
.:!I ,..... _I.:!I · ~ a 0..... a a iI.:!I a oS, 
fll'jftfl1l1"1.:Jf\lUu'j.,U't'i1Jl~il1J''Ufll'j1tJU''.:JUll~tJltJ~I£J'UI't'illflfllll'nIt)1Jlfl'j~I'nt) 

nftl'Ultl'j:U'rli.fll'nUUit1J-rit1~th't'i1tJfll'jf'af\i'Ui:h'U1'U~f\ill't'ifl'j'j1J 
-_ ....-::::::.:.:.:--

t)lUJn1fllu1tl£j~fl~tl~.ijf)"HltltrYilUmll't1Ull'\l~'Vn~Ufl"n't1i!tl 

r---------~~"'" 't1Ulam't1fllu1tl£j'11'lf1HfltlYn~Ufl'1 
" .

"1U.'illil.J~~~mn~bm'J""l 

'Vtfl.2549
1l1ltni't1EJ1.liil11~\~:;;b 1i \-,'\\ l':.t"' 5,r1"jflH'\1 f' 

~ d - 5 aI. A. 25521UYl . 

w'" ()()C\d..~
L~'lJ't1..LlJ[J" ·.. ··· " •• ·· 



, , 
ell 'OJ _I ... " d OJ d d !lI'" d 40

fll"j fI fl'Y1"1~f11U1J"jYll't'l1J1:i.T1J I 'Ufll"j1tJU'\l.:JUil::tJ1tJ~ltl'Ul 'l1ilflflil1'rt181Jlfl"j ~1'rt8 

.. 
';f)I'U1t1"j::Wni.fl1'rtUUytlJliftilti1't'l-rtJfll"jNi;f1;'Uth'U''U~fla1't'lfl''j''j1J 

04 'i' 'i' "" ~ OJ OJ 'i' lU"'> "" <!!
tl'UtIlfltl A'U A"mtl'1f)~'llf)'1f)"f)\1l A'UlJ\1l 1f1Ul1'\l\1l'Vi'1~'Utl'1 1't1'Uf)
 

lJ't111f1Ulamflfl~'U~ ,,£hl'VlJ~tl"'Vi'1~'Utl'1
 

'lh~.u iiJ f)1'1 t1 f)'l:n 2549
 



-=r ,.., _I'"
, 

~ a 0'" a a if ... a .o!!l
I 

fll "j ft fllfl'U1.:Jfl1IIlfi 'U,"1I1~ffli&Ufll"jl1.U 1'U.:JIIt1~1.Jl1.J~UUUA'"t1flflt11')'Utllll fl"j ~U ~ tl 

~~ullJ"jdhlfi.fll~U~fill...tfi'fnh,"~l.Jfll"jN~f1~UthU1uflflffl,"fl"j"j1l 



• •• 
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fl 

jI I " ..." "do
: H')j'10rYlffYl'jl~l'HJff't1'jYl'IJ 1~1:lrYnj~ 

OJ 

~ I... _I d ~ do ... G d jI do G 
: f)1'jl1n1:ll')j'1~Yl1H lJ'jl'lt't111l~ff1l1 'Uf)1'j')j'tJH'\I~HCl~1JltJ~W'Ut't1ClnnCll'rUfllltmfl• . " 

t~fl~\91J'lJltJ'j~ ill'l ~.fll'rut1iYill~~flffl't17tJf)1'j Hi'lYl;'IJ"h'U1'lJflYlffl't1m 'j1l• 
: rY'lJO-Utl'lfl 1'IJ1ClOlfl~fl~~mnClijYl 1'IJ~~ 

OJ 

ov , 

tJTlfI~UJ8 

-C:\ Q,I .J" s'I d d fJ/ QI..c:t • • 

f)1'j1~O'IJttJ'lJf)l'j'l!tJU'\I~t't1ClnnCllH~fl~'j~ ff1'IJHffll 1.50%C, 1.00%Sl , 8.00%Cr , 1.50%Mo , 

~ fJ/ fJ/ 0 QI d 1 QI QI _I ~.dl 
0.40%Mn , fIl0 lYlm~tJ1'IJf)l'jl'lHfl111J'jfl'IJHCl~1JltJflW'UflHn'IJ4.0%V 3 IPI1HlJ'j t'YiflrYn1:ll 

_I '" '" jI ~ '''' "... 1 d jI ~ jIj1 d/ '" 1"
lJ'j~ffl'l1ifll""f)1'jIPIl'IJl'll'IJ f)1 HIn't1 H)'\Ifl~HlI""lI""Yl~ ~ OfltJt't1 Cl nnClll 't1 'jfl'IJfNflW't1.flllflflfftl'l'IJ 'lJl'l 

1 ,. 
• OJ 

~ ~ 0 ~..c:t ~ d fJ/ r::I QI tI d .dlQI 

l'lflW't1.flll 1030 C f1~flW't1f1l1 30 'lJll'l ~ln'IJ'IJ')j'tJU'\I~~10Hnff 'U lYl'jt~'lJfl1lll~'IJ 3 1Jl'j IO'IJ1PI1Cl~f:I~ 
q IV q cu q 

~W't1fJ1J~Hn'IJ tJ'j~nfltJ~10 ~~W't1fJ1J 35 °c (-H'fl~) ~~W't1fJ1J -147°C HCl:: -192°C 1~Ofl~~W't1\!1J 

11' 4.0 ci1111~ ~lmr'IJfltJfi'IJ~1~mU't1fl1J525°C ~1'IJ1'IJ 2 f1f~ i~o'j::1'IJ~'IJ'jtJt~'IJ~'lJff1'IJH1iYill~~~ 
• OJ OJ 

'j}1,J ~,J OQlQl d. 
(Blanking Die) '\I'1Jl~tff'IJH1'IJUlWnClH'\Ifl~""W]j'10 1111. ffl't1'jtJlPI~t't1ClnUH'IJ SUS 304 f11lll't1'IJ1 1.13 

" 
1111. ~1'U1'IJ 20,000 f17~ HClf)l'j1~01,hlntrhijfl1lllU~~ 61.0 HRC. 61.0 HRC. ItCl:: 60.2 HRC. 

Yllll~l~tJ 11i~Hn'IJ1I1n,rn ff1'IJ~lm~'IJ 59.9HRC. 60.6 HRC. tm:: 60.4 HRC. IPIlll~l~tJ ffl't17tJ 

1 .oQl tI.d~ fJ/ QI d QI QI d .ci .q fJ/ t tid,: QI QI fJ/
UlI .... lI .... l'l1 'll'1PI1HtJ'jf)1'j W'IJYl1't1Cl~')j'tJU'\I~mflW't1 f111't1 fl~""'lJC)fll'lJl't1'IJ nCl~Cl~ 0.0179 mll '\I'IJ1~tff'IJ 

" • I 

F-h'IJrY'IJ6nCll~Cl~Cl~tn'IJ 9.835 1111. ~'IJ~l'IJ(Blank) ij'\l'lJl~'\Ifl~ Cut Band 'li1~t711~~ 0.460 1111. tijfl~~ 
OJ 

oJ. I 

ii~ 20,000 f17~ ijtllt~'IJ 0.646 1111. ffl't17tJu1iYill~fhg'IJ~1't1~~'JllUt~~ii~~W't1\!1J -147°C HClf)1'j~~ 
" " tJ'jlntrh~'lJCJ1ih't1,rnCl~Cl~ 0.0079 n711 '\I'IJ1~tff'lJfh'IJU'IJ6nClHCl~"~t~'IJ 9.907 1111. '\I'IJ1~ Cut Band 

I r,tJ 

'li1~till~~ ijtll 0.659 1111. tm::'li1~f)l'j~~li 20,000 f17~ ijrht~'IJ 0.448 1111. ff1'IJH1iYill~litg'U~1't1~~ 

" " '\!tJu~~ii~~W't1\!1J -192°C HClf)l'j~fltJ'jln{J'h~'lJCJ1,jl't1,rnCl~Cl~0.0173 n711 '\I'1Jl~tff'UF-h'IJ~'lJ6nCll~ 

Cl~Cl~ t~'IJ 9.8861111. '\I'1Jl~ Cut Band 'li1~t~1I~~ ijtll 0.633 1111. ItCl::'li1~f)1'j~~~ 20,000 t,f~ ijtllt~'IJ 
'JJ. I t 

