
MECHANICAL  
ENGINEERING

Production
Engineering

Comprehensive Theory  
with Solved Examples and Practice Questions

www.madeeasypublications.org



Production Engineering
Copyright © by MADE EASY Publications Pvt. Ltd.

All rights are reserved. No part of this publication may be 

reproduced, stored in or introduced into a retrieval system, 

or transmitted in any form or by any means (electronic, 

mechanical, photo-copying, recording or otherwise), 

without the prior written permission of the above mentioned 

publisher of this book.

MADE EASY Publications Pvt. Ltd. has taken due care 

in collecting the data and providing the solutions, before 

publishing this book. Inspite of this, if any inaccuracy or 

printing error occurs then MADE EASY Publications Pvt. 

Ltd.  owes no responsibility. We will be grateful if you could 

point out any such error. Your suggestions will be appreciated.

MADE EASY Publications Pvt. Ltd.
Corporate Office: 44-A/4, Kalu Sarai (Near Hauz Khas Metro

Station), New Delhi-110016  |  Ph. : 9021300500

Email : infomep@madeeasy.in  |  Web : www.madeeasypublications.org

ED
IT

IO
N

S

First Edition : 2015

Second Edition : 2016

Third Edition : 2017

Fourth Edition : 2018

Fifth Edition : 2019

Sixth Edition : 2020

Seventh Edition : 2021

Eighth Edition : 2022

Ninth Edition : 2023

Tenth Edition : 2024

Eleventh Edition : 2025

Twelveth Edition : 2026



CHAPTER 1

Metal Casting................................................... 1-43
1.1	 Introduction................................................................................ 1

1.2	 Terms associated with casting............................................. 2

1.3	 Pattern ......................................................................................... 2

1.4	 Types of Patterns....................................................................... 5

1.5	 Properties of Moulding Sand................................................ 8

1.6	 Moulding Sand........................................................................10

1.7	 Core..............................................................................................12

1.8	 Gating System..........................................................................13

1.9	 Sprue Design............................................................................15

1.10	 Top Gate.....................................................................................16

1.11	 Bottom Gate.............................................................................17

1.12	 Parting Line Gate....................................................................19

1.13	 Step Gate...................................................................................19

1.14	 Solidification Time..................................................................19

1.15	 Types of Solidification...........................................................21

1.16	 Riser.............................................................................................22

1.17	 Special casting processes.....................................................25

1.18	 Expandable - Pattern Casting ( Lost Foam)/Full 

molding......................................................................................26

1.19	 Shell moulding.........................................................................26

1.20	 Investment Casting................................................................27

1.21	 CO2 Moulding...........................................................................28

1.22	 Die Casting................................................................................28

1.23	 Slush Casting............................................................................30

1.24	 Centrifugal Casting.................................................................30

1.25	 Casting Defects........................................................................32	

Objective Brain Teasers...........................................................34

	 Conventional Brain Teasers...................................................39

CHAPTER 2

Welding	 .........................................................44-88
2.1	 Introduction..............................................................................44

2.2	 Metallurgy in Welding...........................................................44

2.3	 Bead Geometry........................................................................46

2.4	 Types of Welding.....................................................................46

2.5	 Arc Welding...............................................................................47

2.6	 Types of Arc Welding Machines.........................................49

2.7	 Shielded Metal Arc Welding (SMAW)...............................53

2.8	 Electrodes..................................................................................54

2.9	 Welding efficiency..................................................................55

2.10	 GAS Tungsten Arc Welding (GTAW) or Tungsten Inert 

Gas Welding (TIG)...................................................................57

2.11	 Metal Inert Gas Welding (MIG) or Gas Metal Arc 

Welding (GMAW).....................................................................58

2.12	 Plasma Arc Welding................................................................60

2.13	 Submerged Arc Welding (SAW).........................................60

2.14	 Chemical Welding...................................................................61

2.15	 Thermit welding......................................................................64

2.16	 Resistance Welding................................................................65

2.17	 Electro Slag Welding or Electro Gas Welding................72

2.18	 Solid State Welding Process................................................73

2.19	 Radiant Energy Welding Techniques...............................75

2.20	 Soldering and Brazing...........................................................76

2.21	 Defects in Welding..................................................................77

2.22	 Weldability................................................................................80

	 Objective Brain Teasers...........................................................80

	 Conventional Brain Teasers...................................................84

iii

Production Engineering



CHAPTER 3

Metal Cutting...............................................89-167
3.1	 Introduction..............................................................................89

3.2	 Machine tool.............................................................................90

3.3	 Classification of cutting tools.............................................93

3.4	 Tool Geometry.........................................................................93

3.5	 Nose Radius..............................................................................97

3.6	 Tool Signature..........................................................................97

3.7	 Orthogonal and oblique cutting.......................................98

3.8	 Distribution of Heat in Deformation Zone.................. 100

3.9	 Types of Chips....................................................................... 101

3.10	 Analysis of metal cutting velocities, forces and 

power............................................................................... 102

