LREERE +—E ERGAUEH

BEFRAVHH

REZWRIE

BNE ER T % 8IER

FAERF HhRtL




@ LTESEHE “+—1" BEFREAXEH
 EBEFEANEH

BYR £HR X 1§ BlER

AERF Hibt

b5



CRN

FHNE T SERBRIT SHE WA RNIEMR, WA AR EFEEVEM LD Y+
MIFSC, AHIE 8 Ao, TENFERE AR RS s E T L RERRIT N R
Rt R R BRI TS558 SR M Ffm I TZ vhE 58 ESIEUR BLH CAD/CAM J
FEMTHEARMRERE AL

AHAAH, BIOMR, 5 IRES S RE, AR, 260X RAS5RA B8 530
BT A BN B F R RS W SEHA B A R, AT fE AN AT SHE T | T
M TEEARARKA¥SEMAH,

ZEHEWNEFEXFEHEHBHIRE, TREETBHE,
RN, @Muwse., BNEEHAIE. 010-62782989 13501256678 13801310933

BEBERSBE (CIP) B

BREWHE / HXRER. —Iba: HEREHRE, 2007.5
AR Bkt
ISBN 978-7-302-12796-3

o 0L I SASEE—REER—#M . H31
o AR A B 431 CIP ¥ B 7 (2006 ) 45 033320 &

RIEHE: B 5

WERS: & F

WEENHE: T ¥

HRR&AT: HHEKEDRE o db: JEREEREFIRE A K
http . /www. tup. com. cn [ 4% 100084
c-service@ tup. tsinghua. edu. cn
i 2 #: 01062770175 MR LR . 010-62786544
&ﬁ’étﬁ]. 01062772015 BEFHE%: 01062776969

: LR EF AR

s =TSR IT AR A

: REFERE

: 185x230  Ep 3:17.75 = #.362 TF

: 2007 455 A% 1R Bl &k: 2007 5 A5 1 KEPRY

: 1 ~4000

:25.00 ©

5=
I Dy D

55

B3 & HIN &3
& 5 o

S

A B WFLESCFAHE IRED BR 5T 5] BT B0 0T S B0 4% R IR (U0, 3 5 0 4 K A IR 2 e . X B3,
010-62770177 % 3103 =4S 016280-01



Foreword ..

AL b 3EE

HEEFEAN B AMBF RS S RN R FE A EANEEATE
MEEEARWETIERAL, FAEER—E TR AR L, BB AL S
TR ARMPAL B

BERIH SHE R TR R 2 RERN T L #8, (AR IGE) &
BAEVRBHWEEEINEZ —. AEMHETH B RFREN A HRERER .
R EASMER L L R R 53R BT, FE 0 25 A B D SR SO B AR R SE PR
B, SR T R R Sh et A BB HR I 2 MV BOR , HE 5T D RRAE R B 4ol AR
B HRK TRBEARRE B T T —E KT SEEHER

AHNEHE A RE REST LB 5L EARAYHREC, & BRI iRE
BRI N, A B AR IR 8 T, B BOTER W R AR RE IR R KRR A
B BRSTZEHIN T —ERE L AR B SR E WL Aag , 6 & Bon i
| AN B G E, IRCR B R L SRR AT DB R, AR BT IR E A
BRSE Al DRI BA TR T HE , XA BObE (0 A 2838 54 b oE A N s A e s

AHE TERPA AR ZG W RIE L4, H 2 ERRCHAENSE T/, TEF
BAREBEEA (B E4) R T IR CHENRS TIE, TERPLBEARERERAERRT £
HRAY B B AR AT B BOREBe sk R FE R T 238~ A S T

A3 BRI 1 R, BB AR R 2 R A DL R A TS R B A TR RN X
RERFE) R TIFZEAMBREN. A BHRELED, G2EHTIHTHRIX
BRBERL AR RIS 135 7E BT A R R B IR

HTEE KRR EICR, R RS S AR ZAL, HIREMITEE, i
HEREL.

