the LRF or the STE
 

INIT – indicates that system is in initialization mode – INIT
 

WFOV/NFOV/E-ZOOM – indicates the selected FOV
 

WHT HOT/BLK HOT – indicates the selected polarity of the picture:
 

WHT HOT – hot objects will be displayed in white.
 

BLK HOT – hot objects will be displayed in black.
 
LRF STATUS – indicates the LRF status

 
READY – LRF is ready for ranging

 
XXXXX – Measured range

SYSTEM START-UP AND CHECKOUT:
The following describes the Start-up procedures to be followed before operating
the

HHTI system.
 

Verify that the battery is in place and the battery cover is locked with two
latches.

Switches the power to “ON” position.

Remove front lens cover.
During power ON the INIT indication and DET HOT warning will be displayed

until  the detector will reach the required temperature in less than 8 minutes.

Then a thermal  image is displayed and the cooler noise is reduced.

If you have to change the field of view , push or pull the FOV handle.

Rotate the focus knob to get the sharpest image of the object.
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g)

h)

i)

j)
k)

l)

m)

n)

o)

Press the Reticle BLK/WHT pushbutton and observe if the color of the reticle

changes from black to white and vice versa with each pressure.

Verify that the system is in NFOV mode and press RETICLE BLK/WHT

pushbutton  for three seconds. Observe that the E-ZOOM is activated.

Press the pushbutton again to return to NFOV mode.

Change for to WFOV mode.

Press the RETICLE ON/OFF pushbutton and observe that the reticle
disappears.

Press the RETICLE ON/OFF pushbutton again and observe that the reticle is
displayed.

Change FOV to NFOV mode and press the RETICLE ON/OFF one more time.

observe that the range estimated scale is displayed.

Set the power switch to STBY. Verify that the CRT disappears while the cooler

noise  is still heard.

Set the power switch to ON. Verify that a thermal image is displayed within 45
seconds.

Field Of View:
The field of view is the extent of the observable world that is seen at any given
moment.

In case of optical instruments or sensors it is a solid angle through which a detector

is  sensitive to electromagnetic radiation.

Figure 7: Horizontal Field Of
View
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Figure 8: Vertical Field Of View
 
 
INTENSIFIER TUBE VERSUS THERMAL IMAGING CAMERA:

Figure 9: Intensifier Tube Versus Thermal Imaging Camera

Image intensification: Image is Thermal imaging: is not affected by the Saturated

by looking  directly to a light source and produces a clear image. Light source.
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TECHNICAL DATA OF HHTI WITH LRF:
 

Characteristics:
 
Thermal imager Spectral band: 8-12 μm Field of view (FoV)
:

Wide FoV: 8° x 6°
 
 

Narrow FoV: 3.2° x 2.4°
 

Electronic zoom (x2): 1.6° x 1.2° Image resolution: 754 x

576  Thermal sensitivity (NETp): < 50 mK Axis stability: < 

0.6 mrad  Eye safe laser range-finder:

Range out to 10 km
 

High performance single shot
Magnetic compass:

 
Elevation: 0.2°

 
Azimuth: 0.5°

 
GPS receiver:

 
Integrated + external connection (PLGR)

vi
Image inteicnsification does require a certain level of ambient light, but even 
starlight can
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produce an imageceon a
cloudless night.

es
Because thse system requires at least a minimum level of ambient light, 
conditions such as

heavy overcast can limit its effectiveness. Similarly, too much light may overwhelm the

system  and reduce its effectiveness.

Thermal imaging cameras offer substantial benefits over image intensification.

They are  not affected by the amount of light so that you will not be blinded when

looking at a light source.

bushes is clearly veoenisible since thermal Invisible contrast is practically
impossible to mask

sr
Image inteadensification, also referred to as I2 technology, amplifies small 
amounts of

visible light thousaesvnds of times so that objects can be
seen at night.

n
g
n
h
t
 
n
d
o
V

Image intensificatcmdioion: suspect Thermal imaging: suspect hiding in Hiding in

bushes is practically
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Colour daylight camera :
 

FoV: 3.7° x 2.8°
 

Laser pointer 830 nm :
 

Eye safe
 

GENERAL CHARACTERISTICS:
 
Weight: < 3.5 kg
 
Size: 310 x 250 x 110 mm
 
Video output:
 

625 lines or 525 lines (SMPTE 170 m)
 

Power supply:
 

Battery or external power supply
 
 
Battery Life:
 

> 4 hours with rechargeable battery
 

Remote control:
 

RS 422 serial datalink
 

Cooling:
 

Integrated micro-cooler, rotative Stirling
type

 
Cooling down time:
 

< 5 min
 

Internal display:
 

OLED
 
Temperature range:
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Operating: -40° C to +55° C
 
Environmental conditions:

Fully ruggedised / MIL STD 461 and MIL STD

810 - Military wheeled vehicles
 
ACCESSORIES:
 

Tripods, displays
 

Rechargeable batteries
 

Battery chargers
 

AC or DC converters
 

Narrow FoV (2°) tele-converter

Wide FoV (20°) teleconverter  for operation in

urban aera

 
Transmission and tele-operation

Integrated Hand-Held Display/remote

control box (POP6)

 
 
APPLICATIONS:

1. Military and Police

One of the most common users of a thermal imager is  a law enforcement or
military professional. They need to be able to see potential threats without being

detected and thermal units give them this chance. Modern thermal imaging

technology is tough  enough to withstand the abuse of recoil, so many police officers

and soldiers now employ  thermal imaging rifle scopes such as the ATN ThOR 640

Thermal Imaging Weapon Sight. The  drawback of using thermal imagers in life-and-

death situations is that while they're incredibly
30



2.

3.

4.



a)

b)

c)


a)

b)


a)

b)

effective at detecting people or animals, identification is far more challenging. You may

see a  man in front of you, but this doesn't mean you'll be able to tell if he's a friend or a

foe.
 
 

Surveillance
Thermal imaging cameras are one of the most effective tools for surveillance  

because they work equally well in the day and night. A regular CCTV camera is limited

by its

need for light, and night vision doesn't function during the day. The chance to see

through smoke  and fog also gives thermal a leg up on other surveillance techniques.
 
 

Energy Audits
Heating and cooling companies have used thermal imagers for years to see

where  buildings are leaking heat. Small cracks or holes cause homes to lose hundreds

of dollars a year  on heating and cooling bills.

Security And Law Enforcement
With a thermal imager, an officer can stop and scan the property at a distance

identify any  person present at there.

Perimeter Surveillance is another application in which thermal imaging is used

to  dramatically improve results and reduce time committed to a particular operation.

Thermal imaging cameras can also used in search and rescue operation as officers

may be able to  search up to 1,500 feet in any direction.
 
PRODUCT ASSURANCE TEST:

ESS(Environment Stress Strain) Test:
 

Climate Test

High temperature and Low temperature test

Heat and Cold Chamber Test

Rain and Dust Chamber Test

Durable Test

Vibration Test

Bump test

Functional Test

Resolution Test

Field Of View
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Heat and Cool Chamber Test:

Temperature and humidity test chambers

are  ranging in size from 50Ltier to 3000Liter,

including  benchtop, standard type and walk in.

Included are ultra  low temperature test chamber,

high rate of change of  temperature chambers

(15℃/min) and climate with  humidity chambers.

Our temperature and humidity test chambers are available in a variety of sizes and

configurations, including benchtop / vertical/ walk in constant temperature

humidity  chambers. Temperature Range: -70°C to +180°C; Humidity range:10% to

98%R.H.
 
Vibration Test Chamber:

Figure 10: Vibration Test Chamber
We perform structural dynamic finite element modeling and simulation of
vehicle

platforms, civil structures, and machines and study their response to shock and

vibration  during operation, accident, and natural catastrophies.

32



Conclusion:
The original purpose of night vision was to locate enemy targets at night. It is
still

used extensively by the military for that purpose, as well as for navigation,

surveillance and  targeting. Police and security often use both thermal-imaging and

image-enhancement  technology, particularly for surveillanc
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ABOUT CITD: 
 

Central Institute of Tool Design (CITD) established in1968 by the 
Govt. of India with the assistance of UNDP and ILO, is a pioneering 
Institution in the field of Tool Engineering in the country. The 
Institute was executed by International Labor Organization (ILO). 

 
The Precision machinery and Equipment was 

donated by UNDP and the faculty was trained abroad in the area of 
tool engineering. The UNDP experts stayed at CITD for about 5years 
and trained officers, faculty &staff of CITD in manufacture and 
design of tooling. 

 
The main objectives of the institute are: 

 
 Training of the technical personnel in Designing &Manufacture 

of Tools, Dies &Molds 

 Design & Manufacture of dies, Fixtures and gauges etc. 
 Provision of advisory services to small scale Units including 

assistance in design and developing tools for various processes. 

 
Recommending measures to standardize components for dies, jigs 
and other tools. 
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Abstract 

 
A leaf spring takes the form of a slender arc-shaped length of spring 
steel of rectangular cross-section. In the most common configuration, the center 
of the arc provides location for the axle, while loops formed at either end 
provide for attaching to the vehicle chassis. For very heavy vehicles, a leaf 
spring can be made from several leaves stacked on top of each other in several 
layers, often with progressively shorter leaves. Leaf springs can serve locating 
and to some extent damping as well as springing functions. While the interleaf 
friction provides a damping action, it is not well controlled and results 
in stiction in the motion of the suspension. For this reason, some manufacturers 
have used mono-leaf springs 

 

HISTORY: 

There are a variety of leaf springs, usually employing the word 
"elliptical". "Elliptical" or "full elliptical" leaf springs referred to two circular 
arcs linked at their tips. This was joined to the frame at the top center of the 
upper arc, the bottom center was joined to the "live" suspension components, 
such as a solid front axle. Additional suspension components, such as trailing 
arms, would usually be needed for this design, but not for "semi-elliptical" leaf 
springs as used in the Hotchkiss drive. That employed the lower arc, hence its 
name. "Quarter-elliptic" springs often had the thickest part of the stack of leaves 
stuck into the rear end of the side pieces of a short ladder frame, with the free 
end attached to the differential, as in the Austin Seven of the 1920s. As an 
example of non-elliptic leaf springs, the Ford Model T had multiple leaf springs 
over its differential that was curved in the shape of a yoke. As a substitute for 
dampers (shock absorbers), some manufacturers laid non-metallic sheets in 
between the metal leaves, such as wood. 

 
 

https://en.wikipedia.org/wiki/Arc_(geometry)
https://en.wikipedia.org/wiki/Spring_steel
https://en.wikipedia.org/wiki/Spring_steel
https://en.wikipedia.org/wiki/Rectangle
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https://en.wikipedia.org/wiki/Trailing_arm
https://en.wikipedia.org/wiki/Trailing_arm
https://en.wikipedia.org/wiki/Hotchkiss_drive
https://en.wikipedia.org/wiki/Austin_7
https://en.wikipedia.org/wiki/Ford_Model_T
https://en.wikipedia.org/wiki/Yoke
https://en.wikipedia.org/wiki/Shock_absorber


Introduction: 

 
Originally called laminated or carriage spring, a leaf spring is a simple form of 
spring, 
Commonly used for the suspension in wheeled vehicles. It is also one of the 
oldest Forms of springing, dating back to medieval times. 
The advantage of leaf spring over helical spring is that the end of the springs 
may 
Be guided along a definite path. 
Sometimes referred to as a semi-elliptical spring or cart spring, it takes the form 
of 
a slender arc-shaped length of spring steel of rectangular cross-section. The 
centre of 
the arc provides location for the axle, while tie holes are provided at either end 
for Attaching to the vehicle body. For very heavy vehicles, a leaf spring can be 
made from 
Several leaves stacked on top of each other in several layers, often with 
progressively Shorter leaves. Leaf springs can serve locating and to some extent 
damping as well as pringing functions. While the interleaf friction provides a 
damping action, it is not 
Well controlled and results in stiction in the motion of the suspension. For this 
reason 
Manufacturers have experimented with mono-leaf springs. 

 
Leaf Spring Advantages 

There are quite a few significant advantages of the leaf spring. We have listed a 
few of the key advantages below: 

 
1. The way the suspension is constructed is really simple and strong, acting 

as a linkage that holds the axle in position without the need for separate 
linkage. 

2. Extra weight and costs are reduced because of the rear axle location. This 
eliminates the need for trailing arms and a panhard rod (AKA track bar). 

3. Leaf springs support the weight of the chassis, making them ideal for 
commercial vehicles. 

4. They also control axle damping. 
5. The chassis roll can be controlled more efficiently due to the high rear 

moment centre and wide spring base. If the springs are mounted wider 
apart, the roll tendencies will be less. 



Leaf Spring disadvantages 

Although there are many key advantages of the modern day leaf spring 
(especially when installed in commercial vehicles), there are also a couple of 
disadvantages which you should be aware of. We have listed these below: 

 
1. They aren’t always the easiest to install – but there is a clear process to 

follow that makes life much easier. 
2. The ride comfort isn’t as great because of the inter-leaf friction between 

each leaf. 
3. Over time, the springs tend to lose shape and can sag. When the sag is 

uneven, it can alter the cross weight of the vehicle which can affect the 
handling slightly. This can also change the axle-to-mount angle. 

4. Wind-up and vibration can be caused by acceleration and braking torque. 
The wind-up can also cause nose-diving and rear-end squat. 

 

Leaf Spring applications 

1. Leaf springs are used where to need low deflection and high load carrying 
capacity. 

2. This is why you will see them on heavier vehicles such a lorries, trucks, 
trains, etc. They are not typically light weight or particularly efficient in 
terms of performance to weight. However, they are cheap. 

3. As they are so cheap, you will find them installed on some lower end cars 
as well. 

4. The diving board is a cantilever with a load, the diver, at its free end. The 
diver initiates a to and fro swing of the board at the free end and utilizes 
the spring action of the board for jumping. The diving board basically is a 
leaf spring. 

5. The leaf springs are widely used in suspension system of railway 

carriages and automobiles. But the form in which it is normally seen is 
laminated leaf spring. 



Material for leaf spring: 

Plain carbon steel, Chromium vanadium steel, Chromium- Nickel- 
Molybdenum steel, Silicon manganese steel, are the typical materials that are 
used in the design of leaf springs. The material selected for steel leaf spring is 
65Si7. The design parameters selected for steel leaf are listed 

About steel 65Si7 

Furthermore, once completing the model, the analysis on stress was 
conducted using the finite element method with the Program of Ansys 17.2. The 
analysis was conducted using the different data of the spring materials including 
the spring with the composite material of 65Si7 consisting of the Chromium 
Vanadium, Chromium, Nickel, Molybdenum, and Silicon. Thus, the material of 
leaf spring in this analysis was named 65Si7. The model of that material was 
given meshing of 10 mm and the force of 500 N adjusted with the weight of the 
vehicle on the passengers’ car. The analysis on the stress on the leaf spring was 
given to seek the maximum stress position on the leaf spring. 

 

Material data: 
 

 Parameters Values 

1 Material selected Steel 65Si7 

2 Density 7.8E-6 Kg/mm3
 

3 Yield strength 1158 M pas 

4 Young’s modulus(E) 2.1E5 N/mm3
 

5 Poisson’s ratio 0.217 

6 Total length 700 mm 

7 Arc height at axle seat 95 mm 

8 Normal static loading 500 N 

9 Available space for spring width 30 mm 

10 Number of leaves 7 



About CATIA 
 

 

 

 

 

 
History: 

CATIA started as an in-house development in 1977 by French aircraft 
manufacturer AVIONS MARCEL DASSAULT, at that time customer of 
the CADAM software to develop Dassault's Mirage fighter jet. It was later 
adopted by the aerospace, automotive, shipbuilding, and other industries. 

Initially named CATI (conception assistee tridimensionnelle interactive – 
French for interactive aided three-dimensional design), it was renamed CATIA 
in 1981 when Dassault created a subsidiary to develop and sell the software and 
signed a non-exclusive distribution agreement with IBM. 

 

Industries where ‘CATIA’ is used: 
Commonly referred to as a 3D Product Lifecycle Management software 

suite, CATIA supports multiple stages of product development (CAX), 
including conceptualization, design (CAD), engineering (CAE) and 
manufacturing (CAM). CATIA facilitates collaborative engineering across 
disciplines around its 3DEXPERIENCE platform, including surfacing & shape 
design, electrical, fluid and electronic systems design, mechanical 
engineering and systems engineering. 

CATIA facilitates the design of electronic, electrical, and distributed systems 
such as fluid and HVAC systems, all the way to the production of 
documentation for manufacturing. 

https://en.wikipedia.org/wiki/Dassault_Aviation
https://en.wikipedia.org/wiki/CADAM
https://en.wikipedia.org/wiki/Mirage_(aircraft)
https://en.wikipedia.org/wiki/IBM
https://en.wikipedia.org/wiki/Dimension
https://en.wikipedia.org/wiki/Product_Lifecycle_Management
https://en.wikipedia.org/wiki/Computer-aided_design
https://en.wikipedia.org/wiki/Computer-aided_engineering
https://en.wikipedia.org/wiki/Computer-aided_manufacturing
https://en.wikipedia.org/wiki/Mechanical_engineering
https://en.wikipedia.org/wiki/Mechanical_engineering
https://en.wikipedia.org/wiki/Systems_engineering
https://en.wikipedia.org/wiki/HVAC


DIMENSIONS OF LEAF SPRING: 
 

 

 

Designing single leaf -1: 
 

Designing single leaf -2: 
 



Assembly of leafs: 
 

 
 

Assembly of leafs with nuts and bolts: 
 



INTRODUCTION TO ANSYS 

ANSYS: 

ANSYS, Inc. has developed product lines that allow you to make the 
most of your investment and choose which product works best in your 
environment. ANSYS is a finite element analysis (FEA) code widely used in the 
computer-aided engineering (CAE) field. ANSYS software allows engineers to 
construct computer models of structures, machine components or systems; 
apply operating loads and other design criteria; and study physical responses, 
such as stress levels, temperature distributions, pressure, etc. It permits an 
evaluation of a design without having to build and destroy multiple prototypes 
in testing. The ANSYS program has a variety of design analysis applications, 
ranging from such everyday items as dishwashers, cookware, automobiles, 
running shoes and beverage cans to such highly sophisticated systems as 
aircraft, nuclear reactor containment buildings, bridges, farm machinery, X-ray 
equipment and orbiting satellites. 

 
ANSYS/LS-DYNA: 

ANSYS/LS-Dyna is a tightly integrated program that combines industry- 
leading finite element technology with explicit nonlinear dynamic solution 
capabilities. The program simulates drop-test, metal forming, crash analysis, 
impact involving large deformation, nonlinear material behavior, and multibody 
contact typically characterized by transient impact behavior. 

CFX 
 

CFX computational fluid dynamics (CFD) software delivers value to 
engineers tasked with developing or improving products and processes 
involving fluid flow, heat transfer and/or chemical reaction. 

Fluent 

Pre & Post Processing Tools Several tools exist that improve efficiency of 
engineers performing FEA and CFD simulations including ICEM/CFD, 
AI*Environment, ParaMesh and Interface for Nastran. Can also be used for 
non-ANSYS software such as FLUENT, StarCD, Nastran, and Abaqus. 



PROCEDURE FOR ANALYSIS LEAF SPRING: 
 

STEP 1: STATIC STRUCTURAL 
Open Workbench 17.2 and select the static structural option 

 
STEP 2: ENGINEERING DATA 
Give the following inputs in Ansys workbench 
Engineering data - general materials 
Material Selected = Steel 65Si7,cast iron. 
We have considered model as Elastic and isotropic, having 
Young’s Modulus = 2.1e5 Mpa 

Poisson’s Ratio = 0.217 

Density = 7.8e-6 kg/mm^3 

STEP 3: UPDATE PROJECT 

STEP 4: IMPORT 
Import – Geometry - File of IGES.format 
Double click on geometry - new window will open 
STEP 5: MESH 
GENERATE MESH 
mesh - relevance center - select fine - click on update. 
STEP 6: STATIC STRUCTURAL –FRICTIONL SUPPORTS 
Static structural (AS) - right click - insert - select frictional support - select area 
- apply. 
STEP 7: STATIC STRUCTURAL _FORCE 
Static structural (AS) - right click - insert - select force -select area - apply. 
STEP 8: SOLUTION(AS) 
Right click - insert - select required stress and deformations 

 Total deformations 
 Equivalent stress 
 Equivalent strain 
 Strain energy 
 Factor of safety 

STEP 9: SOLUTION(AS) 
 Right click - update 



ANSYS workbench: 
 

 

 

 

 
 

Materials selected and their properties: 
 

 

 



MODEL OF LEAF SPRING: 
 

 

 

 

 

 

 
 

MESHING OF THE MODEL: 
 

 

 

 

 



TOTAL DEFORMATION: 
 

 
 

 
 

FACTOR OF SAFETY: 
 

 
 



TOTAL ANALYSIS OF LEAF SPRING: 
 

 

 

 

 

 

 
Static Analysis: 

 
In Ansys we have applied a moment of 500 N and got the results as follows: 
Total Deformation : 0.21794mm 
Equivalent stress : 6.1966e-004N/mm2 
Equivalent strain : 123.4 max 
Strain energy : 1.905max 
Safety factor : 2.026 
Maximum principal stress : 931.68 N/mm2 



CONCLUSION 

 

In this project we have designed a ‘LEAF SPRING’. We have modeled 
the leaf spring by using 3D parametric software CATIA V5R21 and analysis 
software Ansys workbench 17.2 

As my applied force on the Leaf spring I got max deformation is 
0.21794mm, and safety factor 2.026. As per my design& Ansys the leaf spring 
bear more load and increase the life time. 
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CHAPTER-1 

INTRODUCTION TO 3D EXPERIENCE 

 

 Consumers today demand experiences that enrich their lives in meaningful ways. Experience 

thinking is a framework for innovation, focusing on engaging consumers with breathtaking 

experiences that are smarter, intuitive and sustainable. Experience thinking persuades the 

organization to define the product and related services in the context of the customer usage – a 

holistic approach to creating value for the customer. Experience thinking encourages companies 

to consider all aspects of the consumer’s experience – only possible when all the players in the 

innovation process from marketing, sales, design, engineering, manufacturing and the supply 

chain work collaboratively.  

 

The 3DEXPERIENCE platform and apps digitalize the customer experience, with capabilities to 

analyze, design, simulate, engineer and realize experiences. Innovators develop a deep 

understanding of their customer’s operating environment by analyzing social and usage 
information on the platform with a data-driven approach. The experience is modelled in the 

context of the operating environment, capturing intelligent interactions between the environment, 

consumer, product and digital capabilities that harness operational data and provide insightful 

services. Enterprises then simulate and optimize their offerings encompassing all customer 

scenarios. During the operating lifecycle, this model is enriched with valuable insights gleaned 

from the usage data, setting the stage for the next cycle of innovation. 
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3DEXPERIENCE is the most advanced software for product and learning innovation, is 

available in the cloud or on-premises, within your own operating environment. Both options 

bring new capabilities to educators and students who want to experience the engineering 

practices of industry leaders for increased employment opportunities in the new global economy. 

Years of collaboration with educators and students across a wide variety of institutions and 

disciplines has led to a flexible, tailored set of learning solutions. 3DEXPERIENCE for 

Academia encompasses a suite of world-class integrated applications: 

➢ CATIA for product design 

➢ DELMIA for digital manufacturing  

➢ SIMULIA for realistic simulation 

➢ ENOVIA for collaborative innovation 

➢ 3DEXCITE for high-precision rendering and interactive immersion 
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3DEXPERIENCE platform builds on the V6 digital architecture and adds information 

intelligence, dashboarding and social collaboration capabilities. Businesses now create a private 

social collaboration environment on the platform and involve employees, partners, suppliers, 

consumers and other stakeholders as active participants in the innovation process. Leading 

organizations now adopt a big-data approach to understand all aspects of the customer 

experience in a data-driven manner and then model and simulate all aspects of the customer 

experience – virtually perfecting the experience before launching the product to market. 

3DEXPERIENCE ESSENTIALS 

3DEXPERIENCE Essentials is a broad application set built on the Business and Industry 

Innovation baseline, encompassing a vast set of Dassault Systems solutions. 

The ideal basis for universities or technical colleges to support their transition to project-based or 

student-centered learning, 3DEXPERIENCE Essentials provides a complete digital framework 

for team-based ideation, contextual learning, collective innovation, solution creation and various 

methods for project evaluation. 

3DEXPERIENCE Essentials includes advanced ENOVIA capabilities for configuration 

management, requirements management, change management and compliance processes.  

The Essentials package bundles a large sub-set of CATIA design functions and enables 

conceptualization and detailing of virtually. 

Using DELMIA digital manufacturing tools makes machining, robotics and rapid prototyping an 

integrated exercise, ensuring manufacturability of designs and streamlining of manufacturing 

programming.  

Right-first-time practices are reinforced through mechanism simulation and associative stress 

analysis using SIMULIA and ergonomics simulation.  

The fundamental capabilities of additive manufacturing are built-in for powder-bed fusion 

additive manufacturing, including nesting, automated support design and laser path optimization.  

Converters to and from other applications, as well as 3D printing output formats, are available 

for exchanging data with various partners and devices. 

A fundamental enhancement in 3DEXPERIENCE Essentials is the possibility to create hybrid 

assemblies mixing new data with legacy models from version 5. New functionalities can so be 

applied on existing courses examples without re-creating them. Projects started in V5 for 

instance students’ competitions can easily progress in the up-to-date version. 

Common apps and services to connect everyone to the platform 

The 3DEXPERIENCE platform provides the underpinning apps and services that enable the 

transformation to a digital, data-driven, model-based environment. The common apps and 

services provide an effective way to connect everyone early in the innovation process. Social 

collaboration with 3DSwym is a great way to harness the innovative ideas from everyone. With 
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the 3DDashboard users monitor the things they care about – follow online trends, be alerted by 

data feeds, and at the same time monitor enterprise processes and data. Users see everything 

that's happening, 24/7, all in one dashboard. With 3DDrive users securely store their documents 

on the cloud, access them from any device and share them with co-workers and collaborators 

across the value chain. Users collaborate instantly using 3DMessaging with immersive 

visualization of 3D assemblies with 3DPlay.  

 

 

 

In this internship program we learned about CATIA, SIMULIA and DELMIA. 
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CHAPTER-2 

CATIA 

    2.1 Introduction to CATIA: 

 Catia is the mechanical design software and is capable of addressing the complete product 

development process, from product concept specification through product in service in a fully 

integrated and associative manner. 

      Catia mechanical design discipline products accelerate core activities of development from 

concept to detailed design on to drawing production .mechanical design products also address 

sheet metal requirements and mold manufactures using dedicated applications that dramatically 

enhance productivity and strongly reduce time to market. 

In 3D Experience Catia is present in 3D icon which consists of 3D Modelling apps. 

     Workbenches in CATIA 

➢ PART DESIGN 

➢ GENERATIVE SHAPE DESIGN 

➢ ASSEMBLY DESIGN 

 

2.2 Part Design 

Catia provides you so many features which make creating complex mechanical design in a 

simple task. The objects created in sketcher are converted into the solid part with the help of part 

modeling tools. 

Features 

➢ Advanced complex features for dedicated best practices 

➢ Knowledge templates repository approach 

➢ Comprehensive specification approach for value added process reducing geometry 

definition and rework 

➢ Process features oriented 

2.2.1 Tools  

➢ Pad  

➢ Pocket 

➢ Shaft 

➢ Groove 

➢ Hole 

➢ Rib 
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➢ Slot 

➢ Multi-Section Solid 

Pad 

Pad tool has the ability to convert any sketch into solid part with given length. If any geometry 

also there in between the outer boundary pad operation considers it as an empty space. 

➢ Select pad tool  

➢ Define types of pads that are 

➢ Dimension 

➢ Up to next 

➢ Up to last 

➢ Up to plane 

➢ Up to surface  

➢ Select sketch 

➢ if you want it to be hollow than select tick option and give limits of thickness 

➢ If you want to extrude body in both sides than check option more and again select type 

and dimensions for second side. 

➢ Select OK for implementation 

 

Pocket  

Pocket is just opposite operation of pad. Operation process is same as pad tool, all other options 

are also same as pad the only difference is removal of material in spite of generating solid part. 

Shaft 

Shaft tool is an operation in which any sketch rotates about an axis and forms a solid part. From 

this operation we can generate any geometry which is symmetric about an axis. 

➢ Draw the sketch with axis line. 

➢ Switch out from sketcher and select Shaft Tool to revolve sketch 360 degree. 

➢ Axis should be draw with sketch. 

➢ Select OK for implementation.   

Groove 

Groove is just opposite operation of shaft. Shaft makes solid part by revolving any sketch about 

an a groove removes material by revolving about an axis. Sketch profile must be closed one for 

this operation. 

 

Hole 

This operation makes a hole that tab be used for bolted joint or for a tap or for any locator pin. 

Hole can be made threaded. 
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Rib 

Rib operation will increase a 2D profile along to the center curve and create a 3D solid object. 

steps are as follows. 

➢ Draw a Center curve  

➢ Select a plane at perpendicular direction of the end point of a Center curve 

➢ Draw Profile at that Plane  

➢ Switch out the sketcher  

➢ Select rib tool 

➢ Select profile first 

➢ Select center curve 

➢ If all given parameter are correct then it will show you a preview  

➢ Select OK for implementation 

 

Slot 

Slot is just opposite operation of rib. All the procedure of working is same but slot removes 

material according to sketch and rib makes solid part. Here also we follow same procedure as in 

rib. 

 

Multi-section Solid  

Multi-sections solid   can be created by joining two or more section curves along the calculated 

or user-defined guiding curves. One or more leading curves can be used. The result is a closed 

volume. 

Some other important tools used in part design are   

➢ Fillet 

➢ Chamfer 

➢ Draft 

➢ Shell 

➢ Thickness 

 

2.2.2 Procedure  

• Open 3d experience  

• Click on 3d icon at top left corner  

• Select part design 

• Click on body  

• Click on sketcher  

• Select the plane to draw 

• Draw the profile of the required part  

• Click on exit icon  

• Select the required operations like pad, shaft etc. 
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• For another operation on the same part select another body  

• By using sketcher draw another profile 

• Perform pad operation  

• Based on the required add or remove the body from another body. This process is known 

as Boolean operation. 

• Perform operations like fillet, chamfer as for the requirement. 

 

 

 

 

 Parts designed using part design: 
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2.3 Generative Shape Design 

 Generative Shape Design helps to design advanced shapes based on a combination of wireframe 

and extensive multiple surface features. t provides a large set of tools for creating and editing 

shape designs and, when combined with other products such as CATIA Part Design, it meets the 

requirements of solid-based hybrid modeling. 

 

2.3.1 Tools  

➢ Extrude surface 

➢ Revolve 

➢ Sphere 

➢ Cylinder 

➢ Sweep 

➢ Fill 

➢ Join  

➢ Split 

➢ Trim 

➢ Boundary  

Extrude Surface 

This tool extrude surface from already created profile on perpendicular direction of plane 

selected. 

➢ Select the tool 

➢ Select profile and plane extrusion 

➢ Now give limits that is length of extrusion in both sides 

➢ Select ok to implement the work 

Revolve 

 This tool is used to create circular surface. 

➢ Draw a open sketch with a axis line 

➢ Select revolve tool 

➢ Select profile to be revolved  

➢ Select axis line if it is not in sketch  

➢ Define start angle and end angle  

➢ Select OK to implement 

Sphere 

➢ Select sphere tool  

➢ Select center point  

➢ Remain sphere and default  

➢ Define the radius of sphere  

➢ Select the sphere limitations 

➢ Select OK to implement 
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Cylinder 

Draw Cylinder through specify point and direction 

➢ Create a point on a plane 

➢ Select cylinder tool  

➢ Specify center point  

➢ Select plane for direction 

➢ Specify radius 

➢ Specify length1 and length 2 

➢ Chose minor extent or Reverse 

➢ Direction When required 

➢ Select OK 

Sweep 

This the most important tool used in surface design. we can use this tool for generating any type 

of surface that may be straight or it may be twisted or curvilinear form. 

Types of sweep 

➢ Explicit sweep 

➢ Linear sweep 

➢ Circle sweep 

➢ Conical sweep 

Fill 

Fill command is used to crate surface between some intersecting curves but it must be closed. 

➢ Select tool 

➢ Select curves 

➢ Choose continuity 

➢ Press OK 

Join 

➢ The Join tool is used to join two adjacent surfaces or two adjacent curves. 

➢ Choose Join button from the Operation toolbar  

➢ The Join Definition dialog box is displayed 

➢ You are prompted to select the elements (curves or surfaces) to be joined 

➢ Select the elements that you need to join 

➢ Remember that there should not be a large gap between the entities to be joined. 

➢ Choose the OK button from the Joint Definition dialog box to complete the join operation 

➢ The surfaces or curves that are joined together will behave as a single entity 
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Split 

Split This tool will split the surface about any curve and the selected surface. 

➢ Select split tool 

➢ Split dialog box will open  

➢ Select a surface to split 

➢ Select a curve at surface as a cutting element. 

➢ The resulting surface will ready to preview for you. 

➢ Select other side to change side of split 

➢ Select OK 

Trim 

 The Trim tool allows you to trim two intersecting surfaces or curves with respect to each other 

➢ When you choose this tool, the Trim Definition dialog box will be displayed 

➢ Choose a surface as the first element and the other surface as the second element. 

➢ One side of each surface will be displayed as transparent. 

➢ You can choose the other side button to reverse the sides of surfaces to be trimmed. 

Figure shows the surface Trimmed using the Trim tool. 

➢ Figure shows the trimmed surface when the other side buttons are selected for both 

➢ Surfaces from the Trim Definition dialog box. 

Boundary 

Boundary tool will defines the boundary of a surface according to you. This will useful if want to 

use semi boundary of any sketch for our next operation 

➢ Create surface as shown figure 

➢ A dialog box open  

➢ Select surface whose boundary need to redefine 

➢ Select limits for new boundary 

➢ These limits must cross that existing surface at any point and the selected limit sketch 

will not overlap with surface 

➢ Ok for implementation 

 

2.3.2 Procedure  

• Open 3D Experience 

• Click on 3D icon at the top left corner  

• Select generative shape design 

• Click on sketcher 

• Select the plane to draw the profile 

• Draw the profile  

• Extrude the surface of the profile 
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• By using offset planes  draw remaining profile and extrude the surfaces 

• Fill the closed curves according to requirement 

• Join all the surfaces  by using join command 

• Trim the extra projections by using trim command 

• After joining all the surfaces inn single surface fillets are made 

 

 

 Components designed by using generative shape design: 
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2.4 Assembly Design 

Assembly modeling is the process of creating designs that consist of two or more Component. 

Assembled together at their respective work positions. The components are brought together and 

assembled in Assembly Design workbench by applying suitable parametric assembly constraint to 

them. The assembly constraints allow you to restrict the degrees of freedom of components on their 

respective work positions. The assembly files in CATIA are called Product files 

.  

2.4.1 Product Structure Tools 

 

Inserting a existing part 

This tool inserts a part which is already created and saved into .CATPART file. This insets the part in 

non position mode. 

 

 Insert a new part  

This toll gives us a way to create a new component in the assembly workbench. 

 

Insert new product 

This tool is used for inserting another product in the same assembly file. This is used where assembly 

are there in the same product. 

 

Replacing a Component  

If you places wrong component in assembly then use this tool for replacing it by a correct one. 

➢ Select a component to replace  

➢ now select replace component tool 

➢ The window will open which contains CATPART files 

➢ Select new part 

➢ Select OK for Implementation. 

 

 Multi Instantiation 

This is a tool which can create multiple copies of an inserted part without inserting it again and again. 

It can set them at specified direction and distance from its parent part. 

 

2.4.2 Move Tools 

 

 Manipulation 

Manipulation tool is a small subgroup of tools used for moving a component inside the assembly 

design workbench. This tool includes the tools used to rotate, translate, and move tools. 

Manipulation tool consists of 

➢ Drag along X-axis 

➢ Drag along Y-axis 

➢ Drag along Z-axis 
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➢ Drag along any axis 

➢ Drag along XY Plane 

➢ Drag along YZ Plane 

➢ Drag along ZX Plane 

➢ Drag along any  Plane 

➢ Drag around X-axis 

➢ Drag around Y-axis 

➢ Drag around Z-axis 

➢ Drag around any axis 

 

Snap Tool 

The snap tool is used to move the component by snapping the geometric element of the first 

component on selection of the geometric elements. The element selected first will move to snap the 

second element. 

 

Explode 

Explode is command which will breaks your assembly or subassembly and will show you all its -

components individually. 

 

2.4.3 Constraints 

 

Coincidence Constraint 

This constraint will make coincidence the centre lines of two cylindrical components 

 

Contact constraint 

This constraint will connect surfaces of components. The connected components have no space 

between these two surfaces. 

 

 Offset constraint  

Surface constraint will create zero gap between two surfaces but if it is desired to make some distance 

then offset tool is used. 

 

Angle constraint  

This tool I used for placing two components at an angle. 

 

Fix together 

This is a constraint which fixes two components together. If you want to perform any manipulation 

operation or you are assigning any constraint on any of these components it will automatically applies 

on other because they both are fixed together. 
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2.4.4 Procedure  

• Open 3D Experience 

• Click on 3D icon at the top left corner  

• Select assembly design 

• Import all the parts required for the assembly. 

• Click on insert existing part 

• Click on physical product at the top of the tree located at top left corner. 

• Select all the parts and import them to the assembly window. 

• Perform the manipulate operations to move the parts and place them in sequence. 

• Fix one part as the reference and assembling should be carried. 

• Give coincidence constraint to the parts. 

• Then give contact constraint to the parts to complete assembly 

Assembly of screw jack 
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CHAPTER -3 

SIMULIA 
3.1 Introduction 

SIMULIA is a complete suite of powerful and realistic solutions that enable users to explore 

the real-world behavior of product, nature, and life.  Simulia makes virtual testing a standard 

business practice that improves the product performance, reduces physical prototypes and 

innovation .It allows the simulation of the designed model by various input parameters. 

Workbenches in Simulia 

➢ MATERIAL DEFINITION  

➢ STRUCTURAL MODEL  

➢ STRUCTURAL SCENARIO 

3.2 Simulia Procedure: 

  Material definition 

➢ Open 3d experience software 

➢ Design a component using part design  

➢ Then for simulation click on V.R  

➢ Select material definition. 

➢ After opening material definition create a material and name it as steel. 

➢ In top left corner of the window a tree related to the material is appeared. It contains 

Material appearance domain and Material simulation domain. 

➢ Click on material simulation domain and add required properties of the material like 

density, Youngs modulus, poison ratio etc. 
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➢ Go to part body created before. 

➢ Click on pick material option in the tool bar located at bottom 

➢ Go to material editor tab and click on steel and the click on product to apply the material. 

Structural model 

➢ Go to V.R and click on structural model. 

➢ Click on finite element methods option which is appeared on the tree. 

➢ Click on nodes and elements then toolbar bar is appeared at the bottom. 

➢ Click on mesh icon and select the mesh type. 

➢ Give mesh size and then apply the mesh by selecting the body. 
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➢ Click on finite element methods. 

➢ Click on properties and select solid section. 

Structural scenario 

➢ Go to V.R and click structural scenario and select simulation type. 

 

➢ Click on setup from the toolbar located at the bottom and click on finite element model 

appeared in the dialogue box. 
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➢ Click on procedure and choose the type of procedure. 

 

➢ Click on restraints and choose type of support. 
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➢ Click on loads and apply the loads required. 

 

 

➢ Click on simulate and the click on simulation checks. 
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➢ Simulation status is appeared. 

 

 

➢ Finally click on simulate and note down the results. 
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CHAPTER-4 

DELMIA 

4.1 Introduction 

DELMIA-Digital Enterprise Lean Manufacturing Interactive Application is powered by the 

3DEXPERIENCE platform. 

DELMIA Digital Manufacturing drives manufacturing innovation and efficiency by planning, 

simulating, and modeling global production processes. DELMIA allows manufacturers to 

virtually experience their entire factory production from the impact of design to determining how 

to meet global demand. These simulation activities allow manufacturers to better address and 

shift processes so as to quickly respond to the competition, or to take advantage of new market 

opportunities. 

 DELMIA Digital Manufacturing capabilities extend visualization beyond the product into 

manufacturing—providing the ability to simulate manufacturing processes before the physical 

plant or production line even exists. By proving out plant level considerations such as 

manufacturing approaches and material flow in the early stages of product development, the 

product concept can be analyzed to determine the best approach to make the product. 

 

Workbenches in Delmia 

➢ Manufacturing Item Definition 

➢ Process Planning 

➢ Equipment Allocation 

➢ Assembly Evaluation 

➢  Time Motion and Study 

4.2 Delmia Procedure: 

Importing product 

➢ Open 3d experience. 

➢ Click on import and import the product which is in .3dxml format. 

➢ Right click on product from the tree. 

➢ Then click on open with and select open with advanced. 

➢  Click on expanded with all representative children. 
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Manufacturing item definition 

➢ Go to V.R  click on manufacturing item definition 

➢ Right click on manufacturing item definition window and the click on product A1. 

➢ Click on manufacturing assembly and create manufacturing item product scope and click 

on product. 

➢  Click on Authoring from toolbar at bottom and click on Create / Update manufacturing. 

➢ Insert required number of manufacturing assemblies and spilt the product in to different 

components by using assignment manager. 
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Process planning 

➢ Go to V.R click on process planning. 

➢ Click on general system. 

➢ Click on manage scope and create scope. 

➢ Insert no. of general systems as per requirement. 

➢ Insert general operations and loading operations in the general systems. 

➢ Select the components from the tree and place them in them general operations and 

loading operations according to the assembling order. 

➢ Click on product flow from the tool bar and create flow between the general operation and 

loading operation in the general system and also create flow between the general systems. 

 

 

 

Equipment allocation 

➢ Go to V.R click on Equipment allocation 

➢ Right click on PPR context from the tree then click on insert resource, click on 

manufacturing cell, click on main layout , click on create stations  

➢ Create 4 stations each station must have one conveyor and one storage. 

➢ For creating storage and conveyor click on station, click on insert resource. 

➢ Import station with conveyor file of .3dxml format. 

➢ Copy the imported file and open equipment allocation tab and paste it in main layout. 

➢ From the imported file copy storage and conveyor and paste them in the stations created 

before. 

➢ Click on create scope and create scope between main layout and general system. 
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➢ Click on station, click on assignment manager and export general system operation to the 

station. 

➢ Define part position and place on conveyors  

 

Assembly Evaluation 

➢ Go to V.R click on Assembly Evaluation. 

➢ Click on General system and Right click on Loading operation and then Create Track. 

➢ Copy the Current track to the other operations. 

➢ Click Live Simulate on toolbar located at bottom. 
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CONCLUSION 

From this internship I have learnt  

➢ Modelling of solid parts by using Catia part design. 

➢ Creating complex shapes and surfaces by using Generative shape design. 

➢ Assembling of parts to form a assembled component. 

➢ Meshing and simulating structural components with different supports 

and loads by using Simulia. 

➢ Basic concepts and procedure of Delmia. 
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ABSTRACT 

This report describes the internship I spent at Bharat Electronics Limited (BEL) Machilipatnam. 

Bharat Electronics Limited (BEL) is an Indian state-owned aerospace and defense company with 

about nine factories, and several regional offices in India. I have reported the functions of various 

departments in the industry and also products produced in the industry. Furthermore I describe the 

responsibilities of various departments namely Development and Engineering Department, Material 

Management, Quality Assurance, Plant and Service, Assembly Section and R&D Department. I also 

present the basic working principles and applications of Night Vision Devices, Binocular Night 

Vision Devices, Hand Held Thermal Imaging Camera with LRF and Thermal Imaging Camera. 
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Chapter– 1 INTRODUCTION 

 
With the ongoing revolution in the field of mechanical where innovations are taking place at 

the blink of an eye, it is impossible to keep the pace with the emerging trends excellence is an 

attitude that whole of human race is born with. It is the environment that makes sure that 

whether the result of this attitude is visible or otherwise. A well planned, properly executed 

and evaluated industrial training helps a lot in including a professional attitude. It provides a 

linkage between the student and industry to develop an awareness of industrial approach to 

problem solving, based on broad understanding of process and mode of operation of 

organization. 

During this period, the student gets the real experience for working in the actual industry 

environment. Most of the theoretical knowledge that has been gained during the course of 

their studies is put to test here. Apart from this the student gets an opportunity to learn the 

latest technology, which is immensely helps in them in building their carrier. I had the 

opportunity to have a real experience on many ventures, which increased my sphere of 

knowledge to great extent. I got a chance to learn many new technologies and interfaced to 

many instruments. 

The word quality holds out different meaning for different people, but for an industry it is 

most important and can be defined as the totality of features and characteristics of 

product/services that bear on its ability to satisfy given needs. 

 

 

 

 

 

 
 



 

 

       Chapter – 2 

 COMPANYPROFILE 

 
About BEL & Products: 

 
Bharat Electronics Limited, a Professional Electronics company in India incorporated in 

1954. BEL was born to meet the growing needs of Indian Defence services for electronic 

systems. Employing the best engineering talent available in the country, BEL has progressed 

manufacturing state-of-the-art products in the field of Defence Electronics like 

Communications including encryption, Radars and strategic components. Over the years, 

BEL has diversified to meet the needs of civilian customers as well and has provided 

products and network solutions on turnkey basis to customers in India and abroad. 

Bharat Electronics Limited is a Pioneer in the field of Professional Electronics in India and 

has been manufacturing a wide range of Defence and Civil communication products since 

1954. Multiple years of operations covering design, development, engineering and 

manufacturing professional electronics equipment in diverse fields based on various 

technologies has enabled BEL to offer end-to-end system solutions on turnkey basis. 

Products: 

 Defence. 

 Telecommunications. 

 Land based radars. 

 Naval systems. 

 Opto electronics. 

 Tank electronics. 

 Electronic warfare. 

 Simulators. 

 Non defence. 

 Telecommunications. 

 Sound vision broadcasting. 

 Solar photovoltaic systems. 

 Electronic components. 

  



Manufacturing units: 

BEL has a total of nine manufacturing units spread throughout the nation with Bangalore 

being the biggest of them. The details about the different manufacturing units of BEL along 

with their product specialties are as follows: 

 

S.No BEL Unit State 

1. Bangalore Karnataka 

2. Panchkula Haryana 

3. Kotdwara Uttaranchal 

4. Ghaziabad Uttar Pradesh 

5. Pune Maharashtra 

6. Hyderabad Telangana 

7. Machilipatnam Andhra Pradesh 

8. Navi Mumbai Maharashtra 

9. Chennai Tamilnadu 

 
Table 2.1: Manufacturing units 

 
 

In 1954 with a factory of Jallahali, Bharat Electronics grew into nine units, spread all over 

India. The locations and products of the units are given below: 

1. BANGALORE: This is also called BG complex. Jallahali unit which is the mother unit is 

now a part of the BG complex. This is the biggest unit with approx 10,000 employees 

working here. Among the products here, the important ones are: 

 Communication equipment. 

 Air and Doordarshan equipment like mobile van for live telecast. 

 Radar-mobile, one dimensional, 3-dimensional and multi-dimensional Radars 

are manufactured here. Different range of semi-conductors devices like ICs. 



 Resistors and black & white color TV picture tube glasses. 

 ISRO‘s requirements are met at space electronics department at Bangalore. 

Satellite launch vehicle was also manufactured here. 

 
2. PANCHKULA: Panchkula & kotdwara were proposed simultaneously by the government 

in 1985.It was proposed to set up one unit each in Haryana & Uttar Pradesh. But the place in 

U.P for setting up a BEL unit could not be decided while that at Haryana was decided & 

hence this unit started earlier. This unit manufactures only tactical communication equipment 

like VHF, UHF transceivers etc. 

 
3. KOTDWARA: This is a unit in garhwal district of Uttaranchal. This unit manufacturers  

radio relay, multiplex equipments &exchanges etc. 

 
4. GHAZIABAD: This is the second unit which was set up in 1974, & approx. 2500 

employees working here. Radars & some communication equipment are the products 

manufactured here are: 

 Radars 

 SATCOM 

 Microwave components 

 

5. PUNE: To diversity further one more branch was added 1979 & this was in pune. In this 

branch around 700-800 employees are working. The product profile includes: 

 Image convertor, image intensifier 

 X-ray tubes 

 Batteries 

 Electro-optics 

 

6. HYDERABAD: This is another unit of BEL which manufactures electronic 

warfare equipments. 

 

7. MACHILIPATNAM: There was one Andhra scientific company, which was a 

sick unit. This was taken over by BEL & is called ASCO unit 1983.The products 

include: 

 Optical & Optoelectronic equipment like binoculars, microscopes. 



 Medical Electronics 

 

8. NAVI MUMBAI: This is an industrial place near Mumbai. This unit makes: 

 Glass shells for black & white TV picture tubes 

 Shelters for electronic equipment 

 Train actuated warning system 

 Electronic equipment assembly 

 

9. CHENNAI: This unit manufactures: 

 Tank related electronic equipments 

 Optical fire control systems 

Market of BEL: 

 
Bharat Electronics Limited is a major supplier of products and turnkey systems to the Indian 

Defence Services. Over the years, BEL has diversified into manufacturing many civilian 

products as well. Large trunkey telecommunication solutions are also being offered to civilian 

market.BEL has been involved in providing state of the art communication equipment to the 

Indian army, be it hand held mobile radios and terminals ,ground based system, airborne and 

even ship borne equipment and systems. The communication equipment developed here 

cover HF,VHF, UHF, and VV/UHF frequency bands. The most important project of BEL 

under the communication equipment is STARS-V which provides secure mode of data 

transfer in STARS- V, the data to be transferred is first encrypted using a microprocessor 

which could be read only by a similar device with same coding. Now the latest technology of 

frequency hopping is being implemented which is a very useful tool in making a secure data 

transfer system.BEL manufactures a lot product which is very difficult to list but some of the 

major products were as follows: 

 

Integrated circuits and micro circuits Radars 

 
X- ray tubes and magnetrons STARS-V 

 
HF & broadcast equipment ACME MK CNR 

 
SPACE GUIDING EQUIPMENTS HUD 

 
AIR BORNE GPS RECEIVER LUP 

 



SIRAX TIDEX 

 
SECURE TELEPHONE SECURE FAX 

Domestic market: 
 
 

S.No PRODUCT CUSTOMER 

1. Defence communication Indian defence services, para military forces 

2. Radars & sonars Indian defence services, civil aviation, 

Meteorological department,ISRO 

3. Telecommunication Department of telecommunication, para 

military forces, power sector, oil industry, 

Railways 

4. Broadcasting equipment and studio 
systems 

All India radio, Dooradarshan (National radio & 

TV broadcasters) 

5. Electronic voting machines Election commission of India 

6. Solar products & systems Individuals, private and government organizations 

7. Trunkey systems-Governance 
Networks 

Police, state government, Public sector 

undertakings 

8. Components All India radio and doordarshan the national 

Radio & TV Broadcasters, instrumentation 

industry, switching 

industry, entertainment 

 
Table 2.2: List of Domestic customers 

Exports play a key role in BEL‘s strategic perspective. A number of International companies are 

using the facilities at BEL for contract Manufacturing. The broad list of products and services  

being exported is given below: 

  



Exports/International market: 
 
 

Sl.no PRODUCT CUSTOMER 

1. Defence communication 

equipment and spare parts 

Botswana, Indonesia, 

Suriname, Malaysia 

2. Radars & Sub-systems Indonesia, Egypt, Switzerland 

3. Electronic warfare products 

and services 

Russia, Brazil 

4. Opto electronics products Sri lanka, Nepal, Israel, South Africa 

5. Semi conductor devices, 

microwave tubes and 

transmitting tubes 

Malaysia, Singapore, Turkey, 

Netherlands, UK, USA, France, Hong 

Kong 

6. Solar products & systems Suriname, Germany, Zimbabwe, 

Botswana, Kenya, Nigeria 

7. Telecom and SATCOM 

systems 

Nigeria, Kenya 

8. Radio & TV Broadcasting 

products and systems 

Nepal, Mauritius 

9. Electric voting systems Sri lanka, Uganda, Malawi, South Africa 

10. Vacuum Interrupters Malaysia, UAE, Uganda, Turkey, UK, 
Azerbaijan 

 

Table 2.3: List of International customers 

      

 

 

 

 



Chapter - 3 

BEL MACHILIPATNAM & ITS 

PRODUCTS 

 
In 1983, the Andhra scientific company (ASCO) was taken over by BEL converted it 

to its fourth manufacturing unit at Machilipatnam .The products include 

 Night vision devices 

 Electric voting systems 

 
 NIGHT VISION DEVICES 

Definition: 

A night vision device (NVD), also known as a night optical/observation device (NOD), is an 

optoelectronic device that allows images to be produced in levels of light approaching total 

darkness. The image may be a conversion to visible light of both visible light and near-

infrared, while by convention detection of thermal infrared is denoted thermal imaging. The 

image produced is typically monochrome, e.g. shades of green. NVDs are most often used by 

the military and law enforcement agencies, but are available to civilian users. The term 

usually refers to a complete unit, including an image intensifier tube, a protective and 

generally water-resistant housing, and some type of mounting system. Many NVDs also 

include optical components such as a sacrificial lens, or telescopic lenses or mirrors. An NVD 

may have an IR illuminator,  making it an active as opposed to passive night vision device. 

Working of Night Vision Devices: 

Technical Night Vision can work in two different ways 

Image Intensifier: 

1. Night vision amplifiers light to achieve better vision. 

 
2. A conventional lens, captures ambient light. 

 
3. The gathered light is sent to image - intensifier tube. 

 
4. The light energy released electron from the cathode and accelerated. 

 
5. These electrons enter micro channel plate and bounce off and generate more electron. 

 
6. Thousands of other electrons to be released in each channel. 
7. Original electrons collide with the channel, exciting atoms and causing other electrons. 

 



8. New electrons collide with atoms, creating a chain. 

 
9. In image-intensifier tube, the electrons hit a screen. 

 
10. The energy of the electrons release photons and create green image on the screen. 

 
11. The green phosphor image is viewed through another lens. 

Thermal Imaging: 

All objects emits infrared energy as a function of temperature 

1. A lens focuses the infrared light. Original electrons collide with the channel, exciting atoms 

and causing others. 

2. The focused light is scanned and creates temperature pattern. 

 
3. The pattern created is translated into electric impulses. 

 
4. The impulses are sent to a circuit board that translates the information into data for the display. 

 
5. The signal-processing unit sends the information to the is play, and appears as various colors. 

 
6. The images are black and white in nature. 

 Purpose of Night Vision Devices: 

The original purpose of night vision was to locate enemy targets at night. It is still used 

extensively by the military for that purpose, as well as for navigation, surveillance and targeting. 

Police and security often use both thermal-imaging and image-enhancement technology, 

particularly for surveillance. 

Classification of Night Vision Devices: 

 Night Vision devices 

 Passive Night Vision devices 

 Thermal imaging cameras 

 Cooled and Un cooled 

 Active Night Vision devices 
 



 
 

Fig 3.1: Classification of Night Vision Devices 

 

Advantages of Night Vision Cameras: 

1. The most common use is the military, and the quick answer would be that they allow 

soldiers to continue operations at night, without giving away their position through the use of 

flashlights. 

 
2. However night vision has many other uses. People with night blindness can use night 

vision devices to see better at night 

 
3. Astronomers use night vision to improve their view of the stars, to see more stars in the 

city, amplify the image post hydrogen-alpha filters or to see nebula and clusters in the sky in 

real time 

 
4. The technology in night vision allows for far more sensitive x-ray machines to be made, 

reducing the doses necessary for an x-ray 

 Binocular Night Vision Devices: 
 

 

 

 



 

 
Fig 3.2: Binocular night vision device 

 Parts of Binocular Night Vision Devices: 

1. Object Glass 

 
 

2. Focus 

 
 

3. Image intensifier tube 

 
 

4. Eye Piece 

 

5. Eye Guard 

 Parts of Image Intensifier Tube: 
 

 

 
Fig3.3: Image Intensifier Tube 

Night vision is the ability to see in low light conditions. Whether by biological or technological 

means, night vision is made possible by a combination of two approaches: sufficient spectral 

range, and sufficient intensity range. 

Image Intensification: 

This magnifies the amount of received photons from various natural sources such as starlight or 

moonlight. Examples of such technologies include night glasses and low light cameras. In the 

military context, Image Intensifiers are often called "Low Light TV" since the video signal is 



often transmitted to a display within a control center. LLLTV These are usually integrated into a 

sensor containing both visible and IR detectors and the streams are used independently or in fused 

mode, depending on the mission at hand's requirements. 

The image intensifier is a vacuum-tube based device (photomultiplier tube) that can generate an 

image from a very small number of photons (such as the light from stars in the sky) so that a 

dimly lit scene can be viewed in real-time by the naked eye via visual output, or storedas data for 

later analysis. While many believe the light is "amplified," it is not. When light strikes a charged 

photocathode plate, electrons are emitted through a vacuum tube that strike the micro channel 

plate that cause the image screen to illuminate with a picture in the same pattern as the light that 

strikes the photocathode, and is on a frequency that the human eye can see. This is much like a 

CRT television, but instead of color guns the photocathode does the emitting. 

The image is said to become "intensified" because the output visible light is brighter than the 

incoming light, and this effect directly relates to the difference in passive and active night vision 

goggles. Currently, the most popular image intensifier is the drop-in ANVIS module, though 

many other models and sizes are available at the market. Recently, the US Navy announced 

intentions to procure a dual-color variant of the ANVIS for use in the cockpit of airborne 

platforms. 

Active illumination couples imaging intensification technology with an active source of 

illumination in the near infrared (NIR) or shortwave infrared (SWIR)band. Examples of such 

technologies include low light cameras. 

Active infrared night-vision combines infrared illumination of spectral range 700–1,000 nm (just 

below the visible spectrum of the human eye) with CCD cameras sensitive to this light. The 

resulting scene, which is apparently dark to a human observer, appears as a monochrome image 

on a normal display device. Because active infrared night-vision systems can incorporate 

illuminators that produce high levels of infrared light, the resulting images are typically higher 

resolution than er night-vision

 technolo

gies. 

  

  

  

  

  



 Hand Held Thermal Imaging Camera with LRF: 
 
 

 
 

 
Fig 3.4: HHTI with LRF 

HHTI with LRF or Multifunction HHTI is a cooled TI based integrated day/night sight with in-

built eye safe Laser Range Finder, Digital Magnetic Compass, Color CCD and GPS. This 

equipment is capable of giving range, azimuth & elevation and also coordinates of the target. This 

is highly useful to Army and Navy for effective engagement of targets. Weather proof and 

withstand shocks and vibrations. It is provided with electronically generated reticle. 

Introduction: 
 

Fig 3.5: Block diagram of Thermal imaging camera 

1. Thermal image is the technique of using the heat given off by an object to produce an image of 

it or to locate it. 

2. First developed for military purpose in the late 1950s and 1960s by Texas instruments, 

Hughes, Aircraft and Honeywell 

3. In recent times it is being used in firefighting, law enforcement, industrial applications, security 

transportation, medical and many other industries. 

 
  



 Thermal Imaging: 

1. It is the technique of using the heat given off by an object to produce an image of it. 

 
2. Works in environments without any ambient light and can penetrate obscurants such as smoke, 

fog and haze. 

3. Normally grey scale in nature: black objects are cold, white objects are hot and the depth of 

the grey indicates variations between the two. 

4. Some thermal cameras, however, add color to images to help users identify objects at different 

temperatures. 

 Working of thermal imaging: 

Here's how thermal imaging works: A special lens focuses the infrared light emitted by all of the 

objects in view. The focused light is scanned by a phased array of infrared-detector elements. The 

detector elements create a very detailed temperature pattern called a thermogram. 

Infrared Light: 

Our eyes are detectors that are designed to detect electromagnetic radiation in the visible light 

spectrum. All other forms of electromagnetic radiation, such as infrared, are invisible to the 

human eye. 

The existence of infrared was discovered in 1800 by astronomer Sir Frederick William Herschel. 

Curious to the thermal difference between different light colors, he directed sunlight through a 

glass prism to create a spectrum and then measured the temperature of each color. He found that 

the temperatures of the colors increased from the violet to the red part of the spectrum. 

After noticing this pattern Herschel decided to measure the temperature  just beyond the red 

portion of the spectrum in a region where no sunlight was visible. To his surprise, he found that 

this region had the highest temperature of all. 

Infrared radiation lies between the visible and microwave portions of the electromagnetic 

spectrum. The primary source of infrared radiation is heat or thermal radiation. Any object that 

has a temperature above absolute zero (-273.15 degrees Celsius or 0 Kelvin) emits radiation in the 

infrared region. Even objects that we think of being very cold, such as ice cubes, emit infrared 

radiation. 

Thermal imaging camera 

Infrared energy (A) coming from an object is focused by the optics (B) onto an infrared detector 

(C). The detector sends the information to sensor electronics (D) for image processing. The 



electronics translate the data coming from the detector into an image (E) that can be viewed in the 

viewfinder or on a standard video monitor or LCD screen. 

 

 
Fig 3.6: Block diagram of Thermal imaging camera 

 Being truly passive in nature, thermal imaging systems are finding wide range of 

applications for surveillance and reconnaissance, target acquisition, engagement, and missile 

guidance. 

 They are true force multipliers as they allow weapons and equipment to be used with 

efficacy during day and night. 

 Recent advancements in optics, detector technology and signal processing have enabled 

revolutionary advancement in the night vision technology leading to the realization of third 

generation thermal imagers (TIs) having capabilities twice that of second generation and 

four times that of first generation systems. 

 DRDO is working in this area for the last two decades and has developed various TIs 

operating in 3-5 μm medium wave infrared (MWIR) and 8-12 μm long wave infrared 

(LWIR) spectral bands. 

 These systems are based on scanning/staring focal plane array (FPA) detectors for target 

acquisition, which can be used, either in standalone mode or as a part of electro-optical fire 

control system (EOFCS). 

 MWIR TIs perform better in hot humid environments and preferred for long range 

applications because of better atmospheric transmission where as LWIR TIs perform 

better in smoke and dusty environment prevailing in the battlefield. 

 Principle of Operation and Types: 

Infrared energy is just one part of the electromagnetic spectrum, which encompasses radiation 

from gamma rays, x-rays, ultraviolet, a thin region of visible light, infrared, terahertz waves, 

microwaves, and radio waves. These are all related and differentiated in the length of their wave 



(wavelength). All objects emit a certain amount of black body radiation as a function of their 

temperatures. 

Generally speaking, the higher an object's temperature, the more infrared radiation is emitted as 

black-body radiation. A special camera can detect this radiation in a way similar to the way an 

ordinary camera detects visible light. It works even in total darkness because ambient light level 

does not matter. This makes it useful for rescue operations in smoke-filled buildings and 

underground. 

A major difference with optical cameras is that the focusing lenses cannot be made of glass, as 

glass blocks long-wave infrared light. Special materials such as Germanium or Sapphire crystals 

must be used. Germanium lenses are also quite fragile, so often have a hard coating to protect 

against accidental contact. The higher cost of these special lenses is one reason why 

thermographic cameras are more costly. 

Types: 

 Cooled infrared detectors 

 Un cooled infrared detectors 

 Cooled infrared detectors: 

Cooled detectors are typically contained in a vacuum-sealed case or Dewar and cryogenically 

cooled. The cooling is necessary for the operation of the semiconductor materials used. Typical 

operating temperatures range from 4 K to just below room temperature, depending on the 

detector technology. Most modern cooled detectors operate in the 60 K to 100 K range, 

depending on type and performance level. 

Without cooling, these sensors (which detect and convert light in much the same way as common 

digital cameras, but are made of different materials) would be 'blinded' or flooded by their own 

radiation. The drawbacks of cooled infrared cameras are that they are expensive both to produce 

and to run. Cooling is both energy-intensive and time-consuming. 

The camera may need several minutes to cool down before it  can begin working. The most 

commonly used cooling systems are rotary Stirling engine cryocoolers. Although the cooling 

apparatus is comparatively bulky and expensive, cooled infrared cameras provide superior image 

quality compared to un cooled ones. 

Additionally, the greater sensitivity of cooled cameras also allow the use of higher F-number 

lenses, making high performance long focal length lenses both smaller and cheaper for cooled 

detectors. An alternative to Stirling engine coolers is to use gases bottled at high pressure, 



nitrogen being a common choice. The pressurised gas is expanded via a micro-sized orifice and 

passed over a miniature heat exchanger resulting in regenerative cooling via the Joule–Thomson 

effect. For such systems the supply of pressurized gas is a logistical concern for field use. 

Materials used for cooled infrared detection include photo detectors based on a wide range of 

narrow gap semiconductors including: 

1. Indium antimonide 

 
2. Indium Arsenide 

 
3. Mercury Cadmium telluride 

 
4. Lead sulfide 

 
 

 Un cooled Infrared detectors: 

Un cooled infrared sensors can be stabilized to an operating temperature to reduce image noise, 

but they are not cooled to low temperatures and do not require bulky, expensive cryogenic 

coolers. This makes infrared cameras smaller and less costly. However, their resolution and 

image quality tend to be lower than cooled detectors. This is due to differences in their fabrication 

processes, limited by currently available technology. 

Uncooled detectors are mostly based on pyro electric and ferroelectric materials or micro 

bolometer technology. The material is used to form pixels with highly temperature-dependent 

properties, which are thermally insulated from the environment and read electronically. 

Ferroelectric detectors operate close to phase transition temperature of the sensor material; the 

pixel temperature is read as the highly temperature-dependent polarization charge. The achieved 

NETD of ferroelectric detectors with f/1 optics and 320x240 sensors is 70-80 mK. A possible 

sensor assembly consists of barium strontium titanate bump-bonded by polyimide thermally 

insulated connection. 

Silicon microbolometers can reach NETD down to 20 mK. They consists of a layer of amorphous 

silicon, or a thin film vanadium(V) oxide sensing element suspended on silicon nitride bridge 

above the silicon-based scanning electronics. The electric resistance of the sensing element is 

measured once per frame. 

  

  

  

  



 Applicatios

: 

1. Military and Police 

One of the most common users of a thermal imager is a law enforcement or military professional. 

They need to be able to see potential threats without being detected and thermal units give them 

this chance. Modern thermal imaging technology is tough enough to withstand the abuse of 

recoil, so many police officers and soldiers now employ thermal imaging rifle scopes such as the 

ATN ThOR 640 Thermal Imaging Weapon Sight. The drawback of using thermal imagers in life-

and-death situations is that while they're incredibly effective at detecting people or animals, 

identification is far more challenging. You may see a man in front of you, but this doesn't mean 

you'll be able to tell if he's a friend or a foe. 

2. Surveillance 

Thermal imaging cameras are one of the most effective tools for surveillance because they work 

equally well in the day and night. A regular CCTV camera is limited by its need for light, and 

night vision doesn't function during the day. The chance to see through smoke and fog also gives 

thermal a leg up on other surveillance techniques. 

3. Energy Audits 

Heating and cooling companies have used thermal imagers for years to see where buildings are 

leaking heat. Small cracks or holes cause homes to lose hundreds of dollars a year on heating and 

cooling bills. 

4. Security and Law Enforcement 

With a thermal imager, an officer can stop and scan the property at a distance identify any person 

present at there. 

Perimeter Surveillance is another application in which thermal imaging is used to dramatically 

improve results and reduce time committed to a particular operation. 

Thermal imaging cameras can also used in search and rescue operation as officers may be able to 

search up to 1,500 feet in any direction. 

 

 

 

 



Chapter – 4 

PRODUCT ASSURANCE 
 

 

Definition: 

 
A discipline devoted to the study, planning and implementation of activities intended to assure 

that the design, controls, methods and techniques in a project result in a satisfactory level of 

quality in a product. 

The verification by a management function that customer requirements are satisfied by ensuring 

(1) The identification of critical activities, (2) The availability of the necessary resources for 

each process, (3) The use of the resources in a manner that is efficient and effective. 

 
 Product Assurance Testing: 

Product assurance testing is conducted in order to evaluate a system in its operating 

environment. Product assurance testing is primarily used to find the faults that are not shown 

within the development or test environments. The tests performed are: 

 Climate Test 

 
a) Heat and Cold Chamber Test 

 
b) Rain and Dust Chamber Test 

 
 Durable Test 

 
a) Vibration Test 

 
b) Bump test 

 
 Functional Test 

 
a) Resolution Test 

 
b) Field of view 

Heat and Cold Chamber Test: 
 
 



Fig4.1: Heat and Cold Chamber 

 
Temperature and humidity test chambers are ranging in size from 50LiTer to 3000Liter, 

including bench top, standard type and walk in. Included are ultra low temperature test 

chamber, high rate of change of temperature chambers (15℃/min) and climate with 

humiditychambers. 

Our temperature and humidity test chambers are available in a variety of sizes and 

configurations, including bench top / vertical/ walk in constant temperature humidity 

chambers. Temperature Range: -70°C to +180°C; Humidity range: 10% to 98%R.H. 

Vibration Test Chamber: 
 
 

Fig4.2: Vibration Test Chamber 

 
Repetitive Shock Vibration tables generate multi-axis vibration using one or more pneumatic 

impact hammer(s) (also known as impactors) that strike a the top of a vibration table on 

which a product is attached. Thermotron‘s repetitive shock vibration test systems are 

designed specifically for very aggressive temperature change rates and high levels of multi-

axis repetitive 

shock vibration. Repetitive shock shaker tables can be used as stand-alone units or combined 

with an AGREE or AST chamber for HALT/HASS testing. The repetitive shock vibration 

system incorporates many unique features designed to satisfy a wide range of vibration 

testing and screening applications for many industries. The basic system utilizes Multi-Zone 

Control. This patented feature uniformly—and more effectively—tests products. As a result, 

you receive improved product reliability, reduced warranty and recall risks, as well as better-

utilized company resources. 

