HRiTHiE REB
Tib=EiE

ARERBZVEEHNRES HARRE

5EFR XFRE R
SEE X%

! " YYTTITIT

@cz%:&.aﬁ.ig



ARERGEVHEEIMRES HRRS
59ER IFRF ERW
ZREE W




AT Jy S (Pary), 30 A H0 (Univ . 85— &840 A HLBK L 45 0 7 9 S AR, 045 4 8
PERE ARG IR AR BRI BLBRYERE . BORL 2% . &R OB B . BLK R LA 2 (i3t . Wivs T 2.
L, BEH T Skl . BAshUR. MERS ., MO, Wik, b THLE . RERIE SR %, 5
A O A RE AR R e (R O P RGN L RO R L G R R
fle R a% B A A7 et . REUIRABMEINAE . 8 = M BUIE R S AR . EE AN — Rk, TR L
BLas A PR HLE B E . RYERLE RS PR RNE . Nt . BEER . R, AR
AR L MO L AR i

AB RS T LA R L A A e A N . Tz . BEA — R A9 LI R
SOPRST BERE TR AN ) N BOGRIE R R . S SRR B TS R KUK . RPN AR T S R R L S
bR g T R SR A (R A L AT R AE R R R A B P A .
BRI P9 H AT ST Y IR e FE .

AHOM AT (S HL A TR RAOR R AR A AT T S [ S AR BE Y Ml B A N BLAY (M

BEBEM&BE (CIP) #iE

PLA R T 1 e B A Bl i/ S SR, X RE
Fh.—3 M. —dbat: fE2FE TR, 2015.2

7 F R

ISBN 978-7-122-22574-0

I.OH- [0.0--@x|--- M. Ol -5
REFER-#HM N.DOH31
o [ A ] 5 CIP B %57 (2014) %5 298194 5

LA & H i it
BEAERAS: K H

AR FT: (2 Tk ikt (b st i R X FEM 13 5 BB S 100011)
E]) e b 2 O R A PR 3T AT 4
787mm ¥ 1092mm  1/16  [JIsk 1335  “FH 337 TF 2015 4 3 HAb 2% 3 MRS 1 WKERRY

W45 i) 010-64518888 (fLEL: 010-64519686) EIRS . 010-64518899
[ HE: http://www.cip.com.cn

PUIE S A o U AT AT ), AS R B A PO 0BT R

E #r: 29.00 T MR E FHELR



CHUDE S 1 R He A ik & b 9638 ) 5 R T 2009 4E 1 A AR LAk, B 45 &
TEW, 23 7T AE FAH & Bk FO 224 DL Bl FAR A B SR 3. A8 ik %
Je 3K A% A A2 Tl IR 2 2010 48 5 op [B A sl A fe2E Tl 35 i % (k%)
— SR 2011 F R E S RILE B ZFR,

ARE TR AT Y 2 ST BT SO A S R A B R rh R R R M. 7R
— WU AL X B T TBITMAN . B REAGW Mg LSS RS 5. B
A THEERMPAE THOSNE, BT e . @0, AOEN A, BEHREAS
N, REOANERTREM R RAK N . X, [EE800 0N A B A 5 5R i 000 /NS
F

AHMMBEIT TEFTERERM T RS ER. REME. 0. ®BES. B\ kK
HEBARABRAHMORELBRPAT IIFZES. BETERBEUIFFE T2, EH—
I T LA 0 1 JRR i

HTFEE KGR, MERAFAEA R Z A, SOFH & #HEPEIR IE .

w &
2014 ££ 10 B



B—hR

A

Al

th AR R 5 el ST OB RV 2 B U AR 2 A ok I [ Y SR L T AR AT ) 21 1k 20 o 5
AR B, o Tolk Rtk R it 5 0 (T80 1) 0 4 [E 4k T AR 56 % Ml o 4k
SRASHHE, AASETRIBRIRL T RFFEL W BRBMRES. 50N
Wiie . A RTCK . WMELMENS SEHY G PPk, [ 8 &I
HE T, AEHEMBAROL L ERAFEIMR TR, ¥ TRE5TZ. FETHR. TIA
ik, M FE R, AR, FETRE. MER¥5TR, M TR%.