W&
2007 4 1 A



Contents

#E L W #iE
Unit One The Die and Mold Materials and Heat Treatment -----cc-cveeveeieienianienae. 1
1.1 ADSHEACE «+cevereeeersennennsnnsnnransanousensernesnsesssiosinmeivemesinesesisesssresinenans 1
1.2 Die and Mold Materials  «««--+ceeeseeereensererumneeresnnsesamsnnsereennoessennesnesns 1
1.2.1  Carbon SEEels «+eecsceeeerrerrmrueenrimrtneniinitieriesttmiriresreersenseieenens 1
1.2.2  Alloy Steels «e++eserrereessmrmrerrnmmetennnite ettt 2
1.2.3  Die and Mold Steels «e-ceecerseerserseorsecnstnemieessessirmeensensiassecnsens 3
1.2.4  Selection of Typical Mold Steels  -+rereeeeeerrurmrrnreeenmmnnuneeeeeennunnn. 4
1.3 Heat Treatment of Die and Mold Materials ««««««+receeeesrecreeseaerornrensenraeennces 5
1.3.1 The Purposes of Heat Treatment — --e-cereessseruvsmeersemnanuicreeeesnannn. 5
1.3.2 Types of Heat Treatment  -««ct+eesesseeueersemoranummreessninnnnreeeeennannne 5
New Words and EXPressions ««+«+++s-ereesserereersarureernnuneenniiieeanineresenieseenienes 7
0 T i e P PPN 9
INOLES ++ v e eerereterenrnsaseonsentnneaeesncnreeancnsuesrmecssnstnrnsnsassesiseeeesnsnsmosnsnsensnees 11
QUESHIOMS  *++++++++++essserumsuesnnntiit ettt ettt e et s e ce s e tesee sttt tet e e e e e es 11
Unit TWo  Die DESIEI  cvveereerereerrerteeraemaaminiiii ittt te e e e e e s e s seee i 13
2.1 ADSITACE ++eocetsevesercnrrasurrnrunenseasneenesncnsensnnsnnensnns et ritereereeiereanenens 13
2.2 Sheet Metal FOrming «:+e«eeeseeeesesuurceerennmmmntieeenieniiiireesesnnirianneessnanns 13
2.2.1 Deformation Modes in Sheet Forming -+--++++ccereessrrmeeeerennnniiuenenses 13
2.2.2 Characteristics of Sheet-Metal Forming Processes — -»-+r-ceereerecriacenes 15
2.3 Piercing Die  «eeeeeeeerermtertimtiittettettin e 16
2.3.1 Piercing Die Processes -+---- e 16
2.3.2  Piercing Die Design «--++++eer et aa—a—an e eeeeaeaanaas 16
2.4 Blanking Die Design «r:eeeeetesesererteeerinnintiete et 18




BAE L EE

2.4.1 Shearing Action in Die Cutting Operations «r-rorererersesrsrererrececeeee 18

T 2.4.2  Center of PreSSULE ++ v+t tecrerreecssrretssontereientastsmsensavriesrerinnens 19

D T T O 19
2.4.4 Blanking Die Design ++++++++eeeeeeererrirmmimmiimi 20
2.4.5 Definition of Various Shearing Operations  «««srsesreeserrroseniiianain 21

2.5 Bending Die Design «++ectereereummmmmmmmiiiiii et 22
2.6 Drawing Die Design  «++c++eeeereerrmmmmmmmmiumiiiitiette e cer et 25
2.6.1 Drawing Die «eeeeeessersesreereniertiemiiiiiiiiiiiii e e e e eee e 25
2.6.2 Drawing Die Design «++++++eseeeerererreritimmimmiimiiiiiennerereneennann 27

2.7 Compound Die Design  ++++++rerererreummmmmuumitien et eee e 29
New Words and EXpressions — «««eseeseesseeseerseeseeremiimiiititiiiiiiiinaesaseesasaees, 31
Glossary of Terms «+«+vreeesecurrmmtiiieiiiiiii e en e 35
INOLES = ++vevevermeennrensasesnesanssosiassssenensseseneaeerncscacasenseesssenansnssenssenessnsransnsns 38
QUESLIONS  ~+++rrremsssesinne ittt ettt e ettt ettt e e e r et b e e ettt e e sba e s e b e s aaaa e 40
Unit Three The Plastic Mold DeSigN «o-covreerereneriii 41
3.1 ADSETACE +veveveserensasnrtoninniensusesenenttstntssneeeneneesanrsnreersnensesenrsessenes 41
3.2 Plastics  reeeeceoctreorarertentirtettnettettettn ettt an et ratarernetenranenrereraes 41
3.2.1 Classification of Plastics «+++eeeeeeeeeeeeerrmmmmmmmmnrmmrieraeseessssernereenee 42
3.2.2  Properties of Plastics +++++r++++tecveuesertnuirimtnininirniiieneiei e 42
3.2.3  Filler of Plastics  +++++++sssseerereeereeerereeseesseessnseseassaisnssnsssseeseens 43

3.3 Plastic Material Molding .................................................................. 43
3.3.1 Compression Molding ««++++s+sseererssrrrenrseimiurieieisissieeeenseneees 44
3.3.2 Transfer Molding «-+«+-sessseesseeureremimnririniiniiistineenneeneesneennns 45
3.3.3  Injection Molding «+-+ssereerereersereecrimemimmmmmmiiiiiiiianaeeeeeeen, veer 45