0.530 1111. HCl f)l'j 1~O ff'j tJ 1~'h~l.H l'IJli Hl'IJ f)l'i ')j'tJtg'IJtijtlti1I~~ ~::ijf)l'j ~n't1 'jfllllnn'h 't1 ~nl n 

o ~~ QI ~ J QI .ei fJ/ ~ .ei QI QI 

lll'IJ1'IJfI'j ~ 1'IJ f)1'j lPI~t""lI'\1'IJ flYl'j If)l'j ffn't1'j fl~::')j'lCl~ tm::.... qlPl m 'j1l f)l'j ffn't1 'jfl'\lfl~f1l1Yl~ ~ lnCl n1:lw:: 

" " f)1'j m::Ul'ln'\lfl~~'lJCJ1uCl::~lOffl't17tJ~~~'IJ ~l'IJ .... tJ'ht~'IJ n1'j ~n't1 'j flU tJtJ Abrasive wear f)l'j'lh1Jfltg'IJ 

" 
U~t'WO~f17~t~01't1~~lllflf)l'j tg'IJ~11l1nflW 't1 fl1Jflflfftl'l'IJ 1 'IJ.,j'iJ~ 11ifflll1'jf:lCl~flflfftl'l'IJ 1 'U.,j'Ylnri'l~ 1~ 

• OJ 

~ 0 QI d I ~ QI I ~ J I ~ QI

l'l~'t111~ f11'j1JltJ~W'U'j::'t11Hf)1'jfl1JfI'lJYl1ltYlCl::f1HUCl::nCll'U1'IJ'\I'Uml 20 ')j'1111~ UCl~'t1Cl~lllnf)l'j 

" " 
t~o'j~ 1'U;]'IJ ,,!~.yhO(Finish to size) tlJ;\'1m'jCl~f11llltri''lJflnfl7~~~ffllll'jf:lfl~fffll""f1l1~~1~'lJl'IJn'h 
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4.1.5 ff.fll'YioW'UH1'\JtI'l Punch 1m:: Die 'H ~'lHl'Ufll':iilll~~n 5,000 T17'1 74 

'JI t:'I I 'JI 
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d 
'Vl1l1l 0 tl'lffl• 

76 
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'" d

10,000 TIl'l'Vl1Jll 0 tI'lffl 
" ., . 
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'" 
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'" 
" 

d 
. 

20,000 T1H'Vl~ll 0 tl'lffl 
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>I >I 
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4.2.11 fffll'W.w'WH1'Ufl.:j 
>I • 

'" '" 20,000 flH'YIlllJ 
>I 

4.2.12 fffll'W.w'WH1'U{J.:j 

Punch 1m::: 

Punch 1m::: 

Punch 1m::: 

Punch 1m::: 

0 {J.:jfYl 
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.. • 
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97 

98 
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" ., I tI I 

4.3.5 ff.fl1'Vl~'\.JH1'\Jfl~ Punch U"::: Die ml~Hl'tJfI1'jil1J~~ii 5,000 f1i'~ii 108 

1J1J 180 fl~ffl 
q 

" ttl I " I 

4.3.6	 ff.fl1'Vl~'tJFh\lfl~ Punch U"::: Die 'H~~Hl'tJfI1'iil1J~~fi 7,500 f1i'~fi 109 

~1J 180 fl~ffl 

"	 ttl I " I 

4.3.7	 ff.fl1'Vl~'tJH1'\Jfl~ Punch U"::: Die 'H~~Hl'tJfI1'jil1J~~ii 10,000 f1i'~ii 110 

1J1J 180 fl~ffl 
q 

"	 WI, " I 

4.3.8	 ff.fl1'Vl~'tJH1'\lfl~ Punch U"::: Die 'I1~~Hl'tJfI1'jil1J~~ii 12,500 f1i'~ii III 

1J1J 180 fl~ffl 
q 

"	 r:tI I " 1 

4.3.9	 ff.fl1'Vl~'tJH1'\lfl~ Punch U"::: Die 'I1~~Hl'tJfI1'iil1J~~ii 15,000 f1i'~ii 112 

1J1J 180 fl~ffl 
q 

~	 iii I " I 

4.3.1 0 ff.fl1'Vl~lJH1'\Jfl~ Punch U"::: Die 'I1~~Hl'Ufl1'jil1J~~ii 17,500 f1i'~n 113 

1J1J 180 B~ffl 
q 

~ r:I I " I 

4.3.11 ff.fl1'Vl~lJH1'\lfl~ Punch U"::: Die 'I1~~Hl'tJfI1'jil1J~~ii20,000 f1i'~ii 114 

~1J 180 B~ff1 
~ I r:I I . I , 

4.3.12 ff.fl1'Vl~lJH1 Punch nHl'tJfI1'jil1J~~ii 10,000 1~tl1~lfl7fl~ SEM n 115 

1J1J 180 fl~ffl 
q 

~ , r:I r	 I I 

4.3.13 ff.fl1'Vl~lJH1 Punch iiH1'WfI1'jil1J~~n 20,000 1~tl1,*!f17fl~ SEM nIlS 

~1J 180 fl'lffl 

" "'" '" '"4.3.14	 tYfI1l'fYI'tJF-I1'\1'fJ':Uft'1I'lfWHW 116 
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fll flffU 1f1 

fll fI FfU1 f1 f1. 

fllflF-l'U1f1 'IJ. 

fllflF-l'U1f1 fl. 

fllflF-l'U1f1 ". 

fllflF-l'U1f1 ~. 

fllflF-l'U1f111. 

fllflF-l'U1f1 'if. 

fllflF-l'U 1f1 GJf. 

>I 

'ih'nUf1 OHAUS Analytical Plus Electronic Balance iifl1UJ 

"" Cl~1tItI~ 0.0001 g.
 

f1l':il~f11'.i~m1·H)'IJU" Punch l~tll~lf1tu" Measuring Micro scope
 
>I >I • 

'thtlUf1~'U"l'U 1~vl~1f17U" OHAUS Analytical Plus Electronic 

Balance iimllJCl:::l~tI~ 0.001 g. . 
~ • ~ a 

f1l'.i1~mml1J~"'IJm Cut Band ~1tJ1mm Measuring Micro scope 
>I , 

<'t '" 'jI 'jI

fl1'YmtY~"tYfll'rfVi'UF-l1'IJU"Punch 11Cl~ Die ~1t1f1ClU" Reflected 

Light Microscope Axiotech fh~"'IJtI1V 90 l't'h 
>I 

<'t '" 'jI 'jI 

fl1l'H1ff~"fffl1l'fVi'UF-l1'IJU"Punch ~1t1f1ClU" Scanning Electron 

Microscope (SEM) fh~"'IJmtJ 200, 250, 1500 nh 

ml~f1l':iU1J'tl1J1l1gf1 Vanadis 4 

'''' <I
111J'IJUlJ'VilJ'Vi 



.d 4 
f11'aH'n	 ~tlfll'aH 't'IUl"

2.1 '\J'Ulfl'\Jtl.:J'titl.:J1W\Itl-:J li:1'11~'tfijfl~l.:J "1	 5 
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3.7	 "'7tJ,rtllJi:I\llfl~171.:Jfll7tll.J'tf1.J (Heat Treatment) 41 
q	 ~ q 

3.8 "'1tJ,rtllqli:l\llfl~171.:Jf)Wt;' Cryogenics Temperature	 41 

9J	 d '" <!I d3.9 '\Jtl1q!i:lfll7tll.J'Il1.J'\Jtl.:Jl'I1i:1mmtl.:JlJtl.:Jl'UW'U Vanaws 4	 43 



ltJ~ ;tlltJ 

2.1 U"l'fl'1~1Ifll';j~fl 

" 2.2 ih~1J;r'\..l'tltNfll';j~fl1(ll1:: 

Q,I GI 'j/ • • I GI 

2.4 "l'fll'Vi'tltl'1HW~fl'il1flfll';j~flfl1t1~tl'l11'l~1'lfl'\..l 

2.5 "l'fll'Vi'tltl'lu'ri'l1"l1::~ 1,j1~'iI1flfll';jt 'il1::'tItl'l..i'\.JCJftm::fl1t1~tatl'1tl'\..l6 
" 