 Bump test chamber: 



 

 

Fig4.3: Bump Test Chamber 

 
This computerized machine is designed to cater the high acceleration and high pulse duration 

repetitive bump tests. The machine is used in product qualification testing, transient analysis 

of structures or models and fatigue tests on some systems and parts with an object to  

determine their suitability under repetitive bump environment (during transportation or in-

service, etc.), and to assess structural integrity and stress screening. The machine has a robust 

steel structure that enables it to be used for testing of test objects having weights from 50 kg 

to 1000 kg, acceleration from 3 to 400 m/s2’ and pulse duration from 3 ms to 30 ms. The 

machine is intended to reproduce the effects of repetitive bumps from 40 to 180 bumps per 

minute likely to be experienced by components and equipment during transportation or when 

installed in various classes of vehicles. The object mounting hole pattern of the platform is 

100 x 100mm matrix or as desired by the customer. An optional T-slot for mounting of test 

objects is also provided. The 

mounting platform is lifted vertically through a cam arrangement and is made to drop forcibly 

with the mechanical impact generating mechanism on the rubber pad placed on the anvil, 

which provides the required acceleration level. The desired impact acceleration can be 

obtained by adjusting the drop height and mechanical impact generating force of the 

mounting platform. Rubber pads are used to produce half-sine pulses, and duration of half 

sine pulse shape can be adjusted by changing the hardness and thickness of the rubber pads. 

The machine is supported with Pentium PC based intelligent instrumentation system to 

control and monitor and analyse acquired acceleration waveform on 4 channels. The unit 

operates on 415/230 V ±10%, 50 Hz single phase AC and 3-phase 415 V 50 Hz. 

 Salt Spray Test Chamber: 



 

Fig4.4: Salt Spray Test Chamber 

 
The salt spray (or salt fog) test is a standardized and popular corrosion test method, used to 

check corrosion resistance of materials and surface coatings. Usually, the materials to be 

tested are metallic (although stone, ceramics, and polymers may also be tested) and finished 

with a surface coating which is intended to provide a degree of corrosion protection to the 

underlying metal. Salt spray testing is an accelerated corrosion test that produces a corrosive 

attack to coated samples in order to evaluate (mostly comparatively) the suitability of the 

coating for use as a protective finish. The appearance of corrosion products (rust or other 

oxides) is evaluated after a pre-determined period of time. Test duration depends on the 

corrosion resistance of the coating; generally, the more corrosion resistant the coating is, the 

longer the period of testing before the appearance of corrosion/ rust. 

 

 

 

 

 

 



            Chapter – 5 

SUB DEPARTMENTS 

 
 Development and engineering department: 

It is to design to project, make the modifications to prepare design and related documents. 

the software used in BEL Machilipatnam is SOLIDWORKS. 

 Material management: 

It is the management of materials, this department purchases the materials it has different 

bins that holds items after inspection. 

 Quality assurance: 

It deals with the quality of material it is checked before going to customer. In quality 

assurance several equipments are used, they are vernier calipers, screw gauge, CMM 

machine, GO gauge and NO GO gauges etc.. 

CMM machine: 
 

Fig5.1: Coordinate Measuring Machine 

A coordinate measuring machine (CMM) is a device for measuring the physical 

geometrical characteristics of an object. This machine may be manually controlled by an 

operator or it  may be computer controlled. Measurements are defined by a probe attached to 

the third moving axis of this machine. Probes may be mechanical, optical, laser, or white 

light, among others. A machine which takes readings in six degrees of freedom and displays 

these readings in mathematical form is known as a CMM. The typical 3D "bridge" CMM is 

composed of three axes, X, Y and Z. These axes are orthogonal to each other in a typical 

three-dimensional 

coordinate system. Each axis has a scale system that indicates the location of that axis. The 

machine reads the input from the touch probe, as directed by the operator or programmer. The 



machine then uses the X,Y,Z coordinates of each of these points to determine size and 

position, typically with micrometer precision. 

A coordinate measuring machine (CMM) is also a device used in manufacturing and 

assembly processes to test a part or assembly against the design intent. By precisely recording 

the X, Y, and Z coordinates of the target, points are generated which can then be analysed via 

regression algorithms for the construction of features. These points are collected by using a 

probe that is positioned manually by an operator or automatically via Direct Computer 

Control (DCC). DCC CMMs can be programmed to repeatedly measure identical parts, thus a 

CMM is a specialized form of industrial robot. 

 Plant and service: 

It is the department for providing the services to company. services are water supply, 

electrical supply, transport, horticulture. 

 Human resource &administration: 

In this department the recruitment of employees is done it is to use manpower in different 

areas. medical facilities are also available. 

 Finance: 

It is the department for the sanction of money to the employees it is to be made for one 

year.it is the record of the money. 

 Quality management: 

It is to sell products in the international market six sigma is the statistical technique for 

maintaining quality. in this department there is a group of employees who discuss the 

problems, find out its solution and present it to manager. 

 Machine shop: 

In BEL machine shop there is both CNC and conventional machines are there, several 

components are manufactured in this machine shop. The conventional machines are lathe, 

milling, grinding and CNC machines like lathe, milling etc. 

CNC Lathe Machine 

 Automated version 

 Controlled by G and M code 

 Used for turning 

operations CNC Milling Machine 

 Programming for optimal performance 

 Large production 

 



CNC Drilling Machine 

 Multi function machining 

 High flexibility 

 Production Planning and Control: 

This department forms the most important section among the others present because it forms 

the backbone right from the beginning till end of the particular set the responsibility lies in 

the hands of this section .It mainly performs three functions scheduling and launching control 

launching control the market section takes the order from the customer and gives the 

equipment stock order to ppc now ppc makes the list of each components involved in the 

product .this is called scheduling .next function that comes is launched ppc prepares shop 

order and engineering documents such as drawings .this function is called launching now 

comes to material control  here the ppc keeps track of production i.e the purchase requisition 

is given to purchase department and sub contract department. 

 Assembly section: 

In this all the components are gathered and assembled they set properly in the complete set 

.It is the most important and technologically advanced department at BEL Machilipatnam. 

 R&D Department: 

 Areas of working in R&D Development are Military Radars, Naval Systems, 

Military communication products, Electronic warfare systems, 

Telecommunication products. 

 There are about 1000 engineers working in BEL on various D&E Projects.BEL R&D 

Units are recognized by the Department of scientific & industrial Research under the 

ministry of science & Technology, Govt. of India 
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Chapter-6 

CONCLUSION 

 
 Undergoing four weeks of internship in the BEL Machilipatnam unit has helped 

me integrate conceptual knowledge with real life application. I have known the 

functions of various departments in the industry and also products produced in the 

industry. I was fortunate to have personal guidance from experienced 

professionals who took interest in explaning me the working details of various 

equipments. 

 

I feel that without this opportunity my own understanding of the subject 

and also the motivation to acquire more knowledge would have remained 

incomplete. I think my training has given me enough motivation and an 

exposure that I will  try to join defence services or get linked up with the 
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ABOUT THE ORGANISATION 

 

National Small Industries Corporation (NSIC), is an ISO 9001-2015 

certified Government of India Enterprise under Ministry of Micro, Small and 

Medium Enterprises (MSME). NSIC has been working to promote, aid and foster 

the growth of micro, small and medium enterprises in the country. NSIC operates 

through countrywide network of offices and Technical Centers in the Country. In 

addition, NSIC has set up Training cum Incubation Centre managed by 

professional manpower. 

 

 
Mission: “To promote and support Micro, Small & Medium Enterprises (MSMEs) 
Sector” by providing integrated support services encompassing Marketing, 

Technology, Finance and other services. 

Vision: “To be a premier Organization fostering the growth of Micro, Small and 
Medium Enterprises (MSMEs) Sector”. 

 

 
Schemes of NSIC: 

 

 
NSIC facilitates Micro, Small and Medium Enterprises with a set of specially 

tailored scheme to enhance their competitiveness. NSIC provides integrated 

support services under Marketing, Technology, Finance and other Support service. 

Technology Support: 

Technology is the key to enhancing a company's competitive advantage in today's 

dynamic information age. Small enterprises need to develop and implement a 

technology strategy in addition to financial, marketing and operational strategies 

and adopt the one that helps integrate their operations with their environment, 

customers and suppliers. 

NSIC offers small enterprises the following support services through its Technical 

Services Centers and Extension Centers: 

• Advise on application of new techniques. 

• Material testing facilities through accredited laboratories. 



• Product design including CAD. 

• Common facility support in machining, EDM, CNC, etc. 

• Energy and environment services at selected centers. 

• Classroom and practical training for skill upgradation. 

 
 

 
NSIC Technical Services Centers are located at the following places: 

 

Name of the Centre Focus area 

Chennai Leather & Footware 

Howrah General Engineering 

Hyderabad Electronics & Computer Application 

New Delhi Machine Tools & related activities 

Rajkot Energy Audit & Energy Conservation activiti 

Rajpura (Pb) Domestic Electrical Appliances 

Aligarh (UP) Lock Cluster & Die and Tool making 

Neemka (Haryana) Machine Tools & related activities 

 
 



INTRODUCTION 

 

 
Energy requirement for refrigeration and air conditioning applications bears 

a huge share of total energy consumption around the world. Since, thermal comfort 

plays a very important role on the health, working efficiency and activities of all 

living beings, especially, temperature and humidity. In the excessively hot climates 

it is necessary to reduce the temperature and humidity whereas in the cold climate 

there is a need to increase the temperature. When the temperature drops below 

thermal comfort level, especially in the winter season, the heating systems are 

employed. In some countries, where the atmospheric temperature is very low, 

natural heating like solar energy is not sufficient, the heat pump and fuel fired 

systems are proven to be suitable heating devices. In hot climates, thermal comfort 

achieved through the use of refrigerators and air conditioning systems. 

Refrigeration: 

The term “Refrigeration” may be defined as the process of 

removing heat from a substance under controlled conditions. It also includes the 

process of reducing and maintaining the temperature of a body below the general 

temperature of its surroundings. 

In other words, the refrigeration means a continued extraction of heat from a body 

whose temperature is already below temperature of its surroundings. In a 

refrigerator, heat is virtually pumped from a lower temperature to a higher 

temperature. 

Applications of Refrigeration: 

• Food processing preservation and distribution. 
• Chemical and process industries. 
• Special applications such as cold treatment of metals, medical, construction, 

ice skating etc. 
• Comfort air conditioning. 

Air Conditioning: 

“Air conditioning” is the process of removing heat and moisture 
from the interior of an occupied space to improve the comfort of occupants. Air 

conditioning can be used in both domestic and commercial environments. 



Air conditioners often use a fan to distribute the conditioned air to an 

occupied space such as a building or a car to improve thermal comfort and indoor 

air quality. Electric refrigerant-based AC units range from small units that can cool 

a small bedroom, which can be carried by a single adult, to massive units installed 

on the roof of office towers that can cool an entire building. The cooling is 

typically achieved through a refrigeration cycle, but sometimes evaporation or free 

cooling is   used.   Air   conditioning    systems    can    also    be    made    based on 

desiccants (chemicals which remove moisture from the  air). Some  AC  systems 

reject or store heat in subterranean pipes. 

 
Welding: 

 
Welding is a fabrication process that joins materials, usually metals or 

thermoplastics by causing fusion, which is distinct from lower temperature metal- 

joining techniques such as brazing and soldering, which do  not melt the base 

metal. In addition to melting the base metal, a filler material is typically added to 

the joint to form a pool of molten material (the weld pool) that cools to form a joint 

that, based on weld configuration (butt, full penetration, fillet, etc.), can be stronger 

than the base material (parent metal). Pressure may also be used in conjunction 

with heat, or by itself, to produce a weld.  Welding also requires a form of shield  

to protect the filler metals or melted metals from being contaminated or oxidized. 

Although less  common,  there  are  also  solid  state  welding  processes 

such as friction welding in which the base metal does not melt. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



REFRIGERATION AND AIR CONDITIONIG 

 

In air refrigeration, the air is used as a refrigerant. In olden days, air was 

widely used in commercial applications because of its availability at free of cost. 

Since air does not change its phase i.e. remains gaseous throughout the cycle, 

therefore the heat carrying capacity per kg of air is very small as compared to 

vapour absorbing systems. The air- cycle refrigeration systems, as originally 

designed and installed, are now practically obsolete because of their low coefficient 

of performance and high power requirements; however, this system continues to be 

favoured for air refrigeration because of the low weight and volume of the 

equipment. 

Refrigeration essentially means continued abstraction of heat from a 

substance (perishable foods, drinks and medicines etc.) at low temperature level and 

then transfers this heat to another system at high potential of temperature. 

The basic elements of an air cycle refrigeration system are as follows: 

Compressor 

Cooler or heatexchanger 

Expander 

Refrigerator 

Air- Conditioning 

The air conditioning is that branch of engineering science which deals with 

the freezing point of water. 

They conducted their experiment with the bulb of a mercury thermometer as their 

object and with a bellows used to speed up the evaporation. They lowered the study 

of conditioning of air i.e. supplying and maintaining desirable internal atmospheric 

condition for human comfort, irrespective of external condition. This subject, in its 

broad sense, also deals with the conditioning of air for industrial purpose, food 

processing, storage of food and other materials. 

Air conditioning refers to the simultaneous control of temperature, humidity, 

cleanliness and air motion within a confined region or space. 

The basic elements of an Air- Conditioning system are as follows: 

• Circulation fan 



• Compressor 

• Condenser 

• Dryer 

• Evaporator 

• Supply Duct 

• Supply outlet 

• Return outlet 

• Filters 

Modern air conditioning emerged from advances in chemistry during the 19th 

century, and the first large- scale electrical air conditioning was invented and used 

in 1902 by American inventor Willis Carrier. The introduction of residential air 

conditioning in the 1920s helped enable the great migration to the sun belt in the 

United States. 

In 1758, Benjamin Franklin and John Hadley, a chemistry professor at 

Cambridge University, conducted an experiment to explore the principle of 

evaporation as a means to rapidly cool an object. Franklin and Hadley confirmed 

that evaporation of highly volatile liquids (such as alcohol and ether) could be used 

to drive down the temperature of an object past the temperature of the thermometer 

bulb down to −14 °C (7 °F) while the ambient temperature was 18 °C (64 °F). 

Franklin noted that, soon after they passed the freezing point of water 0 °C (32 °F), 

a thin film of ice formed on the surface of the thermometer's bulb and that the ice 

mass was about 6 mm (1⁄4 in) thick when they stopped the experiment upon 

reaching −14 °C (7 °F). Franklin concluded: "From this experiment one may see 
the possibility of freezing a man to death on a warm summer's day. 

A simple vapor compression refrigeration system consists of the following 
equipments: i) Compressor ii) Condenser iii) Expansion valve iv) Evaporator. 

 

 

 

 
 
 

Figure: 2.1. Typical single- stage vapours compression refrigeration. 



 

The schematic diagram of the arrangement is as shown in Fig.2.1. The low 
temperature, low pressure vapor at state B is compressed by a compressor to high 
temperature and pressure vapor at state C. This vapor is condensed into high 
pressure vapor at state D in the condenser and then passes through the expansion 
valve. Here, the vapor is throttled down to a low pressure liquid and passed on to 
an evaporator, where it absorbs heat from the surroundings from the circulating 
fluid (being refrigerated) and vaporizes into low pressure vapor at state B. The 
cycle then repeats. The exchange of energy is as follows: 

• Compressor requires work, δw. The work is supplied to the system from the 
surroundings. 

• During condensation, heat δQ1 the equivalent of latent heat of condensation 

etc, is lost from the refrigerator. 

• During evaporation, heat δQ2 equivalent to latent heat of vaporization is 
absorbed by the refrigerant. 

• There is no exchange of heat during throttling process through the expansion 

valve as this process occurs at constant enthalpy. 
 

 

Figure 2.2: simple vapor compression 
 
Figure shows a simple vapor compression refrigeration cycle on T- s 

diagram for different compression processes. The cycle works between 
temperatures T1 and T2 representing the condenser and evaporator 
temperatures respectively. 

The various process of the cycle are as given below: 



• Process 2-3: Isentropic compression of the vapor from state 2 to 3. If 

vapor state is saturated or superheated, the compression is called dry 

compression. If initial state is wet the compression is called wet 

compression. 

• Process 3-4: Heat rejection in condenser at constant pressure. 

• Process 4-1: An irreversible adiabatic expansion of vapor through the 

expansion value. The pressure and temperature of the liquid are reduced. 

The process is accompanied by partial evaporation of some liquid. 

• Process 1-2: Heat absorption in evaporator at constant pressure. The final 

state depends on the quantity of heat absorbed and same may be wet, dry 

or superheated. 

Thermodynamic properties of Refrigerant: 

• Boiling point           : It should be low. 

• Thermal conductivity : it should be high 

• Specific heat           : It should be low 

• Freezing point : it should be low. 

• Toxicity           : it should be low 

• Evaporative pressure : it should be high. 

• Condensation pressure : It should be low. 

• Latent heat           : It should be high. 

• CPO           : It should be high. 

 
REFRIGERENT: 

• It is heat carrying medium. 

• It carries heat from low temperature to high temperature system. 

• Liquid + vapour mixture. 

 
Selection of Refrigerant: 

• Performance: High efficiency, Low cost. 

• Safety: Non toxic. 

• Environmental impact: It should be low. 

 
 

 

 

 



Types of Refrigerants: 

• Chlorofluorocarbons (CFC) : R11, R22, R114, R113. 

• Hydro cholrofluoro carbons (HCFC) : R22. 

• Hydrofluorcarbons (HFC)            : R410a, R407, R1234yf, R134a. 

• Hydrocarbons(HC)            : R600a. 

 

 
Comparison of Air-Conditioners: 

Non- Inverter Inverter 

On/Off type Continuous on 

Current consumption high Low power consumption 

Fixed frequency(50HZ) Variable frequency 

Outdoor unit starts (ODU) after 
3mins 

Indoor unit and outdoor unit starts at a 
same time 

Constant speed Variable speed 

It takes more time to reach set 
temperature 

It takes less time 

Capacitors required for 
starting purpose 

No capacitors required 

PCBs are placed in IDU 
PCBs are placed in IDU AND ODU 

R22 Refrigerant isused R4100 Refrigerant isused 

Suction pressure (60- 80psig) 
Suction pressure (120- 150psig) 

Discharge pressure (270- 290psig) Discharge pressure (440- 480psig) 



Types of refrigerators: 

 
1. Single door refrigerator. 

2. Double door 

refrigerator. 

Difference between single and double door refrigerator: 
 

Single door Double door 

Single door is also called as 

directcool refrigerator. 

Double door refrigerator is also 

called as freezer. 

Plate and tube evaporator coil. Tube and fine evaporator coil. 

Cooling temperature 

is up to - 

18degrees.c 

Cooling temperature 

is up to - 24degrees.c 

 
Psychrometry process: 

• Sensible cooling. 

• Sensible heating. 

• Humidification. 

• Dehumidification. 

• Cooling anddehumidification. 

• Heating and humidification. 

Servicing of Air conditioners: 

• The main purpose of servicing ac is to increase the cooling effect, which is 

decreased mainly due to 

1. Dust Formation 

2.Compressor Working 

3.Reduction in refrigerant pressure 



 
 

Dust Removal: 

• Replacing or cleaning air conditioner filters is a critical maintenance task. 

An air conditioner's filters, coils, and fins require regular maintenance for 

the unit to function effectively and efficiently. 
 

 

 

 

 

 

 

 

Compressor Checking: 

• By checking the capacitor. 

• By checking C-R-S terminals. 
 

Capacitor Checking: 

Check the capacitor terminals with the help of multimeter, if it shows 

continuity then we will go for checking of C-R-S terminals or else we will change 

capacitor. 

 

 

 



Checking C-R-S terminals: 

1.C-S terminal:  
 
 
 
 
 
 
 
 
 
 

2.C-R terminal: 
 
 
 
 
 
 
 
 
 

3.R-S terminal: 
 

Refrigerant charging Procedure: 

• Close the valves on low/high pressure sides of the manifold. 

• Install the low/high pressure hoses to the corresponding service ports on the 

vehicle respectively 

• Connect the center hose of the manifold gauge set with vacuum pump. 

• Carefully open the valves on low/high pressure sides to activate the vacuum 

pump. 

• After low pressure gauge reaches 100 k.pa or higher, evacuate the system 

for approx. 15 minutes. 

• After 15 min of evacuation if the reading shows 100 k.pa or higher close the 

valves on the both sides to stop the vacuum pump. 

•  After that check leaks if there are no leaks then charge with required 

refrigerant. 



WELDING 

 
Welding is a fabrication process that joins materials, usually metals or 

thermoplastics, by causing fusion, which is distinct from lower temperature 
metal- joining techniques such as brazing and soldering, which do not melt the 
base metal. In addition to melting the base metal, a filler material is typically added 
to the joint to form a pool of molten material (the weld pool) that cools to from a 
joint that, based on weld configuration (butt, full penetration, fillet, etc.), can be 
stronger than the base material (parent metal). Pressure may also be used in 
conjunction with heat, or by itself, to produce a weld. Welding also requires a 
form of shield to protect the filler metals or melted metals from being contaminated 
or oxidized. 

 
 

Methods of Welding: 

Some of the best known welding methods include: 
 

• Oxy-fuel welding – also known as oxyacetylene welding or oxy-welding, uses 
fuel gases and oxygen to weld and cut metal. 

 

 
Figure: 3.1 Oxy- Fuel Welding 

 
• Shielded metal arc welding (SMAW) – also known as "stick welding" or 

"electric welding", uses an electrode that is coated in flux to protect the weld 

puddle. The electrode holder holds the electrode as it slowly melts away. Slag 

protects the weld puddle from atmospheric contamination. 



 

 

Figure 3.2: Shielded Metal ArcWelding 

 
• Gas tungsten arc welding (GTAW) – also known as TIG (tungsten, inert gas), 

uses a non- consumable tungsten electrode to produce the weld. The weld 
area is protected from atmospheric contamination by an inert shielding gas 
such as argon or helium. 

 

Figure 3.3: Gas Tungsten Arc Welding 

 

 Gas metal arc welding (GMAW) – commonly termed MIG (metal inert gas), 
uses a wire feeding gun that feeds wire at an adjustable speed and flows an 
argon- based shielding gas or a mix of argon and carbon dioxide (CO2) over 
the weld puddle to protect it from atmospheric contamination. 

 
 
 
 
 
 
 
 



 
 
 
 
 
 
 

 
Figure 3.4: Gas metal arc welding 

 
 

• Submerged arc welding (SAW) – uses an automatically fed consumable electrode 
and a blanket of granular fusible flux. The molten weld and the arc zone area 
protected from atmospheric contamination by being "submerged" under the flux 
blanket. 

 
Fig. 3.5 Submerged Arc Welding 

 

• Electroslag welding (ESW) – a highly productive, single pass welding 

process for thicker materials between 1 inch (25 mm) and 12 inches (300 mm) 

in a vertical or close to vertical position. 

 
 

Fig. 3.6 Electroslag Welding 



 

• Electric resistance welding (ERW) – a welding process that produces 

coalescence of laying surfaces where heat to form the weld is generated by the 

electrical resistance of the material. In general, it is an efficient method but 

limited to relatively thin material. 
 

Fig. 3.7 Electric resistance welding 
 

Classification of Welding Processes: 
 

Welding processes can be classified based on following criteria; 
 

• Welding with or without filler material. 

• Source of energy of welding. 

• Arc and Non- arc welding. 

• Fusion and Pressure welding. 
 
Welding can be carried out with or without the application of filler material. Earlier 

only gas welding was the fusion process in which joining could be achieved with or 

without filler material. When welding was done without filler material it was called 

‘autogenous welding'. However, with the development of TIG, electron beam and 

other welding processes such classification created confusion as many processes 

shall be falling in both the categories. 

Various sources of energies are used such as chemical, electrical, light, sound, 

mechanical energies, but except for chemical energy all other forms of energies are 

generated from electrical energy for welding.  



 

 

 

 

Figure 3.8: Classification of welding 
 

 

 

 

 

 

 



 

Classification embraces all the arc welding processes in one class and all other 

processes in other class. In such classification it is difficult to assign either of the class 

to processes such as electroslag welding and flash butt welding, as in electroslag 

welding the process starts with arcing and with the melting of sufficient flux the arc 

extinguishes while in flash butt welding tinyarcs i.e. sparks are established during the 

process and then components are pressed against each other. Therefore, such 

classification is also not perfect. 

 
 

 
 
 

Figure 3.9: Classification of Pressurized welding 
 

• Fusionwelding and pressure welding is most widely used classification as it 
covers all processes in both the categories irrespective of heat source and welding 
with or without filler material. In fusion welding all those processes are included 
where molten metal solidifies freely while in pressure welding molten metal if any 
is retained in confined space under pressure (as may be in case of resistance spot 
welding or arc stud welding) solidifies under pressure or  semisolid metal cools 
underpressure. 



WELDING INSPECTION (NDT) 

 
 Non- Destructive Testing: 

Nondestructive testing or non- destructive testing (NDT) is a wide group of 
analysis techniques used in science and technology industry to evaluate the 
properties of a material, component or system without causing damage The terms 
nondestructive examination (NDE), nondestructive inspection (NDI), and 
nondestructive evaluation (NDE) are also commonly used to describe this 
technology. 

Since NDT does not permanently alter the characteristics of article being 
inspected, it is a highly valuable technique that can save both money and time in 
product evaluation, troubleshooting, and research. The six most frequently used 
NDT methods are: 

 
 Types of NDT: 

• Visual inspection. 
• Penetrant testing. 
• Magnetic particle inspectiontesting. 
• Ultrasonic testing. 
• Radiography testing. 
• Eddy current testing. 
• Leak test. 
• Thermography. 
• Vibrational analysis 

 

 Selection of NDT: 

 

Magnetic particle Inspection (MPI): It is a non- destructive testing (NDT) process 

for detecting surface and shallow subsurface discontinuities in ferromagnetic 

materials such as iron, nickel, cobalt, and some of their alloys. The process puts a 

magnetic field into the part. The piece can be magnetized by direct or indirect 

magnetization. 

Direct magnetization occurs when the electric current is passed through the test 

object and a magnetic field is formed in the material. Indirect magnetization occurs 

when no electric current is passed through the test object, but a magnetic field is 

applied from an outside source. The magnetic lines of force are perpendicular to



the direction of the electric current, which may beeither alternating current (AC) or 

some form of direct current (DC) (rectified AC). 

The presence of a surface or subsurface discontinuity in the material allows the 

magnetic flux to leak, since air cannot support as much magnetic field per unit 

volume asmetals. 

 

 
Fig 4.1 Magnetic particle inspection 

Liquid Penetration method: 

 

Visible dye penetrant is a NDT (Non Destructive Testing) method. It is a 
simple test to perform, and a good way to test welds before carrying out more 
expensive techniques like x- ray testing. It will show up bad cold lap, cracks, 
holes... basically any defects where a very fine dye can penetrate, hence the name. 
It can be used for various things, not just weld testing. It can be used to test the 
presence of a crack in a cylinder head for example. 

The simple kits come in 3 parts, usually in aerosol cans. Namely, a cleaner, 
a penetrant, and a developer. There are four types of dye penetrant system: 

 
• Water washable                 : the dyes wash away with water. 
• Lipophilic                : the dye dissolves in oil for removal. 
• Hydrophilic      : the dye washes away with a water 

rinse, but detergents are necessary. 
• Solvent removable      : the dye is removed with a cleaning solvent. 

 
 

There are five levels of testing, from Level ½ (Lowest sensitivity) to Level 4 
(Highest Sensitivity). Operatives carrying out this testing should be qualified to do 
so, and reports, sometimes with photographic evidence, might be requested. 

Step 1 – Precleaning: 
First any loose material needs to be removed, together with any silica on top of the 
weld. It is important to remove the silica, or you can get false results. A good scrape 
and wire brush sorts this out in mostcases.  
 

 

 



Then apply some of the cleaner to remove any oil etc. Wait for the cleaner to dry 

completely before applying penetrant. 

 
 
 
 
 
 
 
 
 
 

Fig. 4.2 Pre cleaning 
 

 

Step 2 - Penetrant 

Once cleaned, apply the penetrant (a bright red liquid dye). Spray plenty on the 
welds. Leave the dye to penetrate, normally for about 20 minutes. The time scale 
is usually printed on the can or on the product data sheet. The photographs show 
a solvent removable system. 

Step 3 – Post cleaning: 

 
 

Fig. 4.3 Application of Penetrant 

You need to remove excess dye from the area, which is easier said than done. It 

is important not to spray the cleaner on the area directly, or you risk washing the 

dye from the flaw. Use a dry tissue to remove excess dye, then spray cleaner onto a 

clean cloth for final cleaning. 

 
Ultrasonic Testing(UT): 

Ultrasonic testing (UT) is a family of non- destructive testing techniques 
based on the propagation of ultrasonic waves in the object or material tested. In 
most common  UT applications, very  short  ultrasonic  pulse-  waves  with 
center frequencies ranging from 0.1- 15 MHz, and  occasionally  up  to  50  
MHz, are transmitted into materials to detect internal flaws or to characterize 
materials. A common example is ultrasonic  thickness  measurement,  which 
tests the thickness of the test object, for example, to monitor pipe work 
corrosion. 



Ultrasonic testing is often performed on steel and other metals and alloys, 
though it can also be used on concrete, wood and composites, albeit with less 
resolution. It is used in many industries including steel and aluminium 
construction, metallurgy, manufacturing, aerospace, automotive and other 
transportation sectors. 
Step 2: Instrument settings are input. 
Step 3: The probe is scanned over the blade root. In this case, an indication (peak 
in the data) through the red line (or gate) indicates a good blade; an indication to the 
left of that range indicates a crack. 

 
 

 

Fig: 4.5 Ultrasonic Testing 

 

Principle: A probe sends a sound wave into a test material. There are two 

indications, one from the initial pulse of the probe, and the second due to the 

backwall echo. RIGHT: A defect creates a third indication and simultaneously 

reduces the amplitude of the backwall indication. The depth of the defect is 

determined by the ratio D/Ep. 

Radiography: 

Radiography is an imaging technique using X- rays to view the internal form of an 
object. To create the image, a beam of X- rays, a form of electromagnetic radiation, 
are produced by an X- ray generator and are projected toward the object. A certain 
amount of X- ray is absorbed by the object, dependent on its density and structural 
composition. The X- rays that pass through the object are captured behind the object 
by a detector (either photographic film or a digital detector). The generation of flat 
two dimensional images by this technique is called projectional radiography.  

 
In Computed tomography (CT scanning) an x ray source and its associated 

detectors rotate around the subject which itself moves through the conical x ray beam 
produced. Any given point within the subject is crossed from many directions by 
many different beams at different times. 

 
Information regarding attenuation of these beams is collated and subjected 

to computation to generate two dimensional images in three planes (axial, coronal and 
sagittal) which can be further processed to produce a three dimensional image. 

 



Conclusion 
 

In this internship programme, I have learnt about 

• Trouble shooting of different parts of refrigerator and air conditioner. 

• Different metal joining processes and their applications, with hands on 

experience. 

• Different non-destructive techniques – their principles and implementation 

with hands on experience. 
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1.INTRODUCTION

With the ongoing revolution in the field of mechanical where innovations are taking place at the

blink of an eye, it is impossible to keep the pace with the emerging trends excellence is an

attitude that whole of human race is born with. It is the environment that makes sure that whether

the result of this attitude is visible or otherwise. A well planned ,properly executed and

evaluated industrial training helps a lot in including a professional attitude. It provides a linkage

between the student and industry to develop an awareness of industrial approach to problem

solving,based on broad understanding of process and mode of operation of organization.

During this period, the student gets the real experience for working in the actual industry

environment. Most of the theoretical knowledge that has been gained during the course of their

studies is put to test here. Apart from this the student gets an opportunity to learn the latest

technology, which is immensely helps in them in building their carrier. I had the opportunity to

have a real experience on many ventures, which increased my sphere of knowledge to great

extent. I got a chance to learn many new technologies and interfaced to many instruments.

The word quality holds out different meaning for different people, but for an industry it is most

important and can be defined as the totality of features and characteristics of a product/services

that bear on its ability to satisfy given needs.

And all the credit goes to organization Bharat Electronics Ltd.



2.COMPANY PROFILE

Bharat Electronics Limited, a Professional Electronics company in India incorporated in 1954.

BEL was born to meet the growing needs of Indian Defence services for electronic systems.

Employing the best engineering talent available in the country, BEL has progressed

manufacturing state-of-the-art products in the field of Defence Electronics like Communications

including encryption, Radars and strategic components. Over the years, BEL has diversified to

meet the needs of civilian customers as well and has provided products and network solutions on

turnkey basis to customers in India and abroad.

Bharat Electronics Limited is a Pioneer in the field of Professional Electronics in India and has

been manufacturing a wide range of Defence and Civil communication products since 1954.

Multiple years of operations covering design, development, engineering and manufacturing

professional electronics equipment in diverse fields based on various technologies has enabled

BEL to offer end-to-end system solutions on turnkey basis.

Products:

 Defence.
 Telecommunications.
 Land based radors.
 Naval systems.
 Opto electronics.
 Tank electronics.
 Electronic warfare.
 Simulators.
 Non defence.
 Telecommunications.
 Sound vision broadcasting.
 Solar photovoltaic systems.
 Electronic components.
 Niche products.



Gudlavalleru engineering college Page 3

3.MANUFACTURING UNITS
BEL has a total of nine manufacturing units spread throughout the nation with banglore being the

biggest of them. The details about the different manufacturing units of BEL along with their

product specialities are as follows:

Sl.no BEL Unit State

1. Bangalore Karnataka

2. Panchkula Haryana

3. Kotdwara Uttaranchal

4. Ghaziabad Uttar pradesh

5. Pune Maharashtra

6. Hyderabad Telangana

7. Machilipatnam, Andhra pradesh

8. Navi Mumbai Maharashtra

9. Chennai Tamilnadu

In 1954 with a factory of jallahali,Bharat Electronics grew into nine units,spread all over India.

The locations and products of the units are given below:



1.BANGALORE:This is also called BG complex.jallahali unit which is the mother unit is now a

part of the BG complex.This is the biggest unit with approx 10,000 employees working

here.Among the products here, the important ones are:

 Communication equipment.

 Air and Doordarshan equipment like obile van for live telecast.

 Radar-mobile, one dimensional ,3-dimensional and multi-dimensional Radars are

manufactured here.Different range of semi-conductors devices like ics.

 Resistors and black & white color TV picture tube glasses.

 ISRO‘s requirements are met at space electronics department at banglore.satellite

launch vehicle was also manufactured here.

2. PANCHKULA: Panchkula & kotdwara were proposed simultaneously by the government in

1985.It was proposed to set up one unit each in Haryana & uttar Pradesh.But the place in U.P

for setting up a BEL unit could not be decided while that at Haryana was decided & hence this

unit started earlier.This unit manufactures only tactical communication equipment like

VHF,UHF transceivers etc.

3. KOTDWARA: This is a unit in garhwal district of Uttaranchal.This unit manufacturers radio

relay, multiplex equipments &exchanges etc.

4. GHAZIABAD: This is the second unit which was set up in 1974, & approx. 2500 employees

working here.radars & some communicationequipment are the products manufactured here

are:

 Radars

 SATCOM

 Microwave components
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5.PUNE: To diversity further one more branch was added 1979 & this was in pune.In this

branch around 700-800 employees are working.The product profile includes:

 Image convertor,image intensifier

 Batteries

 Electro-optics

 X- rays tubes

6.HYDERABAD: This is another unit of BEL which manufactures electronicwarfare

equipments.

7.MACHILIPATNAM: There was one Andhra scientific company,which was asick

unit.This was taken over by BEL & is called ASCO unit 1983.The products include:

 Optical & Optoelectronic equipment like binoculars,microscopes.

 Medical Electronics

8.NAVI MUMBAI: This is an industrial place near Mumbai.This unitmakes:

 Glass shells for black & white TV picture tubes

 Shelters for electronic equipment

 Train actuated warning system

 Electronic equipment assembly

9.CHENNAI: This unit manufactures:

 Tank related electronic equipments

 Optical fire control systems



4.PRODUCTS &MARKET OF BEL

Bharat Electronics Limited is a major supplier of products and turnkey systems to the indian

Defence Services.Over the years,BEL has diversified into manufacturing many civilian products

as well. Large trunkey telecommunication solutions are also being offered to civilian

market.BEL has been involved in providing state of the art communicationequipment to the

indian army, be it hand held mobile radios and terminals ,ground based system,airborne and even

ship borne equipment and systems.The communication equipment developed here cover

HF,VHF,UHF, and Vv/UHF frequency bands.the most important project of BEL under the

communication equipment is STARS-V which provides secure mode of data transfer.in STARS-

V,the data to be transferred is first encrypted using a microprocessor which could be read only

by a similar device with same coding.Now the latest technology of frequency hopping is being

implemented which is a very useful tool in making a secure data transfer system.BEL

manufactures a lot product which is very difficult to list but some of the major products were as

follows:

Integrated circuits and micro circuits Radars

X- ray tubes and magnetrons STARS-V

HF & broadcast equipment ACME MK CNR

SPACE GUIDING EQUIPMENTS HUD

AIR BORNE GPS RECEIVER LUP

SIRAX TIDEX

SECURE TELEPHONE SECURE FAX
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Domestic market:

Sl.no PRODUCT CUSTOMER

1. Defence communication Indian defence services,para military

forces

2. Radars & sonars Indian defence services, civil

aviation, meterological department

,ISRO

3. Telecommunication Department of

telecommunication,para military

forces,power sector,oil

industry,Railways

4. Broadcasting equipment and studio systems All india radio,dooradarshan(national

radio & TV broadcasters)

5. Electronic voting machines Election commission of india

6. Solar products & systems Individuals,private and government

organizations

7. Trunkey systems,E-Governance Networks Police,state government,Public sector

undertakings



8. Components All India radio and doordarshan the

national Radio & TV Broadcasters,

instrumentation industry,switching

industry,entertainment

Exports play a key role in BEL‘s strategic perspective.A number of International companies are

using the facilities at BEL for contract Manufacturing.The broad list of products and services being

exported is given below:

Exports/International market:

Sl.no PRODUCT CUSTOMER

1. Defence communication

equipment and spare parts

Botswana,Indonesia,suriname,

Malaysia

2. Radars & Sub-systems Indonesia,Egypt,Switzerland

3. Electronic warfare products

and services

Russia,Brazil

4. Opto electronics products Sri lanka,Nepal,Israel,South Africa

5. Semi conductor

devices,microwave tubes and

transmitting tubes

Malaysia,Singapore,Turkey,

Netherlands,UK,USA,France,Hong kong

6. Solar products & systems Suriname,Germany,Zimbabwe,

Bptswana,Kenya,Nigeria

7. Telecom and SATCOM

systems

Nigeria,kenya
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8. Radio & TV Broadcasting

products and systems

Nepal,Mauritius

9. Electric voting systems Sri lanka,Uganda,Malawi,South Africa

10. Vacuum Interrupters Malysia,UAE,Uganda,Turkey,UK,Azerbaijan
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5.BEL MACHILIPATNAM & ITS PRODUCTS

In 1983 ,the Andhra scientific company(ASCO) was taken over by BEL converted it to its fourth

manufacturing unit at machilipatnam .The products include

 Night vision devices
 Electric voting systems

NIGHT VISION DEVICES

Definition:

A night vision device (NVD), also known as a night optical/observation device (NOD), is an

optoelectronic device that allows images to be produced in levels of light approaching total

darkness. The image may be a conversion to visible light of both visible light and near-infrared,

while by convention detection of thermal infrared is denoted thermal imaging. The image

produced is typically monochrome, e.g. shades of green. NVDs are most often used by the

military and law enforcement agencies, but are available to civilian users. The term usually refers

to a complete unit, including an image intensifier tube, a protective and generally water-resistant

housing, and some type of mounting system. Many NVDs also include optical components such

as a sacrificial lens, or telescopic lenses or mirrors. An NVD may have an IR illuminator,

making it an active as opposed to passive night vision device.

Working Of Night Vision Devices:

Technical Night Vision can work in two different ways

Image Intensifier:

1. Night vision amplifiers light to achieve better vision.

2. A conventional lens, captures ambient light.

3. The gathered light is sent to image - intensifier tube.



4. The light energy released electron from the cathode and accelerated.

5. These electrons enter micro channel plate and bounce off and generate more electron.

6. Thousands of other electrons to be released in each channel.

7. Original electrons collide with the channel, exciting atoms and causing other electrons.

8. New electrons collide with atoms, creating a chain.

9. In image-intensifier tube, the electrons hit a screen.

10. The energy of the electrons release photons and create green image on the screen.

11. The green phosphor image is viewed through another lens.

Thermal Imaging :
All objects emits infrared energy as a function of temperature

1. A lens focuses the infrared light. Original electrons collide with the channel, exciting atomsand
causing others.

2. The focused light is scanned and creates temperature pattern.

3. The pattern created is translated into electric impulses.

4. The impulses are sent to a circuit board that translates the information into data for thedisplay.

5. The signal-processing unit sends the information to the is play, and appears as various colors.

6. The images are black and white in nature.
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Purpose of Night Vision Devices:

The original purpose of night vision was to locate enemy targets at night. It is still used extensively

by the military for that purpose, as well as for navigation, surveillance and targeting. Police and

security often use both thermal-imaging and image-enhancement technology, particularly for

surveillance.

Classification of Night Vision Devices:

 Night Vision devices
 Passive Night Vision devices
 Thermal imaging cameras
 Cooled and Uncooled
 Active Night Vision devices

Advantages of Night Vision Cameras:

1. The most common use is the military, and the quick answer would be that they allow soldiers to

continue operations at night, without giving away their position through the use of flashlights.



2. However night vision has many other uses. People with night blindness can use night vision

devices to see better at night

3. Astronomers use night vision to improve their view of the stars, to see more stars in the city,

amplify the image post hydrogen-alpha filters or to see nebula and clusters in the sky in real time

4. The technology in night vision allows for far more sensitive x-ray machines to be made, reducing

the doses necessary for an x-ray.

Binocular Night Vision Devices:

FIG: Passive Night Vision Binocular

Parts of Binocular Night Vision Devices:

1. Object Glass
2. Focus
3. Image intensifier tube
4. Eye Piece
5. Eye Guard
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Parts of Image Intensifier Tube:

Fig Image Intensifier Tube

Night vision is the ability to see in low light conditions. Whether by biological or technological

means, night vision is made possible by a combination of two approaches: sufficient spectral range,

and sufficient intensity range.

Image Intensification:

This magnifies the amount of received photons from various natural sources such as starlight or

moonlight. Examples of such technologies include night glasses and low light cameras. In the

military context, Image Intensifiers are often called "Low Light TV" since the video signal is often

transmitted to a display within a control center. LLLTV These are usually integrated into a sensor

containing both visible and IR detectors and the streams are used independently or in fused mode,

depending on the mission at hand's requirements.

The image intensifier is a vacuum-tube based device (photomultiplier tube) that can generate an

image from a very small number of photons (such as the light from stars in the sky) so that a dimly lit

scene can be viewed in real-time by the naked eye via visual output, or storedas data for later analysis.

While many believe the light is "amplified," it is not. When light strikes a charged photocathode plate,

electrons are emitted through a vacuum tube that strike the micro channel plate that cause the image

screen to illuminate with a picture in the same pattern as the light that strikes the photocathode, and is

on a frequency that the human eye can see. This is much like a CRT television, but instead of color

guns the photocathode does the emitting.



The image is said to become "intensified" because the output visible light is brighter than the

incoming light, and this effect directly relates to the difference in passive and active night vision

goggles. Currently, the most popular image intensifier is the drop-in ANVIS module, though many

other models and sizes are available at the market. Recently, the US Navy announced intentions to

procure a dual-color variant of the ANVIS for use in the cockpit of airborne platforms.

Active illumination couples imaging intensification technology with an active source of illumination

in the near infrared (NIR) or shortwave infrared (SWIR)band. Examples of such technologies include

low light cameras.

Active infrared night-vision combines infrared illumination of spectral range 700–1,000 nm (just below
the visible spectrum of the human eye) with CCD cameras sensitive to this light. The resulting scene,
which is apparently dark to a human observer, appears as a monochrome image on a normal display
device. Because active infrared night-vision systems can incorporate illuminators that produce high
levels of infrared light, the resulting images are typically higher resolution than other night-vision
technologies.

Hand Held Thermal Imaging Camera With LRF

FIG: HHTI with LRF

HHTI with LRF or Multifunction HHTI is a cooled TI based integrated day/night sight with in-built

eye safe Laser Range Finder, Digital Magnetic Compass, Color CCD and GPS. This equipment is

capable of giving range, azimuth & elevation and also coordinates of the target. This is highly useful



Gudlavalleru engineering college Page 17

to Army and Navy for effective engagement of targets. Weather proof and withstand shocks and

vibrations. It is provided with electronically generated reticle.

Introduction:

FIG: Block diagram of Thermal imaging camera

1.Thermal image is the technique of using the heat given off by an object to produce an image of it or

to locate it.

2. First developed for military purpose in the late 1950s and 1960s by Texas instruments, Hughes,
Aircraft and Honeywell.
3. In recent times it is being used in firefighting, law enforcement, industrial applications, security

transportation, medical and many other industries.

Thermal Imaging:

1. It is the technique of using the heat given off by an object to produce an image of it.

2. Works in environments without any ambient light and can penetrate obscurants such as smoke, fog

and haze.

3. Normally grey scale in nature: black objects are cold, white objects are hot and the depth of the

grey indicates variations between the two.

4. Some thermal cameras, however, add color to images to help users identify objects at different

temperatures.



Working of thermal imaging:

Here's how thermal imaging works: A special lens focuses the infrared light emitted by all of the

objects in view. The focused light is scanned by a phased array of infrared-detector elements. The

detector elements create a very detailed temperature pattern called a thermogram.

Infrared Light:

Our eyes are detectors that are designed to detect electromagnetic radiation in the visible light

spectrum. All other forms of electromagnetic radiation, such as infrared, are invisible to the human

eye.

The existence of infrared was discovered in 1800 by astronomer Sir Frederick William Herschel.

Curious to the thermal difference between different light colors, he directed sunlight through a glass

prism to create a spectrum and then measured the temperature of each color. He found that the

temperatures of the colors increased from the violet to the red part of the spectrum.

After noticing this pattern Herschel decided to measure the temperature just beyond the red portion

of the spectrum in a region where no sunlight was visible. To his surprise, he found that this region

had the highest temperature of all.

Infrared radiation lies between the visible and microwave portions of the electromagnetic spectrum.

The primary source of infrared radiation is heat or thermal radiation. Any object that has a

temperature above absolute zero (-273.15 degrees Celsius or 0 Kelvin) emits radiation in the infrared

region. Even objects that we think of being very cold, such as ice cubes, emit infrared radiation.

Thermal imaging camera

Infrared energy (A) coming from an object is focused by the optics (B) onto an infrared detector (C).

The detector sends the information to sensor electronics (D) for image processing. The electronics

translatethe data coming from the detector into an image (E) that can be viewed in the viewfinder or

on a standard video monitor or LCD screen.
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 Being truly passive in nature, thermal imaging systems are finding wide range of applications
for surveillance and reconnaissance, target acquisition, engagement, and missile guidance.

 They are true force multipliers as they allow weapons and equipment to be used with efficacy during
day and night.

 Recent advancements in optics, detector technology andsignal processing have enabled revolutionary
advancement in the night vision technology leading to the realisation of third generation thermal
imagers (TIs) having capabilities twice that of second generation and four times that of first
generation systems.

 DRDO is working in this area for the last two decades and has developed various TIs operating in 3-
5 μm medium wave infrared (MWIR) 8-12 μm long wave infrared (LWIR) spectral bands.

 These systems are based on scanning/staring focal plane array (FPA) detectors for target acquisition,
which can beused, either in standalone mode or as a part of electro-optical fire control system
(EOFCS). MWIR TIs perform better in hot humid environments and preferred for long range
applications because of better atmospheric transmission where as LWIR TIs perform better in smoke
and dusty environment prevailing in the battlefield.

Principle of Operation and Types:

Infrared energy is just one part of the electromagnetic spectrum, which encompasses radiation from

gamma rays, x-rays, ultraviolet, a thin region of visible light, infrared, terahertz waves, microwaves,

and radio waves. These are all related and differentiated in the length of their wave (wavelength). All

objects emit a certain amount of black body radiation as a function of their temperatures.

Generally speaking, the higher an object's temperature, the more infrared radiation is emitted as

black-body radiation. A special camera can detect this radiation in a way similar to the way an

ordinary camera detects visible light. It works even in total darkness because ambient light level does

not matter. This makes it useful for rescue operations in smoke-filled buildings and underground.



A major difference with optical cameras is that the focusing lenses cannot be made of glass, as glass

blocks long-wave infrared light. Special materials such as Germanium or Sapphire crystals must be

used. Germanium lenses are also quite fragile, so often have a hard coating to protect against

accidental contact. The higher cost of these special lenses is one reason why thermographic cameras

are more costly.

Types:

 Cooled infrared detectors
 Uncooled infrared detectors

Cooled infrared detectors:

Cooled detectors are typically contained in a vacuum-sealed case or Dewar and cryogenically cooled.

The cooling is necessary for the operation of the semiconductor materials used. Typical operating

temperatures range from 4 K to just below room temperature, depending on the detector technology.

Most modern cooled detectors operate in the 60 K to 100 K range, depending on type and

performance level.

Without cooling, these sensors (which detect and convert light in much the same way as common

digital cameras, but are made of different materials) would be 'blinded' or flooded by their own

radiation. The drawbacks of cooled infrared cameras are that they are expensive both to produce and to

run. Cooling is both energy-intensive and time-consuming

The camera may need several minutes to cool down before it can begin working. The most

commonly used cooling systems are rotary Stirling engine cryocoolers. Although the cooling

apparatus is comparatively bulky and expensive, cooled infrared cameras provide superior image

quality compared to uncooled ones.

Additionally, the greater sensitivity of cooled cameras also allow the use of higher F-number lenses,

making high performance long focal length lenses both smaller and cheaper for cooled detectors. An

alternative to Stirling engine coolers is to use gases bottled at high pressure, nitrogen being a

common choice. The pressurised gas is expanded via a micro-sized orifice and passed over a

miniature heat exchanger resulting in regenerative cooling via the Joule–Thomson effect. For such

systems the supply of pressurized gas is a logistical concern for field use.
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Materials used for cooled infrared detection include photodetectors based on a wide range of narrow

gap semiconductors including:

1. Indium antimonide

2. Indium Arsenide

3.Mercury Cadmium telluride

4. Lead sulfide

Uncooled Infrared detectors:

Uncooled infrared sensors can be stabilized to an operating temperature to reduce image noise, but

they are not cooled to low temperatures and do not require bulky, expensive cryogenic coolers. This

makes infrared cameras smaller and less costly. However, their resolution and image quality tend to

be lower than cooled detectors. This is due to differences in their fabrication processes, limited by

currently available technology.

Uncooled detectors are mostly based on pyroelectric and ferroelectric materials or microbolometer

technology. The material are used to form pixels with highly temperature-dependent properties,

which are thermally insulated from the environment and read electronically.

Ferroelectric detectors operate close to phase transition temperature of the sensor material; the pixel

temperature is read as the highly temperature-dependent polarization charge. The achieved NETD of

ferroelectric detectors with f/1 optics and 320x240 sensors is 70-80 mK. A possible sensor assembly

consists of barium strontium titanate bump-bonded by polyimide thermally insulated connection.

Silicon microbolometers can reach NETD down to 20 mK. They consist of a layer ofamorphous

silicon, or a thin film vanadium(V) oxide sensing element suspended on silicon nitride bridge above

the silicon-based scanning electronics. The electric resistance of the sensing element is measured

once per frame.



Applications:

1. Military and Police
One of the most common users of a thermal imager is a law enforcement or military professional.

They need to be able to see potential threats without being detected and thermal units give them this

chance. Modern thermal imaging technology is tough enough to withstand the abuse of recoil, so

many police officers and soldiers now employ thermal imaging rifle scopes such as the ATN ThOR

640 Thermal Imaging Weapon Sight. The drawback of using thermal imagers in life-and-death

situations is that while they're incredibly effective at detecting people or animals, identification is far

more challenging. You may see a man in front of you, but this doesn't mean you'll be able to tell if

he's a friend or a foe.

2.Surveillance
Thermal imaging cameras are one of the most effective tools for surveillance because they work

equally well in the day and night. A regular CCTV camera is limited by its need for light, and night

vision doesn't function during the day. The chance to see through smoke and fog also gives thermal a

leg up on other surveillance techniques.

3.Energy Audits
Heating and cooling companies have used thermal imagers for years to see where buildings are

leaking heat. Small cracks or holes cause homes to lose hundreds of dollars a year on heating and

cooling bills.

4.Security And Law Enforcement
With a thermal imager, an officer can stop and scan the property at a distance identify any person

present at there.

Perimeter Surveillance is another application in which thermal imaging is used to dramatically

improve results and reduce time committed to a particular operation.

Thermal imaging cameras can also used in search and rescue operation as officers may be able to

search up to 1,500 feet in any direction
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6.PRODUCT ASSURANCE

6.1 Defination:

A discipline devoted to the study, planning and implementation of activities intended to assure that

the design, controls, methods and techniques in a project result in a satisfactory level of quality in a

product.

The verification by a management function that customer requirements are satisfied by ensuring

(1) the identification of critical activities, (2) The availability of the necessary resources for each

process, (3) The use of the resources in a manner that is efficient and effective.

6.2 Product Assurance Testing:
Product assurance testing is conducted in order to evaluate a system in its operating

environment. Product assurance testing is primarily used to find the faults that are not shown

within the development or test environments.

6.3 Product Assurance Tests:
ESS(Environment Stress Strain) Test:

 Climate Test

a) High temperature and Low temperature test

b) Heat and Cold Chamber Test

c) Rain and Dust Chamber Test

 Durable Test

a) Vibration Test



b) Bump test

 Functional Test

a) Resolution Test

b) Field Of View

6.4 Heat and Cool Chamber Test:

Temperature and humidity test chambers are ranging in size from 50Ltier to 3000Liter, including

benchtop, standard type and walk in. Included are ultra low temperature test chamber, high rate

of change of temperature chambers (15℃/min) and climate with humidity chambers.

Our temperature and humidity test chambers are available in a variety of sizes and configurations,

including benchtop / vertical/ walk in constant temperature humidity chambers. Temperature

Range: -70°C to +180°C; Humidity range:10% to 98%R.H.
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6.5 Vibration Test Chamber:

Repetitive Shock Vibration tables generate multi-axis vibration using one or more pneumatic

impact hammer(s) (also known as impactors) that strike a the top of a vibration table on which a

product is attached. Thermotron‘s repetitive shock vibration test systems are designed

specifically for very aggressive temperature change rates and high levels of multi-axis repetitive

shock vibration. Repetitive shock shaker tables can be used as stand-alone units or combined

with an AGREE or AST chamber for HALT/HASS testing. The repetitive shock vibration

system incorporates many unique features designed to satisfy a wide range of vibration testing

and screening applications for many industries. The basic system utilizes Multi-Zone Control.

This patented feature uniformly—and more effectively—tests products. As a result, you receive

improved product reliability, reduced warranty and recall risks, as well as better-utilized

company resources.



6.6 Bump test chamber:

This computerised machine is designed to cater the high acceleration and high pulse duration

repetitive bump tests. The machine is used in product qualificationtesting, transient analysis of

structures or models and fatigue tests on some systems and parts with an object to determine

their suitability under repetitive ‗bump‘ environment (during transportation or in-service, etc.),

and to assess structural integrity and stress screening. The machine has a robust steel structure

that enables it to be used for testing of test objects having weights from 50 kg to 1000 kg,

acceleration from 3 "g" to 400 "g" and pulse duration from 3 ms to 30 ms. The machine is

intended to reproduce the effects of repetitive bumps from 40 to 180 bumps per minute likely to

be experienced by components and equipment during transportation or when installed in various

classes of vehicles. The object mounting hole pattern of the platform is 100 x 100mm matrix or

as desired by the customer. An optional T-slot for mounting of test objects is also provided. The

mounting platform is lifted vertically through a cam arrangement and is made to drop forcibly

with the mechanical impact generating mechanism on the rubber pad placed on the anvil, which

provides the required acceleration level. The desired impact acceleration can be obtained by

adjusting the drop height and mechanical impact generating force of the mounting platform.

Rubber pads are used to produce half-sine pulses, and duration of half sine pulse shape can be

adjusted by changing the hardness and thickness of the rubber pads. The machine is supported
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with Pentium PC based intelligent instrumentation system to control and monitor and analyse

acquired acceleration waveform on 4 channels. The unit operates on 415/230 V ±10%, 50 Hz

single phase AC and 3-phase 415 V 50 Hz.

6.7 Salt spray test chamber:

The salt spray (or salt fog) test is a standardized and popular corrosion test method, used to

check corrosion resistance of materials and surface coatings. Usually, the materials to be tested

are metallic (although stone, ceramics, and polymers may also be tested) and finished with a

surface coating which is intended to provide a degree of corrosion protection to the underlying

metal. Salt spray testing is an accelerated corrosion test that produces a corrosive attack to coated

samples in order to evaluate (mostly comparatively) the suitability of the coating for use as a

protective finish. The appearance of corrosion products (rust or other oxides) is evaluated after a

pre-determined period of time. Test duration depends on the corrosion resistance of the coating;

generally, the more corrosion resistant the coating is, the longer the period of testing before the

appearance of corrosion/ rust.



7.SUB DEPARTMENTS

7.1 Development and engineering department:
It is to design to project,make the modifications to prepare design and related documents.the

software used in bel machilipatnam is solidworks.

7.2 Material management:
It is the management of materials, this department purchases the materials it has different bins

that holds items after inspection.

7.3 Quality assurance:
It deals with the quality of material it is checked before going to customer.in quality assurance

several equipments are used they are vernier calipers,screw gauge,CMM machine,go gauge and

no go gauges etc..

CMMmachine:

A coordinate measuring machine (CMM) is a device for measuring the physical geometrical

characteristics of an object. This machine may be manually controlled by an operator or it may

be computer controlled. Measurements are defined by aprobe attached to the third moving axis

of this machine. Probes may be mechanical, optical, laser, or white light, among others. A
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machine which takes readings in six degrees of freedom and displays these readings in

mathematical form is known as a CMM. The typical 3D "bridge" CMM is composed of three

axes, X, Y and Z. These axes are orthogonal to each other in a typical three-dimensional

coordinate system. Each axis has a scale system that indicates the location of that axis. The

machine reads the input from the touch probe, as directed by the operator or programmer. The

machine then uses the X,Y,Z coordinates of each of these points to determine size and position,

typically with micrometer precision.

A coordinate measuring machine (CMM) is also a device used in manufacturing and assembly

processes to test a part or assembly against the design intent. By precisely recording the X, Y,

and Z coordinates of the target, points are generated which can then be analysed via regression

algorithms for the construction of features. These points are collected by using a probe that is

positioned manually by an operator or automatically via Direct Computer Control (DCC). DCC

CMMs can be programmed to repeatedly measure identical parts, thus a CMM is a specialized

form of industrial robot.

7.4 Plant and service:
It is the department for providing the services to company.services are water supply,electrical

supply,transport,horticulture.

7.5 Human resource &administration:
In this department the recruitment of employees is done it is to use manpower in different

areas.medical facilities are also available.

7.6 Finance:
It is the department for the sanction of money to the employees it is to be made for one year.it is

the record of the money.

7.7 Quality management:
It is to sell products in the international market six sigma is the statistical technique for

maintaining quality.in this department there is a group of employees who discuss the

problems,find out its solution and present it to manager.

7.8 Machine shop:



In bel machine shop there is both CNC and conventional machines are there several components

are manufactured in this machine shop.the conventional machines are lathe,milling,grinding and

CNC machines like lathe,milling etc.

CNC Lathe Machine

 Controlled by G and M code
 Automated version
 Used for turning operations

CNC Milling Machine

 Programming for optimal performance
 Large production

CNC Drilling Machine

 Multi function machining
 High flexibility

7.9 Production Planning and Control:
Production planning and controlThis department forms the most important section among the

others present because.it forms the backbone right from the beginning till end of the particular

set the responsibility lies in the hands of this section.it mainly performs three functions

scheduling and launching control launching control the market section takes the order from the

customer and gives the equipment stock order to ppc now ppc makes the list of each components

involved in the product .this is called scheduling.next function that comes is launched ppc

prepares shop order and engineering documents such as drawings .this function is called

launching now comes to material control here the ppc keeps track of production i.e the purchase

requisition is given to purchase department and sub contract department.

7.10 Assembly section:
In this all the components are gathered and assembled they set properly in the complete set.it is

the most important and technologically advanced department at BEL Machilipatnam.



Gudlavalleru engineering college Page 31

7.11 R&D Department:
 Areas of R&D

Development of Military Radars,Naval Systems,Military communication

products,Electronic warfare systems,Telecommunication products.

 Resources and investment

There are about 1000 engineers working in BEL on various D&E Projects.BEL R&D Units are

recognized by the Department of scientific & industrial Research under the ministry of science &

Technology,Govt.of India



8.CONCLUSION

The four weeks of industrial at B.E.L machilipatnam generated a lot more interest in my subject.

It made me more aware of the scope of mechanical engineering.it has also made me appreciative

of an industrial work environment.

Undergoing training on the BEL manufacturing unit has helped me integrate conceptual

knowledge with real life application.I was fortunate to have personal guidance from experienced

professionals who took been interest in explaning the working details of various equipments.

I feel that without this opportunity my own understanding of this subject and also the motivation

to acquire more knowledge would have remained incomplete

I think my training has given me enough motivation and an exposure that I will try to join

defence services or get linked up with the defence of the country.

“To know the technical know-how,industrial training is the best way to move forward.”
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ABSTRACT

A company that wants to be able to provide customers with the best
solutions always has to do more than other companies on the market. Innovation
is the basis for progress and part of our DNA. It is rooted in the close
cooperation with our customers and is created via outstanding work in the field
of research and development (R&D). Every year Measure India Pvt Ltd invests
more than 20 percent of the annual turnover in the R&D department. This team
develops new measuring principles, sensor generations and technologies which
contribute in the long term to expanding our market leadership and achieving
this position in other fields. Using state-of-the-art production technologies, We
produces high-precision measuring instruments which are designed to meet the
requirements of customers.



Page | 6

MEASURE INDIA CORPORATION PVT LTD

BACK GROUND

Measure India Corporation (MIC) was founded in the year 2006, based at Hyderabad,
India, by well experienced engineers in the field of material testing. It was started with a goal
to provide arguably the best possible, yet, affordable solutions for materials and component.
The main intention of our esteemed company was to ensure qualitative measuring at an
affordable range and supply across the country.

INTRODUCTION

Measure India Corporation (MIC) was established in the year 2006, at Hyderabad,
Telangana, India, as a Private Limited Company, we Measure India Corporation Pvt
Ltd are known as an Authorized Wholesale Dealer and Supplier of a premium quality
range of Servo Hydraulic Testing Machines, Shake Table, Fatigue Test System,
Structural Actuators, Accessories For Hydraulic Test System, Servo Hydraulic Test
System, Accessories For Testing Machine, Grip Accessories & many more.

Our offered products are procured directly from the most trusted vendors of the
market in complete adherence with predefined industry standards. In order to design
and assemble these products, our vendors use finest quality basic material and most
recent technology. The offered products are widely commanded in the market for
features like high strength, easy operation, less maintenance, longer service life and
durability.

Our company has established sophisticated infrastructure, comprises all
requisite amenities and machines that assists us to carry smooth business operations.
Our production unit comprises latest machinery, which we upgrade regularly to rise up
with innovative products in the market.

We work under the astute guiding principles of K. Rajendra Prasad
(Director), who played a vital role in establishing our position in the industry. Due to
his sharp business insight and rich experience, we have acquired the huge satisfied
base of clients that are based across the country.
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Measure India Corporation was well experienced in the field of material testing.
Measure India Corporation Pvt Ltd are known as an Authorized Wholesale Dealer and
Supplier of a premium quality range of the following testing equipments. Some of the
following testing machines used are:

Horizontal Universal Testing Machine
A universal testing machine (UTM), also known as a universal tester, materials testing

machine or materials test frame, is used to test the tensile strength and compressive
strength of materials. An earlier name for a tensile testing machine is a tensometre. The
"universal" part of the name reflects that it can perform many standard tensile and
compression tests on materials, components

Features

 Load range from 50kN to 3000kN
 Frame stiffness up to 1100 KN/mm
 Actuator stroke range 100 to 1500mm
 Testing speed range 0.01 to 500mm/min
 Low friction and wear resistant actuators

Applications:

 Tensile testing of longer samples
 Wires, ropes, chains, cables
 Static and quasi static tests
 Testing labs, quality control and R&D

https://www.indiamart.com/proddetail/horizontal-universal-testing-machine-10329383062.html
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Servo Hydraulic Testing Machine
Servo-Hydraulic Universal Testing Machine is consisting of Load Frame, Advanced

servo controlled automatic power pack, Electronic Control Unit and Material Testing
Software as standard. Servo-Hydraulic Universal Testing Machine can carry out tensile and
yield, compression, flexure tests with load and displacement controls.

Features
 Dimensional stability
 Sturdy design
 Rust proof body
 Load Capacities from 50kN to 600kN static & dynamic
 Frame stiffness 1100kN/mm(optionally up to 6000KN/mm)

Applications

 Ductile and Brittle Fracture toughness (K1c, J1c, CTOD, J-R)
 Fatigue crack propagation (da/dN)
 Threshold stress intensity
 Low-Cycle/High-Cycle Fatigue (LCF/HCF)

https://www.indiamart.com/proddetail/servo-hydraulic-testing-machine-10329247330.html
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UNI AXIAL SHAKE TABLE
Uniaxial Shake Table are used to test the response of structures to verify their seismic

simulation. This is a device for shaking structural models or building components with a wide
range of simulated ground motions. The system is powered by an electronically servo
controlled valve with highly precise close loop PID controller that is workable with any type
of waveform and is workable with mat lab generated waveform. With facility to connect
numbers of transducer

Features

 Easy to install

 Corrosion-free

 Simulator tables, 0.5 x 0.5 m, 1 x 1 m, 2.5 x 2.5 m and 3 x 3 m

 Pay load range over 10000Kg

 Stroke range over 1000mm

Applications

 Earth quake motion simulation

 soil liquefaction studies

 seismic qualification tests on components & structures

 Vibration qualification tests on mechanical components

https://www.indiamart.com/proddetail/uni-axial-shake-table-10329591697.html
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AXIAL TORSION TESTING MACHINE
Multi-axial stress fields are generated by an axial-torsion testing machine capable of

imparting uniaxial tension/compression and torsional forces. Axial-torsion tests involve
simultaneous axial-torsional loading which may be monotonic or cyclic in nature. Several
axial-torsion test examples are measuring the adhesive properties of biopolymers;
determining the mechanical properties of bone screws

Features

 Excellent texture & Light weight
 Axial Load Capacities from 25kN to 600kN dynamic
 Torsional actuator capacities from 20N-m to 2000N-m
 Hydraulic lifts & clamps
 Frame stiffness: 1100kN/mm

Applications

 Axial static / fatigue
 Torsional static / fatigue
 Axial torsion static / fatigue
 Smooth round, flat and tubular sample
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SINGLE AXIS STRUCTURAL ACTUATORS
Single-axis actuator for ultra-high load applications. The new compact single-axis

actuator is designed for general industrial machinery, including equipment used in
automotive production.

Features

 Impeccable finish
 Easy to install
 Dimensional accuracy
 1 to 16 channels, expandable to 64
 Servo controlled actuators with pedestal or face mounting
 Up to 1000mm strokes with resolution down to 1 micron
 Testing speed range 0.01 to 2500mm/min

Applications

 Testing of concrete slabs, I-channels, beams etc
 Compression, Flexural and pull tests
 Testing of aerospace & automotive components
 Testing of structures
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ELECTRA SERVO-ELECTRIC TESTING MACHINE
Creep and creep-fatigue testing demand high levels of long-term stability

in controlled temperature as well as strain. It also demands the ability to
accurately track small, time-dependent variations in stress over extended
periods of time that are inevitably associated with the creep phenomenon. These
requirements led to the development of Electra Servo-electric machines.

Features

 Corrosion resistance
 Low maintenance
 Excellent strength
 Fully integrated two column, free standing, self-reacting high stiffness(600KN/mm)

precision aligned load frames
 Load capacities: 10KN to 200KN
 32 bit DSP based servo controller with stroke, load and strain channels

Applications

 Static and quasi static applications
 Tension/Compression/3 point bend
 Ductile and brittle fracture toughness(K1c, J1c, CTOD, J-R)
 Creep,stress Relaxation and Acceleration stre
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SAMPLE PREPARATION

The samples that are used in the machining are priorly prepared and some of the following
test samples are:

 Hardness test samples
 Impact test samples
 Tensile test samples
 Compression test samples
 Flexural test samples
 Shear test samples
 Low cycle fatigue test samples
 High cycle fatigue test samples

CORE SERVICE OFFERINGS

Mechanical and Physical Testing

Measure India Corporation Pvt Ltd has a comprehensive range of Mechanical Testing
services with a dedicated in-house machine shop that assists in sample preparation. Test
specimens are duly prepared for metallic and non-metallic materials for the evaluation of
tensile, compression, impact, weldability, fatigue and bend properties.

With its Mechanical Testing Facility, MIC provides a precise determination of Proof Stress
by the attachment of various Electronic Extensometers. The Tensile test at Elevated
Temperature is a special service offered by MIC. Tests are conducted as per ASTM, BS,
IS, DIN, NACE or other client-specified standards.

The Mechanical Testing Facility at TCR conducts tensile tests for understanding the strength
and characteristics of a particular material. It provides a precise determination of Proof Stress
by the attachment of various electronic controls and extensometers.

Testing temperatures range from 50°C to 850°C and beyond, for particularly high-
temperature applications. The Mechanical Testing department at TCR performs a range of
Impact tests, including Izod and Charpy testing at temperatures from 100°C to -196°C.
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Highly specialized pressure test facilities are also frequently done at Measure India
Corporation Pvt Ltd.

