% £ 5 Wit



MR LHEZNR AR

¥ H ARE

Bl EH £ # RBEE

HihSHE Wil ZRF ez x| #K
#rE R A AAR dER
kAMm & M

¥ W EAK

23 A% it



HE B RS E ( CIP) 8

PR TRESE RIS AR E R — Ll R
tAR#E,2009. 5
ISBN 978 —7 81111 —566 —6

LAL.. D.A. ARIE—EE—Eises
— R B V. H319 - 4

thEfR AR 18 CIP $HEZ 7 (2009) 45 068048 =

FAEHE: § peir
HERITx #F

M ITEEBEREHRE
BRAE 1%
RERZE R KR
( LTI VERE 1882 5  HBEL4RALY :200051)
PP IE BBRITIRAT LA BMNTEIR S HRA TR
FFA.787 x960 1/16 ENk.17 FH.324 F=
2009 =8 ASE 1R 2009 £ 8 A 1 YRENFI
ISBN 978 -7 —81111 —566 ~6/H - 233
EH:29. 70 ¢



BEHE

MAETFEMAERAR, PELFRERE, EF2RME, XL
AKZHFETRTE RN LT &, EREE, AFEEHEERT
LHTERHER, BRENTLEAM BRI E W RiE LR KL
AR KRAL LN, B, ¥FEVEEFERLNEE,

A EHB(ERBEHBN M IR L VK ERFEAR) i %
EW. REESFHRFTIREDWEM L, HREBATLERNE 0
B ETVHEEMAARHENBAN. HREGBRE LR ETNNA
VERRAE , 1 % e JEF LA B oY S MRt xS

A8 mARRE AR HRE & R E R LB A CAD/
CAM L H Ak, 2R ENET, EMETHHREX AL &
BAMXRGIMSEEFXFENBLE K. WEUMBIE HMRE
AR L — R AR E S RS R RT S B
A VENHEH BT EHEE LV E AR RF K BERE N =, 35
HH AR P AN IE T E A RS T R EN R, HA R,
RXBEWMAAREER R E ST, R F L FLEE ¥
GER", HEMESEBRXREI LR, BETHAEMARELD
FAEERERAK,

ARTHEAGRE EINRE T GHEL N EHEL LW H
M2 RIHERL Y BF XLV EEE L FE HRAREY
5H. BUHFRES TV W FAFR, TREHMEHTF 4B
WlLOAATEL L, A FRALANET, ¥ TREY D NE
MEEEFEFPUBINE, UERE LR EHNBRE,



ABHIHEHNBELASASERL(BRE)EER, HBY
FIRUHARF B LM S TS — B 2% M Bk k%o 54w+
(HIEE 8%, SHEARTHEINRL ALY R+ TE
FHE ALLE+ AARAL BAERL KT L BT
WREA L KARELE LA RN L,

BERBEATH H— R H AL LG S-S0 h & AR
B RN ARERE R, M SR, A,
AETL,EEH F LT, RN, BRASHAEM WAL
BT ARRH 5B,

AENRETHBHNTHNBL ASNENERENS 5,
EREAHBRA RN B ERE T T RN, AR TR H A
Uo MFRHANKTRERAR, Hh A BIF LS L, B
P AEEBFRE,

v % #



Contents

Contents
Foreword
Unit 1
Lesson 1 Materials Science 1
Lesson 2  The History of Metallurgy
Lesson 3 Metallurgy 13
Lesson 4 Metal 23
Lesson 5 Materials in Industry 29
Unit 2
Lesson 1 Casting 35
Lesson 2 Forging 48
Lesson 3 Welding 56
Lesson 4  The History of Welding 65
Unit 3
Lesson 1 Lathe ( metal) 72
Lesson 2  Milling Machine 85
Lesson 3 NC AND (CNC) 96
Lesson 4 Milling Cutter 105
Lesson 5 Types of Milling Cutter 111