2.6 fll';j tl1l1 '\..I fl'tl '\..I1fl'tl tl'lVl'\.JCJfU(l:: fl1 tI~ 11J11 ';j::tflVl'tl tl'l fll';j1-ti 

2.7 UH~fl 

2.8 fll';j"~UH~~ 

" 2.11 UH~'\..I.;$'\..I'll'\..1
 

QI' .4 d~ 0'
2.12 ~1tltl1'lfll';j"l'fll1';jtlVl'Vi'\..lC)f 

." " 
2.13 tl111J ff1J~'\..I ~';j;: l111'1 fll';j fffll1 ';j tlfi 11 m tI~'\.JCJfU":: ~ntl'Vi! tl1Jn'l tl111J "J'l';i tl tI 

d" d.ea.." QI 0 QI 

t"l'tI'\..IVI~'\..I'l1'\..1fl1J'il1'\..11'\..1fll':i~fl 

2.14 fl';j 1-nfll';j tl1J fl '\..I ~1 

2.15 fll';j t1l~tI'\..IutJ"'l1 t1';i 'l"l'!l'ltltl"l't~'\..I 1 '\..I 'ti'~m;ul1 fliJtl'l~ 
• OJ 

2.16 fll';j ttJ~tI'\..Iu1l"'l1 t1';i 'l"l'!l'ltltl"l't~'\..I1 '\..I 'ti'1'\..1 EmH.u::fitltdtl'l 

.ea. .ea. ~ ~ .ea. d~ QI ad" 0' 
2.17 tl1i1JltlH1~'\..I'l1'\..1V1'1 5 ~'\..IflVlLflfl'il1flfll';j~flLiltl'\..l'\ltl'lttl"tlU':i'\..lC)f 

2.18 EmIW;:'\Itl'l';jtltl~flt~tl'\..lU1J1Jfi1'l~ ~11J'tI'\..I1fl';j::tI::'litl'l-:iH~1-ti 
.g ~ 0' 

2.19 fll';j"l'fll1';jtl1J'\..I'Vi'\..lC)f 

2.20 l11i1'l'tltl'ltl1J~flt~tl'\..l 
. " o Id.ea..c9 Qld' 

2.21 ~lUl1 '\..I 'l VI tflfl fll';j "l'flVl ';j tl'tl tl 'l'Vi'\..l C)ftm:: fl1 tI 

2.22 1I';j::LflVlfi1'l ~ 'tItl'l'l1'\..1~fl1fltll-tiU1jff1J~ 
" . 

2.23 1tlH"l'!1'lUliff1JoWU1Ji1''ln'l / t~tI"l'ci'1 
Q,lQ,lt!:: IQI.ea.O 'j/~QI 

2.24 tl111J"l'1J'Vi'\..l1i '\I tl'l~'\..I 'l1'\..1 tm:: ttH'\..I 1~ Qfl1J"l'111 ';j 1J tt1J"'lfl'l 

" . 
2.25 tld11J ff1J~'\..I i'tltl 'l.;$'\..1 '11 '\..Itm::trnJ1"l1::ff1l1 i'1J t~ tI"l'ci'l 

3
 

4
 

4
 

6
 

6
 

7
 

7
 

11
 

12
 

12
 

13
 

17
 

18
 

21
 

22
 

22
 

25
 

27
 

28
 

30
 

32
 

34
 

35
 

36
 

36
 



II 
fiUl 

" 3.1 'l1'U~fl'U f1l'j~lli1'U f1l'ji~v	 37 

3.2 ml~UtYfl.:lfJW11.fJiJ'i!'lJU~.:l 1030
0 

C Tempering (525°C)	 42 

: d 0 QI d 
3.3 '\J'U ~fl'U f1l'j'if1J U'\J.:lUJ:1 ~1Jl1JflW'U	 44

• 
3.4 f1l'jflflflU1J1J Punch U'l~ Die	 45 

3.5 U1J1Jlll~'j!l'U'\Jfl.:l Punch	 46 

3.6 U1J1Jlllfl'j!l'U'\Jfl.:l Die	 47 

3.7 'fl~lntYyJu1J1J~flil'U	 48 

3.8 U1J1Jlll~'j! l'U 'fllCJfl1	 49 

3.9 ri1'U1.h::flfl1J'\Jfl.:luli-wlJ'n~fl	 50 

I.e::.. tlOJ 
3.10 Ull"'ll"'~fl (Blanking Die)	 51 . 
3.11	 LTliO-.3 Press f\J1Jl~ 25 ~1J 52 

52 

3.13 UtYfl.:lm'V4'\Jfl.:ll~lfl1J'if1J	 53. Vacuum 

" 3.14 utYfl.:lm'V4;i'U.:ll'U t 'Ul~lfl1J'if1J	 54
• 

4
3.15 lmfl.:l Controll~lfl1J'lf1J	 54. 
3.16 Liquid nitrogen	 55 

3.17 UtYfl.:lf1l'j~fltY1V Thennocouple	 55 

3.18 f1lnh Sub-Zero	 56 

3.19 mvt'Ul~l Tempering	 56 

'" I G3.20 f1l'j1flfllfl1111U'\J.:l	 57 
. ."4 QI 0 QI	 d

3.21 !mfl.:l'if.:l'Ul11'Ufl OHAUS Analytical Plus Electronic Balance fI1111J:1::mVfI 0.001 g.	 59 

'j} ••	 0 QI ,

3.22	 flJ:1fl.:l Reflected LIght MIcroscope Axiotcch f1l'l.:l'\JV1V 90 ml 59 

4
3.23 lfl'jfl.:l Measuring Micro Scope	 60 

4 
3.24 lmfl.:l SEM (Scanning Electron Microscope)	 60 

. " 
4.1 ml~UtYfI.:l~(l-».:lill11'l1fl'\Jfl.:l Punch	 61 

. " 
4.2 ml~fll'JiYfl11'jfl'\Jfl.:l Punch 1f1Vfll'J-».:lth11'l1fl	 62 

. " 
4.3 ml~UtYfl.:l~J:1i'.:lilll1'l1fl'\JtH Die	 62 



..i 
'lJ'fI'fI 1 

'lJ'fI,h 

1.1 fl11llth fttyUi.'l::~1I1'Utl.:.llf'l1·Ull'~l.ij'u 
QI ~ .Ja a ~ G) rjJ d '" 

i1lllltJ'Un 'J ::tJ1'UnuH"ft1'fl 'J U.:.IlJUl'l'U it l'U t'UUft'tYl11m 'JlJIil1m11"nn"lH~. .~ 

tllililil'lh::ihl1jml'l~~ (High performance powder metal-based steel) lrh.J1'tY~~ijYi\iil'Ulnl'J 

nl'J'Yll~ll1'flt'U t"v l~Ul~lJlh:d1'Yliml'l'llu~l'I1~nn~1''lJflmi'U11i1~ J.:.It'U~1'U'fl11lJU~.:.Im~ 

'fl11lJ'tY1lJ1'JOL'Unl'Jt~~l'U'tY ~~'U1l1m11~nn~11'flttl~liuu"::111~mtltJ'tY.:.I..t1''lJn11 25 % 1<tf'U 
, 

~ 

, 
~ 

II., 
~d dcv 'JI' ~ 44cv.el aad.c::. 

nl'J H"ft'Yl'fl11lJ1'J1ftlil\!~ n 1'J ft1'U 'Yl1'U ftUnl 'J 'tYn11 'J tl'll U.:.I1'fl 'J U~lJ Uftlil\!~ 'II 'U 'il1m'fl 'iU~lJ tl'YlH"ft 
• II II • 

1l1m11~nn~11tl~u~li8.:.11'U1g'U11"lm'Yh 1'lf'U ijlilnlil u,,::u~-wm~'~Iil 1n'U~'U li'~ljl1itl-WllUW1~1'U 

'lJ'i::i1'Yliml'lU"::'fl11lJ~lJfh~1'Unl'i".:.I".I'UU~lU'i1n{)11milJfJ"'tY111m'ilJ~1~n'U (Segment 

industry) n1Jl'Yltlt'Ut"vnu1tlii8tJfllU~~ (Coating) 'tiltM'~Hil" l'UfJft'tY111m'ilJnl'iHil" 