MODERN TECHNOLOGY
Measure India Corporation Pvt Ltd are known as an Authorized Wholesale

Dealer and Supplier of a premium quality range of Servo Hydraulic Testing
Machines, Shake Table, Fatigue Test System, Structural Actuators, Accessories For
Hydraulic Test System, Servo Hydraulic Test System, Accessories For Testing
Machine, Grip Accessories & many more.

 Tensile &Bend Testing
 Impact Testing
 .Hardness Testing
 Nick Break &Weldability
 Component Testing & Fastereners
 Creep & Stress Rupture Test

ASSOCIATES
Some of the following associates that are indulged in Measure India Corporation are

 Biss
 Admet
 Wance
 Lavision
 Boge
 Ele International

Services provided by MIC
The services provided by MIC are profoundly more satisfactory and has its support in the
following contexts of its processing. This services compresses of following providings

 Maintaince and repairs
 Calibrations
 Retrofits
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 Online support
 Training and testing services

Industrial relation with
The works and functions of the company are very satisfactory and this finds applications
in many of the industries like

 Ministry of Defence
 Mechanical Engineering
 Metallurycal Engineering
 Aerospace Engineering
 Civil Engineering
 Bio-medical Engineering
 Automobile Engineering

The prestigious projects undertaken are

 Package supply to Heavy Structures Lab,NIT, Patna, India
 1000 Hour Stress Relaxation Test System, NTH Kolkata, India
 6-Axis Friction Stir Welding Machine 1st in India IIT Kharagpur
 200kN UTM with High Temp Tests up to 1200oC ASL Hyderabad

Clients of MIC are

 National institute of technology ROURKELA
 National institute of technology DURGAPUR
 National institute of technology JAIPUR
 National institute of technology CALICUT
 Jawaharlal Nehru Technological University HYDERABAD
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1. INTRODUCTION
Ship Building Industry

Internat ional Level:

Shipbuilding is a global industry. China, South Korea and Japan current ly control
approximately 90% of the total market share measured in dead weight tons (DWT). The
Indian shipbuilding industry is small by global standards, and current ly accounts f or less
than 1% of the global shipbuilding industry. The Structure of the Indian shipbuilding
industry can be divided into three dist inct segments viz. Public sector shipyards, Def ence
shipyards and Private shipyard.
This industry is dynamic and cyclic in nature theref ore challenges result in procedural delays
and hampers augmentat ion of capacity.

Domestic Level:

Recent economic growth and wider trade patterns have resulted in longer voyages, and
increased tonnage per mile, and that has caused a shortage of ships to develop with
consequent increases in f reight rates. The increase in f reight rates has encouraged ship
owners to place orders f or more new ships. The increase in new vessel orders during the
period f rom 2004 to 2006 has included all the main categories of commercial ships,
including the Panamax bulk carriers. The higher levels of placement of global new vessel
orders in 2006 has cont inued into 2007, but f rom last three to f our years i.e. f rom 2011
shipping industries has been af f ected by Global recession.

Government Sector Shipbuilding Industries

1) Cochin Shipyard Limited 4) Hindustan Shipyard Limited

2) Mazagaon Dock Limited 5) Goa Shipyard Limited

3) Garden Reach Shipyard 6) Hooghly Docks

Private Sector Shipbuilding Industries

1) ABG Shipyard 4) Bhart i Shipyard Limited

2) Pipavav Shipyard 5) L& T Shipyard Limited

3) Tebma Shipyard 6) Chowgule & Co. Ltd. Etc.
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2. About HSL
Hindustan Shipyard Limited is strategically located on the east coast of India at Visakhapatnam in
Andhra Pradesh originally set - up under private management in 1941. The Shipyard was taken over by the
government of India in 1952. The shipyard f unct ions under the administrat ive control of ministry of
shipping, Road Transport and Highway, Govt . of India.

Hindustan shipyard Limited is the pioneer ship building industry in India. It is located on the east coast
on 83.17’E lat itude, 73.41’N lat itude. It is one of the prest igious industries in Visakhapatnam. HSL is the
part of the natural harbour of Visakhapatnam port and naval Dockyard meeting with it .

Dr. BABU RAJENDRA PRASAD, The president of India National Congress laid the f oundat ion stone on
21st June 1941 f or Scindia Steam Navigat ion at Visakhapatnam. Mr. Watchband Hirachand Scindia was
the f ounder of Shipyard.

In 1949, there were 4000 men employed and 9 Brit ish engineer including Mr. Compher (the chief Manager
of shipyard). In March 1950, Government with the f ormation of Eastern Shipping Corporat ion entered
the f ield of shipping .It was a joint venture with Government holding 74% of the capital and Scindia 26%
of the capital. Scindia Steam Navigat ion Company (SSNC) was established at the present place of HSL
later it was taken over by late Sri Walchand Hirachand, who opened a boat building Company with the
collaborat ion of M/ S .Sir Alexander & partners consult ing engineers in U.K. The keel of the ship names
“JALA USHA’’ was launched on 14th March 1948 by late Pundit Jawaharlal Nehru our f irst PM.

BACKGROUND:

The shipyard has built and delivered so f ar over 137 ships aggregat ing over 1.27 million DWT. The
shipyard has built big ships, small craf ts, tugs, dredges, naval vessels, passenger ships, t raining ship, drill
ship, of f shore patrol support - cum- stand by vessels etc. of dif f erent designs f or owners. HSL has
undergone modernizat ion at a cost of approximately 100 crores. The shipyard is at present capable of
building bulk carriers up to 80,000 DWT.HSL with expert ise skill, sound technology and a host of hull
engineering back up f acilit ies also of f ers excellence ship repairs and dry dock services.

The recent orders were MOT, Research vessels, A& N administrat ion f or barges, ut ility boards. Tour
ships of 30,000 DWT cargo’s f or GEMI and acquir ing repairs f or Indian Navy of INS Sinduk rant i division.
Now, one of the main ship building industries in India is going to emerge into Indian security f orces f or
Indian Navy Wing as ef f icient work and f aster outputs. HSL is awarded as ISO- 9001 cert if ied industry
by LLOYD’s register of quality assurance (LRQA) London f or construct ion.
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INFRASTRUCTURE DETAILS:

HSL’s yard is spread over an area of 3, 00,000 square meter. Workshops and f acilit ies are
systematically planned and f unct ionally laid out to ensure unidirect ional f low of material. The
steel processing f acilit ies consists of a stock yard to hold 30,000 tons of steel modern plate and
sect ion treatment plant gas cutt ing machines, heavy duty presses self - elevat ing trucks capable of
handling blocks of up to 250 tonnes and large pre- f abricat ion shops with overheard travelling
cranes of adequate capacity.

The hull construct ion f acility includes a modern covered building dock and three shipways.
Cutt ing, wedding and assembly of steel to any specif icat ion are handled with care and accuracy
by skilled operat ion, with are cont inuously trained to upgrade their skills. The long out f it t ing quay
is equipped with attendant self - contained services and f acilit ies i.e. hull f it t ing, engineering and
electrical shops.

THE DESIGN CAPABILITY:

A remarkable achievement in the f ield ship design is the development of “HS - Standard f lexible
design” acclaimed f or its excellence f or its Hydrodynamic characterist ics by HSVA ship model
test ing tank established at Hamburg, Germany. Seven, 27000WT bulk carriers of this design were
built f or various costumers. HSL’s design capability embraces a wide spectrum of general and
special purpose vessels like medium size bulk carriers up to 70,000 DWT, Product tankers, container
vessels, dredgers, passengers vessels, survey vessels, etc. it is backed up by latest CAD/ CAM
sof tware a part f rom AUTOKON with independent work stat ions.

OFFSHORE PLATFORMS:

HSL has emerged as one of the leading manuf acturer of Of f shore Oil/ Gas product ion platf orms
providing advanced technologies and up- to- date f acilit ies. HSL’s of f shore f acility is geared to
take on of f shore projects on turnkey basis covering design, procurement , f abricat ion, load out and
inst illat ion. Its expert ise and quality standard are world class. Over twenty of f shore structures
f abricated in HSL’s exclusive yard are in operat ion at Bombay High, Southern and Eastern regions
of India.

THE INDUSTRIAL STRCTURES AND OTHER DIVERSIFIED AREAS:

With accredited experience and technology absorbed through Shipbuilding, Ship repairs and
of f shore platf orms coupled with skilled manpower and modern f acilit ies. HSL’s business act ivit ies
are now being large diversif ied into the manuf acture of large scale plants and structure such as
plants and equipment , bridge girders and other steel structures. HSL also of f ers consultancy
services f or design, t raining, port development etc.
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THE ORGANISATION:

Hindustan Shipyard Ltd, A public sector understanding under the administrat ive control of
ministry of Shipyard Govt. of India.

HSL has f ollowing divisions:

Ship building divisions

Ship repair divisions

Retrof it divisions

Of f shore platf orm division

Structural f abricat ion division

SHIPBUILDING DIVISIONS:

Capacity to construct vessels up to 50,000tonnes DWT.

Two slipways (164*24m) have capacity f or construct ion of vessels up to 30,000tonnes DWT

One slipway (140*22.7m) f or small craf ts.

Building Dock (247*53*11.25m) has capacity up to 50,000tonnes dead weight .

SHIP REPAIR DIVISION:

It has the f ollowing f acilit ies:

Dry dock (244*38*11.6m) up to 57,000tonnes DWT.

Wet basin has the capacity to accommodate f or repair.

HSL’s repair ship development has accomplished maintenance & repair jobs on various
variety of naval vessels including submarines, merchant ships and oil r igs.
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OFFSHORE PLATFORM DIVISION:

It has been engaged in the construct ions of platf orm, jackets and other related structure. It has
well established and experienced product ion organizat ion with adequate f acilit ies and is supported
by necessary expert ise divisions of :

Planning

Purchase

Product ion

Q.A& Q.C

STUCTURAL FABRICATION DIVISION:

HSL has diversif ied its act ivit ies into industries structures of :

Railway bridge girders.

Pipes of the f low out of dredged materials.

Steel structure construct ion f or process plants.

ORGANISATION STRUCTURE:

A well- def ined organizat ion with horizontal and vert ical linkage taken care of all act ivit ies,
operat ions f unct ions of the HINDUSTAN SHIPYARD. Senior management persons in the ranks of
execut ive directors, General Managers, Deputy Managers and Chief Manager placed in change of
various groups and divisions, the object ive behind the division is to make to heads more
accountable and responsible f or their decision as well as to raise the output of each team group
under their control divisions.
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SHIP BUILDING MEHODOLOGY

The construct ion act ivit ies of the ship f all into categories namely, Steel complex and Outf it
complex. The major act ivit ies of the Steel complex are processing of steel plates assembly of plates
and elements into f ully welded panels, erect ions alignment and f ull welding of these panels on
building berths as complete Hull Survey, pressure tests and launching etc. In the outf it complex
installat ion of main and auxiliary machinery, piping system vent ilat ion, electrical, communicat ion
system, accommodation works, work survey, tests and trials of equipment , dock trials, sea trials
and delivery to the owners. Af ter the design and drawing are complete ship’s hull f orm is screwed
on the mould lof t wooden f loor to the scale development of crit ical shapes are done. Wooden
templates and mark- ups are made to f ull size to process the element of the ship’s hull.

Certain elements are drawn on f ilms to 1:10 scale in mini lof t drawings of f icers nest ing’s elements
thus drawn to 1:10 scale on f ilms are used f or cutt ing elements on electronic tracer type
automatic gas cutt ing machine to f ull size. The hull processing shop having a f loor 13,700 Sq.mt has
f our bays with 10Tand 5T capacit ies electrical operated overhead travelling cranes f it ted with
magnet beam. Steel plates and sect ions f rom steel stock yard are f ed to these bays though
conveyer system via magnets (Capt ivator , Hydro leveler and Driver) mechanic shot blast ing
machine and sprayed with primer. The shop is equipped with number of gas cutt ing machine most
sophist icated among them being Computer Numerical Control (CNC) f lame cutt ing machines which
cuts simultaneously 4 of f pieces f rom 1/ 10 scale drawing prepared on special paper in mini lof t
drawing of f ice to f ull size. Other elements marked on the Steel plates using the wooden templates
prepared in mould lof t and cut in Gas cutt ing machine. There are hydraulic presses with various
capacit ies and up to maximum 2000tones f orming the plate

Rolling machines, cold f rame bending machines, shearing machines, cambering machines,
straightening machines, plate preparat ion plate, sect ion preparat ion plant etc. are the important
machines, in the shop, there are assembly shops. One of which is 194.5 27 m and is intended f or the
assembly of panels up to a maximum weight of 45 tones and f it ted with one number 45T on and 3
No’s 10Ton each electrically operated overhead travelling cranes at two levels.

The shop is installed with 80 ton & 40 ton electrically operated overhead traveling cranes. The
addit ion to assembly of peak panels, air turning and compounding of units up to 100 - 150 tons are
done in the shop. Welding is done by automatic and semiautomatic welding equipment in addit ion to
manual welding.

The elements proceeded in the Hull processing shop and Assembly units inspected f or their
workmanship of the steel complex, dimensional accuracy by the quality control on the steel complex
and presented to the classif icat ion society surveyor f or inspect ion because they dispatched to
block storage f or Assembly Erect ion.
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The Pre Fabricat ion units (called panels/ blocks) are transported to storage area berth f rom the
assembly shop by 100 Ton & 150 Ton capacity self - elevat ion & propelling low bed trailers. They can
load and unload themselves without the help of any cranes. Thus the f abricat ion panels can be
transported without much dif f iculty.

HSL has three building berth / slipways f or construct ion of ships up to maximum 30,000DWT. These
berths are served by 5 no’s of heavy duty cranes of 35 Tons to 100 Tons capacity of level f luf f ing
and hammer head type cranes. Each assembly a crow type staging are provided inside and outside
the ship under construct ion on berth. It is surveyed by the surveyors of classif icat ion society in
various stages ensuring quality of the structure and weld joints including Non Destruct ive Test ing.
The ship tanks in addit ion to dry surveyors are pressure tested with air and water. Af ter the
assembly & Inspect ion, the ship outside hull port ion is painted scheme. The launching is being done
at present by convent ions method with 2 launching ways consist ing of t imber standing, sliding
ways, base and slip coast grease applied in between.

For the purpose of f it t ing out the ship af ter launching, the shipyard has an Out f it t ing quality of
1500 f t . Long and capable of accommodating 3 pioneer of 21500 DWT. The jetty has a 125 ton f ixed
hammer head crane and f our level bluf f ing cranes of 50ton, 10 ton and 5 ton capacity each. Along
the length of the jetty, the out f it t ing inf rastructures like Engineering Department , Plumbing
sheet metal, electr ical, carpentry, r igging and black smith. Galvanizing and paint ing departments
and shops are situated.

All these departments and their shops as well equipped with good number of machines f or the f ast
and ef f icient working.

TRANSPORTATION OF PANELS/ UNITS:

There are two self - elevat ing and propelling low bed trailers (KAMAG make f rom Germany). One of
100 T and other of 150T f or transport ing the units f rom Pref abricate shops to slip ways jetty and
building docks. These trailers are provided with most sophist icated Electronic mult i - layer
Hydraulic Steering gear system. A coupling arrangement is provided f or random operat ion of both
the trailers f or transport ing units of order of 200T to 250T with one operator f rom 150 T trailer.

SHIP BUILDING BERTHS:

These are 3 slipways / building available f or construct ion of vessels of 30000DWT.
Area of each –

Berth No. 2 (140 M long *22.7M wide)

Berth No. 3 (185 M long *25 M wide)

Berth No. 4 (185 M long * 25 M wide).
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3. HULL SHOP

In HSL Hull shop is spread over 04 bays over an area of 11,152 Sq. m, the shop is equipped
with 5 & 10 T EOT cranes, with magnet ic pickups in each bay.

The Yards’ hull shop is f air ly modern with f ollowing f acilit ies:-
(a) Steel stack yard
(b) Plate treatment plant
(c) 04 parallel gas cutt ing machine
(d) 02 Plasma prof ile cutt ing machine and CNC cutt ing machines
(e) 2000 T, 800T and 500T rolling and bending press
(f ) 400T cold f rame bending machine
(g) 100T sect ion bending machine

(a) Steel stack yard

Storage capacity of 30,000 Tones spread over an area of 7000 Sq. meters and equipped
with 10T, 16T EOT cranes with magnet ic pickups. In addit ion, 12T mobile cranes f or handling
plates & sect ions are also available. The plates are stored in the stock yard which is
provided by Semi- goliath crane. This crane unloads the plates f rom the truck into the
stockyard. The required plates are then placed on the cross transf er- Ι. The plates are then
passed through the plate straightening machine to remove def ormation. The plates then
enters on to the cross transf er- ΙΙ , f rom here they are transf erred on to cross transf er-
ΙΙΙ , which is also called as blast ing conveyor.

This blast ing conveyor carries the plate through the shot blast ing machine and priming
plant , where the plate is cleaned f rom rust and mill scale and primed. This primed plates
are then stored t ill they are used.

(b) PLATE TREATMENT PLANT:

The plant comprise Capt ivator , Hydro leveller with dust collector , shot blast ing machines
f or plates and sect ions of each of spaces priming machine & 2 nos. roller conveyors.

Plate preparat ion means we will have to prepare the plate f or construct ion. Plate
preparat ion is required because we have got the raw steel plates f rom steel plant , we will
have to prepare them so that they become good f or subsequent usage and f inally, will be
well f or the
Product - good f or the product
(a)Straightening
(b)Residual stress removal
(c)Mill scale removal
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(c) CNC PLASMA CUM FLAME CUTTING MACHINE:

The CNC system is especially suited f or the control of f lame or plasma cutt ing machines or similar
applicat ion, also the punching on the plate can be done with the help of this machine.

Direct programming is made easy by means of keyboard and T.V. screen. Subrout ines, macros, and
parametric programming result in short but powerf ul programs. Alternat ively, remote
programming is possible with the program being stored on convect ional paper (or opt ionally on
cassettes). The third possibility is the creat ion of program on a computer. The program data can
be then transf erred into the control via, direct or indirect data link. In all cases, programs can be
edited on the machine.

The control comprises of an operators f ront panel and a card rack, which are connected by mult i
way cables and are intended f or corporat ion in the machine builders control cabinet .

Each plug in card has one or a f ew specif ic tasks, which make f or easy troubleshoot ing specially in
connect ion with the status messages and the diagnost ic display on the screen.

During operat ion, the screen shows the current absolute posit ion of both axes, the current act ive
block, the act ive auxiliary f unct ion and text messages, which are controlled in the program.

PLASMA

When a gas is heated to a high temperature, its molecular state changes to the atomic, f urther
healthy splits these atoms to the ionic state capable of conduct ing electricity. The f orth state of
matter is called “PLASMA” [the outer 3 being solid, liquid and gaseous]. Temperature at the core
of this plasma exceeds 30000’c. The aura around the sun is an example of plasma.

Gas mixtures like argon and hydrogen used in producing gas plasma are both expensive a hazardous
so compressed air is used. A plasma jet is obtained by passing a gas through a constricted electric
are and lett ing it escape through the of f ice in the nozzle at high velocity. Plasma are processors
are used f or welding, cutt ing etc.

ADVANTAGE OF PLASMA ARC CUTTING

1) It cuts carbon steel up to 10 t imes f aster than oxy- f uel cutt ing, with equal quality more
economically.
2) It leaves a narrower Kerf .
3) Plasma cutt ing being primarily a melt ing process can cut any metal.
4) Arc plasma torches give the highest temperature available f rom many pract icable sources. The
energy seems to be unlimited in this method.
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(d) PLATE ROLLING MACHINE:

Plate rolling machines is also ref erred to plate straightening machine. It also used f or rolling steel
plates to the curvature required. By adjust ing the height of the top roller and the center distance
of the bottom rollers, large or small radius bends can be made. The diameter of the bottom roller
is 300mm and top roller is 360mm. the day light or the vert ical distance between two rollers 460mm
maximum.

Blockhead f langing is also possible when the machine is f it ted with a f langing bar and bottom block.

Control of machine is by manuals sett ing and operat ions carried out f rom a console located nearby.

Arrangements are made f or removing the rolled plate by realizing the top roller and bearing. The
plates on the machines are handled jib cranes mounted on f rame of the rolled machines.

(e) FRAME BENDING MACHINES:

Ship f rames are shaped by cold bending on hydraulically powered machines. The f rames (bulb
angle) are held in posit ion by three clamps in line. The main ram then more the outer two clamps
f orward or backward to bend the f rame to the desired shape. As per the values given by the
design department f or bending the f rame. The inverse curve is drawn in chalk on a straight f rame
and f rame is bent unt il the chalk line becomes straight on a curved f rame. This way the correct
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f rame curvature can be obtained.

(f ) PLATES STRAIGHTENING ROLLS:

Plate straightening or levelling is achieved in the yard by using a plate rolling machine. It consists
of seven large rollers f our on top and three at bottom. The bottom and rollers being driven and top
one idling. Three heights of the top rollers can be adjusted f or height independent ly at each end
and the bottom rollers have f ixed Centre’s.

The plate f ed through with upper and lower rollers spaced at its thickness and is subsequent ly
straightened and obtained on other side. The rollers are driven by D.C motor.

(g) PORTABLE PLATE EDGE BEVELING MACHINE:

Portable plate edge bevelling machine is an electrically powered rotary shear which is used f or
wide variety of plates edges, usually used f or purpose of weld joint preparat ion. This machine are
designed f or man operat ion and is capable of bevelling straight or circular plate sect ion at a speed
of approximately 305cm/ min. it is also capable f or mult iphase bevelling f or larger bevels that
cannot be accomplished in single pass. An easy adjustment is provided f or altering the depth and
angle of bevel.

This machine is capable of support ing its own weight while bevelling horizontal plate. This standard
machine is equipped with a spring loaded coaster assembly that allows the machine to roll along the
f loor, or runway, during the bevelling operat ion. The adjustable bevelling head enables the bevelling
of angles 22.5 degree through 55 degree.

The machine comes with a complete tool box which includes the bevel angle pins 22.5 , 30 , 37.5 , 45
and 55 as well as all of the necessary wrenches and hexagonal keys that are required to make
adjustments to the machine.
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4. PRE –FABRICATION

‘Pref abricat ion is a manuf acturing process, generally taking place at a specialized f acility, in
which various materials are joined to f orm a component part of the f inal installat ion’.

Pref abricat ion is def ined as “1. To f abricate or construct bef orehand. 2. To manuf acture in
standardized parts or sect ion ready f or rapid assembly and erect ion.”

Instead of start ing in the dry dock and building the ship f rom the ground up, sub - assemblies are
f abricated away f rom the f inal assembly site. The process of construct ing a ship relies heavily on
pref abricat ion to speed up the f abricat ion process. The ship is considered in 4 main stages “part ,
block, mega block, ship’, each of these stages has a series of dist inct tasks that are perf ormed
and the breakdown of the ship into sub- assemblies enables many operat ions to run simultaneously.
The dry dock can be considered the site, but only a f ract ion of the total work occurs within the
dry dock, allowing many operat ions to be done simultaneously, which speeds up the process.

To join these plates as per the grooves and edge preparat ion which are out at hull shop f rom
previous stage the welding will be carried out in the f orm of grooves as per the required welding
process (SAW, MIG, and MAG) and procedures by qualif ied welders with suitable selected
electrodes and welding equipment.

Pre f abricat ion shops are exist ing adjacent to hull shop at the east side which consists of f our
areas A1, A2, A3 and A4 in two huge buildings consist ing all required f acilit ies and inf rastructure
arrangement to construct and f abricate blocks up to 150 tonnes in weight .

All the welders of the pre f abricat ion as well as other departments of shipyard are well qualif ied
in all posit ions of welding as per the classif icat ion society rules and as st ipulated in internat ional
welding pract ice and rules. It is observed that the quality control department plays their role
during the above process of welding and inspect at every stage to correct them in t ime.

Once the welding inspect ion is completed f or a block it will be programmed f or third party
classif icat ion surveyors’ inspect ion along the with the owners’ repre sentat ive inspect ion by
Quality Control department. If any def ect/ problem is ident if ied during their survey, the same will
be attended and rect if ied. Finally QC will make arrangements f or f inal inspect ion to clear the
product at f abricat ion level to send them to next stage of work at Hull berth and erect ion
departments.

During the inspect ion stages of above f it - ups and welding if any unsolved problem is ident if ied
the same will be recorded in NCRR (Non Conf ormity Report and Reservat ion) f ormat number QA –
R –01 and circulate to all the concerned design of f ice and classif icat ion societ ies to resolve them
f urther rect if icat ion.
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All the butt joints of the block will be radio graphed randomly bef ore the blocks are sent to Hull
berth. Radiographs will be shown to classif icat ion society surveyors and owner’s representat ives
f or their approvals.

Af ter of all works including Q.C inspect ions survey by classif icat ion societ ies and owner’s
representat ives, the blocks will be sent f or the surf ace cleaning by mechanical cleaning and sand
blast ing methods and painted with coats of as per the paint ing scheme bef ore they are handed
over to next product ion department i.e. Hull berth/ Erect ion department.

A1- SUB ASSEMBLY Frame f abricat ion

The f rame / element are drawn f rom hull shop according to the drawings. These f rames
are strengthened with the help of st if f ening member (f lat bars).

PROCESS CHART
1. Frames are drawn f rom the hull shop
2. Frames are st if f ened
3. Stored in A1 area
4. Transported to A2 area

BRACKETS

These are st if f ening members in each sect ion to resist loads and act as a support ing member.

PROCESS CHART

1. Drawn f rom hull shop
2. Laying of brackets
3. Tacking
4. Inspect ion
5. Welding
6. Inspect ion
7. Storage
8. Transportat ion

COMBINING PLATES:

These are the support ing members f or the f rame to withstand the varying loads. These may vary
according to its posit ions. Most ly in wing tank f rame sub- assemblies these combining plates are
used.
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PROCESS CHART

1. Drawn f rom hull shop
2. Laying of combining plates
3. Tacking
4. Inspect ion
5. Welding
6. Inspect ion
7. Storage
8. Transportat ion

PLATE PREPARATION:

Inner shell plate, outer shell, upper duck, sloping plates are all above tacked and welded according
to drawing and the given dimensions.

PROCESS CHART

1. Draw f rom hull shop
2. Laying of plate preparat ion
3. Tacking
4. Inspect ion
5. Welding
6. Storage
7. Transportat ion

STRINGERS

These are of same use as that of f rames but vary in the locat ion. These are also drawn f rom the
hull shop according to the drawings. These are st if f ened with the help of st if f ening members.

PROCESS CHART

1. Drawn f rom hull shop
2. St if f eners or f lat bars are tacked
3. Full welding is done
4. Storage in A1 area
5. Transport to A2 area
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A2 –MAIN ASSEMBLY

Assembly

Assembly is any process that takes a number of steel piece parts, or larger structures, and
combines them into a larger structure. For very large ships, assembly consists of a number of
stages, putt ing together increasingly larger elements of the ship. The number of stages varies
between shipyards and especially varies with ship size. There is assembly shops. To maintain
product ion enginee ring standards, a concept of ‘pallet izat ion’ has been developed whereby the
piece parts f or that zone are generated at the CAD/ CAM stage, bought in and/ or f abricated, etc.,
and made available at the workstat ion when the part icular assembly is ready to receive them.

An ‘open top’ arrangement f or blocks or smaller ships being outf it ted under cover can f acilitate
installat ion of the items and modules.

Superstructure blocks are f requent ly f abricated separately and pre - outf it ted with
accommodation bef ore erect ion as a complete unit . Modular cabin units ate a common f eature of
modern shipbuilding, some companies specializing in their product ion. An accommodation block must
be specif ically designed f or such modules and the sequence of module access and placement in the
block caref ully planned.

A2 is the main area where main assembly of the panel takes place. Here the output of the
prepared plates f rom A1 area will be taken as input to A2 area. The bulb angles wherever
necessary are located and are erected. Now, tacking is made primarily, and then it is f ollowed by
f ull welding. Stringers will be erected, tacked and f ully welded. Then, f rames are added to the
which tacking and f ull welding is perf ormed, outer shell bulb angles are erected and then f ollowed
by tacking (i.e. proper allocat ion) and locking is made. Closing plate (outer shell) is erected on the
outer shell bulb. Tacking of the bulb angles. Turning legs will be tacked and welded.

PROCESS CHART

1. From A1 area
2. Plate preparat ion are brought to A2
3. Lof t marking will be done
4. Bulb angles are erected
5. Tacking and f ull welding will be done
6. Inspect ion
7. Welding
8. Stringers will be erected
9. Tacking
10. Welding
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11. Frames are added tacking, welded
12. Erected and locked
13. Plates are closed and welded
14. Turning legs are welded
15. Transported to A3 area

A3 –UNITIZATION UNIT

When any panel and the block assemblies are complete there will be some time buf f er bef ore their
erect ion at the building berth, building dock, or within the building hall to allow f or any mishaps in
the product ion schedule. Stowage is generally adjacent to the berth, dock or building hall, and will
vary with size according to the yard’s pract ice, some yards storing a large number of units bef ore
transf erring them to the berth or dock f or erect ion in order to cut the berth/ dock t ime to a
minimum.

Sequences of erect ion f or any part icular ship vary f or shipyard to shipyard and depend on a
number of f actors. Experience of previous shop erect ion schedules and dif f icult ies given the
yard’s physical and equipment constraints leads to standard pract ices being established. These are
taken into considerat ion at the structural design stage, as are the desirability of minimizing
posit ion welding and f air ing.

In general, it is common pract ice to make a start in the region of the machinery spaces af t ,
obviously working f rom the bottom upwards, and also f orward and af t .

For an established medium- sized yard with building berth or hall having modest crane age, typical
erect ion sequences f or a general cargo ship, a large double - hull oil tanker, and bulk carrier are
shown.

PROCESS

1. The panels brought f rom A2 are reversed
2. Two individual main assemblies/ blocks are aligned together
3. Tracking of both plates is perf ormed
4. Now, f it - up survey is of f ered f or quality control
5. Necessary clearance cert if icate will be issued by quality control f or welding
6. Full welding will be done
7. Dry survey will be of f ered f or quality control
8. Then, if there are any def ects or remarks in the survey will be rect if ied according to the marks
Sheets
9. Erect ion lugs will be tacked and f ull weld f or erect ion
10. Finally, the prepared panel is sent f or erect ion.
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A4 –HATCH COVER

The purpose and f unct ion of a hatch cover and its coamings is to prevent ingress of water into a
cargo hold af ter opening has been cut in the deck f or cargo access. Hatch covers are a movable
structure designed to a weather t ight standard.

HATCH COVER CONSTRUCTION:

Typically hatch covers are light weight steel grillages. Modern design methods using f inite element
technology enable more ef f icient material distr ibut ion which results in lighter (thinner)
structures. Construct ion f rom high tensile steel results in even thinner plate being used. For this
reason these light weight structures must be “handled with care”. Prevent ion of corrosion is
essent ial –saf ety margins are f inite.

Failure to maintain hatch covers correct ly can lead to physical losses of a cover in extreme
weather and hold f looding and possible f oundering. Minor leakage can cause cargo damage and, if
over a prolonged period, damage to the ship’s internal structure. Long – term structural declaim
can lead to structural collapse and total loss.
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5. HULL BERTH

Hull berth department consists of three slipways each consists of 192 X 26.6 m, 195 X 26.6 m and
140 X 22.7 m respect ively and a covered building dock with intermediate gate f acility of size 24 X
53 X 11.25 m depth f or a capacity of building ships up to 50,000 dwt. The building dock has two
over - head cranes, of which one is 150 tons capacity and the other is 100 tons capacity. Adjacent
to building dock there is a wet basin of size 22.5 X 167.5 X 14 m depth where ships can be repaired
and outf it works can be carried out while the vessels are af loat . There is a dry dock with a size of
244 X 38 X 11.6 m depth f or the repairs of the ships up to 50,000 dwt.

There are movable cranes of capacit ies 45 tons, 60 tons and 100 tons in between building dock and
berth.

PROCESS

The main act ivity at hull berth is joining of the ships structural blocks in an order given in the
drawing to f orm a ship af ter consolidat ion of all the blocks, which are supplied f rom the pre
f abricat ion department.

Init ially all the ship lines are drawn on the f loor like center lines, buttock lines and on over the
lines the center keel blocks, side bilge blocks and other support ing shores are provided stage by
stage during the erect ion and alignment of the blocks. This act ivity is carried out in building dock
as well as on the slipways while construct ion of at places accordingly.

During the process of the ship construct ion and erect ion stage Q.C inspects at every stage of f it -
ups of the blocks af ter alignment and welding of the joints af ter consolidat ion and organize third
party Inspect ion by class and owner’s representat ives, MMD inspect ion. The data will be recorded
in the documents as f ollows:

1. Inspect ion record sheet f or panel joint f it –up at erect ion QA –E –02
2. Record sheet f or keel sight ing QA –E –02
3. Dimensional / alignment check sheet f or QA –E –03
4. Inspect ion record sheet f or keel and bilge blocks at berth/ building dock QA –E –02
5. Inspect ion record sheet f or dry survey of panel butt / space/ tank at erect ion QA–F- 01
6. Inspect ion record sheet f or survey of pressure test QA –F –02
7. Inspect ion record sheet f or seat QA –G –01
8. Inspect ion record sheet f or W.T. door / hatch covers QA –G –02
9. Inspect ion record sheet f or loose tanks QA –G- 03
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Af ter complet ion of the works and remarks of surveys the main joints of tanks, bulkheads, decks
and shell joints will be hose tested / pressure tested with air or hydraulically as per test ing
requirement. If any leak is f ound the same will be rect if ied and accordingly class cert if icates will
be issued f or f inal clearance of the spaces.

At erect ion stage the rudder and propeller with propeller with propeller shaf t are f it ted with in
the ship bef ore the ship f loats in the water.

The ship, built in building dock is f loated by allowing the sea water in to the building dock. The
ships on the slipways are launched into sea channel by providing launching ways below the ship on
the slipways. Af ter f loat ing / launching the vessel will go to sea channel at out f it t ing quay, which
is 460m long at the north side of the shipyard. Where in the sea channel 3 ships of 50,000 DWT can
be attended f or outf it works by all the working / product ion departments like blacksmith, joining
and carpentering, sheet metal, plumbing department , electr ical department , engineering
department , r igging department , paint ing department etc.

Quality control department will play vital role during the progress of above outf it works also and
f inally the ship will undergo test and trials at jetty called basin tr ials and sea trails to see the
perf ormance of the ship in working condit ion. Where the quality control will record all the data
during the basin tr ials and sea trials and get approvals f rom the third party classif icat ion
societ ies like IRS, ABS and owner’s representat ives and surveyors of MMD. Af ter the approvals
the ship will be handled over to owners.

The test ing procedures f or the erect ion / hull berth department are
1. Leak test
2. Hose test
3. Pressure test
4. Pressure test with air.

Erect ion Sequence

The assembly stage involves pre- f abricat ing plate or structural sect ions in suitable sizes f or pre -
erect ion into blocks or part blocks. The erect ion stage involves moving the blocks or part blocks to a
predetermined locat ion within a dry dock f or f inal erect ion and welding. The f inal stage in the
building of a hull structure involves transf erring block f abricat ions to a dry dock where the units
are located in a predetermined posit ion and erected and welded into a hull structure. Paint ing of
the structure is carried out at all stages f rom pre- assembled, block assembly and f inal erect ion
and welding.

Joining ship sect ions af loat :

Some large size of bulk carriers and tanker, it is f ound some shipyard with restricted f acilit ies like
short berth, building dock, building ships in two halves and joining these af loat . These two sect ion
may be pulled by shackles, and accurate opt ical instruments used f or alignment. One method is
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cof f er dam is introduced in way of joint , a caisson is brought up against ship hull, cof f erdam and
caisson are pumped dry and it is necessary to shif t ballast in f ore and af t sect ions. Af ter welding,
x- ray of weld is to be done. A similar method use of rubber ‘U’ f orm ring rather than a caisson
which need modif icat ion f or each ship size. If dry dock is available, the rest of welding could be
taken up.

Typical block erect ion f or a Cargo Ship
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6. QUALITY CONTROL DEPARTMENT

Quality Control process in a shipyard
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Quality in Ship building

Quality Assurance in Ship building or repair or retrof it t ing is all about prevent ing mistakes or
def ects in the process of manuf acturing thereby ensuring that the end product meets the
requirements and avoid problems when delivering ships or marine products to our customers.

There are procedural as well as administrat ive act ivit ies that try to ensure the above object ive in
QA. The goals of QA are two in number - namely to produce a product which is " f it f or purpose"
and second in doing it " Right the f irst t ime" so that cost ly rework and mistakes can be avoided.

On the other hand Quality as Quality control (QC) is f ocused on the f inal product and f ocuses on
def ect ident if icat ion. Quality control f ails if Quality Assurance does not work. Having def ined the
above two terms let us come to some ground realit ies.

During the years 2013- 14 India witnessed some serious accidents leading to loss of lif e – like
f aulty cable catching f ire and releasing toxic gases; Malf unct ioning of valves in the CO2 f ir
f ight ing system etc., in Ship and Submarine building in India due to poor quality and workmanship
pract ices.

We should be lucky that such major accidents have not yet happened here. Given the state of
events and the current thinking prevalent everywhere, it is only a matter of t ime, bef ore one
more serious accident is wait ing to happen.

Lack of quality in our ship building or other departments elsewhere, leads to:

1) Loss of lif e and subsequent incarcerat ion by concerned agencies.

2) Losing on competit ion as we end up correct ing mistakes thereby losing t ime and ending in
delayed delivery.

3) Loss of health and good interpersonal relat ionships between various departments, due to more
t ime spent rect if ying the def ects.

4) Loss of prest ige, conf idence, self - esteem and all round bad name leading to closing or
downsizing the Business, which is the natural result and f inally inability to attract the best and
motivated talent available in the country to work with us due to the above bad name.

A number of art icles in various National and Internat ional News magazines point out the same
problem all- pervading throughout India and elsewhere, f rom which we are not immune. Each one of
us are individually responsible f or the above state of af f airs and it is our responsibility to rect if y
the same at our end.

A root cause analysis f or these f ailures leading to a loss of quality and what we can do to improve
it are enumerated below, remembering that we are basically a Technology driven Ship building
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Industry wait ing to produce a number of Weapon platf orms in the f uture f or Indian Navy and
other agencies; Substant ial loss of or absence of Academic and Technical skills in the Engineering
community.
The above problem has its roots in the general problem of Higher Engineering educat ion in the
country being in a dilapidated condit ion with HSL f orced to induct f rom the same pool who are
academically very poor.

Further , prevalent thinking in the Engineering community about not needing to be current in their
f ield of Engineering and not striving to become better in their basic Academic f oundat ions is not
very encouraging and very depressing to say the least . A number of problems are being enco
untered everyday due to this problem alone, everywhere.

It Starts with the Workers

Many of those who tour a shipyard are amazed to learn that it all starts out as f lat plate,
structural shapes, and pipe. Through the ef f orts of many skilled craf t workers, these raw
materials end up as a f inished vessel that sails away and becomes a “home” f or the crew. Each
vessel, whether commercial or military, is a self - contained, self - support ing f loat ing city when at
sea. Everything f rom propulsion and electrical power to personnel accommodations and sewage
treatment is contained in the vessel. Inspect ion plays an important role in the shipbuilding process
f rom start to f inish. Being cost ef f ect ive is a key to survival in the shipbuilding industry today.

A Step- by- Step Procedure

In truth, if done properly, quality control starts with the worker on the job. The next step in the
process in modern yards is to have the Manuf acturing Department employ a quality control
operat ion by the lead person or supervisor to check 100% of the work. When that step is completed
successf ully, it is then passed to the quality assurance inspector who checks the perf ormance of
Manuf acturing’s quality control ef f orts. This step is intended to be an audit operat ion. When that
step is successf ully completed, the regulatory body and customer representat ives are called out
f or a f ormal inspect ion. When the f ormal inspect ion is completed, the assembly can progress to the
next phase of construct ion. In most yards, these inspect ion points are at predetermined milestone
events, such as panel construct , module construct , and f inal erect ion in the hull f or structure.
Piping systems, machinery installat ions, and electrical distr ibut ion systems are also inspected at
predetermined stages of complet ion. Redundant inspect ions ensure def ects are caught early and
corrected immediately.

In a shipyard, record keeping is crit ical f or the inspector. The records must be compiled and
maintained as the hull is built , so documentat ion exists to prove required test ing and inspect ions
were successf ully accomplished. The true “f inal inspect ion” is during the sea trial period where the
ship is put through planned tests while underway to conf irm operat ion and saf ety of the crew
under actual condit ions, including hard turns and emergency stop demonstrat ions.
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Non- destruct ive test ing of ship hull steel welds

The non- destruct ive test ing is normally to be perf ormed by the Shipbuilder or its subcontractors in
accordance with these requirements.
The Classif icat ion Society’s surveyor may require to witness some test ing.

It should be the Shipbuilder ’s responsibility to assure that test ing specif icat ions and procedures are
adhered to during the construct ion and the report is made available to the Classif icat ion Society on the
f indings made by the NDT.

The extent of test ing and the number of checkpoints are normally agreed between the ship yard and the
Classif icat ion Society.

Limitat ions

Materials

It applies to f usion welds made in normal and higher strength hull structural steels in accordance with UR
W11, high strength quenched and tempered steels in accordance with UR W16 and connect ions welds with
hull steel f orgings in accordance with UR W7 and hull steel cast ings in accordance with UR W8.

Welding processes

It applies to f usion welds made using shielded metal arc welding, f lux cored arc welding, gas metal arc
welding, gas tungsten arc welding, submerged arc welding, electro - slag welding and electro- gas welding
processes.

Weld joints

Butt welds with f ull penetrat ion, tee, corner and crucif orm joints with or without f ull penetrat ion, and
f illet welds.

Timing of NDT

NDT should be conducted af ter welds have cooled to ambient temperature and af ter post weld h eat
treatment where applicable. For steels with specif ied minimum yield stress of 420 N/ mm2and above, NDT
should not be carried out bef ore 48 hours af ter complet ion of welding. Where post weld heat treatment
(PWHT) is carried out the requirement f or test ing af ter 48 hours may be relaxed.
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Test ing techniques

General

The test ing method, equipment and condit ions should comply with recognized National or
Internat ional standards, or other documents to the sat isf act ion of the Classif icat ion Society.

Suf f icient details should be given in a writ ten procedure f or each NDT technique submitted to the
Classif icat ion Society f or acceptance.

Visual test ing

The welds examined should be clean and f ree f rom paint .

Liquid penetrant test ing. The procedure should detail as a minimum the calibrat ion equipment ,
surf ace preparat ion, cleaning and drying prior to test ing, temperature range, type of penetrant ,
cleaner and developer used, penetrant applicat ion and removal, penetrat ion t ime, developer
applicat ion and development t ime and light ing condit ions during test ing.

The surf ace to be examined should be clean and f ree f rom scale, oil, grease, dirt or paint and
should include the weld bead and base metal f or at least 10mm on each side of the weld, or the
width of the heat af f ected zone, whichever is greater.

The temperature of parts examined should be typically between 5°C and 50°C, outside this
temperature range special low/ high temperature penetrant and ref erence comparator blocks
should be used.

Magnet ic part icle test ing

The procedure should detail as a minimum the surf ace preparat ion, magnet izing equipment ,
calibrat ion methods, detect ion media and applicat ion, viewing condit ions and post demagnet izat ion.
The surf ace to be examined should be f ree f rom scale, weld spatter , oil, grease, dirt or paint and
should be clean and dry.

When using current f low equipment with prods, care shall be taken to avoid local damage to the
material. Copper prod t ips must not be used. The prod t ips should be lead, steel, aluminum or
aluminum- copper braid.

To ensure detect ion of discont inuit ies of any orientat ion, the welds are magnet ized in two
direct ions approximately perpendicular to each other with a maximum deviat ion of 30°. Adequate
overlapping shall ensure test ing of the whole zone. Cont inuous wet part icle method should be used
as f ar as pract icable.
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Radiographic test ing

The procedure should detail as a minimum the type of radiat ion source, considering the thickness
to be radiographed, test arrangement and f ilms overlapping, type and posit ion of image quality
indicators (IQI), image quality, f ilm system and intensif ying screens used if any, exposure
condit ions, scattered radiat ion control, f ilm processing, f ilm density and viewing condit ions.

Processed f ilms should display hull no., f rame no., weld boundary indicators, Port/ Starboard,
locat ion (or f ilm serial number) and date as radiographic image.

The Classif icat ion Society may require to duplicate some radiographs in order that some processed
f ilms are handed over to the Society together with test ing reports. Alternat ive method to
duplicate the processed f ilm can be agreed with the Society.

Ult rasonic test ing

The procedure should detail the equipment , type of probes (f requency, angle of incidence),
coupling media, and type of ref erence blocks, method f or range and sensit ivity sett ing, method
f or transf er correct ions, scanning technique, sizing technique and intervals f or calibrat ion checks
during test ing. The equipment (instrument and probes) should be verif ied by the use of
appropriate standard calibrat ion blocks at suitable t ime intervals.

The range and sensit ivity should be set prior to each test ing and checked at regular intervals as
per the procedure and whenever needed.

The scanning surf aces should be suf f icient ly clean and f ree f rom irregularit ies like rust , loose
scale, paint (excluding primer), weld spatter or grooves which may interf ere with probe coupling.
The surf ace prof ile should be such to avoid loss of probe contact by rocking.

The scanning technique should be determined to allow the test ing of the ent ire volume of the weld
bead and base metal f or at least 10mm on each side of the weld, or the width of the heat
af f ected zone, whichever is greater.

The probe f requency should be within the range 2 MHz to 5 MHz

Base material in the scanning zone should be examined with a straight beam technique to check the
absence of imperf ect ions which would interf ere with the angle beam technique, unless already
demonstrated at a previous f abricat ion stage.

Angle beam technique should be used to search f or longitudinal and transverse weld discont inuit ies.
An angle probe with an incident angle of the sound wave equal to that of the weld preparat ion
should be used as a minimum.
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7. CONCLUSION

This industrial t raining at Hindustan Shipyard has helped us gain a vast amount of pract ical
knowledge and the real dif f icult ies associated in the shipbuilding. We as the students of
Mechanical Engineering believe that this training experience will help us in building a successf ul
career. We are very thankf ul to the training department and all the engineers in the shipyard who
guided us f or the past two months.

The training at Hindustan Shipyard has helped us to gain pract ical skills like reading &
interpret ing product ion drawing, ability to solve pract ical everyday problems that may occur
during construct ion and has made me independent. We have learnt the importance of complet ing
the work on t ime. It has taught us how to interact prof essionally with our peers. This training
program has helped us in believing our self and extracted out the hidden potent ial of ours. We have
learnt here to work as a team. We are highly indebted to Hindustan Shipyard and hope f or an
opportunity to serve it better in f uture.

_____________________________________*****_____________________________________
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1.INTRODUCTION 
 
 
With the ongoing revolution in the field of mechanical where innovations are taking place at the 

blink of an eye, it is impossible to keep the pace with the emerging trends excellence is an 

attitude that whole of human race is born with. It is the environment that makes sure that whether 

the result of this attitude is visible or otherwise. A well planned ,properly executed and evaluated 

industrial training helps a lot in including a professional attitude. It provides a linkage between 

the student and industry to develop an awareness of industrial approach to problem solving,based 

on broad understanding of process and mode of operation of organization. 

 
During this period, the student gets the real experience for working in the actual industry 

environment. Most of the theoretical knowledge that has been gained during the course of their 

studies is put to test here. Apart from this the student gets an opportunity to learn the latest 

technology, which is immensely helps in them in building their carrier. I had the opportunity to 

have a real experience on many ventures, which increased my sphere of knowledge to great 

extent. I got a chance to learn many new technologies and interfaced to many instruments. 

 
The word quality holds out different meaning for different people, but for an industry it is most 

important and can be defined as the totality of features and characteristics of a product/services 

that bear on its ability to satisfy given needs. 

 
And all the credit goes to organization Bharat Electronics Ltd.  
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2.COMPANY PROFILE 
 
 
 
Bharat Electronics Limited, a Professional Electronics company in India incorporated in 1954. 

BEL was born to meet the growing needs of Indian Defence services for electronic systems. 

Employing the best engineering talent available in the country, BEL has progressed 

manufacturing state-of-the-art products in the field of Defence Electronics like Communications 

including encryption, Radars and strategic components. Over the years, BEL has diversified to 

meet the needs of civilian customers as well and has provided products and network solutions on 

turnkey basis to customers in India and abroad. 
 
Bharat Electronics Limited is a Pioneer in the field of Professional Electronics in India and has 

been manufacturing a wide range of Defence and Civil communication products since 1954. 

Multiple years of operations covering design, development, engineering and manufacturing 

professional electronics equipment in diverse fields based on various technologies has enabled 

BEL to offer end-to-end system solutions on turnkey basis. 
 
Products: 
 

• Defence. 
 

• Telecommunications. 
 

• Land based radors. 
 

• Naval systems. 
 

• Opto electronics. 
 

• Tank electronics. 
 

• Electronic warfare. 
 

• Simulators. 
 

• Non defence. 
 

• Telecommunications. 
 

• Sound vision broadcasting. 
 

• Solar photovoltaic systems. 
 

• Electronic components. 
 

• Niche products.  
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3.MANUFACTURING UNITS 
 
BEL has a total of nine manufacturing units spread throughout the nation with banglore being the 

biggest of them. The details about the different manufacturing units of BEL along with their 

product specialities are as follows: 

 
 

Sl.no BEL Unit State 

   
1. Bangalore Karnataka 

   
2. Panchkula Haryana 

   
3. Kotdwara Uttaranchal 

   
4. Ghaziabad Uttar pradesh 

   
5. Pune Maharashtra 

   
6. Hyderabad Telangana 

   
7. Machilipatnam, Andhra pradesh 

   
8. Navi Mumbai Maharashtra 

   
9. Chennai Tamilnadu 

    

 

In 1954 with a factory of jallahali,Bharat Electronics grew into nine units,spread all over India. 
 
The locations and products of the units are given below:  
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1.BANGALORE:This is also called BG complex.jallahali unit which is the mother unit is 

now a part of the BG complex.This is the biggest unit with approx 10,000 employees working 

here.Among the products here, the important ones are: 
 

• Communication equipment. 
 

• Air and Doordarshan equipment like obile van for live telecast. 
 

• Radar-mobile, one dimensional ,3-dimensional and multi-dimensional Radars are 

manufactured here.Different range of semi-conductors devices like ics. 
 

• Resistors and black & white color TV picture tube glasses. 
 

• ISRO‘s requirements are met at space electronics department at banglore.satellite launch 

vehicle was also manufactured here. 
 
 
2. PANCHKULA: Panchkula & kotdwara were proposed simultaneously by the government 

in 1985.It was proposed to set up one unit each in Haryana & uttar Pradesh.But the place in U.P 

for setting up a BEL unit could not be decided while that at Haryana was decided & hence this 

unit started earlier.This unit manufactures only tactical communication equipment like 

VHF,UHF transceivers etc. 
 
 
3. KOTDWARA: This is a unit in garhwal district of Uttaranchal.This unit manufacturers 

radio relay, multiplex equipments &exchanges etc. 
 
 

4. GHAZIABAD: This is the second unit which was set up in 1974, & approx. 2500 

employees working here.radars & some communicationequipment are the products manufactured 

here are: 
 

• Radars 
 

• SATCOM 
 

• Microwave components 
 

 

5.PUNE: To diversity further one more branch was added 1979 & this was in pune.In this 

branch around 700-800 employees are working.The product profile includes: 
 

• Image convertor,image intensifier  
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• X-ray tubes 
 

• Batteries 
 

• Electro-optics 
 

 

6.HYDERABAD: This is another unit of BEL which manufactures electronic 

warfare equipments. 
 

 

7.MACHILIPATNAM: There was one Andhra scientific company,which was a 

sick unit.This was taken over by BEL & is called ASCO unit 1983.The products include: 
 

• Optical & Optoelectronic equipment like binoculars,microscopes. 
 

• Medical Electronics 
 

 

8.NAVI MUMBAI: This is an industrial place near Mumbai.This unit makes: 
 

• Glass shells for black & white TV picture tubes 
 

• Shelters for electronic equipment 
 

• Train actuated warning system 
 

• Electronic equipment assembly 
 

 

9.CHENNAI: This unit manufactures: 
 

• Tank related electronic equipments 
 

• Optical fire control systems  
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4.PRODUCTS & MARKET OF BEL 
 
 
Bharat Electronics Limited is a major supplier of products and turnkey systems to the indian 

Defence Services.Over the years,BEL has diversified into manufacturing many civilian products 

as well. Large trunkey telecommunication solutions are also being offered to civilian 

market.BEL has been involved in providing state of the art communicationequipment to the 

indian army, be it hand held mobile radios and terminals ,ground based system,airborne and even 

ship borne equipment and systems.The communication equipment developed here cover 

HF,VHF,UHF, and Vv/UHF frequency bands.the most important project of BEL under the 

communication equipment is STARS-V which provides secure mode of data transfer.in STARS-

V,the data to be transferred is first encrypted using a microprocessor which could be read only 

by a similar device with same coding.Now the latest technology of frequency hopping is being 

implemented which is a very useful tool in making a secure data transfer system.BEL 

manufactures a lot product which is very difficult to list but some of the major products were as 

follows: 

 
 
 
 
Integrated circuits and micro circuits Radars 

X-ray tubes and magnetrons STARS-V 

HF & broadcast equipment ACME MK CNR 

SPACE GUIDING EQUIPMENTS HUD 

AIR BORNE GPS RECEIVER LUP 

SIRAX TIDEX 

SECURE TELEPHONE SECURE FAX  
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Domestic market: 

 

 Sl.no PRODUCT CUSTOMER  
     

 1. Defence communication Indian defence services,para military  

   forces  

     
 2. Radars & sonars Indian defence services, civil  

   aviation, meterological department  

   ,ISRO  

     
 3. Telecommunication Department of  

   telecommunication,para military  

   forces,power sector,oil  

   industry,Railways  

     
 4. Broadcasting equipment and studio systems All india radio,dooradarshan(national  

   radio & TV broadcasters)  

     
 5. Electronic voting machines Election commission of india  

     
 6. Solar products & systems Individuals,private and government  

   organizations  

     
 7. Trunkey systems,E-Governance Networks Police,state government,Public sector  

   undertakings  

     
 8. Components All India radio and doordarshan the  

   national Radio & TV Broadcasters,  

   instrumentation industry,switching  

   industry,entertainment  
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Exports play a key role in BEL‘s strategic perspective.A number of International companies are 

using the facilities at BEL for contract Manufacturing.The broad list of products and services 

being exported is given below: 

 

Exports/International market: 

 

Sl.no PRODUCT CUSTOMER 
   

1. Defence communication Botswana,Indonesia,suriname, 

 equipment and spare parts Malaysia 

   
2. Radars & Sub-systems Indonesia,Egypt,Switzerland 

   

3. Electronic warfare products Russia,Brazil 

 and services  
   

4. Opto electronics products Sri lanka,Nepal,Israel,South Africa 
   

5. Semi conductor Malaysia,Singapore,Turkey, 

 devices,microwave tubes and Netherlands,UK,USA,France,Hong kong 

 transmitting tubes  
   

6. Solar products & systems Suriname,Germany,Zimbabwe, 

  Bptswana,Kenya,Nigeria 
   

7. Telecom and SATCOM Nigeria,kenya 

 systems  
   

8. Radio & TV Broadcasting Nepal,Mauritius 

 products and systems  
   

9. Electric voting systems Sri lanka,Uganda,Malawi,South Africa 
   

10. Vacuum Interrupters Malysia,UAE,Uganda,Turkey,UK,Azerbaijan 
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5.BEL MACHILIPATNAM & ITS PRODUCTS 
 
 
In 1983 ,the Andhra scientific company(ASCO) was taken over by BEL converted it to its fourth 

manufacturing unit at machilipatnam .The products include 

 
• Night vision devices 

 
• Electric voting systems 

 

NIGHT VISION DEVICES 

 

Definition: 
 
A night vision device (NVD), also known as a night optical/observation device (NOD), is an 

optoelectronic device that allows images to be produced in levels of light approaching total 

darkness. The image may be a conversion to visible light of both visible light and near-infrared, 

while by convention detection of thermal infrared is denoted thermal imaging. The image 

produced is typically monochrome, e.g. shades of green. NVDs are most often used by the 

military and law enforcement agencies, but are available to civilian users. The term usually refers 

to a complete unit, including an image intensifier tube, a protective and generally water-resistant 

housing, and some type of mounting system. Many NVDs also include optical components such 

as a sacrificial lens, or telescopic lenses or mirrors. An NVD may have an IR illuminator, 

making it an active as opposed to passive night vision device. 
 
Working Of Night Vision Devices: 
 
Technical Night Vision can work in two different ways 

 

Image Intensifier: 
 
1. Night vision amplifiers light to achieve better vision. 
 
2. A conventional lens, captures ambient light. 
 
3. The gathered light is sent to image - intensifier tube. 
 
4. The light energy released electron from the cathode and accelerated. 
 
5. These electrons enter micro channel plate and bounce off and generate more electron. 
 
6. Thousands of other electrons to be released in each channel.  
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7. Original electrons collide with the channel, exciting atoms and causing other electrons. 
 
8. New electrons collide with atoms, creating a chain. 
 
9. In image-intensifier tube, the electrons hit a screen. 
 
10. The energy of the electrons release photons and create green image on the screen. 
 
11. The green phosphor image is viewed through another lens. 
 

Thermal Imaging : 
 
All objects emits infrared energy as a function of temperature 
 
1. A lens focuses the infrared light. Original electrons collide with the channel, exciting atoms and 

causing others. 
 
2. The focused light is scanned and creates temperature pattern. 
 
3. The pattern created is translated into electric impulses. 
 
4. The impulses are sent to a circuit board that translates the information into data for the display. 
 
5. The signal-processing unit sends the information to the is play, and appears as various colors. 
 
6. The images are black and white in nature. 
 

Purpose of Night Vision Devices: 
 
The original purpose of night vision was to locate enemy targets at night. It is still used extensively 

by the military for that purpose, as well as for navigation, surveillance and targeting. Police and 

security often use both thermal-imaging and image-enhancement technology, particularly for 

surveillance. 
 
Classification of Night Vision Devices: 

 
• Night Vision devices 

 
• Passive Night Vision devices 

 
• Thermal imaging cameras 

 
• Cooled and Uncooled 

 
• Active Night Vision devices  
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Advantages of Night Vision Cameras: 
 
1. The most common use is the military, and the quick answer would be that they allow soldiers to 

continue operations at night, without giving away their position through the use of flashlights. 

 
 
2. However night vision has many other uses. People with night blindness can use night vision 

devices to see better at night 

 
 
3. Astronomers use night vision to improve their view of the stars, to see more stars in the city, 

amplify the image post hydrogen-alpha filters or to see nebula and clusters in the sky in real time 

 
 
4. The technology in night vision allows for far more sensitive x-ray machines to be made, reducing 

the doses necessary for an x-ray. 
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Binocular Night Vision Devices:  
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

FIG: Passive Night Vision Binocular 
 

Parts of Binocular Night Vision Devices: 
 
1. Object Glass 
 
 
2. Focus 
 
 
3. Image intensifier tube 
 
 
4. Eye Piece 
 
 
5. Eye Guard 
 

Parts of Image Intensifier Tube:  
 
 
 
 
 
 
 
 
 
 
 
 

 

Fig Image Intensifier Tube  
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Night vision is the ability to see in low light conditions. Whether by biological or technological 

means, night vision is made possible by a combination of two approaches: sufficient spectral range, 

and sufficient intensity range. 
 
Image Intensification: 
 
This magnifies the amount of received photons from various natural sources such as starlight or 

moonlight. Examples of such technologies include night glasses and low light cameras. In the 

military context, Image Intensifiers are often called "Low Light TV" since the video signal is often 

transmitted to a display within a control center. LLLTV These are usually integrated into a sensor 

containing both visible and IR detectors and the streams are used independently or in fused mode, 

depending on the mission at hand's requirements. 
 
The image intensifier is a vacuum-tube based device (photomultiplier tube) that can generate an 

image from a very small number of photons (such as the light from stars in the sky) so that a dimly lit 

scene can be viewed in real-time by the naked eye via visual output, or storedas data for later 

analysis. While many believe the light is "amplified," it is not. When light strikes a charged 

photocathode plate, electrons are emitted through a vacuum tube that strike the micro channel plate 

that cause the image screen to illuminate with a picture in the same pattern as the light that strikes the 

photocathode, and is on a frequency that the human eye can see. This is much like a CRT television, 

but instead of color guns the photocathode does the emitting. 
 
The image is said to become "intensified" because the output visible light is brighter than the 

incoming light, and this effect directly relates to the difference in passive and active night vision 

goggles. Currently, the most popular image intensifier is the drop-in ANVIS module, though many 

other models and sizes are available at the market. Recently, the US Navy announced intentions to 

procure a dual-color variant of the ANVIS for use in the cockpit of airborne platforms. 
 
Active illumination couples imaging intensification technology with an active source of illumination 

in the near infrared (NIR) or shortwave infrared (SWIR)band. Examples of such technologies include 

low light cameras. 
 
Active infrared night-vision combines infrared illumination of spectral range 700–1,000 nm (just 

below the visible spectrum of the human eye) with CCD cameras sensitive to this light. The resulting 

scene, which is apparently dark to a human observer, appears as a monochrome image on a normal 

display device. Because active infrared night-vision systems can incorporate illuminators that 

produce high levels of infrared light, the resulting images are typically higher resolution than other 

night-vision technologies. 
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Hand Held Thermal Imaging Camera With LRF  
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 

FIG: HHTI with LRF 
 
HHTI with LRF or Multifunction HHTI is a cooled TI based integrated day/night sight with in-built 

eye safe Laser Range Finder, Digital Magnetic Compass, Color CCD and GPS. This equipment is 

capable of giving range, azimuth & elevation and also coordinates of the target. This is highly useful 

to Army and Navy for effective engagement of targets. Weather proof and withstand shocks and 

vibrations. It is provided with electronically generated reticle. 
 
Introduction:  
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

FIG: Block diagram of Thermal imaging camera 
 
1. Thermal image is the technique of using the heat given off by an object to produce an image of it 

or to locate it. 
 
2. First developed for military purpose in the late 1950s and 1960s by Texas instruments, Hughes, 

Aircraft and Honeywell 
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3. In recent times it is being used in firefighting, law enforcement, industrial applications, security 

transportation, medical and many other industries. 

 
 

Thermal Imaging: 
 
1. It is the technique of using the heat given off by an object to produce an image of it. 
 
2. Works in environments without any ambient light and can penetrate obscurants such as smoke, fog 

and haze. 
 
3. Normally grey scale in nature: black objects are cold, white objects are hot and the depth of the 

grey indicates variations between the two. 
 
4. Some thermal cameras, however, add color to images to help users identify objects at different 

temperatures. 
 
Working of thermal imaging: 
 
Here's how thermal imaging works: A special lens focuses the infrared light emitted by all of the 

objects in view. The focused light is scanned by a phased array of infrared-detector elements. The 

detector elements create a very detailed temperature pattern called a thermogram. 
 
Infrared Light: 
 
Our eyes are detectors that are designed to detect electromagnetic radiation in the visible light 

spectrum. All other forms of electromagnetic radiation, such as infrared, are invisible to the human 

eye. 
 
The existence of infrared was discovered in 1800 by astronomer Sir Frederick William Herschel. 

Curious to the thermal difference between different light colors, he directed sunlight through a glass 

prism to create a spectrum and then measured the temperature of each color. He found that the 

temperatures of the colors increased from the violet to the red part of the spectrum. 
 
After noticing this pattern Herschel decided to measure the temperature just beyond the red portion 

of the spectrum in a region where no sunlight was visible. To his surprise, he found that this region 

had the highest temperature of all. 
 
Infrared radiation lies between the visible and microwave portions of the electromagnetic spectrum. 

The primary source of infrared radiation is heat or thermal radiation. Any object that has a 

temperature above absolute zero (-273.15 degrees Celsius or 0 Kelvin) emits radiation in the infrared 

region. Even objects that we think of being very cold, such as ice cubes, emit infrared radiation. 
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Thermal imaging camera 
 
Infrared energy (A) coming from an object is focused by the optics (B) onto an infrared detector (C). 

The detector sends the information to sensor electronics (D) for image processing. The electronics 

translatethe data coming from the detector into an image (E) that can be viewed in the viewfinder or 

on a standard video monitor or LCD screen. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 

• Being truly passive in nature, thermal imaging systems are finding wide range of applications 
 

• for surveillance and reconnaissance, target acquisition, engagement, and missile 
 

• guidance. They are true force multipliers as they allow weapons and equipment to be used 

with 
 

• efficacy during day and night. Recent advancements in optics, detector technology and signal 
 

• processing have enabled revolutionary advancement in the night vision technology leading to 

the 
 

• realisation of third generation thermal imagers (TIs) having capabilities twice that of second 
 

• generation and four times that of first generation systems. DRDO is working in this area for 

the last 
 

• two decades and has developed various TIs operating in 3-5 μm medium wave infrared 

(MWIR) 
 

• -12 μm long wave infrared (LWIR) spectral bands. These systems are based on 
 

• scanning/staring focal plane array (FPA) detectors for target acquisition, which can be used, 
 

• either in standalone mode or as a part of electro-optical fire control system (EOFCS). MWIR 

TIs 
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• perform better in hot humid environments and preferred for long range applications because 

of 
 

• better atmospheric transmission where as LWIR TIs perform better in smoke and dusty 
 
environment prevailing in the battlefield. 

 

Principle of Operation and Types: 
 
Infrared energy is just one part of the electromagnetic spectrum, which encompasses radiation from 

gamma rays, x-rays, ultraviolet, a thin region of visible light, infrared, terahertz waves, microwaves, 

and radio waves. These are all related and differentiated in the length of their wave (wavelength). All 

objects emit a certain amount of black body radiation as a function of their temperatures. 
 
Generally speaking, the higher an object's temperature, the more infrared radiation is emitted as 

black-body radiation. A special camera can detect this radiation in a way similar to the way an 

ordinary camera detects visible light. It works even in total darkness because ambient light level does 

not matter. This makes it useful for rescue operations in smoke-filled buildings and underground. 
 
A major difference with optical cameras is that the focusing lenses cannot be made of glass, as glass 

blocks long-wave infrared light. Special materials such as Germanium or Sapphire crystals must be 

used. Germanium lenses are also quite fragile, so often have a hard coating to protect against 

accidental contact. The higher cost of these special lenses is one reason why thermographic cameras 

are more costly. 
 
Types: 
 

• Cooled infrared detectors 
 

• Uncooled infrared detectors 
 

Cooled infrared detectors: 
 
Cooled detectors are typically contained in a vacuum-sealed case or Dewar and cryogenically cooled. 

The cooling is necessary for the operation of the semiconductor materials used. Typical operating 

temperatures range from 4 K to just below room temperature, depending on the detector technology. 

Most modern cooled detectors operate in the 60 K to 100 K range, depending on type and 

performance level. 
 
Without cooling, these sensors (which detect and convert light in much the same way as common 

digital cameras, but are made of different materials) would be 'blinded' or flooded by their own 

radiation. The drawbacks of cooled infrared cameras are that they are expensive both to produce and 

to run. Cooling is both energy-intensive and time-consuming. 
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The camera may need several minutes to cool down before it can begin working. The most 

commonly used cooling systems are rotary Stirling engine cryocoolers. Although the cooling 

apparatus is comparatively bulky and expensive, cooled infrared cameras provide superior image 

quality compared to uncooled ones. 
 
Additionally, the greater sensitivity of cooled cameras also allow the use of higher F-number lenses, 

making high performance long focal length lenses both smaller and cheaper for cooled detectors. An 

alternative to Stirling engine coolers is to use gases bottled at high pressure, nitrogen being a 

common choice. The pressurised gas is expanded via a micro-sized orifice and passed over a 

miniature heat exchanger resulting in regenerative cooling via the Joule–Thomson effect. For such 

systems the supply of pressurized gas is a logistical concern for field use. 
 
Materials used for cooled infrared detection include photodetectors based on a wide range of narrow 

gap semiconductors including: 
 
1. Indium antimonide 

 

2. Indium Arsenide 

 

3. Mercury Cadmium telluride 

 

4. Lead sulfide 
 

 

Uncooled Infrared detectors: 
 
Uncooled infrared sensors can be stabilized to an operating temperature to reduce image noise, but 

they are not cooled to low temperatures and do not require bulky, expensive cryogenic coolers. This 

makes infrared cameras smaller and less costly. However, their resolution and image quality tend to 

be lower than cooled detectors. This is due to differences in their fabrication processes, limited by 

currently available technology. 
 
Uncooled detectors are mostly based on pyroelectric and ferroelectric materials or microbolometer 

technology. The material are used to form pixels with highly temperature-dependent properties, 

which are thermally insulated from the environment and read electronically. 
 
Ferroelectric detectors operate close to phase transition temperature of the sensor material; the pixel 

temperature is read as the highly temperature-dependent polarization charge. The achieved NETD of 

ferroelectric detectors with f/1 optics and 320x240 sensors is 70-80 mK. A possible sensor assembly 

consists of barium strontium titanate bump-bonded by polyimide thermally insulated connection. 
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Silicon microbolometers can reach NETD down to 20 mK. They consist of a layer ofamorphous 

silicon, or a thin film vanadium(V) oxide sensing element suspended on silicon nitride bridge above 

the silicon-based scanning electronics. The electric resistance of the sensing element is measured 

once per frame. 
 
Applications: 
 

1. Military and Police 
 
One of the most common users of a thermal imager is a law enforcement or military professional. 

They need to be able to see potential threats without being detected and thermal units give them this 

chance. Modern thermal imaging technology is tough enough to withstand the abuse of recoil, so 

many police officers and soldiers now employ thermal imaging rifle scopes such as the ATN ThOR 

640 Thermal Imaging Weapon Sight. The drawback of using thermal imagers in life-and-death 

situations is that while they're incredibly effective at detecting people or animals, identification is far 

more challenging. You may see a man in front of you, but this doesn't mean you'll be able to tell if 

he's a friend or a foe. 
 
