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flmslIcUGi!lil\11aCVf:LcWeJ01§LLti§§tJ 

* 

I ,. UVlU1 

n'1'HLth.U1i'Il1:: ( metalworking ) 'IUJ,tJtI''Jno,'t-tlLL ''Il~~ut'l'Y~J~UVl1L'''1 em:: L fl~m' -
L ~tJULL tliN4tl~~\ltlJ~"f1~" ~'J'I. U'lJCIJ::~l m1::~ nLL th,tltl""ll1n~ ,'1.'; t'l'~lJiuU LLnl ~M ::l1~tI'b":nl~ 
tR,rruel1n~,'t.un"lJ~~LLth~~M::f\'UtlJ~'JLLVl~Mil~tJ~uth:: LVlFll V1tJ L'11U no," ( forging) 

m,''1 ( rolling) flT'i~\l ( drawing) LLOl::n1,~~~ultl~Du li'll1:: ( extrusion 

L'W;U n"lJ~1Jn~'LL th 4t.110l'l1:: L '11 ~~d i!u-!uv ::Vl'fl"'l"lJ~i~~':m~91c:fl'11 n"lJn~' r./1\911 iM qtlYi,..,CIJ -

lJ~n~u~n'lJCIJ:: 

U ''IlLLil::!'l'1~lJ~u~'I..uc:fiM ~ULL th ltl1iM ::!1~Vl~YiOl':tlno, L ~tln"l..u L fl"'tl"~m n~'tltlnLmuLUJ'~lJ~ 
91 Oltl~vUfl~'n1Mug}.ffu~tlU'lJtl'Jn1"HL tl" tl1 il'l1:: L if D" L i'hnf\'uu,,, c(1WY\J LL tn • . tl1il'l1:: 1 ~"'\Jfl~' ~ L PI,,::; -

, ,I " " • 

Vl1'1lVlt)\:tij1J11J1nn-l' 40 tiLL i"'l 't utR.,tru{f" 'b":!1Vlfl~9h 1 vs:ia11J"~f'liu'CIJLL ''JaiM -Y\JLL tl''ltllCM.::l ~-

~n9itl'J Vlt)'=tiiLLil::~in~"jf'l1u'ClJMtlt.ia.'uLM~'l,1~~ l~tJth::lJ~~ L vi~,ru mj~'J 'hn91~lJVlfJ~ L~a~d~;'u­
'I.;n~,~g\l~~iltl\l~n'lu~''J~~il~UtlUil'll ~"Lfiu~il'l,1tl,::~rr~;u~'tun~'r./~91 ~'J,ru~~n1,~iu7CIJ­
LL '\ll~tJtl'::lJ~~'Jl1fl'~lJai ~;YtlJ~'Jrl'J 'FI.n'no,r./~Vl ~th::m)\Jfl" n~'u i'l::~~Vl1\l~U L riu.'1iu\lf\'un1'­

LQnltl10lM ::~'Ilf'n''l,1 rn~lJauh LiJW'll,L FI'=t 

\JVlm~lJOtl?i\J~u!l'JI'JClJc:flJ~'1lu'J h'l1:: L ~tln~·mtn'~rJ~'JDVl~n-l~~M'UJD L ~tJur./~n ( recry­

stallization temperature) ~U L fiu';mJOl L ~tI'J;u~ai?rt1J'lun~'l'Iiu'fULL''Jc:fiwYuu tn,tll'11il:: 

2. n1'L~UU1VVlOl'~n'1lu,,10l'l1:: 

fl"LLu,lUL,m:: Lfiun~'Vli't;h~:: L~91n~' L\fs!uUIl..Mi'l~~n ( plastic deformation 

10l~::~~L~f'ln~'Ltl~tJu,tlVlOl~~nLrlu1m1::1;"'ufl'~lJL;u~'JLvi~f\'ufl'~lJL;Ufl'~n ( yield stres~ 
fl'~lJLUuVli'l~a~fl'1lu\lli'l'l1::c:f~lJ~'f1~n~l;~~n engineering stress-strain curve LUlu 1 -