B 2 EE S TR EMEL W RFRELWREIM RTERAR” MERME
4 5 R CHLB ST )i S e B sh e B b 3808 ) #obt. ol BEpL AR TR B Al OC % b A B AR fil
FI L AT O (6] S5 B2 B2 1 % BOR N DL B # #h .

ARHM Ay H =4y (Part), 30 480 (Unit), 55— R AU T 5 il 18 09 3 A
HH 5 AR A s AR B = AR, R A 4 B A S )
Ao BT ERSC, ERSGENCR . BROGER. ZRd k. B bR B 3 A BRI R
M. ek M A TR R

AF BN RS T LB S A Sk T A SR A N . MR R A R R
SCEE . BobE . BHERE FR IR O I 2 R R R LA R 3 S AN R SO, & BT ]
BEA — & N EBE &R . OIS RS, A AR AS ] 7 B BOR 5 S

A AR AR B TR 5 SRR K B LR F X R 2 4. 55—l a0 i R 3 TR~ %
R, BEEE . FHE, FEHE, BETHRS. B oW NE R ERETRFESE
F. JERNE. Bk, MEHRE ., FEBLCERFRERRLARETE 24, FFRETERE
W. EABHRESBRPEE T RFIEL VR EHEMRE S . BRI TR FHF MK E
M TR¥FHSEH KR R #RBTREVRAESE . IBR. KEA . AR AERKIEE
AR R BT R TR Rl — IR S RO R R

BRTVEE KT, MERFERRZL . BiRABEHABI KIERHEEREL.

& &
2001 £5 A



H AR B Ml S UM RV 2 B U A 2 A R S [ Y SR . O W R T 1) 21 4D 8 S
BT E. R%I&$Mﬁ&ﬁﬁ%kl%ﬁﬁiﬁﬁﬂﬁ%@ktﬁﬁ%%ﬂﬁiﬁ
SRR, HE2E FRITBERMAL TR EIE LR RE . ELd0sEmiE
e . MIEFRETEK, RENENE@EEFE GCRD WP e RS . [FafH 200 57
At T, AEHEMY RN E W EEAHIR TR, ¥TRS5TZ. FRELE. TlkA
k. MR RRAe T, AP TR, BETE., HRRFS5TR. M TRHRS

AR 4 R 20 o R Al 26 B A O &l R ST R b ) BE SOM i o R R 2 I SR
Hegm 5 B COUMGR T S L A ah (b % W 338D #op . AT HLAR T R A G & b AR A= (i
J . LR 2 ) 55 A BE A &l HOR A D1 A 27 #b

A =4 (Part), 30 AN#IE (Unit), 5 — &6 4 R HLHGR 5 i i 5 A
B S5 A B sh B R A BE A R B = AR AR Ay, A 4 B SE  i
AR, ATl FRC, FRGAICR . ROGER. 0 1Ek . BB B 38 s %
. Ha kM L.

AR A B R T LB SO B i T REAR A . ARk B A IR AR
SCEAE . B . BHECHCE MR T L O e 2 A A R L R e 3R B AN R] SR, A LT Z (]
A —ER MR, S R . AR AN [ 22 i BOR T 2 .

CHLA T i 3 R B s Ak %k 3808 ) ok B 2001 48 5 A AR, — BB FAT A&
R AE B SCRERIE . UK . FRATTAS BT AE SR R GRS AU 0 B LAV B, AR R A O
LA RN e sc e, BT 7 A HH .

DL BT i J H B s ek 3EE O RO PR AE TEBRCSREE, $n Tn
Rt Sl . s R R . R B S A (B G RS B A
bt .

AHM BT TAE ERMERM TR SRS, BN, ZRk, B3, Ligsgdm K
FHEBAEAREIAM MR ELRPATTIFZ2RHS, U TEREWIFEFR T4, FEit—
I BOLLE L 1 S

BRFEEAKT . MERAEARZL, RONPMAFBHERAEBH) RITAERBERER.