.4 "" ''''''" " 'JI " .,. 0 .,. ~~ .4 "" , J1mU~lJtl11Cl::UlJl'llJl'lmtJ t'U'lJ'i::1'Ylff mtll1lJ'tY'U l'ilU"::'UtJlJ'U11J1H""llJ'U1mtl~lJtl"1~ '1 1J1n'll'U 

U~-WlJ~~IilU"::ltlttl~litl~Iil~Hil"'il1m11~nn~lH~tilililil'lJ'i::i1'Ylifl1l'l\!~ (High performance 

powder metal-based steel) 1~'l111~llJ11~mtlt'UU'i::1'YlfflJ1n;f'U1n'Uih~tJft"tllil'i::tJ::n"11nmJ 
II " II 

10 1] U~''U'tYfl1l'lilty'l1lilll~,j'UfJtufl1l'l'll8~~'U~1'UfiHilftijfJwfl1l'l~ln11~H'lJ'i::ll1ff1J1f1 li'~ L'U 
• II tI II 

'" '1" .oClt. 09"'91 ~" 4 4 '.c!cv .Clt, 0 ~ cv J:::I

Iil1'Unl'i I'If~l'UU"::nl'J H"ft'Yl1111ft'U ".I'U'IItl~~ 1'If1mtl~lJtll'l1"1'UtJ~\! ~lf)'U 1l11lJ'U 'Yl~'U'tY1l'11~lJ1 

1l1f1 nl'itJl'U f11'j'~''lJU~~ nl'JtltJfi'U~lU"::nl'J'lJi'tJU~~'lJ'i::i1'Ylifl1l'ltIiltJnl'i'l!tJ1g'U (Cryogenics) 

o ct rjJ~ d , tI '" ~ ~. d 

'Yl1 m'lf'U~1'UlJtltl'tY1'Yl'U 'U'Ylftf1f1H(Retained Austatine )u,,::tlU mlil 1lJ1'tYOtJ'i (Unstable) 

d ,,~'" '~, 'JI '" .g " ,... "'l .,. '" m::tJl'Unl'i'l!tJltJ'U 1'UlJ'il~tJ'Uff11J1'JO'lfltJ"IillJty'l1lIil'i::IiltJ11'U~Uft lJlJnl'ifff11l1U"::nl'illltJ 

, .,. "''' 'JI , "'JI 0"" ~ "... J
Um~llHll~ l'UIil1'Unl'i"IilUtl'tY1'Yl'U 'U'Ylftf1tlHU"::nl'i'Yl1 mtl1'i ItJIil1'tYOtJ'ilJ1f1'11'U tlWfl1l'l'lltl~• 
1tlt tl~ litl~~ ~ 1f1111tltmlitl~Hilft1l1f1~ 1~'lJ 'j::1'Ylff11Cl:: tlft 'tY111m 'j lJt 'U'lJ 'j::1'YlffV~ '~ij tJlJ1~lJ1 f1,rf1• 
IIIL..rijnl'J'l111,r11il'UVl'Ul'U lJlf1 ~l'Ul ~tJif;j~'tY'ULllfff11l1m::tJl'Unl'J'If'lJU~~ nlnltJfl'U~l nl'J• 

d d ~'''' 'l!tJw'U (Sub-zero treatment) U"::fff11l1m::tJl'Unl'jtJ~f111nl'j'l!tJIil1tJm::tJl'Unl'jSub-zero 

.,:!I ..:::t.c::l I & '" ,Q,QJ .: 0 d '" 
treatment 11'JU'Yl1'jtJf111m::tJl'Unl'j Ultra Sub-zero treatment C)f~OH1'UllltJ'U'tY11'j'ilU"1 11:: 

'tY1lJl'jm~mJ~lJ1tulJ1f1'Yl'U 'C)f'Yl1~'~~1f111 10 % 
,.,.... .. 

r.nn'l1'l!'J'"l!!J"lltl'l Pete Paulin Lffi'l Cryogenic Treatment will Reduce your Tooling cost 'J1~~1~ 

.1 0 .. 

Gear Technology "The JournaI of Gear Manufacturing" lJ~:::'"l1 Ll1ltl'l! l'l ~'I;'1I1l'l2.J - L2..!'I;'1!!J'l! 1993 



2 

~l:i,:n,.i~4't1~i'l~1nn1nJ~'lJ1J:Nm·::'lJ,)\ln11~~~~')t1n11~00-l\l1n1n'lJLL~'1LLl:i::n1n'lJLij\l~ 
q q q 

~nJ~t.lij~1n~1~\ltl'fl'lf'l1 ~')m'VIf')Uf')Cryogenic LL~,) 1J11n!]~1 'fl'fl~Li'l\l1\l;1l'ln~1'1~(;l~'1'"l1n 
:'1 .. ~ .. ~.J :'1 !It .. ~.J

42.3 % LlJ\l 0.9% tJ11L'VI\l~".lIi'lL'Vn,J"1I\l'"l1n 66 % LlJ\l81.7 % LL~::f')11~'lJ(;lL~tJ"1I\l'"l1n 6.9 % 

Li1\l17.4 % LLl:i::"nn Frozen Gear 1\l~'\!'1~'el BASICS OF CRYOGENIC METALLURGY ~~~1 

n1~'lJ Luw~h tIn1::'lJ')\ln11 Cryogenic y'h1~ Lf')1-'el'l~'el ~~il1J1::~'VIfi1l1~~'1~\lL~tJ~1\l,)\l~\l'l1\l 

~~LJlt~n~1 400 % Ltlw~f\l 

" ,"
~')m~[;J~l:i;r1'1r1f\l~n111J~'lJ1J!'1~tJ'lJ'1ilJ!1'11'lI'fl'lLuJ~tJ~~~L~'el1~il1J1::~'VIfi1l1~~'1~\l 

" " , 
'VI\l'VI1\llJ!'fln11LLlJImrn LLl:i::~h\l'VI1\llJ!'el n11~ n~ffi ~~\l Wi4't1~'1 ih~\l(;lLf')1'! n1 1';j4't1~\lL~'fl~ mt1.. 

I I 'I 
.. ........ '1.1 ... ..... .. .1 n ....
 

"lJtl'l~f')1tl~3Jtl'VI~~(;\1l1t1 ~'l.llJ1::~'VIfl1~~~:::~n'ltJ1lJ11~1\llit1'l.l~f')ffi~tJtl~lJn1ru \ln11"Jj'lJLtI\l'VI 

~ru~t.lij~1n~1~\ltftl'lfll1 LiJ\ln11l:i~r1f\l'VJ\ln11~~(;\~1\l~(;\~1~n11tJ~'\!'lJ~~\l~1~fim11~~1'l 

LUJYltJ"rfLLa:::~\l 1 ~1nt\'Lf\tI'In\l1\l1:::~'lJr1f\l'VJ\l~~1fl'l LLfl:::~1tJ110LL''1'i\ln'J\l1 11J1:::L'VIflI 

lJ!tll1J 

(High Performance powder metal-based steel) 

1.2.2 l14mH'mJ~~ 1f1HlY~1~~{lmflU{l::{l~nr~'nnT:i Retained Austenite 

1.2.3 1~1l'l.h::ff'VIllfiTWm':i~1'\.J'VI1'\.J,jvnT:iffmi'HJ'\Jv~u~~1f~~ 

1.3 'U8'lJ1'UVI'U8-:tnl''11~D 

.... ~ d " .,.j.<t d • ~ 
1.3.11lY~ Punch 1m:: Die llJ'\.J1l1{lnn{l11f1':iv~1l6~1'\.JW'\.JVanadis 4 U'IJ~llJ'\.J 3 'If~. . 