Lesson 6 Computer Numerical Control 120



2 Contents
Unit 4

Lesson 1 The History and Major Development of Automobile 127

Lesson 2 Engine Operating Principles 132

Lesson 3 Engine Construction 139

Lesson 4 The Power Train 145
Unit 5

Lesson 1 Forming of Sheet Metals 152

Lesson 2 Metal Stamping Process and Die Design 157

Lesson 3 Plastics and Injection Molding 167

Lesson 4 Design of Injection Mold 175

Lesson 5 Die Casting 185
Unit 6

Lesson 1 Food Robotics 190

Lesson 2 Robotic Inspection 204
Unit 7

Lesson 1 Computer-Aided Design ( CAD) 217

Lesson 2 Computer Aided Manufacturing (CAM) 222
Exercise & Answer 231
Vocabulary 247



Lesson 1 Materials Science 1

Unit 1
Lesson 1 Materials Science

1 Materials science or materials engineering is an interdisciplinary field involving
the properties of matter and its applications to various areas of science and
engineering. This science investigates the relationship between the structure of
materials at atomic or- molecular scales and their macroscopic properties. It includes
elements of applied physics and chemistry, as well as chemical, mechanical, civil
and electrical engineering. With significant media attention focused on nanoscience
and nanotechnology in recent years, materials science has been propelled to the
forefront at many universities. It is also an important part of forensic engineering and

failure analysis.
1. History

2 The material of choice of a Characte

given era is often its defining
point; the Stone Age, Bronze Properties

Age, and Steel Age are examples  processing

of this. Materials science is one of

Performance

the oldest forms of engineering and
applied science, deriving from the

Fig.1.1 -1 The Materials Science Tetrahedron
manufacture of ceramics. Modern

materials science evolved directly from metallurgy, which itself evolved from mining.
A major breakthrough in the understanding of materials occurred in the late 19th
century, when Willard Gibbs demonstrated that thermodynamic properties relating to
atomic structure in various phases are related to the physical properties of a material.
Important elements of modern materials science are a product of the space race: the
understanding and engineering of the metallic alloys, and silica and carbon materials,
used in the construction of space vehicles enabling the exploration of space. Materials

science has driven, and been driven by, the development of revolutionary
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technologies such as plastics, semiconductors, and biomaterials.

3 Before the 1960s (and in some cases decades after), many materials science
departments were named metallurgy departments, from a 19th and early 20th century
emphasis on metals. The field has since broadened to include every class of
materials, including: ceramics, polymers, semiconductors, magnetic materials,

medical implant materials and biological materials.
2. Fundamentals of materials science

4 In materials science, rather than haphazardly looking for and discovering
materials and exploiting their properties, the aim is instead to understand materials so
that new materials with the desired properties can be created.

5  The basis of materials science involves relating the desired properties and relative
performance of a material in a certain application to the structure of the atoms and
phases in that material through characterization. The major determinants of the
structure of a material and thus of its properties are its constituent chemical elements
and the way in which it has been processed into its final form. These characteristics ,
taken together and related through the laws of thermodynamics, govern a material ’ s
microstructure,, and thus its properties.

6  The manufacture of a perfect crystal of a material is currently physically
impossible. Instead materials scientists manipulate the defects in crystalline materials
such as precipitates, grain boundaries ( Hall-Petch relationship ) , interstitial atoms,
vacancies or substitutional atoms, to create materials with the desired properties.

7 Not all materials have a regular crystal structure. Glasses, some ceramics, and
many natural materials are amorphous, not possessing any long-range order in their
atomic arrangements. Polymers display varying degrees of crystallinity, and many are
completely non-crystalline. Polymers are studied in the fields of polymer chemistry,

polymer physics, and polymer science.
3. Classes of materials { by bond types)

8  Materials science encompasses various classes of materials, each of which may
constitute a separate field. Materials are sometimes classified by the type of bonding
present between the atoms :

9 1) lIonic crystals
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10 2) Covalent crystals

11 3) Metals

12 4) Intermetallics

13  5) Semiconductors

14 6) Polymers

15 7) Composite materials

16  8) Vitreous materials
4. Sub-fields of materials science

17 Nanotechnology — rigorously, the study of materials where the effects of
quantum confinement, the Gibbs-Thomson effect, or any other effect only present at
the nanoscale is the defining property of the material; but more commonly, it is the
creation and study of materials whose defining structural properties are anywhere from
less than a nanometer to one hundred nanometers in scale, such as molecularly
engineered materials.