2.Surveillance 
 
Thermal imaging cameras are one of the most effective tools for surveillance because they work 

equally well in the day and night. A regular CCTV camera is limited by its need for light, and night 

vision doesn't function during the day. The chance to see through smoke and fog also gives thermal a 

leg up on other surveillance techniques. 
 
3.Energy Audits 
 
Heating and cooling companies have used thermal imagers for years to see where buildings are 

leaking heat. Small cracks or holes cause homes to lose hundreds of dollars a year on heating and 

cooling bills. 
 
4.Security And Law Enforcement 
 
With a thermal imager, an officer can stop and scan the property at a distance identify any person 

present at there. 
 
Perimeter Surveillance is another application in which thermal imaging is used to dramatically 

improve results and reduce time committed to a particular operation. 
 
Thermal imaging cameras can also used in search and rescue operation as officers may be able to 

search up to 1,500 feet in any direction. 
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6.PRODUCT ASSURANCE 
 

6.1 Definition: 
 
A discipline devoted to the study, planning and implementation of activities intended to assure 

that the design, controls, methods and techniques in a project result in a satisfactory level of 

quality in a product. 
 
The verification by a management function that customer requirements are satisfied by ensuring 
 
(1) the identification of critical activities, (2) The availability of the necessary resources for each 

process, (3) The use of the resources in a manner that is efficient and effective. 
 
6.2 Product Assurance Testing: 
 
Product assurance testing is conducted in order to evaluate a system in its operating environment. 

Product assurance testing is primarily used to find the faults that are not shown within the 

development or test environments. 
 
6.3 Product Assurance Tests: 
 

ESS(Environment Stress Strain) Test: 
 

• Climate Test 
 

a) High temperature and Low temperature test 
 

b) Heat and Cold Chamber Test 
 

c) Rain and Dust Chamber Test 
 

• Durable Test 
 

a) Vibration Test 
 

b) Bump test 
 

• Functional Test 
 

a) Resolution Test 
 

b) Field Of View  
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6.4 Heat and Cool Chamber Test:  
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Temperature and humidity test chambers are ranging in size from 50Ltier to 3000Liter, including benchtop, standard type and 
walk in. Included are ultra low temperature test chamber, high rate of change of temperature chambers (15℃/min) and climate 
with humidity chambers. 
 
Our temperature and humidity test chambers are available in a variety of sizes and 

configurations, including benchtop / vertical/ walk in constant temperature humidity chambers. 

Temperature Range: -70°C to +180°C; Humidity range:10% to 98%R.H. 

 

6.5 Vibration Test Chamber:  
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Repetitive Shock Vibration tables generate multi-axis vibration using one or more pneumatic 

impact hammer(s) (also known as impactors) that strike a the top of a vibration table on which a 

product is attached. Thermotron‘s repetitive shock vibration test systems are designed 

specifically for very aggressive temperature change rates and high levels of multi-axis repetitive 
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shock vibration. Repetitive shock shaker tables can be used as stand-alone units or combined 

with an AGREE or AST chamber for HALT/HASS testing. The repetitive shock vibration 

system incorporates many unique features designed to satisfy a wide range of vibration testing 

and screening applications for many industries. The basic system utilizes Multi-Zone Control. 

This patented feature uniformly—and more effectively—tests products. As a result, you receive 

improved product reliability, reduced warranty and recall risks, as well as better-utilized 

company resources. 

 

6.6 Bump test chamber:  
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
This computerised machine is designed to cater the high acceleration and high pulse duration 

repetitive bump tests. The machine is used in product qualificationtesting, transient analysis of 

structures or models and fatigue tests on some systems and parts with an object to determine 

their suitability under repetitive ‗bump‘ environment (during transportation or in-service, etc.), 

and to assess structural integrity and stress screening. The machine has a robust steel structure 

that enables it to be used for testing of test objects having weights from 50 kg to 1000 kg, 

acceleration from 3 "g" to 400 "g" and pulse duration from 3 ms to 30 ms. The machine is 

intended to reproduce the effects of repetitive bumps from 40 to 180 bumps per minute likely to 

be experienced by components and equipment during transportation or when installed in various 

classes of vehicles. The object mounting hole pattern of the platform is 100 x 100mm matrix or 

as desired by the customer. An optional T-slot for mounting of test objects is also provided. The 
 
 
Gudlavalleru engineering college Page 22 



 

 

 
mounting platform is lifted vertically through a cam arrangement and is made to drop forcibly 

with the mechanical impact generating mechanism on the rubber pad placed on the anvil, which 

provides the required acceleration level. The desired impact acceleration can be obtained by 

adjusting the drop height and mechanical impact generating force of the mounting platform. 

Rubber pads are used to produce half-sine pulses, and duration of half sine pulse shape can be 

adjusted by changing the hardness and thickness of the rubber pads. The machine is supported 

with Pentium PC based intelligent instrumentation system to control and monitor and analyse 

acquired acceleration waveform on 4 channels. The unit operates on 415/230 V ±10%, 50 Hz 

single phase AC and 3-phase 415 V 50 Hz. 
 
6.7 Salt spray test chamber:  
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 

The salt spray (or salt fog) test is a standardized and popular corrosion test method, used to 

check corrosion resistance of materials and surface coatings. Usually, the materials to be tested 

are metallic (although stone, ceramics, and polymers may also be tested) and finished with a 

surface coating which is intended to provide a degree of corrosion protection to the underlying 

metal. Salt spray testing is an accelerated corrosion test that produces a corrosive attack to coated 

samples in order to evaluate (mostly comparatively) the suitability of the coating for use as a 

protective finish. The appearance of corrosion products (rust or other oxides) is evaluated after a 

pre-determined period of time. Test duration depends on the corrosion resistance of the coating; 

generally, the more corrosion resistant the coating is, the longer the period of testing before the 

appearance of corrosion/ rust. 
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7.SUB DEPARTMENTS 
 
 

7.1 Development and engineering department: 
 
It is to design to project,make the modifications to prepare design and related documents.the 

software used in bel machilipatnam is solidworks. 
 
7.2 Material management: 
 
It is the management of materials, this department purchases the materials it has different bins 

that holds items after inspection. 
 
7.3 Quality assurance: 
 
It deals with the quality of material it is checked before going to customer.in quality assurance 

several equipments are used they are vernier calipers,screw gauge,CMM machine,go gauge and 

no go gauges etc.. 
 
CMM machine:  
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 

A coordinate measuring machine (CMM) is a device for measuring the physical geometrical 

characteristics of an object. This machine may be manually controlled by an operator or it may 

be computer controlled. Measurements are defined by aprobe attached to the third moving axis 

of this machine. Probes may be mechanical, optical, laser, or white light, among others. A 

machine which takes readings in six degrees of freedom and displays these readings in 

mathematical form is known as a CMM. The typical 3D "bridge" CMM is composed of three 

axes, X, Y and Z. These axes are orthogonal to each other in a typical three-dimensional 
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coordinate system. Each axis has a scale system that indicates the location of that axis. The 

machine reads the input from the touch probe, as directed by the operator or programmer. The 

machine then uses the X,Y,Z coordinates of each of these points to determine size and position, 

typically with micrometer precision. 
 
A coordinate measuring machine (CMM) is also a device used in manufacturing and assembly 

processes to test a part or assembly against the design intent. By precisely recording the X, Y, 

and Z coordinates of the target, points are generated which can then be analysed via regression 

algorithms for the construction of features. These points are collected by using a probe that is 

positioned manually by an operator or automatically via Direct Computer Control (DCC). DCC 

CMMs can be programmed to repeatedly measure identical parts, thus a CMM is a specialized 

form of industrial robot. 
 
7.4 Plant and service: 
 
It is the department for providing the services to company.services are water supply,electrical 

supply,transport,horticulture. 
 
7.5 Human resource &administration: 
 
In this department the recruitment of employees is done it is to use manpower in different 

areas.medical facilities are also available. 
 
7.6 Finance: 
 
It is the department for the sanction of money to the employees it is to be made for one year.it is 

the record of the money. 
 
7.7 Quality management: 
 
It is to sell products in the international market six sigma is the statistical technique for 

maintaining quality.in this department there is a group of employees who discuss the 

problems,find out its solution and present it to manager. 
 
7.8 Machine shop: 
 
In bel machine shop there is both CNC and conventional machines are there several components 
 
are manufactured in this machine shop.the conventional machines are lathe,milling,grinding and 
 
CNC machines like lathe,milling etc. 
 
CNC Lathe Machine 
 

• Automated version  
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• Controlled by G and M code 
 

• Used for turning 

operations CNC Milling Machine 
 

• Programming for optimal performance 
 

• Large production 
 

 

CNC Drilling Machine 
 

• Multi function machining 
 

• High flexibility 
 

7.9 Production Planning and Control: 
 
Production planning and controlThis department forms the most important section among the 

others present because.it forms the backbone right from the beginning till end of the particular 

set the responsibility lies in the hands of this section.it mainly performs three functions 

scheduling and launching control launching control the market section takes the order from the 

customer and gives the equipment stock order to ppc now ppc makes the list of each components 

involved in the product .this is called scheduling.next function that comes is launched ppc 

prepares shop order and engineering documents such as drawings .this function is called 

launching now comes to material control here the ppc keeps track of production i.e the purchase 

requisition is given to purchase department and sub contract department. 
 
7.10 Assembly section: 
 
In this all the components are gathered and assembled they set properly in the complete set.it is 

the most important and technologically advanced department at BEL Machilipatnam. 
 
7.11 R&D Department: 
 

• Areas of R&D 
 

Development of Military Radars,Naval Systems,Military communication 

products,Electronic warfare systems,Telecommunication products. 
 

• Resources and investment 
 

There are about 1000 engineers working in BEL on various D&E Projects.BEL R&D 

Units are recognized by the Department of scientific & industrial Research under the 

ministry of science & Technology,Govt.of India 
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8.CONCLUSION 
 
 
 
The four weeks of industrial at B.E.L machilipatnam generated a lot more interest in my subject. 

It made me more aware of the scope of mechanical engineering.it has also made me appreciative 

of an industrial work environment. 

 
 
Undergoing training on the BEL manufacturing unit has helped me integrate conceptual 

knowledge with real life application.I was fortunate to have personal guidance from experienced 

professionals who took been interest in explaning the working details of various equipments. 

 
 
I feel that without this opportunity my own understanding of this subject and also the motivation 

to acquire more knowledge would have remained incomplete 
 
 
I think my training has given me enough motivation and an exposure that I will try to join 

defence services or get linked up with the defence of the country. 
 
 
―To know the technical know-how,industrial training is the best way to move forward.‖  
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INTRODUCTION 

ABOUT NFC (Nuclear Fuel Complex): 

The Nuclear Fuel Complex, established in 1971 is a major industrial unit of 

Department of Atomic Energy (DAE), Govt. of India solely shoulders the responsibility of 

supplying nuclear fuel bundles and reactor core components for 14 nuclear power reactors 

operating in India among which 12 are PHWRs and 2 are BWRs. Input and output materials 

of NFC can be broadly classified as follows 

● INPUT MATERIALS 

1. Zircon Sand 

2. Uranium Concentrates 

3. Zirconium Sponge NZSP 

● OUTPUT MATERIALS 

1. Fuel Bundles/Products for BWR Power Stations 

2. Fuel Bundles/Products for PHWR Power Stations 

ZIRCONIUM: 

 Zirconium is a very strong, malleable, ductile, lustrous silver-gray metal. Its chemical 

and physical properties are similar to those of titanium. Zirconium is extremely resistant to 

heat and corrosion. Zirconium is lighter than steel and its hardness is similar to copper. 

Atomic Number 40 

Atomic Mass 91.22 

Electro negativity 1.2 

Density 6.49 g/cc 

Melting point 1852°C 

Boiling point 4400°C 

Vander Waal’s radius 0.160 nm 

Ionic radius 0.08 nm 

Isotopes 11 

Electronic configuration [Kr] 4d₂ 5s₂ 

Energy of first ionization 669 kJ/mol 

Energy of second ionization 1346 kJ/mol 

Energy of third ionization 2312 kJ/mol 

Energy of fourth ionization 3256 kJ/mol 



When it is finely divided, the metal can spontaneously ignite in air, especially at high 

temperatures. Zirconium powder is black and is regarded as very dangerous fire hazard. 

Zirconium does not dissolve in acids and alkalis. 

 Iodide-grade zirconium has excellent corrosion resistance in high temperature, high-

pressure water; however, small amounts of impurities, such as those present in commercially 

available sponge zirconium, reduce the corrosion resistance drastically. Since iodide-grade 

zirconium is both difficult and expensive to produce and fabricate, Zircaloy with sponge 

zirconium as its major constituent represents a practical approach to the problem. 

URANIUM: 

 Uranium is an element with atomic weight 92 and valence 6. Natural Uranium has 

two most known radio-active isotopes namely U-235 and U-238. U-238 isotope is most 

generally abundant when compared to U-235. In nuclear power U-235 is more needed.  

Atomic number 92 

Atomic mass 234 

Isotopes 6, varying from 233-238 

Melting point 1132.2°C 

Boiling point 4131°C 

Type Radio active 

Electronic configuration [Rn]5f₃6d₁7s₂ 

Electro negativity 1.38 

Energy of first Ionization 597.6 kJ/mol 

Energy of second Ionization 1420 kJ/mol 

 

NUCLEAR POWER REACTORS: 

 Nuclear power is the use of nuclear reactions that release nuclear energy to generate 

heat, which more frequently is then used in steam turbines to produce electricity in a nuclear 

power plant. 

 Nuclear reaction mentioned here refers to the Nuclear Fission Reaction. In a typical 

fission reaction a neutron is made to bombard with enriched radioactive material, which in 

general is Uranium (U 235). An intermediate isotope of Uranium (U 236) is formed which is 

highly unstable splits into two comparatively lighter nuclei in no time releasing enormous 

amount of energy and a set of neutrons. 

 



Usually number of neutrons in the set is three and most probably all of them are used to 

bombard with fresh Uranium. This new reaction leads to formation of new set of neutrons 

which trigger another set of reactions. Hence this process can be considered as a chain 

reaction and pausing the same is not at all advisable.    

Just as many thermal power stations generate electricity by harnessing the thermal 

energy released from burning fossil fuels, nuclear power plants convert the energy released 

from the nucleus of an atom via nuclear reactor. The heat is removed from the reactor core by 

a cooling system that uses the heat to generate steam, which in turn drives a steam turbine 

connected to a generator producing electricity. 

           Nuclear Power Plants can be broadly classified into two categories as follows 

1. Pressurized Heavy Water Reactor (PHWR) 

2. Boiling Water Reactor (BWR) 

3. Free Breeder Reactor (FBR) 

1. Pressurized Heavy Water Reactor (PHWR): 

 As the name indicates in this variant of reactors heavy water (D₂O) or Deuterium 

Oxide under pressure is used as a coolant and neutron moderator. Heavy water under 

pressure, about 158 atmis allowed to get heated to higher temperatures without boiling, much 

as in pressurized water reactor. This ‘heat’ absorbed by the heavy water under pressure is 
transferred to water at atmospheric pressure, which then is vaporized and used to rotate 

turbines. 

2. Boiling Water Reactor (BWR): 

 The Boiling Water Reactors (BWR) uses deminerialized water as a coolant and 

neutron moderator. Heat is produced by nuclear fission in the reactor core, and this causes the 

cooling water to boil, producing steam. The steam is directly used to drive a turbine, after 

which it is cooled in a condenser and converted back to liquid water. This water is then 

returned to the reactor core, completing the loop. 

Comparing PHWR &BWR: 

S. No PARAMETER PHWR BWR 

1 Moderator Heavy Water under 

Pressure 

Demineralized Water 

2 Coolant Water under normal 

Pressure 

Demineralized Water 

itself is the coolant 

3 Pressure of Coolant 158 atm (or) 0.158 MPa 75 atm (or) 0.75 MPa 

4 Pressurizing Setup Is used Is not used 

5 Condenser Is not used in core Is used in core reactor 

 



3. Fast Breeder Reactor: 

 Fast Breeder Reactor is a variant of nuclear reactors which produce more fissile 

material than that is consumed in the same. 

NUCLEAR FUEL: 

 Nuclear Fuel is a material that is used as initial product or key product in nuclear 

fission reaction that takes place in a Nuclear Reactor. Most of Nuclear Fuels contains heavy 

fissile elements that are capable of initiating nuclear fission. When these fuels are struck or 

bombarded by neutrons, they are in turn capable of emitting neutrons when they break apart. 

This makes possible a self-sustaining chain reaction that releases energy with a controlled 

rate in a nuclear reactor. 

 Most common fissile nuclear fuels are Uranium, Plutonium and also Thorium. The 

process of mining, refining, purifying, using and even disposing of nuclear fuel together 

make up the nuclear fuel cycle  

However, the key to maintain a nuclear reaction within a nuclear reactor is to use the 

neutrons released during fission to stimulate fission in other nuclei. With careful control over 

the geometry and reaction rates, this can lead to self-sustaining chain reaction. 

 But, natural Uranium consists of a mixture of various isotopes, primarily U₂₃₈ and 

much smaller amount of U₂₃₅. No amount of U₂₃₈ can be fissioned by neutrons with energy 

less than 1 MeV. It however tend to parasitically absorb more neutrons than it releases by 

fission reaction or fission process. 

 On other hand U₂₃₅ can support self-sustained chain reaction, but due to low 

abundance of the same in natural Uranium, it cannot achieve criticality by itself. In order to 

keep the reactor working the neutrons released should be slowed down. In other words the 

kinetic energy of the neutron should be absorbed where their probability of causing nuclear 

fission in U₂₃₅ increases to a level that permits a sustained chain reaction in the Uranium as a 

whole. 

NEED OF HEAVY WATER AS MODERATOR 

The process stated above needs a neutron moderator, which absorbs some of 

neutron’s kinetic energy, slowing them down to energy comparable to the thermal energy of 
the moderator nuclei themselves. This whole slowing down process is beneficial to physically 

separate the neutrons from the Uranium, since U₂₃₈ nuclei have an enormous parasitic affinity 

for neutrons in this intermediate energy range. Considering this phenomena of 

“RESONANCE ABSORPTION” solid fuels are designed to have a discrete composition than 
a homogeneous mixture of the two isotopes of Uranium. 

 Water acts as an excellent moderator; the hydrogen atoms in the water molecules are 

very similar to a single neutron in weight criteria. So obviously the collisions thus have a 

very efficient momentum transfer. In other words almost all kinetic energy is transferred from 

the neutrons to hydrogen atoms with same mass when collided with each other. However, 

along with being good moderator water is relatively effective at absorbing neutrons. 



 If water is used as moderator it absorbs the neutrons generated from the first set of 

nuclear fission reactions. This lessens the probability of Uranium attaining criticality. So, in 

place of H₂O of light water its isotope which shows less affinity for neutrons, D₂O is used as 

a moderator. D₂O however is comparatively less abundant than H₂O but is comparatively 

more reliable. 

LIST OF PRODUCTS 

REACTOR FUEL: 

● PHWR Fuel Assemblies 

● BWR Fuel Assemblies 

● FBR Fuel Bundles 

 

REACTOR GRADE MATERIALS: 

● Hafnium free zirconium oxide 

● Hafnium free zirconium sponge 

 

REACTOR CORE COMPONENTS AND STRUCTURES: 

● For PHWRs 

1. Cobalt Absorbers 

2. Zr4 fuel tubes 

3. Zr4 rods and wires 

4. Zr-Nb Pressure tubes 

5. Zr4 Spangler tubes 

6. Zr4 Calandria tubes 

7. Zr4 Shut-off tubes 

8. Zr4 in-core flux mapping assembly 

9. Ze-Nb-Cu garter springs 

● For BWRs 

1. Zr4Square fuel channels for BWR 

2. BWR channel fastener assembly 

● For FBRs 

1. Fuel & blanket tubes 

2. Sub-assemblies for FBTR 

3. Sub-assemblies for PFBR 

4. Hexagonal Channels 

HIGH PURITY METALS: 

● Antimony 

● Bismuth 

● Boron Tribromide 

● Cadmium 



● Gold 

● Phosphorous Oxychloride 

● Indium 

● Selenium 

● Silver 

● Tellurium 

● Tin 

● Zinc 

 

SEAMLESS TUBES IN A VARIETY OF MATERIALS: 

● Austenitic 

● Martensitic 

● Precipitation hardenable 

 

SPECIAL MATERIALS: 

● Tantalum Metal Powder 

● Tantalum anodes 

● Tantalum sheets and components 

● Niobium powder 

● Niobium sheets and components 

 

 

 

 

 

 

 

 

 

   



LIST OF PLANTS IN NFC 

There are several facilities and plants available in Nuclear Fuel Complex which bear 

respective individual responsibilities among which, those involved in the production of Fuel 

Assemblies are stated below along with respective functions. 

● Zirconium Oxide Plant (ZOP) for the production of Zirconium Oxide. 

 

● Zirconium Sponge Plant (ZSP) for the production of Zirconium Sponge. 

 

● Melt Shop for the production of Zircaloy Ingot out of Zircaloy scrap and Zirconium 

sponge. 

 

● Billet Preparation Shop (BPS) for preparation and proper machining of Zircaloy 

Billets. 

 

● Extrusion and Piercing Plant (EPP) for extrusion and piercing operations. 

 

● Zirconium Fabrication Plant (ZFP) for production of Zircaloy tubes and 

components. 

 

● The Uranium Oxide Plant (UOP) for processing crude Uranium to Uranium 

Dioxide pellets. 

 

● The Enriched Uranium Oxide Plant (EUOP) for processing imported enriched 

Uranium. 

 

● Enriched Fuel Fabrication Plant (EFFP) produces ceramic enriched Uranium 

Dioxide pellets. 

MANUFACTURE OF FUEL ASSEMBLIES 

  Nuclear Fuel Complex is widely known for its unique facility of 

manufacturing Fuel Bundles for various nuclear reactors. Encapsulated Uranium Dioxide 

pellets in Zircaloy Tubes are used as nuclear fuel rods in reactors.   

  There is a specific reason for using Zircaloy exclusively but not any other 

metal for holding (UO₂) in a reactor core. As discussed earlier, our main objective is to keep 

the reactor active. To do so, it is inevitable to optimize the probability of fresh neutron to 

bombard with U₂₃₅. For that to happen there should be less neutron absorbing material in the 

surroundings. Zircaloy has comparatively lesser affinity for neutrons. 

  Zr-4, Zr-2, Zr-Sn, Zr-2.5%Nb are some alloys of Zirconium that are used in 

NFC. However each serve individual purposes based on their physical and chemical 

properties such as strength, density, neutron absorptivity etc., compositions of those alloys 

are given in the table below. 

 



 Zircaloy-4 Zircaloy-2 Zr-Sn 

Tin 1.2-1.7 1.2-1.7 0.1-0.4 

Chromium 0.1-0.15 0.07-0.15 <0.02 

Nickel <70 ppm 0.03-0.05 <0.007 

Iron 0.18-0.24 0.16-0.20 0.04-0.07 

Zirconium Balance Balance Balance 

 

Two variants of Fuel Assemblies are used in Pressurized Heavy Water Reactor (PHWR) 

namely 19-E and 37-E assemblies. Similarly 6x6 and 7x7 array fuel assemblies are used in 

Boiling Water Reactors (BWR). Assemblies for PHWR are manufactures with Zr-4 and 

BWR are done with Zr-2. 

  19 element fuel bundles are designed exclusively for 220 MeV nuclear 

reactors. Each bundle or fuel assembly contains around 15.2 Kilograms of UO₂ in itself. 

Usually a PHWR requires around 3000 fuel bundles per year. Each fuel bundle generates 

around 6, 40,000 units (1 unit is 1KWHr) of electricity. 

37 element fuel bundles or fuel assemblies are exclusively designed for 540 MWe reactors. 

Each bundle contains 22.0 Kilograms of Uranium Dioxide. Each bundle can generate around 

8, 81,000 units of electricity. One reactor may need around four thousand fuel assemblies per 

year to generate continuous electricity. 

Any fuel assembly should be placed in a coolant tube which is made out of Zirconium alloy 

named; Zr-2.5%Nb (Zirconium- Niobium). A fuel assembly is housed inside the coolant tube 

of bigger size. Heavy water which is used as moderator is passed through the coolant tube. 

Exchange of heat generated from fission to the moderator, heavy water in this case takes 

place here.  

Production of assemblies is a phase wise manufacturing process. It includes several phases 

which are briefly explained in the following table. 

 

 

 

 

 

 

 



NAME OF PHASE PROCESSIN BREIF 

Uranium Refinng Raw MDU(megnesium Di Urante) is 

dissolvedin nitric acid falllowed by  olvent 

extraction and precipiteation with ammonia to 

get Ammonium Di-Uranate.Byfutherstepsof 

controlled calinations and reduction ,sinterable 

Uranium Di-oxide powder is formed. 

Uranium convertion Uranium Di-oxide powder thus formed is then 

compacted in the form of cylindrical pelllets 

and sintered at high temperatures to get high 

desity 

Uranium Di-oxide pellets 

Zircoloy production Zircon sand is processed through caustic 

fusion,dissolutio n solvent 

extration,precipitation,calcination steps to get 

Zirconium oxide. Further pure Zirconiu oxide 

is subjected to high temperature  chlorination 

,reactive  metal redution and vacuum 

distilation to get homogenous Zirconium 

sponge. 

 

Zircoloy Fabrication  

 

The sponge is then briquetted with alloying 

ingredients and multiple vacuum arcs melted 

to get homogeneous  zicoloy ingots that are 

then converted into seamless tubes and bars  

Fuel fabrication Cylidrical uO2 pellets are stacked and 

encapsuulated in thin walled tubes of 

zirconium alloy ,both ends of tube are sealed 

with zicoloy end pluges by resistence welding 

.A number of fuel pins are assembled to form 

fuel bundles of 19 and 37 elements. 

 



 

Among all phases stated above our area of interest is conformed to vacuum annealing furnace 

that has its exestence in the third phase which is Zircoloyfabrication.There is a specific plant 

in nuclear Fuel complex which is accommodated with several machines used in fabrication of 

Zircoloy which is known as Zircoloy fabrication plant(ZFP) 

 

 

 

 

 

 

 

 

 

 



 

ZIRCALOY FABRICATION 

 Zircaloy fabrication is the building of metal structures by cutting, bending, and 

assembling processes. It is a value added process that involves the production of tubes and 

structures from various raw materials which are end materials of previous phases. 

As discussed earlier with a specific reason only Zircaloy tubes are used to encapsulate 

Uranium Dioxide pellets. Including the inevitability of using exclusive Zircaloy, only 

seamless tubes of the same are used to manufacture reactor fuel assemblies. The reason for 

the above is that no amount of stress concentrations can be tolerated. It is because the purpose 

of the tubes is to hold Uranium Dioxide in the reactor core. Stress concentrations may lead to 

slight crack or even breakage of the tube which results in leakage of hazardous radiations in 

the reactor core. 

Seamless tubes are formed by drawing billet of a solid over a piercing rod to create a hollow 

shell (tube). As the process includes no welding, seamless tubes are perceived to have no 

stress concentrations or even less amount of the same in themselves. Subsequently it can be 

said that this variant of tubes are much stronger and more reliable than the normal ones. 

 Production of seamless tubes involves number of mechanical processes in a particular 

sequence. It is very important to note that the required properties of Zircaloy tubes can be 

only achieved when the processes are done in a schematic way. The processes include the 

following 

⮚ Β- Quenching 

⮚ Deep hole drilling 

⮚ Hole expansion 

⮚ Copper Jacketing 

⮚ Preheating 

⮚ Extrusion 

⮚ Pilgering 

⮚ Degreasing 

⮚ Vacuum Annealing 

⮚ Straightening 

⮚ Grinding 

⮚ Sand Blasting 

⮚ Inspection and Testing 

⮚ Tube cutting and deburring 

⮚ Swaging 

 

 

 

 

 

 



β-QUENCHING: 

 Quenching is a three phase process. It starts from heating the material up to temperatures 

above recrystallization and below melting point. The second phase of quenching process is to 

soak the billet in that temperature for a calculated period of time. The process ends with rapid 

cooling of the billet in suitable coolant medium. 

 This process helps the material to gain its β grain growth structure. Once the material is 
rapidly cooled it doesn’t tend to leave the β crystal structure. This process is also known as 
quench hardening. It is important to maintain the structure of metal because in the 

composition of Zircaloy metals like Ti, Sn etc., are soluble only in β structure. Only if the 
metals are completely soluble the strength and properties of metal stay homogenous. 

 

DEEP HOLE DRILLING: 

 Deep Hole Drilling (DLD) is a mechanical process done on standard machines. A uniform 

see through hole is drilled in a billet in this process. It is necessary to see that the size of the 

hole is uniform all over the billet. That is to avoid stress concentrations in any of the planes. 

 Billet is fitted in a three jaw universal chuck similar to late machine. Main motion in this 

process is rotational motion of the billet. Drill bit mounted on the tail stock is given feed 

motion into the billet centre. Motor is used to pump coolant into the tool bit. Scrap chips 

along with coolant oil is sucked using another pump. 

 

 

 

HOLE EXPANSION: 

 Hole expansion is done on piercing press which can apply load upto 1200 tons. Deep Hole 

Drilling is done because the ductility of the material isn’t enough to pierce into the material at 
a time. So, first hole of smaller diameter is done on DLD machine and the same is expanded 

using piercing press. Piercing press works on principle of hydraulics. Water and oil emulsion 

is accumulated under high pressures up to 320 bar in pressure accumulators using 

reciprocating pumps. Idle stroke of the ram is made using pressure accumulated in pre-fillers 

(14 bar) 

 

COPPER JACKETING: 

 This is an intermediate process that needs to be done before extrusion. The billet is jacketed 

with copper both inside and outside. Copper acts as a lubricant between the extrusion die and 

the Zircaloy billet. This also avoids the formation of oxide layer on the Zircaloy billet. Oxide 

layer is very brittle in nature and is not at all affordable to tolerate the oxide layer. 

 

To serve both the purposes at a time copper jacketing is done. This process is done using simple 

hydraulic press. Both inner diameter and outer diameter are first covered with copper shells 

of calculated thickness and then the basal surfaces of the billet are covered with copper discs. 

Whole setup is pressed in a hydraulic press. This device applies pressure in both the 

directions. So the sheets bend in such an orientation the copper shells and discs lock each 

other and relative motion is restricted.  

 

 



PREHEATING: 

 It is a process of heating the metal up to recrystallization temperature before the hot-working 

process. This is done either in resistance heaters or in induction heaters. Billets which 

undergo preheating are soaked at the recrystallization temperature so that both inner and 

outer diameter reaches the temperature. Individual metals have individual recrystallization 

temperatures and the time is determined on the basis of strength needed. 

 

EXTRUSION: 

 Extrusion is the process of confining the metal in a closed cavity and then allowing it to flow 

from only one opening so that the metal will take the shape of the opening. The operation is 

identical to the squeezing of toothpaste out of the tube. In manufacturing of Zircaloy tubes 

extrusion is used to reduce the diameter of the billet to a calculated level. This is done using a 

horizontal hydraulic press. This extrusion press can apply a load of 3780 tons. 

 

PILGERING: 

            Cold pilgering is a longitudinal cold rolling process that reduces the diameter and wall 

thickness of metal tube in one process step. Depending on the material, the cold pilgering 

process achieves cross-section reductions of more than 90 per cent in a single working cycle. 

Pilgering process mainly relies on four main actions: 

 

1. The tube moves forward 

2. The tube rotates in one direction 

3. Dies move back and forth 

4. Dies rotate in anti-clockwise and clockwise directions. 

 To avoid outer diameter finish of the tube lubricants are used. This fluids serves both, heat 

absorbing and also as a lubricant of avoid deforming the smooth OD surface. In general servo 

oils and greases are used to serve this purpose. Almost all Zircaloy tubes used to manufacture 

fuel assemblies are exclusively made by pilgering. Though there are many cold working 

processes only pilgering process serves the purpose. 

 Zircaloy has HCP structure. There is high proximity of hydride formation in the reactor. This 

hydride forms in the direction perpendicular to the basal plane. Only if the basal plane is in 

the outer surface, the brittle hydride formed can be tolerated. So it is mandatory to 

manufacture tubes only via Pilgering. 

DEGREASING (OR) PICKLING: 

 The process of removing grease and oil from the tubes is called degreasing. After pilgering 

the tubes are contaminated with grease and oil. These both should be removed thoroughly 

before going into annealing. If these tubes are degreased in hot alkali tubes followed by 

rinsing in water, the process is known as Alkali Degreasing. After alkali degreasing the tubes 

are subjected to Vapour Degreasing for achieving good cleaning. TCE is used as a solvent. 

Alkali bath constitutes components with respective proportions and functions as shown in the 

table below. 

 

 



 

 The chemicals in above composition and demineralised water of required volume is added. 

The bath should be maintained at 

● Temperature : 70oC 

● Time : 4-5 Hours 

● pH : 11-13 

 

VACUUM ANNEALING: 

 Annealing is a process of heating and systematic cooling of the metals after cold working 

processing. Purpose of this process is to relieve the stress concentrations formed in the 

materials in cold-working processes. Metals are heated in vacuum medium to avoid 

oxidation.  The absence of air or other gases prevents heat transfer with the product 

through convection and removes a source of contamination. Annealing at high temperatures 

will relieve residual stresses. Annealing in vacuum even has the advantage that the heating 

and cooling can be better controlled, which is favorable with regards to the dimensions 

(shape and dimensional stability) of the product. 

 

 

STRAIGHTENING: 

 It is the process of straightening of tubes or rods by means of straightening machine which 

has got rollers are aligned to each other at an acute angle and get power from individual 

motors. After annealing the tubes bend due to thermal stresses and relieving of residual 

stresses. These tubes are passed through the rollers and get straitened. 

 

GRINDING: 

 Grinding is a metal cutting operation generally used to improve the surface finish of the 

material or object. Abrasives are moved against the work piece with high velocity. This 

COMPONENT PERCENTAGE FUNCTION 

Monoethylene Glycol 

(HOCH2CH2OH) 

5% (v/v) ng agent. Breaks interfacial contact between oil and job, keeps job wet in 

condition. 

Sodium Hydroxide 

(NaOH) 

5% (w/w) Specification agent. Reacts with oil to form Na based salts. 

Tri Sodium Phosphate 

(Na3PO4) 

5% (w/w) ulsifying agent and buffer. Increasing stability of dispersion of 

a liquid in another. 

Sodium Metasilicate 

(Na2SiO3.9H2O) 

5% (w/w) flocculating agent. Prevents redeposition of dirt and soil on the 

material. 

Sodium Gluconate 

CH2OH(CHOH)4COONa 

5% (w/w) lating or sequestering agent acts as cleaner, by forming chelate 

complexes. 



results in removal of material on the surface of the work piece which results in high surface 

finish. Feed motion is given to the work piece and is generally linear motion. For grinding 

Zircaloy tubes, belt grinding is used where abrasive belts made out of Silicon Carbide are 

driven on two pulleys and tube is given linear and rotary feed motion. 

 

 

SAND BLASTING: 

 Sandblasting is a general term used to describe the act of propelling very fine bits of material 

at high-velocity to clean or etch a surface. Powders of aluminum oxide, silicon carbide and 

glass powders are used as abrasive material. This process can be carried out for getting good 

surface finish of Zircaloy tubes both outside and inside of material. 

 

INSPECTION AND TESTING: 

 Inspection is done in the final stage of any manufacturing process. The defected tubes are 

eliminated in this stage. Product obtained in manufacturing is tested for accuracy in three 

different modes 

● UT: Ultrasonic sound Testing is a family of non-destructive testing techniques based 

on propagation of ultrasonic waves in the material tested. This method is to inspect 

the defects on the surface of the material. 

● ET: Eddy current Testing is one of many non-destructive testing techniques. Core 

concept of these electromagnetic techniques is making use of electromagnetic 

induction to detect surface and sub-surface flaws. 

● TT: Tensile strength Testing is done to test whether the material could bear tensile 

load that it is designed for. 

 

CUTTING AND DEBURRING: 

 Markings on the tubes are made by ROTA machine of inspection section. Based on those 

markings tubes of half meter length with some tolerance the tubes are cut using automated 

cutting machine. Main motion is the rotary motion of the tube and cutting motion is given to 

HSS blade. 

           The raised particles and shavings that appear when metal blanks are machined are referred to 

as burrs, and the process by which they are removed is known as deburring. 

 There are several methods that can be used to remove burrs. Abrasive substances may 

be applied, or abrasive cloths may be used to rub the metal in order to remove thin shavings 

and small notches, as well as to polish the piece. In other cases, sanding may be necessary, 

whether this means a small amount of sanding by hand or rigorous sanding with a machine 

for more troublesome deformities. 

 

 

    SWAGING: 

            Swaging is the mechanical deformation technique of reducing the cross section of 

tubes or rods by means of repeated impacts or blows. The swaging process consists of dies 

which are given the requisite external shape. These dies immediately hammer the stock to 

produce the deformation. This hammering process besides producing necessary shape and 

good surface finish also provides better grain structure. 



VACUUM ANNEALING FURNACE 
 

Vacuum is done to relieve stress concentration in reactive metals formed in cold working 
process. In annealing, material is heated up to its re-crystallization temperature, which is 70% 
of its melting temperature in general, where new crystal structure is formed. Material is 
however soaked at the temperature so that sufficient time is provided for the crystal to 
stabilize. Then the material is cooled at a very slow rate so that all the stress concentrations 
are relieved completely. 

 

The reason why no stress concentration can be tolerated is that, the tubes are subjected to a 
failure mechanism in reactor known as Pellet-Cladding Interaction (PCI) mechanism. The 
PCI mechanism is believed to involve in simultaneous effects of stress in cladding imposed 
by the expansion of the pellet and the release of fission products, some which act as stress 
corrosion cracking agents. The Zr-barrier cladding is designed to maintain the stress at a very 
low level, which cracks cannot propagate through the cladding. 

 

 Zircaloy being a composition of several metals leads to possibility of oxidation of the metal 
at those temperatures. Oxide layer which is very brittle cannot be tolerated at any cost. This 
not only alters the homogeneity of the properties of the tube but also the tube fails to serve its 
very own purpose of existence. To avoid oxidation, whole process is carried out in vacuum 
levels of order 10-5 torr. Such annealing furnace is known as Vacuum Annealing Furnace 
(VAF). 

 

Several variable parameters such as annealing temperature, heating time, soaking time and 
cooling time are determined by taking percentage of area reduction in cold work, pilgering 
for instance. However many factors such as material physical and chemical properties play a 
crucial role in calculating annealing parameters. 

 

However, Vacuum Annealing Furnaces (VAFs) are broadly classified into types:-  

1. Vertical Vacuum Annealing Furnace (VVAF) 
2. Horizontal Vacuum Annealing Furnace (HVAF) 

Basically any vacuum annealing furnace irrespective of its orientation (Horizontal or 
Vertical) should maintain vacuum inside itself. In other words it bears a responsibility to 
withstand external pressure. So basically a Vacuum Annealing Furnace (VAF) is pressure 
vessel. 

As the names of both furnaces indicate one is placed horizontally with respect to ground and 
the other is placed vertically respectively. Both of these furnaces have many differences 
amongst themselves other than just orientation. Those variations are illustrated in the table 
below. 

 

 

 

 



 HVAF VVAF 

No. of Chambers Three chambers 

(1 heating + 2 cooling) 

One chamber 

Time for one lot (approx.) Can perform annealing for 

two lots in five shifts 

Can perform annealing for 

one lot in three shifts 

Orientation Horizontal Vertical 

Wall type Hot wall furnace Cold wall furnace 

Cooling system Cooling is done along with 

heating 

Cooling takes place after the 

heating and soaking is done 

Heating element Kanthal 

(Resistance Heating) 

(Fe- 71%, Cr- 22%, Al-5%, 

Mn- 2%) 

Nickel Chromium 

(Resistance Heating) 

(Ni- 80%, Cr- 20%) 

Isolation System There is necessity of 

isolation wall to separate 

heating chamber and cooling 

chamber 

No need of isolation wall 

because heating and cooling 

is done in same chamber 

Loading – Unloading Can be done from both sides 

of furnace 

Can be done only from one 

side 

Water Jacketing Provided only for cold 

chambers 

Provided for the only one 

chamber present 

 

In general tubes with lesser thickness and more outer diameter are not preferred to undergo 
annealing in HVAF because those tubes can’t with stand dead weight of the bundle and 
ovations in tubes takes place. Tubes with more lengths are preferred to get annealed in 
VVAF.   

 

 

 

 

 

 

 

 

 



  Vertical Vacuum Annealing Furnace 
 

Introduction 

The Vertical Vacuum Annealing Furnace is meant for heat treatment of tubes & bars of 

reactive metal & its alloys under vacuum in the order of 5 X 10-5 mbar or better and 

temperature up to 8000C. It is accombination of doubled walled water cooled cylinder 

chambers placed one above one another The three shells are attached to each other with 

bolted assembly. Thebottom shell assembly is closed with a double walled water cooled 

torispherical dish end closure from the bottom side The extension chamber which is also a 

double walled water cooled cylindrical chamber with the flange at the both ends is placed on 

the top shell The extension chamber assembley is provide with vacuum port to connecting a 

high vacuum diffusion pump assembly via right angle value The extension chamber assembly 

is closed from the top with a double walled torispherical dish end door every shell is provided 

with stiffener to decrease the L/D ratio and avoid buckling 

Many variants of tubes,both used in PHWRS and BWRs undergo annealing in vertical 

vacuum annealing furnance. However annealing time and temperatures vary from variant to 

variant on the basis of percentage of cold work 

Furnace Description 

The state of the art furnace includes all necessary mechanical & electrical system, 

instruments & controls, including insulation, heating elements & supports, vacuum systems, 

closed loop cooling arrangements and all other accessories required for safe, continuous, 

smooth & efficient operation of the furnace. 

The annealing furnace stays constantly at working temperature under vacuum. The load is 

placed inside the fixture on the loading station & pushed into the cooling chamber. Once the 

cooling chamber is under required vacuum, the fixture with load is pushed into the hot 

chamber, preheated and held at the annealing temperature. After completion of annealing, the 

fixture with load is pulled back to the cooling chamber in order to be cooled and subsequently 

unloaded on the loading station 

 

Tube Variant Dimension(ODXt)(mmX

mm) 

Annealing temp/ time(c/Hrs) 

Fueltubes                             
19e+37e 

50X8                                     

28X3                                   

17X1/14.35X0.9 

760/1+3+4                                 

750/1+3+4                                

575/1+3+3 

19e(4 Pass) 63X11                                  

41X6                                    

26X2.2                                  

17X1.0     

760/1+3+4 

650/1+3+4 

650/1+3+3 

600/1+3+4 



19e(VMR Route) 63X11 

45X6 

31.75X2.5 

22.04X1.0 

760/1+3+4 

732/1+3+3 

732/1+3+3 

600/1+3+3 

Fuel tubes 52X9 

28X3 

760/1+3+4 

650/1+3+4 

Fuel tubes (4 passs) 63X13 

45X8 

31.75X4 

21X2.2 

760/1+3+4 

735/1+3+4 

732/1+3+4 

732/1+3+3 

 

 

VERTICAL VACUUM ANNELING FURNACE

 

 



 

LITERATURE 

Definition of Heat Transfer 

Heat transfer, also referred to simply as heat, is the movement of thermal energy from one 

thing to another thing of different temperature. ... There are three different ways 

the heat can transfer: conduction (through direct contact), convection (through fluid 

movement), or radiation (through electromagnetic waves). 

Heat capacity or  specific heat 

Q =mcp∆T 

Modes of Heat Transfer 

There are three modes of heat transfer: conduction, convection, and radiation. Any energy 

exchange between bodies occurs through one of these modes or a combination of 

them. Conduction is the transfer of heat through solids or stationery fluids. Convection uses 

the movement of fluids to transfer heat. 

Conduction of heat transfer 

Heat can be transferred from one place to another by three methods: conduction in solids, 
convection of fluids (liquids or gases), and radiation through anything that will allow 
radiation to pass. The method used to transfer heat is usually the one that is the most efficient. 
 

q =
σ  (To 4–Te 4) Total Resistance 

 

Convection of heat transfer 

Convection is the movement of heat by actual motion of matter. Convective heat transfer, 

often referred to simply as convection, is the transfer of heat from one place to another by the 

movement of fluids. Convection is usually the dominant form of heat transfer in liquids and 

gases. 𝑄 =  2 ∗ 3.14 ∗ 𝐿 ∗ (𝑇𝑏 − 𝑇𝑚)1ℎ ∗ 𝑟𝑏 ∗ 𝑘 + ln(𝑟𝑑𝑟𝑐)  

Radiation heat transfer definition 

Both conduction and convection require matter to transfer heat. Radiation is a method of heat 

transfer that does not rely upon any contact between the heat source and the heated object. ... 

The energy lost is emitted as light or electromagnetic radiation. 𝑑𝑞𝑑𝑡 = 𝑒 ∗ 𝜎 ∗ 𝐴 ∗ 𝑇4 



HEAT TRANSFER CALCULATION IN  VVAF 

 

 

      The mode of heat transfer from job to surface wall ‘a’ is through only radiation , since 
there’s no medium for heat transfer . 

The rate of heat transfer from job to the wall surface ‘a’ ,with a radiation shields is given by  

qO =
 σ  (To 4– Te 4) Total Resistance 

While q = rate of heat transfer 

σ  =steffanboltzmenn’s constant  

Job surface Temperature (To)= 1073 k 

Wall surface temperature(Ta) =  

Rn = total resistance 

Total Resistance 

Between each shield two surface resistance and one space resistance exit 

Surface resistance (Su) = 
1−𝐸𝐴∗𝐸 

Where E = Emissivity of the surface 

            A = surface area 



Space resistance (Sp) =
1𝐴∗𝐸 

Where A = surface area 

            F = shape factor from surface 1 to surface 2 

            1 ( for cylindrical concentrate surface) 

 

Rn =  1− 𝐸0𝐸𝑜×𝐴0 + 
1𝐹12×𝐴0 + 

1−𝐸1𝐸1×𝐴1+
1− 𝐸1𝐸1×𝐴1 + 

1𝐹12×𝐴1 + 
1−𝐸2𝐸2×𝐴2+

1− 𝐸2𝐸2×𝐴2 + 
1𝐹12×𝐴2 + 

1−𝐸3𝐸3×𝐴3+
1− 𝐸3𝐸3×𝐴3 + 

1𝐹12×𝐴3 + 1−𝐸4𝐸4×𝐴4+
1− 𝐸4𝐸4×𝐴4 + 

1𝐹12×𝐴4 + 
1−𝐸5𝐸5×𝐴5+

1− 𝐸5𝐸5×𝐴5 + 
1𝐹12×𝐴5 + 

1−𝐸6𝐸6×𝐴6 

Rn = 0.255 

Amount of heat taken away by the water through convection and conduction due to the wall 
thickness and is given by 

 𝑄 =  2 ∗ 3.14 ∗ 𝐿 ∗ (𝑇𝑏 − 𝑇𝑚)1ℎ𝑟 𝑏 + 1 𝑘 + ln(𝑟𝑑𝑟𝑐 )  

 

Where L = length of the furnance 

            Ta = wall surface temperature 

            Tb = neglect the loss due to condution from surface a to b 

            Tm = water mean temperature 

             H =heat transfer coefficient due to force convection 

             K = conductivity of the wall material 



Neglecting the losses the rate of heat  transfer from job to wall surface is equal to heat taken 
away the cooling agent 

Qo-a = Qa-m 

       :   q =
 σ  (To 4– Ta 4) Total Resistance= 𝑄 =  2∗3.14∗𝐿∗(𝑇𝑏−𝑇𝑚)1ℎ𝑟 𝑏+ 1 𝑘 + ln(𝑟𝑑𝑟𝑐)  

            Ta = 42.46 c 

Rate of heat transfer from job to wall surface a is given by 

q =
 σ  (To 4– Ta 4) Total Resistance 

 

Where σ = 5.67*10^-8 

            TO = 1073K 

            Ta = 42.46k 

            Rn = 0.225 

Q = 293KW 

       Temperature at shield 1: 

 

q =
 σ  (To 4– T1 4) Total Resistance 

 

Total resistance includes resistance due to the emissivity of the body and also the shape factor 

resistances are calculated. 

Total Resistance = 
1− 𝐸1𝐸1×𝐴1 + 

1𝐹12×𝐴1 + 
1−𝐸2𝐸2×𝐴2 

E1 = Emissivity of the job = 0.82 

E2 = Emissivity of SS310L = 0.92 

F12 = Shape Factor of job to the Inner Shell (SS310L) = 1 

A1 = Area of job = 23.079 m2 

A2 = Area of Inner Shell = 34.37 m2 



So, Total Resistance = 0.04958 m-2 

Ta= 1073K 

q = 292539.80W  

T1 = 1017.001 K 

Temperature at shield 2 

 

q =
 σ  (T1 4– T2 4) Total Resistance 

 

Total resistance includes resistance due to the emissivity of the body and also the shape factor 

resistances are calculated. 

Total Resistance = 
1−𝐸2𝐸2×𝐴2+

1− 𝐸2𝐸2×𝐴2 + 
1𝐹12×𝐴2 

E1 = Emissivity of the job = 0.82 

E2 = Emissivity of SS310L = 0.92 

F12 = Shape Factor of job to the Inner Shell (SS310L) = 1 

A1 = Area of job = 23.079 m2 

A2 = Area of Inner Shell = 34.37 m2 

So, Total Resistance = 0.039112 m-2 

q = 293KW  

TO =1017K 

T2 = 692.21KTemperature at shield 3 

 

 



q =
 σ  (T2 4– T3 4) Total Resistance 

 

Total resistance includes resistance due to the emissivity of the body and also the shape factor 

resistances are calculated. 

Total Resistance = 
1− 𝐸3𝐸3×𝐴3 + 

1𝐹12×𝐴3 + 
1−𝐸4𝐸4×𝐴4 

E1 = Emissivity of the job = 0.82 

E2 = Emissivity of SS310L = 0.92 

F12 = Shape Factor of job to the Inner Shell (SS310L) = 1 

A1 = Area of job = 23.079 m2 

A2 = Area of Inner Shell = 34.37m2 

So, Total Resistance = 0.03852 m-2 

q = 293kW  

T3 = 631.47 K 

Temperature at shield 4 

 

 

q =
 σ  (T3 4– T4 4) Total Resistance 

 

Total resistance includes resistance due to the emissivity of the body and also the shape factor 

resistances are calculated. 

Total Resistance = 
1− 𝐸4𝐸4×𝐴4 + 

1𝐹12×𝐴4 + 
1−𝐸5𝐸5×𝐴5 

E1 = Emissivity of the job = 0.82 

E2 = Emissivity of SS310L = 0.92 

F12 = Shape Factor of job to the Inner Shell (SS310L) = 1 

A1 = Area of job = 23.079m2 



A2 = Area of Inner Shell = 34.37m2 

So, Total Resistance = 0.037949 m-2 

q = 293kW  

T4 = 553.01K 

Temperature at shield 5 

 

 

 

q =
 σ  (T4 4– T5 4) Total Resistance 

 

Total resistance includes resistance due to the emissivity of the body and also the shape factor 

resistances are calculated. 

Total Resistance = 
1− 𝐸5𝐸5×𝐴5 + 

1𝐹12×𝐴5 + 
1−𝐸6𝐸6×𝐴6 

E1 = Emissivity of the job = 0.82 

E2 = Emissivity of SS310L = 0.92 

F12 = Shape Factor of job to the Inner Shell (SS310L) = 1 

A1 = Area of job = 23.079 m2 

A2 = Area of Inner Shell = 34.37 m2 

So, Total Resistance = 0.037402m-2 

q = 293K W  

T5 = 449.5K 

 

 

 

 



CONCLUSION 

 

Heat transfer rate is calculated by using heat transfer equation for Co axial cylinder due to 

radiation in vacuum environment. 

Effective thermal resistant from combination of all radiation shields are calculated, job 

temperature and cooling water temperature is known. Other parameter like emissivity, 

conductivity etc.are obtained from property of material.  

From above parameters and governing equations of heat transfer the calculated heat transfer 

rate is Q =  293kw. 

The net heat transfer rate from all radiation shield combined is same as the radiation heat 

transfer rate from individual radiation shield. Thus, equivalent thermal resistant is calculated 

for individual radiation shield. Then temperatures of each radiation shield is back calculated 

using governing equations of heat transfer and is tabulated below: 

 

 

 

 

 

 

 

 

 

 

 

S.no Shields Temperature 

1 Shield No 1 744oC 

2 Shield No 2 419oC 

3 Shield No 3 358oC 

4 Shield No 4 280oC 

5 Shield No 5 176oC 
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ABSTRACT 

 

The 3D EXPERIENCE PLATFORM is a business experience platform .It provides 

software solutions for every organization in your company form  Marketing to sale to 

engineering that help you, in your value creation process, to create differentiating consumer 

experience, with a single, easy to use interface, it powers Industry solution in a collaborative, 

interactive environment. It is available on premise and on cloud.  

 

Dassault systems offers industry leading application delivered on the 3D EXPERIENCE 

platform: Design &Engineering, Manufacturing & Production Simulation, Governance & 

Life cycle, 3D Design Experience for Professionals, as well as a broad catalog of services 
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CHAPTER-1 

INTRODUCTION TO 3D EXPERIENCE 

 
 Consumers today demand experiences that enrich their lives in meaningful ways. Experience 
thinking is a framework for innovation, focusing on engaging consumers with breathtaking 
experiences that are smarter, intuitive and sustainable. Experience thinking persuades the 
organization to define the product and related services in the context of the customer usage – a 
holistic approach to creating value for the customer. Experience thinking encourages companies 
to consider all aspects of the consumer’s experience – only possible when all the players in the 
innovation process from marketing, sales, design, engineering, manufacturing and the supply 
chain work collaboratively.  
 
The 3DEXPERIENCE platform and apps digitalize the customer experience, with capabilities to 
analyze, design, simulate, engineer and realize experiences. Innovators develop a deep 
understanding of their customer’s operating environment by analyzing social and usage 
information on the platform with a data-driven approach. The experience is modelled in the 
context of the operating environment, capturing intelligent interactions between the environment, 
consumer, product and digital capabilities that harness operational data and provide insightful 
services. Enterprises then simulate and optimize their offerings encompassing all customer 
scenarios. During the operating lifecycle, this model is enriched with valuable insights gleaned 
from the usage data, setting the stage for the next cycle of innovation. 
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3DEXPERIENCE is the most advanced software for product and learning innovation, is 
available in the cloud or on-premises, within your own operating environment. Both options 
bring new capabilities to educators and students who want to experience the engineering 
practices of industry leaders for increased employment opportunities in the new global economy. 
Years of collaboration with educators and students across a wide variety of institutions and 
disciplines has led to a flexible, tailored set of learning solutions. 3DEXPERIENCE for 
Academia encompasses a suite of world-class integrated applications: 

➢ CATIA for product design 
➢ DELMIA for digital manufacturing  
➢ SIMULIA for realistic simulation 
➢ ENOVIA for collaborative innovation 
➢ 3DEXCITE for high-precision rendering and interactive immersion 
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3DEXPERIENCE platform builds on the V6 digital architecture and adds information 
intelligence, dashboarding and social collaboration capabilities. Businesses now create a private 
social collaboration environment on the platform and involve employees, partners, suppliers, 
consumers and other stakeholders as active participants in the innovation process. Leading 
organizations now adopt a big-data approach to understand all aspects of the customer 
experience in a data-driven manner and then model and simulate all aspects of the customer 
experience – virtually perfecting the experience before launching the product to market. 

3DEXPERIENCE ESSENTIALS 

3DEXPERIENCE Essentials is a broad application set built on the Business and Industry 
Innovation baseline, encompassing a vast set of Dassault Systems solutions. 

The ideal basis for universities or technical colleges to support their transition to project-based or 
student-centered learning, 3DEXPERIENCE Essentials provides a complete digital framework 
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for team-based ideation, contextual learning, collective innovation, solution creation and various 
methods for project evaluation. 

3DEXPERIENCE Essentials includes advanced ENOVIA capabilities for configuration 
management, requirements management, change management and compliance processes.  

The Essentials package bundles a large sub-set of CATIA design functions and enables 
conceptualization and detailing of virtually. 

Using DELMIA digital manufacturing tools makes machining, robotics and rapid prototyping an 
integrated exercise, ensuring manufacturability of designs and streamlining of manufacturing 
programming.  

Right-first-time practices are reinforced through mechanism simulation and associative stress 
analysis using SIMULIA and ergonomics simulation.  

The fundamental capabilities of additive manufacturing are built-in for powder-bed fusion 
additive manufacturing, including nesting, automated support design and laser path optimization.  

Converters to and from other applications, as well as 3D printing output formats, are available 
for exchanging data with various partners and devices. 

A fundamental enhancement in 3DEXPERIENCE Essentials is the possibility to create hybrid 
assemblies mixing new data with legacy models from version 5. New functionalities can so be 
applied on existing courses examples without re-creating them. Projects started in V5 for 
instance students’ competitions can easily progress in the up-to-date version. 

Common apps and services to connect everyone to the platform 

The 3DEXPERIENCE platform provides the underpinning apps and services that enable the 
transformation to a digital, data-driven, model-based environment. The common apps and 
services provide an effective way to connect everyone early in the innovation process. Social 
collaboration with 3DSwym is a great way to harness the innovative ideas from everyone. With 
the 3DDashboard users monitor the things they care about – follow online trends, be alerted by 
data feeds, and at the same time monitor enterprise processes and data. Users see everything 
that's happening, 24/7, all in one dashboard. With 3DDrive users securely store their documents 
on the cloud, access them from any device and share them with co-workers and collaborators 
across the value chain. Users collaborate instantly using 3DMessaging with immersive 
visualization of 3D assemblies with 3DPlay.  
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In this internship program we learned about CATIA, SIMULIA and DELMIA. 
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CHAPTER-2 

CATIA 

    2.1 Introduction to CATIA: 

 Catia is the mechanical design software and is capable of addressing the complete product 
development process, from product concept specification through product in service in a fully 
integrated and associative manner. 

      Catia mechanical design discipline products accelerate core activities of development from 
concept to detailed design on to drawing production .mechanical design products also address 
sheet metal requirements and mold manufactures using dedicated applications that dramatically 
enhance productivity and strongly reduce time to market. 

In 3D Experience Catia is present in 3D icon which consists of 3D Modelling apps. 

     Workbenches in CATIA 

➢ PART DESIGN 
➢ GENERATIVE SHAPE DESIGN 
➢ ASSEMBLY DESIGN 
2.2 Part Design 

Catia provides you so many features which make creating complex mechanical design in a 
simple task. The objects created in sketcher are converted into the solid part with the help of part 
modeling tools. 

Features 

➢ Advanced complex features for dedicated best practices 
➢ Knowledge templates repository approach 
➢ Comprehensive specification approach for value added process reducing geometry 

definition and rework 
➢ Process features oriented 

2.2.1 Tools  

➢ Pad  
➢ Pocket 
➢ Shaft 
➢ Groove 
➢ Hole 
➢ Rib 
➢ Slot 
➢ Multi-Section Solid 
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Pad 

Pad tool has the ability to convert any sketch into solid part with given length. If any geometry 
also there in between the outer boundary pad operation considers it as an empty space. 

➢ Select pad tool  
➢ Define types of pads that are 
➢ Dimension 
➢ Up to next 
➢ Up to last 
➢ Up to plane 
➢ Up to surface  
➢ Select sketch 
➢ if you want it to be hollow than select tick option and give limits of thickness 
➢ If you want to extrude body in both sides than check option more and again select type 

and dimensions for second side. 
➢ Select OK for implementation 

 

Pocket  

Pocket is just opposite operation of pad. Operation process is same as pad tool, all other options 
are also same as pad the only difference is removal of material in spite of generating solid part. 

Shaft 

Shaft tool is an operation in which any sketch rotates about an axis and forms a solid part. From 
this operation we can generate any geometry which is symmetric about an axis. 

➢ Draw the sketch with axis line. 
➢ Switch out from sketcher and select Shaft Tool to revolve sketch 360 degree. 
➢ Axis should be draw with sketch. 
➢ Select OK for implementation.   

Groove 

Groove is just opposite operation of shaft. Shaft makes solid part by revolving any sketch about 
an a groove removes material by revolving about an axis. Sketch profile must be closed one for 
this operation. 
 
Hole 

This operation makes a hole that tab be used for bolted joint or for a tap or for any locator pin. 
Hole can be made threaded. 
 
 
Rib 
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Rib operation will increase a 2D profile along to the center curve and create a 3D solid object. 
steps are as follows. 
➢ Draw a Center curve  
➢ Select a plane at perpendicular direction of the end point of a Center curve 
➢ Draw Profile at that Plane  
➢ Switch out the sketcher  
➢ Select rib tool 
➢ Select profile first 
➢ Select center curve 
➢ If all given parameter are correct then it will show you a preview  
➢ Select OK for implementation 

 

Slot 

Slot is just opposite operation of rib. All the procedure of working is same but slot removes 
material according to sketch and rib makes solid part. Here also we follow same procedure as in 
rib. 
 
Multi-section Solid  

Multi-sections solid   can be created by joining two or more section curves along the calculated 
or user-defined guiding curves. One or more leading curves can be used. The result is a closed 
volume. 

Some other important tools used in part design are   
➢ Fillet 
➢ Chamfer 
➢ Draft 
➢ Shell 
➢ Thickness 

2.2.2 Procedure  

• Open 3d experience  
• Click on 3d icon at top left corner  
• Select part design 
• Click on body  
• Click on sketcher  
• Select the plane to draw 
• Draw the profile of the required part  
• Click on exit icon  
• Select the required operations like pad, shaft etc. 
• For another operation on the same part select another body  
• By using sketcher draw another profile 
• Perform pad operation  
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• Based on the required add or remove the body from another body. This process is known 
as Boolean operation. 

• Perform operations like fillet, chamfer as for the requirement. 
 
 
 
 

 Parts designed using part design: 

 

 



16 
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2.3 Generative Shape Design 

 Generative Shape Design helps to design advanced shapes based on a combination of wireframe 
and extensive multiple surface features. t provides a large set of tools for creating and editing 
shape designs and, when combined with other products such as CATIA Part Design, it meets the 
requirements of solid-based hybrid modeling. 

 

2.3.1 Tools  

➢ Extrude surface 
➢ Revolve 
➢ Sphere 
➢ Cylinder 
➢ Sweep 
➢ Fill 
➢ Join  
➢ Split 
➢ Trim 
➢ Boundary  

Extrude Surface 

This tool extrude surface from already created profile on perpendicular direction of plane 
selected. 
➢ Select the tool 
➢ Select profile and plane extrusion 
➢ Now give limits that is length of extrusion in both sides 
➢ Select ok to implement the work 

Revolve 

 This tool is used to create circular surface. 

➢ Draw a open sketch with a axis line 
➢ Select revolve tool 
➢ Select profile to be revolved  
➢ Select axis line if it is not in sketch  
➢ Define start angle and end angle  
➢ Select OK to implement 

Sphere 

➢ Select sphere tool  
➢ Select center point  
➢ Remain sphere and default  
➢ Define the radius of sphere  
➢ Select the sphere limitations 
➢ Select OK to implement 
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Cylinder 

Draw Cylinder through specify point and direction 

➢ Create a point on a plane 
➢ Select cylinder tool  
➢ Specify center point  
➢ Select plane for direction 
➢ Specify radius 
➢ Specify length1 and length 2 
➢ Chose minor extent or Reverse 
➢ Direction When required 
➢ Select OK 

Sweep 

This the most important tool used in surface design. we can use this tool for generating any type 
of surface that may be straight or it may be twisted or curvilinear form. 

Types of sweep 

➢ Explicit sweep 
➢ Linear sweep 
➢ Circle sweep 
➢ Conical sweep 

Fill 

Fill command is used to crate surface between some intersecting curves but it must be closed. 

➢ Select tool 
➢ Select curves 
➢ Choose continuity 
➢ Press OK 

Join 

➢ The Join tool is used to join two adjacent surfaces or two adjacent curves. 
➢ Choose Join button from the Operation toolbar  
➢ The Join Definition dialog box is displayed 
➢ You are prompted to select the elements (curves or surfaces) to be joined 
➢ Select the elements that you need to join 
➢ Remember that there should not be a large gap between the entities to be joined. 
➢ Choose the OK button from the Joint Definition dialog box to complete the join operation 
➢ The surfaces or curves that are joined together will behave as a single entity 
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Split 

Split This tool will split the surface about any curve and the selected surface. 

➢ Select split tool 
➢ Split dialog box will open  
➢ Select a surface to split 
➢ Select a curve at surface as a cutting element. 
➢ The resulting surface will ready to preview for you. 
➢ Select other side to change side of split 
➢ Select OK 

Trim 

 The Trim tool allows you to trim two intersecting surfaces or curves with respect to each other 

➢ When you choose this tool, the Trim Definition dialog box will be displayed 
➢ Choose a surface as the first element and the other surface as the second element. 
➢ One side of each surface will be displayed as transparent. 
➢ You can choose the other side button to reverse the sides of surfaces to be trimmed. 

Figure shows the surface Trimmed using the Trim tool. 
➢ Figure shows the trimmed surface when the other side buttons are selected for both 
➢ Surfaces from the Trim Definition dialog box. 

Boundary 

Boundary tool will defines the boundary of a surface according to you. This will useful if want to 
use semi boundary of any sketch for our next operation 

➢ Create surface as shown figure 
➢ A dialog box open  
➢ Select surface whose boundary need to redefine 
➢ Select limits for new boundary 
➢ These limits must cross that existing surface at any point and the selected limit sketch 

will not overlap with surface 
➢ Ok for implementation 

 

2.3.2 Procedure  

• Open 3D Experience 
• Click on 3D icon at the top left corner  
• Select generative shape design 
• Click on sketcher 
• Select the plane to draw the profile 
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• Draw the profile  
• Extrude the surface of the profile 
• By using offset planes  draw remaining profile and extrude the surfaces 
• Fill the closed curves according to requirement 
• Join all the surfaces  by using join command 
• Trim the extra projections by using trim command 
• After joining all the surfaces inn single surface fillets are made 

 
 
 Components designed by using generative shape design: 
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2.4 Assembly Design 

Assembly modeling is the process of creating designs that consist of two or more Component. 
Assembled together at their respective work positions. The components are brought together and 
assembled in Assembly Design workbench by applying suitable parametric assembly constraint to 
them. The assembly constraints allow you to restrict the degrees of freedom of components on their 
respective work positions. The assembly files in CATIA are called Product files 
.  
2.4.1 Product Structure Tools 

 

Inserting a existing part 

This tool inserts a part which is already created and saved into .CATPART file. This insets the part in 
non position mode. 
 
 Insert a new part  

This toll gives us a way to create a new component in the assembly workbench. 
 
Insert new product 

This tool is used for inserting another product in the same assembly file. This is used where assembly 
are there in the same product. 
 
Replacing a Component  
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If you places wrong component in assembly then use this tool for replacing it by a correct one. 
➢ Select a component to replace  
➢ now select replace component tool 
➢ The window will open which contains CATPART files 
➢ Select new part 
➢ Select OK for Implementation. 

 

 Multi Instantiation 

This is a tool which can create multiple copies of an inserted part without inserting it again and again. 
It can set them at specified direction and distance from its parent part. 
 
2.4.2 Move Tools 

 

 Manipulation 

Manipulation tool is a small subgroup of tools used for moving a component inside the assembly 
design workbench. This tool includes the tools used to rotate, translate, and move tools. 
Manipulation tool consists of 
➢ Drag along X-axis 
➢ Drag along Y-axis 
➢ Drag along Z-axis 
➢ Drag along any axis 
➢ Drag along XY Plane 
➢ Drag along YZ Plane 
➢ Drag along ZX Plane 
➢ Drag along any  Plane 
➢ Drag around X-axis 
➢ Drag around Y-axis 
➢ Drag around Z-axis 
➢ Drag around any axis 

 
Snap Tool 

The snap tool is used to move the component by snapping the geometric element of the first 
component on selection of the geometric elements. The element selected first will move to snap the 
second element. 
 
Explode 

Explode is command which will breaks your assembly or subassembly and will show you all its -
components individually. 
 

2.4.3 Constraints 

 

Coincidence Constraint 
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This constraint will make coincidence the centre lines of two cylindrical components 
 
Contact constraint 

This constraint will connect surfaces of components. The connected components have no space 
between these two surfaces. 
 
 Offset constraint  

Surface constraint will create zero gap between two surfaces but if it is desired to make some distance 
then offset tool is used. 
 
Angle constraint  

This tool I used for placing two components at an angle. 
 
Fix together 

This is a constraint which fixes two components together. If you want to perform any manipulation 
operation or you are assigning any constraint on any of these components it will automatically applies 
on other because they both are fixed together. 
 
 
 
 
2.4.4 Procedure  

• Open 3D Experience 
• Click on 3D icon at the top left corner  
• Select assembly design 
• Import all the parts required for the assembly. 
• Click on insert existing part 
• Click on physical product at the top of the tree located at top left corner. 
• Select all the parts and import them to the assembly window. 
• Perform the manipulate operations to move the parts and place them in sequence. 
• Fix one part as the reference and assembling should be carried. 
• Give coincidence constraint to the parts. 
• Then give contact constraint to the parts to complete assembly 
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Assembly of screw jack 

 
Parts to be assembled 
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Assembled component 
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CHAPTER -3 

SIMULIA 
3.1 Introduction 

SIMULIA is a complete suite of powerful and realistic solutions that enable users to explore 
the real-world behavior of product, nature, and life.  Simulia makes virtual testing a standard 
business practice that improves the product performance, reduces physical prototypes and 
innovation .It allows the simulation of the designed model by various input parameters. 