& &
2008 £ 10 A



Contents € S

PART @) FUNDAMENTALS OF MACHINE DESIGN & MANUFACTURING 1

UNit 1 Metals sreserseesecsnssstesscetssncescscsacsossostosssasasassenssesssasasasnensasasasansss |
Reading Material 1 Stainless Steels  sererrereererrrsimimiuiiuieiinincnene 4
Unit 2 Selection of Construction Materialg +««+«++sssssssessessesarsssaresrasessnssnesennes §
Reading Material 2 Polymer and Composites «:resesseersseeeenaneeniienenees ]
Unit 3 Mechanical Properties of Materials —=+++rsseseresessemmnineiiin. 14
Reading Material 3 Introduction to Mechanics of Materials «=+=s=es=eeees 17
Unit 4 Application of Intensive Quenching Technology for Steel Parts =~ «««««-- 21
Reading Material 4 An Overview of Advances in Vacuum
Heat Treatment reeseserrseresmseactnicttiiictcisittosicnstistecssasssrssssssssseasnases 7/
Unit 5 Design of Machine and Machine Elements «:-seeesrereseremsinnnncnenancneee. 27
Reading Material 5 Design and Implementation of a Novel Dexterous
RObOtiC Hand Sedesssaseratsteseateata st et ettt sssattatesnnacntsnssnsesararanansess 3()
Unit 6 Manufacturing Process (1)  +rsessessssesmssesteeiitaniniineinscesne e 34
Reading Material 6 Manufacturing Process (2)  sssesesersesemesnncniaenas 36
Unit 7 Shaper, Planer, Milling and Grinding Machines — «ssessseeereesenncnnancanees 40
Reading Material 7 Lathe — «eeseeerssesmrseneeane ittt 49
Unlt 8 Dle Manufacture B TR ! N o1
Reading Material 8 Injection MO'dS tessrseseasseiiestateatnsissesaseaessrananess 40
Un|t 9 NC Machines BesaeeEeeeeseseesaeneaesees et et ettt tasats et aesanesatrenanstanaanansian )
Reading Material 9 Numerical CoNtro| «eessseseserertaisncisicsrcsnssssnansanees 55
Unit 10 Hydraulic SyStem  sssseseresereesemsmsmmin i nsna s sse s 58
Reading Material ‘|O Valves T T LR C TR I o |
Unit 11 Thermodynamics — s=sssseeseeeessrssmmiiui e anees 65
Reading Material 11 Applications of Engineering Thermodynamics -+ 68
Unlt 12 FlUId Mechanics in Engineering dessesasssssessassestatt et s aasatsasestsnnnns [ D
Reading Material 12 Regimes of Flow in a Straight Pipe or Duct - 74
Unit 13 Compressors—— General Type Selection Factors — seeesreesressenseececees 78

Reading Material 13 PUmps «+ererererrmrrrsnnnnensenieana e 8]



Un|t ]4 Qua]lty Assurance and Control ( ‘] ) Terertsisesscissssessesnastatatsasreeass R
Reading Material 14 Quality Assurance and Control (2) =wceeeeeecsesae 88

