FIREE « BINERMFAMFE

figw

WISH A

——hE . RRTCFIREE oo o

Manufacturing TechnoIOﬂjq
— Foundry,Forming and Welding

(2) PNRao #

& :
-
-
ke ¢ ™

I o |
{ . -
<

. » 2 L1 »
J'" ¥ CHINA MACHINE PRESS




R BCE - TS R 75 BObh RS 2 o

# & # K

L~
., R RE
KIS+ L5 2 I

08'0 ! 78 LH% [?f
RN
Manufacturing Technology —

Foundry, Forming and Welding

(E) P N Rao #

LA Tk B A



P N Rao: Manufacturing Technology - Foundry. Forming and Welding

ISBN: 0-07-463180-2

Copyright® 1998 by The McGraw-Hill Companies. Inc.

Original language published by the McGraw-Hill Companies. Inc, All Rights reserved. No part of this publi
cation may be reproduced or distributed in any means. or stored in a database or retrieval system. without the
prior written permission of the publisher.

Authorized English language reprint edition jointly published by McGraw-Hill Education (Asia) Co. and Chi-
na Machine Press. This edition is authorized for sale in the People’s Republic of China only. excluding Hong
Kong. Macao SAR and Taiwan. Unauthorized export of this edition is a violation of Copyright Act. Violation

of this Law is subject to Civil and Criminal Penalties,

ABETHEPREAIAM T B MEEZERT-FEEEBE GEWD AR EFEHE. R MRE
FlEAREMESEN (REFEFE. RIHITHRERED) #E. K@FazHo. WhER EERE.
BEERZHE., KSHREBEFTEFT. REUEM TN MBHER BRI MEST.

A& EHE WA McGraw-Hill 2 S8l BEBHhR% . EREERREE.
L EFRARBDEEREGRZIES . BT 01-2002—6641

BPBEMmEE (CIP) H#E

mIERA: &, REMEE:. F 2R/ () F

(Rao, P. N.» #F. —db&. #lW T Lk, 2003, 1
(FRHREE » B E i & 8ME e

ISBN 7-111-11453-1

T, e . % M. O T2 - %
Ko — BB — B OBE T — %R M — %
O — TR — BEER - B kX N, TG

U E A E B CIP BdE#F (2002) 58 107805 %5

B Tk BB b smE AREAE 22 % MEF 4R 100037
FAEHRE: XNE O

HEigit: 8 B TOAECOE . 7 8

e AL EN R A PR wl ENRY « R4 45 08 b 5T R AT BR R AT
20034E 2 B 1 RE 1 KENH

787mm % 1092mm 1/16 « 30.5 Egk » 598 T-F
0001—1500 i}

ZEfr: 32.00 7T

RgAA. WmHEMRT., @I, B, mRRIiTHRER
AR FHER R (010) 68993821, 88379646

1 Jo B th A 2 2 EE R



BHERAEBRRTELE R A

THZR:
Bl ¥

ZR (BAEKZEERF):

T
bt e
5 it %
™
B R
# 7k ¥

KR
3 ¥ 5
% &
B 3 i
%
LR

H & #
% %
x M
B 3 R
58

=
% = 8
A D B
B EH
2t e

XZER
5k 1 ¥
F R e
@It
EHRE



H K 52

BHEREMA WTO, EErE 7S SRS, mEPRE TSI EREEAL
TE.HEMNES. ATIREFRAFEARESFINEKFERAS, MREEHAFTLEN
Bk, BERATRERBET —RIEBISERFARIGER . SIHFIRBMOBR. Lkh
AL, P Tl AL PR I — RIIESN R ENRE A, HANBEY RS FERAIEM
R UEHL. B, FEIERK L L ERMRMEL R,

513t BAME FB IR IR, BB RAWFEREHITFRIGEFZRIIUGER Y, BRBIIHT
Rt B T, XR B R E E R RKE, I3RS A 938 S bR A RE
71, HERENGSEEF RS EisEN, LEEIBROESEA.

NT HIF S 5T, PRI S RER R THEZERARNWESERNE
EMFECERAE, XEEFRMEEIGERF BT RABBEFEETR ., 5] S EREH R H
HEBEHERL, HEEMNE -GBS HKNEREM —FHEE, WEHERE, #AEH
A GHFEEAKT, LARAUSMEFSEHEE, LU BT 5| 2 B JRAR S0b BB 3E R B B 2 A ) Sh B KR
MR, ES#THES, FEZRSELAEREABKAFRBERANRENER, ME
AR HOPE B B2 BRI F RO SEE . B RIEX. RINRESBIFEMEM RS NL
Brit.

REHMHEBE, RITEREES SO IUEHETR, B FEEEAH BT, Kot
MK EBFRASERER. & EERINAEEF S E R RRERAER, ERITELF i
HEFUERS

BLAR T oll 4 AR tL
2003 £ 1 A



A5 P N Rao 45 F # (Manufacturing Technology — Metal Cutting and Machine
Tools) MRFBHILMMEZEMAIR, BRETIRAZRERXOANST, RIBRGHETER
H 3h 4k 22 BHFUR 2 4 0 & JTR . TSR KE R R R b 3 3+ R o 5 A R 69
BEERSHMAMN, VM TRLEIEBSEORERERITRTE “TEREHEBEEAR” M
“PDLB RSB ARER” BAHMSEHMN, MEEhEFRITUGHE “@RTZE” & “Hl
MG SZHMN, FUABHAEILEFSRIITAERNE N 4. AEA HEY
BMABN “TEMBEEMER”. “UBRHERAREM”. “ERTZE” &k “PIREEE
MY HMERES, BRA-ARXHM. RAKEHERBEMRBESE S, REEIIR
TRMELIMESM, AMTHIES¥RREEFRAEBEIRTEITEARERNHERXK
EELFENCSARIE. . _

ABHNAHYTFIEABERBBEAR. £B T ZERNBHEEMOAMTRY, GF
TEMHBEREEE (F2BRHMEARLHE) ., ¢REEEATIE (AEDHEFEREMNE
), @RRABEE BUE. AP RELBE) MESEFNARS, 298, BERHMA
JBEEXZY, ET¥HEEIRE.