18  Microtechnology - study of materials and processes and their interaction,
allowing microfabrication of structures of micrometric dimensions, such as Micro
Electro Mechanical Systems ( MEMS).

19 Crystallography — the study of how atoms in a solid fill space, the defects
associated with crystal structures such as grain boundaries and dislocations, and the
characterization of these structures and their relation to physical properties.

20 Materials Characterization — such as diffraction with x-rays, electrons, or
neutrons, and various forms of spectroscopy and chemical analysis such as Raman
spectroscopy, energy-dispersive spectroscopy ( EDS ), chromatography, thermal
analysis, electron microscope analysis, etc. , in order to understand and define the
properties of materials,

21  Metallurgy — the study of metals and their alloys, including their extraction,
microstructure and processing.

22  Biomaterials — materials that are derived from and/or used with biological
systems.

23 Electronic and magnetic materials — materials such as semiconductors used to
create integrated circuits, storage media, sensors, and other devices.

24 Tribology — the study of the wear of materials due to friction and other factors.
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25 Surface science/Catalysis — interactions and structures between solid-gas
solid-liquid or solid-solid interfaces. 4
26  Ceramography — the study of the microstructures of high-temperature materials
and refractories, including structural ceramics such as RCC, polycrystalline silicon
carbide and transformation toughened ceramics.

27  Glass Science — any non-crystalline material including inorganic glasses,
vitreous metals and non-oxide glasses.

28  Forensic engineering — the study of how products fail, and the vital role of the
materials of construction.

29 Forensic materials engineering — the study of material failure, and the light it

sheds on how engineers specify materials in their product.

% New Words and Phrases
interdisciplinary [ int'disiplinari] adj. B A &Y

molecular [ mou'lekjula] adj. 2-F 8

macroscopic [ makrou'skopik ] adj. E

civil and electrical engineering ERFedy & 142
nanoscience [ 'neinousaions] n. YRS
nanotechnology [neinsultek'nolad:i,i] n. Wk R

forensic [ fa'rensik | adj. MTkrEd,;, kEY
bond [ bond] n. L 3

mining [ 'mainip] n. RH (L)
thermodynamic [ '09 : moudai'namik ] adj. #AHFH
biomaterial [ baiouma'tiariol] n. EX Fop oy
thermodynamics [ '03:moudai'nemiks] n.  # A %

crystalline [ 'kristolain] adj. Kb (A&) &
crystalline material o At H
amorphous [ 9'ms:fos] adj. REHE;EHEH
polymer [ 'polima] n. Rewm(4k)

ionic [ ai'onik | adj. BT

crystal [ 'kristl] n. P

ionic crystal BTk

covalent [ kou'veilont] adj. 4
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covalent crystal ARk
semiconductor [ semikon'dakta] n. ¥ 5K

composite [ 'kompazit] adj. bR

composite material A AHH

vitreous [ 'vitrios ] adj. K IHE

vitreous material n. BB A, A H
quantum [ 'kwontam] n. *F,¥
crystallography [ krista'lografi] n. S8FE, BKRE
metallurgy [ me'teladzi] n. BEF

tribology [ trai'boladzi] n. B

catalysis [ ko'teelisis] n. EACHE A
ceramography [ sera'mografi] n. M &%

polyerystalline [ poli'kristolain] a. EX L5

4 Notes

1. With significant media attention focused on nanoscience and nanotechnology in

recent years, materials science has been propelled to the forefront at many
universities.