LL a~" engineering stress-strain curve . '1ltN LiM ::tlm)tlu (annealed metals ) 41",;;­
"'nn"Vl~~tI\.Jn"~'J (tensile test) 

ti~10l'l1::1;"'un'\1~'J"u L~~I'I'~lJ L~Ulvi~t"lu9lilL~J'Jl~ C ("lultl 1) Ui'OlflU"'JJI,,~u l~~ll-
~u; fU'J1UVl~atlU"::L~flnl'L~uu,tlYi~1a~nLvi~f\'u OD t'l.11JU'. DC' ~tI~'U~Lnfln~'Lu~uU-
4tJrlfl~~U ( elastic deformation) 01' L~uultJ(lflM~U Ltiu~~a.u L~U'J L~~tltJ'1ltl'lln~' ltldmJ41.l 

~\lMlJf'I ~'f.J L ~9Jd't U L ~u'J'lltl'Jn,..m th.UL iM ::~\lt'ltl-l~ n~' L ~UU1 ~~nntlu lm1:: L riufu~.U4tM""fU 11',,,· 

~~nn~"Ltl~uultlVlil~a~ntlJ~"L~U' 
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Engineering stress-strain curve ~'nn'~~~#Dun"~~ 

1.~:DU~DU L = elastic limit L c proportional 
e p 

11mi t P = LL'~"~ ,,= «U~U'«'IL "lJ'lJD~€U~'UI1~'RDU 
. 0 

1 _ ~'l'lJU"'lJD~~U~'UI1~'RDU'IJ!V::l;;~uLl~~ l ' - ~'l'lJU''l o 

f'l'1..,lJ L FI'tJ~ (E = J 
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45. 

']TSil 
-~ 

FI'1"'~L~'V" e = 1 - 10 
10 

n 

K 
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0.01 0.1 1.0 10.0 



46. 

Lrl1l L ~lJLL ''13'''13' ;fI'\J~'I3~U'(I"Ol'fl\J~fll, V"l'YIJ ,j"l'l3tJfI'YIqUu,~~flll ;91~lJUU~ L w CD PI"l"~-
.. ,., I ' . I- "lJ.,' ..... ~LL ... :'I31;1f1 C dU~~I'l"l~lJ L ;uf'I'~n'l.lfl'l31m1 ~ L fi1Jlul1"v'YIr'l3~1n~1;m:: L ""m,· LPlU" ,.,noq::..,PI.,uo.. 'oro' ,,0. • • , , 

L tr.!UU4tM~,~n ~ L ~JL~~ n'l'.,:: 1i1'Y1:: Lf'f'I ·strai'n hardening ;1'Y11m'1~Um'Vlfli'ftlu!1~1·HI91-
UOI:: L ~lJLL''J L ~\!"'i1"[J , 1'l.f'13 lfl[Jn'flU~'4l::i1f'1L~''I3U~i1::I'I.f'l3;1l'l3V11"t;f\N1U L nllm, L "m~ulUr!il1~n 
11'1 C~:: L tr.!UU911LL,.,J'I3hm~lJ u~U BE LQu BE ~'13 d:hHQu~Ui'ff'l'l3m' L9ilJIU~1l\1""l1lJ L;UI'l'1mJ'fN­

li1'Y1 ::~tJnu tl,;J lJ~n'1lU "I" E L tiu, "~n1' ,L ~~U~ll'l3I'1"l~lJ L ;ut:"~n L dll'l3~~n strain hardening -

, ~lJfJ1Hjl1\Jn~' L ~lJ~U'llfl'l3I'1"l~lJ L;U L rla'l3'4l.,nn~'i1,,«u~,j~Ii''''lIa'l3fu'l3~UVlf'li'ftl\J ~'f'I E H€U'I3~UVI"iI'1ltJ 
L~lJLf'''I'l1lf'ltJ" ( necking) 'YIfS'I3~~n'fl E 1tlLL;"l~'~lJLI'I!ftJ,,"tutJ'L'ltul'ltJl'ltlfllJIU1l~fI'tJ""l~L~ 

. L 91[J'I3aJ~'13 L ~U"l LL9i'4l::~U1l~fI'\J''lIu~f'I'lla'l3fu'l3~UV1''i'ftl\J~'tJ ;'lrJ L'YI9li!L ll'l3~~I'l"l~lJri" (elongation ) 

911'13, "fifU'I3~UV191i'fa\J'll~91~'13 hj!1itUi'f11i'~ L nU'l ~til'ltui'flJ~'lla'l311'l'YI ::LL iI::n~'1'l1U'tuLL ''I3i'f1'Y1-r\JU u,ltllm'1:: 

3. f'ltui'flJ~'ll tl'l31i111:: L ~1l n1 1 LL tl1~!J. 