3.4 Thermoplastic Mold Design  «+++eereeerererssmmmmuminmiiiiaiiieaeeneenieeereiieenraenies 47
3.5 Thermosetting Mold Design ............................................................ 48
New Words and EXPressions  «+eeeeessseeesseressuressssuessineessunresnseesesssenans RO 49
GlOSSATy Of TETmMs ++++++++++ssrrrrrrrrrrrreseeeeierisississsiunreereenteteeesseesaaaaeesseenannn 53
INOLES #+ v reensestnenttsuemerettnaiirretiretateetseesaeescesaneessensremrnresenansnssoresnsnsenes 55
QUESHIONS  ++r e rreermnsemuneite ettt ettt e it e et e et e er et res s eaeten e ransar e e aareaans 58
Unit Four The Parts for Dies and Molds «:-ccccoeeerrerniniiieeararateerrerernececreessonnees 59



D 0 TP ST T g SN 59
4.2.1 Stock SOPS eereesresrsnnsunmmriintittiitt e 59
8.2, Piloks ++-+eeeeerrnrensentranrnaenartattottaetiatiaeantetarateieraestaereans 61
4.2.3  SHHPPEIS  +++++eeeerrrmmmmmtmmtiiiii e 63
4.2.4  KnOCKOUE BAIS +++errrrrrrnsrrenarerssnsenunresnmseesnnesssasessnsessnsesannaes 64
4.2.5 Standard Die Base  «tecceseereeeratertrertinerestierierneeneernetenenesneses 64

4.3 Plastic Injection Mold Parts «+++-++eeeesssereesanseesniitteeniiteeniitaeaiiea s 65
4.3.1 Plastic Injection Mold Parts --+«++essveeesssueeesnniuiesennnieernnniiesanann. 65
4.3.2 Design Guides for the Part to Be Molded ««++ceeceeeeerieiiniiiianiieiin.e, 67

4.4 Pressure Die-Casting Die Parts «-++++creeesrsssiriatimmimmiininiiiciiiereecennnann. 68
4.4.1 The Assembly of Pressure Die-Casting Dies ««-+eoeeeeerrercecieenicienien. 68
4.4.2 The Die INSEIT «r+«srerrerrersaceaeracsaeiaransansentenessessensonssnssssessnsens 68

4.5 Trouble-shooting Guide for Thermoplastic Part Defects -« -+t corererreriaeanannins 71
4.5.1 Sink Marks -reeecevereennaennsd e eetetitieietreieeeeiesasiatier et earasaoas 71
4.5.2 Burnt Streaks/Brown Marks/Silver Streaks «---++--- SRRLELETERITETERETERLTL 72
4.5.3 Weld Line/Meld Lines «-++++cceeseerrreereureeeroereusrersnsersuerernnaessanees 72
O B 1 T 73
4.5.5  Air Streaks/Air HOOKS «+e+eccreerrerrerenceurarmnmsenssnenesseseressenenenesns 74

4.6 Trouble-shooting Guide for Thermosetting Part Defects «+«-cerecverrcnreiineiiiiis 75
4.6.1 BHSLEIS *crrrevererosececaneureroesetiurastssssesesstessrssssssssessansoscscsssonns 75
4.6.2 Cracks -eeeeesesererermmmmiireeieetetni et er ittt aeeerear e aerrar———— 77
4.6.3 White Marks ««--eoeovreveeereerammmueeeeesssninnnueesesesionssnees [ 79
4.6.4  POrOSIty «++eersrererereertetttettertrtrettraeiie e aeeeeeeeaens 79
4.6.5 Orange Rind -eeeeeeeeenereermniiiimiiiiiiin e, 81

New Words and EXPressions  «+++s«++ssseeseeerseesvueeruesissessueeasssenueenseessessneens 82

Glossary of TErms «+««++esvrtenerertnemmnnratnittientiianetireetie e et et e iaa e raneeeaneens 85

INOLES #++voereernrnnusrsruenasesesesssseressensseenaanensnsasensensncasseensnsncsenssnssnes rereeeas 87

QUESLIOMS  #+++resresstmneennetietu et ttaeetaettertnest e et eeaeenasteioetnsersenneraaennnens 88

Unit Five The Forming and Molding Equipment --++coccoovveiiiinininiii, 90

5.1 ADSITACE crecveseerenoetotaeratetoteustiraseesssssnessetosossasesssesssnsssornssassssnssnsnne 90

5.2 The Forming Equipment ««-+--erereeeerees. e e 90
5.2.1 Press TYpes «-eceeesssseeesesssruresaniuureeninieseiisieesnnnneeeessneeeeensnns 91

5_ 2, 2 Main Components of a PI'CSS ................................................ 94