HER, EERBT AR ERARB ARG EELE , HHAFLAAILS
XFERRGESL,

2. A major breakthrough in the understanding of materials occurred in the late 19th

century, when Willard Gibbs demonstrated that thermodynamic properties relating
to atomic structure in various phases are related to the physical properties of a
material.

19 #20H, B - TAMBIET R AHFHELSHH P RE G RT
gMmiak, ot ERERLGERT AMNSHHGBZBELL T LT
o

. The basis of materials science involves relating the desired properties and relative

performance of a material in a certain application to the structure of the atoms and
phases in that material through characterization. |

MHMFEABT R — B RGET M6 A o da st 4k 5 M4 &
ThmO SR EZAGX R,
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Check your understanding
I . Give brief answers to the following questions.

1. What is materials science?

II . Match the items listed in the following two columns.

civil and electrical engineering MESF

vitreous material #HF
nanotechnology % At
ceramography T ARFg R T2
crystallography Mk
biomaterial 3 3% A
mining HREAR
thermodynamics FF1K
semiconductor ReW

polymer ku

BB

MBBLAMBIRRE S FREETRAERTE, CB R IK -5
BREEZMB¥E IRGH W

B o M H %25 R4
BY¥SER2FREWEME £
BERXAAHE, Cat
R BRACERNE, B4
SN NE S S L o -
Wo AR, HH H ot 4 kA
FRBRBE ARG E R X%, H 8
HFECRARSASEH AN E
RLEaRETATEET ik
ST EEL R

H1L1-1 #A#FewEEsgn
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1./

—EWH R ARE AR R RS, FER, FHE
A, MAHAREZRNOA T, HARFRETHEL, CRTEEREAH
EREXNARBLZ — ARM BB FEERFETH L, B LETXT . 19
WABRM, SRAME - FHHRET AAFURSHA P RRHNETFLE M
KRG YBEREAXRAELE ANARHNERL L EARY, KZF
RAFMEAARABHENEEZLARE 2, Flo, SR ER WA T WA KB H
@Ree BEMEM A ARTBER . HRBEES T B SRk h 48
FTRBBARER, 0 HHE

HI9HLEURF20 $LEMMHFAREL RSB, 5 20 #4260 £ 2
HOERBBATRITER) HSMBBEBIIRAEN B LB, REHAL
TAY BEAMHH AH I BoY L SR BN EFHAM AL
AR

2. MPEINFER

APRAFHTR,ARY THEATRARAMB AT, T
A LLGARA RN B, DUEFal S M B R AR,

HEARFEBP R —FWRRAFET AN BER TGS SR
Ry FMWENREZ B X R ARl 3 BEEOR T 28 M 8 1
FRARTBRARFHEF TR, AURERRI A A FEEREREHR, 34
Rl MR ARt

EREREN, ENATRAE D T BN REK, MR, HHEERAR S5
MRF GG, WR ER(ERAREXR) ABRET SARERETF, %4
M AR A B AR,

HEFAMHBBEAN G BEEN, HB —RWEFE SRR
BE,CEMNFEHEARBAFHRTHS . RANEATENERE, ¥ 5K
EHMEERERSN, AMERSUNESY RAPLFERREAUH ¥ AR
ARG

3. MESE(REHAN)

HRRFAELERNR, B — KRBT RHR AT TR, A, BE
FZHERG LWL RSN
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1) BF &K

2) #EMh A

3) 2R

4) LB ENAY

5) #4&

6) RAH ;
7) BAMHE

8) HAAMH

4. HRRFERNS XTI

AR AR, AT R AR AT T, 3K AR 4 K
REIGEETRAREM, EHM-ABBRN XA LR, BEH &Y
B 3T EE MR AT B 1 9K E 100 H5k RE 56 B 99 W 4R EE4T A R fn Bt %
o F TRAMHE,

BER—H T RGN HATH AT, FEAMPBMIEREHEIX A,
WAL R MEMS )