PART (I) FUNDAMENTALS OF AUTOMATION 91

Unit 15  Control System FUNdamentals «««««:+ssesessereeresssaruurneenencennnanecennesns 9]
Reading Material 15 Applications of Automatic Control «=ss=sreeenress 94
Unit 16 Open-Loop and Closed-Loop CONtrol ««+-ssssesesermmeieniiiiiiineiiiiniieenns 97
Reading Material 16 The Modes of Control Action ===« «seeesseerecnenss 100
Unit 17 Feedback and Its Effects  trreeserseereesseaantetnrinarireisnsannecnsnennnnns ()4
Reading Material 17 Types of Feedback Control Systems — «=++s+e-2s 108
Unit 18  Adaptive CONTrol «ossss s ere s seniie i sttt s sne e e [ ]2
Reading Material 18 Digital Control Development «sssresreseeereeceees 114
Unit 10 Process CORTrol (1] ===serreremaesaceeessarsasnsns sonses vuamas senwen sssisss ywawre 110
Reading Material 19 Process Control (2) eesesesemmreresareecannacianee 122
Unit 20 Measurement SYStEMS  sossssresrssessrnsnssimmnininstenint s |25
Reading Material 20 Measurement  wrsessssrereeesnecnneevnannnee |28
Unit 21 The World of SEnSOors =esessesessssesetassscasararsasssnssssssassrsssessscsssssses 3]
Reading Material 21 Signal CONVErsion =+« «««sssssessssesneaneseseennennnnees 134
Unit 22  Introduction to ViDration «eessseecesesseetsotoseceecosatssescsecsnecnsscencenees |37
Reading Material 22 Vibration Analysis and Fault Diagnosis =«==+=++=+= 140

PART () COMPUTERIZED MANUFACTURING TECHNOLOGIES 144

Unit 23 What is “MeChatrOniCs”? seeerereseresesasseseaeserneasssasanasasscnnnesaenes |44
Reading Material 23 Benefits of Mechatronics = ressesreeseesreseeeeneeeee 148
Unit 24 Computerized Numerical Control (1) sereerereseesmecaneneamenaemaeanennes 50
Reading Material 24 Computerized Numerical Control (2) <eseeeeeeeee 152
UNit 25 RODOTS (1) +reeseesseemrermsrtimnartiieieiesaeeiiesteeneesasenssnessnesnnees |56
Reading Material 25 RODOtS (2)  ++rssesesesssenmnnmmnmmsniunnsae e 58
Unit 26 Computer-Aided Manufacturing (1) sedies senasaves assnesors s saynasssense G2
Reading Material 26 Computer-Aided Manufacturing (2)  ssseeeeeeees 165
Unit 27 Flexible Manufacturing Systems (1) seseeseeressesesmeanemimu. 168
Reading Material 27 Flexible Manufacturing Systems (2) =wxeeeeeeee 171
Unit 28 Computer-Integrated Manufacturing (1) ssesecesseeemeemeseneneeeee 174

-~

Reading Material 28 Computer-Integrated Manufacturing (2) ==+ 17
Unit 29 Automaﬁc Assembly ( 1) teesssessassessnsssssasenssasncancsscasssncanannsnanss | 8()



Reading Material 29 Automatic Assembly (2)

Unit 30 Lean Production, Agile Manufacturing and Mass Customization
Pl’OdUCtiOn sevesasesnes
Reading Material 30 Virtual Manufacturing and Green Product
Manufacturing

Appendix‘| Vocabulary essensesssnnssessssnsenns

Appendix 2 A List of Common Prefixes and Suffixes

- 183

186

- 188
- 191
+ 209



FUNDAMENTALS OF MACHINE
DESIGN & MANUFACTURING

Unit 1 Metals

The use of metals has always been a key factor in the development of the social systems
of man. Of the roughly 100 basic elements of which all matter is composed, about hall are
classified as metals. The distinction between a metal and a nonmetal is not always clear cut.
The most basic definition centers around the type of bonding existing between the atoms of
the element, and around the characteristics of certain of the electrons associated with these
atoms". In a more practical way. however, a metal can be deflined as an element which has a
particular package of properties.

Metals are crystalline when in the solid state and, with few exceptions (e.g. .
mercury), are solid at ambient temperatures. They are good conductors of heat and electrici-
ty and are opaque to light. They usually have a comparatively high density. Many metals are
ductile——that is, their shape can be changed permanently by the application of a force
without breaking. The forces required to cause this deformation and those required finally to
break or [racture a metal are comparatively high, although. the fracture forces is not nearly
as high as would be expected from simple considerations of the forces required to tear apart
the atoms of the metal®.