WA b EE

5.3 The Molding Equipment =+ -sseereeeeesrmmriittiniininiitiiiiitie ittt 94
5.3.1 The Injection-molding Machine  ++++rreserreseneerinnnniiiinnieeennenns 94
5.3.2 Components of Injection-molding Machine «-+-eceerecreviiiireenineii... 97
5.3.3 Types of Injection-molding «+-+++eeeersersesssrnniininniiiiiiii, 100
5.3.4 The Injection-molding Products «++++++ssesssvemnenne T 101
5.3.5 The Economics of Injection-molding Products =~ -+«+eereverereecnnnnnn. 102

5.4 The Specification of EQUIPMENt ++++++eeteerrereeermmmmmmmimmiiniieiianineaeneeninnn 103
5.4.1 The Specifications of Press =+++++crresssssseerermmiirenereremuioneensnennnnnn 103
5.4.2 The Specifications of Injection-molding Machine -++cvereerervenianins 105

New Words and EXpressions «++++eessesssesecremmnmintetertimminnieenriiiiainaseseeenns 107

Glossary of TErms +r++eseeseressereunitnetmiinnetiitiittett ettt e et are e e eaba e 111

INOLES  »+eevevnsretneunneeneunestsesstsesusststonsessssssenenssnesessneesesnencsesnenssnsnransacns 116

QUESHIONS  ++++sesrmeesmrme ettt et et ettt ettt s et e et st e e e ere e e ab e ennens 117

Unit Six CNC Manufacturing and Programming «---««---+-+-+ssssseersoniiniinnnninnnn, 119

6.1 ADSITACE *+ v evvreresnenutneeentuiieesssteeeonnressaatenresesensseemressseeeescessnsansnnns 119

6.2 Applications of CNC Machines  =++++++esssrermrmmmemmriieiiineiineerieetnnaennnns 119
6.2.1 Definition of NC/CNC Machines -+e-r-esrceerenerearareereruracnensnenenns 119
6.2.2 Classification of CINC MAchines «-«-««++eeseseeerneernsreersnrncneocnrerees 120
6.2.3 The Applications of NC/CNGC  ++cveereerrenrarremniereminiiiiiiieeinnens 120
6.2.4 Types of CNC Equipment «-«s«-eseessusesseesennenmmmrnnmiimiii... 121
6.2.5 Control System for Controlling Tool Feed ++++eeerrerevesmiveuininneen... 122
6.2.6 Type of System Control for Tool Movements «r---+sserreeeeserecenanennn. 123

6.3 CNC Machining Centers «++++cscssermsereeeeemiuiinnnererniiiiaeeeeririineeenenans 124

6.4 The Advantages and Disadvantages of CNC Machines  «+etreereveercnreeneiniinis 125
6.4.1 The Advantages of CNC Machines «-«++++++srereurireererrrunisiierrenennns 125
6.4.2 The Disadvantages of CNC Machines ++++++++essrereersnsmeinniiinieeninees 125

6.5 The Operation Panel of CNC Machines +««+++esersseeruneeemiserineinenrecnneennnns 125

6.6 Coordinate System of CNC Machines ---++««sseeesrsseeriuiiereriuneeeennneernennns 131

6.7 The Components of CNC Machines «++«-+«-ssesesevereeeeessmmriureereesesenionuunenss 135
6.7.1 The Construction of CNC Machifes «e«eecsererereaeroronenertereeneenness 135
6.7.2 The Components of CNC Machines «+++s+reeeserreeeruiierunierunneennnns 136

6.8 NC Programming -«--«---++eesesssseseasirueeesinueesensieeeesoneeeeessseesssneneenns 138

6.8.1 Basic Requirement of NC Machine Control ++-+eeeeeeeriiiiiiiiiiannnn. 138



‘Contents

6.8.2  Setup Procedure ««:seeeeseesssrerititeiiiiii i 140
6.8.3 Debugging the Program «++++-+ssssssssssssrriruiitiiiiiiiiiniinisneaanans 141
6.8.4 Manual Part Programming «-----sreeeeernnseenenes BRI 142
6.8.5 Computer-aided Part Programming «-+«+«--+eeesveressmreesinssisiinennuies 145

