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Preface to the
Third Edition

The first two editions of this book have been well received by the teachers and students of engineering
colleges. That proves the paradigm adopted by the author in developing this book as totally different from
the other books in this area. Since the publication of the second edition, a number of suggestions have been
received by the author about the improvements that could be done to the book. Many of the suggestions have
been incorporated into this edition, which is explained below.

Many people felt that there are too many chapters in the book, and as a result of this division, there was
a certain repetition experienced. Though there is some truth in this, the original intention was to make each
chapter for a specific topic, which is convenient from the teaching point of view. However, since there is a
need to conserve space, | have reorganised the original 29 chapters into 12 chapters and in the process the
repetition experienced has been completely eliminated.

The modifications carried out in the chapters are the following:

* Many illustrations have been redrawn to improve clarity and ease of understanding by the students.

+ Topics on tensile testing details, aluminium alloy properties table, laser heat treatment, rapid proto-
typing, simplified risering design, expanded furnace types, inoculation, degassing, ladles, permanent
mould casting, vacuum die casting, low-pressure die casting and squeeze casting have been added. ~

* Brazing revised fully.

Two new chapters have been added after a careful examination of the syllabi of major universities. They
are Chapter 11 on Powder Metallurgy and Chapter 12 on Plastic Processing. With this addition, the syllabi of
major universities are fully covered and it is hoped that the book finds universal patronage as in the previous
editions.

I wish to express my sincere thanks to my current employer, University of Northern Iowa, Cedar Falls,
Towa, USA, for providing an excellent environment and facilities which I could make use of in carrying out this
stupendous task. I would also like to thank the following reviewers who took time out to review the book.

R K Gupta Department of Mechanical Engineering
Chandigarh Engineering College
Nandran, Punjab
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It is a pleasure to work with the editorial staff at McGraw Hill Education India who made sure that the
production comes with the highest quality in the shortest time to ensure the timely availability of the text.

As usual, I would welcome further suggestions regarding the coverage in the book, and would be happy
to incorporate the suggested improvements in future editions to make the book more suitable to the changing
curriculum needs of the teaching of manufacturing technology.

P N Rao



Walktr

OBJECTIVES
Provides a quick look into the concepts that will be
learned by the user.

liivien
later compieting five chaptes the reader wil be able
» 1 i

e
INTRODUCTION

Casting 15 one of te estlies meial-shaping medods keown 1 o bamas belugs. I generaily weas powig
etal Oy ity of the shape to mﬂhm:;uwwhdf« th
schdihied, e i taken ot

oy bsealcnng
s3king the pcld apart, The splidified object 15 called casing. This procass & 2l culied Sounding.
3.1.1 History of Casting Process

The casting pe
oy ok o, Ly s et A s

EE I waamy pares of the workd

nardness, cuctilty, and toughness

aterials such as strength,

» Leam about the ot
troi thasr

matenals and how they con-

properties

» fGet the varous details of the plain carbion sieels and the varabies that sontral teir
propecies

» mmwmmmmmwmmmmﬂmwmam

HISTORICAL PERSPECTIVE

vade of stene of buked

10 single in
bem&,smmwswxmmwmmwmuummmdmmmm

The Bronge age (¢ 2000 BO) brouphs fr move refinenens 1ato the casting pencess. For the fizst fime per-
s, & coms for nuking hollow pockets f the objects was inveed Thes coves were spde of babed clxy.
Al the cine pardia ot Lost Wi procens was extansively wsed for naking orvamenns and fuse work.

‘The casting teckuology has besn greatty impreved by the Chiness fross sround 1500 BC. Before tha,
thare i 50 evidence of suy casting activity found in Chins. They do not appear © kave been grantly Somilier
with the ¢irv perdue process nor ased 1t extensively bt iostend specialized ta naiit-peece moulds for saak-
g highly imnicae jobs. They spent & 1ot of tae 10 perfecting the movld w the las el so fhat bardly

auy fimshing werk Wit wquired ou the casting made from the moulds. They peobably m,memmf//

A

related to the processes discussed.

LProvides a brief perspective of historical developments

drwns o i

// For tnaking any Wllow portivns, (oves are atan usd i poraanent mesld casting Ths cones can be
ity ok of metad o send, When sand ontes ars used, the process bs called s permaniul douitiog.
T mathahie 109, Snat b PR Wi acoesids ey s ks AL Wi s w1 40 b il

bl §

baause ot shrinkuge

psed

WELL LABELED ILLUSTRATIONS

Provides a complete description of the object in question
labeling the various parts to understand the function.