Workbenches in Simulia 

➢ MATERIAL DEFINITION  
➢ STRUCTURAL MODEL  
➢ STRUCTURAL SCENARIO 

3.2 Simulia Procedure: 

  Material definition 

➢ Open 3d experience software 

➢ Design a component using part design  
➢ Then for simulation click on V.R  
➢ Select material definition. 
➢ After opening material definition create a material and name it as steel. 
➢ In top left corner of the window a tree related to the material is appeared. It contains 

Material appearance domain and Material simulation domain. 
➢ Click on material simulation domain and add required properties of the material like 

density, Youngs modulus, poison ratio etc. 
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➢ Go to part body created before. 
➢ Click on pick material option in the tool bar located at bottom 

➢ Go to material editor tab and click on steel and the click on product to apply the material. 

Structural model 

➢ Go to V.R and click on structural model. 
➢ Click on finite element methods option which is appeared on the tree. 
➢ Click on nodes and elements then toolbar bar is appeared at the bottom. 
➢ Click on mesh icon and select the mesh type. 
➢ Give mesh size and then apply the mesh by selecting the body. 
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➢ Click on finite element methods. 
➢ Click on properties and select solid section. 

Structural scenario 

➢ Go to V.R and click structural scenario and select simulation type. 

 

➢ Click on setup from the toolbar located at the bottom and click on finite element model 
appeared in the dialogue box. 
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➢ Click on procedure and choose the type of procedure. 
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➢ Click on restraints and choose type of support. 

 

➢ Click on loads and apply the loads required. 

 

 

➢ Click on simulate and the click on simulation checks. 
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➢ Simulation status is appeared. 

 

 

➢ Finally click on simulate and note down the results. 
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CHAPTER-4 

DELMIA 

4.1 Introduction 

DELMIA-Digital Enterprise Lean Manufacturing Interactive Application is powered by the 
3DEXPERIENCE platform. 

DELMIA Digital Manufacturing drives manufacturing innovation and efficiency by planning, 
simulating, and modeling global production processes. DELMIA allows manufacturers to 
virtually experience their entire factory production from the impact of design to determining how 
to meet global demand. These simulation activities allow manufacturers to better address and 
shift processes so as to quickly respond to the competition, or to take advantage of new market 
opportunities. 

 DELMIA Digital Manufacturing capabilities extend visualization beyond the product into 
manufacturing—providing the ability to simulate manufacturing processes before the physical 
plant or production line even exists. By proving out plant level considerations such as 
manufacturing approaches and material flow in the early stages of product development, the 
product concept can be analyzed to determine the best approach to make the product. 
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Workbenches in Delmia 

➢ Manufacturing Item Definition 

➢ Process Planning 

➢ Equipment Allocation 

➢ Assembly Evaluation 

➢  Time Motion and Study 

4.2 Delmia Procedure: 

Importing product 

➢ Open 3d experience. 
➢ Click on import and import the product which is in .3dxml format. 
➢ Right click on product from the tree. 
➢ Then click on open with and select open with advanced. 
➢  Click on expanded with all representative children. 

 

 

Manufacturing item definition 

➢ Go to V.R  click on manufacturing item definition 

➢ Right click on manufacturing item definition window and the click on product A1. 
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➢ Click on manufacturing assembly and create manufacturing item product scope and click 
on product. 

➢  Click on Authoring from toolbar at bottom and click on Create / Update manufacturing. 
➢ Insert required number of manufacturing assemblies and spilt the product in to different 

components by using assignment manager. 

 

 

Process planning 

➢ Go to V.R click on process planning. 
➢ Click on general system. 
➢ Click on manage scope and create scope. 
➢ Insert no. of general systems as per requirement. 
➢ Insert general operations and loading operations in the general systems. 
➢ Select the components from the tree and place them in them general operations and 

loading operations according to the assembling order. 
➢ Click on product flow from the tool bar and create flow between the general operation and 

loading operation in the general system and also create flow between the general systems. 
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Equipment allocation 

➢ Go to V.R click on Equipment allocation 

➢ Right click on PPR context from the tree then click on insert resource, click on 
manufacturing cell, click on main layout , click on create stations  

➢ Create 4 stations each station must have one conveyor and one storage. 
➢ For creating storage and conveyor click on station, click on insert resource. 
➢ Import station with conveyor file of .3dxml format. 
➢ Copy the imported file and open equipment allocation tab and paste it in main layout. 
➢ From the imported file copy storage and conveyor and paste them in the stations created 

before. 
➢ Click on create scope and create scope between main layout and general system. 
➢ Click on station, click on assignment manager and export general system operation to the 

station. 
➢ Define part position and place on conveyors  
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Assembly Evaluation 

➢ Go to V.R click on Assembly Evaluation. 

➢ Click on General system and Right click on Loading operation and then Create Track. 

➢ Copy the Current track to the other operations. 

➢ Click Live Simulate on toolbar located at bottom. 
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CONCLUSION 

From this internship I have learnt  

➢ Modelling of solid parts by using Catia part design. 

➢ Creating complex shapes and surfaces by using Generative shape design. 

➢ Assembling of parts to form a assembled component. 

➢ Meshing and simulating structural components with different supports 
and loads by using Simulia. 

➢ Basic concepts and procedure of Delmia. 
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                                                   ABSTRACT 

Automation is the technology by which a process or procedure is performed with 
minimal human assistance. Automation or automatic control is the use of various control 
systems for operating equipment such as machinery, processes in factories, boilers and heat 
treating ovens, switching on telephone networks, steering and stabilization of ships, aircraft 
and other applications and vehicles with minimal or reduced human intervention. 

Industrial automation is the use of control systems, such as computers or 
robots, and information technologies for handling different processes and machineries in 
an industry to replace a human being. It is the second step beyond mechanization in the 
scope of industrialization 
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Chapter: 1 

INTRODUCTION 

1.1 INTRODUCTION TO ARC: 

The ARC is an initiative by IndoEuroSync to provide real time industrial 
automation solutions in both organizational and academic level. ARC has already been 
organizing regular student seminars in Germany including workshops and live experiments at 
APS in Germany. ARC provides to the students the access to industrial robotics under 
production conditions with remote control. An extensive  exchange program for Indian 
faculty members guarantees the high quality of the educational lessons and practical courses. 
These practical courses allow direct control of the industrial robots in Germany from Indian 
universities. Concretely, the students learn simulating, programming and controlling the 
robots in order to test their results at these industrial robots, which are equipped with 
grippers, sensors, etc. 

Applied Robot Control for Industrial Automation: 
• Each participating university receives a software access for simulation and control of 

industrial robots. 
• Students learn individually and as a team to solve concrete industrial tasks which are 

splits into various suitable sub-tasks for immediate learning success. These tasks are 
supervised by trained Indian faculty members along with remotely participating 
German experts. The automation tasks are designed and developed in cooperation 
with the Indian faculty members.  

 
1.2 Introduction to Automation: 

• Due to the globalisation the manufacturing industry is facing an increasing 
competition on the international market places. 

• Demanded are high quality products with competitive prices. 
• To meet these challenges successfully, fast response to market needs, short time- to -

market based on adequate manufacturing technologies are required. 
         
 
  “Industrial automation can be defined as the use of set technologies and automatic 
control devices that results the automatic operation and control of industrial processes 
without significant human intervention and achieving superior performance than 
manual control”.  

. 
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1.3 INTRODUCTION TO ROBOT: 

          Robotics is a branch of engineering and science that includes electronics engineering, 
mechanical engineering and computer science and so on. This branch deals with the design, 
construction, use to control robots, sensory feedback and information processing. These are 
some technologies which will replace humans and human activities in coming years. These 
robots are designed to be used for any purpose but these are using in sensitive environments 
like bomb detection, deactivation of various bombs etc. Robots can take any form but many 
of them have given the human appearance. The robots which have taken the form of human 
appearance may likely to have the walk like humans, speech, cognition and most importantly 
all the things a human can do. Most of the robots of today are inspired by nature and are 
known as bio-inspired robots 

 

 

THREE LAWS OF ROBOT: 

The best known set of laws are Isaac Asimov's "Three Laws of Robotics". These were 
introduced in his 1942 short story "Runaround", although they were foreshadowed in a few 
earlier stories. The Three Laws are: 

1. A robot may not injure a human being or, through inaction, allow a human being to 
come to harm. 

2. A robot must obey the orders given it by human beings except where such orders 
would conflict with the First Law. 

3. A robot must protect its own existence as long as such protection does not conflict 
with the First or Second Laws 
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Chapter 2 

FUNDAMENTALS OF INDUSTRIAL ROBOTICS 

 

2.1 ROBOT ANATOMY 

2.1.1 Mechanical manipulator : A set of joints and links to position and orient the end of the 
manipulator relative to its base. 

Robot manipulator:  Structure 

 

 

 

Manipulator Joints and Links: 

▪ A robot joint is similar to a human body joint. It provides relative movement 
between two parts of the body. Typical industrial robots have five or six joints. 
Manipulator joints are classified as linear or rotating. Each joint moves its 
output link relative to its input link. Coordinated movement of joints enables 
robot to move, position, and orient objects 

 

 

Types of Joints: 

Linear Joint: Designated by the letter L, it provides straight line motion to output link as 
shown in the figure. 

                                                

 Linear joint 
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Rotational Joint: Designated by the letter R, it provides rotary motion to the output link in 
such a way that, the axis of rotation would be perpendicular to the plane containing the axes 
of both input and output links. 

                                                 

 Rotational joint 

Twisting Joint: Designated by the letter T, it also provides rotary motion to the output link in 
such a way that, the axis of rotation coincides with axes of input and output links. 

                                                   

 Twisted joint 

Revolving Joint: Designated by the letter V, it provides rotary motion to the output link in 
such a way that, the axis of rotation will be perpendicular to the axis of output link and 
coincides with the axis of input link. 

                                                           

 Revolving joint 

 

2.1.2 Controller : Operates the joints in a coordinated fashion to execute a programmed work 
cycle 

 2.1.3 End effecter: Special tooling that connects to the robot's wrist to perform the specific 
task. They are classified into two types, tools and grippers. 

Tools - used for a processing operation: Applications: spot welding guns, spray painting 
nozzles, rotating spindles, heating torches, assembly tools. 
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▪  
 

 

Grippers - designed to grasp and move objects (usually parts):Applications: part placement, 
machine loading and unloading, and palletizing 

Types of Grippers: 
1. Impactive – jaws or claws which physically grasp by direct impact upon the object.  
2. Ingressive – pins, needles or hackles which physically penetrate the surface of the object 
(used in textile, carbon and glass fibre handling).  
3. Astrictive – suction forces applied to the objects surface (whether by vacuum, magneto– or 
electro adhesion).  
4. Contigutive – requiring direct contact for adhesion to take place (such as glue, surface 
tension or freezing).  
 
Mechanical Grippers 

A mechanical gripper is used as an end effector in a robot for grasping the objects with its 
mechanically operated fingers. In industries, two fingers are enough for holding purposes. As 
most of the fingers are of replaceable type, it can be easily removed and replaced.  
A robot requires either hydraulic, electric, or pneumatic drive system to create the input 
power. The power produced is sent to the gripper for making the fingers react. It also allows 
the fingers to perform open and close actions. Most importantly, a sufficient force must be 
given to hold the object.  
In a mechanical gripper, the holding of an object can be done by two different methods such 
as:  

• Using the finger pads as like the shape of the work part.  
• Using soft material finger pads.  

In the first method, the contact surfaces of the fingers are designed according to the work part 
for achieving the estimated shape. It will help the fingers to hold the work part for some 
extent.  
In the second method, the fingers must be capable of supplying sufficient force to hold the 
work part. To avoid scratches on the work part, soft type pads are fabricated on the fingers. 
As a result, the contact surface of the finger and co – efficient of friction are improved. This 
method is very simple and as well as less expensive. It may cause slippage if the force applied 
against the work part is in the parallel direction. The slippage can be avoided by designing 
the gripper based on the force exerted. 
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Pneumatic gripper: 
A pneumatic gripper is a specific type of pneumatic actuator that typically involves either 
parallel or angular motion of surfaces, A.K.A. “tooling jaws or fingers” that will grip an 
object. When combined with other pneumatic, electric, or hydraulic components, the gripper 
can be used as part of a "pick and place" system that will allow a component to be picked up 
and placed somewhere else as part of a manufacturing system.  
 
Types of Pneumatic Grippers:  

The most popular types of pneumatic grippers are the 2 jaw parallel and 2 jaw angular gripper 
styles. Parallel grippers open and close parallel to the object that it will be holding, these are 
the most widely used grippers. They are the simplest to tool and can compensate for some 
dimensional variation. Angular grippers move the jaws in a radial manner to rotate the jaws 
away from the object and therefore require more space. 

 
Adhesive grippers: 

A type of end effector that uses a continuously fed ribbon covered with an adhesive that 
sticks to the objects the robot manipulates. Adhesive grippersare commonly used for 
lightweight materials where other gripper types would be less effective. An adhesion gripper 
is a robot end effector that grasps objects by literally sticking to them. In its most primitive 
form, this type of gripper consists of a rod, sphere, or other solid object covered with two-
sided tape. A major asset of the adhesive gripper is the fact that it is simple. As long as the 
adhesive keeps its “stickiness,” it will continue to function without maintenance. However, 
there are certain limitations. The most significant is the fact that the adhesive cannot readily 
be disabled in order to release the grasp on an object. Some other means, such as devices that 
lock the gripped object into place, must be used. 
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Magnetic grippers: 
Magnetic grippers are most commonly used in a robot as an end effector for grasping the 
ferrous materials. It is another type of handling the work parts other than the mechanical 
grippers and vacuum grippers.  
 

 
 

  

Types of magnetic grippers:  
The magnetic grippers can be classified into two common types, namely: Magnetic grippers 
with 
  
 

Electromagnets:  
Electromagnetic grippers include a controller unit and a DC power for handling the materials. 
This type of grippers is easy to control, and very effective in releasing the part at the end of 
the operation than the permanent magnets. If the work part gripped is to be released, the 
polarity level is minimized by the controller unit before the electromagnet is turned off. This 
process will certainly help in removing the magnetism on the work parts. As a result, a best 
way of releasing the materials is possible in this gripper.  
 
Permanent magnets:  
The permanent magnets do not require any sort of external power as like the electromagnets 
for handling the materials. After this gripper grasps a work part, an additional device called 
as stripper push – off pin will be required to separate the work part from the magnet. This 
device is incorporated at the sides of the gripper.  
The advantage of this permanent magnet gripper is that it can be used in hazardous 
applications like explosion-proof apparatus because of no electrical circuit. Moreover, there 
is no possibility of spark production as well 
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Chapter: 3 

 TYPES OF ROBOTS 

 
3.1 SERIES LINK ROBOT 

 

• Spherical co-ordinate robot. 

• Cylindrical co-ordinate robot. 

• Rectangular co-ordinate or Cartesian co-ordinate robot. 

• Jointed arm robot. 

• Selective Compliance Assembly Robotic Arm (SCARA)  

3.2 PARALLEL LINK ROBOT 

Spherical co-ordinate robot: Joint notation-TRL 

• It consists of a telescopic arm that can be raised or lowered about a horizontal pivot. 
The pivot is mounted on a rotating base. 

• These various joints (T, R and L) provide the robot with the capability to move its 
arm within a spherical space, and hence the name “spherical coordinate robot”.  It has 
a better reach (ability to extend the arm significantly beyond the base) and ability to 
reach into small openings without much interference to sides as in the case of machine 
loading applications. 

                

Figure-1.6: Polar coordinate body and arm assembly 

 

Cylindrical co-ordinate robot: Joint notation-TLL 

o It uses a vertical column and a slide that can be moved up or down along the column.  
o The robot arm is attached to the slide so that it can be moved radially with respect to 

the column.  
o By rotating the column, the robot is capable of achieving a work space that 

approximates a cylinder 
o It possesses better rigidity and load carrying capacity. 
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Figure-1.7: Cylindrical coordinate robot 

Rectangular co-ordinate or Cartesian co-ordinate robot: Joint notation-LLL 

o It uses three perpendicular slides to construct x, y, and z axes. 
o By moving the three slides relative to one another, the robot is capable of operating 

within a rectangular work envelope. 
o By virtue of inherent rigidity, this configuration exhibits better repeatability and high 

load carrying capacity. 

 

                                       

 Cartesian coordinate robot 

Jointed arm robot: Joint notation-TRR 

o It is made up of three rotary joints. Twisted joint at the base followed by two rotary 
joints. 

o This robot configuration is also known as anthropomorphic as its anatomy is similar 
to the human arm. Another name for this configuration is articulated robot. 

o It will have better reach. Its work volume is also spherical. 

                                                

                                               Jointed arm robot 

   Selective Compliance Assembly Robotic Arm (SCARA): Joint notation-VRL 
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• It is similar to jointed-arm robot except that vertical axes are used for shoulder and 
elbow joints to be compliant in horizontal direction for vertical insertion tasks. 

• Its work volume assume a cylindrical shape 

                                                       

SCARA 

 

3.2 PARALLEL LINK ROBOT: 

• Industrial manipulators and parallel robots are often used for tasks, such as drilling or 
milling, that require three translational, but only two rotational degrees of freedom 
(“3T2R”). 
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Chapter: 4 

Motion control 

4.1ROBOT MOTION CONTROL 

 

Main controller tasks: 

• Motion Control & Path Planning 

• Communication (with control panel, teach 
box, external PC) 

• Operator support (set-up, programming, test /automatic mode) 

• Programming 

• Control of tools (gripper, etc.), peripheral devices (turn tables, conveyors, etc.), 
processes (welding, cutting, grinding, etc.) 

• Sensor data processing (adaptive functions) 

• Control of I/O processes (digital, analog, serial, fieldbus) 

• Data management (display, store, print, delete, etc.) 

• Error management 

• Safety functions (emergency stop, reduced speed, etc.) 

Information and data flow: 
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Motion / Path planning:    

• The robot controller determines the movement of the robot in consideration of 
the programmed movement type  

• Each movement is related to the endeffector. It is specified by pose, velocity 

and acceleration 

• Pose“ represents position as well as orientation of the endeffector 

 

Movement types: 

• PTP mode – Point-to-point movement (Motion without any interpolation) 

• CP mode - Continues path  movement(Motion on a path with interpolation) 
 

 

Point- to- point movement: 

 

Continuous path movement: linear motion 

 

Motion with Circular interpolation: 
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CP-Motion / Path planning scheme: 

 

• Any robot movement of the CP type will be performed by deviding the 
planned path into small path sections defined by interpolation points  
trajectory 

 

• The distance between two interpolation points is determined by the „interpolation 

cycle time T
IPO

“; 
• Interpolation is performed in the Cartesian space; 

 
• For any interpolation, position data (joint angles) have to be transformed from joint 

coordinates into Cartesian coordinates 
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Interpolation Cycle Time T
IPO

: 

TIPO = cycle time spent by the robot controller to calculate a new set of set point values 
(joint angles) as input to the position control loops of each axis. 

 currently: 10-12 ms interpolation cycle time 

 trend: 7- 4ms interpolation cycle time 

 A shorter TIPO results in higher path accuracy 

Motion and path planning: 

 

 

Information and data flow: 
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Chapter: 5 

ROBOT PROGRAMMING 

5.1 Robot programming: 

• Robot programming is a process of setting up of motion sequences of other activities 
the robot shall execute on demand. 

• Supported is a process of robot programming by special software. The software offers 
the user a set of coded commands &instructions that tell the robot system what task to 
do. 

• In general the robot software for programming is of highly proprietary nature. Each 
robot manufacturer provides their own software. 

• There is a lack of standardization. However, enough similarities between different 
programming languages help to gain a broad understanding of robot programming 
without having explicit knowledge of each language. 

5.2 Programming Languages: 

• ABB robot language: RAPID 
• STAUBLI robot language: VAL3 
• KUKA robot language: KRL 
• COMAU robot language: PDL2 
• YASKAWA robot language: INFORM 
• FANUC robot language: KAREL 
• UNVERSAL robot language: UR Script 
• ONLINE Programming: Program generation with real physical robot 
• OFFLINE Programming: Program generation with virtual robot models 

5.3 Robot Motion Programming: 

 

 

 

Basic task in robot motion programming: 
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• Determination of TCP position tool orientation in the Cartesian space. The 
combination of these two entities is known as POSE of a robot. 

• Path: Consists of ordered locations of points in 3D space, which the robot shall 
follow. A planned path is usually taking into account the avoidance of any collision 
with obstacles & the shortest path. 

• Trajectory: Represents a path based on two or more way points including velocities & 
accelerations in each of the way points. 

There are two movements in robot motion programming: 

1. PTP- Point to Point Movement 

 

2. Continuous Path Movement 

 

 

5.4 Robot Programming Modes 

According to the consistent performance by the robots in industries, the robot 

programming can be divided in two common types such as: 

  

• Lead through Programming Method 

• Textual Robot Languages 

  

5.4.1 Lead through Programming Method: 

During this programming method, the traveling of robots is based on the desired  movements, 

and it is stored in the external controller memory. There are two modes of a control system in 

this method such as a run mode and teach mode. The program is taught in the teach mode, 

and it is executed in the run mode. The leadthrough programming method can be done by two 

methods namely: 
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• Powered Lead through Method 

• Manual Lead through Method 

  

 

 

a)  Powered Lead through Method: 

  

The powered lead through is the common programming method in the industries. 

A teach pendant is incorporated in this method for controlling the motors available in the 

joints. It is also used to operate the robot wrist and arm through a sequence of points. The 

playback of an operation  is done  by  recording  these  points. The  control  of  complex 

geometric  moves is difficult to perform  in  the  teach  pendant.  As a  result,  this  method  is 

good  for point  to point movements. Some of the key applications are spot welding, machine 

loading & unloading, and part transfer process. 

  

b)  Manual Lead through Method: 

  

In this method, end effector is moved robot’s physically by the programmer at the 

desired movements. Sometimes, it may be difficult to move large robot arm manually. To get 

rid of it a teach button is implemented in the wrist for special programming. The manual lead 

through method is also known as Walk Through method. It is mainly used to perform 

continuous path movements. This method is best for spray painting and arc welding 

operations. 
 

Offline Programming of Industrial Robots: 

Robot studio software is used for programming of industrial robots in offline mode. The 
robot studio software is only used for ABB robots 

 

ABB Robot Studio: 
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• Robot studio is a offline programming & robot simulation system. 
• The best way to maximize return of interest is to create robot programming offline on 

a pc. In this case there is no need to stop the production. 
• Robot studio allows tasks like programming, training, simulation, optimization of 

application programs. 
• Robot studio is using graphical models of ABB robots & is built on ABB virtual robot 

controller. 
• The ABB virtual robot controller consists of copy of the real control software. 

Therefore realistic simulations are provided by the tool. 
 

Robot Studio Features: 

• Design of robot stations (Layout) 
• Modelling of objects(solid, curves, surfaces) 
• Programming of robot (path, orientation of tools, external axis) 
• Virtual Controller (copy of real control software) 
• Generation of RAPID code 
• Loading & saving programs 
• Simulation of programs (collision detection, creating events, simulation time 

measurement, I/O simulation) 

 

 

 5.5: ROBOT PROGRAMMES 

(A) Pick & Place in Palletizing 

Step1: Measuring sensor to table distance to detect presence & position of table plate 

 

Step2: Measuring sensor to box distance to detect presence of boxes 
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Step3: Positioning & release of box to set up a new stack or to fill a stack 

 

 

(B)Assembly of wind shields in a sidewall of railway wagon 

Step 1.Robot in home position 

 

Step 2.Moving to window position: 
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Step 3.Measuring of window position laser distance sensor 

 

Step 4.Moving back to first wind shield 

 

Step 5.Picking up first windshield 

 

Step 6.Windshield into assembly position 

 

Step 7.Windshield in assembly position 
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Step 8.Windshield assembled 

 

 

Chapter: 6  

 Advantages and disadvantages of Automation 

6.1 Advantages: 

• To increase productivity 

Automation of factory or manufacturing or process plant improves production rate through a 

better control of production. It helps to produce mass production by drastically reducing 

assembly time per product with a greater production quality. Therefore, for a given labor 

input it produces a large amount of output. 

 

 

 

https://www.electricaltechnology.org/wp-content/uploads/2015/09/Advantages-of-Industrial-Automation.-Production-in-industries.jpg
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▪ To provide optimum cost of operation 

Integration of various processes in industry with automated machineries, minimizes cycle 

times and effort and hence the need of human labor gets reduced. Thus the investment on 

employees has been saved with automation. 

▪ To improve product quality 

Since the automation reduces the human involvement, the possibility of human errors also 

gets eliminated. Uniformity and product quality with a greater conformity can be maintained 

with automation by adaptively controlling and monitoring the industrial processes in all 

stages right from inception of a product to an end product. 

▪ To reduce routine checks 

Automation completely reduces the need for manual checking of various process parameters. 

By taking advantage of automation technologies, industrial processes automatically adjusts 

process variables to set or desired values using closed loop control techniques.  

 

• To raise the level of safety 

Industrial automation increases the level of safety to personnel by substituting them with 

automated machines in hazardous working conditions. Traditionally, industrial robots 

and robotic devices are implemented in such risky and hazardous places. 
 

https://www.electricaltechnology.org/wp-content/uploads/2015/09/Manual-Control.Why-Industrial-Automation.jpg
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6.2 Manufacturing Automation with Industrial Robots 

6.2.1 Advantages: 

- Improvement of productivity and efficiency in production  

- Provide better effectiveness (2-3 shifts)  

- Reduction of throughput times 

- Improvement of product quality  

- increase high repeatability  

- High positioning accuracy  

- Better working conditions for human  

- Reduction of hazards to the work forces  

- Better flexibility to change (compared to single-purpose machinery)  

- Save of material and energy - save of labour cost 

6.2.2Disadvantages: 

• High initial costs 

• Security threats 

• High and sometimes unpredictable cost for further development, add-on or 
upgrade 

• Personnel of higher qualification is requested; operators need sufficient training 
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Chapter: 7 

Conclusion 

Following conclusions are from the Applied Robot Controller 1.0 and they are 

➢ We learned about essential characteristics of industrial robots and types of 
robots. 

➢  Types of links are used in robot and also types of kinematic structure used in 
robots.  

➢ Different types of programming modes  
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ABSTRACT

The 3D EXPERIENCE PLATFORM is a business experience platform .It provides 

software solutions for every organization in your company form  Marketing to sale to 

engineering that help you, in your value creation process, to create differentiating 

consumer experience, with a single, easy to use interface, it powers Industry solution in a 

collaborative, interactive environment. It is available on premise and on cloud. 

Dassault systems offers industry leading application delivered on the 3D EXPERIENCE 

platform: Design &Engineering, Manufacturing & Production Simulation, Governance & 

Life cycle, 3D Design Experience for Professionals, as well as a broad catalog of services
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CHAPTER-1 

INTRODUCTION TO 3D EXPERIENCE 
 

 Consumers today demand experiences that enrich their lives in meaningful ways. Experience 
thinking is a framework for innovation, focusing on engaging consumers with breathtaking 
experiences that are smarter, intuitive and sustainable. Experience thinking persuades the 
organization to define the product and related services in the context of the customer usage – a 
holistic approach to creating value for the customer. Experience thinking encourages companies 
to consider all aspects of the consumer’s experience – only possible when all the players in the 
innovation process from marketing, sales, design, engineering, manufacturing and the supply 
chain work collaboratively.  
 
The 3DEXPERIENCE platform and apps digitalize the customer experience, with capabilities to 
analyze, design, simulate, engineer and realize experiences. Innovators develop a deep 
understanding of their customer’s operating environment by analyzing social and usage 
information on the platform with a data-driven approach. The experience is modelled in the 
context of the operating environment, capturing intelligent interactions between the environment, 
consumer, product and digital capabilities that harness operational data and provide insightful 
services. Enterprises then simulate and optimize their offerings encompassing all customer 
scenarios. During the operating lifecycle, this model is enriched with valuable insights gleaned 
from the usage data, setting the stage for the next cycle of innovation. 
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3DEXPERIENCE is the most advanced software for product and learning innovation, is 
available in the cloud or on-premises, within your own operating environment. Both options 
bring new capabilities to educators and students who want to experience the engineering 
practices of industry leaders for increased employment opportunities in the new global economy. 
Years of collaboration with educators and students across a wide variety of institutions and 
disciplines has led to a flexible, tailored set of learning solutions. 3DEXPERIENCE for 
Academia encompasses a suite of world-class integrated applications: 

 CATIA for product design 
 DELMIA for digital manufacturing  
 SIMULIA for realistic simulation 
 ENOVIA for collaborative innovation 
 3DEXCITE for high-precision rendering and interactive immersion 
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3DEXPERIENCE platform builds on the V6 digital architecture and adds information 
intelligence, dashboarding and social collaboration capabilities. Businesses now create a private 
social collaboration environment on the platform and involve employees, partners, suppliers, 
consumers and other stakeholders as active participants in the innovation process. Leading 
organizations now adopt a big-data approach to understand all aspects of the customer 
experience in a data-driven manner and then model and simulate all aspects of the customer 
experience – virtually perfecting the experience before launching the product to market. 

3DEXPERIENCE ESSENTIALS 
3DEXPERIENCE Essentials is a broad application set built on the Business and Industry 
Innovation baseline, encompassing a vast set of Dassault Systems solutions. 
The ideal basis for universities or technical colleges to support their transition to project-based or 
student-centered learning, 3DEXPERIENCE Essentials provides a complete digital framework 
for team-based ideation, contextual learning, collective innovation, solution creation and various 
methods for project evaluation. 
3DEXPERIENCE Essentials includes advanced ENOVIA capabilities for configuration 
management, requirements management, change management and compliance processes.  
The Essentials package bundles a large sub-set of CATIA design functions and enables 
conceptualization and detailing of virtually. 

Using DELMIA digital manufacturing tools makes machining, robotics and rapid prototyping an 
integrated exercise, ensuring manufacturability of designs and streamlining of manufacturing 
programming.  
Right-first-time practices are reinforced through mechanism simulation and associative stress 
analysis using SIMULIA and ergonomics simulation.  
The fundamental capabilities of additive manufacturing are built-in for powder-bed fusion 
additive manufacturing, including nesting, automated support design and laser path optimization.  
Converters to and from other applications, as well as 3D printing output formats, are available 
for exchanging data with various partners and devices. 

A fundamental enhancement in 3DEXPERIENCE Essentials is the possibility to create hybrid 
assemblies mixing new data with legacy models from version 5. New functionalities can so be 
applied on existing courses examples without re-creating them. Projects started in V5 for 
instance students’ competitions can easily progress in the up-to-date version. 

Common apps and services to connect everyone to the platform 

The 3DEXPERIENCE platform provides the underpinning apps and services that enable the 
transformation to a digital, data-driven, model-based environment. The common apps and 
services provide an effective way to connect everyone early in the innovation process. Social 
collaboration with 3DSwym is a great way to harness the innovative ideas from everyone. With 



4 
 

the 3DDashboard users monitor the things they care about – follow online trends, be alerted by 
data feeds, and at the same time monitor enterprise processes and data. Users see everything 
that's happening, 24/7, all in one dashboard. With 3DDrive users securely store their documents 
on the cloud, access them from any device and share them with co-workers and collaborators 
across the value chain. Users collaborate instantly using 3DMessaging with immersive 
visualization of 3D assemblies with 3DPlay.  
 

 

 

In this internship program we learned about CATIA, SIMULIA and DELMIA. 
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CHAPTER-2 

CATIA 
    2.1 Introduction to CATIA: 

 Catia is the mechanical design software and is capable of addressing the complete product 
development process, from product concept specification through product in service in a fully 
integrated and associative manner. 

      Catia mechanical design discipline products accelerate core activities of development from 
concept to detailed design on to drawing production .mechanical design products also address 
sheet metal requirements and mold manufactures using dedicated applications that dramatically 
enhance productivity and strongly reduce time to market. 

In 3D Experience Catia is present in 3D icon which consists of 3D Modelling apps. 

     Workbenches in CATIA 

 PART DESIGN 
 GENERATIVE SHAPE DESIGN 
 ASSEMBLY DESIGN 

 

2.2 Part Design 

Catia provides you so many features which make creating complex mechanical design in a 
simple task. The objects created in sketcher are converted into the solid part with the help of part 
modeling tools. 

Features 

 Advanced complex features for dedicated best practices 
 Knowledge templates repository approach 
 Comprehensive specification approach for value added process reducing geometry 

definition and rework 
 Process features oriented 

2.2.1 Tools  

 Pad  
 Pocket 
 Shaft 
 Groove 
 Hole 
 Rib 
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 Slot 
 Multi-Section Solid 

Pad 

Pad tool has the ability to convert any sketch into solid part with given length. If any geometry 
also there in between the outer boundary pad operation considers it as an empty space. 

 Select pad tool  
 Define types of pads that are 
 Dimension 
 Up to next 
 Up to last 
 Up to plane 
 Up to surface  
 Select sketch 
 if you want it to be hollow than select tick option and give limits of thickness 
 If you want to extrude body in both sides than check option more and again select type 

and dimensions for second side. 
 Select OK for implementation 

 

Pocket  
Pocket is just opposite operation of pad. Operation process is same as pad tool, all other options 
are also same as pad the only difference is removal of material in spite of generating solid part. 

Shaft 

Shaft tool is an operation in which any sketch rotates about an axis and forms a solid part. From 
this operation we can generate any geometry which is symmetric about an axis. 

 Draw the sketch with axis line. 
 Switch out from sketcher and select Shaft Tool to revolve sketch 360 degree. 
 Axis should be draw with sketch. 
 Select OK for implementation.   

Groove 
Groove is just opposite operation of shaft. Shaft makes solid part by revolving any sketch about 
an a groove removes material by revolving about an axis. Sketch profile must be closed one for 
this operation. 
 
Hole 
This operation makes a hole that tab be used for bolted joint or for a tap or for any locator pin. 
Hole can be made threaded. 
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Rib 
Rib operation will increase a 2D profile along to the center curve and create a 3D solid object. 
steps are as follows. 
 Draw a Center curve  
 Select a plane at perpendicular direction of the end point of a Center curve 
 Draw Profile at that Plane  
 Switch out the sketcher  
 Select rib tool 
 Select profile first 
 Select center curve 
 If all given parameter are correct then it will show you a preview  
 Select OK for implementation 

 

Slot 
Slot is just opposite operation of rib. All the procedure of working is same but slot removes 
material according to sketch and rib makes solid part. Here also we follow same procedure as in 
rib. 
 
Multi-section Solid  
Multi-sections solid   can be created by joining two or more section curves along the calculated 
or user-defined guiding curves. One or more leading curves can be used. The result is a closed 
volume. 
Some other important tools used in part design are   
 Fillet 
 Chamfer 
 Draft 
 Shell 
 Thickness 

 

2.2.2 Procedure  
 Open 3d experience  
 Click on 3d icon at top left corner  
 Select part design 
 Click on body  
 Click on sketcher  
 Select the plane to draw 
 Draw the profile of the required part  
 Click on exit icon  
 Select the required operations like pad, shaft etc. 



 

 For another operation on 
 By using sketcher draw another profile
 Perform pad operation  
 Based on the required add or remove the body from another body. This process is known 

as Boolean operation. 
 Perform operations like fillet, chamfer as for the requirement

 
 
 
 

 Parts designed using part design:
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 the same part select another body  
raw another profile 

Based on the required add or remove the body from another body. This process is known 

Perform operations like fillet, chamfer as for the requirement. 

designed using part design: 

Based on the required add or remove the body from another body. This process is known 
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2.3 Generative Shape Design 
 Generative Shape Design helps to design advanced shapes based on a combination of wireframe 
and extensive multiple surface features. t provides a large set of tools for creating and editing 
shape designs and, when combined with other products such as CATIA Part Design, it meets the 
requirements of solid-based hybrid modeling. 
 
2.3.1 Tools  
 Extrude surface 
 Revolve 
 Sphere 
 Cylinder 
 Sweep 
 Fill 
 Join  
 Split 
 Trim 
 Boundary  

Extrude Surface 
This tool extrude surface from already created profile on perpendicular direction of plane 
selected. 
 Select the tool 
 Select profile and plane extrusion 
 Now give limits that is length of extrusion in both sides 
 Select ok to implement the work 

Revolve 

 This tool is used to create circular surface. 

 Draw a open sketch with a axis line 
 Select revolve tool 
 Select profile to be revolved  
 Select axis line if it is not in sketch  
 Define start angle and end angle  
 Select OK to implement 

Sphere 

 Select sphere tool  
 Select center point  
 Remain sphere and default  
 Define the radius of sphere  
 Select the sphere limitations 
 Select OK to implement 
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Cylinder 

Draw Cylinder through specify point and direction 

 Create a point on a plane 
 Select cylinder tool  
 Specify center point  
 Select plane for direction 
 Specify radius 
 Specify length1 and length 2 
 Chose minor extent or Reverse 
 Direction When required 
 Select OK 

Sweep 

This the most important tool used in surface design. we can use this tool for generating any type 
of surface that may be straight or it may be twisted or curvilinear form. 

Types of sweep 

 Explicit sweep 
 Linear sweep 
 Circle sweep 
 Conical sweep 

Fill 

Fill command is used to crate surface between some intersecting curves but it must be closed. 

 Select tool 
 Select curves 
 Choose continuity 
 Press OK 

Join 

 The Join tool is used to join two adjacent surfaces or two adjacent curves. 
 Choose Join button from the Operation toolbar  
 The Join Definition dialog box is displayed 
 You are prompted to select the elements (curves or surfaces) to be joined 
 Select the elements that you need to join 
 Remember that there should not be a large gap between the entities to be joined. 
 Choose the OK button from the Joint Definition dialog box to complete the join operation 
 The surfaces or curves that are joined together will behave as a single entity 
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Split 

Split This tool will split the surface about any curve and the selected surface. 

 Select split tool 
 Split dialog box will open  
 Select a surface to split 
 Select a curve at surface as a cutting element. 
 The resulting surface will ready to preview for you. 
 Select other side to change side of split 
 Select OK 

Trim 

 The Trim tool allows you to trim two intersecting surfaces or curves with respect to each other 

 When you choose this tool, the Trim Definition dialog box will be displayed 
 Choose a surface as the first element and the other surface as the second element. 
 One side of each surface will be displayed as transparent. 
 You can choose the other side button to reverse the sides of surfaces to be trimmed. 

Figure shows the surface Trimmed using the Trim tool. 
 Figure shows the trimmed surface when the other side buttons are selected for both 
 Surfaces from the Trim Definition dialog box. 

Boundary 

Boundary tool will defines the boundary of a surface according to you. This will useful if want to 
use semi boundary of any sketch for our next operation 

 Create surface as shown figure 
 A dialog box open  
 Select surface whose boundary need to redefine 
 Select limits for new boundary 
 These limits must cross that existing surface at any point and the selected limit sketch 

will not overlap with surface 
 Ok for implementation 

 
2.3.2 Procedure  

 Open 3D Experience 
 Click on 3D icon at the top left corner  
 Select generative shape design 
 Click on sketcher 
 Select the plane to draw the profile 
 Draw the profile  
 Extrude the surface of the profile 



 

 By using offset planes  draw 
 Fill the closed curves according to requirement
 Join all the surfaces  by using join command
 Trim the extra projections by using trim command
 After joining all the surfaces inn 

 
 
 Components designed by using generative shape design
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draw remaining profile and extrude the surfaces 
Fill the closed curves according to requirement 

surfaces  by using join command 
Trim the extra projections by using trim command 
After joining all the surfaces inn single surface fillets are made 

designed by using generative shape design: 
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2.4 Assembly Design 
Assembly modeling is the process of creating designs that consist of two or more Component. 
Assembled together at their respective work positions. The components are brought together and 
assembled in Assembly Design workbench by applying suitable parametric assembly constraint to 
them. The assembly constraints allow you to restrict the degrees of freedom of components on their 
respective work positions. The assembly files in CATIA are called Product files 
.  
2.4.1 Product Structure Tools 
 
Inserting a existing part 
This tool inserts a part which is already created and saved into .CATPART file. This insets the part in 
non position mode. 
 
 Insert a new part  
This toll gives us a way to create a new component in the assembly workbench. 
 
Insert new product 
This tool is used for inserting another product in the same assembly file. This is used where assembly 
are there in the same product. 
 
Replacing a Component  
If you places wrong component in assembly then use this tool for replacing it by a correct one. 

 Select a component to replace  
 now select replace component tool 
 The window will open which contains CATPART files 
 Select new part 
 Select OK for Implementation. 

 
 Multi Instantiation 
This is a tool which can create multiple copies of an inserted part without inserting it again and again. 
It can set them at specified direction and distance from its parent part. 
 
2.4.2 Move Tools 
 
 Manipulation 
Manipulation tool is a small subgroup of tools used for moving a component inside the assembly 
design workbench. This tool includes the tools used to rotate, translate, and move tools. 
Manipulation tool consists of 
 Drag along X-axis 
 Drag along Y-axis 
 Drag along Z-axis 
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 Drag along any axis 
 Drag along XY Plane 
 Drag along YZ Plane 
 Drag along ZX Plane 
 Drag along any  Plane 
 Drag around X-axis 
 Drag around Y-axis 
 Drag around Z-axis 
 Drag around any axis 

 
Snap Tool 
The snap tool is used to move the component by snapping the geometric element of the first 
component on selection of the geometric elements. The element selected first will move to snap the 
second element. 
 
Explode 
Explode is command which will breaks your assembly or subassembly and will show you all its -
components individually. 
 
2.4.3 Constraints 
 
Coincidence Constraint 
This constraint will make coincidence the centre lines of two cylindrical components 
 
Contact constraint 
This constraint will connect surfaces of components. The connected components have no space 
between these two surfaces. 
 
 Offset constraint  
Surface constraint will create zero gap between two surfaces but if it is desired to make some distance 
then offset tool is used. 
 
Angle constraint  
This tool I used for placing two components at an angle. 
 
Fix together 
This is a constraint which fixes two components together. If you want to perform any manipulation 
operation or you are assigning any constraint on any of these components it will automatically applies 
on other because they both are fixed together. 
 
 
 



 

2.4.4 Procedure  
 Open 3D Experience 
 Click on 3D icon at the top left corner 
 Select assembly design 
 Import all the parts required for the assembly.
 Click on insert existing part
 Click on physical product at the top of the tree located at top left corner.
 Select all the parts and import them to the assembly window.
 Perform the manipulate operations to move the parts and place them in sequence.
 Fix one part as the reference and assembling should be 
 Give coincidence constraint 
 Then give contact constraint to the parts to complete assembly

Assembly of screw jack 
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Click on 3D icon at the top left corner  

Import all the parts required for the assembly. 
Click on insert existing part 
Click on physical product at the top of the tree located at top left corner. 

all the parts and import them to the assembly window. 
Perform the manipulate operations to move the parts and place them in sequence.
Fix one part as the reference and assembling should be carried. 

coincidence constraint to the parts. 
contact constraint to the parts to complete assembly 

 

Perform the manipulate operations to move the parts and place them in sequence. 

 



 

 

3.1 Introduction 

SIMULIA is a complete suite of powerful and realistic solutions that enable users to explore 
the real-world behavior of product, 
business practice that improves the product 
innovation .It allows the simulation of the designed model by various 

Workbenches in Simulia 
 MATERIAL DEFINITION 
 STRUCTURAL MODEL 
 STRUCTURAL SCENARIO

3.2 Simulia Procedure: 

  Material definition 

 Open 3d experience software
 Design a component using part design 
 Then for simulation click on V.R 
 Select material definition. 
 After opening material definition create a material
 In top left corner of the window a tree related to the material is 

Material appearance domain and Material simulation domain
 Click on material simulation domain and add required properties of the material like 

density, Youngs modulus, poison
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CHAPTER -3 
SIMULIA 

SIMULIA is a complete suite of powerful and realistic solutions that enable users to explore 
world behavior of product, nature, and life.  Simulia makes virtual testing a standard 

business practice that improves the product performance, reduces physical prototypes 
allows the simulation of the designed model by various input parameters

MATERIAL DEFINITION  
STRUCTURAL MODEL  
STRUCTURAL SCENARIO 

software 
esign a component using part design  
hen for simulation click on V.R  

 
material definition create a material and name it as steel. 

top left corner of the window a tree related to the material is appeared.
Material appearance domain and Material simulation domain. 

Click on material simulation domain and add required properties of the material like 
modulus, poison ratio etc. 

 

SIMULIA is a complete suite of powerful and realistic solutions that enable users to explore 
makes virtual testing a standard 

physical prototypes and 
input parameters. 

appeared. It contains 

Click on material simulation domain and add required properties of the material like 



 

 

 Go to part body created before
 Click on pick material option in the tool bar located at bottom
 Go to material editor tab and

Structural model 

 Go to V.R and click on structural model.
 Click on finite element methods option which is appeared on the tree.
 Click on nodes and elements then toolbar bar is appeared at the 
 Click on mesh icon and select the mesh type.
 Give mesh size and then apply the mesh by selecting the body.
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created before. 
Click on pick material option in the tool bar located at bottom 

material editor tab and click on steel and the click on product to apply the material.

Go to V.R and click on structural model. 
Click on finite element methods option which is appeared on the tree. 
Click on nodes and elements then toolbar bar is appeared at the bottom. 
Click on mesh icon and select the mesh type. 
Give mesh size and then apply the mesh by selecting the body. 

click on steel and the click on product to apply the material. 

 

 



 

 Click on finite element methods.
 Click on properties and select solid section.

Structural scenario 

 Go to V.R and click structural 

 Click on setup from the toolbar located at the bottom and 
appeared in the dialogue box.

19 

Click on finite element methods. 
Click on properties and select solid section. 

Go to V.R and click structural scenario and select simulation type. 

Click on setup from the toolbar located at the bottom and click on finite element model 
appeared in the dialogue box. 

 

click on finite element model 

 



 

 Click on procedure and choose the type of procedure.

 Click on restraints and choose type of 
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Click on procedure and choose the type of procedure. 

Click on restraints and choose type of support. 

 

 



 

 Click on loads and apply the loads required.

 

 Click on simulate and the click on simulation checks.
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Click on loads and apply the loads required. 

Click on simulate and the click on simulation checks. 

 

 



 

 Simulation status is appeared

 

 Finally click on simulate and note down the results.
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Simulation status is appeared. 

Finally click on simulate and note down the results. 
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CHAPTER-4 

DELMIA 
4.1 Introduction 

DELMIA-Digital Enterprise Lean Manufacturing Interactive Application is powered by the 
3DEXPERIENCE platform. 

DELMIA Digital Manufacturing drives manufacturing innovation and efficiency by planning, 
simulating, and modeling global production processes. DELMIA allows manufacturers to 
virtually experience their entire factory production from the impact of design to determining how 
to meet global demand. These simulation activities allow manufacturers to better address and 
shift processes so as to quickly respond to the competition, or to take advantage of new market 
opportunities. 

 DELMIA Digital Manufacturing capabilities extend visualization beyond the product into 
manufacturing—providing the ability to simulate manufacturing processes before the physical 
plant or production line even exists. By proving out plant level considerations such as 
manufacturing approaches and material flow in the early stages of product development, the 
product concept can be analyzed to determine the best approach to make the product. 

 

Workbenches in Delmia 

 Manufacturing Item Definition 

 Process Planning 

 Equipment Allocation 

 Assembly Evaluation 

  Time Motion and Study 

4.2 Delmia Procedure: 

Importing product 

 Open 3d experience. 
 Click on import and import the product which is in .3dxml format. 
 Right click on product from the tree. 
 Then click on open with and select open with advanced. 
  Click on expanded with all representative children. 

 



 

Manufacturing item definition 

 Go to V.R  click on manufacturing item definition
 Right click on manufacturing item definition window and the click on product A1.
 Click on manufacturing assembly and create manufacturing item product scope and click 

on product. 
  Click on Authoring from toolbar at bottom an
 Insert required number of manufacturing assemblies and spilt the product in to different 

components by using assignment manager.
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Go to V.R  click on manufacturing item definition 
manufacturing item definition window and the click on product A1.

Click on manufacturing assembly and create manufacturing item product scope and click 

Click on Authoring from toolbar at bottom and click on Create / Update manufacturing
Insert required number of manufacturing assemblies and spilt the product in to different 
components by using assignment manager. 

 

manufacturing item definition window and the click on product A1. 
Click on manufacturing assembly and create manufacturing item product scope and click 

/ Update manufacturing. 
Insert required number of manufacturing assemblies and spilt the product in to different 

 



 

Process planning 

 Go to V.R click on process planning.
 Click on general system. 
 Click on manage scope and create scope.
 Insert no. of general systems as per requirement.
 Insert general operations and loading operations in the general systems.
 Select the components from the tree

loading operations according to the assembling order.
 Click on product flow from the tool bar and create flow between the general operation and 

loading operation in the general system and also create flow between the general systems.

 

 

Equipment allocation 

 Go to V.R click on Equipment allocation
 Right click on PPR context from the tre

manufacturing cell, click on main layout , click on create stations 
 Create 4 stations each station must have one conveyor and one storage
 For creating storage and conveyor click on 
 Import station with conveyor 
 Copy the imported file and open equipment allocation tab and paste it in main layout.
 From the imported file copy storage and 

before. 
 Click on create scope and 
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Go to V.R click on process planning. 

Click on manage scope and create scope. 
Insert no. of general systems as per requirement. 
Insert general operations and loading operations in the general systems. 
Select the components from the tree and place them in them general operations and 

according to the assembling order. 
Click on product flow from the tool bar and create flow between the general operation and 
loading operation in the general system and also create flow between the general systems.

on Equipment allocation 
context from the tree then click on insert resource

manufacturing cell, click on main layout , click on create stations  
4 stations each station must have one conveyor and one storage. 

For creating storage and conveyor click on station, click on insert resource
station with conveyor file of .3dxml format. 

Copy the imported file and open equipment allocation tab and paste it in main layout.
From the imported file copy storage and conveyor and paste them in the stations created 

 create scope between main layout and general system.

and place them in them general operations and 

Click on product flow from the tool bar and create flow between the general operation and 
loading operation in the general system and also create flow between the general systems. 

 

e then click on insert resource, click on 

on insert resource. 

Copy the imported file and open equipment allocation tab and paste it in main layout. 
conveyor and paste them in the stations created 

main layout and general system. 



 

 Click on station, click on assignment manager and export general system operation to the 
station. 

 Define part position and place on conveyors

Assembly Evaluation 

 Go to V.R click on Assembly Evaluation

 Click on General system and 

 Copy the Current track to the other operations

 Click Live Simulate on toolbar located
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Click on station, click on assignment manager and export general system operation to the 

and place on conveyors  

Assembly Evaluation. 

Click on General system and Right click on Loading operation and then 

Copy the Current track to the other operations. 

on toolbar located at bottom. 

Click on station, click on assignment manager and export general system operation to the 

 

ght click on Loading operation and then Create Track. 
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CONCLUSION 
From this internship I have learnt  

 Modelling of solid parts by using Catia part design. 

 Creating complex shapes and surfaces by using Generative shape design. 

 Assembling of parts to form a assembled component. 

 Meshing and simulating structural components with different supports 
and loads by using Simulia. 

 Basic concepts and procedure of Delmia. 

 



 

An Industrial / Practical Training Report on 

“CATIA, SIMULIA AND DELMIA” 

at  

APSSDC-Gudlavalleru Engineering College  
 

Submitted to 

JAWAHARLAL NEHRU TECHNOLOGICAL UNIVERSITY KAKINADA, KAKINADA 

In Partial Fulfillment of the Requirements for the 

Award of the Degree of 

Bachelor of Technology 

In 

MECHANICAL ENGINEERING 

BY 

A.RAJENDRA 

(17485A0332) 

 
 

Under the Guidance of 

Sri N.PREMDAS, M.Tech (Ph.D)  
Assistant Professor 

 

 

 

DEPARTMENT OF MECHANICAL ENGINEERING 

GUDLAVALLERU ENGINEERING COLLEGE 

(An Autonomous Institute with Permanent Affiliation to JNTUK, Kakinada) 

SESHADRI RAO KNOWLEDGE VILLAGE 

GUDLAVALLERU- 521356 

2019-2020 



 

 

GUDLAVALLERU ENGINEERING COLLEGE 
(An Autonomous Institute with Permanent Affiliation to JNTUK, Kakinada) 

SESHADRI RAO KNOWLEDGE VILLAGE 

GUDLAVALLERU- 521356 

DEPARTMENT OF MECHANICAL ENGINEERING 

 

 

CERTIFICATE 

This is to certify that an internship report entitled “CATIA, SIMULIA AND DELMIA ” 

carried out at APSSDC “Gudlavalleru Engineering College", is a bonified record of work 

by A.RAJENDRA (17485A0332) under my guidance and supervision  and submitted to 

Jawaharlal Nehru Technological University Kakinada,Kakinada, in partial fulfillment of the 

Degree of  Bachelor of Technology in Mechanical Engineering during the academic year 

2019-2020. 

 

 

 

Sri N.Premdas 

 Project Guide 

 

 Dr. M.R.Ch. SASTRY  

Head of The Department 

 



 

ACKNOWLEDGEMENT 

 

I convey my heartfelt thanks to Mr. G. Rama Krishna, Trainer of APSSDC for his 

inspiring assistance during the Internship programme. 

I am very glad to express my deep sense of gratitude to Sri N.Premdas, Assistant 

Professor for guidance during the Internship programme 

 I convey my sincere and indebted thanks to our beloved Professor& Head of the 

Department Dr. M. R. Ch. Sastry and Dr. A. Jawahar Babu - Professor  & Mentor, for 

their encouragement in the completion of Internship programme. 

I also extend my gratitude to our Professor & Principal Dr. P. Ravindra Babu and 

Dr. P. Nageswara Reddy- Professor & Director, for their support in the completion of 

Internship programme. 

I express my thanks to Teaching and Non-Teaching staff of mechanical engineering 

who helped us directly or indirectly in completion of our internship. 

 

 

A.RAJENDRA 

                                                                                                         17485A0332  

 

 

 

 

 

 

 

 

 

 

 



 

 



 

 

ABSTRACT 

 

The 3D EXPERIENCE PLATFORM is a business experience platform .It provides 

software solutions for every organization in your company form  Marketing to sale to 

engineering that help you, in your value creation process, to create differentiating 

consumer experience, with a single, easy to use interface, it powers Industry solution in a 

collaborative, interactive environment. It is available on premise and on cloud.  

 

Dassault systems offers industry leading application delivered on the 3D EXPERIENCE 

platform: Design &Engineering, Manufacturing & Production Simulation, Governance & 

Life cycle, 3D Design Experience for Professionals, as well as a broad catalog of services 
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CHAPTER-1 

INTRODUCTION TO 3D EXPERIENCE 

 Consumers today demand experiences that enrich their lives in meaningful ways. Experience 

thinking is a framework for innovation, focusing on engaging consumers with breathtaking 

experiences that are smarter, intuitive and sustainable. Experience thinking persuades the 

organization to define the product and related services in the context of the customer usage – 

a holistic approach to creating value for the customer. Experience thinking encourages 

companies to consider all aspects of the consumer’s experience – only possible when all the 

players in the innovation process from marketing, sales, design, engineering, manufacturing 

and the supply chain work collaboratively.  

 

The 3DEXPERIENCE platform and apps digitalize the customer experience, with 

capabilities to analyze, design, simulate, engineer and realize experiences. Innovators develop 

a deep understanding of their customer’s operating environment by analyzing social and 

usage information on the platform with a data-driven approach. The experience is modelled 

in the context of the operating environment, capturing intelligent interactions between the 

environment, consumer, product and digital capabilities that harness operational data and 

provide insightful services. Enterprises then simulate and optimize their offerings 

encompassing all customer scenarios. During the operating lifecycle, this model is enriched 

with valuable insights gleaned from the usage data, setting the stage for the next cycle of 

innovation. 
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3DEXPERIENCE is the most advanced software for product and learning innovation, is 

available in the cloud or on-premises, within your own operating environment. Both options 

bring new capabilities to educators and students who want to experience the engineering 

practices of industry leaders for increased employment opportunities in the new global 

economy. Years of collaboration with educators and students across a wide variety of 

institutions and disciplines has led to a flexible, tailored set of learning solutions. 

3DEXPERIENCE for Academia encompasses a suite of world-class integrated applications: 

 CATIA for product design 

 DELMIA for digital manufacturing  

 SIMULIA for realistic simulation 

 ENOVIA for collaborative innovation 

 3DEXCITE for high-precision rendering and interactive immersion 
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3DEXPERIENCE platform builds on the V6 digital architecture and adds information 

intelligence, dashboarding and social collaboration capabilities. Businesses now create a 

private social collaboration environment on the platform and involve employees, partners, 

suppliers, consumers and other stakeholders as active participants in the innovation process. 

Leading organizations now adopt a big-data approach to understand all aspects of the 

customer experience in a data-driven manner and then model and simulate all aspects of the 

customer experience – virtually perfecting the experience before launching the product to 

market. 

3DEXPERIENCE ESSENTIALS 

3DEXPERIENCE Essentials is a broad application set built on the Business and Industry 

Innovation baseline, encompassing a vast set of Dassault Systems solutions. 

The ideal basis for universities or technical colleges to support their transition to project-

based or student-centered learning, 3DEXPERIENCE Essentials provides a complete digital 

framework for team-based ideation, contextual learning, collective innovation, solution 

creation and various methods for project evaluation. 

3DEXPERIENCE Essentials includes advanced ENOVIA capabilities for configuration 

management, requirements management, change management and compliance processes.  

The Essentials package bundles a large sub-set of CATIA design functions and enables 

conceptualization and detailing of virtually. 

Using DELMIA digital manufacturing tools makes machining, robotics and rapid prototyping 

an integrated exercise, ensuring manufacturability of designs and streamlining of 

manufacturing programming.  

Right-first-time practices are reinforced through mechanism simulation and associative stress 

analysis using SIMULIA and ergonomics simulation.  

The fundamental capabilities of additive manufacturing are built-in for powder-bed fusion 

additive manufacturing, including nesting, automated support design and laser path 

optimization.  

Converters to and from other applications, as well as 3D printing output formats, are 

available for exchanging data with various partners and devices. 

A fundamental enhancement in 3DEXPERIENCE Essentials is the possibility to create 

hybrid assemblies mixing new data with legacy models from version 5. New functionalities 
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can so be applied on existing courses examples without re-creating them. Projects started in 

V5 for instance students’ competitions can easily progress in the up-to-date version. 

Common apps and services to connect everyone to the platform 

The 3DEXPERIENCE platform provides the underpinning apps and services that enable the 

transformation to a digital, data-driven, model-based environment. The common apps and 

services provide an effective way to connect everyone early in the innovation process. Social 

collaboration with 3DSwym is a great way to harness the innovative ideas from everyone. 

With the 3DDashboard users monitor the things they care about – follow online trends, be 

alerted by data feeds, and at the same time monitor enterprise processes and data. Users see 

everything that's happening, 24/7, all in one dashboard. With 3DDrive users securely store 

their documents on the cloud, access them from any device and share them with co-workers 

and collaborators across the value chain. Users collaborate instantly using 3DMessaging with 

immersive visualization of 3D assemblies with 3DPlay.  

 

In this internship program we learned about CATIA, SIMULIA and DELMIA. 
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CHAPTER-2 

CATIA 

    2.1 Introduction to CATIA: 

 Catia is the mechanical design software and is capable of addressing the complete product 

development process, from product concept specification through product in service in a fully 

integrated and associative manner. 

      Catia mechanical design discipline products accelerate core activities of development from 

concept to detailed design on to drawing production .mechanical design products also address 

sheet metal requirements and mold manufactures using dedicated applications that 

dramatically enhance productivity and strongly reduce time to market. 

In 3D Experience Catia is present in 3D icon which consists of 3D Modelling apps. 

     Workbenches in CATIA 

 PART DESIGN 

 GENERATIVE SHAPE DESIGN 

 ASSEMBLY DESIGN 

 

2.2 Part Design 

Catia provides you so many features which make creating complex mechanical design in a 

simple task. The objects created in sketcher are converted into the solid part with the help of 

part modeling tools. 

Features 

 Advanced complex features for dedicated best practices 

 Knowledge templates repository approach 

 Comprehensive specification approach for value added process reducing geometry 

definition and rework 

 Process features oriented 
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2.2.1 Tools  

 Pad  

 Pocket 

 Shaft 

 Groove 

 Hole 

 Rib 

 Slot 

 Multi-Section Solid 

Pad 

Pad tool has the ability to convert any sketch into solid part with given length. If any 

geometry also there in between the outer boundary pad operation considers it as an empty 

space. 

 Select pad tool  

 Define types of pads that are 

 Dimension 

 Up to next 

 Up to last 

 Up to plane 

 Up to surface  

 Select sketch 

 if you want it to be hollow than select tick option and give limits of thickness 

 If you want to extrude body in both sides than check option more and again select 

type and dimensions for second side. 

 Select OK for implementation 

Pocket  

Pocket is just opposite operation of pad. Operation process is same as pad tool, all other 

options are also same as pad the only difference is removal of material in spite of generating 

solid part. 

Shaft 

Shaft tool is an operation in which any sketch rotates about an axis and forms a solid part. 

From this operation we can generate any geometry which is symmetric about an axis. 
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 Draw the sketch with axis line. 

 Switch out from sketcher and select Shaft Tool to revolve sketch 360 degree. 

 Axis should be draw with sketch. 

 Select OK for implementation.   

Groove 

Groove is just opposite operation of shaft. Shaft makes solid part by revolving any sketch 

about an a groove removes material by revolving about an axis. Sketch profile must be closed 

one for this operation. 

Hole 

This operation makes a hole that tab be used for bolted joint or for a tap or for any locator 

pin. 

Hole can be made threaded. 

Rib 

Rib operation will increase a 2D profile along to the center curve and create a 3D solid 

object.  

Steps are as follows. 

 Draw a Center curve  

 Select a plane at perpendicular direction of the end point of a Center curve 

 Draw Profile at that Plane  

 Switch out the sketcher  

 Select rib tool 

 Select profile first 

 Select center curve 

 If all given parameter are correct then it will show you a preview  

 Select OK for implementation 

Slot 

Slot is just opposite operation of rib. All the procedure of working is same but slot removes 

material according to sketch and rib makes solid part. Here also we follow same procedure as 

in rib. 

Multi-section Solid  

Multi-sections solid   can be created by joining two or more section curves along the 

calculated or user-defined guiding curves. One or more leading curves can be used. The result 

is a closed volume. 

Some other important tools used in part design are   

 Fillet 



8 

 

 Chamfer 

 Draft 

 Shell 

 Thickness 

2.2.2 Procedure  

 Open 3d experience  

 Click on 3d icon at top left corner  

 Select part design 

 Click on body  

 Click on sketcher  

 Select the plane to draw 

 Draw the profile of the required part  

 Click on exit icon  

 Select the required operations like pad, shaft etc. 

 For another operation on the same part select another body  

 By using sketcher draw another profile 

 Perform pad operation  

 Based on the required add or remove the body from another body. This process is 

known as Boolean operation. 

 Perform operations like fillet, chamfer as for the requirement 

 Parts designed using part design: 
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2.3 Generative Shape Design 

 Generative Shape Design helps to design advanced shapes based on a combination of 

wireframe and extensive multiple surface features. t provides a large set of tools for creating 

and editing shape designs and, when combined with other products such as CATIA Part 

Design, it meets the requirements of solid-based hybrid modeling. 
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2.3.1 Tools  

 Extrude surface 

 Revolve 

 Sphere 

 Cylinder 

 Sweep 

 Fill 

 Join  

 Split 

 Trim 

 Boundary  

Extrude Surface 

This tool extrude surface from already created profile on perpendicular direction of plane 

selected. 

 Select the tool 

 Select profile and plane extrusion 

 Now give limits that is length of extrusion in both sides 

 Select ok to implement the work 

Revolve 

 This tool is used to create circular surface. 

 Draw a open sketch with a axis line 

 Select revolve tool 

 Select profile to be revolved  

 Select axis line if it is not in sketch  

 Define start angle and end angle  

 Select OK to implement 

Sphere 

 Select sphere tool  

 Select center point  

 Remain sphere and default  

 Define the radius of sphere  

 Select the sphere limitations 

 Select OK to implement 
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Cylinder 

Draw Cylinder through specify point and direction 

 Create a point on a plane 

 Select cylinder tool  

 Specify center point  

 Select plane for direction 

 Specify radius 

 Specify length1 and length 2 

 Chose minor extent or Reverse 

 Direction When required 

 Select OK 

 

Sweep 

This the most important tool used in surface design. we can use this tool for generating any 

type of surface that may be straight or it may be twisted or curvilinear form. 

Types of sweep 

 Explicit sweep 

 Linear sweep 

 Circle sweep 

 Conical sweep 

 

Fill 

Fill command is used to crate surface between some intersecting curves but it must be closed. 

 Select tool 

 Select curves 

 Choose continuity 

 Press OK 

 

Join 

 The Join tool is used to join two adjacent surfaces or two adjacent curves. 

 Choose Join button from the Operation toolbar  
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 The Join Definition dialog box is displayed 

 You are prompted to select the elements (curves or surfaces) to be joined 

 Select the elements that you need to join 

 Remember that there should not be a large gap between the entities to be joined. 

 Choose the OK button from the Joint Definition dialog box to complete the join 

operation 

 The surfaces or curves that are joined together will behave as a single entity 

 

Split 

Split This tool will split the surface about any curve and the selected surface. 

 Select split tool 

 Split dialog box will open  

 Select a surface to split 

 Select a curve at surface as a cutting element. 

 The resulting surface will ready to preview for you. 

 Select other side to change side of split 

 Select OK 

Trim 

 The Trim tool allows you to trim two intersecting surfaces or curves with respect to each 

other 

 When you choose this tool, the Trim Definition dialog box will be displayed 

 Choose a surface as the first element and the other surface as the second element. 

 One side of each surface will be displayed as transparent. 

 You can choose the other side button to reverse the sides of surfaces to be trimmed. 

Figure shows the surface Trimmed using the Trim tool. 

 Figure shows the trimmed surface when the other side buttons are selected for both 

 Surfaces from the Trim Definition dialog box. 

Boundary 

Boundary tool will defines the boundary of a surface according to you. This will useful if 

want to use semi boundary of any sketch for our next operation 

 Create surface as shown figure 

 A dialog box open  
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 Select surface whose boundary need to redefine 

 Select limits for new boundary 

 These limits must cross that existing surface at any point and the selected limit sketch 

will not overlap with surface 

 Ok for implementation 

2.3.2 Procedure  

 Open 3D Experience 

 Click on 3D icon at the top left corner  

 Select generative shape design 

 Click on sketcher 

 Select the plane to draw the profile 

 Draw the profile  

 Extrude the surface of the profile 

 By using offset planes  draw remaining profile and extrude the surfaces 

 Fill the closed curves according to requirement 

 Join all the surfaces  by using join command 

 Trim the extra projections by using trim command 

 After joining all the surfaces inn single surface fillets are made 

 Components designed by using generative shape design: 
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2.4 Assembly Design 

Assembly modeling is the process of creating designs that consist of two or more Component. 

Assembled together at their respective work positions. The components are brought together and 

assembled in Assembly Design workbench by applying suitable parametric assembly constraint to 

them. The assembly constraints allow you to restrict the degrees of freedom of components on their 

respective work positions. The assembly files in CATIA are called Product files 
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2.4.1 Product Structure Tools 

Inserting a existing part 

This tool inserts a part which is already created and saved into .CATPART file. This insets the part 

in non position mode. 

 Insert a new part  

This toll gives us a way to create a new component in the assembly workbench. 

Insert new product 

This tool is used for inserting another product in the same assembly file. This is used where 

assembly are there in the same product. 

Replacing a Component  

If you places wrong component in assembly then use this tool for replacing it by a correct one. 

 Select a component to replace  

 now select replace component tool 

 The window will open which contains CATPART files 

 Select new part 

 Select OK for Implementation. 

 Multi Instantiation 

This is a tool which can create multiple copies of an inserted part without inserting it again and 

again. It can set them at specified direction and distance from its parent part. 

 

2.4.2 Move Tools 

 Manipulation 

Manipulation tool is a small subgroup of tools used for moving a component inside the assembly 

design workbench. This tool includes the tools used to rotate, translate, and move tools. 

Manipulation tool consists of 

 Drag along X-axis 

 Drag along Y-axis 

 Drag along Z-axis 

 Drag along any axis 

 Drag along XY Plane 

 Drag along YZ Plane 

 Drag along ZX Plane 

 Drag along any  Plane 

 Drag around X-axis 

 Drag around Y-axis 
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 Drag around Z-axis 

 Drag around any axis 

Snap Tool 

The snap tool is used to move the component by snapping the geometric element of the first 

component on selection of the geometric elements. The element selected first will move to snap the 

second element. 

Explode 

Explode is command which will breaks your assembly or subassembly and will show you all its -

components individually. 

 

2.4.3 Constraints 

Coincidence Constraint 

This constraint will make coincidence the centre lines of two cylindrical components 

Contact constraint 

This constraint will connect surfaces of components. The connected components have no space 

between these two surfaces. 

 Offset constraint  

Surface constraint will create zero gap between two surfaces but if it is desired to make some 

distance then offset tool is used. 

Angle constraint  

This tool I used for placing two components at an angle. 

Fix together 

This is a constraint which fixes two components together. If you want to perform any manipulation 

operation or you are assigning any constraint on any of these components it will automatically 

applies on other because they both are fixed together. 

2.4.4 Procedure  

 Open 3D Experience 

 Click on 3D icon at the top left corner  

 Select assembly design 

 Import all the parts required for the assembly. 

 Click on insert existing part 

 Click on physical product at the top of the tree located at top left corner. 

 Select all the parts and import them to the assembly window. 

 Perform the manipulate operations to move the parts and place them in sequence. 

 Fix one part as the reference and assembling should be carried. 
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 Give coincidence constraint to the parts. 

 Then give contact constraint to the parts to complete assembly 

Assembly of screw jack 

Parts to be assembled 
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Assembled component 
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CHAPTER -3 

SIMULIA 

3.1 Introduction 

SIMULIA is a complete suite of powerful and realistic solutions that enable users to 

explore the real-world behavior of product, nature, and life.  Simulia makes virtual testing 

a standard business practice that improves the product performance, reduces physical 

prototypes and innovation .It allows the simulation of the designed model by various 

input parameters. 