6.9 Main Specification of CNC Machining Centers — =«-recererierereriiicnieianee, 146
6.10 Electrochemical Machines +++s+s+s+sssesssessmsisitsiiniemsintitiins it 149
6.11 Electro-discharge Machines —«++++++vssesssssinsimmmiiiiiiii e 150
New Words and EXpressions «««sesssseseeeeeeremmmmiiiiiiiiiiiiiiie e 152
GloSSary of TErms  +++r++sererseserssessssrmsseesseanieraseenssestteeseessnsenaesssreesneeas 156
INOLES <=+ cvereereentstonsnaseoneressssseneencssensnessesansesansssssensesenensesenssasnsnensencnes 161
QUESHIONS  #++esreeremmestentttt ettt ettt s e ettt s s e e e e tna e e e aaaaesran 164
Unit Seven CAD/CAM/CAE/CAPP «ocvveeveetetmuuininaaretritinniesasaesnrinineeaasseenns 166
T 1 ADSEEACE c++vrvevrorsnreutennsntrecsetsenconseensesessosseresesensesenensessneensssnesncnsn 166
7.2 Historical Development of CAD/CAM «+r-ereeenrerucienninianane, eererereeaneranans 166
7.3 CAD/CAM - ovrererentetutitientententaseartasratenteieeeensssesssesssnensenesnssnerns 167
7.4 The Applications of CAD/CAM  ~covrereemneniomiili e enas 171
7.4.1 The Application in Computer-aided Die Design -+--+-+reeererrerneinnnns 171
7.4.2 The Application of CAD/CAM in Injection Mold «+++veveeverenenninnn. 173
7.4.3 Animation and CAD/CAM --cvvreetertiiiteniiitiiisinnescrsasersonsreasssnes 173
7.4.4 Computer Integrated Manufacturing «++«+-«ccreereerereessenerieninnainians 173
7.4.5 CIM in Making Mold «++-seeesseeerurmeruemnieiniiiniiieieeeneenaeeennean, 174
7.4.6 Process Planning and CIM «-cccrcveemenriiiiiiiiiinii, 175
7.4.7 Computer-Aided Process Planning (CAPP) ---vceevveniiiiiinniniini, 175
7.4.8 Manufacturing Resources Planning (MRPII ) and CIM  «oeovevnveennes 176
7.4.9 Computer-aided Manufacturing «-+«»++seerrereeieininiiiiiiii... 178
7.4.10 Computer-aided NC Part Programming «+«+-c-+eveeevereieniiiniiiini. 178

7.5 CAD/CAM HArdware --eceereseeseceemmmmnareeereemmmoreereeremmuoieereeeemmsnnensees 179
7.6 CAD/CAM SOLLWALE «+v+cvvtereestsstnntarrursarraeeernsrassecesssesesssesneenneasennens 182
7.7 CAD System Examples «coccocevvereeiiiinni 183
7.7.1  Pro/Engineering ««++-+++++scseeeessseerttmmuinannmerrmiiiineenenernninseens 184

T 7.2 AULOCAD +cerenrenmnmitiiii ittt itireraeiertereeraneneereneienensnesnsananns 185

7.8 CAD/CAM Selection CIiteria «reeccesceessessesesssirtsssesiaroneesessosessssssessnas 186

T. O CAE cevverrtretniiiatasiiaresiiisussensasscscrsncrasses eesessetattantantaeeratrariarannanne 187



/ﬁ ST XE S

7.9.1 CAE for Polymer Processing ««++++++++ssseeseseseessessssissoniininnnnnnn, 188

7.9.2 The Applications of CAE  ++ceeeereeeeieiiiiiiiiiiiin 190

New Words and EXPressions ««+-+++ssseeeseessesssnnnririntiiiiieniiniiiiies i 193
Glossary of TEIMS  +++ereeresssssemruumuiitiiiiii sttt r e e e e e e r e 197
INOLES  ++ v v rerensetesrnsnesnsnesassenessssessessessststensansssnseressssassssnsessssnnensnsennnnns 199
QUESLIONS  ++++ssseeermmereetmintetitt et ettt ettt st tbt e e e rtra s aaseaaaeee st eeanraaaesses 201
Unit Eight Advanced Manufacturing Technology «««-«-«---cttcteeerererierseriirinninnnns 202
8.1 AbStract ++eceeeereseesnens et aea ettt eih e rerea e te e tet et aenenanes 202

8.2 Rapid Prototyping and Manufacturing «+:-+++-++-=+sssssevusmmmenesneriminminneenenn. 202
8.2.1 The Application Areas of RP and M --++cccrrrevssrermmrmuuiinieeninnnnnnn. 203

8.2.2 Characteristics of Rapid Prototyping Technologies +««++++sveeeresrennnnes 204

8.2.3  SUDITACHVE PrOCESSES *+++ e +rvesrrertatarenranerereecesensnrenensersncsnesens 206

8.2.4  AddItive ProCESSes «+eceverrerercaranrertsenrnenesesensnreesneseeranserneess 206

8.2.5 Virtual Prototyping «++««+ss«+sseeeerrrrrnarerimtimminianereeiiie i, 208

8.3 Manufacturing Technology for Special-purposes «++stereeererieiiiiiiniiiiiin.., 208
8.3.1 Ultrasonic Machining Installations «-«««++«++sssssssseeeserererrrerrirnnians 208