6 m:mmmmmmmm-mmwmhnmnuumm-mm:\\
cubss. Au sxperinent hns show that fhe Hglhter casting volidifies in §.7 minntes Hew naxh tme
would you estimate that it would trike for the larger casting 1o solicify”

ol Thade i 1 S0 iouatv Soauos o e Dt {1 1s A0l o socuroty povition the vere as
w singho phoce wn wlas dow 1o e dimensnnal vasistions thet are ety 1 ccous, Hance, with sollapatble
weros, tho destmaos bus to provide caacss tolirsioe un e dimensivns A typical pernanant mould is

gt
N

Sty T8
4

SOLVED PROBLEMS

Solved problems will help reader to review their
understanding of the concepts discussed in the chapter.




"/‘Tg Sunnreary

Sa0d cating 16 st sutubbe for applicstions where lgs vohies of parte i b b .mmm o vemplen
pocoetsivn e imvnivid. o this prapase, u yudivee of mpesisl cesting metlios 1es devise
- Shell o
s wish g e .;mu T nes: tein-csmhud i Tiye wasdsing e trnbd that i sarng aad potons
v Pisaih " a R

ammq e, This 7 biigth prosbaan wnd i
SUMMARY . ic i prapars e casing. Tl belpe i lowering costs
. 3 for i Ba 4 prop-
Provides the essence of the subject matter covered ates o i contig
e Progery (s eastiag van be utitioed for vaey conipies shapes. T proeess vses o musiadlic S sod the
in the chap[cr‘ it et infected af vy lw: P wasuring H MW it vy sl tins i 4 st e The
s vt i3 comp fish vty oo
wetwt peodhiced i bege violomes.
Ve Qecartsg s B removal of srapped st in G die i e casting, fwevby enmuring
u met casting.
T comritegal eanting. the svild in titated ot gl spend, which ensmea that the dag ood aaparhies o
e Tnlten rtal ary mepsscatad w0 pemoved efactively, Thin snsuses Bl ceeing prodaced i sound
Thare sre other varistions i this peosens Lo catet to e diffonent type of costing sines anil genmatriss

aibad.
Comtinions costing sty e tha tast produstion of in i

)*Q# aeestions
e E A s s QUESTIONS
con The reader will be able to test his knowledge gained

Wit ave the vanons medods l'riﬂl’l!;dm » casting devipues b0 reduce the mowentim of G molien by readmg the Chapter'
erat?

Fiow can slag e tragped i s v

Problems

n 4 given arc-weldig opersusa, tos powet sowce 1s @ 20 V and cuvenr iy at W0 A 1 the elecmode

irved speed i3 8 e, caloulane G croveeatseual area of The it The heat vanster efficmucy

050 nnd reltag eficiency is .30, Hent seqnied 10 malt the stesd is 10 Fivm!

I cesismnne welding of b 1op joret ax tw il steed aheers of 1 S-smm thickness, 5 comestof 10 000

PROBLEMS Asmmﬁm;w&ddblmaﬁﬂutﬂ.munmdhmu 120 nuicro obges. The
donsity of stenl 55 0 1381 Vg The poinn can b

The reader will be able to test his knowledge gained  cyliode of - dismete 13 27510 beight Colcute e pescesiogs of beat bt 1 e

. 3. Apmpcnon nelmagaf:(\ws i 35 000 A fova d of 0.01 second The
by reading the chapter. u u cytinder of Gz
ameter s 2 5205 begh, B
mn*wmnfﬂmmdmmnhmnd@gnbmummm walding sperd of 9 tom's
Toor weidisng transtornser 16 set & 05 W and the current fiswng 14 300 A Teking the arc efficiancy =
.85, colenlare fise tenapssators 1o which the planes shovdd be prelmnsed wich drat (e crincal Cooling
Tave 35 g Balow & "Ll ot 550 °C for utisface
28 De«mmlﬁkupummwmMmmmmwﬂésmcw:wpmvwmms:pmm
somte 19 3t 30V aed camem w323 A The e efficieny 15 050 wiile e vwxinwn conhsg s al
\\ lomed §5 & *C/x 0% 2 touperatune of $50 °C The possivle welding spesds aze 4, 7, 5 and § s, //

S Mmmtmuhwmea:ummmmm

Van e b core o Expla bose wa w0 e pwwfm}

. ot e weod, veatal mud plesnns
anmﬁsuvmﬂrw!mMmgm"wm”m‘nmmm‘m
Whst i mweanr by denbie-shrakage slowamucs”
:zm!u ey M':e;ﬂm"f:pmtm .nﬁ’l"”’" and st e whoy they
Jnmse iy o adovwunacas provided on a s <5t ﬁum Todsems
sre povided, f 4 MULTIPLE ANSWER QUESTIONS

Enpleis where debeon patters are esploved.