, ,,,, .d.e:t..do .do 

1.3.2 'I1f1111l':iv'\.J (fre-heat) 'VI~W'l1iJll 650 v~flll9l'{l19WlY U{l:: 850 v~flH9l'm9l't1lY 

~lllih~'IJ nV'\.Jil~~w'l1iJiJ'lJU~~1~m~vn~W'I1iJiJ,'IJu~~~1030 tHflll9l'{llC)fCJlY ll11v'\.J~1,jHn'\.J 
_I 9J.c9 ~ 'iJ.c9 ~ .do.dl ~ d 

lJ':i::nv'IJ~1[J (l~~W'I1iJll'l1v~ (l~~W'I1iJll-147 tJ~flll9l'{ll9l'[JlY U{l::(l~~W'I1iJll -192 tJ~fl119l'{l19l'[JlY 

<JI. <JI <JI I 

'iJln,r'\.JtJ'lJfi'\.J~1'VitJW'I1fiiJ 525 tJ~flll9l'{llC)f[JlY ~1'\.J1'\.J 2 f1i'~ l~l1{llfli'~{l:: 2 i111l~. .. 
1.3.3 1l1~nn~1~"!1'U~~U~1\hiiJ~il\9un'\.J~':iri1'\.JU~~1l'"(Blanking Die) ~1'\.J1'\.J 3 'i!~ 
1.3.4 1~tJn1~'iitJ~ivJ(Clearance}':i::'I1il~ Punch 1m:: Die ~ 8% 
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" " 
1.3.5 'YI~HH)lJU~yhJ'w1~Vf)l'jilll~fl(Press) ei1'U~l'U1't1~nn~lHffUll SUS 304 llH'U:rff~ 

" " 
11'U1 1.13 iJ"illllfl'j 1~villl~fl1~.wmJni1 20,000 fl~~ i..rijf)lHl'j1~fffllJ'Y'ltl~n'j'jll~fl~Punch 

II"::: Die U":::~'U~l'U (Blank) ~'1U~I~ll~~ l11'U'lh~ "1 !'lJ~'UmlJf)l'j~~flf~tln.yl1v 

1.3.6 ffmnnU ff nl1 'j fl~ fl~U~ oW 11 oW 1~ll ~ 1 n n1 'j 'YI fl ff fllJ ~ 11 ~~(Blanking) ~ 'j::: V::: 
I 'JI r 'JI I 

1~1l~flfl~~1l1111'UihfllJ1'lJ "1 ~'Uf)~nU~flfl~~ll 20,000 l11'Umh~.wflv
 
", "
 

1.3.7 ffml1f)l'jffnl1'j fl~fl~U~oWlloW 1~uri '\.J1l1'Unll111V! 'lJ~fl~ei1'Uri1'U'YI~fffllJ (Punch, 
" ,..::t. .do Q.do QI Q,I.d Q,I Q,I .di 

Die) U" :::'YI~fffllJf11'j1f)~mlJ (Burr) ~ fl~lfftl'l1'U~l'U'YIQn~~ nu lJ'U 'YInl1" n!l'U "f)'tlw:::nu ffn 

.d. Q,I ~ Q tI~0 I 

l1'Jfl ~flWunch U,,::: Die 'YIf)l"~~V1V 90 1'YI1 f)U~'j1~fffllJ~1V SEM U,,::: 1Ifl'j1:::mnv EDS 

l11'U~'U 

ct..ett.ct. o.ett. .ett,v 

1.4 1:::I'lUI'Ultin11All'U'Un11l1JrJ 

1.4.1 fff)'tl1f)l'j flflf)UlJlJU~oWlloW~~1"11::: 

1.4.2 fff)'tl1f)l'j'l1lJU~~U,,:::,j1-U~I~'U'il1f)r-l"~1'U1~mlCl:::l'V1fl1'U1"fji'U'lJ'j:::I'YIff l~flf)~1• 
u'lJ'J ''Uf)l'j'lllJll~~ fff)'tl1~1U'lJ'j i'Uf)l'j,j1-U~I~'U U":::I~fln~1u'lJ'jfldH.wflV 3 ~111'lJ'j l~fl'YI~"fl~ 

1mVlJIllVlJ 

1.4.3 flflf)UlJlJU~oW1J'W~~inl1:::'lJ'l:::lfI'YIU~-nll.w~~ (Blanking Die) 

" 
1.4.4 r-lil~ei1'Uri1'UU~oWllW~~1"11::: 

d 0 Q,I cl .4 1 
1.4.5 'lllJU~~Il":::1J1lJ~1U'U Punch U,,::: Die ~1111~fl'U ~f)l'j'YI~"fl~ 

" " 
1.4.6 Yhnu'lJ'j:::nfllJU~oWll.w'YI~"fl~i111~~ei1'U~l'U-u'Unf)r-l" ffn'tl1U,,:::1Im1:::..1r-l" 

1.4.7 ff'j'lJr-l"f)l'j'YI~"fl~• 

4 i d .... d. i 4 
f1~r-l"m:::'YIlJ 'Uf)l'J'IllJll~~Il":::1J1lJfl1U'U ~flm111ff1111'jfl 'Uf)l'jffnl1'Jfl~fl~ Punch 1m::: Die 

.... d W _I d "l i'll"l dt.l i'" d
1.5.2 f11'jlJ-llJ~W'Uf1111~1UlJ'j'YII" fln '11 t'lJ IlJ'U'W'U il'U 'U f)l'j 'W\P1J'U 1m:::lJ1'U f)l'J,!!lJll~ ~ 

o Q,I d d tjJ odd Q d fj/ ~ 

IlCl:::1J1lJ~W'Ul11"f)nm'Wmlllm~ (Powder metallurgy (P.M. Grade) 'I1'U~~fl~1l1"nf)"1IlJ'U 

• , 'JI dt 'II .1, <I... d 'II .,j "l.,j "I'll 
Vanadls 4 U,,::: ff11J1'j fI 'I111J 'U ~ fl1J"'W 'U! 1'U ~ tlf11'j 'lJ 'j::: Qf)~ f)lJ 111" nn " 11m fl~ll flfl 'U "1 t fl 

". 
1.5.3 'YI'j llJf)~'Wf:)~m 'jll fll'j ffnl1 'j fl u,,:::'lJ 'j:::lfl'YI~fl~f11'j fff)l1 'j flllln~,;'U lJ j I1Wflll~ ~~fl~ 

• "" <I... d 'II '" ddt_I 1 <I. '" 
1l1l'Wll'W~~1l1"f)nm'WltJlllmfl (Powder metallurgy (P.M. Grade) IlJ'UlJ'j::: V'I1'U~flf)l'jI'jV'Uf11'j 

Y 'l 'l Q '" .. 

~H)'U~l'Ul'V1fll'U l"mlCl:::1'Y1t11fflff~"i 
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.,j 
l.JYIYI 2 

~ '.el d d 'jJ Q"I t:lQ"l 4 ,,~d Q"I I t:l tlQ,I 
llJ tJ'VllJ 1I~mI11f:l~'Vlq'tJtllf1 tl1'\1~~mH llJ1,W C)f~'l.h~fl~tJ~1m'j ~~lf1t11fltJUlJ'VnJ'W" ~, fll 'j 

.:!l lC, fI(W d " ~.a d . 
lYfl'l1'j~, fll'j~~flUtJtJUlJytlJyt"~1'I1'lflfl'l11m~~lJ~~llJWlJ Assab Vanadls 4 

A.ct. cv 4 .
2.1 m11Jl!ifll1f1~lil8," (Shearmg Process) 

"i::::U:::i QI 4.a QI QI JJ ~ tI
fl'j'jlJ11ifll'j"~lU~lJfl~ fll'j"~i'l'l1~~~fl1l1flfllJi~tll')ffllJ'\I~~ytlJC)fU'l~~ltli'l'l1~lIlJmtl 

1I~U"m1flll~Vil'..n'l'l1~iifl'\l1~~~fl1l1flnlJ• 

t'l.l~ 2.1 fll'j~~t'll [3] 

jJ t, " jJ 

.;rlJ"~lJllJfll'J~~lilJlIlfl fll'j'ri-WlJ ei'fl~'l~ i'l'l1~ lm~ytlli1~ i 'l'l1~1.,j'1 1'1.11lJ'li~~1H'\I~~~ltl 
" . 

o '" ... I i I d ... ",. i ... '" '" '1_1'1 '" 
'illJl'ltl~~'illfl~fl11lJtI~'I1~lJ'\I~~ 'l'l1~ 'lf1~lJ'VlHN1~llJ'lH'\I~~ 'l'l1~lI~l'jlJtI~m'\ll!1J !lJ~llJU'l~ 

c.9J d ~tI 4 .dJ~tI "'1 ~ i "'l
'Vll~H1~llJtJlJflll~f:lfl'WlJC)ffl~'l-l llJ~UHfl~1'WlJ'\IlJ'WlJC)f1l~11l1~1'\l1!'l.lllJ ~ i 'l'l1 ~ ~tlfl11lJ'lfl'\l ~~ .. 