One of the more significant of these characteristics from our point of view is that of
crystallinity. A crystalline solid is one in which the constituent atoms are located in a regular
three-dimensional array as if they were located at the corners of the squares of a three-dimen-
sional chessboard”. The spacing of the atoms in the array is of the same order as the size of
the atoms. the actual spacing being a characteristic of the particular metal. The directions of
the axes of the array defline the orientation of the crystal in space. The metals commonly
used in engineering practice are composed of a large number of such crystals, called grains.
In the most general case, the crystals of the various grains are randomly oriented in space.
The grains are everywhere in intimate contact with one another and joined together on an
atomic scale. The region at which they join is known as a grain boundary.

An absolutely pure metal (i. e. , one composed of only one type of atom) has never been

1
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produced. Engineers would not be particularly interested in such a metal even if it were to be
produced, because it would be soft and weak. The metals used commercially inevitably con-
tain small amounts of one or more foreign elements, either metallic or nonmetallic. These
foreign elements may be detrimental, they may be beneficial, or they may have no influence
at all on a particular property. If disadvantageous, the foreign elements tend to be known as
impurities. If advantageous, they tend to be known as alloying elements. Alloying elements
are commonly added deliberately even in substantial amounts in engineering materials. The
result is known as an alloy.

The distinction between the descriptors “metal” and “alloy” is not clear cut. The term
“metal” may be used to encompass both a commercially pure metal and its alloys. Perhaps it
can be said that the more deliberately an alloying addition has been made and the larger the
amount of the addition, the more likely it is that the product will specifically be called an
alloy. In any event, the chemical composition of a metal or an alloy must be known and con-
trolled within certain limits if consistent performance is to be achieved in service. Thus
chemical composition have to be taken into account when developing an understanding of the
factors which determine the properties of metals and their alloys.

Of the 50 or so metallic elements, only a few are produced and used in large quantities in
engineering practice. The most important by far is iron. on which are based the ubiquitous
steels and cast irons (basically alloys of iron and carbon). They account for about 98% by
weight of all metals produced. Next in importance for structural uses (that is, for structures
that are expected to carry loads) are aluminum, copper, nickel, and titanium. Aluminum
accounts for about 0. 8% by weight of all metals produced, and copper about 0. 7% . leaving
only 0. 5% for all other metals. As might be expected. the remainder are all used in rather
special applications. For example, nickel alloys are used principally in corrosion-and heat-re-
sistant applications, while titanium is used extensively in the aerospace industry because its
alloys have good combinations of high strength and low density. Both nickel and titanium are
used in high-cost, high-quality applications, and, indeed. it is their high cost that tends to
restrict their application.

We cannot discuss these more esoteric properties here. Suffice it to say that a whole
complex of properties in addition to structural strength is required of an alloy before it will
be accepted into, and survive in, engineering practice” . It may, for example, have to be
strong and yet have reasonable corrosion resistance; it may have to be able to be fabricated
by a particular process such as deep drawing, machining, or welding; it may have to be read-
ily recyclable; and its cost and availability may be of critical importance.

Selected from “Metals Engineering A Technical Guide”, Leonard E. Samuels, Carnes Publication Serv-

ices, Inc. . 1988.

New Words and Expressions
1. nonmetal [non'metl] n. JE&E
2. crystalline [kristalain] a. %M. fRH
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3. ambient [@mbiont] a.: n. RN J&EHiE
4. ambient temperature FJE . PR
5. opaque [au'peik] a. AFEIHKY

6. ductile ['daktail] a. ZEVER, 5A8TEM . AT ¥R, PR E0]

7. deformation [di:loimeifon] n. 28

8. crystallinity [kristaliniti| n. (55) . 455

9. constituent [kon'stitjuont] a.; n. M. ¥ EY; B4, 445
10. dimensional [daimenfonal] a. Z& (4E) JFFfy. -4

11. orientation [orienteifon] n. €[], & 7. HEF F7 )

12. grain [grein] n. k. §4%L

13. grain boundary &%t

14. ubiquitous [juibikwites | a. Ab4LfEAERY . M i A7 7E 1)

15. cast irons #5%k

16. corrosion [karouzen| n. J&ih

17. esoteric [esouterik] a. FHEEY, BWHH

18. fabricate ['faebrikeit] wz. i m T

Notes

O BHFFL: BAEARE UL VL E SEA7 76 T 00 K 57 (6] i S 2 2 L) I 5 3% 26 i F Bk

EA Rl kS S [ SR
% H associated with & B & “ 5. AXR".