. Which 1 the caos widey wier (e of paters? Dpsesise s sdvisinges. Helps the reader to review the knowledge gained by
Wha gre fhe simations m widck o singivgece patmes 15 stvanmgsoasly peed?

Skeich ot gl Shiwing e Cope 904 ke Gag Type gy, i
SOk e v i P ve et s reading the chapter and prepare for examinations.
. Explus e aw of 2 Sllow bossd patten wih & pest siewh.
Diesenbe the parar colovs code usansally used i fovsdnes
Whot propeciies are desimabie of » monlding sand frow e ssaodpowt of sound ran
Explasn tir mportanca of grosataliny f mouldig st
- St e esoentiel predients of & mouidicg sand
. Expluia, e wethed of [
. Whot w5 the role plaved by clay in 3 moaldng sesd” What Eth mhod adopred for deteraius the
oy coutent in n woulding sed”




Contents(

HH K35 B
F

Preface( B &)
Introduction( /1-48)
Objectives (] HEY) 1
1.1 Manufacturing Processes ($3&#8) 1
1.2 Break-Even Analysis( T 28 4247) 3
Summary( B.55) 7
Questions( [G]fH) 8
Problems( /) 8

Engineering Materials( T #2415 5})

Objecrives (%23 HEYy) 9 .
Engineering Properties( THEMRERITER) 9
Ferrous Materials( Hf.&/8) 18
Non-Ferrous Materials (IEFERLE) 33
Heat Treatment of Metals( & /@#4bH) 37
Summary( B.%5) 52

Questions([R]&R) 53

Metal-Casting Processes( & B% &3 72)
Objectives (-] HIM) 55
Introduction( /+48) 55

Patterns (F5EL) 59

Moulding Materials( BLEIATRE) 77
Cores( #U;tN) 103

Summary( 5.55) 113

Questions ([B]RE) 113

Problems( &) 115

SECNSEN
£ WN =

W W ww
W N

Gating Systems for Casting
Objectives (= BHy) 117
.1 Introduction(f+48) 117
.2 Gating System Design( B2 RS iRIT) 128
.3 Risering Design( § 0i#&it) 141
Summary (2%5) 157
Questions ([B]fH) 157
Problems ( J/H) 158

Melting and Casting Quality (/& &M% EHE)
Objectives(2¢ >3] HHy) 161

F

55

117

161



Contents

.

Melting Practices (4&4& F %) 161

Casting Cleaning (#5575 %) 178

Casting Defects (#51E BFG) 179

Product Design for Sand Castings (RPRIZIE =5 ik) 182
Summary( B45) 194

Questions( [a)f5) 194

Problems( 2Jf) 196

LRV RV
W N =

6. Spectial Casting Processes 199
Objectives(Z=J HI) 199

Shell Moulding( F2Hl4&1E) 199

Precision Investment Casting(}5&#&1E) 203
Permanent Mould Casting (B EEEE) 205
Die Casting( JE%) 207

Vacuum Die Casting( 25 [E4%) 213
Low-Pressure Die Casting({XJE%51E) 214
Centrifugal Casting( BS.[>&1&) 215
Continuous Casting(ZEZEdEHE) 217

Squeeze Casting( B¥/EiE) 221

Summary( B485) 221

Questions( [A]f8) 222

7 Metal-Forming Processes( & BRENT) 223
Objectives (2] HHJ) 223

Nature of Plastic Deformation ( ¥8%:45F) 223
Rolling (%) 228

Forging(5&) 240

Extrusion( ¥ JE) 266

Wire Drawing( 1 22) 274

Rod and Tube Drawing(BEHIfH]) 277
Swaging (#EE%) 277

Tube Making( M T) 278

Summary( B5%5) 279

Questions ([A}fH) 280

oo
O o~ N W hWhN

NNNNNNNN
00 1IN B~ WN =

8. Sheet-Metal Operations( #8411 T.) 283
Objectives(F3 HEJ) 283

Press Tool Operations (JE PN T) 283

Shearing Action( BJ¥J5:i#2) 284

Shearing Operations( B{HIiNT) 288

Drawing( i) 293

Draw Die Design($7Ei%it) 296

Spinming( JE/E) 301

Bending(35 i) 302

Stretch Forming( pr{EmIE) 306

90 90 90 00 00 00 90 00
O~ W=



—_——

Manufacturing Technology

10.