BRF—RETAEBRRTREA, BRG Wi Ry, EHE%R
HEWBEERNX R,

MR E R — I X S BT OT, R FRFFURE BB Ry g%
FofF AT, i B oL fR i (EDS ) &k o L FERELHE, B
WETHEBREAREE,

BEF—RELEREAS AHEAINWRR, BEHRALFTY,

EYHB—RET A/ £ R G RER WA H

WEMH—wH THEERE B WL R, FHNA AR BMEMEE
B+ F o

BEF—HEGTEEF LA E KT RN HER,

REMF/EUA—FARER AL EER TN LR g,

MEY — AT EA R KM Y ERAR, A4 RCC XLEHE L.
FERBNHEPEREETEESE,

KEMM—EEANHEE R H LB ER MY BNETE DM,

EEIR—HRAT EWARRPH A ERRIFURAEEWHE,

B AR TR S AR k3, I YT TR R AT 5 A B
o
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Lesson 2 The History of Metallurgy

1  The earliest recorded metal employed by humans appears to be gold which can

be found free or “native”. Small amounts of natural gol

d have been found in Spanish

caves used during the late Paleolithic period about 40,000 BC.

2 Silver, copper, tin and meteoric iron can also

be found native, allowing a

limited amount of metalworking in early cultures. Egyptian weapons made from

meteoric iron occurred about 3000 B. C.. However, by

learning to get copper and tin

by heating rocks and combining copper and tin to make an alloy called bronze, the

technology of metallurgy began about 3500 B. C. with the Bronze Age.

3 The extraction of iron from its ore into
a workable metal is much more difficult. It
appears to have been Iinvented by the
Hittites in about 1400 B. C. , beginning the

Iron Age. The secret of extracting and

working iron was a key factor in the success Fig.1.2 -1 Gold headband from

of the Philistines.

4 Historical developments in ferrous metallurgy can
be found in a wide variety of past cultures and
civilizations. This includes the ancient and medieval
kingdoms and empires of the Middle East and Near
East, ancient Egypt and Anatolia ( Turkey) , Carthage,
the Greeks and Romans of ancient Europe, medieval
Europe, ancient and medieval China, ancient and
medieval India, ancient and medieval Japan, etc. Of
interest to note is that many applications, practices,
and devices associated or involved in metallurgy were
possibly established in ancient China before Europeans

mastered these crafts ( such as the innovation of the

Thebes 750-700 BC

Fig.1.2 -2 Georg Agricola,
author of De re metallica,
an important early book on
metal extraction

blast furnace, cast iron, steel, hydraulic-powered trip hammers, etc. ).
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5 A 16th century book by Georg Agricola called De re metallica describes the
highly developed and complex processes of mining metal ores, metal extraction and

metallurgy of the time. Agricola has been described as the “father of metallurgy”.

4 New Words and Phrases

metallurgy [ me'telodsi] n. BE; BEF, AR
intermetallic [ inta( ;) mi'tzelik ] adj. £ 5 b6
compound [ 'kompaund] n. BAY, Lo
intermetallic compounds 2R F a4

alloy [ 'loi] n. o~

craft [ kra:ft] . Lz

metalworking [ 'metal;jwe ;kig] n. £ e T

paleolithic [ peeliou'lifik ] adj. 8% &K
paleolithic period 0.5 & a4,
meteoric [ ymi:ti'orik ] adj. WEY,E—T
meteoric iron 4%

bronze [ bronz] n. 4

Bronze Age FRBER, FRAMNK, AR A
ferrous [ 'feras] a. tkag, Sdkty
medieval [ jmedi'i;val] a. P Ea, Pikeg
blast [ bla;st] n. Rnk, A&k
furnace [ 'fa:nis] n. Do i~

blast furnace B, &
hydraulic [ hai'drs:lik] a. K& R B

trip hammer #ris

mining [ 'mainip] n. K& ()

4 Notes

1. The earliest recorded metal employed by humans appears to be gold which can be
found free or “native”.
RPLBHALEANLE, ARARAERIFOIERN" 4 o

2. However, by learning to get copper and tin by heating rocks and combining copper