@ BFIFL: FIRAALHTEH I MEXES BB ANEN MY K, REEAMN
40T T 0y T8 A AR 1A 48 O & R R BT R i R A K .

@ ZEIFN: d5aEERXH R, e MR 2 L ERN 0 =4EHEF d . 05 06
T =4EBL i s M b

RIS R R E B as if 55 09 A K #1005 ) T L.

@ ZFFL: EEEMEECRHAMNHA T TRERZAT, R EERELEHWEESS, £
WHIEC MG SERRE 1.

Suffice it to say that, EE K. *“ (HZE) - T,

Exercises

1. Answer the following questions according to the text.
(D How many basic elements are classified as metal?
(2) What is a crystalline solid?
@) Which metallic elements are produced and used in large quantities in engineering prac-
tice?
(@ What requirements are met before an alloy will survive in engineering practice?
2. Translate the 6™ paragraph into Chinese.
3. Put the following into Chinese.

aluminum copper nickel titanium structural strength deep drawing

e
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4. Put the following into English.

iE X bJ| fih E&R e A & PR
Put the following sentences into English.

M 4 @ FE 4 8 0 25 5 — AR M A 2

@) BRIVt ot xof 4l 3 J AT LA 7 M R s TR AT B O A 4 ) R 2%

fE 50 R iR e R . TR R D5 e IR ol k& A 7= ffdi Al

Reading Material 1

Stainless Steels

w

Stainless steels do not rust in the atmosphere as most other steels do. The term “stain-
less” implies a resistance to staining, rusting, and biting in the air, moist and polluted as it
is. and generally defines a chromium content in excess of 11% but less than 30%. And the

“

fact that the stuff is “steel” means that the base is iron.

Stainless steels have room-temperature yield strengths that range from 205 MPa (30
ksi) to more than 1.725 MPa (250 ksi). Operating temperatures around 750°C  (1,400°F)
are common. and in some applications temperatures as high as 1090°C (2,000°F ) are
reached. At the other extreme of temperature some stainless steels maintain their toughness
down to temperatures approaching absolute zero.

With speciflic restrictions in certain types, the stainless steels can be shaped and fabrica-
ted in conventional ways. They can be produced and used in the as-cast condition; shapes can
be produced by powder-metallurgy techniques; cast ingots can be rolled or forged (and this
accounts for the greatest tonnage by far). The rolled product can be drawn, bent, extruded,
or spun. Stainless steel can be further shaped by machining, and it can be joined by solde-
ring, brazing, and welding. It can be used as an integral cladding on plain carbon or low al-
loy steels.

The generic term “stainless steel” covers scores of standard compositions as well as vari-
ations bearing company trade names and special alloys made for particular applications.
Stainless steels vary in their composition [rom a fairly simple alloy of, essentially, iron with
11% chromium, to complex alloys that include 30% chromium, substantial quantities of
nickel, and half a dozen other effective elements. At the high-chromium. high-nickel end of
the range they merge into other groups of heat-resisting alloys, and one has to be arbitrary
about a cutolf point. 1f the alloy content is so high that the iron content is about half, how-
ever, the alloy falls outside the stainless family. Even with these imposed restrictions on
composition, the range is great, and naturally, the properties that affect fabrication and use
vary enormously. It is obviously not enough to specify simply a “stainless steel” .