Workbenches in Simulia 

 MATERIAL DEFINITION  

 STRUCTURAL MODEL  

 STRUCTURAL SCENARIO 

3.2 Simulia Procedure: 

  Material definition 

 Open 3d experience software 

 Design a component using part design  

 Then for simulation click on V.R  

 Select material definition. 

 After opening material definition create a material and name it as steel. 

 In top left corner of the window a tree related to the material is appeared. It contains 

Material appearance domain and Material simulation domain. 

 Click on material simulation domain and add required properties of the material like 

density, Youngs modulus, poison ratio etc. 

 Go to part body created before. 

 Click on pick material option in the tool bar located at bottom 

 Go to material editor tab and click on steel and the click on product to apply the 

material. 
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Structural model 

 Go to V.R and click on structural model. 

 Click on finite element methods option which is appeared on the tree. 

 Click on nodes and elements then toolbar bar is appeared at the bottom. 

 Click on mesh icon and select the mesh type. 

 Give mesh size and then apply the mesh by selecting the body. 
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 Click on finite element methods. 

 Click on properties and select solid section. 

Structural scenario 

 Go to V.R and click structural scenario and select simulation type. 

 

 Click on setup from the toolbar located at the bottom and click on finite element model 

appeared in the dialogue box. 
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 Click on procedure and choose the type of procedure. 

 

 

 Click on restraints and choose type of support. 
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 Click on loads and apply the loads required. 

 

 Click on simulate and the click on simulation checks. 
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 Simulation status is appeared. 

 

 Finally click on simulate and note down the results. 
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CHAPTER-4 

DELMIA 

4.1 Introduction 

DELMIA-Digital Enterprise Lean Manufacturing Interactive Application is powered by the 

3DEXPERIENCE platform. 

DELMIA Digital Manufacturing drives manufacturing innovation and efficiency by planning, 

simulating, and modeling global production processes. DELMIA allows manufacturers to 

virtually experience their entire factory production from the impact of design to determining 

how to meet global demand. These simulation activities allow manufacturers to better address 

and shift processes so as to quickly respond to the competition, or to take advantage of new 

market opportunities. 

 DELMIA Digital Manufacturing capabilities extend visualization beyond the product into 

manufacturing—providing the ability to simulate manufacturing processes before the 

physical plant or production line even exists. By proving out plant level considerations such 

as manufacturing approaches and material flow in the early stages of product development, 

the product concept can be analyzed to determine the best approach to make the product. 

Workbenches in Delmia 

 Manufacturing Item Definition 

 Process Planning 

 Equipment Allocation 

 Assembly Evaluation 

  Time Motion and Study 

4.2 Delmia Procedure: 

Importing product 

 Open 3d experience. 

 Click on import and import the product which is in .3dxml format. 

 Right click on product from the tree. 

 Then click on open with and select open with advanced. 
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  Click on expanded with all representative children. 

 

Manufacturing item definition 

 Go to V.R  click on manufacturing item definition 

 Right click on manufacturing item definition window and the click on product A1. 

 Click on manufacturing assembly and create manufacturing item product scope and 

click on product. 

  Click on Authoring from toolbar at bottom and click on Create / Update 

manufacturing. 

 Insert required number of manufacturing assemblies and spilt the product in to 

different components by using assignment manager. 
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Process planning 

 Go to V.R click on process planning. 

 Click on general system. 

 Click on manage scope and create scope. 

 Insert no. of general systems as per requirement. 

 Insert general operations and loading operations in the general systems. 

 Select the components from the tree and place them in them general operations and 

loading operations according to the assembling order. 

 Click on product flow from the tool bar and create flow between the general operation 

and loading operation in the general system and also create flow between the general 

systems. 

 

Equipment allocation 

 Go to V.R click on Equipment allocation 

 Right click on PPR context from the tree then click on insert resource, click on 

manufacturing cell, click on main layout , click on create stations  

 Create 4 stations each station must have one conveyor and one storage. 

 For creating storage and conveyor click on station, click on insert resource. 

 Import station with conveyor file of .3dxml format. 

 Copy the imported file and open equipment allocation tab and paste it in main layout. 

 From the imported file copy storage and conveyor and paste them in the stations 

created before. 

 Click on create scope and create scope between main layout and general system. 
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 Click on station, click on assignment manager and export general system operation to 

the station. 

 Define part position and place on conveyors  

 

Assembly Evaluation 

 Go to V.R click on Assembly Evaluation. 

 Click on General system and Right click on Loading operation and then Create 
Track. 

 Copy the Current track to the other operations. 

 Click Live Simulate on toolbar located at bottom. 
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CONCLUSION 

From this internship I have learnt  

 Modelling of solid parts by using Catia part design. 

 Creating complex shapes and surfaces by using Generative shape design. 

 Assembling of parts to form a assembled component. 

 Meshing and simulating structural components with different 

supports and loads by using Simulia. 

 Basic concepts and procedure of Delmia. 
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ABSTRACT

The 3D EXPERIENCE PLATFORM is a business experience platform

It provides software solutions for every organization in your company

form Marketing to sale to engineering that help you, in your value

creation process, to create differentiating consumer experience, with a

single, easy to use interface, it powers Industry solution in a collaborative,

interactive environment. It is available on premise and on cloud. Explore

the entire portfoli

Dassault systems offers industry leading application delivered on the 3D

EXPERIENCE platform: Design &Engineering, Manufacturing & Production

Simulation, Governance & Life cycle, 3D Design Experience for

Professionals, as well as a broad catalog of services
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Chapter –1

INTRODUCTION

CATIA isacronymforComputer Aided Threedimensional Interactive Applic

ation. It is one of the leading 3D software used by organizations in

multiple industries ranging from aerospace, automobile to consumer

products.

CATIA is a multi platform 3D software suite developed by Dassault

Systems, encompassing CAD, CAM as well as CAE. Dassault is a French

engineering giant active in the field of aviation, 3D design, 3D digital

mock-ups, and product lifecycle management (PLM) software. CATIA is a

solid modelling tool that unites the 3D parametric features with 2D tools

and also addresses every design-to-manufacturing process. In addition

to creating solid models and assemblies, CATIA also provides generating

orthographic, section, auxiliary, isometric or detailed 2D drawing views.

It is also possible to generate model dimensions and create reference

dimensions in the drawing views. The bi-directionally associative

property of CATIA ensures that the modifications made in the model are

reflected in the drawing views and vice-versa.

The first release of CATIA was way back in 1977, and the software suite is

still going strong more than 30 years later. While CATIA V6 is just being
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released, the most popular version of CATIA is V5 which was introduced

in 1998. That said, it is important to note that each version of CATIA

introduces considerable additional functionality. For example, V4

(introduced in 1192) offered enhancements to the Assembly Modeling

Product including easy-to-use graphical tree-based assembly

management. V5 and V6 saw changes in the way data is handled.

Dassault Systemes typically offers new updates, releases and bug fixes

for each version. The CATIA software is written in C++. It runs on both

Unix and Windows.

CATIA started as an in-house development in 1977 by French aircraft

manufacturer AVIONS MARCEL DASSAULT, at that time customer of

the CADAM software to develop Dassault’s Mirage fighter jet. It was later

adopted by the aerospace, automotive, shipbuilding, and other

industries.

Initially named CATI (conception assistee tridimensionnelle interactive –

French for interactive aided three-dimensional design ), it was renamed

CATIA in 1981 when Dassault created a subsidiary to develop and sell the

software and signed a non-exclusive distribution agreement with IBM.

In 1984, the Boeing Company chose CATIA V2 as its main 3D CAD tool,

becoming its largest customer.

In 1988, CATIA V3 was ported from mainframe computers to Unix.

In 1990, General Dynamics Electric Boat Corp chose CATIA as its main 3D

CAD tool to design the U.S. Navy's Virginia class submarine. Also,
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Lockheed was selling its CADAM system worldwide through the channel

of IBM since 1978.

In 1992, CADAM was purchased from IBM, and the next year CATIA

CADAM V4 was published.

In 1996, it was ported from one to four Unix operating systems, including

IBM AIX, Silicon Graphics IRIX, Sun Microsystems SunOS, and Hewlett-

Packard HP-UX.

In 1998, V5 was released and was an entirely rewritten version of CATIA

with support for UNIX, Windows NT and Windows XP (since 2001)

In the years prior to 2000, problems caused by incompatibility between

versions of CATIA (Version 4 and Version 5) led to $6.1B in additional

costs due to years of project delays in production of the Airbus A380.

In 2008, Dassault Systems released CATIA V6. While the server can run

on Microsoft Windows, Linux or AIX, client support for any operating

system other than Microsoft Windows was dropped.

In November 2010, Dassault Systems launched CATIA V6R2011x, the

latest release of its PLM2.0 platform, while continuing to support and

improve its CATIA V5 software.

In June 2011, Dassault Systems launched V6 R2012.

In 2012, Dassault Systems launched V6 2013x.

In 2014, Dassault Systems launched 3DEXPERIENCE Platform

R2014x  and

CATIA on the Cloud, a cloud version of its software.
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In 2018, Dassault Systems launched 3DExperience Marketplaces to

connect CATIA Users, with manufacturers, standard parts creators and

engineers.

In 2019, 3DExperience Marketplaces launched an Add-in in Catia, to

connect directly manufacturers with designers.

Chapter –2

WHAT DOES CATIA DO:-

CATIA provides the capability to visualize designs in 3D. When it was

introduced, this concept was innovative. Since Dassault Systemes did not

have an expertise in marketing, they had revenue sharing tie-up with IBM

which proved extremely fruitful to both the companies to market CATIA.

In the early stages, CATIA was extensively used in the design of the Mirage

aircrafts however the potential of the software soon made it a popular

choice in the automotive sector as well. As CATIA was accepted by more

and more manufacturing companies, Dassault changed the product

classification from CAD / CAM software to Project Lifecycle Management.

The company also expanded the scope of the software.

CATIA can be used at different stages of the design - ideate, draw, test

and iterate. The software comes with different workbenches (“modules”)
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that allow CATIA to be used across varied industries – from parts design,

surface design and assembly to sheet metal design. CATIA can also be

used for CNC.

CATIA offers many workbenches that can be loosely termed as modules. A

few of the important workbenches and their brief functionality description is

given

WORKBENCHES:-

 Part Design

 Generative Shape Design

 Assembly

Part Design:

 The most essential workbench needed for solid modelling. This CATIA

module makes it possible to design precise 3D mechanical parts with an

intuitive and flexible user interface, from sketching in an assembly context

to iterative detailed design.
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Generative Shape Design:

 Allows you to quickly model both simple and complex shapes using

wireframe and surface features. It provides a large set of tools for creating

and editing shape designs. Though not essential, knowledge of Part Design

will be very handy in better utilization of this module.

Assembly: 

The basics of product structure, constraints, and moving assemblies and

parts can be learned quickly. This is the workbench that allows

connecting all the parts to form a machine or a component. 
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CHAPTER-3

SIMULIA

INTRODUCTION:-

All platform users can benefit from the value of simulation by utilizing

the capabilities in the simulation data science discipline taking

Simulation process &data management (SPDM) to the next level.

Powerful results analytics allows users to use simulation results to inform

decision making. Democratization of simulation results and reuse of

simulation methods is enabled through dashboard accesses to a

company’s library of published methods and best-practices. With

simulation analytics, simulation knowledge and its value becomes

available for all platform users

WORK BENCHES USED IN SIMULIA :-

 Material Definiton

 Structural Model

 Structural Model
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MATERAL BROWSER :-

PROCEDURE :-

Go to V.R→Material Definition

Click on Create Material→ Enter the steel and tick the simulation domain

in Add domain

Material Simulation domain → Double click Density value (8020) →
Mechanical→ Elastic→ Young’s modulus
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STRUCTURAL MODEL :-

PROCEDURE :-

Go to V.R→ Structural model click→ Fem controls→ click none

Then Click→ Model (Action Bar)→ Mesh → Octree tetrahedron → Mesh

size (10)→ Select the object→Mesh
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STRUCTURAL SCENARIO :-

PROCEDURE :-

Go to V.R→ Click Structural Scenario→ Simulate type

Click Setup→ Select Finite Element Metod and click ok

Procedures→ Static perturbation

Then you will obtain double ticks

Restrain→ Clamp→ Select one surface→ Click ok

Loads→ Force→ Click on body→ Give force in Z direction
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Simulate→ Simulate check → If there are no errors→ Click simulate→
Ok

RESULTS OF SIMULIA
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CHAPTER-4

DELMIA

INTRODUCTION:-

Manufacturing is debately the most important step in the creation of a

product designs and concepts mean nothing if no part is produced in the

end. Its important to have the manufacturing processes done in the most

efficient way safetly,and with as few errors as possible. This could range

from reducing errors in the machining itself to reducing errors in the

assembly of products with Delmia from the 3D Experience platform

introduced by Dassault systems, these worries will be a thing of the past.
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As described in the introduction Delmia is an app within

the3DExperinence platform that mainly focuses on aiding the

manufacturing process.Depending on the enabled disciplines, these are

things such as the machining of parts,how robotics interacts and

behave,the ergonomics of the work conditions, and many more and with

over 40 different disciplines that cover a wide variety of facets in the

manufacturing process. Companies are sure to find exact ones to aid in

their operations

WORK BENCHES USED IN DELMIA:-

 Manufacturing item definition

 Process planning

 Equipment allocation

 Assembly evaluation
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MANUFACTURING ITEM DEFINITION :-

PROCEDURE :-

→ Go to V.R → manufacturing item definition→ click on manufacturing

assembly→ create manufacturing item product scope and click on product

→ View→ shading with materials

→Authoring→ Create / Update manufacturing→ Next



Gudlavalleru engineering
college

Page
23

PROCESS PLANNING :-

PROCEDURE :-

→ Go to V.R → Process planning→ General system click → Manage scope

→ Click the create scope→ Product 1
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EQUIPMENT ALLOCATION :-

PROCEDURE :-

→ Go to V.R → Equipment allocation → Click on PPR Contex→ Insert

resource→Manufacturing cell and Rename Station as 10,20,30,40

Every station has 1 conveyor, 1 storage

→Station→ Insert Source→ Conveyor

→Station→ Insert Source→ Storage
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ASSEMBLY EVALUATION :-

PROCEDURE :-

Go to V.R→ Assembly Evaluation

Click on General system→ Right click on Loading operation→ Create Track

Copy the Current track to the other operations

Click Live Simulate→ (Bottom bar)
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CONTENTS: 

1. INTRODUCTION 

2. ACTIVITY CHART 

3. MARKETING 

4. DESIGNS 

5. PLANNING: 

• PROCESS PLANNING 
• PRODUCTION PLANNING` Singareni Collieries Co. Ltd., a Govt. Company 

took over APHMEL in 1994, it was located in Kondapalli in Krishna district, 25 km 
from Vijayawada in Andhra Pradesh. 

 

Andhra Pradesh Heavy Machinery & Engineering Limited is a leader and specialist in the 
design, manufacture and supply of material handling equipment and systems. The company 
specializes in the manufacture and supply of high-quality belt conveyor subsystems for the 
mining, steel, thermal power, cement and construction industries. 

 

Enthusiastic people from all walks of the life came forward with their contributions. There was 

no looking back afterwards. On 1st September 1976 Kondapalli woke to an industrial dawn. 

Sprawling over 206 acres. Professionalism has been the hallmark of APHMEL. Machines were 

purchased from world famous manufacturers like HOMMA, SKODA, HMT and HEC etc. 
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ACTIVITY CHART 
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MARKETING 

The Marketing Department was the initial stage where the orders are been bought to the 
organization. 
 

The Main Functions of Marketing Department are: 

▪ Getting the Tender Documents 
▪ Preparations of Estimations 
▪ Submission of Tenders  
▪ Receiving order and Releasing Order Acceptance 
▪ Receipt of customer Drawings 
▪ Arranging Customer Inspection 
▪ Submitting Invoices to customers and getting Payments  

 

DESIGNS 

A working drawings or detailed drawings which contain the manufacturing specifications for a 
component, as determined by the product engineer. It is possible that the process planner may 
find some production difficulties if these specifications are maintained. Consequently, a 
practically feasible design is developed, incorporating such suggestions which will offer no 
difficulties in manufacturing. Such a design is known as the Design for Production. Detailed 
drawings are prepared on basis of it. The main specifications contained by these working 
drawings are as follows: 

▪ Geometrical shape and dimensions of the part 
▪ Tolerance prescribed permissible deviation from these dimensions to facilitate 

interchangeable manufacture 
▪ Machining accuracies desired 
▪ Required surface finishes on surfaces to be machined 
▪ Method of machining to be employed to be achieve required surface finish 
▪ Surfaces to be heat-treated and the type of heat treatment to be given 
▪ Locations and type of surface coatings to be given , if needed 
▪ Bill of materials 
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PLANNING 

PROCESS PLANNING 

The process plan of a product is a comprehensive document which, apart from carrying 
manufacturing details contains detailed plans for solving problems which are likely to be 
encountered and also those which are already known. The main details contained in a 
process plan include 
 

▪ Process Objectives 

Include name of the product, number of product, lot size, requirements of 
rough finished or semi-finished stock, identification of the assembly to which 
that part is to be fitted, quantity of such parts needed for each sub-assembly, 
date of start of manufacturing, order number and name of process planner. 

▪ Details of Operations 

Include the name of operations; sequence of performing these operations is to be 
performed, etc.  

▪ Quality Control Specifications 

Include dimensions, tolerances and surface quality, material specifications, 
indications of clamping and locating surfaces, etc. 
 

▪ Machines and tooling specifications 

Include the type of machine to be used for each operation, details of operations 
to be performed on each machine, location of each machine, accessories and 
attachments to be used, standard tools to be used, special tools to be used, jigs 
and fixtures to be employed, speeds, feeds and depth of cut to be used for each 
operation, method of setting the machine, etc. 
 

▪ Expected performance: 

Include estimated set up time, estimated operating time, total cycle time for each 
lot, total expected production time for each lot, etc. 
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▪ The objectives of process planning is to decide and specify the most efficient and 

economical process for manufacturing the product. Process planners are always busy 

in finding out 

 

➢ cheaper material replacements 

➢ easier and quicker manufacturing methods, 

➢ ways for better utilization of men, materials and machinery 

➢ ways to reduce time of production cycle 

➢ devising better tooling 

➢ simplifying operations and many other similar efforts  

 

PRODUCTION PLANNING 

Production planning department performs the duty of planning the production to be carried out 
in various shops of the plant and periodically inspects the works going on in the plant. The 
major activities and procedures followed in this department are described below. 
Activities –procedures Monthly planning procedures: 

 

❖ Receiving balance order statement from marketing department 
❖  Customers priorities receiving through the marketing department 
❖ Preparing monthly plans according to schedules and customers priority 
❖ While planning considering the materials availability and shop capacity 
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❖ Taking out sourcing decisions for the items beyond the load capacity of shop and to 
meet urgent requirement. 

 
Shop loading procedure: 

❖ Receiving of drawing, layouts, manufacturing order and route card from process 
planning department & along with the demand note  

❖ Releasing the material along with the above document through material and document 
issue registered to production department. 

 
Dispatch procedure: 

❖ Issue the dispatch advice after the completion of final inspection of the items 
❖ Issuing the dispatch advice for offloading the items after inspection 
❖ Issuing the gate pass for sending the items to others branches. 

 
Job card booking procedure: 

 

❖ Job cards will be issued for every operation of the job that is to be booked 
❖ Job card register will be maintained by PPC before issuing the job cards to section or 

shit in charge.   
❖ Month wise filled job cards will be handed over to industrial engineering department. 

 

MATERIAL PLANNING 

Material Planning is a time phased priority-planning technique that calculates material 
requirements and schedules supply to meet demand across all products and parts in one or more 
plants. Information Technology plays a major role in designing and implementing Material 
Requirements Planning systems and processes as it provides information about manufacturing 
needs (linked with customer demand) as well as information about inventory levels. MRP 
techniques focus on optimizing inventory. MRP techniques are used to explode bills of material, 
to calculate net material requirements and plan future production 

1. Issues and controls the material without delay. 
2. Planning of material requirement. 
3. Raising the MPR for various materials. 
4. Controls and issues various materials. 

Planning of material requirements: 

❖ Depending on the sales department and production schedule, various material 
requirements shall be planned by the material planning section 

❖ Designs department shall issue a list indicating the stock items with stock 
numbers 

❖ A list of tools that are to be stocked shall be given by the process planning 
department 

❖ Depending on the material requirement, material planning section shall fix the 
minimum level, re order level and re order quantities for various stock items. 
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Control on the issues of materials: 

❖ A copy bill of materials for every work order giving details of the materials size and 
quantity of materials shall be sent by the designs department indicating the stock 
numbers 

❖ A copy of non-conformity report shall sent for issuing the material to replace the 
rejected /missing quantities 

❖ All the demand notes shall be duly authorized by material planning department before 
issue of material 

 

Maintenance of records: 

 

❖ Material control card shall be maintained updated 
 

❖ Quarterly stock inventory verification shall be made if any discrepancy is found from the 
material control card it shall be informed to manager material 

 
❖ Stock records for the finished parts shall be prepared by material control and send to PPC 

and accounts.               

PURCHASE 

 

Purchasing management is the management of purchasing process, and related aspects in an 

organization. Because of production companies purchase nowadays about 70% of their 

turnover, and service companies purchase approximately 40% of their turnover, purchasing 

management is one of the most critical areas in the entire organization and needs intensive 

management. Purchasing management also covers the areas of outsourcing and in sourcing 

Purchasing Process 

Purchasing Process includes as usual 8 main stages as follows: 

➢ Market survey Requisitioning 

➢ Approving 

➢ Studying Market 

➢ Making Purchase Decision 
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➢ Placing Orders 

➢ Receipting Goods and Services Received 

➢ Accounting Goods and Services 

➢ Receiving Invoices and Making Payment 

➢ Debit note in case of material defect 

 

Objectives: 

➢ To ensure procurement of right material, adhering to the delivery schedule 
➢ To ensure vendor rating once in two years 

 

 

Responsibilities: 

➢ Responsibilities of deputy manager purchase 
➢ Receipt of MPRs / OLRs receipt of requisitions for transport contract,  scrap disposal 
➢ Circulation of enquiries 
➢ Receipt of quotations 
➢ Finalization of purchase order 
➢ Follow up action 
➢ Vendor development 
➢ Technical or commercial negotiations 
➢ To collect budgetary offers 

Authorities: 

➢ To release purchase orders 
➢ To identify and evaluate the vendors 

Procedures for procuring the material 

➢ List of suppliers is prepared and updated from time to time 
➢ For developing new suppliers deputy manager purchase locates potential suppliers and 

forwards enquiries. After receipt of quotation, if necessary a visit will be made to assess 
the capability of the supplier in terms of infrastructure, machinery, manpower and their 
process control method 

➢ Purchase department evaluates the vendor’s performance basing on the material 
quantity, delivery and re-evaluation shall be done on yearly basis. 

For regular purchase from the suppliers 
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➢ Material planning section raises MPRs/OLRs for the procurement of various materials 
and bought out items 

➢ On receipt of MPRs/OLRs by the purchase department, Deputy Manager Purchase sends 
the enquiries 

➢ After reception of quotations, comparative statements are prepared for leveled price 
➢ The concerned file is spent for evaluation of technical suitability to designs department 
➢ The techno commercial negotiations will be held with the suppliers, if required 

STORES 

 

As emphasized earlier, services to the user departments is the principal objective of stores 

functions. It is, however, obviously desirable to provide the services as economically as 

possible. Frequently, but not always, the most important consideration is to keep the stock value 

at the lowest practical level to economize in the use of working capital, which is most of the 

time scarce, and to minimize the cost of storage. It implies that there is some conflict between 

the need for efficient and effective services and the need to economize in stockholdings. On the 

one hand, the more stock held, the easier it is to have items available on demand, on the other 

hand, larger the stock held, greater the cost, though of course ordering very frequently in order 

that holding cost may be kept low can itself lead to high cost 

 

 
OBJECTIVES OF STORES MANAGEMENT: 

 

✓ To provide services to operating functions by balanced flow of raw materials 

components, tools and tackles and other consumable materials. 

✓ To provide these services in the most economical manner, keeping the stocks at the 

Optimum level and bringing down inventory holding and ordering costs to the 

Minimum. 

✓ To account for all the materials received and issued, proper storage to avoid 

Deterioration and loss of materials, economical material handling, stock 

Verification and reconciliation of discrepancies. 

✓ To receive scrap and other discarded materials and arrange prompt and most Economical 

disposal. 

✓ Maintain proper coordination and cordial relationship with departments. 
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The basic activities that are to be fulfilled by the stores department are: 

 
✓  Procedure for material collection. 

 
✓  Procedure for material inward. 

 
✓  Procedure for storage of material. 

 
✓ Procedure for packing of finished goods. 

 
✓  Procedure for dispatch of finished goods. 

 
✓  Procedure for issue and collection of off-loading material. 

 
✓  Procedure for receiving of material inward section. 

 
✓  Procedure for rejected material return to parties. 

 
✓  Procedure for transfer of materials. 

 
✓  Procedure for storage and collection of scarp. 

 
✓  Procedure for excuses material information to purchase. 

 
✓  Procedure for arranging items group wise. 

 
✓ Procedure for stores locking. 
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MACHINE SHOP 

The Machine shop that were provided with A.P.H.M.E.L are good infrastructure and with good 

facilities basically after obtaining sufficient drawings and raw materials,  the production of 

heavy machinery begins so we observe sufficient number of employees both technical and non-

technical are sufficiently skilled with their work and perfect working conditions are been 

observed. 

 

HEAVY MACHINE SHOP  

 

The List of Machines Provide in HMS (Heavy Machine Shop Section) are: 

• Vertical turning and boring machine 

•  Double column planning machine 

• Horizontal boring machine 

• Radial drilling machine 

• Universal drilling machine 

• Milling machine 

• Lathe machine 

 

LIGHT MACHINE SHOP  

The List of Machines Provide in LMS (Light Machine Shop Section) are: 

• Horizontal  Boring Machine 
• Vertical Boring Machine 
• Slotting Machine 
• Gear Hobbing Machine 
• Shaping Machine 
• Horizontal spindle surface Grinder 
• Lathes 
• Universal Cylindrical Grinding Machine 
• Vertical/Universal Milling machine 

FABRICATION: 

Fabrication, when in used as an industrial term, applies to building of machines, structures and 
other equipment by cutting shaping and assembling components made from raw materials. 
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Processes involved in fabrication: 

1. Material preparation 
2. Profile Gas cutting 
3. Dressing(grinding, chipping, etc.,) 
4. Drilling 
5. Fitting 
6. Welding(MIG-metal inert gas welding, Oxy-acetylene, submerged arc welding) 
7. Shearing(for plates) 
8. Press brake 
9. Power hacksaw (band, normal…) 
10. Rolling(bending) 
11. Painting 

 
▪ Profile gas cutting: It is primarily meant for cutting of different shapes from a metal 

sheet. It contains a handle through which a very high temperature flame comes out 
with which cutting is possible.   It adopts a precise ball & needle system with which 
high accuracy of cutting is possible. 
 

▪ Grinding: To remove the material on the work piece by abrasion, it consists of 
power driven grinding wheel spinning at appropriate speeds, determined by the 
wheel’s diameter & manufacturer’s rating, usually by a formula. 

 
 

▪ Chipping: It is the debris resulting from metal-working operations. It is generally 
recycled. Because of this, it is the preferred method of disposing due to 
environmental concerns. 
 

▪ Drilling: It is defined as cutting or expanding the hole in the metal by using a drill-
bit, which is a  multi-point, end, cutting tool, generally used for cylindrical holes, 
though a good range specialized drill bits are available for other kinds of holes. 

 
▪ Fitting: Any machine component, piping, tubing part that can attach two or more 

larger parts is called fitting. Coupling, compression fitting, plumb fittings, etc., are 
the examples. 
 

▪ Welding: It is a sculptural process that joins materials by causing coalescence. It’s 
done by melting the work pieces and adding a filler to form a pool of molten 
material (weld pool) that cools to become strong joint. 

 
• It is divided into 3 types, which are described below 

 
✓ MIG welding: It has a continuous, consumable wire electrode and a shielding gas that is 

used to protect the molten electrode to react with the outside atmosphere; these two are 
fed through the welding gun. 
 

✓ Oxy-acetylene: It is extremely versatile of the three; it is the only gas flame that can 
melt all commercial metals. In this the work pieces 
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Are brought together and joined by melting the touching edges without using filler rods, 
etc., 
 

✓ Submerged arc welding: It requires continuously fed consumable solid or flux cored 
electrode. Molten weld and arc zone are protected from atmospheric contamination by 
being submerged under a blanket of granular fusible flux consisting lime, silica, 
manganese, calcium fluoride and other components. Molten flux in between the 
materials becomes conductive. 
 

✓ Shearing: It is also known as die-cutting. It cuts stock without forming chips, or by 
using no burning or melting processes. If cutting blades are straight it is known as 
shearing, and if cutting blades are curvy, it is called as shearing type operations. 
 

✓ Power hacksaw: It is used to cut large sizes of metals (steel) with cutting diameters 
more than 10/15 mm which is difficult to cut with hand. This is an automated blade that 
cuts continuously due to which large amount of heat is evolved, if ignored it can even 
tear off the blade violently. So, to avoid this coolant is used during the entire process. It 
also prevents burns to the operator due to the heating of blade. 
 

✓ Rolling: There are 3&4rollers in the workshop. They are used to bend and make shells 
of metal sheets .The 3 rollers system can bend a sheet of 25mm thick and 2.5m in length. 
Whereas the 4rollers system can bend a sheet of 40mm thick and 4m in length. 

HEAT TREATMENT: 

Heat treatment is the section that deals with exposing the metal to various processes (cooling & 
heating) in order to alter the physical properties of the metal. Some of the treatments at the 
section include:  

1. Tempering: In this type of treatment, the temperature in the furnace in which the 
metal is placed is never raised beyond the lower critical temperature for a long 
time which eventually hardens the steel. 
 

2. Annealing: In this treatment, the temperature in the furnace in which the metal is 
placed is raised beyond the lower critical temperature, maintaining this for some 
period and then it is allowed to cool in the furnace itself, meaning that very slow 
cooling takes place.  
  

3. Hardening: this treatment involves in the heating of metal to the lower critical 
temperature and when it is attained, it is removed from the furnace and sudden 
cooling is done by dipping the metal into the water or oil. (This depends upon the 
type of steel used; that is when alloy steels are used, they are dipped in oil 
whereas plane carbon steels are dipped in water.) 

               4.  Normalizing: This treatment involves in the heating of the metal to its upper 
critical temperature and once it is attained, it is removed from the furnace and 
exposed to the still air which enables the metal to cool faster thereby increasing 
its toughness. 
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5. Case hardening: This method involves induction of free  elements into the metals 
such that it enters only in the outer parts of the metals i.e. to the areas nearer to 
the surface. This is a controlled process.  

 

Carbonizing: introduction of the in metal in the carbon atmosphere in a furnace and heating to 
some high temperatures, which allows the carbon to enter into the metal. When the required 
depth of metal is reached by carbon, remove from the carbon atmosphere and maintain the 
temperature due to which the toughness of the surface increases but inner part remains with the 
same hardness. This is generally done to those materials whose wear and tear on the surface is 
more but requires smoothness in the centre. 

 

Types of hardening: 

 

1. Flame hardening: In this type of hardening, the flame torch is used to heat the material 
by operating the flame torch on the surface of the material which is the simpler way to 
heat. But putting the torch at a place for some time, may lead to distortion of the shape 
and properties of the material.  

 

 
2. Induction hardening: this type of hardening involves the heating of the material by 

using the induction coil. Here there would be no disturbance in the physical state as in 
the case of flame heating. 

 

ASSEMBLY 

                          Assembly section deals with the joining of the individual parts manufactured 
and manufacture rope drums, plumber blocks. It also deals with the checking of the assembled 
parts, which mainly focuses on 3 parameters. 

1. Noise production 
2. Heat generated 
3. Vibrations created 

If any of the above parameters, when checked shows abnormality, then it is removed and re-
fitted. 

 

TOOL ENGINEERING 
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• Tool engineering section deals with the production of required tools for 
manufacturing of the product. When a certain operation need a tool other than the 
standard tools, then the required is reported to the tool engineering section. Then the 
engineer from the section approaches and studies the operation which requires a tool. 
Then after understanding the function of the tool, he then decides whether the rack 
angle should be positive or negative. Then the final tool is prepared. 

 
• Tool engineering section also deals with the increase in the accuracy of the 

production by introducing the jigs and fixes pertaining to a certain operation thereby 
preventing the manual errors. 

 
• They also try to establish the INTERCHANGEABILITY in as many products as 

possible by preventing human errors and standardize the product by using jigs and 
fixes again. 

 
• They also make the tools to be utilized for a long time, for example when a tool of 

positive rack angle is aged, and then the tool is used as the negative rack angle tool 
that is doubling the lifetime of a tool. 

 

MAINTENANCE 

 
This section plays major role in the industry or organization where the machinery process is 
going in aright manner or not. 

Basically two sections are present:- 

1. Mechanical  

2. Electrical  

In both the sections the log book is maintained and all the employees are said to be enter their 
works done along with time. 

Fitting section is also inter linked with this where all the tool bits are maintained and the 
accuracy is maintained. 

The consumption of energy is also noted on the log books with time and date as per the table 
requirements. 
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QUALITY CONTROL 

 

Quality control emphasizes testing of products to uncover defects and reporting to management 

who make the decision to allow or deny product release, whereas quality assurance attempts to 

improve and stabilize production (and associated processes) to avoid, or at least minimize, 

issues which led to the defect(s) in the first place. For contract work, particularly work awarded 

by government agencies, quality control issues are among the top reasons for not renewing a 

contract 

 

Basic activities: 

➢ Inspection of inward materials/manufactured items 
➢ Conducting of destructive tests and non-destructive tests 
➢ Developing welders procedures and welders performance qualifications 

 

Objectives: 

➢ To ensure the dimensional accuracy within specified tolerances 

➢ To minimize the network/rejection below 5% and 1% respectively 

➢ To develop and update quality standards periodically 

➢ To achieve economical manufacture of products at quality level desired by customers. 

➢ To identify defects at their inspection and help avoiding rejections. 

➢ To develop quality consciousness and also responsible for quality maintenance among 

personally in the organization. 

➢ To supply adequate information pertaining to quality in order to take right decisions at 

right time by concerned personnel organization. 
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Two Kinds of Testing are been done 

1. Physical Test 

2. Chemical Test 

1. Physical testing Equipments 

➢ Universal Testing Machine 

➢  Impact Testing machine 

 

2. Chemical testing Equipments 

          The Chemical Tests are needed in order to examine the Composition involved in the 

Material and to check whether these are under specified Standards as per requirements 

• Carbon- By Combustion Test 

• Manganese-By sodium arsenate Method 

• Silicon- By the Gravimetric Method 

• Phosphorous- By Alkali metric Method 

• Chromium –By Per Sulphate Oxidation Method 

• Nickel- By Dimethyl Gly Oximine Method 
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EXECUTION SEQUENCE OF AN ORDER 

 
 

 

 

 

 

 

 

 

 

 Accounts 

 

 Finished Goods 

 

First, when a customer needs some product, he enquires with the marketing section of the 
company, if the required product is with the company, then he places an order to the company 
,and is negotiated about the price, specs, etc. and finally, when a conclusion is arrived, 
marketing section issues an order acceptance, which is also circulated among the company. 
Then the order is passed to the designing department. After estimation of the material strength 
and designing of the product, it is then passed to the process planning, which decides the 
sequence of operations and thereby passed to production & material planning 

 

Designing 

Material planning Process planning 

Production planning 

Control 

Stores 

Shops (Fab, LMS, 

)

Purchase 

Inspection  

Central 

excise 

Supplier

Customer 
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Simultaneously, the purchase department starts the process of procuring the material. But before 
doing this, they must first find out the suppliers and the BOM is sent to all the suppliers. Now 
tenders are invited and the suppliers quote their price. After checking out their technical and 
commercial background, the materials are ordered to a company and a deadline is fixed. When 
the material arrives, a sample of it is sent to quality control department. If the quality of the 
material is satisfactory, then it sent into the stores. As the sequence of manufacturing is 
prepared by production planning, according to it, the manufacturing is started. 

 

When the goods are finished, they are sent for the inspection and if the customer is not satisfied 
with this, he is allowed to make his own arrangements to inspect the required product. Now the 
product is ready to transport. Delivery vouchers are prepared along with the gate passes that are 
required for the delivery of the material. And finally the goods are dispatched.  
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CONCLUSION 

 

✓ The Manufacturing Facilities of Light Machine Shop/Heavy Machine Shop/fabrication 

section was  discussed 

✓ The Main Objective of Studying the Manufacturing process gives a better Knowledge in 

Manufacturing Industries 

✓ Various Departments of Process planning/Production Planning/Stores have been 

discussed 

✓ Many Diagrammatic Charts are included in order to understand the flow structure of 

various departments. 
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                                                   ABSTRACT 

Automation is the technology by which a process or procedure is performed with 

minimal human assistance. Automation or automatic control is the use of various control 

systems for operating equipment such as machinery, processes in factories, boilers and heat 

treating ovens, switching on telephone networks, steering and stabilization of ships, aircraft 

and other applications and vehicles with minimal or reduced human intervention. 

Industrial automation is the use of control systems, such as computers or 

robots, and information technologies for handling different processes and machineries in 

an industry to replace a human being. It is the second step beyond mechanization in the 

scope of industrialization 
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https://en.wikipedia.org/wiki/Control_system


2 

 

Chapter: 1 

INTRODUCTION 

1.1 INTRODUCTION TO ARC: 

The ARC is an initiative by IndoEuroSync to provide real time industrial 

automation solutions in both organizational and academic level. ARC has already been 

organizing regular student seminars in Germany including workshops and live experiments at 

APS in Germany. ARC provides to the students the access to industrial robotics under 

production conditions with remote control. An extensive  exchange program for Indian 

faculty members guarantees the high quality of the educational lessons and practical courses. 

These practical courses allow direct control of the industrial robots in Germany from Indian 

universities. Concretely, the students learn simulating, programming and controlling the 

robots in order to test their results at these industrial robots, which are equipped with 

grippers, sensors, etc. 

Applied Robot Control for Industrial Automation: 
 Each participating university receives a software access for simulation and control of 

industrial robots. 
 Students learn individually and as a team to solve concrete industrial tasks which are 

splits into various suitable sub-tasks for immediate learning success. These tasks are 
supervised by trained Indian faculty members along with remotely participating 
German experts. The automation tasks are designed and developed in cooperation 
with the Indian faculty members.  

 
1.2 Introduction to Automation: 

 Due to the globalisation the manufacturing industry is facing an increasing 

competition on the international market places. 

 Demanded are high quality products with competitive prices. 

 To meet these challenges successfully, fast response to market needs, short time- to -

market based on adequate manufacturing technologies are required. 

         

 

  “Industrial automation can be defined as the use of set technologies and automatic 

control devices that results the automatic operation and control of industrial processes 

without significant human intervention and achieving superior performance than 

manual control”.  

. 
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1.3 INTRODUCTION TO ROBOT: 

          Robotics is a branch of engineering and science that includes electronics engineering, 

mechanical engineering and computer science and so on. This branch deals with the design, 

construction, use to control robots, sensory feedback and information processing. These are 

some technologies which will replace humans and human activities in coming years. These 

robots are designed to be used for any purpose but these are using in sensitive environments 

like bomb detection, deactivation of various bombs etc. Robots can take any form but many 

of them have given the human appearance. The robots which have taken the form of human 

appearance may likely to have the walk like humans, speech, cognition and most importantly 

all the things a human can do. Most of the robots of today are inspired by nature and are 

known as bio-inspired robots 

 

 

THREE LAWS OF ROBOT: 

The best known set of laws are Isaac Asimov's "Three Laws of Robotics". These were 
introduced in his 1942 short story "Runaround", although they were foreshadowed in a few 
earlier stories. The Three Laws are: 

1. A robot may not injure a human being or, through inaction, allow a human being to 
come to harm. 

2. A robot must obey the orders given it by human beings except where such orders 
would conflict with the First Law. 

3. A robot must protect its own existence as long as such protection does not conflict 
with the First or Second Laws 

 

 

 

 

 

 

https://en.wikipedia.org/wiki/Isaac_Asimov
https://en.wikipedia.org/wiki/Three_Laws_of_Robotics
https://en.wikipedia.org/wiki/Runaround_(story)
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Chapter 2 

FUNDAMENTALS OF INDUSTRIAL ROBOTICS 

 

2.1 ROBOT ANATOMY 

2.1.1 Mechanical manipulator : A set of joints and links to position and orient the end of the 

manipulator relative to its base. 

Robot manipulator:  Structure 

 

 

 

Manipulator Joints and Links: 

 A robot joint is similar to a human body joint. It provides relative movement 

between two parts of the body. Typical industrial robots have five or six joints. 

Manipulator joints are classified as linear or rotating. Each joint moves its 

output link relative to its input link. Coordinated movement of joints enables 

robot to move, position, and orient objects 

 

 

Types of Joints: 

Linear Joint: Designated by the letter L, it provides straight line motion to output link as 

shown in the figure. 

                                                

 Linear joint 
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Rotational Joint: Designated by the letter R, it provides rotary motion to the output link in 

such a way that, the axis of rotation would be perpendicular to the plane containing the axes 

of both input and output links. 

                                                 

 Rotational joint 

Twisting Joint: Designated by the letter T, it also provides rotary motion to the output link in 

such a way that, the axis of rotation coincides with axes of input and output links. 

                                                   

 Twisted joint 

Revolving Joint: Designated by the letter V, it provides rotary motion to the output link in 

such a way that, the axis of rotation will be perpendicular to the axis of output link and 

coincides with the axis of input link. 

                                                           

 Revolving joint 

 

2.1.2 Controller : Operates the joints in a coordinated fashion to execute a programmed work 

cycle 

 2.1.3 End effecter: Special tooling that connects to the robot's wrist to perform the specific 

task. They are classified into two types, tools and grippers. 

Tools - used for a processing operation: Applications: spot welding guns, spray painting 

nozzles, rotating spindles, heating torches, assembly tools. 
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Grippers - designed to grasp and move objects (usually parts):Applications: part placement, 

machine loading and unloading, and palletizing 

Types of Grippers: 
1. Impactive – jaws or claws which physically grasp by direct impact upon the object.  

2. Ingressive – pins, needles or hackles which physically penetrate the surface of the object 
(used in textile, carbon and glass fibre handling).  

3. Astrictive – suction forces applied to the objects surface (whether by vacuum, magneto– or 
electro adhesion).  

4. Contigutive – requiring direct contact for adhesion to take place (such as glue, surface 
tension or freezing).  
 
Mechanical Grippers 

A mechanical gripper is used as an end effector in a robot for grasping the objects with its 
mechanically operated fingers. In industries, two fingers are enough for holding purposes. As 
most of the fingers are of replaceable type, it can be easily removed and replaced.  
A robot requires either hydraulic, electric, or pneumatic drive system to create the input 
power. The power produced is sent to the gripper for making the fingers react. It also allows 
the fingers to perform open and close actions. Most importantly, a sufficient force must be 
given to hold the object.  
In a mechanical gripper, the holding of an object can be done by two different methods such 
as:  

 Using the finger pads as like the shape of the work part.  

 Using soft material finger pads.  
In the first method, the contact surfaces of the fingers are designed according to the work part 
for achieving the estimated shape. It will help the fingers to hold the work part for some 
extent.  
In the second method, the fingers must be capable of supplying sufficient force to hold the 
work part. To avoid scratches on the work part, soft type pads are fabricated on the fingers. 
As a result, the contact surface of the finger and co – efficient of friction are improved. This 
method is very simple and as well as less expensive. It may cause slippage if the force applied 
against the work part is in the parallel direction. The slippage can be avoided by designing 
the gripper based on the force exerted. 
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Pneumatic gripper: 
A pneumatic gripper is a specific type of pneumatic actuator that typically involves either 
parallel or angular motion of surfaces, A.K.A. “tooling jaws or fingers” that will grip an 
object. When combined with other pneumatic, electric, or hydraulic components, the gripper 
can be used as part of a "pick and place" system that will allow a component to be picked up 
and placed somewhere else as part of a manufacturing system.  
 
Types of Pneumatic Grippers:  

The most popular types of pneumatic grippers are the 2 jaw parallel and 2 jaw angular gripper 
styles. Parallel grippers open and close parallel to the object that it will be holding, these are 
the most widely used grippers. They are the simplest to tool and can compensate for some 
dimensional variation. Angular grippers move the jaws in a radial manner to rotate the jaws 
away from the object and therefore require more space. 

 
Adhesive grippers: 
A type of end effector that uses a continuously fed ribbon covered with an adhesive that 
sticks to the objects the robot manipulates. Adhesive grippersare commonly used for 
lightweight materials where other gripper types would be less effective. An adhesion gripper 
is a robot end effector that grasps objects by literally sticking to them. In its most primitive 
form, this type of gripper consists of a rod, sphere, or other solid object covered with two-
sided tape. A major asset of the adhesive gripper is the fact that it is simple. As long as the 
adhesive keeps its “stickiness,” it will continue to function without maintenance. However, 
there are certain limitations. The most significant is the fact that the adhesive cannot readily 
be disabled in order to release the grasp on an object. Some other means, such as devices that 
lock the gripped object into place, must be used. 
 



8 

 

 
 
Magnetic grippers: 
Magnetic grippers are most commonly used in a robot as an end effector for grasping the 
ferrous materials. It is another type of handling the work parts other than the mechanical 
grippers and vacuum grippers.  
 

 
 

  

Types of magnetic grippers:  
The magnetic grippers can be classified into two common types, namely: Magnetic grippers 
with 
  
 

Electromagnets:  
Electromagnetic grippers include a controller unit and a DC power for handling the materials. 
This type of grippers is easy to control, and very effective in releasing the part at the end of 
the operation than the permanent magnets. If the work part gripped is to be released, the 
polarity level is minimized by the controller unit before the electromagnet is turned off. This 
process will certainly help in removing the magnetism on the work parts. As a result, a best 
way of releasing the materials is possible in this gripper.  
 
Permanent magnets:  
The permanent magnets do not require any sort of external power as like the electromagnets 
for handling the materials. After this gripper grasps a work part, an additional device called 
as stripper push – off pin will be required to separate the work part from the magnet. This 
device is incorporated at the sides of the gripper.  
The advantage of this permanent magnet gripper is that it can be used in hazardous 
applications like explosion-proof apparatus because of no electrical circuit. Moreover, there 
is no possibility of spark production as well 
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Chapter: 3 

 TYPES OF ROBOTS 

 
3.1 SERIES LINK ROBOT 

 
• Spherical co-ordinate robot. 

• Cylindrical co-ordinate robot. 

• Rectangular co-ordinate or Cartesian co-ordinate robot. 

• Jointed arm robot. 

• Selective Compliance Assembly Robotic Arm (SCARA)  

3.2 PARALLEL LINK ROBOT 

Spherical co-ordinate robot: Joint notation-TRL 

• It consists of a telescopic arm that can be raised or lowered about a horizontal pivot. 

The pivot is mounted on a rotating base. 

• These various joints (T, R and L) provide the robot with the capability to move its 

arm within a spherical space, and hence the name “spherical coordinate robot”.  It has 
a better reach (ability to extend the arm significantly beyond the base) and ability to 

reach into small openings without much interference to sides as in the case of machine 

loading applications. 

                

Figure-1.6: Polar coordinate body and arm assembly 

 

Cylindrical co-ordinate robot: Joint notation-TLL 

o It uses a vertical column and a slide that can be moved up or down along the column.  

o The robot arm is attached to the slide so that it can be moved radially with respect to 

the column.  

o By rotating the column, the robot is capable of achieving a work space that 

approximates a cylinder 

o It possesses better rigidity and load carrying capacity. 
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Figure-1.7: Cylindrical coordinate robot 

Rectangular co-ordinate or Cartesian co-ordinate robot: Joint notation-LLL 

o It uses three perpendicular slides to construct x, y, and z axes. 

o By moving the three slides relative to one another, the robot is capable of operating 

within a rectangular work envelope. 

o By virtue of inherent rigidity, this configuration exhibits better repeatability and high 

load carrying capacity. 

 

                                       

 Cartesian coordinate robot 

Jointed arm robot: Joint notation-TRR 

o It is made up of three rotary joints. Twisted joint at the base followed by two rotary 

joints. 

o This robot configuration is also known as anthropomorphic as its anatomy is similar 

to the human arm. Another name for this configuration is articulated robot. 

o It will have better reach. Its work volume is also spherical. 

                                                

                                               Jointed arm robot 

   Selective Compliance Assembly Robotic Arm (SCARA): Joint notation-VRL 
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• It is similar to jointed-arm robot except that vertical axes are used for shoulder and 

elbow joints to be compliant in horizontal direction for vertical insertion tasks. 

• Its work volume assume a cylindrical shape 

                                                       

SCARA 

 

3.2 PARALLEL LINK ROBOT: 

• Industrial manipulators and parallel robots are often used for tasks, such as drilling or 

milling, that require three translational, but only two rotational degrees of freedom 

(“3T2R”). 
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Chapter: 4 

Motion control 

4.1ROBOT MOTION CONTROL 

 

Main controller tasks: 

 Motion Control & Path Planning 

 Communication (with control panel, teach 
box, external PC) 

 Operator support (set-up, programming, test /automatic mode) 

 Programming 

 Control of tools (gripper, etc.), peripheral devices (turn tables, conveyors, etc.), 
processes (welding, cutting, grinding, etc.) 

 Sensor data processing (adaptive functions) 

 Control of I/O processes (digital, analog, serial, fieldbus) 

 Data management (display, store, print, delete, etc.) 

 Error management 

 Safety functions (emergency stop, reduced speed, etc.) 

Information and data flow: 
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Motion / Path planning:    

 The robot controller determines the movement of the robot in consideration of 
the programmed movement type  

 Each movement is related to the endeffector. It is specified by pose, velocity 

and acceleration 

 Pose“ represents position as well as orientation of the endeffector 

 

Movement types: 

 PTP mode – Point-to-point movement (Motion without any interpolation) 

 CP mode - Continues path  movement(Motion on a path with interpolation) 
 

 

Point- to- point movement: 

 

Continuous path movement: linear motion 

 

Motion with Circular interpolation: 



14 

 

 

 

CP-Motion / Path planning scheme: 

 

 Any robot movement of the CP type will be performed by deviding the 

planned path into small path sections defined by interpolation points  

trajectory 

 

 The distance between two interpolation points is determined by the „interpolation 

cycle time T
IPO

“; 
 Interpolation is performed in the Cartesian space; 

 

 For any interpolation, position data (joint angles) have to be transformed from joint 

coordinates into Cartesian coordinates 
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Interpolation Cycle Time T
IPO

: 

TIPO = cycle time spent by the robot controller to calculate a new set of set point values 
(joint angles) as input to the position control loops of each axis. 

 currently: 10-12 ms interpolation cycle time 

 trend: 7- 4ms interpolation cycle time 

 A shorter TIPO results in higher path accuracy 

Motion and path planning: 

 

 

Information and data flow: 

 

 

 

 

 



16 

 

Chapter: 5 

ROBOT PROGRAMMING 

5.1 Robot programming: 

 Robot programming is a process of setting up of motion sequences of other activities 

the robot shall execute on demand. 

 Supported is a process of robot programming by special software. The software offers 

the user a set of coded commands &instructions that tell the robot system what task to 

do. 

 In general the robot software for programming is of highly proprietary nature. Each 

robot manufacturer provides their own software. 

 There is a lack of standardization. However, enough similarities between different 

programming languages help to gain a broad understanding of robot programming 

without having explicit knowledge of each language. 

5.2 Programming Languages: 

 ABB robot language: RAPID 

 STAUBLI robot language: VAL3 

 KUKA robot language: KRL 

 COMAU robot language: PDL2 

 YASKAWA robot language: INFORM 

 FANUC robot language: KAREL 

 UNVERSAL robot language: UR Script 

 ONLINE Programming: Program generation with real physical robot 

 OFFLINE Programming: Program generation with virtual robot models 

5.3 Robot Motion Programming: 

 

 

 

Basic task in robot motion programming: 
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 Determination of TCP position tool orientation in the Cartesian space. The 

combination of these two entities is known as POSE of a robot. 

 Path: Consists of ordered locations of points in 3D space, which the robot shall 

follow. A planned path is usually taking into account the avoidance of any collision 

with obstacles & the shortest path. 

 Trajectory: Represents a path based on two or more way points including velocities & 

accelerations in each of the way points. 

There are two movements in robot motion programming: 

1. PTP- Point to Point Movement 

 

2. Continuous Path Movement 

 

 

5.4 Robot Programming Modes 

According to the consistent performance by the robots in industries, the robot 

programming can be divided in two common types such as: 

  

 Lead through Programming Method 

 Textual Robot Languages 

  

5.4.1 Lead through Programming Method: 

During this programming method, the traveling of robots is based on the desired  movements, 

and it is stored in the external controller memory. There are two modes of a control system in 

this method such as a run mode and teach mode. The program is taught in the teach mode, 

and it is executed in the run mode. The leadthrough programming method can be done by two 

methods namely: 
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 Powered Lead through Method 

 Manual Lead through Method 

  

 

 

a)  Powered Lead through Method: 

  

The powered lead through is the common programming method in the industries. 

A teach pendant is incorporated in this method for controlling the motors available in the 

joints. It is also used to operate the robot wrist and arm through a sequence of points. The 

playback of an operation  is done  by  recording  these  points. The  control  of  complex 

geometric  moves is difficult to perform  in  the  teach  pendant.  As a  result,  this  method  is 

good  for point  to point movements. Some of the key applications are spot welding, machine 

loading & unloading, and part transfer process. 

  

b)  Manual Lead through Method: 

  

In this method, end effector is moved robot’s physically by the programmer at the 

desired movements. Sometimes, it may be difficult to move large robot arm manually. To get 

rid of it a teach button is implemented in the wrist for special programming. The manual lead 

through method is also known as Walk Through method. It is mainly used to perform 

continuous path movements. This method is best for spray painting and arc welding 

operations. 
 

Offline Programming of Industrial Robots: 

Robot studio software is used for programming of industrial robots in offline mode. The 

robot studio software is only used for ABB robots 

 

ABB Robot Studio: 
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 Robot studio is a offline programming & robot simulation system. 

 The best way to maximize return of interest is to create robot programming offline on 

a pc. In this case there is no need to stop the production. 

 Robot studio allows tasks like programming, training, simulation, optimization of 

application programs. 

 Robot studio is using graphical models of ABB robots & is built on ABB virtual robot 

controller. 

 The ABB virtual robot controller consists of copy of the real control software. 

Therefore realistic simulations are provided by the tool. 

 

Robot Studio Features: 

 Design of robot stations (Layout) 

 Modelling of objects(solid, curves, surfaces) 

 Programming of robot (path, orientation of tools, external axis) 

 Virtual Controller (copy of real control software) 

 Generation of RAPID code 

 Loading & saving programs 

 Simulation of programs (collision detection, creating events, simulation time 

measurement, I/O simulation) 

 

 

 5.5: ROBOT PROGRAMMES 

(A) Pick & Place in Palletizing 

Step1: Measuring sensor to table distance to detect presence & position of table plate 

 

Step2: Measuring sensor to box distance to detect presence of boxes 
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Step3: Positioning & release of box to set up a new stack or to fill a stack 

 

 

(B)Assembly of wind shields in a sidewall of railway wagon 

Step 1.Robot in home position 

 

Step 2.Moving to window position: 
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Step 3.Measuring of window position laser distance sensor 

 

Step 4.Moving back to first wind shield 

 

Step 5.Picking up first windshield 

 

Step 6.Windshield into assembly position 

 

Step 7.Windshield in assembly position 
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Step 8.Windshield assembled 

 

 

Chapter: 6  

 Advantages and disadvantages of Automation 

6.1 Advantages: 

 To increase productivity 

Automation of factory or manufacturing or process plant improves production rate through a 

better control of production. It helps to produce mass production by drastically reducing 

assembly time per product with a greater production quality. Therefore, for a given labor 

input it produces a large amount of output. 

 

 

 

https://www.electricaltechnology.org/wp-content/uploads/2015/09/Advantages-of-Industrial-Automation.-Production-in-industries.jpg
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 To provide optimum cost of operation 

Integration of various processes in industry with automated machineries, minimizes cycle 

times and effort and hence the need of human labor gets reduced. Thus the investment on 

employees has been saved with automation. 

 To improve product quality 

Since the automation reduces the human involvement, the possibility of human errors also 

gets eliminated. Uniformity and product quality with a greater conformity can be maintained 

with automation by adaptively controlling and monitoring the industrial processes in all 

stages right from inception of a product to an end product. 

 To reduce routine checks 

Automation completely reduces the need for manual checking of various process parameters. 

By taking advantage of automation technologies, industrial processes automatically adjusts 

process variables to set or desired values using closed loop control techniques.  

 

 To raise the level of safety 

Industrial automation increases the level of safety to personnel by substituting them with 

automated machines in hazardous working conditions. Traditionally, industrial robots 

and robotic devices are implemented in such risky and hazardous places. 
 

https://www.electricaltechnology.org/wp-content/uploads/2015/09/Manual-Control.Why-Industrial-Automation.jpg
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6.2 Manufacturing Automation with Industrial Robots 

6.2.1 Advantages: 

- Improvement of productivity and efficiency in production  

- Provide better effectiveness (2-3 shifts)  

- Reduction of throughput times 

- Improvement of product quality  

- increase high repeatability  

- High positioning accuracy  

- Better working conditions for human  

- Reduction of hazards to the work forces  

- Better flexibility to change (compared to single-purpose machinery)  

- Save of material and energy - save of labour cost 

6.2.2Disadvantages: 

 High initial costs 

 Security threats 

 High and sometimes unpredictable cost for further development, add-on or 

upgrade 

 Personnel of higher qualification is requested; operators need sufficient training 
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Chapter: 7 

Conclusion 

Following conclusions are from the Applied Robot Controller 1.0 and they are 

 We learned about essential characteristics of industrial robots and types of 

robots. 

  Types of links are used in robot and also types of kinematic structure used in 

robots.  

 Different types of programming modes  
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ABSTRACT 

Bharat Electronics Limited (BEL) is an Indian state-owned aerospace and 

defense company with about nine factories, and several regional offices in India. It is 
owned by the Indian Government and primarily manufactures advanced electronic 

products for the Indian Armed Forces. BEL is one of nine PSUs under the Ministry of 

Defense of India. It was founded in 1990 with the aim of conducting research, 

development and manufacture of image intensifier tubes and associated high voltage 

power supply units for use in military, security and commercial systems. 

 

Starting with the manufacture of a few communication equipment in 1956, BEL 

started producing receiving valves in 1961, germanium semiconductors in 1962 and 

radio transmitters for AIR in 1964. 

Till now company had produced very diverse products including night vision 

goggles, night vision sniper heads etc. 

In addition, new products and technologies including software defined radios, 
next generation bulk encryptor and high data tactical radio were also on show. 

Airborne products displayed included radar finger printing system, data link, digital 

flight control computer and identification friend or foe. Also on display were the 
complete range of optoelectronic equipment, including night vision devices, digital 

handheld compass and an advanced land navigation system. 

BEL is the lead integrator of Akash, the Indian-made guided missile air defense 

weapon system. Another major system is weapon locating radar, the state-of-the- art 

passive, phased array radar which has undergone successful user trials by the 

Indian defense forces. 



6 
 

 
 

1. INTRODUCTION 

2 . PRODUCT 
ASSURANCE 

3. NIGHT VISION 
DEVICES 

CONTENTS  
Page 
no 

1 

5 

6 

4. CASE STUDY OF IMAGE INTENSIFIER TUBES 1 

5. CASE STUDY OF THERMAL IMAGING 
0

 

6. TECHNICAL DATA OF HHTI WITH LRF 
1

 
3 

7. APPLICATIONS 
2

 

8. PRODUCT ASSURANCE TESTS 7 

9. CONCLUSION 3 

0 

3 

4 

3 

4 



7 
 

LIST OF FIGURES 

Figure No Figure Name page 
no 

1. Passive Night Vision Binocular 3 

2. Image Intensifier Tube 11 

3. HHTI with LRF 13 

4. Block diagram of Thermal Imaging Camera 14 

5. Black Hot Image 22 

6. White Hot Image 22 

7. Horizontal Field of view 24 

8. Vertical Field of view 25 

9. Intensifier tube versus Thermal imaging camera 26 

10. Vibaration Test Chamber 33 



8 
 

INTRODUCTION: 

Bharat Electronics Limited (BEL) is an Indian state-owned aerospace and 

defense company with about nine factories, and several regional offices in India. It is 
owned by the Indian Government and primarily manufactures advanced electronic 

products for the Indian Armed Forces. BEL is one of nine PSUs under the Ministry of 

Defense of India. It was founded in 1990 with the aim of conducting research, 

development and manufacture of image intensifier tubes and associated high voltage 

power supply units for use in military, security and commercial systems. 

Starting with the manufacture of a few communication equipment in 1956, 

BEL started producing receiving valves in 1961, germanium semiconductors in 1962 

and radio transmitters for AIR in 1964. 

In 1966, BEL set up a radar manufacturing facility for the army and in-house R&D. 

In 1967, BEL began manufacturing transmitting tubes, silicon devices and integrated 

circuits. The PCB manufacturing facility was established in 1968. 

In 1970, BEL started making black & white TV picture tubes, X-ray tubes and 

microwave tubes. In 1971, BEL set up facilities for the manufacture of integrated 

circuits and hybrid micro circuits. 1972, BEL established manufacturing facilities 

for TV transmitters for Doordarshan. In 1973, BEL began manufacturing frigate 

radars for the navy. 

 
Under the government's policy of decentralisation and due to strategic reasons, 

BEL set up new units at different location across the country. The second unit of 

BEL was set up at Ghaziabad in 1974 to manufacture radars and Tropo 

communication equipment for the Indian Air Force. The third unit was established at 

Pune in 1979 to manufacture image converter and image intensifier tubes. 
In 1980, the first overseas office of BEL was set up in New York for the 

procurement of components and materials. 

In 1981, a manufacturing facility for magnesium manganese dioxide batteries 

was set up at Pune. The Space Electronic Division was set up at Bangalore to 

support the satellite programmes in 1982. That year, BEL achieved a turnover of Rs. 1 

billion (US$21 million). 

In 1983, the Andhra Scientific Company (ASCO) was taken over by BEL 
converted it to its fourth manufacturing unit at Machilipatnam. In 1985, the fifth 
unit was set up in Chennai 
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for supply of tank electronics, with proximity to HVF, Avadi. The sixth unit was set 

up at Panchkula the same year to manufacture military communication equipment. 

In 1986, BEL set up three units. Its seventh unit was set up at Kotdwara to 

manufacture switching equipment, the eighth unit to manufacture TV glass shell at 

Taloja (Navi Mumbai) and the ninth unit at Hyderabad to manufacture electronic warfare 

equipment. 

In 1987, a separate Naval Equipment Division was set up at Bangalore to give 

greater focus to naval projects. The first Central Research Laboratory was 
established at Bangalore in 1988 to focus on futuristic research and development. 

In 1989, BEL started manufacturing telecom switching and transmission systems 

and also the set up the Mass Manufacturing Facility in Bangalore and the 

manufacture of the first batch of 75,000 electronic voting machines. 
 

The agreement for setting up BEL's first joint venture company, BE DELFT, with M/ s 

Delft of Holland, was signed in 1990. This later became a subsidiary of BEL with the 

exit of the foreign partner and has been renamed BEL Optronic Devices Limited. 

 

The second Central Research Laboratory was established at Ghaziabad in 1992. 

The first disinvestment (20%) and listing of the company's shares in the Bangalore 

and Mumbai Stock Exchanges took place in same year-1992. 

 
In 1996, BEL achieved ₹10 billion (US$215 million) turnover. 

In 1997, GE BEL, the second joint venture company with M/s GE, USA, was 

formed as also the third JVC with M/s Multitone, UK, BEL Multitone. The same year, 

the US imposed supply restrictions on BEL. 

In 1998, BEL set up its second overseas office at Singapore to source 
components from South East Asia. In the same year US and Europe imposed 

sanctions on BEL. The company was able to overcome the effects of the sanctions 

and kept up the promised deliveries to customers. 

In 2000, BEL reorganised its Bangalore unit into six Strategic Business Units 

(SBUs). The R&D groups in Bangalore were also restructured into Specific Core 
Groups and Product Development Groups. The same year, BEL shares were listed in 

the National Stock Exchange. 
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In 2002, BEL became the first defense PSU to achieve operational Mini Ratna 
Category I status. In 2003, the company's turnover crossed the ₹25 billion mark 
(US$540 million). In 2005, BEL had a turnover of ₹32.20 billion (US$695 million). 
BEL achieved a turnover of 

₹35.60 billion (US$767 million) in 2005–06. 

 
On May 12, 2010, Boeing announced that it received the Data Link II 

communications technology for the Indian Navy’s P-8I from Bharat Electronics 

Limited (BEL) in April, one month ahead of schedule. BEL delivered the Indian- 

designed communications system that will enable exchange of tactical data and 

messages between Indian Navy aircraft, ships and shore establishments. Boeing will 

install the system during P-8I final assembly. 
In 2011, the Indian government-owned Bharat Electronic Limited (BEL) 

showcased its entire range of C4ISR capabilities including network centric warfare 

technologies developed in-house at Aero India 2011. These include command and 

control system, air space management multi sensor tracking, situation simulator and 

tactical algorithm for air defense applications; battlefield management system and an 

all-weather 24/7 coastal surveillance system. 

 
In addition, new products and technologies including software defined radios, 

next generation bulk encryptor and high data tactical radio were also on show. 

Airborne products displayed included radar finger printing system, data link, digital 
flight control computer and identification friend or foe. Also on display were the 
complete range of optoelectronic equipment, including night vision devices, digital 

handheld compass and an advanced land navigation system. 

 

BEL is the lead integrator of Akash, the Indian-made guided missile air defense 

weapon system. Another major system is weapon locating radar, the state-of-the- art 

passive, phased array radar which has undergone successful user trials by the 

Indian defense forces. 
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BEL PRODUCTS: 

BEL Units and Products: 
 

S.no BEL Unit BEL Products 

1. Bangalore Military communication, Radars, Navy, 
Solar Products 

2. Panchkula (Haryana) Military communication, Encryption 
products 

3. Kotdwara (Uttarakhand) Tele communication systems, 
Military communications 

4. Ghaziabad(UP) Network Centric systems, Radars, 
Antenna, Satellite communications. 

5. Pune X-ray tubes, Batteries, Electro optics 

6. Hyderabad, Telangana Electronic systems 

7. Machilipatnam, Andhra 
Pradesh 

Electro Optics(night vision devices) 

8. Mumbai Security systems 

9. Kolkata Solar Energy equipment system 



 

PRODUCT ASSURANCE: 
Definition: 

A discipline devoted to the study, planning and implementation of activities 
intended to 

assure that the design, controls, methods and techniques in a project result in a satisfactory 

level of quality in a product. 

The verification by a management function that customer requirements are 

satisfied by ensuring (1) the identification of critical activities, (2) The availability of the 

necessary resources for each process, (3) The use of the resources in a manner that is 

efficient and effective. 

Product Assurance Testing: 
Product assurance testing is conducted in order to evaluate a system in its 
operating 

environment. Product assurance testing is primarily used to find the faults that are 
not shown within the development or test environments. 

NIGHT VISION DEVICE: 
Definition: 

A night vision device (NVD), also known as a night optical/observation device 

(NOD), is an optoelectronic device that allows images to be produced in levels of light 

approaching total darkness. The image may be a conversion to visible light of both 

visible light and near-infrared, while by convention detection of thermal infrared is 

denoted thermal imaging. The image produced is typically monochrome, e.g. shades of 

green. NVDs are most often used by the military and law enforcement agencies, but 

are available to civilian users. The term usually refers to a complete unit, including an 

image intensifier tube, a protective and generally water-resistant housing, and some 

type of mounting system. Many NVDs also include optical components such as a 

sacrificial lens, or telescopic lenses or mirrors. An NVD may have an IR illuminator, 

making it an active as opposed to passive night vision device. 

Working of Night Vision Devices: 
Technical Night Vision can work in two different ways 

 

Working Principle of Image Intensifier: 
Night vision amplifiers light to achieve better vision. A conventional lens, captures ambient 
light. 
The gathered light is sent to image - intensifier tube. The light energy released electron from 

the cathode and accelerated. These electrons enter micro channel plate and 

bounce off and generate more electron. 11
 



12  

Thousands of other electrons to be released in each channel. Original 

electrons collide with the channel, exciting atoms and causing other electrons. New 

electrons collide with atoms, creating a chain. In image-intensifier tube, the electrons hit 

a screen. The energy of the electrons release photons and create green image on the 

screen.The green phosphor image is viewed through another lens. 

Working Principle of Thermal Imaging 

All objects emits infrared energy as a function of temperature 

A lens focuses the infrared light. Original electrons collide with the channel, 

exciting atoms and causing others. The focused light is scanned and creates 

temperature pattern.The pattern created is translated into electric impulses. The 

impulses are sent to a circuit board that translates the information into data for the 

display. The signal-processing unit sends the information to the is play, and appears 

as various colors. The images are black and white in nature. 

Purpose of Night Vision Devices: 
The original purpose of night vision was to locate enemy targets at night. It is 
still used 

extensively by the military for that purpose, as well as for navigation, surveillance and 

targeting. Police and security often use both thermal-imaging and image- 

enhancement technology, particularly for surveillance. 

Classification of Night Vision Devices: 
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Advantages of Night Vision Cameras: 

The most common use is the military, and the quick answer would be that they 

allow soldiers to continue operations at night, without giving away their position through 

the use of flashlights. However night vision has many other uses. People with night 

blindness can use night vision devices to see better at night. Astronomers use night 

vision to improve their view of the stars, to see more stars in the city, amplify the image 

post hydrogen-alpha filters or to see nebula and clusters in the sky in real time. 