3.11	 Mechanism of chip formation......................................... 106

3.12	 Theoretical determination of shear plane angle (f)..... 108

3.13	 Mechanisms of Tool Wear................................................. 110

3.14	 Types of Tool Wear............................................................... 112

3.15	 Taylor’s Tool Life Equation................................................. 113

3.16	 Effect of Parameters on Tool Life.................................... 115

3.17	 Machinability......................................................................... 116

3.18	 Measurement of Cutting Forces..................................... 118

3.19	 Shaping and Planning........................................................ 118

3.20	 Grinding.................................................................................. 120

3.21	 Finishing Operations.......................................................... 125

3.22	 Drilling..................................................................................... 127

3.23	 Drill Geometry....................................................................... 128

3.24	 Turning, Boring and Taper Turning................................ 130

3.25	 Reaming and Reamers....................................................... 131

3.26	 Trepanning............................................................................. 131

3.27	 Counter Boring..................................................................... 131

3.28	 Counter Sinking.................................................................... 132

3.29	 Milling...................................................................................... 132

3.30	 Indexing in milling............................................................... 138

3.31	 Broaching................................................................................ 141

3.32	 Jigs and Fixtures................................................................... 141

3.33	 Principle of Location........................................................... 142

3.34	 Lathes and Lathe Operations.......................................... 143

		  Objective Brain Teasers................................................. 162

		  Conventional Brain Teasers......................................... 164

CHAPTER 4

Metal Forming........................................... 168-218
4.1	 Introduction........................................................................... 168

4.2	 Terminology Related to Metal Forming....................... 169

4.3	 Cold Working......................................................................... 169

4.4	 Hot Working........................................................................... 170

4.5	 Warm Forming...................................................................... 170

4.6	 Annealing............................................................................... 171

4.7	 Malleability............................................................................. 171

4.8	 Rolling...................................................................................... 172

4.9	 Forging.................................................................................... 184

4.10	 Extrusion................................................................................. 188

4.11	 Wire Drawing......................................................................... 192

4.12	 Sheet Metal Operations..................................................... 195

4.13	 Punching and Blanking..................................................... 195

4.14	 Deep Drawing....................................................................... 197

4.15	 Bending................................................................................... 200

4.16	 High Energy Rate Forming (HERF)................................. 202

4.17	 Tube Bending and Forming............................................. 203

4.18	 Powder Metallurgy.............................................................. 205	

Objective Brain Teasers........................................................ 215

	 Conventional Brain Teasers................................................ 218

CHAPTER 5

Engineering Metrology and Instrumentation...219-278
5.1	 Introduction........................................................................... 219

5.2	 Accuracy and Precision...................................................... 219

5.3	 Limits, Fits and Tolerances................................................ 220

5.4	 Angular Measurements..................................................... 231

5.5	 Linear Measurement........................................................... 233

5.6	 Geometric Features : Measuring Straightness, 

Flatness, Roundness and Profile..................................... 236

iv

Production Engineering



v

Production Engineering

5.7	 Comparator............................................................................ 240

5.8	 Surface Finish........................................................................ 247

5.9	 Acceptance Tests.................................................................. 250

5.10	 Screw Thread Metrology................................................... 253

5.11	 Precision ball measurement............................................. 259

5.12	 Coordinate Measuring Machines................................... 262

	 Objective Brain Teasers........................................................ 272

	 Conventional Brain Teasers................................................ 274

CHAPTER 6

Computer Integrated Manufacturing....279-301
6.1	 Introduction........................................................................... 279

6.2	 Numerical Control............................................................... 279

6.3	 Types of Control Circuits................................................... 281

6.4	 Stepper motor....................................................................... 282

6.5	 Computer Numerical Control.......................................... 284

6.6	 Machining Centre................................................................ 285

6.7	 Flexible Manufacturing System (FMS).......................... 286

6.8	 Part Programming............................................................... 286

6.9	 Fixed Zero v/s Floating Zero............................................. 286

6.10	 Structure of an NC part program................................... 287

6.11	 List of G codes....................................................................... 288

6.12	 List of M codes...................................................................... 288

6.13	 Description of some important codes......................... 289

6.14	 APT Language....................................................................... 293

	 Objective Brain Teasers........................................................ 297

	 Conventional Brain Teasers................................................ 300

CHAPTER 7

Non Traditional Machining Methods..... 302-323
7.1	 Introduction........................................................................... 302

7.2	 Ultrasonic Machining (USM)............................................ 303

7.3	 Abrasive Jet Machining..................................................... 305

7.4	 Electric Discharge Machining (EDM)............................. 306

7.5	 Chemical Machining (CM)................................................. 311

7.6	 Electro Chemical Machining............................................ 312

7.7	 Laser Beam Machining....................................................... 317

7.8	 Electron Beam Machining................................................. 318

7.9	 Plasma Arc Machining........................................................ 319

7.10	 Water Jet Machining........................................................... 319

7.11	 Abrasive water jet machining.......................................... 320

	 Objective Brain Teasers........................................................ 321

CHAPTER 8

Additive Manufacturing...........................324-333
8.1	 Introduction........................................................................... 324

8.2	 Generic AM Processes........................................................ 324

8.3	 Data path for AM.................................................................. 325

8.4	 CAD Model into .stl Format.............................................. 325

8.5	 Ef fec ts  of  bui ld ing us ing di f ferent  layer

	 thicknesses............................................................................. 325

8.6	 Generation of Geometrical Layer Information

	 on Single Layers.................................................................... 326

8.7	 .stl Format............................................................................... 326

8.8	 Layer Manufacturing Processes...................................... 327

8.9	 Additive Manufacturing Technologies ........................ 328

8.10	 Electron Beam Melting (EBM).......................................... 331

8.11	 Selective Laser Melting (SLM) or Direct Metal Laser 

Melting (DMLM) or Laser Powder

	 Bed Fusion (LPBF)................................................................ 331

8.12	 Different Additive Manufacturing Processes ............ 331

8.13	 Additive Manufacturing Materials ................................ 332

8.14	 Benefits of AM technology .............................................. 332

8.15	 Limits of AM Technology .................................................. 333

8.16	 AM Technology Applications .......................................... 333

nnnn


