" 8.3.2 Laser Cutting Machines ++eoreveereeneiniiiiiiiiiiiiiiiiiniin, 209

8.3.3 Electron-beam Cutting Installations  «+«-+-eerrevereeiiiiiiniiiii, 209

8.3.4 Traveling-wire EDM  «c+teeeeeereeanmmnniiiiiiiiiiiiiiiiiccecnneeereeeeeens 209

8.4  Group Technology +++--+++evvessererremmuuiiiniiiiiiiiiinie et eeees 210

8.5 Flexible Manufacturing Systems «+++++++sssssessseesnrrereisuisessneeensneessneennn, 211

8.6 Robotics Technology «««««««s++esterermrmunnerteiiuiiiinierieriiiie et eeeeans 212
New Words and EXpressions «+--+-ecesesssereeeemuiinnrariemmiiinneeneniiiiiereininneenans 213
Glossary of TErms «r«++eeeeeeerensemmeeruemtimtiietiierteei et s erteeenerannannnrnnns 216
INOLES =+ e +etetsntnranerentrueeuseeuessssssessentoosnsssasensnenensnstscnsencnsssenssnsnnnnennns 217
QUESHIONS  +++=vreeren sttt ettt et et e e et e et et e e e eaaaas 219
Appendix A Glossary of Terms and AbDreviations ««-«-«-ccceeceeereeeseeerrnmmaaesirnnns 220
Appendix B VOCADUIATY  -«+vereeeeerrmrmerreeniiniiiiiieeiiiiinteeeeeserntveeeeeeeeennennns 246



Unit One

The Die émd Mold Materials and
Heat Treatment

1.1 Abstract

This unit mainly introduces the materials used for the parts of dies and molds, the
processes and methods of material heat treatment, and the selection of typical mold steels and
so on,which include several sections as follows:

1. Carbon steels,

Alloy steels,

Cold work die steels and hot work mold steels,
Selection of typical mold steels,

The purposes of heat treatment of materials,

SRR

Types of heat treatment of materials.

1.2 Die and Mold Materials

1.2.1 Carbon Steels

Carbon steels are used extensively in die and mold parts. Carbon steels are those steels
which only contain iron and carbon, and small amounts of other alloying elements. Carbon
steels are the most common and least expensive type of steel used for dies and molds. The
three principal types of carbon steels used for die and mold parts are low carbon, medium
carbon, and high carbon steels. Low carbon steel contains between 0. 05% and 0. 3%
carbon. Medium carbon steel contains between 0.3% and 0. 7% carbon. And high carbon
steel contains between 0. 7% and 1.5% carbon. As the carbon content is increased in carbon
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steel, the strength , toughness,and hardness also increase when the metal is heat treated.

Low carbon steels are soft, tough steels that are easily machined and welded. Due to
their low carbon content, these steels cannot be hardened except by case hardening. Low
carbon steels are well suited for the following applications; unimportant die and mold parts,
upper and lower shoes, and similar situations where strength and wear resistance are not
required.

Medium carbon steels are used where greater strength and toughness are required. Since
medium carbon steels have a higher carbon content they can be heat-treated to make parts
such as studs, plus,axles,and nuts. Steels in this group are more expensive as well as more
difficult to machine and weld than low carbon steels.

High carbon steels are the most hardenable type of carbon steel and are used frequently
for parts where wear resistance is an important factor. Other applications where high carbon
steels are well suited include guide pin bushings, guide pins, punch,and wear pads. Since
the carbon content of these steels is so high, parts made from high carbon steel are normally
difficult to machine and weld.

1.2.2 Alloy Steels

Alloy steels are basically carbon steels with additional elements added to alter the
characteristics and bring about a predictable change in the mechanical properties of the alloyed
metal. The alloying elements used most often in steels are manganese, nickel, molybdenum
and chromium. They can have the general name of manganese steel, nickel steel,
molybdenum steel and chromium steel according as their specific content of the alloying
elements in alloy steels.

Although alloy steels contain elements such as chromium, molybdenum and vanadium,
two constituents are essential for heat treatment: iron, termed ferrite in metallography, and
carbon, which combines with iron to form cementite, the hard intermetallic compound Fe,C.
These two constituents from a eutectoid structure known as pearlite when the steel is cooled
slowly enough to reach equilibrium,but by rapid cooling the steel is hardened. When such a
quenched steel is tempered, structures with mechanical properties intermediate between those
of the slowly cooled and the quenched conditions are formed.

In recent year there has been a greater understanding of the complex structural changes
taking place during heat treatment, with the help of phase transformation diagrams. Use of
these diagrams can lead to better control of the heat treatment cycle which in turn will ensure
optimum properties and maximum die life are achieved.