~'13 LW';~ engineering stress-strain curve ~ ::Ui'f"~fl"l~lJ L tiuVlil'i'f~n'lla'l31i1'Y1::~'I3~ ~ 
n~'''llJ'LL;''l~911lJ LL~~~1'l1~lJ L~uLLiI::m~lJ LI'I'U'il'U engineering -stress-strain curve 1lJ",j 

~~~LL~~~'13 L Vl1~::~'I'l"lJ L ;UI'l1U'ltu~~tl«u~'YI,j~«" L ~'lltl'l3€U'l3'UV1"i'f1ltJuil::';~l'n~lJ L l'I'tJfl"1U'lm~n 
m'lJU~1 L ~lJ'lla'l3fu'l3~u'(l"i'fau ' 'lflum1lJ L fJu~''I3"1. U'lltu:: L f'fln~' L tr.!uu;tl'riil'~~ n Ku~'YIu~Ii'''u iI::f'I'';lJ 

u~'l'lla'l3ftN~U'(If)i'f1li.J L tr.!UULL tJiI'I3L tla~~'I39ia L rl1l'13 ~~u"I. uV1~~n~ 'LLD,;tJl iI'YI::~'I3"t-tl true 'stress -

s train curve LLi'ffl'l3~rui'flJ~'lla'l31 iI'YI:: LLiI::iJ'ntlUlJ L 'un stress strain-curve 'I1tlfl1f';~ 
~ L~'fn~lJL;u'1'Y1i1" ( flow stz:ess ·curv~ ltl 2 LLiI'~'I3f$m:tfU::~tl'13 LW"'~lJ L;u't11mJll'l31;m::nufi.eu 

~'13 L f'fl~~fln~'VlatltJI'::Wl1'13"'~I'l'~lJ L ;U~'\'J ( ~) _ rrU':~I'I"l~lJ L"tfU"~'\'J (~) 1,,£jfll'l1~ ~ ~~''I3~tl 
LL 1\1'i1\1 fl'::V11 rrtJfu\'J1UV1"i'ftl\J'YI~';'lU«U~11,j~If,,~-rtJLL ''I3Bu u il::l'n~1J L 9'I'Uf'I")''\1J1m''il~1lJ~,,J'lUn~1 L tJdvu­
LL t1~,\!fl'l~lJ tJ~'l'll1l\1fU\1~U'V111i'fllU"iI~nl'n~lJtJ~1 L ~1J~uft'l3I'l'l~1J(.J~"l"l" '1 ~~~~,tu~ 

4. n1'i'f;~'I3L;Ul'I'~lJL;ul'YIil")~n engineering stress~strain curve 

lflu"l~;tl~\J2l~l~utI.y;"tUfl~' L udVUlt1'riil~0l'~fl~lJ~"''2la'l31m1:: lJ L "mUULL tl~\1 . . ' .. ~ 
, ::11'''\'I1'I'l1lJ 1 fluua::I'l,1lJl fl~f'I'll'il'13 engineering stress-strain , curve 

I. '~'11 ,., -a~'I3t! 

S (e + 1) 
= 

6 = ln (e + 1) 

.,. ' ... 
1Q:: 1 f'll'I'1lJ~lJ«Ut! 

t"i'U'1J!l'l3LQuI'l111J-

~lJfl~'~'I3i'ftl'13 !hh:: 1!Jw'l u~~, L tr.!uu 

1'11'lJ L ~u 1 1101 

engineering stress-strain curve "t;L~\~ 

L ;Ufl1~lJ L ~u '1 'YIiI'2ltl\11il'Yl ::fl\Jti(Juihu"l11~i'f~lJ~.,tI L'f1VU"t U.U'lltNi'fl;n~'flm'i1I'f~i'f"" ;~'\!n 
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47. 

1~rJ~ K ~Cl~~Tl\1~LL~:: n 1\tl~. L ~'/Jtlnn;~\1'li\1 L 'ftln;~ ~train hardening exponent 