11.

8.9 [Embossing and Coining( FZEFIFEER) 306
8.10 Sheet Metal Die Design (R4 E#li#it) 307
Summary ( 5145) 336
Questions ([B]f8) 336
Problems( 3} f8) 338

Welding processes ( 248211 T.) 342
Objectives (22X HRY) 342
Fabrication Methods( #ll3& ) 342
Gas Welding( K 8) 346

Gas Cutting( S &]) 353

Electric-Arc Welding( R JK48) 356
Arc Cutting(3R&E)) 394

Resistance Welding( S2fH48) 395
Welding Design (#28:#i1) 405
Summary ( B45) 420
Questions([AH) 421

Problems( > f8) 424

Other Fabrication Processes( Jfth %328 1) 425
Objectives (223 B #)) 425
10.1 Thermit Welding( §8#8) 425
10.2 Electro Slag Welding( B1 48 ) 427

RN R R R
NN S W~

10.3  Electron Beam Welding( B8 FH48) 428
10.4 Laser Beam Welding( B JE48) 429
10.5 Forge Welding(4&/8) 430
10.6  Friction Welding ( BE#EIR) 437
10.7 Diffusion Welding( F#48) 432
10.8 Explosion Welding (f#YE) 433
10.9 Brazing(§F/8) 434
10. 10 Braze Welding({f1) 436
10. 11 Soldering( [El4t) 437

Summary( B55) 439
Questions ([R]RH) 439

Powder Metallurgy (#}K144) 441

Objectives (=3 BHHy) 441

11.1 Introduction(41458) 441

11.2  Production of Metallic Powder( B}R1E L= 5) 443

11.3  Processing Methods (I T 57k) 445

11.4 Advantages and Disadvantages({[5t &) 451

11.5 Other Compaction Methods( HAtJE#H] H5:) 452

11.6 Designing For P/M(P/M i&if) 453
Summary( B55) 454
Questions ([B]ER) 455



Contents

12. Plastic Processing( 3861 T)

12.1
12.2
12.3
12. 4
12.5
12. 6
12.7
12. 8

Objectives (22 BHy) 456
Introduction(f+44) 456

Plastic Materials ( 33}) 458

Extrusion of Plastics ( Z8X}5FHi A1) 461
Injection Moulding (JF41#EE) 462

Blow Moulding( ¥ ELHEI) 469
Thermoforming ( #VFHL) 473
Thermosetting Materials (#VE A 8}) 476
Plastic Product Design ( 38} 7= fi%it) 478
Summary(B455) 479

Questions ([A]&X) 480

Appendix (M%) 481
Bibliography (75 3CEK) 485
EEEERGE

456



Introductio

After completing the chapter the reader will be able to

» Understand the importance of manufacturing for the mankind

» Know the different types of manufacturing processes

» Evaluate the feasibility of a particular process by carrying out
the break-even analysis

|

1.1 MANUFACTURING PROCESSES

I

The benefits of civilisation which we enjoy today are essentially due to the improved quality of products
available to us. The improvement in the quality of goods can be achieved with proper design that takes into
consideration the functional requirement as well as its manufacturing aspects. The design process that would
take proper care of the manufacturing process as well would be the ideal one. This would ensure a better
product being made available at an economical cost.

Manufacturing is involved in turning raw materials to finished products to be used for some purpose. In
the present age there have been increasing demands on the product performance by way of desirable exotic
properties such as resistance to high temperatures, higher operating speeds and extra loads. These in turn
would require a variety of new materials and its associated processing. Also, exacting working conditions
that are desired in the modern industrial operations make large demands on the manufacturing industry.

Further, the economics of the manufacturing operation is a very important consideration. To be viable
in the modern environment, a product has to be competitively priced besides having the functional and

aesthetic appeal. Therefore, it is necessary for the engineer to give a proper thought to various aspects of
manufacturing.

Manufacturing processes is a very fundamental subject since it is of interest not only to mechanical engi-
neers but also to those from practically every discipline of engineering. It is so because engineering as a
whole is meant for providing various materials for human consumption. For various products such as plant
machinery required for chemical, civil, electrical, electronic, textile, etc., the manufacturing process forms a
vital ingredient.