Stainless steel is a term used to describe high chromium and nickel-chromium steels.
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These steels are used for molds which must resist high temperatures and corrosive
atmospheres. Some high chromium steels can be hardened by heat treatment and are used
where resistance to wear, abrasion, and corrosion are required. Typical applications where a
hardenable stainless steel is sometimes preferred are plastic injection molds. Here the high
chromium content allows the steel to be highly polished and prevents deterioration of the

cavity from heat and corrosion.
1.2.3 Die and Mold Steels

The specific material selected for a particular dies or mold is normally determined by the
mechanical properties necessary for the proper operation of the dies and molds. These
materials should be selected only after a careful study and evaluation of the function and
requirements of the proposed tool. In most applications, more than one type of material will
be satisfactory ,and a final choice will normally be governed by requirements from customers
for dies and molds, such as performance and economic considerations for dies and molds.

The principal materials used for dies and molds can be divided into two major
categories : cold work tool (die) steel and hot work tool ( mold) steel, such as carbide steel ,
alloy tool steel, carbon tool steel, high-speed steel, high alloy steel, high carbon steel, low
carbon steel, shock resistance tool steel and so on. To properly select a die or mold material
there are several physical and mechanical properties you should understand to determine how
the materials you select will affect the function and performance of the die or mold!!!.

Physical and mechanical properties are those characteristics of a material which control
how the material will react under certain conditions. Physical properties are those properties
which are natural in the material and cannot be permanently altered without changing the
material itself.

These properties include weight, thermal and electrical conductivity, rate of thermal
expansion,and melting point. The mechanical properties of a material are those properties
which can be permanently altered by thermal or mechanical treatment. These properties
include strength, hardness, wear resistance, toughness, brittleness, plasticity, ductility,
malleability ,and modulus of elasticity.

From a use standpoint, die and mold steels are utilized in working and shaping basic
materials such as metals and plastics into desired forms. From a usefulness stahdpoint, die
steels are of the performance which are capable of being hardened and tempered and wear
resistance, high hardness, sufficient anti-impact strength. Mold steels are of the performance
which are capable of being hardened and tempered and heat resistance, corrosion resistance
and wear resistance.
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Die and mold steels are relatively especial steel products, they have a very important
application in production of the die and mold products, such as deep-drawing dies, stamping
dies, extrusion dies, piercing dies, bending dies, pressure die-casting dies, forming dies,
blanking dies and thermoplastic and thermosetting molds. They are playing a more and more

important role in die and mold industry.

1.2.4 Selection of Typical Mold Steels

The processes developed for molding plastics and the different processing properties of
the plastics lead to different loads, which must be taken into consideration not only in the
design but also in the selection of the materials required for molds. Steel has the ideal
qualifications,, because its properties can be modified by alloying elements, special production
processes,and heat treatment,and it can be adjusted to various requirements.

The most important requirements for the mold steels are;

® high compressive strength expected even at high temperatures,

® wear resistance,

® great toughness,

¢ corrosion resistance and good thermal conductivity.

Also, the mold maker expects the following properties

®- good machine ability,

good hobbing capabilities( where required) ,

e dimensional stability during heat treatment,

® good polishing properties,

® surface texturing without difficulties( where required).

Finally , the mold steel should be readily available ,and should be have a requirement that
demands a standardization of sizes and universally suitable types of steel.

Considering the various stresses to which the mold material is subjected, it is
understandable that not all conditions can be met with one grade of steel. The experience of
many years and the close cooperation between steel producers and consumers have led to the
development of mold steels that can be divided into the following groups: nitriding steels;
case-hardened steels; prehardened steels; fully hardened steels, corrosion-resistant steels;

maraging steels;hard material alloys.
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1.3 Heat Treatment of Die and Mold Materials

1.3.1 The Purposes of Heat Treatment

The main purpose of heat treatment for die-making and mold-making materials is to
control the properties of a specific metal or alloy through the alteration of the structure of the
specific metal or alloy by heating it to definite temperatures and cooling at various rates. This
combination of heating and controlled cooling determines not only the nature and distribution
of the microconstituents, which in turn determine the properties,but also the grain sizel?,

Heat treating should improve the alloy or metal for the service intended. Some of various
purposes of heat treating are as follows:

1. To remove strains after cold working such as forging, rolling,

2. To remove internal stresses such as produced by drawing, bending, extruding or
welding,

3. To increase the hardness of the material and wear-resisting properties,

4. To improve machinability,

5. To improve the comprehensive performance of material on purpose, such as
normalizing ,

6. To soften the material,as in annealing,

7. To improve or change properties of a material such as corrosion resistance, heat
resistance ,or others as required.

1.3.2 Types of Heat Treatment

Annealing—The process of annealing consists of heating the steel to an elevated
temperature for a definite period of time and, usually, cooling it slowly. Annealing is done to
produce homogenization and to establish normal equilibrium conditions, with corresponding
characteristic properties. In view that die and mold steel is generally purchased in the
annealed condition, sometimes it is necessary to rework a die or mold that has been
hardened ,and the die or mold must then be annealed.