f111 K LLil:: n 'I1~"~"iI~nn~·n·.~Cl91'::'I1;~\1 6 LUI:: € "lum::"~~n;~w;nn-;nn ( log-log 

paper ) n ~tl~~m~11il~~'/JfN L ;um"'~wLLil:: K ~n~1m~lJ L ~U"il1J"~TlT1lJ L fl'tlTl'Ol'\1 L V:~fI'1.J 1 

~\1 LLrfTl\' "-;'"1. u ltl 3 

Tl1~lJ L Tl'ftlfl~ L 1\flfu"l. u'/J1.J1Un~' LL tl, .tl1~ ::.hu"l'l1~ L {Jum1lJ L Tl'tlfl~91 compressive 

strain LL rl::!1~~'ij\1n~~m~lJ L l'l'tlfl~' L ~fl~U' UI)1U\1~UVl"il'tl1.J01 '~\1lJ1 n 1'l11lJ"iI'\1n1'Vll1lrftl1.J 1 i'l11:: 

L~fln~'LLtl'ltlI'l1"';n~'Vlfl~m1.Jn~'fI'Tl ( compression test) lJ1nf\;~n~'Vlfl<ftl1.Jn~'~" LL';m,­

Vlfl<ffl1.Jn~'~Tlrlm ~lJ~\1t1,mLi'l:: L fttl L 1il~'Un1'Vl"rftl1.JlJ1nn;~ Ir",fu' UVl1\1 tlZlt:m~"Vl"Vfl1.J 1<1"1 ::fl1um,"" 

LLa1~1.J LWI'l1~lJ L ;u1'11i'l~ ~"iI~nn~'Vlfl~tl1.J"l'; L'I1lJ~::fI'1.Jn~'u;" tfl.u-t,u~~un~·HLtl,.tl1i'l11:: 'l"u~ tu~­
L;Ufl'~lJL~ul11rl'Ol~n'TlL~lJL~flI'lClfltlfl1~un~~11'l'~lJLI'l'tlflLV:~fI'1.J 1 ~\1~~fl'~lJL"'Ufldi"lJ~n~tlil';11~1.J 
"~ULL tl,.tI1 ~::~h 1 tl 

5. !'1,g 

L WTl1~lJ L ~u 111 il L r1u"lnl<flJ~ L ~tl\1;u'lJCl\11 il11 ::Mm~lJrf;~~';tln1'~fl;u'nlLL , ,,<f;11 -r1.JLL tl,.tl1il11:: 

n~''I1~~~~'lJU~d'lJe"1il'l1::Vl;1~~~tl1,,u'';n1'VlTlil'fl1.Jn~'~'' ~il"il1nn1'Vlfl<ffl1.J "lul~tl\1 
engineering stress-strain curve <f~2J~'n Ltlduu'; dJu LWfl'~lJ L~U"'I1il"fl LL''''I1~tll'l'1lJIrU 
a;'I1~1.JLL tI,.tl1il'l1 ::~I'l;u'nl"il1n L WI'l11lJ L ;ul 'I1il~fl'lJ\J~fl'/Jtl\1LL ·N'I11tlI'l1~lJllui'li" L flU"~tli'l~::Vl; "l;1~:: 
L ~Tln~' L "mtlult1w~~~nflJ~"alJ'~lL il'lJtl ( homogeneous deformation) Ldtltl~1.J,j~LL'\1i'1,,;u'f1Il; 
'h1'ij\1~u1flU Ldfln~' LfttlflVl1ULLil:: Ltffl\11Ui~Ltli'i~rlU '1 ( -redundant work done) ~"L1\"tU9l1lJ­
L ~flU 1'lJLLil::'I1nfl'lJtl\1'lJ1.J1un~' LLtI'lULL~' i'i~::1 ~fII~ LL''''I1~tl'''~lJllu~,,'' na L "tNtr1.J1'I1~lJ L fiJ~,,,rl\1t\l 
ri~u,::lJ~nl L 'I1a~d L fiJtl,:: 1UWtlJ~\1rl\1~tlm'iJ~~LL1.J1.J~Un'~" L ntl1.tfl"fI'1.Jn~'LL tI, .. tJl.,.,:: m,n;'I1u,,-

. , 
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