I • •• " 

111lJ'riQflfl~'Vll~ fb~llJtJlJ 11 ~ l'¥i lntJ111lJ'ri Qflfl~ 'l~ llJ~ ltl'Vll'l fb~llJril~ lij~U'j ~fl~ l~lJ ~lJ lIlJ l'l tI 

'ill1U" fl'I1fl'\l ~~ i 'l'l1 ~U~1 i 'l'l1 ~ lI~U fl'\ll~~~fl'illflnlJ 'j ltl'l~lijtl~'\I~~.;rlJ"~lJ llJfll'J~~~1~1I1fl. " .. 
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a JWtil~lIfl~Cl.:jlJtJlif~ 1mf:: 

IV"."oC:l " 14b 'WW)j'l'WlIll·Hfl~Cl.:jlJtJltJ~ Cll'/:: 

hl'/~l~lIQfl~1 

d 

" J " 
fll'i~fl'\l~.:j 1Cll'/:: 'il::~l'/~~ hjt1tJ'\ItJ~~nlJ'Ii~.:j11.:j'i~l'/'h:jitJCJ1nlJ~lfJ ~1'li~.:j11.:j1l1fl ilifh 

l..Ym .:jl~lI 'il~fill..Yl~lIm.:j~1I1m::fil~mitJCJ1uCl::~lfJfill..rfffll~1tJ ~fl 'illmrtJ U.:jfill..Y'i~fJ~fl 

iliiifJlJflfl~1fJ 

2 J
Cmml 

, - 4.8mm 

~ :5 
I, j II i 

o 20 &0 60 80 100 

. " 
~1Jn 2.2 "l~mJtJ'\I~.:jfll'i~~1Cll'/:: [3] 

, , 
2.2 VtH1H (Clearance) 

"~ " 
~~ 'li~.:j11.:j'i~l'/11.:jitJCJ1l~Cl::~lfJ C)j'.:j'il~lJ~flli'ltJfll'\l~.:jHCl~H'\I~.:jrf1ii'\l~.:jitJctinlJmfJ 



6 

• >I

l'lJVi 2.3 ,ru·:rhr~~'Yrhn~\J9f'nmnv [3]... 

-31lJfH'l1J 

"" .. 
U~1JllJV1J 

tl111J'HlJ1'~lnlJ 3/64" 2%3% 
~, .1 -'.1 

tl111J'HlJl ~"u~ 3/64" 'tIlJ tlJ 5% 3% 

5-8% 4-6% 

~ 

tl111J'HlJ1lJUV W' 
>I 

tl1TIJ'HlJ1 w' ~lJ'1J 

d .ci.c::s 
m"n'VI1Jtl11'lJ'HlJ1 W' 

d """" m"ncu"nflU 

d ~ -. ~ "" 
1'H"nn"11'H'I'lJ1J 

3% 

4% 

5-6% 

3% 

4% 

5% 

4-5%
 

5-8%
 

2% 

3% 

4% 

2% 

2% 

3% 

3% 

4-6%
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>I 

'lftl~'h~\l::u~n91Vlflh1'U\Pllll'lfiJ~'Utl~1 ~'11:: fl1l11'l1 'WlU~::'J..uiH'U tl~;hI ~lhl iHhY1h1 "Ylfl'w.. 
w , • y 

1hi f1l'J fil'l1 hI~'UhI 1~'U tl~'lftl~1H~1tl l~W;hI~lhl~~ijfl1l11'l1 hi llllf1111l''J 'lftl~1Hn~~1l1n;jhl 

, , 
2.3 i:Jill'W'UtH'lf8~lH 

• >I >I 

""llll'Jtl'ri\l::'t1'Jl1J1l'lftl~1H'J ::'I11Un'\.JCl1ti1J~ltl ,rhi ijfi lllln, U ,rtltl'U'l1 ~ tl1lt'l111l:: ""ll~ 
>I >I 

U~11~tl~'~\lln""m~'Jtltl~~'Utl~;hI~lhl~~ij.. 
• >I 

1. mtlHi'lftl~1H~ tl~U~::t'I111l::""ll,r hlUf:l1J~~ \l::ijfl1l11n1l~U'J::lllW 1/3 'U tl~fl1l11'l1 hi 1 
>I >I • 

'Utl~ i~'I1:: u~::liftlhl\l::ln~;jhlmiHmhl""llfl 

2. mW~'lftl~1l~1l1f11nhl'U ~~ll'Ufl1J\l::ijfl1l111fl~lllnUf:l1J~~ll::Ufl1J 'Jtltl~n\l:: 'lhrlhl 
>I 

d d d 

'J ::l1Jtl1JU~:: 11mtlhi llln 

3. mW~'lftl~1H,rt)tJU~::,rfltl'U~Uf:lml~\l::ij1J~l1wn1HU~::tll\lijlllnn1l1 mi~ 

'J~U "'..---- 
aau«" -frl.mrrmnmrrm 
wm 

~ ~ . . ... 
'Itl~11~UtltJ 

U'J:: ltl'lf..r~ \l:: L~i'1Jf1l'J\Pl'J 1\l~""m~'Utl~~tltl~~ l~tl~ \llnUf:l1J~~ U~::d1h1 ~hI u'J::ntl1Jtihl.. ..
 
>I >I >I 

ij \ldhhl'l'Jl""11ll'Jf:I~1J1l9ll11'l1'tl~l:l'hl6nm~'Utl~i'\.JCl1u~::~ltl,rhltl~l hlUhl11~tl1tihl 'I1~tl L~ 1hi 

d d ~ tI ~ tI Q,I Ij} ~ WI fJ/Q,I 0' , Q,I 0 'j} 

m w 't1~'\.JC]fU~::~ltlWtl~fl'hltlnhlU~1~hlU~::~ltl \l:: l~'J1JUHm::'t1l Llllmn1J't1nll~ ml'11 tlltlf1l'J 
~ q q q 

o ~ tI ~ 
m~lhl 'U tl~~ hi 9Hm::~ ltl""hI ~~ 
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m 
~LIJ~. . ., 

'Iff)~11~tHW 

dd'JI 1'J1
(fl) fl'Hl1'Y1~fl~fl1'j 'Jj''j.. 
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2.5 fll1tll'U1W't'ilI11"'''~ (Cutting Force) 

'JI ... 
fl111Jfll'U11HnUl'U 

.1 .. d ..
(Kg/mm

2
) l1J tl'H'If'U fI 

'JI 
'Ufltl 1J1f) 

'JI 
'Utltl 1J1f) 

2-3 2.5-4 50 

3-4 4-5 40 

"" "" fl~1JI'Utl1J 
'" 

7-11 13-16 8-12 17-22 60-30 

22 38 26 48 

12 20 15 25 60-25 

18-22 25-30 22-28 30-40 30-55 

28-36 45-56 35-45 55-70 

19 26 

It:I ff lfl 'U 1 8 26 
.1 
'\I'U 26 

.1 
'\I'U 60-38 

26 
.1 
'\I'U 26 

.1 
'\I'U 60-38 

dOl Cll rI 
l'I1 ~ f) ')11111J Vi1J Vi 30-35 I 32-28 I 60-38 

d "" 
111~fl111'Utl1 SS330 27 -36 33-44 40-28 

d "" 
rI1~fl1mWl SS400 27 -36 41- 52 40-28 
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.
 
~l'iHVi 2.2 (~tJ) 

~ '"fl1lll~1'UUHmtJ'U 
~ <9 

fl1lll~1'UUH~'1 

l~fl. (Kg/mm
2 

) (Kg/mm
2 

) 
1J .. '" ..! tJ 'j!C)f'U~ 

~ 

'UtltJ lIlfl 
~ 

'UtltJ lIlfl 

'" ~ ..
m"flflCllfll'j1W'U 0.1% 

'" ~ ..
m"flflCllfll'i1JtJ'U 0.2% 

'" ~ ..m"flflCllfll'i1JtJ'U 0.3% 

'" ~ ..tl1"flflCllfll'i1JtJ'U 0.4% 

25 

32 

36 

45 

32 

40 

48 

56 

32 

40 

45 

56 

40 

50 

60 

72 

50-38 

40-28 

33-22 

27-17 

'" ~ .. 
!l1"flfl"lfll'i1JtJ'U 0.6% 56 72 72 90 20-9 

c$ ~ .. 