The technology in night vision allows for far more sensitive x-ray machines to be made, 

reducing the doses necessary for an x-ray 
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CASE STUDY OF IMAGE INTENSIFIER TUBES: 

Binocular Night Vision Devices: 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 

Figure 1: Passive Night Vision 
Binocular 

Parts of Binocular Night Vision Devices: 
 

1. Object Glass 

 

2. Focus 

 

3. Image intensifier tube 

 

4. Eye Piece 

 
5. Eye Guard 



 

Image Intensifier Tube: 
 
 
 
 
 
 
 
 

 
Figure 2: Image Intensifier Tube 

Night vision is the ability to see in low light conditions. Whether by biological or 

technological means, night vision is made possible by a combination of two approaches. 

They are sufficient spectral range and sufficient intensity range. 

Image Intensification: 
This magnifies the amount of received photons from various natural sources 
such 

as starlight or moonlight. Examples of such technologies include night glasses and low 

light cameras. In the military context, Image Intensifiers are often called "Low Light TV" 

since the video signal is often transmitted to a display within a control center. 

LLLTV These are usually integrated into a sensor containing both visible and IR 

detectors and the streams are used independently or in fused mode, depending on the 

mission at hand's requirements. 

The image intensifier is a vacuum-tube based device (photomultiplier tube) that 

can generate an image from a very small number of photons (such as the light from 

stars in the sky) so that a dimly lit scene can be viewed in real-time by the naked eye via 

visual output, or stored as data for later analysis. While many believe the light is " 

amplified," it is not. When light strikes a charged photocathode plate, electrons are 

emitted through a vacuum tube that strike the micro channel plate that cause the image 

screen to illuminate with a picture in the same pattern as the light that strikes the 

photocathode, and is on a frequency that the human eye can see. This is much like a 

CRT television, but instead of color guns the photocathode does the emitting. 

The image is said to become "intensified" because the output visible light is brighter than 

the incoming light, and this effect directly relates to the difference in passive and 

active night vision goggles. Currently, the most popular image intensifier is the drop-in 

ANVIS module, though many other models and sizes are available at the market. 
15

 

Recently, the US Navy announced 
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intentions to procure a dual-color variant of the ANVIS for use in the cockpit of airborne 

platforms.Active illumination couples imaging intensification technology with an active 

source of illumination in the near infrared (NIR) or shortwave infrared (SWIR)band. 

Examples of such technologies include low light cameras. 

Active infrared night-vision combines infrared illumination of spectral range 700– 

1,000 nm (just below the visible spectrum of the human eye) with CCD cameras 

sensitive to this light. The resulting scene, which is apparently dark to a human 

observer, appears as a monochrome image on a normal display device. Because 

active infrared night-vision systems can incorporate illuminators that produce high 

levels of infrared light, the resulting images are typically higher resolution than other 

night-vision technologies. 
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CASE STUDY OF THERMAL IMAGING: 

Example : Study Of Hand Held Thermal Imaging Camera With LRF Product 

 
 
 
 
 
 
 
 
 
 
 
 
 
 

Figure 3: HHTI with LRF 

HHTI with LRF or Multifunction HHTI is a cooled TI based integrated day/night 

sight with in-built eye safe Laser Range Finder, Digital Magnetic Compass, Color CCD 

and GPS. This equipment is capable of giving range, azimuth & elevation and also 

coordinates of the target. This is highly useful to Army and Navy for effective 

engagement of targets. Weather proof and withstand shocks and vibrations. It is 

provided with electronically generated reticle. 
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Introduction: 

 
 
 
 
 
 
 
 

 

Figure 4: Block diagram of Thermal imaging camera 

Thermal image is the technique of using the heat given off by an object to 

produce an image of it or to locate it. First developed for military purpose in the 

late 1950s and 1960s by Texas instruments, Hughes, Aircraft and Honeywell In 

recent times it is being used in firefighting, law enforcement, industrial 
applications, security transportation, medical and many other industries. 

Thermal Imaging: 

It is the technique of using the heat given off by an object to produce an 
image of it. 

Works in environments without any ambient light and can penetrate obscurants such 

as smoke, fog and haze. 

Normally grey scale in nature: black objects are cold, white objects are hot and the 

depth of the grey indicates variations between the two.Some thermal cameras, however, 

add color to images to help users identify objects at different temperatures. 
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Working of thermal imaging: 

Here's how thermal imaging works: A special lens focuses the infrared light 

emitted by all of the objects in view. The focused light is scanned by a phased array 

of infrared- detector elements. The detector elements create a very detailed 

temperature pattern called a thermogram. 

Infrared Light: 
Our eyes are detectors that are designed to detect electromagnetic radiation in the 

visible light spectrum. All other forms of electromagnetic radiation, such as infrared, 

are invisible to the human eye. 

The existence of infrared was discovered in 1800 by astronomer Sir Frederick 

William Herschel. Curious to the thermal difference between different light colors, he 

directed sunlight through a glass prism to create a spectrum and then measured the 

temperature of each color. He found that the temperatures of the colors increased from 

the violet to the red part of the spectrum. 

After noticing this pattern Herschel decided to measure the temperature just 

beyond the red portion of the spectrum in a region where no sunlight was visible. To 

his surprise, he found that this region had the highest temperature of all. 

Infrared radiation lies between the visible and microwave portions of the 

electromagnetic spectrum. The primary source of infrared radiation is heat or thermal 

radiation. Any object that has a temperature above absolute zero (-273.15 degrees 

Celsius or 0 Kelvin) emits radiation in the infrared region. Even objects that we think 

of being very cold, such as ice cubes, emit infrared radiation. 

 

The thermal imaging camera: 

Infrared energy (A) coming from an object is focused by the optics (B) onto an infrared 

detector (C). The detector sends the information to sensor electronics (D) for image 

processing. The electronics translate 



 

the data coming from the detector into an image (E) that can be viewed in the 

viewfinder or on a standard video monitor or LCD screen. 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Being truly passive in nature, thermal imaging systems are finding wide range of applications 

for surveillance and reconnaissance, target acquisition, engagement, and missile 

guidance. They are true force multipliers as they allow weapons and equipment to be 

used with efficacy during day and night. Recent advancements in optics, detector 
technology and signal processing have enabled revolutionary advancement in the 

night vision technology leading to the realisation of third generation thermal imagers 

(TIs) having capabilities twice that of second generation and four times that of first 
generation systems. 

DRDO is working in this area for the last two decades and has developed 

various TIs operating in 3-5 μm medium wave infrared (MWIR) and 8-12 μm long wave 
infrared (LWIR) spectral bands. These systems are based on scanning/staring focal 

plane array (FPA) detectors for target acquisition, which can be used, either in 

standalone mode or as a part of electro-optical fire control system (EOFCS). MWIR TI 
perform better in hot humid environments and preferred for long range applications 

because of better atmospheric transmission where as LWIR TIs perform better in smoke 

and dusty environment prevailing in the battlefield. either in standalone mode or as a 

part of electro-optical fire control system (EOFCS). 
MWIR TI perform better in hot humid environments and preferred for long 

range applications because of better atmospheric transmission where as LWIR TIs 

perform better in 20 



 

smoke and dusty environment prevailing in the battlefield. Either in standalone mode 
or as a part of electro-optical fire control system (EOFCS). MWIR TI perform better in 
hot humid environments and preferred for long range applications because of better 

atmospheric transmission where as LWIR TIs perform better in smoke and dusty 

environment prevailing in the battlefield. 

Principle of Operation and Types: 

Infrared energy is just one part of the electromagnetic spectrum, which 

encompasses radiation from gamma rays, x-rays, ultraviolet, a thin region of visible 

light, infrared, terahertz waves, microwaves, and radio waves. These are all related and 

differentiated in the length of their wave (wavelength). All objects emit a certain amount 

of black body radiation as a function of their temperatures. 

Generally speaking, the higher an object's temperature, the more infrared 

radiation is emitted as black-body radiation. A special camera can detect this radiation 

in a way similar to the way an ordinary camera detects visible light. It works even in 

total darkness because ambient light level does not matter. This makes it useful for 

rescue operations in smoke-filled buildings and underground. 

A major difference with optical cameras is that the focusing lenses cannot be 

made of glass, as glass blocks long-wave infrared light. Special materials such as 

Germanium or Sapphire crystals must be used. Germanium lenses are also quite fragile, 

so often have a hard coating to protect against accidental contact. The higher cost of 

these special lenses is one reason why thermographic cameras are more costly. 

Types: 
 

• Cooled infrared detectors 

• Uncooled infrared detectors 
 
 
 
 
 
 
 
 
 
 
 
 

 

Principle of Operation and Types: 
Infrared energy is just one part of the electromagnetic spectrum, which 
encompasses 
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radiation from gamma rays, x-rays, ultraviolet, a thin region of visible light, infrared, 

terahertz waves, microwaves, and radio waves. These are all related and differentiated 

in the length of their wave (wavelength). All objects emit a certain amount of black body 

radiation as a function of their temperatures. 

Generally speaking, the higher an object's temperature, the more infrared 

radiation is emitted as black-body radiation. A special camera can detect this radiation 

in a way similar to the way an ordinary camera detects visible light. It works even in 

total darkness because ambient light level does not matter. This makes it useful for 

rescue operations in smoke-filled buildings and underground. 
A major difference with optical cameras is that the focusing lenses cannot be 

made of glass, as glass blocks long-wave infrared light. Special materials such as 

Germanium or Sapphire crystals must be used. Germanium lenses are also quite fragile, 

so often have a hard coating to protect against accidental contact. The higher cost of 

these special lenses is one reason why thermographic cameras are more costly. 

Types: 
• Cooled infrared detectors 

• Uncooled infrared detectors 

Cooled infrared detectors: 

Cooled detectors are typically contained in a vacuum-sealed case or Dewar and 

cryogenically cooled. The cooling is necessary for the operation of the semiconductor 

materials used. Typical operating temperatures range from 4 K to just below room 

temperature, depending on the detector technology. Most modern cooled detectors 

operate in the 60 K to 100 K range, depending on type and performance level. 

Without cooling, these sensors (which detect and convert light in much the same 

way as common digital cameras, but are made of different materials) would be 'blinded' 

or flooded by their own radiation. The drawbacks of cooled infrared cameras are that 

they are expensive both to produce and to run. Cooling is both energy- intensive and 

time-consuming. 

The camera may need several minutes to cool down before it can begin working. 

The most commonly used cooling systems are rotary Stirling engine cryocoolers. 

Although the cooling apparatus is comparatively bulky and expensive, cooled infrared 

cameras provide superior image quality compared to uncooled ones. 

 
Additionally, the greater sensitivity of cooled cameras also allow the use of higher F- 

number lenses, making high performance long focal length lenses both smaller and 

cheaper for 
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cooled detectors. An alternative to Stirling engine coolers is to use gases bottled at 

high pressure, nitrogen being a common choice. The pressurised gas is expanded via 

a micro-sized orifice and passed over a miniature heat exchanger resulting in 
regenerative cooling via the Joule–Thomson effect. For such systems the supply of 

pressurized gas is a logistical concern for field use. 

Materials used for cooled infrared detection include photodetectors based on a wide 

range1.ofI dairuromwagnatpimsoenmidiceonductors including: 

2. Indium Arsenide 

3. Mercury Cadmium 
telluride 

Unco
4
o
.
leLdeaIndfsrualrfiedde Detectors: 
Uncooled infrared sensors can be stabilized to an operating temperature to 

reduce image noise, but they are not cooled to low temperatures and do not require 

bulky, expensive cryogenic coolers. This makes infrared cameras smaller and less 

costly. However, their resolution and image quality tend to be lower than cooled 

detectors. This is due to differences in their fabrication processes, limited by currently 

available technology. 

Ferroelectric detectors operate close to phase transition temperature of the 

sensor material; the pixel temperature is read as the highly temperature-dependent 

polarization charge. The achieved NETD of ferroelectric detectors with f/1 optics and 

320x240 sensors is 70-80 mK. A possible sensor assembly consists of barium 

strontium titanate bump-bonded by polyimide thermally insulated connection. 

Silicon microbolometers can reach NETD down to 20 mK. They consist of a 

layer ofamorphous silicon, or a thin film vanadium(V) oxide sensing element 

suspended on silicon nitride bridge above the silicon-based scanning electronics. The 

electric resistance of the sensing element is measured once per frame. 
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. 

Image 

WHITE HOT AND BLACK HOT IMAGES : 

A Thermal Imager can be selected to either ‘black hot’ or ‘white hot'. Camera 

Palette (also known as Polarity) is set by default to White Hot, alternatively the Black 

Hot palette displays warmer objects as black or dark rather than white or light shades 

(Fig 2a & 2b ). 

The light brown Therm Bright material shows ‘cold’ to a thermal imager. Anything 

covering the material will appear hot, but only relative to the ThermBright. The material is 

most effective with ‘white hot’ selected. This will present a clear black image to the 

imager. 

Though we offer both polarities, ‘cold’ targets work best and are visible at significantly greater 

ranges than ‘hot’ 
 
 
 
 
 
 
 
 

Figure 5: Black Hot 

 
 
 
 
 
 
 
 

 
Figure 6: White Hot 
Image 
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Status Display: 

The HHTI generates the following status displays: 
 
 

a) COMM . status – indicates that the system is connected to the LRF or the STE 

b) INIT – indicates that system is in initialization mode – INIT 

c) WFOV/NFOV/E-ZOOM – indicates the selected FOV 

d) WHT HOT/BLK HOT – indicates the selected polarity of the picture: 
 

i. WHT HOT – hot objects will be displayed in white. 

ii. BLK HOT – hot objects will be displayed in black. 
 

e) LRF STATUS – indicates the LRF status 
 

i. READY – LRF is ready for ranging 

ii. XXXXX – Measured range 

SYSTEM START-UP AND CHECKOUT: 
The following describes the Start-up procedures to be followed before operating 
the 

HHTI system. 
 

a) Verify that the battery is in place and the battery cover is locked with two 
latches. 

b) Switches the power to “ON” position. 

c) Remove front lens cover. 

d) During power ON the INIT indication and DET HOT warning will be displayed 

until the detector will reach the required temperature in less than 8 minutes. 

Then a thermal image is displayed and the cooler noise is reduced. 

e) If you have to change the field of view , push or pull the FOV handle. 

f) Rotate the focus knob to get the sharpest image of the object. 
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g) Press the Reticle BLK/WHT pushbutton and observe if the color of the reticle 

changes from black to white and vice versa with each pressure. 

h) Verify that the system is in NFOV mode and press RETICLE BLK/WHT 

pushbutton for three seconds. Observe that the E-ZOOM is activated. 

i) Press the pushbutton again to return to NFOV mode. 

j) Change for to WFOV mode. 

k) Press the RETICLE ON/OFF pushbutton and observe that the reticle 
disappears. 

l) Press the RETICLE ON/OFF pushbutton again and observe that the reticle is 
displayed. 

m) Change FOV to NFOV mode and press the RETICLE ON/OFF one more 

time. observe that the range estimated scale is displayed. 

n) Set the power switch to STBY. Verify that the CRT disappears while the cooler 

noise is still heard. 

o) Set the power switch to ON. Verify that a thermal image is displayed within 45 
seconds. 

Field Of View: 
The field of view is the extent of the observable world that is seen at any given moment. 

In case of optical instruments or sensors it is a solid angle through which a detector is 

sensitive to electromagnetic radiation. 
 

 
Figure 7: Horizontal Field Of 
View 



 

 
 

Figure 8: Vertical Field Of View 

 
 

INTENSIFIER TUBE VERSUS THERMAL IMAGING CAMERA: 

 
 
 
 
 
 
 
 

Figure 9: Intensifier Tube Versus Thermal Imaging Camera 

Image intensification: Image is Thermal imaging: is not affected by the Saturated 
by looking directly to a light source and produces a clear image. Light source. 

 
 
 
 
 
 
 
 
 
 

 

FIG : Intensifier Tube Versus Thermal 

Imaging Camera 
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ensification, also referred to as I2 technology, amplifies small amounts 

of 
visible light thousa nds of times so that objects can be 
seen atImniagghet.inte  nsification does require a certain level of ambient light, but even 

starlight can
c
 

produce an imagees on a 
cloudleBsescnaiugshet.th  e system requires at least a minimum level of ambient light, conditions 

such as 
heavy overcast can limit its effectiveness. Similarly, too much light may overwhelm the system 

and reduce its effectiveness. 

Thermal imaging cameras offer substantial benefits over image intensification. 
They are not affected by the amount of light so that you will not be blinded when 

lToEoCkiHngNaICt aAlLigDhtAsToAurOceF. HHTI WITH LRF: 

Characteristics: 
 

Thermal imager Spectral band: 8-12 μm Field of view (FoV) 
: 

• Wide FoV: 8° x 6° 

 
• Narrow FoV: 3.2° x 2.4° 

 
 

• Electronic zoom (x2): 1.6° x 1.2° Image resolution: 754 x 

576 Thermal sensitivity (NETp): < 50 mK Axis stability: < 

0.6 mrad Eye safe laser range-finder: 
• Range out to 10 km 

 
• High performance single shot 

Magnetic compass: 
 

• Elevation: 0.2° 

• Azimuth: 0.5° 
 

GPS receiver: 
 

• Integrated + external connection (PLGR) 
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Colour daylight camera : 

• FoV: 3.7° x 2.8° 
 

Laser pointer 830 nm : 

• Eye safe 
 

GENERAL CHARACTERISTICS: 

Weight: < 3.5 kg 
 

Size: 310 x 250 x 110 mm 
 

Video output: 
 

• 625 lines or 525 lines (SMPTE 170 m) 
 

Power supply: 
 

• Battery or external power supply 
 
 

Battery Life: 
 

• > 4 hours with rechargeable battery 
 

Remote control: 
 

• 
 

Cooling: 

• 

RS 422 serial datalink 

 
 

Integrated micro-cooler, rotative Stirling type 

 

Cooling down time: 
 

• < 5 min 
 

Internal display: 
 

• OLED 
 

Temperature range: 
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• Operating: -40° C to +55° C 
 

Environmental conditions: 
 

• Fully ruggedised / MIL STD 461 and MIL STD 

810 - Military wheeled vehicles 

ACCESSORIES: 

• Tripods, displays 
 

• Rechargeable batteries 
 

• Battery chargers 

• AC or DC converters 

• Narrow FoV (2°) tele-converter 

• Wide FoV (20°) teleconverter for operation in 

urban aera 

• Transmission and tele-operation 

• Integrated Hand-Held Display/remote 

control box (POP6) 

 
APPLICATIONS: 

 
1. Military and Police 

 
One of the most common users of a thermal imager is a law enforcement or 

military professional. They need to be able to see potential threats without being 

detected and thermal units give them this chance. Modern thermal imaging 

technology is tough enough to withstand the abuse of recoil, so many police officers 
and soldiers now employ thermal imaging rifle scopes such as the ATN ThOR 640 
Thermal Imaging Weapon Sight. The drawback of using thermal imagers in life-and- 

death situations is that while they're incredibly 
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effective at detecting people or animals, identification is far more challenging. You may see 

a man in front of you, but this doesn't mean you'll be able to tell if he's a friend or a foe. 

 

2. Surveillance 

Thermal imaging cameras are one of the most effective tools for surveillance 

because they work equally well in the day and night. A regular CCTV camera is limited 

by its 

need for light, and night vision doesn't function during the day. The chance to see 

through smoke and fog also gives thermal a leg up on other surveillance techniques. 

 

3. Energy Audits 
Heating and cooling companies have used thermal imagers for years to see 

where buildings are leaking heat. Small cracks or holes cause homes to lose hundreds of 

dollars a year on heating and cooling bills. 

4. Security And Law Enforcement 
With a thermal imager, an officer can stop and scan the property at a distance 

identify any person present at there. 

Perimeter Surveillance is another application in which thermal imaging is used to 

dramatically improve results and reduce time committed to a particular operation. 

Thermal imaging cameras can also used in search and rescue operation as officers 
may be able to search up to 1,500 feet in any direction. 

 

PRODUCT ASSURANCE TEST: 
ESS(Environment Stress Strain) Test: 

 

• Climate Test 

a) High temperature and Low temperature test 

b) Heat and Cold Chamber Test 

c) Rain and Dust Chamber Test 

• Durable Test 

a) Vibration Test 

b) Bump test 

• Functional Test 

a) Resolution Test 

b) Field Of View 



32 
 

Heat and Cool Chamber Test: 

 

 
Temperature and humidity test chambers are 

ranging in size from 50Ltier to 3000Liter, including 

benchtop, standard type and walk in. Included are 

ultra low temperature test chamber, high rate of 

change of temperature chambers (15℃/min) and 

climate with humidity chambers. 

Our temperature and humidity test chambers are available in a variety of sizes and 

configurations, including benchtop / vertical/ walk in constant temperature humidity 
chambers. Temperature Range: -70°C to +180°C; Humidity range:10% to 98%R.H. 

 

Vibration Test Chamber: 

 
 
 
 
 
 
 
 
 
 

Figure 10: Vibration Test Chamber 

We perform structural dynamic finite element modeling and simulation of vehicle 

platforms, civil structures, and machines and study their response to shock and vibration 

during operation, accident, and natural catastrophies. 
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Conclusion: 
The original purpose of night vision was to locate enemy targets at night. It is 
still 

used extensively by the military for that purpose, as well as for navigation, 

surveillance and targeting. Police and security often use both thermal-imaging and 

image-enhancement technology, particularly for surveillanc 
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ABSTRACT 

 

The 3D EXPERIENCE PLATFORM is a business experience platform .It provides software 

solutions for every organization in your company form  Marketing to sale to engineering that 

help you, in your value creation process, to create differentiating consumer experience, with a 

single, easy to use interface, it powers Industry solution in a collaborative, interactive 

environment. It is available on premise and on cloud.  

 

Dassault systems offers industry leading application delivered on the 3D EXPERIENCE 

platform: Design &Engineering, Manufacturing & Production Simulation, Governance & Life 

cycle, 3D Design Experience for Professionals, as well as a broad catalog of services 
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CHAPTER-1 

INTRODUCTION TO 3D EXPERIENCE 

 
 Consumers today demand experiences that enrich their lives in meaningful ways. Experience 
thinking is a framework for innovation, focusing on engaging consumers with breathtaking 
experiences that are smarter, intuitive and sustainable. Experience thinking persuades the 
organization to define the product and related services in the context of the customer usage – a 
holistic approach to creating value for the customer. Experience thinking encourages companies 
to consider all aspects of the consumer’s experience – only possible when all the players in the 
innovation process from marketing, sales, design, engineering, manufacturing and the supply chain 
work collaboratively.  
 
The 3DEXPERIENCE platform and apps digitalize the customer experience, with capabilities to 
analyze, design, simulate, engineer and realize experiences. Innovators develop a deep 
understanding of their customer’s operating environment by analyzing social and usage 
information on the platform with a data-driven approach. The experience is modelled in the context 
of the operating environment, capturing intelligent interactions between the environment, 
consumer, product and digital capabilities that harness operational data and provide insightful 
services. Enterprises then simulate and optimize their offerings encompassing all customer 
scenarios. During the operating lifecycle, this model is enriched with valuable insights gleaned 
from the usage data, setting the stage for the next cycle of innovation. 
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3DEXPERIENCE is the most advanced software for product and learning innovation, is available 
in the cloud or on-premises, within your own operating environment. Both options bring new 
capabilities to educators and students who want to experience the engineering practices of industry 
leaders for increased employment opportunities in the new global economy. Years of collaboration 
with educators and students across a wide variety of institutions and disciplines has led to a 
flexible, tailored set of learning solutions. 3DEXPERIENCE for Academia encompasses a suite of 
world-class integrated applications: 

➢ CATIA for product design 
➢ DELMIA for digital manufacturing  
➢ SIMULIA for realistic simulation 
➢ ENOVIA for collaborative innovation 
➢ 3DEXCITE for high-precision rendering and interactive immersion 

 



9 

 

 
 
 
 
 

3DEXPERIENCE platform builds on the V6 digital architecture and adds information intelligence, 
dashboarding and social collaboration capabilities. Businesses now create a private social 
collaboration environment on the platform and involve employees, partners, suppliers, consumers 
and other stakeholders as active participants in the innovation process. Leading organizations now 
adopt a big-data approach to understand all aspects of the customer experience in a data-driven 
manner and then model and simulate all aspects of the customer experience – virtually perfecting 
the experience before launching the product to market. 

3DEXPERIENCE ESSENTIALS 

3DEXPERIENCE Essentials is a broad application set built on the Business and Industry 
Innovation baseline, encompassing a vast set of Dassault Systems solutions. 

The ideal basis for universities or technical colleges to support their transition to project-based or 
student-centered learning, 3DEXPERIENCE Essentials provides a complete digital framework for 
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team-based ideation, contextual learning, collective innovation, solution creation and various 
methods for project evaluation. 

3DEXPERIENCE Essentials includes advanced ENOVIA capabilities for configuration 
management, requirements management, change management and compliance processes.  

The Essentials package bundles a large sub-set of CATIA design functions and enables 
conceptualization and detailing of virtually. 

Using DELMIA digital manufacturing tools makes machining, robotics and rapid prototyping an 
integrated exercise, ensuring manufacturability of designs and streamlining of manufacturing 
programming.  

Right-first-time practices are reinforced through mechanism simulation and associative stress 
analysis using SIMULIA and ergonomics simulation.  

The fundamental capabilities of additive manufacturing are built-in for powder-bed fusion additive 
manufacturing, including nesting, automated support design and laser path optimization.  

Converters to and from other applications, as well as 3D printing output formats, are available for 
exchanging data with various partners and devices. 

A fundamental enhancement in 3DEXPERIENCE Essentials is the possibility to create hybrid 
assemblies mixing new data with legacy models from version 5. New functionalities can so be 
applied on existing courses examples without re-creating them. Projects started in V5 for instance 
students’ competitions can easily progress in the up-to-date version. 

Common apps and services to connect everyone to the platform 

The 3DEXPERIENCE platform provides the underpinning apps and services that enable the 
transformation to a digital, data-driven, model-based environment. The common apps and services 
provide an effective way to connect everyone early in the innovation process. Social collaboration 
with 3DSwym is a great way to harness the innovative ideas from everyone. With the 
3DDashboard users monitor the things they care about – follow online trends, be alerted by data 
feeds, and at the same time monitor enterprise processes and data. Users see everything that's 
happening, 24/7, all in one dashboard. With 3DDrive users securely store their documents on the 
cloud, access them from any device and share them with co-workers and collaborators across the 
value chain. Users collaborate instantly using 3DMessaging with immersive visualization of 3D 
assemblies with 3DPlay.  
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In this internship program we learned about CATIA, SIMULIA and DELMIA. 
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CHAPTER-2 

CATIA 

    2.1 Introduction to CATIA: 

 Catia is the mechanical design software and is capable of addressing the complete product 
development process, from product concept specification through product in service in a fully 
integrated and associative manner. 

      Catia mechanical design discipline products accelerate core activities of development from 
concept to detailed design on to drawing production .mechanical design products also address 
sheet metal requirements and mold manufactures using dedicated applications that dramatically 
enhance productivity and strongly reduce time to market. 

In 3D Experience Catia is present in 3D icon which consists of 3D Modelling apps. 

     Workbenches in CATIA 

➢ PART DESIGN 
➢ GENERATIVE SHAPE DESIGN 
➢ ASSEMBLY DESIGN 
2.2 Part Design 

Catia provides you so many features which make creating complex mechanical design in a simple 
task. The objects created in sketcher are converted into the solid part with the help of part modeling 
tools. 

Features 

➢ Advanced complex features for dedicated best practices 
➢ Knowledge templates repository approach 
➢ Comprehensive specification approach for value added process reducing geometry 

definition and rework 
➢ Process features oriented 

2.2.1 Tools  

➢ Pad  
➢ Pocket 
➢ Shaft 
➢ Groove 
➢ Hole 
➢ Rib 
➢ Slot 
➢ Multi-Section Solid 
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Pad 

Pad tool has the ability to convert any sketch into solid part with given length. If any geometry 
also there in between the outer boundary pad operation considers it as an empty space. 

➢ Select pad tool  
➢ Define types of pads that are 
➢ Dimension 
➢ Up to next 
➢ Up to last 
➢ Up to plane 
➢ Up to surface  
➢ Select sketch 
➢ if you want it to be hollow than select tick option and give limits of thickness 
➢ If you want to extrude body in both sides than check option more and again select type and 

dimensions for second side. 
➢ Select OK for implementation 

 

Pocket  

Pocket is just opposite operation of pad. Operation process is same as pad tool, all other options 
are also same as pad the only difference is removal of material in spite of generating solid part. 

Shaft 

Shaft tool is an operation in which any sketch rotates about an axis and forms a solid part. From 
this operation we can generate any geometry which is symmetric about an axis. 

➢ Draw the sketch with axis line. 
➢ Switch out from sketcher and select Shaft Tool to revolve sketch 360 degree. 
➢ Axis should be draw with sketch. 
➢ Select OK for implementation.   

Groove 

Groove is just opposite operation of shaft. Shaft makes solid part by revolving any sketch about 
an a groove removes material by revolving about an axis. Sketch profile must be closed one for 
this operation. 
 
Hole 

This operation makes a hole that tab be used for bolted joint or for a tap or for any locator pin. 
Hole can be made threaded. 
 
 
Rib 



14 

 

Rib operation will increase a 2D profile along to the center curve and create a 3D solid object. 
steps are as follows. 
➢ Draw a Center curve  
➢ Select a plane at perpendicular direction of the end point of a Center curve 
➢ Draw Profile at that Plane  
➢ Switch out the sketcher  
➢ Select rib tool 
➢ Select profile first 
➢ Select center curve 
➢ If all given parameter are correct then it will show you a preview  
➢ Select OK for implementation 

 

Slot 

Slot is just opposite operation of rib. All the procedure of working is same but slot removes 
material according to sketch and rib makes solid part. Here also we follow same procedure as in 
rib. 
 
Multi-section Solid  

Multi-sections solid   can be created by joining two or more section curves along the calculated or 
user-defined guiding curves. One or more leading curves can be used. The result is a closed 
volume. 

Some other important tools used in part design are   
➢ Fillet 
➢ Chamfer 
➢ Draft 
➢ Shell 
➢ Thickness 

2.2.2 Procedure  

• Open 3d experience  
• Click on 3d icon at top left corner  
• Select part design 
• Click on body  
• Click on sketcher  
• Select the plane to draw 
• Draw the profile of the required part  
• Click on exit icon  
• Select the required operations like pad, shaft etc. 
• For another operation on the same part select another body  
• By using sketcher draw another profile 
• Perform pad operation  
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• Based on the required add or remove the body from another body. This process is known 
as Boolean operation. 

• Perform operations like fillet, chamfer as for the requirement. 
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 Partsdesigne:-
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2.3 Generative Shape Design 

 Generative Shape Design helps to design advanced shapes based on a combination of wireframe 
and extensive multiple surface features. t provides a large set of tools for creating and editing shape 
designs and, when combined with other products such as CATIA Part Design, it meets the 
requirements of solid-based hybrid modeling. 

 

2.3.1 Tools  

➢ Extrude surface 
➢ Revolve 
➢ Sphere 
➢ Cylinder 
➢ Sweep 
➢ Fill 
➢ Join  
➢ Split 
➢ Trim 
➢ Boundary  

Extrude Surface 

This tool extrude surface from already created profile on perpendicular direction of plane selected. 
➢ Select the tool 
➢ Select profile and plane extrusion 
➢ Now give limits that is length of extrusion in both sides 
➢ Select ok to implement the work 

Revolve 

 This tool is used to create circular surface. 

➢ Draw a open sketch with a axis line 
➢ Select revolve tool 
➢ Select profile to be revolved  
➢ Select axis line if it is not in sketch  
➢ Define start angle and end angle  
➢ Select OK to implement 

Sphere 

➢ Select sphere tool  
➢ Select center point  
➢ Remain sphere and default  
➢ Define the radius of sphere  
➢ Select the sphere limitations 
➢ Select OK to implement 
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Cylinder 

Draw Cylinder through specify point and direction 

➢ Create a point on a plane 
➢ Select cylinder tool  
➢ Specify center point  
➢ Select plane for direction 
➢ Specify radius 
➢ Specify length1 and length 2 
➢ Chose minor extent or Reverse 
➢ Direction When required 
➢ Select OK 

Sweep 

This the most important tool used in surface design. we can use this tool for generating any type 
of surface that may be straight or it may be twisted or curvilinear form. 

Types of sweep 

➢ Explicit sweep 
➢ Linear sweep 
➢ Circle sweep 
➢ Conical sweep 

Fill 

Fill command is used to crate surface between some intersecting curves but it must be closed. 

➢ Select tool 
➢ Select curves 
➢ Choose continuity 
➢ Press OK 

Join 

➢ The Join tool is used to join two adjacent surfaces or two adjacent curves. 
➢ Choose Join button from the Operation toolbar  
➢ The Join Definition dialog box is displayed 
➢ You are prompted to select the elements (curves or surfaces) to be joined 
➢ Select the elements that you need to join 
➢ Remember that there should not be a large gap between the entities to be joined. 
➢ Choose the OK button from the Joint Definition dialog box to complete the join operation 
➢ The surfaces or curves that are joined together will behave as a single entity 
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Split 

Split This tool will split the surface about any curve and the selected surface. 

➢ Select split tool 
➢ Split dialog box will open  
➢ Select a surface to split 
➢ Select a curve at surface as a cutting element. 
➢ The resulting surface will ready to preview for you. 
➢ Select other side to change side of split 
➢ Select OK 

Trim 

 The Trim tool allows you to trim two intersecting surfaces or curves with respect to each other 

➢ When you choose this tool, the Trim Definition dialog box will be displayed 
➢ Choose a surface as the first element and the other surface as the second element. 
➢ One side of each surface will be displayed as transparent. 
➢ You can choose the other side button to reverse the sides of surfaces to be trimmed. Figure 

shows the surface Trimmed using the Trim tool. 
➢ Figure shows the trimmed surface when the other side buttons are selected for both 
➢ Surfaces from the Trim Definition dialog box. 

Boundary 

Boundary tool will defines the boundary of a surface according to you. This will useful if want to 
use semi boundary of any sketch for our next operation 

➢ Create surface as shown figure 
➢ A dialog box open  
➢ Select surface whose boundary need to redefine 
➢ Select limits for new boundary 
➢ These limits must cross that existing surface at any point and the selected limit sketch will 

not overlap with surface 
➢ Ok for implementation 

 

2.3.2 Procedure  

• Open 3D Experience 
• Click on 3D icon at the top left corner  
• Select generative shape design 
• Click on sketcher 
• Select the plane to draw the profile 
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• Draw the profile  
• Extrude the surface of the profile 
• By using offset planes  draw remaining profile and extrude the surfaces 
• Fill the closed curves according to requirement 
• Join all the surfaces  by using join command 
• Trim the extra projections by using trim command 
• After joining all the surfaces inn single surface fillets are made 

 
 
 Components designed by using generative shape design: 

 
 

 
 
 
 

 
 
 
 
 
 

 



22 
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2.4 Assembly Design 

Assembly modeling is the process of creating designs that consist of two or more Component. 
Assembled together at their respective work positions. The components are brought together and 
assembled in Assembly Design workbench by applying suitable parametric assembly constraint to them. 
The assembly constraints allow you to restrict the degrees of freedom of components on their respective 
work positions. The assembly files in CATIA are called Product files 
.  
2.4.1 Product Structure Tools 

 

Inserting a existing part 

This tool inserts a part which is already created and saved into .CATPART file. This insets the part in 
non position mode. 
 
 Insert a new part  

This toll gives us a way to create a new component in the assembly workbench. 
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Insert new product 

This tool is used for inserting another product in the same assembly file. This is used where assembly 
are there in the same product. 
 
Replacing a Component  

If you places wrong component in assembly then use this tool for replacing it by a correct one. 
➢ Select a component to replace  
➢ now select replace component tool 
➢ The window will open which contains CATPART files 
➢ Select new part 
➢ Select OK for Implementation. 

 

 Multi Instantiation 

This is a tool which can create multiple copies of an inserted part without inserting it again and again. It 
can set them at specified direction and distance from its parent part. 
 
2.4.2 Move Tools 

 

 Manipulation 

Manipulation tool is a small subgroup of tools used for moving a component inside the assembly design 
workbench. This tool includes the tools used to rotate, translate, and move tools. 
Manipulation tool consists of 
➢ Drag along X-axis 
➢ Drag along Y-axis 
➢ Drag along Z-axis 
➢ Drag along any axis 
➢ Drag along XY Plane 
➢ Drag along YZ Plane 
➢ Drag along ZX Plane 
➢ Drag along any  Plane 
➢ Drag around X-axis 
➢ Drag around Y-axis 
➢ Drag around Z-axis 
➢ Drag around any axis 

 
Snap Tool 

The snap tool is used to move the component by snapping the geometric element of the first component 
on selection of the geometric elements. The element selected first will move to snap the second element. 
 
Explode 

Explode is command which will breaks your assembly or subassembly and will show you all its -
components individually. 
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2.4.3 Constraints 

 

Coincidence Constraint 

This constraint will make coincidence the centre lines of two cylindrical components 
 
Contact constraint 

This constraint will connect surfaces of components. The connected components have no space between 
these two surfaces. 
 
 Offset constraint  

Surface constraint will create zero gap between two surfaces but if it is desired to make some distance 
then offset tool is used. 
 
Angle constraint  

This tool I used for placing two components at an angle. 
 
Fix together 

This is a constraint which fixes two components together. If you want to perform any manipulation 
operation or you are assigning any constraint on any of these components it will automatically applies 
on other because they both are fixed together. 
 
 
 
 
2.4.4 Procedure  

• Open 3D Experience 
• Click on 3D icon at the top left corner  
• Select assembly design 
• Import all the parts required for the assembly. 
• Click on insert existing part 
• Click on physical product at the top of the tree located at top left corner. 
• Select all the parts and import them to the assembly window. 
• Perform the manipulate operations to move the parts and place them in sequence. 
• Fix one part as the reference and assembling should be carried. 
• Give coincidence constraint to the parts. 
• Then give contact constraint to the parts to complete assembly 
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Assembly of screw jack 

 
Parts to be assembled 
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Assembled component 
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CHAPTER -3 

SIMULIA 
3.1 Introduction 

SIMULIA is a complete suite of powerful and realistic solutions that enable users to explore 
the real-world behavior of product, nature, and life.  Simulia makes virtual testing a standard 
business practice that improves the product performance, reduces physical prototypes and 
innovation .It allows the simulation of the designed model by various input parameters. 

Workbenches in Simulia 

➢ MATERIAL DEFINITION  
➢ STRUCTURAL MODEL  
➢ STRUCTURAL SCENARIO 

3.2 Simulia Procedure: 

  Material definition 

➢ Open 3d experience software 

➢ Design a component using part design  
➢ Then for simulation click on V.R  
➢ Select material definition. 
➢ After opening material definition create a material and name it as steel. 
➢ In top left corner of the window a tree related to the material is appeared. It contains Material 

appearance domain and Material simulation domain. 
➢ Click on material simulation domain and add required properties of the material like density, 

Youngs modulus, poison ratio etc. 
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➢ Go to part body created before. 
➢ Click on pick material option in the tool bar located at bottom 

➢ Go to material editor tab and click on steel and the click on product to apply the material. 

Structural model 

➢ Go to V.R and click on structural model. 
➢ Click on finite element methods option which is appeared on the tree. 
➢ Click on nodes and elements then toolbar bar is appeared at the bottom. 
➢ Click on mesh icon and select the mesh type. 
➢ Give mesh size and then apply the mesh by selecting the body. 
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➢ Click on finite element methods. 
➢ Click on properties and select solid section. 

Structural scenario 

➢ Go to V.R and click structural scenario and select simulation type. 

 

➢ Click on setup from the toolbar located at the bottom and click on finite element model 
appeared in the dialogue box. 
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➢ Click on procedure and choose the type of procedure. 

 

➢ Click on restraints and choose type of support. 
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➢ Click on loads and apply the loads required. 

 

 

➢ Click on simulate and the click on simulation checks. 
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➢ Simulation status is appeared. 

 

 

➢ Finally click on simulate and note down the results. 
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CHAPTER-4 

DELMIA 

4.1 Introduction 

DELMIA-Digital Enterprise Lean Manufacturing Interactive Application is powered by the 
3DEXPERIENCE platform. 

DELMIA Digital Manufacturing drives manufacturing innovation and efficiency by planning, 
simulating, and modeling global production processes. DELMIA allows manufacturers to virtually 
experience their entire factory production from the impact of design to determining how to meet 
global demand. These simulation activities allow manufacturers to better address and shift 
processes so as to quickly respond to the competition, or to take advantage of new market 
opportunities. 
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 DELMIA Digital Manufacturing capabilities extend visualization beyond the product into 
manufacturing—providing the ability to simulate manufacturing processes before the physical 
plant or production line even exists. By proving out plant level considerations such as 
manufacturing approaches and material flow in the early stages of product development, the 
product concept can be analyzed to determine the best approach to make the product. 

 

Workbenches in Delmia 

➢ Manufacturing Item Definition 

➢ Process Planning 

➢ Equipment Allocation 

➢ Assembly Evaluation 

➢  Time Motion and Study 

4.2 Delmia Procedure: 

Importing product 

➢ Open 3d experience. 
➢ Click on import and import the product which is in .3dxml format. 
➢ Right click on product from the tree. 
➢ Then click on open with and select open with advanced. 
➢  Click on expanded with all representative children. 
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Manufacturing item definition 

➢ Go to V.R  click on manufacturing item definition 

➢ Right click on manufacturing item definition window and the click on product A1. 
➢ Click on manufacturing assembly and create manufacturing item product scope and click 

on product. 
➢  Click on Authoring from toolbar at bottom and click on Create / Update manufacturing. 
➢ Insert required number of manufacturing assemblies and spilt the product in to different 

components by using assignment manager. 
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Process planning 

➢ Go to V.R click on process planning. 
➢ Click on general system. 
➢ Click on manage scope and create scope. 
➢ Insert no. of general systems as per requirement. 
➢ Insert general operations and loading operations in the general systems. 
➢ Select the components from the tree and place them in them general operations and loading 

operations according to the assembling order. 
➢ Click on product flow from the tool bar and create flow between the general operation and 

loading operation in the general system and also create flow between the general systems. 

 

 

 

Equipment allocation 

➢ Go to V.R click on Equipment allocation 

➢ Right click on PPR context from the tree then click on insert resource, click on 
manufacturing cell, click on main layout , click on create stations  

➢ Create 4 stations each station must have one conveyor and one storage. 
➢ For creating storage and conveyor click on station, click on insert resource. 
➢ Import station with conveyor file of .3dxml format. 
➢ Copy the imported file and open equipment allocation tab and paste it in main layout. 
➢ From the imported file copy storage and conveyor and paste them in the stations created 

before. 
➢ Click on create scope and create scope between main layout and general system. 
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➢ Click on station, click on assignment manager and export general system operation to the 
station. 

➢ Define part position and place on conveyors  

 

Assembly Evaluation 

➢ Go to V.R click on Assembly Evaluation. 

➢ Click on General system and Right click on Loading operation and then Create Track. 

➢ Copy the Current track to the other operations. 

➢ Click Live Simulate on toolbar located at bottom. 
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CONCLUSION 

From this internship I have learnt  

➢ Modelling of solid parts by using Catia part design. 

➢ Creating complex shapes and surfaces by using Generative shape design. 

➢ Assembling of parts to form a assembled component. 

➢ Meshing and simulating structural components with different supports 
and loads by using Simulia. 

➢ Basic concepts and procedure of Delmia. 
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ABSTRACT 

 

The 3D EXPERIENCE PLATFORM is a business experience platform 

     It provides software solutions for every organization in your company form  

Marketing to sale to engineering that help you, in your value creation process, 

to create differentiating consumer experience, with a single, easy to use 

interface, it powers Industry solution in a collaborative, interactive 

environment. It is available on premise and on cloud. Explore the entire portfoli 

Dassault systems offers industry leading application delivered on the 3D 

EXPERIENCE platform: Design &Engineering, Manufacturing & Production 

Simulation, Governance & Life cycle, 3D Design Experience for Professionals, 

as well as a broad catalog of services 
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Chapter – 1 

 

INTRODUCTION 

 

CATIA isacronymforComputer Aided Threedimensional Interactive Applicatio

n. It is one of the leading 3D software used by organizations in multiple 

industries ranging from aerospace, automobile to consumer products. 

 

CATIA is a multi platform 3D software suite developed by Dassault Systems, 

encompassing CAD, CAM as well as CAE. Dassault is a French engineering 

giant active in the field of aviation, 3D design, 3D digital mock-ups, and 

product lifecycle management (PLM) software. CATIA is a solid modelling 

tool that unites the 3D parametric features with 2D tools and also addresses 

every design-to-manufacturing process. In addition to creating solid models and 
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assemblies, CATIA also provides generating orthographic, section, auxiliary, 

isometric or detailed 2D drawing views. It is also possible to generate model 

dimensions and create reference dimensions in the drawing views. The bi-

directionally associative property of CATIA ensures that the modifications 

made in the model are reflected in the drawing views and vice-versa. 

 

3DEXPERIENCE is the most advanced software for product and learning innovation, is 
available in the cloud or on-premises, within your own operating environment. Both options 
bring new capabilities to educators and students who want to experience the engineering 
practices of industry leaders for increased employment opportunities in the new global economy. 
Years of collaboration with educators and students across a wide variety of institutions and 
disciplines has led to a flexible, tailored set of learning solutions. 3DEXPERIENCE for 
Academia encompasses a suite of world-class integrated applications: 

➢ CATIA for product design 
➢ DELMIA for digital manufacturing  
➢ SIMULIA for realistic simulation 
➢ ENOVIA for collaborative innovation 
➢ 3DEXCITE for high-precision rendering and interactive immersion 
 

The first release of CATIA was way back in 1977, and the software suite is still 

going strong more than 30 years later. While CATIA V6 is just being released, 

the most popular version of CATIA is V5 which was introduced in 1998. That 

said, it is important to note that each version of CATIA introduces considerable 
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additional functionality. For example, V4 (introduced in 1192) offered 

enhancements to the Assembly Modeling Product including easy-to-use 

graphical tree-based assembly management. V5 and V6 saw changes in the way 

data is handled. Dassault Systemes typically offers new updates, releases and 

bug fixes for each version. The CATIA software is written in C++. It runs on 

both UNIX and Windows. 

 

CATIA started as an in-house development in 1977 by French aircraft 

manufacturer AVIONS MARCEL DASSAULT, at that time customer of 

the CADAM software to develop Dassault’s Mirage fighter jet. It was later 

adopted by the aerospace, automotive, shipbuilding, and other industries. 

Initially named CATI (conception assistee tridimensionnelle interactive – 

French for interactive aided three-dimensional design), it was renamed CATIA 

in 1981 when Dassault created a subsidiary to develop and sell the software and 

signed a non-exclusive distribution agreement with IBM. 

In 1984, the Boeing Company chose CATIA V2 as its main 3D CAD tool, 

becoming its largest customer. 

In 1988, CATIA V3 was ported from mainframe computers to Unix. 

In 1990, General Dynamics Electric Boat Corp chose CATIA as its main 3D 

CAD tool to design the U.S. Navy's Virginia class submarine. Also, Lockheed 

was selling its CADAM system worldwide through the channel of IBM since 

1978. 

In 1992, CADAM was purchased from IBM, and the next year CATIA 

CADAM V4 was published. 
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In 1996, it was ported from one to four UNIX operating systems, including 

IBM AIX, Silicon Graphics IRIX, Sun Microsystems SunOS, and Hewlett-

Packard HP-UX. 

In 1998, V5 was released and was an entirely rewritten version of CATIA with 

support for UNIX, Windows NT and Windows XP (since 2001) 

In the years prior to 2000, problems caused by incompatibility between versions 

of CATIA (Version 4 and Version 5) led to $6.1B in additional costs due to 

years of project delays in production of the Airbus A380. 

In 2008, Dassault Systems released CATIA V6. While the server can run 

on Microsoft Windows, Linux or AIX, client support for any operating system 

other than Microsoft Windows was dropped. 

In November 2010, Dassault Systems launched CATIA V6R2011x, the latest 

release of its PLM2.0 platform, while continuing to support and improve its 

CATIA V5 software. 

In June 2011, Dassault Systems launched V6 R2012. 

In 2012, Dassault Systems launched V6 2013x. 

In 2014, Dassault Systems launched 3DEXPERIENCE Platform R2014x and 

CATIA on the Cloud, a cloud version of its software. 

In 2018, Dassault Systems launched 3DExperience Marketplaces to connect 

CATIA Users, with manufacturers, standard parts creators and engineers. 

In 2019, 3DExperience Marketplaces launched an Add-in in Catia, to connect 

directly manufacturers with designers. 
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Chapter – 2 

 

WHAT DOES CATIA DO:- 

  CATIA provides the capability to visualize designs in 3D. When it was 

introduced, this concept was innovative. Since Dassault Systemes did not have 

an expertise in marketing, they had revenue sharing tie-up with IBM which 

proved extremely fruitful to both the companies to market CATIA.  

 

         In the early stages, CATIA was extensively used in the design of the 

Mirage aircrafts however the potential of the software soon made it a popular 

choice in the automotive sector as well. As CATIA was accepted by more and 

more manufacturing companies, Dassault changed the product classification 

from CAD / CAM software to Project Lifecycle Management. The company 

also expanded the scope of the software. 

 

CATIA can be used at different stages of the design - ideate, draw, test and 

iterate. The software comes with different workbenches (“modules”) that allow 

CATIA to be used across varied industries – from parts design, surface design 

and assembly to sheet metal design. CATIA can also be used for CNC. 

    CATIA offers many workbenches that can be loosely termed as modules. A few                

of the important workbenches and their brief functionality description is given    
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WORKBENCHES:- 

• Part Design 

• Generative Shape Design 

• Assembly 

 

Part Design: 

 The most essential workbench needed for solid modelling. This CATIA module 

makes it possible to design precise 3D mechanical parts with an intuitive and 

flexible user interface, from sketching in an assembly context to iterative detailed 

design. 

Features 

➢ Advanced complex features for dedicated best practices 
➢ Knowledge templates repository approach 
➢ Comprehensive specification approach for value added process reducing geometry 

definition and rework 
➢ Process features oriented 

Tools  

➢ Pad 
➢ Pocket 
➢ Shaft 
➢ Groove 
➢ Hole 
➢ Rib 
➢ Slot 
➢ Multi-Section Solid 
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Pad 

Pad tool has the ability to convert any sketch into solid part with given length. If any geometry 
also there in between the outer boundary pad operation considers it as an empty space. 

➢ Select pad tool  
➢ Define types of pads that are 
➢ Dimension 
➢ Up to next 
➢ Up to last 
➢ Up to plane 
➢ Up to surface  
➢ Select sketch 
➢ if you want it to be hollow than select tick option and give limits of thickness 
➢ If you want to extrude body in both sides than check option more and again select type 

and dimensions for second side. 
➢ Select OK for implementation 

 

Pocket 

Pocket is just opposite operation of pad. Operation process is same as pad tool, all other options are 
also same as pad the only difference is removal of material in spite of generating solid part. 

Shaft 

Shaft tool is an operation in which any sketch rotates about an axis and forms a solid part. From 
this operation we can generate any geometry which is symmetric about an axis. 

➢ Draw the sketch with axis line. 
➢ Switch out from sketcher and select Shaft Tool to revolvesketch 360 degree. 
➢ Axis should be draw with sketch. 
➢ Select OK for implementation.   

Groove 

Groove is just opposite operation of shaft. Shaft makes solid part by revolving any sketch about an a 
groove removes material by revolving about an axis. Sketch profile must be closed one for this 
operation. 

 

Hole 

This operation makes a hole that tab be used for bolted joint or for a tap or for any locator pin. 
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Hole can be made threaded. 

 

 

Rib 

Rib operation will increase a 2D profile along to the center curve and create a 3D solid object.steps 
are as follows. 

➢ Draw a Center curve  
➢ Select a plane at perpendicular direction of the end point of a Center curve 
➢ Draw Profile at that Plane  
➢ Switch out the sketcher  
➢ Select rib tool 
➢ Select profile first 
➢ Select center curve 
➢ If all given parameter are correct then it will show you a preview  
➢ Select OK for implementation 

 

Slot 

Slot is just opposite operation of rib. All the procedure of working is same but slot removes material 
according to sketch and rib makes solid part. Here also we follow same procedure as in rib. 

 

Multi-section Solid 

Multi-sections solid   can be created by joining two or more section curves along the calculated or 
user-defined guiding curves. One or more leading curves can be used. The result is a closed 
volume. 

Some other important tools used in part design are   

➢ Fillet 
➢ Chamfer 
➢ Draft 
➢ Shell 
➢ Thickness 
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 Procedure  

• Open 3d experience  
• Click on 3d icon at top left corner  
• Select part design 
• Click on body  
• Click on sketcher  
• Select the plane to draw 
• Draw the profile of the required part  
• Click on exit icon  
• Select the required operations like pad, shaft etc. 
• For another operation on the same part select another body  
• By using sketcher draw another profile 
• Perform pad operation  
• Based on the required add or remove the body from another body. This process is known 

as Boolean operation. 
• Perform operations like fillet, chamfer as for the requirement. 
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Generative Shape Design: 

 Allows you to quickly model both simple and complex shapes using wireframe 

and surface features. It provides a large set of tools for creating and editing shape 

designs. Though not essential, knowledge of Part Design will be very handy in 

better utilization of this module. 

Tools  

➢ Extrude surface 
➢ Revolve 
➢ Sphere 
➢ Cylinder 
➢ Sweep 
➢ Fill 
➢ Join  
➢ Split 
➢ Trim 
➢ Boundary 

Extrude Surface 

This tool extrude surface from already created profile on perpendicular direction of plane selected. 

➢ Select the tool 
➢ Select profile and plane extrusion 
➢ Now give limits that is length of extrusion in both sides 
➢ Select ok to implement the work 

Revolve 

 This tool is used to create circular surface. 

➢ Draw a open sketch with a axis line 
➢ Select revolve tool 
➢ Select profile to be revolved  
➢ Select axis line if it is not in sketch  
➢ Define start angle and end angle  
➢ Select OK to implement 

Cylinder 
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Draw Cylinder through specify point and direction 

➢ Create a point on a plane 
➢ Select cylinder tool  
➢ Specify center point  
➢ Select plane for direction 
➢ Specify radius 
➢ Specify length1 and length 2 
➢ Chose minor extent or Reverse 
➢ Direction When required 
➢ Select OK 

Sweep 

This the most important tool used in surface design. we can use this tool for generating any type 
of surface that may be straight or it may be twisted or curvilinear form. 

Types of sweep 

➢ Explicit sweep 
➢ Linear sweep 
➢ Circle sweep 
➢ Conical sweep 

Fill 

Fill command is used to crate surface between some intersecting curves but it must be closed. 

➢ Select tool 
➢ Select curves 
➢ Choose continuity 
➢ Press OK 

Join 

➢ The Join tool is used to join two adjacent surfaces or two adjacent curves. 
➢ Choose Join button from the Operation toolbar  
➢ The Join Definition dialog box is displayed 
➢ You are prompted to select the elements (curves or surfaces) to be joined 
➢ Select the elements that you need to join 
➢ Remember that there should not be a large gap between the entities to be joined. 
➢ Choose the OK button from the Joint Definition dialog box to complete the join operation 
➢ The surfaces or curves that are joined together will behave as a single entity 
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Split 

Split This tool will split the surface about any curve and the selected surface. 

➢ Select split tool 
➢ Split dialog box will open  
➢ Select a surface to split 
➢ Select a curve at surface as a cutting element. 
➢ The resulting surface will ready to preview for you. 
➢ Select other side to change side of split 
➢ Select OK 

Trim 

The Trim tool allows you to trim two intersecting surfaces or curves with respect to each other 

➢ When you choose this tool, the Trim Definition dialog box will be displayed 
➢ Choose a surface as the first element and the other surface as the second element. 
➢ One side of each surface will be displayed as transparent. 
➢ You can choose the other side button to reverse the sides of surfaces to be trimmed. 

Figure shows the surface Trimmed using the Trim tool. 
➢ Figure shows the trimmed surface when the other side buttons are selected for both 
➢ Surfaces from the Trim Definition dialog box. 

Boundary 

Boundary tool will defines the boundary of a surface according to you. This will useful if want to 
use semi boundary of any sketch for our next operation 

➢ Create surface as shown figure 
➢ A dialog box open  
➢ Select surface whose boundary need to redefine 
➢ Select limits for new boundary 
➢ These limits must cross that existing surface at any point and the selected limit sketch 

will not overlap with surface 
➢ Ok for implementation 

 

 

Procedure  

• Open 3D Experience 
• Click on 3D icon at the top left corner  
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• Select generative shape design 
• Click on sketcher 
• Select the plane to draw the profile 
• Draw the profile  
• Extrude the surface of the profile 
• By using offset planes  draw remaining profile and extrude the surfaces 
• Fill the closed curves according to requirement 
• Join all the surfaces  by using join command 
• Trim the extra projections by using trim command 
• After joining all the surfaces inn single surface fillets are made 

 

 

 

 

 

Assembly:  
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The basics of product structure, constraints, and moving assemblies and parts 

can be learned quickly. This is the workbench that allows connecting all the 

parts to form a machine or a component.  

Product Structure Tools 

 

Inserting a existing part 

This tool inserts a part which is already created and saved into .CATPART file. This insets the part in non 
position mode. 

 

Insert anew part  

This toll gives us a way to create a new component in the assembly workbench. 

 

Insert new product 

This tool is used for inserting another product in the same assembly file. This is used where assembly are 
there in the same product. 

 

Replacing a Component  

If you places wrong component in assembly then use this tool for replacing it by a correct one. 

➢ Select a component to replace  
➢ now select replace component tool 
➢ The window will open which contains CATPART files 
➢ Select new part 
➢ Select OK for Implementation. 

 

 Multi Instantiation 

This is a tool which can create multiple copies of an inserted part without inserting it again and again. It 
can set them at specified direction and distance from its parent part. 

 Move Tools 
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Manipulation 

Manipulation tool is a small subgroup of tools used for moving a component inside the assembly design 
workbench. This tool includes the tools used to rotate, translate, and move tools. 

Manipulation tool consists of 

➢ Drag along X-axis 
➢ Drag along Y-axis 
➢ Drag along Z-axis 
➢ Drag along any axis 
➢ Drag along XY Plane 
➢ Drag along YZ Plane 
➢ Drag along ZX Plane 
➢ Drag along any  Plane 
➢ Drag around X-axis 
➢ Drag around Y-axis 
➢ Drag around Z-axis 
➢ Drag around any axis 
 

Snap Tool 

The snap tool is used to move the component by snapping the geometric element of the first component on 
selection of the geometric elements. The element selected first will move to snap the second element. 

 

Explode 

Explode is command which will breaks your assembly or subassembly and will show you all its -
components individually. 

Constraints 

Coincidence Constraint 

This constraint will make coincidence the centre lines of two cylindrical components 

 

Contact constraint 

This constraint will connect surfaces of components. The connected components have no space between 
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these two surfaces. 

 

Offset constraint  

Surface constraint will create zero gap between two surfaces but if it is desired to make some distance 
then offset tool is used. 

 

Angle constraint  

This tool I used for placing two components at an angle. 

 

Fix together 

This is a constraint which fixes two components together. If you want to perform any manipulation 
operation or you are assigning any constraint on any of these components it will automatically applies 
on other because they both are fixed together. 

 

 

 

 

Procedure  

• Open 3D Experience 
• Click on 3D icon at the top left corner  
• Select assembly design 
• Import all the parts required for the assembly. 
• Click on insert existing part 
• Click on physical product at the top of the tree located at top left corner. 
• Select all the parts and import them to the assembly window. 
• Perform the manipulate operations to move the parts and place them in sequence. 
• Fix one part as the reference and assembling should be carried. 
• Give coincidence constraint to the parts. 
• Then give contact constraint to the parts to complete assembly 
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Assembly of screw jack 

 

Parts to be assembled 
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Assembled component 
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CHAPTER-3 

SIMULIA 

INTRODUCTION:- 

All platform users can benefit from the value of simulation by utilizing the 

capabilities in the simulation data science discipline taking Simulation process 

& data management (SPDM) to the next level. Powerful results analytics allows 

users to use simulation results to inform decision making. Democratization of 

simulation results and reuse of simulation methods is enabled through 

dashboard accesses to a company’s library of published methods and best-

practices. With simulation analytics, simulation knowledge and its value 

becomes available for all platform users 

 

WORK BENCHES USED IN SIMULIA:- 

• Material Definitions 

• Structural Model 

• Structural Scenario 
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MATERAL BROWSER:- 

 

 

PROCEDURE:- 

Go to V.R → Material Definition 

Click on Create Material → enter the steel and tick the simulation domain in 

Add domain 

Material Simulation domain → Double click Density value (8020) → 

Mechanical → Elastic → Young’s modulus  
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STRUCTURAL MODEL:- 
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    PROCEDURE:- 

Go to V.R → Structural model click → Fem controls → click none 

Then Click → Model (Action Bar) → Mesh → Octree tetrahedron → Mesh size 

(10) → Select the object → Mesh 

 

STRUCTURAL SCENARIO:- 

 

 

 

PROCEDURE:- 

Go to V.R → Click Structural Scenario → Simulate type 

Click Setup → Select Finite Element Metod and click ok 
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Procedures → Static perturbation  

Then you will obtain double ticks 

Restrain → Clamp → Select one surface → Click ok 

Loads → Force → Click on body → Give force in Z direction 

Simulate → Simulate check → If there are no errors → Click simulate → Ok 

➢ Click on restraints and choose type of support. 

 

➢ Click on loads and apply the loads required. 
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➢ Simulation status is appeared. 

 

 

➢ Finally click on simulate and note down the results. 
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CHAPTER-4 

DELMIA 

 

INTRODUCTION:- 

Manufacturing is debately the  most important step in the creation of a product 

designs and concepts mean nothing if no part is produced in the end. Its 

important to have the manufacturing processes done in the most  efficient way 

safetly, and with as few errors as possible. This could range from reducing 

errors in the machining itself to reducing errors in the assembly of products 

with Delmia  from the 3D Experience platform introduced by Dassault systems, 

these worries will be a thing of the past. 

 

As described in the introduction Delmia is an app within the3DExperinence 

platform that mainly focuses on aiding the manufacturing process. Depending 

on the enabled disciplines, these are things such as the machining of parts, how 

robotics interacts and behave, the ergonomics of the work conditions, and many 

more and with over 40 different disciplines that cover a wide variety of facets in 

the manufacturing process. Companies are sure to find exact ones to aid in their 

operations 
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WORK BENCHES USED IN DELMIA:- 

 

• Manufacturing item definition 

• Process planning 

• Equipment allocation 

• Assembly evaluation 

 

Delmia Procedure: 

Importing product 

➢ Open 3d experience. 
➢ Click on import and import the product which is in .3dxml format. 
➢ Right click on product from the tree. 
➢ Then click on open with and select open with advanced. 
➢ Clickon expanded with all representative children. 
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MANUFACTURING ITEM DEFINITION:- 

 

 

 

 

 

PROCEDURE:- 

 

→ Go to V.R → manufacturing item definition→ click on manufacturing 

assembly→ create manufacturing item product scope and click on product 

→ View → shading with materials 

→Authoring → Create / Update manufacturing → Next 

 

 



Gudlavalleru engineering college Page 33 

 

PROCESS PLANNING:- 

 

 

 

PROCEDURE:- 

➢ Go to V.R click on process planning. 
➢ Click on general system. 
➢ Click on manage scope and create scope. 
➢ Insert no. of general systems as per requirement. 
➢ Insert general operations and loading operations in the general systems. 
➢ Select the components from the tree and place them in them general operations and loading 

operations according to the assembling order. 
➢ Click on product flow from the tool bar and create flow between the general operation and 

loading operation in the general system and also create flow between the general systems. 
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EQUIPMENT ALLOCATION:- 

 

 

 

 

PROCEDURE:- 

→ Go to V.R → Equipment allocation → Click on PPR Contex→ Insert resource 

→ Manufacturing cell and Rename Station as 10,20,30,40 

Every station has 1 conveyor, 1 storage 

 →Station → Insert Source → Conveyor 

→Station → Insert Source → Storage 
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ASSEMBLY EVALUATION:- 

 

 

 

PROCEDURE:- 

Go to V.R → Assembly Evaluation 

Click on General system → Right click on loading operation → Create Track 

Copy the Current track to the other operations 

Click Live Simulate → (Bottom bar) 
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CONCLUSION 

From this internship I have learnt  

➢ Modelling of solid parts by using Catia part design. 

➢ Creating complex shapes and surfaces by using Generative shape design. 

➢ Assembling of parts to form a assembled component. 

➢ Meshing and simulating structural components with different supports and 
loads by using Simulia. 

➢ Basic concepts and procedure of Delmia. 
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ABSTRACT 

 

The 3D EXPERIENCE PLATFORM is a business experience platform 

     It provides software solutions for every organization in your company form  

Marketing to sale to engineering that help you, in your value creation process, to 

create differentiating consumer experience, with a single, easy to use interface, it 

powers Industry solution in a collaborative, interactive environment. It is 

available on premise and on cloud. Explore the entire portfoli 

Dassault systems offers industry leading application delivered on the 3D 

EXPERIENCE platform: Design &Engineering, Manufacturing & Production 

Simulation, Governance & Life cycle, 3D Design Experience for Professionals, 

as well as a broad catalog of services 

 

 

 

 

 

 

 

 

 

 



 

 

Chapter – 1 

 

INTRODUCTION 

 

CATIA isacronymforComputer Aided Threedimensional Interactive Applicatio

n. It is one of the leading 3D software used by organizations in multiple industries 

ranging from aerospace, automobile to consumer products. 

 

CATIA is a multi platform 3D software suite developed by Dassault Systems, 

encompassing CAD, CAM as well as CAE. Dassault is a French engineering 

giant active in the field of aviation, 3D design, 3D digital mock-ups, and product 

lifecycle management (PLM) software. CATIA is a solid modelling tool that 

unites the 3D parametric features with 2D tools and also addresses every design-

to-manufacturing process. In addition to creating solid models and assemblies, 

CATIA also provides generating orthographic, section, auxiliary, isometric or 

detailed 2D drawing views. It is also possible to generate model dimensions and 

create reference dimensions in the drawing views. The bi-directionally 

associative property of CATIA ensures that the modifications made in the model 

are reflected in the drawing views and vice-versa. 

 

The first release of CATIA was way back in 1977, and the software suite is still 

going strong more than 30 years later. While CATIA V6 is just being released, 



 

the most popular version of CATIA is V5 which was introduced in 1998. That 

said, it is important to note that each version of CATIA introduces considerable 

additional functionality. For example, V4 (introduced in 1192) offered 

enhancements to the Assembly Modeling Product including easy-to-use 

graphical tree-based assembly management. V5 and V6 saw changes in the way 

data is handled. Dassault Systemes typically offers new updates, releases and bug 

fixes for each version. The CATIA software is written in C++. It runs on both 

UNIX and Windows. 

 

CATIA started as an in-house development in 1977 by French aircraft 

manufacturer AVIONS MARCEL DASSAULT, at that time customer of 

the CADAM software to develop Dassault’s Mirage fighter jet. It was later 

adopted by the aerospace, automotive, shipbuilding, and other industries. 

Initially named CATI (conception assistee tridimensionnelle interactive – French 

for interactive aided three-dimensional design), it was renamed CATIA in 1981 

when Dassault created a subsidiary to develop and sell the software and signed a 

non-exclusive distribution agreement with IBM. 

In 1984, the Boeing Company chose CATIA V2 as its main 3D CAD tool, 

becoming its largest customer. 

In 1988, CATIA V3 was ported from mainframe computers to Unix. 

In 1990, General Dynamics Electric Boat Corp chose CATIA as its main 3D 

CAD tool to design the U.S. Navy's Virginia class submarine. Also, Lockheed 

was selling its CADAM system worldwide through the channel of IBM since 

1978. 



 

In 1992, CADAM was purchased from IBM, and the next year CATIA CADAM 

V4 was published. 

In 1996, it was ported from one to four UNIX operating systems, including 

IBM AIX, Silicon Graphics IRIX, Sun Microsystems SunOS, and Hewlett-

Packard HP-UX. 

In 1998, V5 was released and was an entirely rewritten version of CATIA with 

support for UNIX, Windows NT and Windows XP (since 2001) 

In the years prior to 2000, problems caused by incompatibility between versions 

of CATIA (Version 4 and Version 5) led to $6.1B in additional costs due to years 

of project delays in production of the Airbus A380. 

In 2008, Dassault Systems released CATIA V6. While the server can run 

on Microsoft Windows, Linux or AIX, client support for any operating system 

other than Microsoft Windows was dropped. 

In November 2010, Dassault Systems launched CATIA V6R2011x, the latest 

release of its PLM2.0 platform, while continuing to support and improve its 

CATIA V5 software. 

In June 2011, Dassault Systems launched V6 R2012. 

In 2012, Dassault Systems launched V6 2013x. 

In 2014, Dassault Systems launched 3DEXPERIENCE Platform R2014x and 

CATIA on the Cloud, a cloud version of its software. 

In 2018, Dassault Systems launched 3DExperience Marketplaces to connect 

CATIA Users, with manufacturers, standard parts creators and engineers. 



 

In 2019, 3DExperience Marketplaces launched an Add-in in Catia, to connect 

directly manufacturers with designers. 

Chapter – 2 

 

WHAT DOES CATIA DO:- 

  CATIA provides the capability to visualize designs in 3D. When it was 

introduced, this concept was innovative. Since Dassault Systemes did not have 

an expertise in marketing, they had revenue sharing tie-up with IBM which 

proved extremely fruitful to both the companies to market CATIA.  

 

         In the early stages, CATIA was extensively used in the design of the Mirage 

aircrafts however the potential of the software soon made it a popular choice in 

the automotive sector as well. As CATIA was accepted by more and more 

manufacturing companies, Dassault changed the product classification from 

CAD / CAM software to Project Lifecycle Management. The company also 

expanded the scope of the software. 