Manufacturing Technology

A detailed understanding of the manufacturing processes is thus essential for every engineer. This helps
him appreciate the capabilities, advantages and also the limitations of the various manufacturing processes.
This in turn helps in the proper design of any product required for him. Firstly, he would be able to assess
the feasibility of manufacturing from his designs. He may also find out that there are more than one process
available for manufacturing a particular product and so he can make a proper choice of the process which
would require the lowest manufacturing cost and would deliver the product of desired quality. He may also
modify his design slightly to suit the particular manufacturing process he chooses.

Manufacturing is defined by the Merriam Webster online dictionary as to make into a product suitable to
use. Manufacturing remained as a craft till the first industrial revolution towards the end of the 18* century
with low volumes and single-piece productions. It required highly skilled craftsmen to individually produce
the pieces and fit them when the assembly was required. This was a slow and expensive process, but in the
absence of any machines, that was the only thing that was possible. The availability of the steam engine and
coal-fire furnaces made the invention of a number of steam-power driven machinery to greatly increase the
manufacturing capacity. A large number of inventions related to machine tools took place during this period
and continued into the 19* century. Towards the end of the 19" century with the invention of electricity and
better engineering materials, manufacturing operations became more productive. The developments in the
automobiles at the beginning of the 20th century are instrumental in the growth of a variety of manufacturing
methods and practices.

There are a large number of processes available to the engineer for manufacture. These processes can be
broadly classified into four categories.

(a) Casting processes (b) Forming processes
(c) Fabrication processes (d) Material removal processes

1.1.1 Casting Processes

These are the only processes where liquid metal is used. Casting is also one of the oldest known manufactur-
ing processes. It requires preparation of a cavity usually in a refractory material to resemble closely the final
object to be made. Molten metal is poured into this refractory mould cavity and is allowed to solidify. The
object after solidification is removed from the mould. Casting processes are universally used for manufacture
of a wide variety of products. The principal process among these is sand casting where sand is used as the
refractory material. The process is equally suitable for the production of a very small batch as well as on a
very large scale.

Some of the other casting processes for specialised needs are

* shell-mould casting * permanent-mould casting
* precision-investment casting * die-casting
+ plaster-mould casting * centrifugal casting

1.1.2 Forming Processes

These are solid state manufacturing processes involving minimum amount of material wastage and faster
production. In a forming process, the metal may be heated to a temperature, which is slightly below the
solidus temperature and then a large force is applied such that the material flows and takes the desired shape.
The desired shape is controlled by means of a set of tools called dies, which may be completely closed or par-
tially closed during manufacture. These processes are normally used for large-scale production rates. These
are generally economical and in many cases improve the mechanical properties too.
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Some of the metal forming processes are

« rolling * extrusion
* drop forging * wire drawing
= press forging * sheet metal operations

* upset forging

1.1.3 Fabrication Processes

These are secondary manufacturing processes where the starting raw materials are processed by any of the
previous manufacturing processes described. It essentially, involves joining pieces either permanently or
temporarily so that they would perform the necessary function. The joining can be achieved by either or both
of heat and pressure and/or a joining material. Many of the steel structural constructions we see are first rolled
and then joined together by a fabrication process.

Some of the processes of interest in this category are

» gas welding + cold welding
* electric arc welding * brazing
* electric resistance welding * soldering

* thermit welding

1.1.4 Material Removal Processes

These are also secondary manufacturing processes where the additional unwanted material is removed in the
form of chips from the blank material by a harder tool so as to obtain the final desired shape. Material removal
is normally the most expensive manufacturing process because more energy is consumed and also, a lot of
waste material is generated in the process. Still this is widely used because it delivers very good dimensional
accuracy and good surface finish. It also generates accurate contours. Material removal processes are also
called machining processes.

The various processes in this category are

* turning * grinding
* drilling * broaching
» shaping and planing * sawing

* milling

All these manufacturing processes have been continuously developed so as to obtain better products at a
reduced cost. Of particular interest is the development of computers and their effect on the manufacturing
processes. The advent of computers has made a remarkable difference to most of the above manufacturing
processes. They have contributed greatly to both automation and designing the process. ’

BREAK-EVEN ANALYSIS

An important responsibility of the engineer is to choose a manufacturing process, which makes the required
quality of a product to the specifications and at the lowest cost possible. To fulfil both the conditions, one would
have to do a break-even analysis of the various processes suitable for the production of the given object.