The steel is heated slightly above its critical range and then cooled very slowly.

Normalizing—Involves heating the material to a temperature of about 55 —100TC above
the critical range and cooling in still air. This is about 55T over the regular hardening
temperature.

The purpose of normalizing is usually to refine grain structures that have been coarsened
in forging. With most of the medium-carbon forging steels, alloy, normalizing is highly
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recommended after forging and before machining to produce more homogeneous structures,
and in most cases,improved machinability'®’.

High-alloy air-hardened steels are never normalized, since to do so would cause them to
harden and defeat the primary purpose.

Tempering—This is the process of heating quenched and hardened steels and alloys to
some temperature below the lower critical temperature to reduce internal stresses setup in
hardening.

Hardening—This is the process of heating to a temperature above the critical range, and
cooling rapidly enough through the critical range to reduce to appreciably harden the steel.

Case Hardening—The addition of carbon to the surface of steel parts and the subsequent
hardening operations are important phases in heat treating. The process may involve the use
of molten sodium cyanide mixtures, pack carburizing with activated solid material such as
charcoal or coke, gas or oil carburizing, and dry cyaniding.

Spheroidizing—It is a form of annealing which, in the process of heating and cooling
steel, produces a rounded or globular form of carbide—the hard constituent in steel.

Steels are normally spheroidized to improve machinability. This is accomplished by
heating to a temperature of 749 — 7607C for carbon steels and higher for many alloy tool
steels, holding at heat one to four hours,and cooling slowly in the furnace.

Stress Relieving—This is a method of relieving the internal stresses set up in steel during
forming, cold working, and cooling after welding or machining. It is the simplest heat
treatment and is accomplished merely by heating to 649 — 7327 followed by air or furnace
cooling.

Large dies are usually roughed out, then stress-relieved and finish-machined. This will
minimize change of shape not only during machining but during subsequent heat treating as
well.

Welded sections will also have locked-in stresses owing to a combination of differential
heating and cooling cycles as well as to changes in cross section. Such stresses will be the
considerable movement in machining operations.

Surface Treatments—During the past 20 years, several processes have been introduced
to obtain enhanced surface hardness of steels. Some of them have developed from case
carburizing and nitriding , to obtain faster processing times with better environmental control of
and improved properties. Various salt bath processes have been used and now a wide range of
new methods is available.

In the die casting industry surface treatments are applied to steels to improve the
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properties of nozzle , ejector pins, cores and shot sleeves,to provide maximum resistance to
erosion , pitting and soldering. Treatment of die cavities has received only limited acclaim,
because the complex thermal patterns produced on large die components lead to stresses which
are sufficiently high to break through the thin surface treated layers, leading to premature
failure. Experience in drop forging has also indicated that surface treatments of the their dies

have not been particularly successful.

New Words and Expressions

die and mold /dai and mould/ n. #E , i / &1,
stud /stad/ n. &4, B4, BH

pin /pin/ n. &, 47, 4, #&

nut /nat/ n. $EE

punch /pantf/ n. 3k, WEEPPENL, K, FTHHL v wpFL, FTHL
strength /stren®/ n. J1 (&), 3REF

toughness /'tafnis/ n. #F#:, FE, WH

hardness /'ha:dnis/ n. B, M, KIEE

. manganese /;ma&pga'ni:z / 'maeggeni:z/ n. i

10. nickel /'nikl/ n. 4

11. molybdenum /ma'libdinom/ n. %H

12. chromium /'kraumjom/ n. %%

13. abrasion /o'breizon/ n. BEifR

14. evaluation /ivelju'eifon/ n. {4y, ¥4, X &, HE

15. satisfactory / s&tis'fektari/ adj. WEW, HESERMK

16. availability /o veilo'biliti/ n. f£7E, B%&, Hxktk, M
17. category /'katigori/ n. Fh3s, 2851, ink, KR

18. thermal /'Oaimal/ adj. (&) K, hMERK n EFHBSH
19. brittleness /'britlnis/ n. Jit:, WEREE, 5t

20. plasticity /plees'tisiti/ n. B ¥8¥E, W

21. ductility /dak'tiliti/ n. ZEBPE, FEMRRE, AT4BHE

22. malleability / meelia'biliti/ n. T4, EEM:, T4

23. modulus /'modjulos/ n. #HE, RE, B

24. elasticity /iles'tisiti/ n. 7, M4k

25. standpoint /'steendpoint/ n. 3735, W&

26. sufficient /sa'fifont/ adj. F&4rH, RBEH

27. hobbing /'hobiy/ adj. FE#IH, HEERK
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