 

CATIA can be used at different stages of the design - ideate, draw, test and iterate. 

The software comes with different workbenches (“modules”) that allow CATIA 

to be used across varied industries – from parts design, surface design and 

assembly to sheet metal design. CATIA can also be used for CNC. 

    CATIA offers many workbenches that can be loosely termed as modules. A few                

of the important workbenches and their brief functionality description is given    



 

 

 

WORKBENCHES:- 

● Part Design 

● Generative Shape Design 

● Assembly 

 

Part Design: 

 The most essential workbench needed for solid modelling. This CATIA module 

makes it possible to design precise 3D mechanical parts with an intuitive and flexible 

user interface, from sketching in an assembly context to iterative detailed design. 

 

 



 

 

 

 

Generative Shape Design: 

 Allows you to quickly model both simple and complex shapes using wireframe and 

surface features. It provides a large set of tools for creating and editing shape 

designs. Though not essential, knowledge of Part Design will be very handy in better 

utilization of this module. 

 

 

Assembly:  



 

The basics of product structure, constraints, and moving assemblies and parts can 

be learned quickly. This is the workbench that allows connecting all the parts to 

form a machine or a component.  

 

 

CHAPTER-3 

SIMULIA 

INTRODUCTION:- 

All platform users can benefit from the value of simulation by utilizing the 

capabilities in the simulation data science discipline taking Simulation process & 

data management (SPDM) to the next level. Powerful results analytics allows 

users to use simulation results to inform decision making. Democratization of 

simulation results and reuse of simulation methods is enabled through dashboard 

accesses to a company’s library of published methods and best-practices. With 

simulation analytics, simulation knowledge and its value becomes available for 

all platform users 

 

WORK BENCHES USED IN SIMULIA:- 

● Material Definitions 

● Structural Model 

● Structural Model 

 



 

 

 

 

MATERAL BROWSER:- 

 

 

PROCEDURE:- 

Go to V.R → Material Definition 

Click on Create Material → enter the steel and tick the simulation domain in Add 

domain 

Material Simulation domain → Double click Density value (8020) → 

Mechanical → Elastic → Young’s modulus  



 

 

 

 

STRUCTURAL MODEL:- 

 

 

 

 

    PROCEDURE:- 

Go to V.R → Structural model click → Fem controls → click none 

Then Click → Model (Action Bar) → Mesh → Octree tetrahedron → Mesh size 

(10) → Select the object → Mesh 



 

 

 

 

STRUCTURAL SCENARIO:- 

 

 

 

PROCEDURE:- 

Go to V.R → Click Structural Scenario → Simulate type 

Click Setup → Select Finite Element Metod and click ok 

Procedures → Static perturbation  

Then you will obtain double ticks 



 

Restrain → Clamp → Select one surface → Click ok 

Loads → Force → Click on body → Give force in Z direction 

Simulate → Simulate check → If there are no errors → Click simulate → Ok 

CHAPTER-4 

DELMIA 

 

INTRODUCTION:- 

Manufacturing is debately the  most important step in the creation of a product 

designs and concepts mean nothing if no part is produced in the end. Its important 

to have the manufacturing processes done in the most  efficient way safetly, and 

with as few errors as possible. This could range from reducing errors in the 

machining itself to reducing errors in the assembly of products with Delmia  from 

the 3D Experience platform introduced by Dassault systems, these worries will 

be a thing of the past. 

 

As described in the introduction Delmia is an app within the3DExperinence 

platform that mainly focuses on aiding the manufacturing process. Depending on 

the enabled disciplines, these are things such as the machining of parts, how 

robotics interacts and behave, the ergonomics of the work conditions, and many 

more and with over 40 different disciplines that cover a wide variety of facets in 

the manufacturing process. Companies are sure to find exact ones to aid in their 

operations 

 



 

 

 

 

WORK BENCHES USED IN DELMIA:- 

 

● Manufacturing item definition 

● Process planning 

● Equipment allocation 

● Assembly evaluation



 

MANUFACTURING ITEM DEFINITION:- 

 

 

 

 

 

PROCEDURE:- 

 

→ Go to V.R → manufacturing item definition→ click on manufacturing 

assembly→ create manufacturing item product scope and click on product 

→ View → shading with materials 

→Authoring → Create / Update manufacturing → Next 

 

 



 

PROCESS PLANNING:- 

 

 

 

PROCEDURE:- 

 

→ Go to V.R → Process planning → General system click → Manage scope → 

Click the create scope → Product 1 

 

 

 

 

 



 

EQUIPMENT ALLOCATION:- 

 

 

 

 

PROCEDURE:- 

→ Go to V.R → Equipment allocation → Click on PPR Contex→ Insert resource 

→ Manufacturing cell and Rename Station as 10,20,30,40 

Every station has 1 conveyor, 1 storage 

 →Station → Insert Source → Conveyor 

→Station → Insert Source → Storage 

 



 

ASSEMBLY EVALUATION:- 

 

 

 

PROCEDURE:- 

Go to V.R → Assembly Evaluation 

Click on General system → Right click on loading operation → Create Track 

Copy the Current track to the other operations 

Click Live Simulate → (Bottom bar) 
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ABSTRACT 

This report describes the internship I spent at Bharat Electronics Limited (BEL) Machilipatnam. 

Bharat Electronics Limited (BEL) is an Indian state-owned aerospace and defense company with 

about nine factories, and several regional offices in India. I have reported the functions of various 

departments in the industry and also products produced in the industry. Furthermore I describe the 

responsibilities of various departments namely Development and Engineering Department, Material 

Management, Quality Assurance, Plant and Service, Assembly Section and R&D Department. I also 

present the basic working principles and applications of Night Vision Devices, Binocular Night 

Vision Devices, Hand Held Thermal Imaging Camera with LRF and Thermal Imaging Camera. 
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Chapter– 1 INTRODUCTION 

 
With the ongoing revolution in the field of mechanical where innovations are taking place at 

the blink of an eye, it is impossible to keep the pace with the emerging trends excellence is an 

attitude that whole of human race is born with. It is the environment that makes sure that 

whether the result of this attitude is visible or otherwise. A well planned, properly executed 

and evaluated industrial training helps a lot in including a professional attitude. It provides a 

linkage between the student and industry to develop an awareness of industrial approach to 

problem solving, based on broad understanding of process and mode of operation of 

organization. 

During this period, the student gets the real experience for working in the actual industry 

environment. Most of the theoretical knowledge that has been gained during the course of 

their studies is put to test here. Apart from this the student gets an opportunity to learn the 

latest technology, which is immensely helps in them in building their carrier. I had the 

opportunity to have a real experience on many ventures, which increased my sphere of 

knowledge to great extent. I got a chance to learn many new technologies and interfaced to 

many instruments. 

The word quality holds out different meaning for different people, but for an industry it is 

most important and can be defined as the totality of features and characteristics of 

product/services that bear on its ability to satisfy given needs. 

 

 

 

 

 

 
 



 

 

       Chapter – 2 

 COMPANYPROFILE 

 
About BEL & Products: 

 
Bharat Electronics Limited, a Professional Electronics company in India incorporated in 

1954. BEL was born to meet the growing needs of Indian Defence services for electronic 

systems. Employing the best engineering talent available in the country, BEL has progressed 

manufacturing state-of-the-art products in the field of Defence Electronics like 

Communications including encryption, Radars and strategic components. Over the years, 

BEL has diversified to meet the needs of civilian customers as well and has provided 

products and network solutions on turnkey basis to customers in India and abroad. 

Bharat Electronics Limited is a Pioneer in the field of Professional Electronics in India and 

has been manufacturing a wide range of Defence and Civil communication products since 

1954. Multiple years of operations covering design, development, engineering and 

manufacturing professional electronics equipment in diverse fields based on various 

technologies has enabled BEL to offer end-to-end system solutions on turnkey basis. 

Products: 

• Defence. 

• Telecommunications. 

• Land based radars. 

• Naval systems. 

• Opto electronics. 

• Tank electronics. 

• Electronic warfare. 

• Simulators. 

• Non defence. 

• Telecommunications. 

• Sound vision broadcasting. 

• Solar photovoltaic systems. 

• Electronic components. 
  



Manufacturing units: 

BEL has a total of nine manufacturing units spread throughout the nation with Bangalore 

being the biggest of them. The details about the different manufacturing units of BEL along 

with their product specialties are as follows: 

 

S.No BEL Unit State 

1. Bangalore Karnataka 

2. Panchkula Haryana 

3. Kotdwara Uttaranchal 

4. Ghaziabad Uttar Pradesh 

5. Pune Maharashtra 

6. Hyderabad Telangana 

7. Machilipatnam Andhra Pradesh 

8. Navi Mumbai Maharashtra 

9. Chennai Tamilnadu 

 
Table 2.1: Manufacturing units 

 
 

In 1954 with a factory of Jallahali, Bharat Electronics grew into nine units, spread all over 

India. The locations and products of the units are given below: 

1. BANGALORE: This is also called BG complex. Jallahali unit which is the mother unit is 

now a part of the BG complex. This is the biggest unit with approx 10,000 employees 

working here. Among the products here, the important ones are: 

• Communication equipment. 

• Air and Doordarshan equipment like mobile van for live telecast. 

• Radar-mobile, one dimensional, 3-dimensional and multi-dimensional Radars 

are manufactured here. Different range of semi-conductors devices like ICs. 



• Resistors and black & white color TV picture tube glasses. 

• ISRO‘s requirements are met at space electronics department at Bangalore. 

Satellite launch vehicle was also manufactured here. 

 
2. PANCHKULA: Panchkula & kotdwara were proposed simultaneously by the government 

in 1985.It was proposed to set up one unit each in Haryana & Uttar Pradesh. But the place in 

U.P for setting up a BEL unit could not be decided while that at Haryana was decided & 

hence this unit started earlier. This unit manufactures only tactical communication equipment 

like VHF, UHF transceivers etc. 

 
3. KOTDWARA: This is a unit in garhwal district of Uttaranchal. This unit manufacturers  

radio relay, multiplex equipments &exchanges etc. 

 
4. GHAZIABAD: This is the second unit which was set up in 1974, & approx. 2500 

employees working here. Radars & some communication equipment are the products 

manufactured here are: 

• Radars 

• SATCOM 

• Microwave components 
 

5. PUNE: To diversity further one more branch was added 1979 & this was in pune. In this 

branch around 700-800 employees are working. The product profile includes: 

• Image convertor, image intensifier 
• X-ray tubes 

• Batteries 

• Electro-optics 
 

6. HYDERABAD: This is another unit of BEL which manufactures electronic 

warfare equipments. 

 

7. MACHILIPATNAM: There was one Andhra scientific company, which was a 

sick unit. This was taken over by BEL & is called ASCO unit 1983.The products 

include: 

• Optical & Optoelectronic equipment like binoculars, microscopes. 



• Medical Electronics 
 

8. NAVI MUMBAI: This is an industrial place near Mumbai. This unit makes: 

• Glass shells for black & white TV picture tubes 

• Shelters for electronic equipment 

• Train actuated warning system 

• Electronic equipment assembly 
 

9. CHENNAI: This unit manufactures: 

• Tank related electronic equipments 

• Optical fire control systems 
Market of BEL: 

 
Bharat Electronics Limited is a major supplier of products and turnkey systems to the Indian 

Defence Services. Over the years, BEL has diversified into manufacturing many civilian 

products as well. Large trunkey telecommunication solutions are also being offered to civilian 

market.BEL has been involved in providing state of the art communication equipment to the 

Indian army, be it hand held mobile radios and terminals ,ground based system, airborne and 

even ship borne equipment and systems. The communication equipment developed here 

cover HF,VHF, UHF, and VV/UHF frequency bands. The most important project of BEL 

under the communication equipment is STARS-V which provides secure mode of data 

transfer in STARS- V, the data to be transferred is first encrypted using a microprocessor 

which could be read only by a similar device with same coding. Now the latest technology of 

frequency hopping is being implemented which is a very useful tool in making a secure data 

transfer system.BEL manufactures a lot product which is very difficult to list but some of the 

major products were as follows: 

 

Integrated circuits and micro circuits Radars 
 

X- ray tubes and magnetrons STARS-V 
 

HF & broadcast equipment ACME MK CNR 
 

SPACE GUIDING EQUIPMENTS HUD 
 

AIR BORNE GPS RECEIVER LUP 
 



SIRAX TIDEX 
 

SECURE TELEPHONE SECURE FAX 
Domestic market: 
 
 

S.No PRODUCT CUSTOMER 

1. Defence communication Indian defence services, para military forces 

2. Radars & sonars Indian defence services, civil aviation, 

Meteorological department,ISRO 

3. Telecommunication Department of telecommunication, para 

military forces, power sector, oil industry, 

Railways 

4. Broadcasting equipment and studio 
systems 

All India radio, Dooradarshan (National radio & 

TV broadcasters) 

5. Electronic voting machines Election commission of India 

6. Solar products & systems Individuals, private and government organizations 

7. Trunkey systems-Governance 
Networks 

Police, state government, Public sector 

undertakings 

8. Components All India radio and doordarshan the national 

Radio & TV Broadcasters, instrumentation 

industry, switching 

industry, entertainment 
 

Table 2.2: List of Domestic customers 

Exports play a key role in BEL‘s strategic perspective. A number of International companies are 

using the facilities at BEL for contract Manufacturing. The broad list of products and services  

being exported is given below: 

  



Exports/International market: 
 
 

Sl.no PRODUCT CUSTOMER 

1. Defence communication 

equipment and spare parts 

Botswana, Indonesia, 

Suriname, Malaysia 

2. Radars & Sub-systems Indonesia, Egypt, Switzerland 

3. Electronic warfare products 

and services 

Russia, Brazil 

4. Opto electronics products Sri lanka, Nepal, Israel, South Africa 

5. Semi conductor devices, 

microwave tubes and 

transmitting tubes 

Malaysia, Singapore, Turkey, 

Netherlands, UK, USA, France, Hong 

Kong 

6. Solar products & systems Suriname, Germany, Zimbabwe, 

Botswana, Kenya, Nigeria 

7. Telecom and SATCOM 

systems 

Nigeria, Kenya 

8. Radio & TV Broadcasting 

products and systems 

Nepal, Mauritius 

9. Electric voting systems Sri lanka, Uganda, Malawi, South Africa 

10. Vacuum Interrupters Malaysia, UAE, Uganda, Turkey, UK, 
Azerbaijan 

 

Table 2.3: List of International customers 

      

 

 

 

 



Chapter - 3 

BEL MACHILIPATNAM & ITS 

PRODUCTS 

 
In 1983, the Andhra scientific company (ASCO) was taken over by BEL converted it 

to its fourth manufacturing unit at Machilipatnam .The products include 

• Night vision devices 

• Electric voting systems 
 

 NIGHT VISION DEVICES 

Definition: 

A night vision device (NVD), also known as a night optical/observation device (NOD), is an 

optoelectronic device that allows images to be produced in levels of light approaching total 

darkness. The image may be a conversion to visible light of both visible light and near-

infrared, while by convention detection of thermal infrared is denoted thermal imaging. The 

image produced is typically monochrome, e.g. shades of green. NVDs are most often used by 

the military and law enforcement agencies, but are available to civilian users. The term 

usually refers to a complete unit, including an image intensifier tube, a protective and 

generally water-resistant housing, and some type of mounting system. Many NVDs also 

include optical components such as a sacrificial lens, or telescopic lenses or mirrors. An NVD 

may have an IR illuminator,  making it an active as opposed to passive night vision device. 

Working of Night Vision Devices: 

Technical Night Vision can work in two different ways 

Image Intensifier: 

1. Night vision amplifiers light to achieve better vision. 
 

2. A conventional lens, captures ambient light. 
 

3. The gathered light is sent to image - intensifier tube. 
 

4. The light energy released electron from the cathode and accelerated. 
 

5. These electrons enter micro channel plate and bounce off and generate more electron. 
 

6. Thousands of other electrons to be released in each channel. 
7. Original electrons collide with the channel, exciting atoms and causing other electrons. 

 



8. New electrons collide with atoms, creating a chain. 
 

9. In image-intensifier tube, the electrons hit a screen. 
 

10. The energy of the electrons release photons and create green image on the screen. 
 

11. The green phosphor image is viewed through another lens. 

Thermal Imaging: 

All objects emits infrared energy as a function of temperature 

1. A lens focuses the infrared light. Original electrons collide with the channel, exciting atoms 

and causing others. 

2. The focused light is scanned and creates temperature pattern. 
 

3. The pattern created is translated into electric impulses. 
 

4. The impulses are sent to a circuit board that translates the information into data for the display. 
 

5. The signal-processing unit sends the information to the is play, and appears as various colors. 
 

6. The images are black and white in nature. 

 Purpose of Night Vision Devices: 

The original purpose of night vision was to locate enemy targets at night. It is still used 

extensively by the military for that purpose, as well as for navigation, surveillance and targeting. 

Police and security often use both thermal-imaging and image-enhancement technology, 

particularly for surveillance. 

Classification of Night Vision Devices: 

 Night Vision devices 

 Passive Night Vision devices 

 Thermal imaging cameras 

 Cooled and Un cooled 

 Active Night Vision devices 
 



 
 

Fig 3.1: Classification of Night Vision Devices 

 

Advantages of Night Vision Cameras: 

1. The most common use is the military, and the quick answer would be that they allow 

soldiers to continue operations at night, without giving away their position through the use of 

flashlights. 

 
2. However night vision has many other uses. People with night blindness can use night 

vision devices to see better at night 

 
3. Astronomers use night vision to improve their view of the stars, to see more stars in the 

city, amplify the image post hydrogen-alpha filters or to see nebula and clusters in the sky in 

real time 

 
4. The technology in night vision allows for far more sensitive x-ray machines to be made, 

reducing the doses necessary for an x-ray 

 Binocular Night Vision Devices: 
 

 

 

 



 

 
Fig 3.2: Binocular night vision device 

 Parts of Binocular Night Vision Devices: 

1. Object Glass 
 
 

2. Focus 
 
 

3. Image intensifier tube 
 
 

4. Eye Piece 
 

5. Eye Guard 

 Parts of Image Intensifier Tube: 
 

 

 
Fig3.3: Image Intensifier Tube 

Night vision is the ability to see in low light conditions. Whether by biological or technological 

means, night vision is made possible by a combination of two approaches: sufficient spectral 

range, and sufficient intensity range. 

Image Intensification: 

This magnifies the amount of received photons from various natural sources such as starlight or 

moonlight. Examples of such technologies include night glasses and low light cameras. In the 

military context, Image Intensifiers are often called "Low Light TV" since the video signal is 



often transmitted to a display within a control center. LLLTV These are usually integrated into a 

sensor containing both visible and IR detectors and the streams are used independently or in fused 

mode, depending on the mission at hand's requirements. 

The image intensifier is a vacuum-tube based device (photomultiplier tube) that can generate an 

image from a very small number of photons (such as the light from stars in the sky) so that a 

dimly lit scene can be viewed in real-time by the naked eye via visual output, or storedas data for 

later analysis. While many believe the light is "amplified," it is not. When light strikes a charged 

photocathode plate, electrons are emitted through a vacuum tube that strike the micro channel 

plate that cause the image screen to illuminate with a picture in the same pattern as the light that 

strikes the photocathode, and is on a frequency that the human eye can see. This is much like a 

CRT television, but instead of color guns the photocathode does the emitting. 

The image is said to become "intensified" because the output visible light is brighter than the 

incoming light, and this effect directly relates to the difference in passive and active night vision 

goggles. Currently, the most popular image intensifier is the drop-in ANVIS module, though 

many other models and sizes are available at the market. Recently, the US Navy announced 

intentions to procure a dual-color variant of the ANVIS for use in the cockpit of airborne 

platforms. 

Active illumination couples imaging intensification technology with an active source of 

illumination in the near infrared (NIR) or shortwave infrared (SWIR)band. Examples of such 

technologies include low light cameras. 

Active infrared night-vision combines infrared illumination of spectral range 700–1,000 nm (just 

below the visible spectrum of the human eye) with CCD cameras sensitive to this light. The 

resulting scene, which is apparently dark to a human observer, appears as a monochrome image 

on a normal display device. Because active infrared night-vision systems can incorporate 

illuminators that produce high levels of infrared light, the resulting images are typically higher 

resolution than er night-vision

 technolo

gies. 

  

  

  

  

  



 Hand Held Thermal Imaging Camera with LRF: 
 

 

 
 

 
Fig 3.4: HHTI with LRF 

HHTI with LRF or Multifunction HHTI is a cooled TI based integrated day/night sight with in-

built eye safe Laser Range Finder, Digital Magnetic Compass, Color CCD and GPS. This 

equipment is capable of giving range, azimuth & elevation and also coordinates of the target. This 

is highly useful to Army and Navy for effective engagement of targets. Weather proof and 

withstand shocks and vibrations. It is provided with electronically generated reticle. 

Introduction: 
 

Fig 3.5: Block diagram of Thermal imaging camera 

1. Thermal image is the technique of using the heat given off by an object to produce an image of 

it or to locate it. 

2. First developed for military purpose in the late 1950s and 1960s by Texas instruments, 

Hughes, Aircraft and Honeywell 

3. In recent times it is being used in firefighting, law enforcement, industrial applications, security 

transportation, medical and many other industries. 

 
  



 Thermal Imaging: 

1. It is the technique of using the heat given off by an object to produce an image of it. 
 

2. Works in environments without any ambient light and can penetrate obscurants such as smoke, 

fog and haze. 

3. Normally grey scale in nature: black objects are cold, white objects are hot and the depth of 

the grey indicates variations between the two. 

4. Some thermal cameras, however, add color to images to help users identify objects at different 

temperatures. 

 Working of thermal imaging: 

Here's how thermal imaging works: A special lens focuses the infrared light emitted by all of the 

objects in view. The focused light is scanned by a phased array of infrared-detector elements. The 

detector elements create a very detailed temperature pattern called a thermogram. 

Infrared Light: 

Our eyes are detectors that are designed to detect electromagnetic radiation in the visible light 

spectrum. All other forms of electromagnetic radiation, such as infrared, are invisible to the 

human eye. 

The existence of infrared was discovered in 1800 by astronomer Sir Frederick William Herschel. 

Curious to the thermal difference between different light colors, he directed sunlight through a 

glass prism to create a spectrum and then measured the temperature of each color. He found that 

the temperatures of the colors increased from the violet to the red part of the spectrum. 

After noticing this pattern Herschel decided to measure the temperature  just beyond the red 

portion of the spectrum in a region where no sunlight was visible. To his surprise, he found that 

this region had the highest temperature of all. 

Infrared radiation lies between the visible and microwave portions of the electromagnetic 

spectrum. The primary source of infrared radiation is heat or thermal radiation. Any object that 

has a temperature above absolute zero (-273.15 degrees Celsius or 0 Kelvin) emits radiation in the 

infrared region. Even objects that we think of being very cold, such as ice cubes, emit infrared 

radiation. 

Thermal imaging camera 

Infrared energy (A) coming from an object is focused by the optics (B) onto an infrared detector 

(C). The detector sends the information to sensor electronics (D) for image processing. The 



electronics translate the data coming from the detector into an image (E) that can be viewed in the 

viewfinder or on a standard video monitor or LCD screen. 

 
 

Fig 3.6: Block diagram of Thermal imaging camera 

• Being truly passive in nature, thermal imaging systems are finding wide range of 

applications for surveillance and reconnaissance, target acquisition, engagement, and missile 

guidance. 

• They are true force multipliers as they allow weapons and equipment to be used with 

efficacy during day and night. 

• Recent advancements in optics, detector technology and signal processing have enabled 

revolutionary advancement in the night vision technology leading to the realization of third 

generation thermal imagers (TIs) having capabilities twice that of second generation and 

four times that of first generation systems. 

• DRDO is working in this area for the last two decades and has developed various TIs 

operating in 3-5 μm medium wave infrared (MWIR) and 8-12 μm long wave infrared 

(LWIR) spectral bands. 

• These systems are based on scanning/staring focal plane array (FPA) detectors for target 

acquisition, which can be used, either in standalone mode or as a part of electro-optical fire 

control system (EOFCS). 

• MWIR TIs perform better in hot humid environments and preferred for long range 

applications because of better atmospheric transmission where as LWIR TIs perform 

better in smoke and dusty environment prevailing in the battlefield. 

 Principle of Operation and Types: 

Infrared energy is just one part of the electromagnetic spectrum, which encompasses radiation 

from gamma rays, x-rays, ultraviolet, a thin region of visible light, infrared, terahertz waves, 

microwaves, and radio waves. These are all related and differentiated in the length of their wave 



(wavelength). All objects emit a certain amount of black body radiation as a function of their 

temperatures. 

Generally speaking, the higher an object's temperature, the more infrared radiation is emitted as 

black-body radiation. A special camera can detect this radiation in a way similar to the way an 

ordinary camera detects visible light. It works even in total darkness because ambient light level 

does not matter. This makes it useful for rescue operations in smoke-filled buildings and 

underground. 

A major difference with optical cameras is that the focusing lenses cannot be made of glass, as 

glass blocks long-wave infrared light. Special materials such as Germanium or Sapphire crystals 

must be used. Germanium lenses are also quite fragile, so often have a hard coating to protect 

against accidental contact. The higher cost of these special lenses is one reason why 

thermographic cameras are more costly. 

Types: 

 Cooled infrared detectors 

 Un cooled infrared detectors 

 Cooled infrared detectors: 

Cooled detectors are typically contained in a vacuum-sealed case or Dewar and cryogenically 

cooled. The cooling is necessary for the operation of the semiconductor materials used. Typical 

operating temperatures range from 4 K to just below room temperature, depending on the 

detector technology. Most modern cooled detectors operate in the 60 K to 100 K range, 

depending on type and performance level. 

Without cooling, these sensors (which detect and convert light in much the same way as common 

digital cameras, but are made of different materials) would be 'blinded' or flooded by their own 

radiation. The drawbacks of cooled infrared cameras are that they are expensive both to produce 

and to run. Cooling is both energy-intensive and time-consuming. 

The camera may need several minutes to cool down before it  can begin working. The most 

commonly used cooling systems are rotary Stirling engine cryocoolers. Although the cooling 

apparatus is comparatively bulky and expensive, cooled infrared cameras provide superior image 

quality compared to un cooled ones. 

Additionally, the greater sensitivity of cooled cameras also allow the use of higher F-number 

lenses, making high performance long focal length lenses both smaller and cheaper for cooled 

detectors. An alternative to Stirling engine coolers is to use gases bottled at high pressure, 



nitrogen being a common choice. The pressurised gas is expanded via a micro-sized orifice and 

passed over a miniature heat exchanger resulting in regenerative cooling via the Joule–Thomson 

effect. For such systems the supply of pressurized gas is a logistical concern for field use. 

Materials used for cooled infrared detection include photo detectors based on a wide range of 

narrow gap semiconductors including: 

1. Indium antimonide 
 

2. Indium Arsenide 
 

3. Mercury Cadmium telluride 
 

4. Lead sulfide 
 
 

 Un cooled Infrared detectors: 

Un cooled infrared sensors can be stabilized to an operating temperature to reduce image noise, 

but they are not cooled to low temperatures and do not require bulky, expensive cryogenic 

coolers. This makes infrared cameras smaller and less costly. However, their resolution and 

image quality tend to be lower than cooled detectors. This is due to differences in their fabrication 

processes, limited by currently available technology. 

Uncooled detectors are mostly based on pyro electric and ferroelectric materials or micro 

bolometer technology. The material is used to form pixels with highly temperature-dependent 

properties, which are thermally insulated from the environment and read electronically. 

Ferroelectric detectors operate close to phase transition temperature of the sensor material; the 

pixel temperature is read as the highly temperature-dependent polarization charge. The achieved 

NETD of ferroelectric detectors with f/1 optics and 320x240 sensors is 70-80 mK. A possible 

sensor assembly consists of barium strontium titanate bump-bonded by polyimide thermally 

insulated connection. 

Silicon microbolometers can reach NETD down to 20 mK. They consists of a layer of amorphous 

silicon, or a thin film vanadium(V) oxide sensing element suspended on silicon nitride bridge 

above the silicon-based scanning electronics. The electric resistance of the sensing element is 

measured once per frame. 

  

  

  

  



 Applicatios

: 

1. Military and Police 

One of the most common users of a thermal imager is a law enforcement or military professional. 

They need to be able to see potential threats without being detected and thermal units give them 

this chance. Modern thermal imaging technology is tough enough to withstand the abuse of 

recoil, so many police officers and soldiers now employ thermal imaging rifle scopes such as the 

ATN ThOR 640 Thermal Imaging Weapon Sight. The drawback of using thermal imagers in life-

and-death situations is that while they're incredibly effective at detecting people or animals, 

identification is far more challenging. You may see a man in front of you, but this doesn't mean 

you'll be able to tell if he's a friend or a foe. 

2. Surveillance 

Thermal imaging cameras are one of the most effective tools for surveillance because they work 

equally well in the day and night. A regular CCTV camera is limited by its need for light, and 

night vision doesn't function during the day. The chance to see through smoke and fog also gives 

thermal a leg up on other surveillance techniques. 

3. Energy Audits 

Heating and cooling companies have used thermal imagers for years to see where buildings are 

leaking heat. Small cracks or holes cause homes to lose hundreds of dollars a year on heating and 

cooling bills. 

4. Security and Law Enforcement 

With a thermal imager, an officer can stop and scan the property at a distance identify any person 

present at there. 

Perimeter Surveillance is another application in which thermal imaging is used to dramatically 

improve results and reduce time committed to a particular operation. 

Thermal imaging cameras can also used in search and rescue operation as officers may be able to 

search up to 1,500 feet in any direction. 

 

 

 

 



Chapter – 4 

PRODUCT ASSURANCE 
 

 

Definition: 

 
A discipline devoted to the study, planning and implementation of activities intended to assure 

that the design, controls, methods and techniques in a project result in a satisfactory level of 

quality in a product. 

The verification by a management function that customer requirements are satisfied by ensuring 

(1) The identification of critical activities, (2) The availability of the necessary resources for 

each process, (3) The use of the resources in a manner that is efficient and effective. 

 
 Product Assurance Testing: 

Product assurance testing is conducted in order to evaluate a system in its operating 

environment. Product assurance testing is primarily used to find the faults that are not shown 

within the development or test environments. The tests performed are: 

• Climate Test 
 

a) Heat and Cold Chamber Test 
 

b) Rain and Dust Chamber Test 
 

• Durable Test 
 

a) Vibration Test 
 

b) Bump test 
 

• Functional Test 
 

a) Resolution Test 
 

b) Field of view 
Heat and Cold Chamber Test: 
 

 



Fig4.1: Heat and Cold Chamber 

 
Temperature and humidity test chambers are ranging in size from 50LiTer to 3000Liter, 

including bench top, standard type and walk in. Included are ultra low temperature test 

chamber, high rate of change of temperature chambers (15℃/min) and climate with 

humiditychambers. 

Our temperature and humidity test chambers are available in a variety of sizes and 

configurations, including bench top / vertical/ walk in constant temperature humidity 

chambers. Temperature Range: -70°C to +180°C; Humidity range: 10% to 98%R.H. 

Vibration Test Chamber: 
 
 

Fig4.2: Vibration Test Chamber 

 
Repetitive Shock Vibration tables generate multi-axis vibration using one or more pneumatic 

impact hammer(s) (also known as impactors) that strike a the top of a vibration table on 

which a product is attached. Thermotron‘s repetitive shock vibration test systems are 

designed specifically for very aggressive temperature change rates and high levels of multi-

axis repetitive 

shock vibration. Repetitive shock shaker tables can be used as stand-alone units or combined 

with an AGREE or AST chamber for HALT/HASS testing. The repetitive shock vibration 

system incorporates many unique features designed to satisfy a wide range of vibration 

testing and screening applications for many industries. The basic system utilizes Multi-Zone 

Control. This patented feature uniformly—and more effectively—tests products. As a result, 

you receive improved product reliability, reduced warranty and recall risks, as well as better-

utilized company resources. 

 Bump test chamber: 



 

 

Fig4.3: Bump Test Chamber 

 
This computerized machine is designed to cater the high acceleration and high pulse duration 

repetitive bump tests. The machine is used in product qualification testing, transient analysis 

of structures or models and fatigue tests on some systems and parts with an object to  

determine their suitability under repetitive bump environment (during transportation or in-

service, etc.), and to assess structural integrity and stress screening. The machine has a robust 

steel structure that enables it to be used for testing of test objects having weights from 50 kg 

to 1000 kg, acceleration from 3 to 400 m/s2’ and pulse duration from 3 ms to 30 ms. The 

machine is intended to reproduce the effects of repetitive bumps from 40 to 180 bumps per 

minute likely to be experienced by components and equipment during transportation or when 

installed in various classes of vehicles. The object mounting hole pattern of the platform is 

100 x 100mm matrix or as desired by the customer. An optional T-slot for mounting of test 

objects is also provided. The 

mounting platform is lifted vertically through a cam arrangement and is made to drop forcibly 

with the mechanical impact generating mechanism on the rubber pad placed on the anvil, 

which provides the required acceleration level. The desired impact acceleration can be 

obtained by adjusting the drop height and mechanical impact generating force of the 

mounting platform. Rubber pads are used to produce half-sine pulses, and duration of half 

sine pulse shape can be adjusted by changing the hardness and thickness of the rubber pads. 

The machine is supported with Pentium PC based intelligent instrumentation system to 

control and monitor and analyse acquired acceleration waveform on 4 channels. The unit 

operates on 415/230 V ±10%, 50 Hz single phase AC and 3-phase 415 V 50 Hz. 

 Salt Spray Test Chamber: 



 

Fig4.4: Salt Spray Test Chamber 

 

The salt spray (or salt fog) test is a standardized and popular corrosion test method, used to 

check corrosion resistance of materials and surface coatings. Usually, the materials to be 

tested are metallic (although stone, ceramics, and polymers may also be tested) and finished 

with a surface coating which is intended to provide a degree of corrosion protection to the 

underlying metal. Salt spray testing is an accelerated corrosion test that produces a corrosive 

attack to coated samples in order to evaluate (mostly comparatively) the suitability of the 

coating for use as a protective finish. The appearance of corrosion products (rust or other 

oxides) is evaluated after a pre-determined period of time. Test duration depends on the 

corrosion resistance of the coating; generally, the more corrosion resistant the coating is, the 

longer the period of testing before the appearance of corrosion/ rust. 

 

 

 

 

 

 



            Chapter – 5 

SUB DEPARTMENTS 

 
 Development and engineering department: 

It is to design to project, make the modifications to prepare design and related documents. 

the software used in BEL Machilipatnam is SOLIDWORKS. 

 Material management: 

It is the management of materials, this department purchases the materials it has different 

bins that holds items after inspection. 

 Quality assurance: 

It deals with the quality of material it is checked before going to customer. In quality 

assurance several equipments are used, they are vernier calipers, screw gauge, CMM 

machine, GO gauge and NO GO gauges etc.. 

CMM machine: 
 

Fig5.1: Coordinate Measuring Machine 

A coordinate measuring machine (CMM) is a device for measuring the physical 

geometrical characteristics of an object. This machine may be manually controlled by an 

operator or it  may be computer controlled. Measurements are defined by a probe attached to 

the third moving axis of this machine. Probes may be mechanical, optical, laser, or white 

light, among others. A machine which takes readings in six degrees of freedom and displays 

these readings in mathematical form is known as a CMM. The typical 3D "bridge" CMM is 

composed of three axes, X, Y and Z. These axes are orthogonal to each other in a typical 

three-dimensional 

coordinate system. Each axis has a scale system that indicates the location of that axis. The 

machine reads the input from the touch probe, as directed by the operator or programmer. The 



machine then uses the X,Y,Z coordinates of each of these points to determine size and 

position, typically with micrometer precision. 

A coordinate measuring machine (CMM) is also a device used in manufacturing and 

assembly processes to test a part or assembly against the design intent. By precisely recording 

the X, Y, and Z coordinates of the target, points are generated which can then be analysed via 

regression algorithms for the construction of features. These points are collected by using a 

probe that is positioned manually by an operator or automatically via Direct Computer 

Control (DCC). DCC CMMs can be programmed to repeatedly measure identical parts, thus a 

CMM is a specialized form of industrial robot. 

 Plant and service: 

It is the department for providing the services to company. services are water supply, 

electrical supply, transport, horticulture. 

 Human resource &administration: 

In this department the recruitment of employees is done it is to use manpower in different 

areas. medical facilities are also available. 

 Finance: 

It is the department for the sanction of money to the employees it is to be made for one 

year.it is the record of the money. 

 Quality management: 

It is to sell products in the international market six sigma is the statistical technique for 

maintaining quality. in this department there is a group of employees who discuss the 

problems, find out its solution and present it to manager. 

 Machine shop: 

In BEL machine shop there is both CNC and conventional machines are there, several 

components are manufactured in this machine shop. The conventional machines are lathe, 

milling, grinding and CNC machines like lathe, milling etc. 

CNC Lathe Machine 

• Automated version 
• Controlled by G and M code 

• Used for turning 

operations CNC Milling Machine 

• Programming for optimal performance 

• Large production 
 



CNC Drilling Machine 

• Multi function machining 

• High flexibility 

 Production Planning and Control: 

This department forms the most important section among the others present because it forms 

the backbone right from the beginning till end of the particular set the responsibility lies in 

the hands of this section .It mainly performs three functions scheduling and launching control 

launching control the market section takes the order from the customer and gives the 

equipment stock order to ppc now ppc makes the list of each components involved in the 

product .this is called scheduling .next function that comes is launched ppc prepares shop 

order and engineering documents such as drawings .this function is called launching now 

comes to material control  here the ppc keeps track of production i.e the purchase requisition 

is given to purchase department and sub contract department. 

 Assembly section: 

In this all the components are gathered and assembled they set properly in the complete set 

.It is the most important and technologically advanced department at BEL Machilipatnam. 

 R&D Department: 

• Areas of working in R&D Development are Military Radars, Naval Systems, 

Military communication products, Electronic warfare systems, 

Telecommunication products. 

• There are about 1000 engineers working in BEL on various D&E Projects.BEL R&D 

Units are recognized by the Department of scientific & industrial Research under the 

ministry of science & Technology, Govt. of India 
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Chapter-6 

CONCLUSION 

 
• Undergoing four weeks of internship in the BEL Machilipatnam unit has helped me integrate 

conceptual knowledge with real life application. I have known the functions of various 

departments in the industry and also products produced in the industry. I was fortunate to 

have personal guidance from experienced professionals who took interest in explaning me the 

working details of various equipments. 

I feel that without this opportunity my own understanding of the subject 

and also the motivation to acquire more knowledge would have remained 

incomplete. I think my training has given me enough motivation and an 

exposure that I will  try to join defence services or get linked up with the 
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ABSTRACT 

CATIA is an acronym for Computer Aided Three-Dimensional Interactive 
Application.  The first release of CATIA was way back in 1977, and the software suite is still 
going strong more than 30 years later CATIA is a solid modeling tool that unites the 3D 
parametric features with 2D tools and also addresses every design-to-manufacturing process. In 
addition to creating solid models and assemblies, CATIA also provides generating orthographic, 
section, auxiliary, isometric or detailed 2D drawing views. It is also possible to generate model 
dimensions and create reference dimensions in the drawing views. 

SIMULIA is a Finite Element Analysis software suite for finite element analysis 
and computer-aided engineering, originally released in 1978. It is a software application used for 
both the modeling and analysis of mechanical components and assemblies and visualizing the 
finite element analysis result. 

DELMIA means Digital Enterprise Lean Manufacturing Interactive Application. It 
is a solution for Industrial Equipment manufacturers covers all aspects of Industrial Engineering, 
Manufacturing & Operations and Planning & Optimization. It control and optimize their 
manufacturing and supply chain operations across multiple sites and business models. 
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CHAPTER-1 

INTRODUCTION 

1.1 Dassault Systems 

            Dassault Systems is a multinational software company that specializes in 3D design and 

product lifecycle management (PLM) software. The company is best known for its flagship 

products CATIA and Solid Works. Since its inception, Dassault has spread its influence from 

the aerospace industry to the automotive industry to the engineering industry. Dassault Systems 

was founded in 1981 with a spin-off team of engineers from Dassault Aviation. The company 

launched its first product CATIA in the same year. Dassault was a major client of IBM in 

France, which is why CATIA was eventually sold as an IBM product. This was an integral step 

to Dassault Systems becoming a market leader in the CAD industry.  

 The success of Dassault brought about the introduction of a PLM-centric suite of 
products, including DELMIA (in 2000) to address the digital manufacturing domain, 
and SIMULIA (in 2005) to address realistic simulation and analysis. In the past 5 years or so, 
Dassault has also expanded towards the 3DEXPERIENCE—taking all aspects of product 
development into consideration.  

 

 

                                                  Fig.1.1 Logo of 3D EXPERIENCE 

 

https://www.scan2cad.com/news/autodesk-and-ansys-partnership-uk-and-korea-space-battery-design/
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1.2 Products in 3D experience 

 
● 3DEXPERIENCE 

● 3DEXCITE. 
● 3DVIA. 
● BIOVIA. 
● CATIA. 
● Centric PLM. 
● DELMIA. 

● NETVIBES 

● 3DEXCITE 

● Centric PLM 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

https://www.3ds.com/products-services/netvibes
https://www.3ds.com/products-services/3dexcite
https://www.centricsoftware.com/
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CHAPTER-2 

CATIA 

 

Dassault’s most innovative product, CATIA, has only grown in popularity since its 

release in 1981. In fact, it’s the world’s leading brand for product design. It’s essentially a 3D 

Product Lifecycle Management (PLM) software suite.  

CATIA can be used throughout the entire process of product development—from 

conceptualization and design CAD to engineering CAE to manufacturing CAM. Not only can 

users design products, they can do so in a real-life behavioral context. While CATIA started out 

in aerospace initially, it has since branched out to other industries such as shipbuilding and 

architecture. 

One of CATIA’s biggest advantages is that it offers disciplines and industries a 

specialized toolset. For aircraft, it offers wiring, Meta and composite materials. For car design it 

has a toolset for Class A surfaces. From 3D sketching to 3D printing, CATIA provides all the 

solutions a designer or engineer would need.  

CATIA provides the capability to visualize designs in 3D. When it was introduced, this 

concept was innovative. Since Dassault Systems did not have an expertise in marketing, they had 

revenue sharing tie-up with IBM which proved extremely fruitful to both the companies to 

market CATIA 

CATIA offers many workbenches that can be loosely termed as modules. A 

few of the important workbenches and their brief functionality description is given  
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2.1 Part design: 

Structured Part Design - Structured Part Design is a history-based structure of features that build 

the design following a intended design order determined by the user. This part design allows the 

user to define a rigid sequence to their design that can be predictably changed based on the intent 

provided by the user. 

This application, which combines the power of feature-based design with the flexibility of a 

Boolean approach, offers a highly productive and intuitive design environment with multiple 

design methodologies, such as post-design and local 3D parameterization. 

As a scalable product, Part Design can be used in cooperation with other current or future 

companion products such as Assembly Design and Generative Drafting. The widest application 

portfolio in the industry is also accessible through interoperability with CATIA Solutions 

Version 4 to enable support of the full product development process from initial concept to 

product in operation. 

 

Model drawn in CATIA: 

 

 

Fig 1.2 Single Point Cutting tool 
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Fig 1.3 Part Model 

2.2 Generative Shape Design: 

Generative Shape Design (GSD) helps to design advanced shapes based on a combination of 

wireframe and extensive multiple surface features, with full specification capture. . It provides an 

extensive set of tools for creating and modifying mechanical surfaces used in the design of 

complex shapes or hybrid parts. 

 Allows you to quickly model both simple and complex shapes using wireframe and 

surface features. It provides a large set of tools for creating and editing shape designs. Though 

not essential, knowledge of Part Design will be very handy in better utilization of this module. 

 

 

Fig 1.4 General Model 



  

 

 

 

12 

 

 

 

2.3 Assembly:  

The basics of product structure, constraints, and moving assemblies and parts can be 

learned quickly. This is the workbench that allows connecting all the parts to form a machine 

or a component.  
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CHAPTER-3 

  SIMULIA 
 

 Dassault Systems Simulia Corp. is a computer-aided engineering (CAE) vendor. 

Formerly known as Abacus Inc. Simulia makes realistic simulation an integral business practice 

that improves product performance, reduces the number of physical prototypes required. 

SIMULIA offers an advanced simulation product portfolio. It covers simulation disciplines such 

as structural mechanics, computational fluid dynamics and electromagnetic field simulation, for 

a true metaphysics simulation approach. The SIMULIA product portfolio comprises tools for 

process integration and optimization. SIMULIA enables realistic simulation for both designers 

and design engineers working in CATIA environments. 

 In October 2005, Dassault Systems acquired Abacus, Inc. and announced Simulia, the 

brand encompassing all DS simulation solutions, including Abacus and Catia Analysis 

applications. Simulia makes realistic simulation an integral business practice that improves 

product performance, reduces the number of physical prototypes required. Dassault Systems 

Simulia Corp. is the legal entity that encompasses the Simulia brand of Dassault Systems. 

           All platform users can benefit from the value of simulation by utilizing the capabilities in 

the simulation data science discipline taking Simulation process &data management (SPDM) to 

the next level. Powerful results analytics allows users to use simulation results to inform decision 

making. Democratization of simulation results and reuse of simulation methods is enabled 

through dashboard accesses to a company’s library of published methods and best-practices. 

With simulation analytics, simulation knowledge and its value becomes available for all platform 

users 

WORK BENCHES USED IN SIMULIA:- 

● Material Definition 

● Structural Model 

● Structural Model 

https://en.wikipedia.org/wiki/Dassault_Syst%C3%A8mes
https://en.wikipedia.org/wiki/Abaqus
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MATERAL BROWSER:- 

 

 

 

 

 

PROCEDURE:- 

Go to V.R → Material Definition 

Click on Create Material → enter the steel and tick the simulation domain in Add domain 

Material Simulation domain → Double click Density value (8020) → Mechanical → Elastic 

→ Young’s modulus  
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     STRUCTURAL MODEL:- 

 

 

    PROCEDURE:- 

Go to V.R→ Structural model click → Fem controls → click none 

Then Click → Model (Action Bar) → Mesh → Octree tetrahedron → Mesh size (10) → 

Select the object → Mesh 

STRUCTURAL SCENARIO:- 

Go to V.R → Click Structural Scenario → Simulate type 

Click Setup → Select Finite Element Metod and click ok 

Procedures → Static perturbation  

Then you will obtain double ticks 

Restrain → Clamp → Select one surface → Click ok 

Loads → Force → Click on body → Give force in Z direction 

Simulate → Simulate check → If there are no errors → Click simulate → Ok 
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In Part design: 

 

 

In Generative Shape Design: 
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CHAPTER-4 

DELMIA 

 

            Manufacturing is debately the  most important step in the creation of a product designs 

and concepts mean nothing if no part is produced in the end. Its important to have the 

manufacturing processes done in the most efficient way safetyman with as few errors as possible. 

This could range from reducing errors in the machining itself to reducing errors in the assembly 

of products with Delmia  from the 3D Experience platform introduced by Dassault systems, 

these worries will be a thing of the past. 

As described in the introduction Delmia is an app within the3DExperinence platform that mainly 

focuses on aiding the manufacturing process. Depending on the enabled disciplines, these are 

things such as the machining of parts, how robotics interacts and behave, and the ergonomics of 

the work conditions, and many more and with over 40 different disciplines that cover a wide 

variety of facets in the manufacturing process. Companies are sure to find exact ones to aid in 

their operations 

 

WORK BENCHES USED IN DELMIA:- 

● Manufacturing item definition 

● Process planning 

● Equipment allocation 

● Assembly evaluation 
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   MANUFACTURING ITEM DEFINITION:- 

PROCEDURE:- 

→ Go to V.R → manufacturing item definition→ click on manufacturing assembly→ create 

manufacturing item product scope and click on product 

→ View → shading with materials 

→Authoring → Create / Update manufacturing → Next 

 

 

 

PROCESS PLANNING: 

PROCEDURE:- 

→ Go to V.R → Process planning → General system click → Manage scope → Click the 

create scope → Product 1 
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EQUIPMENT ALLOCATION: 

PROCEDURE:- 

→ Go to V.R → Equipment allocation → Click on PPR Contex→ Insert resource → 

Manufacturing cell and Rename Station as 10,20,30,40 

Every station has 1 conveyor, 1 storage 

 →Station → Insert Source → Conveyor 

→Station → Insert Source → Storage 
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ASSEMBLY EVALUATION:- 

PROCEDURE:- 

Go to V.R → Assembly Evaluation 

Click on General system → Right click on loading operation → Create Track 

Copy the Current track to the other operations 

Click Live Simulate → (Bottom bar) 
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                                                   ABSTRACT 

Automation is the technology by which a process or procedure is performed with 
minimal human assistance. Automation or automatic control is the use of various control 
systems for operating equipment such as machinery, processes in factories, boilers and heat 
treating ovens, switching on telephone networks, steering and stabilization of ships, aircraft 
and other applications and vehicles with minimal or reduced human intervention. 

Industrial automation is the use of control systems, such as computers or 
robots, and information technologies for handling different processes and machineries in 
an industry to replace a human being. It is the second step beyond mechanization in the 
scope of industrialization 
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https://en.wikipedia.org/wiki/Control_system


2 

 

Chapter: 1 

INTRODUCTION 

1.1 INTRODUCTION TO ARC: 

The ARC is an initiative by IndoEuroSync to provide real time industrial 
automation solutions in both organizational and academic level. ARC has already been 
organizing regular student seminars in Germany including workshops and live experiments at 
APS in Germany. ARC provides to the students the access to industrial robotics under 
production conditions with remote control. An extensive  exchange program for Indian 
faculty members guarantees the high quality of the educational lessons and practical courses. 
These practical courses allow direct control of the industrial robots in Germany from Indian 
universities. Concretely, the students learn simulating, programming and controlling the 
robots in order to test their results at these industrial robots, which are equipped with 
grippers, sensors, etc. 

Applied Robot Control for Industrial Automation: 
• Each participating university receives a software access for simulation and control of 

industrial robots. 
• Students learn individually and as a team to solve concrete industrial tasks which are 

splits into various suitable sub-tasks for immediate learning success. These tasks are 
supervised by trained Indian faculty members along with remotely participating 
German experts. The automation tasks are designed and developed in cooperation 
with the Indian faculty members.  

 
1.2 Introduction to Automation: 

• Due to the globalisation the manufacturing industry is facing an increasing 
competition on the international market places. 

• Demanded are high quality products with competitive prices. 
• To meet these challenges successfully, fast response to market needs, short time- to -

market based on adequate manufacturing technologies are required. 
         
 
  “Industrial automation can be defined as the use of set technologies and automatic 
control devices that results the automatic operation and control of industrial processes 
without significant human intervention and achieving superior performance than 
manual control”.  

. 
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1.3 INTRODUCTION TO ROBOT: 

          Robotics is a branch of engineering and science that includes electronics engineering, 
mechanical engineering and computer science and so on. This branch deals with the design, 
construction, use to control robots, sensory feedback and information processing. These are 
some technologies which will replace humans and human activities in coming years. These 
robots are designed to be used for any purpose but these are using in sensitive environments 
like bomb detection, deactivation of various bombs etc. Robots can take any form but many 
of them have given the human appearance. The robots which have taken the form of human 
appearance may likely to have the walk like humans, speech, cognition and most importantly 
all the things a human can do. Most of the robots of today are inspired by nature and are 
known as bio-inspired robots 

 

 

THREE LAWS OF ROBOT: 

The best known set of laws are Isaac Asimov's "Three Laws of Robotics". These were 
introduced in his 1942 short story "Runaround", although they were foreshadowed in a few 
earlier stories. The Three Laws are: 

1. A robot may not injure a human being or, through inaction, allow a human being to 
come to harm. 

2. A robot must obey the orders given it by human beings except where such orders 
would conflict with the First Law. 

3. A robot must protect its own existence as long as such protection does not conflict 
with the First or Second Laws 

 

 

 

 

 

 

https://en.wikipedia.org/wiki/Isaac_Asimov
https://en.wikipedia.org/wiki/Three_Laws_of_Robotics
https://en.wikipedia.org/wiki/Runaround_(story)
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Chapter 2 

FUNDAMENTALS OF INDUSTRIAL ROBOTICS 

 

2.1 ROBOT ANATOMY 

2.1.1 Mechanical manipulator : A set of joints and links to position and orient the end of the 
manipulator relative to its base. 

Robot manipulator:  Structure 

 

 

 

Manipulator Joints and Links: 

▪ A robot joint is similar to a human body joint. It provides relative movement 
between two parts of the body. Typical industrial robots have five or six joints. 
Manipulator joints are classified as linear or rotating. Each joint moves its 
output link relative to its input link. Coordinated movement of joints enables 
robot to move, position, and orient objects 

 

 

Types of Joints: 

Linear Joint: Designated by the letter L, it provides straight line motion to output link as 
shown in the figure. 

                                                

 Linear joint 
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Rotational Joint: Designated by the letter R, it provides rotary motion to the output link in 
such a way that, the axis of rotation would be perpendicular to the plane containing the axes 
of both input and output links. 

                                                 

 Rotational joint 

Twisting Joint: Designated by the letter T, it also provides rotary motion to the output link in 
such a way that, the axis of rotation coincides with axes of input and output links. 

                                                   

 Twisted joint 

Revolving Joint: Designated by the letter V, it provides rotary motion to the output link in 
such a way that, the axis of rotation will be perpendicular to the axis of output link and 
coincides with the axis of input link. 

                                                           

 Revolving joint 

 

2.1.2 Controller : Operates the joints in a coordinated fashion to execute a programmed work 
cycle 

 2.1.3 End effecter: Special tooling that connects to the robot's wrist to perform the specific 
task. They are classified into two types, tools and grippers. 

Tools - used for a processing operation: Applications: spot welding guns, spray painting 
nozzles, rotating spindles, heating torches, assembly tools. 
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▪  
 

 

Grippers - designed to grasp and move objects (usually parts):Applications: part placement, 
machine loading and unloading, and palletizing 

Types of Grippers: 
1. Impactive – jaws or claws which physically grasp by direct impact upon the object.  
2. Ingressive – pins, needles or hackles which physically penetrate the surface of the object 
(used in textile, carbon and glass fibre handling).  
3. Astrictive – suction forces applied to the objects surface (whether by vacuum, magneto– or 
electro adhesion).  
4. Contigutive – requiring direct contact for adhesion to take place (such as glue, surface 
tension or freezing).  
 
Mechanical Grippers 

A mechanical gripper is used as an end effector in a robot for grasping the objects with its 
mechanically operated fingers. In industries, two fingers are enough for holding purposes. As 
most of the fingers are of replaceable type, it can be easily removed and replaced.  
A robot requires either hydraulic, electric, or pneumatic drive system to create the input 
power. The power produced is sent to the gripper for making the fingers react. It also allows 
the fingers to perform open and close actions. Most importantly, a sufficient force must be 
given to hold the object.  
In a mechanical gripper, the holding of an object can be done by two different methods such 
as:  

• Using the finger pads as like the shape of the work part.  
• Using soft material finger pads.  

In the first method, the contact surfaces of the fingers are designed according to the work part 
for achieving the estimated shape. It will help the fingers to hold the work part for some 
extent.  
In the second method, the fingers must be capable of supplying sufficient force to hold the 
work part. To avoid scratches on the work part, soft type pads are fabricated on the fingers. 
As a result, the contact surface of the finger and co – efficient of friction are improved. This 
method is very simple and as well as less expensive. It may cause slippage if the force applied 
against the work part is in the parallel direction. The slippage can be avoided by designing 
the gripper based on the force exerted. 
 
 



7 

 

 
 
 

 

Pneumatic gripper: 
A pneumatic gripper is a specific type of pneumatic actuator that typically involves either 
parallel or angular motion of surfaces, A.K.A. “tooling jaws or fingers” that will grip an 
object. When combined with other pneumatic, electric, or hydraulic components, the gripper 
can be used as part of a "pick and place" system that will allow a component to be picked up 
and placed somewhere else as part of a manufacturing system.  
 
Types of Pneumatic Grippers:  

The most popular types of pneumatic grippers are the 2 jaw parallel and 2 jaw angular gripper 
styles. Parallel grippers open and close parallel to the object that it will be holding, these are 
the most widely used grippers. They are the simplest to tool and can compensate for some 
dimensional variation. Angular grippers move the jaws in a radial manner to rotate the jaws 
away from the object and therefore require more space. 

 
Adhesive grippers: 

A type of end effector that uses a continuously fed ribbon covered with an adhesive that 
sticks to the objects the robot manipulates. Adhesive grippersare commonly used for 
lightweight materials where other gripper types would be less effective. An adhesion gripper 
is a robot end effector that grasps objects by literally sticking to them. In its most primitive 
form, this type of gripper consists of a rod, sphere, or other solid object covered with two-
sided tape. A major asset of the adhesive gripper is the fact that it is simple. As long as the 
adhesive keeps its “stickiness,” it will continue to function without maintenance. However, 
there are certain limitations. The most significant is the fact that the adhesive cannot readily 
be disabled in order to release the grasp on an object. Some other means, such as devices that 
lock the gripped object into place, must be used. 
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Magnetic grippers: 
Magnetic grippers are most commonly used in a robot as an end effector for grasping the 
ferrous materials. It is another type of handling the work parts other than the mechanical 
grippers and vacuum grippers.  
 

 
 

  

Types of magnetic grippers:  
The magnetic grippers can be classified into two common types, namely: Magnetic grippers 
with 
  
 

Electromagnets:  
Electromagnetic grippers include a controller unit and a DC power for handling the materials. 
This type of grippers is easy to control, and very effective in releasing the part at the end of 
the operation than the permanent magnets. If the work part gripped is to be released, the 
polarity level is minimized by the controller unit before the electromagnet is turned off. This 
process will certainly help in removing the magnetism on the work parts. As a result, a best 
way of releasing the materials is possible in this gripper.  
 
Permanent magnets:  
The permanent magnets do not require any sort of external power as like the electromagnets 
for handling the materials. After this gripper grasps a work part, an additional device called 
as stripper push – off pin will be required to separate the work part from the magnet. This 
device is incorporated at the sides of the gripper.  
The advantage of this permanent magnet gripper is that it can be used in hazardous 
applications like explosion-proof apparatus because of no electrical circuit. Moreover, there 
is no possibility of spark production as well 
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Chapter: 3 

 TYPES OF ROBOTS 

 
3.1 SERIES LINK ROBOT 

 

• Spherical co-ordinate robot. 

• Cylindrical co-ordinate robot. 

• Rectangular co-ordinate or Cartesian co-ordinate robot. 

• Jointed arm robot. 

• Selective Compliance Assembly Robotic Arm (SCARA)  

3.2 PARALLEL LINK ROBOT 

Spherical co-ordinate robot: Joint notation-TRL 

• It consists of a telescopic arm that can be raised or lowered about a horizontal pivot. 
The pivot is mounted on a rotating base. 

• These various joints (T, R and L) provide the robot with the capability to move its 
arm within a spherical space, and hence the name “spherical coordinate robot”.  It has 
a better reach (ability to extend the arm significantly beyond the base) and ability to 
reach into small openings without much interference to sides as in the case of machine 
loading applications. 

                

Figure-1.6: Polar coordinate body and arm assembly 

 

Cylindrical co-ordinate robot: Joint notation-TLL 

o It uses a vertical column and a slide that can be moved up or down along the column.  
o The robot arm is attached to the slide so that it can be moved radially with respect to 

the column.  
o By rotating the column, the robot is capable of achieving a work space that 

approximates a cylinder 
o It possesses better rigidity and load carrying capacity. 
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Figure-1.7: Cylindrical coordinate robot 

Rectangular co-ordinate or Cartesian co-ordinate robot: Joint notation-LLL 

o It uses three perpendicular slides to construct x, y, and z axes. 
o By moving the three slides relative to one another, the robot is capable of operating 

within a rectangular work envelope. 
o By virtue of inherent rigidity, this configuration exhibits better repeatability and high 

load carrying capacity. 

 

                                       

 Cartesian coordinate robot 

Jointed arm robot: Joint notation-TRR 

o It is made up of three rotary joints. Twisted joint at the base followed by two rotary 
joints. 

o This robot configuration is also known as anthropomorphic as its anatomy is similar 
to the human arm. Another name for this configuration is articulated robot. 

o It will have better reach. Its work volume is also spherical. 

                                                

                                               Jointed arm robot 

   Selective Compliance Assembly Robotic Arm (SCARA): Joint notation-VRL 
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• It is similar to jointed-arm robot except that vertical axes are used for shoulder and 
elbow joints to be compliant in horizontal direction for vertical insertion tasks. 

• Its work volume assume a cylindrical shape 

                                                       

SCARA 

 

3.2 PARALLEL LINK ROBOT: 

• Industrial manipulators and parallel robots are often used for tasks, such as drilling or 
milling, that require three translational, but only two rotational degrees of freedom 
(“3T2R”). 

                                                           

 

 

 

 

 

 

 

 

 

 



12 

 

Chapter: 4 

Motion control 

4.1ROBOT MOTION CONTROL 

 

Main controller tasks: 

• Motion Control & Path Planning 

• Communication (with control panel, teach 
box, external PC) 

• Operator support (set-up, programming, test /automatic mode) 

• Programming 

• Control of tools (gripper, etc.), peripheral devices (turn tables, conveyors, etc.), 
processes (welding, cutting, grinding, etc.) 

• Sensor data processing (adaptive functions) 

• Control of I/O processes (digital, analog, serial, fieldbus) 

• Data management (display, store, print, delete, etc.) 

• Error management 

• Safety functions (emergency stop, reduced speed, etc.) 

Information and data flow: 
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Motion / Path planning:    

• The robot controller determines the movement of the robot in consideration of 
the programmed movement type  

• Each movement is related to the endeffector. It is specified by pose, velocity 

and acceleration 

• Pose“ represents position as well as orientation of the endeffector 

 

Movement types: 

• PTP mode – Point-to-point movement (Motion without any interpolation) 

• CP mode - Continues path  movement(Motion on a path with interpolation) 
 

 

Point- to- point movement: 

 

Continuous path movement: linear motion 

 

Motion with Circular interpolation: 
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CP-Motion / Path planning scheme: 

 

• Any robot movement of the CP type will be performed by deviding the 
planned path into small path sections defined by interpolation points  
trajectory 

 

• The distance between two interpolation points is determined by the „interpolation 

cycle time T
IPO

“; 
• Interpolation is performed in the Cartesian space; 

 
• For any interpolation, position data (joint angles) have to be transformed from joint 

coordinates into Cartesian coordinates 
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Interpolation Cycle Time T
IPO

: 

TIPO = cycle time spent by the robot controller to calculate a new set of set point values 
(joint angles) as input to the position control loops of each axis. 

 currently: 10-12 ms interpolation cycle time 

 trend: 7- 4ms interpolation cycle time 

 A shorter TIPO results in higher path accuracy 

Motion and path planning: 

 

 

Information and data flow: 
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Chapter: 5 

ROBOT PROGRAMMING 

5.1 Robot programming: 

• Robot programming is a process of setting up of motion sequences of other activities 
the robot shall execute on demand. 

• Supported is a process of robot programming by special software. The software offers 
the user a set of coded commands &instructions that tell the robot system what task to 
do. 

• In general the robot software for programming is of highly proprietary nature. Each 
robot manufacturer provides their own software. 

• There is a lack of standardization. However, enough similarities between different 
programming languages help to gain a broad understanding of robot programming 
without having explicit knowledge of each language. 

5.2 Programming Languages: 

• ABB robot language: RAPID 
• STAUBLI robot language: VAL3 
• KUKA robot language: KRL 
• COMAU robot language: PDL2 
• YASKAWA robot language: INFORM 
• FANUC robot language: KAREL 
• UNVERSAL robot language: UR Script 
• ONLINE Programming: Program generation with real physical robot 
• OFFLINE Programming: Program generation with virtual robot models 

5.3 Robot Motion Programming: 

 

 

 

Basic task in robot motion programming: 
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• Determination of TCP position tool orientation in the Cartesian space. The 
combination of these two entities is known as POSE of a robot. 

• Path: Consists of ordered locations of points in 3D space, which the robot shall 
follow. A planned path is usually taking into account the avoidance of any collision 
with obstacles & the shortest path. 

• Trajectory: Represents a path based on two or more way points including velocities & 
accelerations in each of the way points. 

There are two movements in robot motion programming: 

1. PTP- Point to Point Movement 

 

2. Continuous Path Movement 

 

 

5.4 Robot Programming Modes 

According to the consistent performance by the robots in industries, the robot 

programming can be divided in two common types such as: 

  

• Lead through Programming Method 

• Textual Robot Languages 

  

5.4.1 Lead through Programming Method: 

During this programming method, the traveling of robots is based on the desired  movements, 

and it is stored in the external controller memory. There are two modes of a control system in 

this method such as a run mode and teach mode. The program is taught in the teach mode, 

and it is executed in the run mode. The leadthrough programming method can be done by two 

methods namely: 



18 

 

• Powered Lead through Method 

• Manual Lead through Method 

  

 

 

a)  Powered Lead through Method: 

  

The powered lead through is the common programming method in the industries. 

A teach pendant is incorporated in this method for controlling the motors available in the 

joints. It is also used to operate the robot wrist and arm through a sequence of points. The 

playback of an operation  is done  by  recording  these  points. The  control  of  complex 

geometric  moves is difficult to perform  in  the  teach  pendant.  As a  result,  this  method  is 

good  for point  to point movements. Some of the key applications are spot welding, machine 

loading & unloading, and part transfer process. 

  

b)  Manual Lead through Method: 

  

In this method, end effector is moved robot’s physically by the programmer at the 
desired movements. Sometimes, it may be difficult to move large robot arm manually. To get 

rid of it a teach button is implemented in the wrist for special programming. The manual lead 

through method is also known as Walk Through method. It is mainly used to perform 

continuous path movements. This method is best for spray painting and arc welding 

operations. 
 

Offline Programming of Industrial Robots: 

Robot studio software is used for programming of industrial robots in offline mode. The 
robot studio software is only used for ABB robots 

 

ABB Robot Studio: 
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• Robot studio is a offline programming & robot simulation system. 
• The best way to maximize return of interest is to create robot programming offline on 

a pc. In this case there is no need to stop the production. 
• Robot studio allows tasks like programming, training, simulation, optimization of 

application programs. 
• Robot studio is using graphical models of ABB robots & is built on ABB virtual robot 

controller. 
• The ABB virtual robot controller consists of copy of the real control software. 

Therefore realistic simulations are provided by the tool. 
 

Robot Studio Features: 

• Design of robot stations (Layout) 
• Modelling of objects(solid, curves, surfaces) 
• Programming of robot (path, orientation of tools, external axis) 
• Virtual Controller (copy of real control software) 
• Generation of RAPID code 
• Loading & saving programs 
• Simulation of programs (collision detection, creating events, simulation time 

measurement, I/O simulation) 

 

 

 5.5: ROBOT PROGRAMMES 

(A) Pick & Place in Palletizing 

Step1: Measuring sensor to table distance to detect presence & position of table plate 

 

Step2: Measuring sensor to box distance to detect presence of boxes 



20 

 

 

Step3: Positioning & release of box to set up a new stack or to fill a stack 

 

 

(B)Assembly of wind shields in a sidewall of railway wagon 

Step 1.Robot in home position 

 

Step 2.Moving to window position: 
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Step 3.Measuring of window position laser distance sensor 

 

Step 4.Moving back to first wind shield 

 

Step 5.Picking up first windshield 

 

Step 6.Windshield into assembly position 

 

Step 7.Windshield in assembly position 
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Step 8.Windshield assembled 

 

 

Chapter: 6  

 Advantages and disadvantages of Automation 

6.1 Advantages: 

• To increase productivity 

Automation of factory or manufacturing or process plant improves production rate through a 

better control of production. It helps to produce mass production by drastically reducing 

assembly time per product with a greater production quality. Therefore, for a given labor 

input it produces a large amount of output. 
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▪ To provide optimum cost of operation 

Integration of various processes in industry with automated machineries, minimizes cycle 

times and effort and hence the need of human labor gets reduced. Thus the investment on 

employees has been saved with automation. 

▪ To improve product quality 

Since the automation reduces the human involvement, the possibility of human errors also 

gets eliminated. Uniformity and product quality with a greater conformity can be maintained 

with automation by adaptively controlling and monitoring the industrial processes in all 

stages right from inception of a product to an end product. 

▪ To reduce routine checks 

Automation completely reduces the need for manual checking of various process parameters. 

By taking advantage of automation technologies, industrial processes automatically adjusts 

process variables to set or desired values using closed loop control techniques.  

 

• To raise the level of safety 

Industrial automation increases the level of safety to personnel by substituting them with 

automated machines in hazardous working conditions. Traditionally, industrial robots 

and robotic devices are implemented in such risky and hazardous places. 
 

https://www.electricaltechnology.org/wp-content/uploads/2015/09/Manual-Control.Why-Industrial-Automation.jpg
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6.2 Manufacturing Automation with Industrial Robots 

6.2.1 Advantages: 

- Improvement of productivity and efficiency in production  

- Provide better effectiveness (2-3 shifts)  

- Reduction of throughput times 

- Improvement of product quality  

- increase high repeatability  

- High positioning accuracy  

- Better working conditions for human  

- Reduction of hazards to the work forces  

- Better flexibility to change (compared to single-purpose machinery)  

- Save of material and energy - save of labour cost 

6.2.2Disadvantages: 

• High initial costs 

• Security threats 

• High and sometimes unpredictable cost for further development, add-on or 
upgrade 

• Personnel of higher qualification is requested; operators need sufficient training 
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Chapter: 7 

Conclusion 

Following conclusions are from the Applied Robot Controller 1.0 and they are 

➢ We learned about essential characteristics of industrial robots and types of 
robots. 

➢  Types of links are used in robot and also types of kinematic structure used in 
robots.  

➢ Different types of programming modes  

 

 




























































































































































































































































































































