!l1"flfl"lfll'i1JtJ'U 0.8% 72 90 90 110 15-5 
c$ ~ .. 

tl1"flfl"lfll'i1JtJ'U 1.0% 80 105 100 130 10-2 
c$ ~,~ ... 

m"fl fl CIl 'i tY'U1J 52 56 65-70 - -

,.wtlJtJ1 9-18 - - -

. 
2.6 Iftl'Ulfl1V'U (penetration) 

~ .d: 0' "" .: 1 'd1	 ~ ~~,. rI d rI 4fltJ 'i::t1::'Ylyt'UCJ1fl~t"l 1J 'Ut'U tJ "l1::fltJ'U'Y1 "l1::~::"l~tJtJfl~lflfl'Ufl~t1J'U!1J tJ'j"tC)f'U ~t'Yltl1J 

n1Jfl11lll1'Ul"tJ'I1"11:: 

tY~'ifll'irll'U1tu111UH~~.. 

1Acr -	 (2.1)s 
1000 

d1ttcrs -
1	 

(2.2) 
1000 

2.7	 m1i3~1I1'1''Um1ft~(Reduction of Shearing Force) 

'"'' .s " i 'Ufll'i~~'ti1 ~ , 1Jl1'U ~1"tJ'Ifl1J~~"tJ'IVf'\.JCtfU"::~lmil'U U1Jmit11Jl1itJ,,'U l'Un'U 91'1 U1J1J i1 

1l~lil111'~tH 1~1l':i -31'Ufl1':i~"1I1m'W':il~fl1':i~"tn,,~'U'W~m.lfl'UlJfl~"t':i l"'l1Jl':itl~1l~Cl"U':i -3 '1 'Ufll':i 
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.. 

1ff~. 
In 1 3/4 5/8 1/2 3/8 

5/1 

6 
1/4 

3/1 

6 
1/8 

3/3 

2 

1/1 

6 

fl111J '11 '\.J 1'\1 fl~ 

U~'\.J1ff~. mm 
25. 

4 

19. 

1 

15. 

9 

12. 

7 
9.5 7.9 6.4 4.8 3.2 2.4 1.6 

ll't'\.J1l~':ii'\.J 25 31 35 37 44 47 50 56 62 67 75 

d ... 1 fI d fI c:, Q,I' • I 91 .tl!t 

~l':iH'Yl 2.4 hJOWll''\.J~ll'tl'\.Jl~':i~'\.J '\IO~1ff~U1J~~11Jfll'\lO~fl111Jlfl'\.Jl~fl'\.J [3] 

'" 1ff~. fl111J'I1'\.J1 X,
0-1 1-2 2-4 4 '\I'\.J tJ 

d 
l'l1 r1n 

2 75-70 70-65 65-55 50-40(0' = 25 - 35 kq/mm ) 

2 60-5565-60 55-46 45-35(0' = 35 - 50 kq/mm ) 

2 50-47 47-45 44-38 35-25(0' = 50 - 70 kq/mm ) 

'" "" 75-7080-75 65-6070-60fl~lll\W1J 

'Ylfl~U~~ 
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ff~~.. 
(t f)

Pps Pp - (2.3) 
Sh 

1UmW'tlfl~fll~~~~fH\1J 

21 IPpS 1tt scotU- (2.4) 
1000 

Sh 
11'f1:: tan U
 

d
 

!I , !I !I 

1u f11~ ll~~fl1J~A'tIfl~";\J ~11'f1::Al[J l.wf)'f1AU~ ~ 1Uf11~~AUu;ju f)~l,jil~U'f1::fl'Utlf111W:: .. . .. 
fl111Ji'U~f)\J'tIf)~;\Jnu n'il::lh',j1~ t.1'1'111f1;l'f)~fll~'f1~11H1'Ufll~~~fl1m,j~fl1J~~'tIfl~";\J~ .. 
ll,jt.1'l;l'f)~fll~lhlfll;\J~l'U (Blank.) ',j'~fl1~1l~~fl1J~~'tIf)~~1[J .. . .. 

2.8.1 tlf111W::fll~ 11,j~fl1J~~'tIf)~";'U~l.wf);\J lfll1,j',j1~ 

OJ
 
( ) 1.:\'11 UoIIi 

. ..
rUn 2.9 fll'Hl~~fl1J~~'tIfl~i\J~[3] 
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(n) iii 

.. 
2.9 U'H~U;Un" (Stripping Force) 

dt d ~ ~ ~ 1jJ ~ tI A.cd' ~ ,

fl6 UH'YI1'lf L'UnlHI'U'lf'U.:jl'U 11'tH'I~66n'illn~'UC)f ;I11J'lJn;l'il:::1Jfll;1.:jU;I 2.5 - 20% '\l6.:j• 

1Ps 2.51t - (2.5) 
1000 

Q,I' I , j} Q 
II 

2. 6mlff1'U':l:::1111.:jft111HJ11;16fl111JnJl;J'\l6.:j'lf'U.:jl'U 



• • 

• • 
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• 

..
I' • aI rial 

3. 'If'O~11~'j:::'I111~'VfW9fn'lJ~ltJ 

.. 
I I 4 , & ~ 

5. 'j:::tJ:::'I11~'j:::'I11H1'I1'jm::: tJ:::'I1 H 'll1 niU~'lf'O~'If'W~1'W 

" . 
6. ffm'Yi~h'l1l!l'1f'O~~'WCli'1'1f'W U~~flll~~l.wml~UH~~'I1i'O 'h.i 

7. ~1'W1'W'lf'O~i 
~ I I ~ ~ 

8. ti7'Onn1'l1~'O'lJ'W;f'W~1'W '11 "mnnf1111'111:::1 'I11'O~~;f'W~1'W'O'On 1tJU~1 

9. 'lfij~'lf'O~1,,'11::: 

141'" ... '" •2.11 ni:lltltl11Un1118UtltlURgJR (Adhesive Ware Mechanism) 

.dl ~e:t. ,I ;. ,. ~ ~. 4 .etQl" 4. l' .
f11'jffn'l1'j'OU'lJ'lJ'W1f1~'If'Wlll'O l"'I1:::'lf'O~'If'W ~tJmw ~ 't1'jmfftJ~ffn'W l~tJll'l1'j'O llffl'j'l1"'O 

• , 'JJ • I 

~'Wl'ltJ~l11'W 1~ 1~tJn.w'WFhtYllNff'lf'O~ ~tJmwn1l11lllNff'il::ii'lf'Wl~n~'O~ff'll1'JW lti'W 1'W 'j::~'lJ 

~"mfl ~~.yh 1Mfl111l1fl'W~ln~~'Wln~~~ti"~'lf'O~1ff~ ~~J'Wu~'hm'j:::m'jllflHn,,~ii~'O~'W 111'W 

" .
'OtJmw1~ff ~1l1nirn iJ~'il:::.yh lMln~m'j::ti~~1ti'W'j::'I1'h~ 111l'ln,,;i'W l~'Wnii~,,'th1M'O'Wrnflii 

q 'V It q
 

• JI •
 

f11'jlfl~'O'W~ltJrllmfl 1tJ1l1'j:::'H1H;f'W111'Wn1lllNffti'W1tJ '1 111 '1 U":::ff~n'ltJ'll:::'I1"~lWn'O'On1l1

... 'JJ....... ... ~ 'JJ 1 ~1 ~
 
1'W'O~1l1nf11'j"1'1f'O~1ff~ 'I1'j'Om'll'll::~f11lw'W'tHl~'O'On1l111J'Wn'O'W "1 'W'lJHmW 'WmW'lf'O~f11'j 

. . " 
q 4 ... 1 1'" 0 QI °l'JJ q 

1
ln~f11'jffn'l1'j'OH'lJ'lJ"'W 0" flltJ ~m'j::m'jll'Vl1~n"~l '1 'W'W'il:::f1"1 'H1f1~f11'j'j'O'W'tHl~'O'On1l1 