The various specifying bodies categorize stainless steels according to chemical composi-
tion and other properties. For example, the American Iron and Steel Institute (AISI) lists
more than 40 approved wrought stainless steel compositions; the American Society for Tes-

ting and Materials (ASTM) calls for specifications that may conform to AISI compositions
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but additionally require certain mechanical properties and dimensional tolerances: the Alloy
Casting Institute (ACD specifies compositions for cast stainless steels within the categories
of corrosion-and heat-resisting alloys; the Society of Automotive Engineers (SAE) has
adopted AISI and ACI compositional specifications. Military specification MIL-HDBK-5 lists
design values. In addition, manufacturers’ specifications are used for special purposes or for
proprietary alloys. Federal and military specifications and manufacturers’ specifications are
laid down for special purposes and sometimes acquire a general acceptance.

However, all the stainless steels, whatever specifications they conform to, can be con-
veniently classified into six major classes that represent three distinct types of alloy constitu-
tion, or structure. These classes are ferritic, martensitic. austenitic, manganese-substituted
austenitic, duplex austenitic-ferritic, and precipitation-hardening.

Ferritic Stainless steel 1s so named because the crystal structure of the steel is the same
as that of iron at room temperature. The alloys in the class are magnetic at room
temperature and up to their Curie temperature [about 750°C ( 1,400°F) | . Common alloys
in the ferritic class contain between 11% and 29% chromium, no nickel., and very little car-
bon in the wrought condition. The 11% ferritic chromium steels, which provide fair corro-
sion resistance and good fabrication at low cost, have gained wide acceptance in automotive
exhaust systems, containers. and other functional applications. The intermediate chromium
alloys, with 16% ~17% chromium, are used primarily as automotive trim and cooking uten-
sils, always in light gages, their use somewhat restricted by welding problems. The high-
chromium steels, with 18% to 29% chromium content, have been used increasingly in appli-
cations requiring a high resistance to oxidation and, especially. to corrosion. These alloys
contain either aluminum or molybdenum and have a very low carbon content.

The high-temperature form of iron (between 910°C and 1.,400°C, or 1,670°F and
2,550°F) is known as austenite (Strictly speaking the term austenite also implies carbon in
solid solution). The structure is nonmagnetic and can be retained at room temperature by ap-
propriate alloying. The most common austenite retainer is nickel. Hence. the traditional and
familiar austenitic stainless steels have a composition that contains sufficient chromium to of-
fer corrosion resistance, together with nickel to ensure austenite at room temperature and
below. The basic austenitic composition is the familiar 18 % chromium. 8% nickel alloy. Both
chromium and nickel contents can be increased to improve corrosion resistance, and additional ele-
ments (most commonly molybdenum) can be added to further enhance corrosion resistance.

The justification for selecting stainless steel is corrosion and oxidation resistance. Stain-
less steels possess, however, other outstanding properties that in combination with
corrosion resistance contribute to their selection. These are the ability to develop very high
strength through heat treatment or cold working; weldability; formability; and in the case of
austenitic steels, low magnetic permeability and outstanding cryogenic mechanical proper-
ties.

The choice of a material is not simply based on a single requirement. however, even

though a specific condition (for example. corrosion service) may narrow the range of possi-
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bilities. For instance, in the choice of stainless steel for railroad cars. while corrosion resist-
ance is one determining factor, strength is particularly significant. The higher price of stain-
less steel compared with plain carbon steel is moderated by the fact that the stainless has
about twice the allowable design strength. This not only cuts the amount of steel purchased.,
but by reducing the dead weight of the vehicle, raises the load that can be hauled. The same
sort of reasoning is even more critical in aircraft and space vehicles.

But weight saving alone may be accomplished by other materials, for examples. the
high-strength low-alloy steels in rolling stock and titanium alloys in aircraft. Thus. the
selection of a material involves a careful appraisal of all service requirements as well as a con-
sideration of the ways in which the required parts can be made. It would be foolish to select
material on the basis of its predicted performance if the required shape could be produced
only with such difficulty that cost skyrocketed.

The applicability of stainless steels may be limited by some specific factor, for example.
an embrittlement problem or susceptibility to a particular corrosive environment. In general
terms, the obvious limitations are:

(D In chloride environments susceptibility to pitting or stress-corrosion cracking requires
careful appraisal. One cannot blindly assume that a stainless steel of some sort will do. In
fact. it is possible that no stainless will serve.