ABAENTEMNEREEARMEB T ZE GAMTHS) SR EER GinT
W) HWBHMRBER, FUENEXT LT IMERAM ., ETERNFEVBEEN TEK
RAR%¥IBE,

808
P %3 RF LR TR E B
2002 4 8 A



Preface to the Second Edition

The first edition of the book has received excelient reception from the teachers and students of engi-
neering colleges. Originally the book was intended to comprehend analytical and design aspects of
various manufacturing processes such that the students are able to correlate the conceptual subject details
learnt in the classroom with their real-life applications. The success of the first edition broadly testifies
to the acceptance of this concept by the teaching community.

Almost ten years have passed since the publication of the first edition of the book. In the intervening
period, I had the good fortune of receiving plenty of suggestions from the users of the book in the form
of new topics to be included and improvements, in a number of ways, to further expand the scope of
the book. I tried to incorporate as many of them as possible, but some had to be deliberately omitted
to conserve the flow of the material in the book and to maintain its reasonable size.

I wish to express my sincere thanks to the MARA Institute of Technology, Shah Alam, Malaysia
where I am currently deputed on an assignment, for providing the necessary facilities and environment
for undertaking the revision work.

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 subject, manufacturing technology.

P N Rao



Preface to the First Edition

This new book on manufacturing technology relates to its practice with as much of scientific aspects as
possible. The study of manufacturing processes forms a core subject area for a majority of engineering
students. In particular, this is an essential subject for all mechanical engineering students. But it is my
experience that often the subject is taught with greater emphasis on the descriptive aspect rather than
from a scientific and practical viewpoint. As a result, a fresh engineering graduate, on entering a
manufacturing unit would be at a loss as to the means of correlating what he learned and what is required
in practice. With this in mind, an attempt has been made to bring in as much of practice as possible into
this book to make it more useful for engineering students.

This book is the outgrowth of material used by me for teaching two undergraduate courses relating
to manufacturing processes. Whenever a process is described, the practical information, such as speci-
fications, operating parameters and designing for the process, have all been highlighted. Each process
is supplemented with simple illustrations, numerical calculations for the design process and a discussion
of the results so obtained. A large number of well-labelled illustrations are provided to give the neces-
sary insight into the process and its design.

After an introductory chapter, a short chapter is given to provide the necessary details of engineering
properties as related to manufacturing processes. Three chapters have been devoted to the essential
details of ferrous and nonferrous materials along with their heat treatment methods.

Another 11 chapters have been devoted to the technology of casting processes, wherein the sand
casting process has been extensively dealt with from the technological viewpoint. In a concise form the
available knowledge relating to the pattern, gating, risering and product design has been presented in
these chapters. It is expected that an engineering student should be able to do a complete sand casting
design from the information provided in this book.

Six chapters are devoted to the technological aspects related to metal forming processes, such as
rolling, forging, extrusion and sheet metal operations. A good number of design examples as well as
design exercises are provided wherever necessary.

Lastly, the welding and allied processes are covered in eight chapters, again giving a good amount
of practical information. The emphasis is more on the commercial welding processes such as arc welding
as well as the modern developments in welding processes.



viii Preface to the First Edition

ST units have been used throughout the book without exception. Countries all over the world have
adopted these units because of the unambiguous representation of the various quantities. Hence it is
imperative that engineering education should be done in SI units so that change-over takes place at the
earliest and with least resistance. A brief introduction to SI units as related to the measurements used
in this book has been provided in the appendix along with the essential data related to conversions from
British or fps units to SI units.

References are provided at the end of each chapter which should be useful for those interested in
studying further into the specific aspects. Also, a list of Indian Standards that are relevant for the subject
under discussion has been provided at the end of each chapter. This information together with the
numerous tables that are provided should help the practising engineer as well in the proper utilisation
of the manufacturing processes.

I wish to express my sincere gratitude to Prof. U R K Rao, Prof. N K Tewari and Mr S Swaminathan
who have provided constant encouragement to undertake this type of productive activity over a period
of time. I am particularly thankful to Mr S Swaminathan and Prof U R K Rao for having taken the pains
to review major portions of the manuscript and for giving useful suggestions for improvements. It is a
pleasure to express heart-felt gratitude to my family members who have borne long hours of inconve-
nience during the preparation of the manuscript. I am indebted to the authorities of Indian Institute of
Technology, New Delhi, for having allowed me to undertake this activity and provided the necessary
facilities. Lastly, I wish to acknowledge the contributions made by many of my students over the past
years during the teaching of the courses which enriched the book in many forms.

I am open to criticism and suggestions regarding the coverage in the book, and would welcome any
helpful suggestions for improvement in future editions.

P N Rao
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