(@ The temperature of satisfactory operation depends on the load to be supported. the
time of its application, and the atmosphere. However. to offer a round number for the sake
of marking a limit, we suggest a maximum temperature of 870°C (1600°F). Common stain-
less steels can be used for short times above this temperature, or for extended periods if the
load is only a few thousand pounds per square inch. But il the loads or the operating periods
are great, then more exotic alloys are called for.

Selected from “Stainless Steel”, R. A. Lula, American Society for Metals, 1986.
New Words and Expressions

1. as-cast [@zkast] a. HAH

2. powder-metallurgy [ paudemeteladsi] n. ¥ KIG &%

3. cast ingot [kast ingat] n. ¥HEE

4. roll [roul] v. %L

5. tonnage [‘tanid3z] n. (g {7

6. extrude [ekstrud] v. /&

7. spin [spin] v. JiEf&

8. solder ['solda] wr. £T4%

9. braze [breiz] wvt. %

10. cladding ['kledin] ». fU)2. BH. (&&) HE

11. wrought [rot] a. A H#&HY

12. American Iron and Steel Institute (AISD) EEFPEFES
13. American Society for Testing and Materials (ASTM) 3 [E 8 BHA L2 £
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14. Alloy Casting Institute (ACH) HE&HBiE¥S

15. Society of Automotive Engineers (SAE) EEKEETLEM¥S
16. ferritic [foritik] a. EMAEN

17. martensitic [ ma’tenzaitik] a. SERAKRY

18. austenitic [o:stonitik | a. BEEAEMK

19. oxidation [oksideifon] n. %1k

20. cryogenic [ kraiadzenik] «. fRIEM, TR M




Unit 2 Selection of Construction Materials

There is not a great difference between “this™ steel and *that” steel; all are very similar
in mechanical properties. Selection must be made on factors such as hardenability. price,
and availability . and not with the idea that “this” steel can do something no other can do be-
cause it contains 2 percent instead of 1 percent of a certain alloying element, or because it has
a mysterious name. A tremendous range of properties is available in any steel after heat
treatment; this is particularly true of alloy steels.

Considerations in Fabrication

The properties of the final part Chardness. strength, and machinability), rather than
properties required by forging. govern the selection of material. The properties required for
forging have very little relation to the {inal properties of the material; therefore, not much
an be done to improve its forgeability. Higher-carbon steel is difficult to forge. Large grain
size is best if subsequent heat treatment will refline the grain size.

LLow-carbon, nickel-chromium steels are just about as plastic at high temperature under
a single 520{t « Ib (1ft « Ib=1.355,82]) blow as plain steels of similar carbon content.
Nickel decreases forgability of medium-carbon steels, but has little effect on low-carbon
steels. Chromium seems to harden steel at forging temperatures. but vanadium has no dis-
cernible effect; neither has the method of manufacture any effect on high-carbon steel.
Formability

The cold-formability of steel is a function of its tensile strength combined with ductility.
The tensile strength and yield point must not be high or too much work will be required in
bending; likewise. the steel must have sulficient ductility to flow to the required shape with-
out cracking. The force required depends on the yield point, because deformation starts in
the plastic range above the yield point of the steel. Work-hardening also occurs here. pro-
gressively stiffening the metal and causing difficulty, particularly in the low-carbon steels.

It is quite interesting in this connection to discover that deep draws can sometimes be
made in one rapid operation that could not possibly be done leisurely in two or three®”. If a
draw is half made and then stopped. it may be necessary to anneal before proceeding. that
is, if the piece is given time to work-harden. This may not be a scientific statement, but it is
actually what seems to happen.

Internal Stresses

Cold forming is done above the yield point in the work-hardening range. so internal
stresses can be built up easily. Evidence of this is the springback as the work leaves the
forming operation and the warpage in any subsequent heat treatment. Even a simple washer
might. by virtue of the internal stresses resulting from punching and then flattening., warp

severely during heat treating™'.
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