". . 
'Iftl~tl'Wrnflf11'j~n'l1'j'O 'illn'lJ1nwFbi''W'W'On'lf'O~ 1,,'11::: nUf111tJn11 1'lJill"wtl11~tJnirn1~tJ. ~ 

JI JI 

'VI1~~1'Wi1 U~ 1~iif11'j~n,,~n'W1~11n"1nf11'j ln~'O'Wrnflf11'j~n'l1'j'Ou'lJ'lJi1 ln~ 'illnn"1nu'lJ'lJ• 
11l,,~ug~i;'YiU1 'I1i'O f1q'U~~l;tJf1'h ~u"u~'W'ri' u11il'O'j:::1 ti'Wuu U~O~U~11'll:::iJ~1~ii,r'O~~ 

I I 'JJ" .do 
hJ1~tN'UtNfm 1nYiu';'l!~ 1'wnllnD1l11n~DlJfllflm1ffmnD'lfii~ihrlJ mnWI11'l'Y11JDlJfllfl 
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., 

~~fl~11 trl1Jmfll'i~tlfl~'Uij~'i~1J1Jfll'iffm1'H) ff111i'1Jij'4fllflU1J1Ji'1J~~ U1Vi1l1Vifl fllf./l~fll'i 

ffij~~1f./fl~ij~~'ll1'i'iff,rJ1J \l~ij'U1JlrU~flfl'h 15 ~m, 1tliHt~1JUH1J1JH ., ijffff11~fffllff 

(under reflected light mode) U'l~ijij~'i1ff11J'Uij~fl111Jf./11~ijfl111J111Jlijfh"l l1Jl1H~Hti1J~l1J~ 
. ~ ~ 

tijijtnrtfll'ifffll1'imt1J1J;iNf./ Ugfl'5;Vi U1 'lJ1J "m;ltU~'Uij~ij'4filfl 25 ~m, iJFhff'\.hL~1J l1;ijff 

: Q,I Q 4 Q ..d Q bJ ... I.odl ~ d 
1J 1~ 1'l ij1Jtflrt\l1flfll'if./rt~rtUUU 'i 1JU'i ~l1 mu11fl1J U'l~'i11J ~ u tHfl1'i~m'i1Jl11~ fl'l 11'iijfl111Jt'i1 . . .. 
l1J fll'i tfl~ij1J~~1J1tY1JHffti1Jihil1J1fl., if1Jm~ flfltl'i~fll'il1d~~trl1J"fl~fl!:::t~1J 'Uij~ij'4fllfl'Jfij rt 

~d4.et ~, OJ Q j} ~ClI. 

'Uflflij \l:::1J'jijf./'Urtt1J1J 'jij~ ., 'U1J 11Jfl1J'U1J H1111Jl'Uij.:)ij1Jfilfl'Jf1Jrt1J
OJ • 

2.12 m:l'flfl11Ufl't'l1tlUtJtJ.u~ii(Abrasive Ware Mechanism) 
~ ~ 

fll'ifffll1'imt1J1J'Urttrl1J iij~ihfirt \llflfl1'i:::m'i1J111~fl'l'Uij~fll'iflfltii ij1J ijijfl'tl'UU~t'uU 
.. OJ 

1'l11::: 1rtf./~m~~:::tnrt~lflfll'i~ij~~fffltl'iflutI'lfltl'lU1J (cont&minants) 1'lf1J 1~rtl1'i1f./ ~1J'l:::ijU~ 
4 d • oJ.. d j} , QI".Q QI QI ,. 

11 'i Ul1J rtm1i19j111Jfl111JU'U~UHU'l:::fl1J 11 'lrt'lUrtl'U1 tlUl1'i fl~1U~'i:::'H1HH1ff1J Hff'U ij~ ~ 'l'H::: 

'" .J , "'i J"A "'.: " "'" "'''' fl1'i:::m 'i 1Jl11~fl'lUfllt1111J1J'H1J ~'U ij~ fl 'l flfll 'i fffll1 'i Ull1J1J 1J fl Ufll'il1 'Jf1J fJtl m fl! ffU~ 'Jf1J rt l11J 

fl111JU~~U~fl~Hti1J1J1fl ., lrlijijfl1'iff1JHffti1JU'l:::tfl~ij1J~'t1~1f./fl111Jl~1ti1Jfl1'i:::m'i1Jl11~fl'l 
JJ, JJ. • 

;f1J f2t1mtlHlijfl111JU~~U'i ~1J 1flfl11~~:::'Urt;jrt;f1J ff11J ~t1mw'ihiu1Ji1fl11 1'I1'ln1J ~ij~ H'l-rl 

"" .1 , "'i J 0 1~ "'i ~,,~ ... ~ d .... 
lflrt'U1J ~lflfl'l flfll'ifffl'H'i UU1J1J1J \l:::l11 'H U'4fllflfll'ifffl'H'iUllJ1Jlff1Jmfl ., ll11JU1J rt1f./l1'Urt~1 

'i ~ 1 AI ' "A _~ '" ,~.... 'i d"" "'i ~. '" 
~fl~~U 1J1IJU1J1J~H cor 'H'iijm'il~:::lIJ'if./'Ull1f./1J rtfl1Jlff~ ~'l'H:::l1tflrt~lflfll'ifl'l~ f./flt11J111J'U1J1rt 

. "t "" 
-rl1JU~hit;;1J~1f./~11tl~1l'rh'lJ1Jm~1rtf./n1'tlu~1ij'4fllflU1J1Jij\l:::ij'U1J1rt~~U~tl'i:::1J1fl! 5 Jlm 

'" · ~~ '~'i oJ '" ~ AIU'l:::11J1Jl~mfl!m~~:::f.Il1fl11 100 Jlm fltlJ'\.J rt ~rtf.llU'lf./~:::1Jfl111Jfl11~IJ'i:::1J1fl! 2-5 Jlm 1m::: 

~ .et-Q A:I_~ :.Q.!II d: j} d I 'J/.et 
11J1JHflHm~~:::1JH1ff"'lUfl1J'\.J11~1J'H'imY1J 1~ 1'lU1Jff1J C)f~U ffrt~fl~'JfU~'U ij~fl111J 'i ij1J11J 'Ufl!::: \lfl 

.. QI ~ ..dl.Q ~ ~ ..::i r ~d.";" Q.Q J -n U'i1J~1 fll'i l1~'i1~Vi1J U'4fl1fl fll'i fffl'H 'i ij'Jf'\.J rt1J llJ 1J ~rtl11J~'Jf1Jff ~tlfl~tflrt'U '\.J 1'\.J 'i :::1J1J fll'i 

'fil~l1J'UU~tfl~U~imU'l:::fl1'iijfll'i~rtfffilVi~U'tlmh~lfl~;;rt 

"'i '" v2.13 fl11iJfl't'l1tll'Utl~;)lflfl11tll (Fatigue Ware Mechanism) 
'JJ I tJ I " 

fl1'i fffl'H 'i UU1J1Jijln'\.J fl1'i fffll1 'i ij-rl tnrt;j1J ti7ij~ \l 1fl H1tY1J Hff'U U~;;'\.J ff1 '\.J utl m WL~i'1J. 
o ~ 0'l~"" ~~.l '~'::'l "" 

fll'i:::m'i1Jl1Hfl'l m:::l11tlJ1J'i:::f./:::t1'l11J1'\.J ., U'l:::l11 ~'Htflrtfll'im'Jf1'U1J rtl1~ l'\.J1J'it1fl! U'l::: 
~. ~ 

fllf./ hi';;'\.J~1'\.Ji1mh~-rltfirt~lflfl'l Lflfll'i fffll1'i UU1J1Jij '~tlfl 1'\.Jm W'Uu~~"1J'lflil1Jll1J1J 1 'i 'l.. 
".-i"'i .J "'i ~. "" ~ ~ ~ 

mu'i t1JmH~rt 'H1J~U'4fllflfffll1'iUfl\l:::11'lrt'iij'\.JUUfl1J1~lflH1'Uij~11Jrt., ll'l:::flH~fllJ'\.J rt1f./ 

, J 0 1".Q .::s 1.4 .Q .: ..d ~ .odl 4 'J/Q,I

fl'l flU1J1J1J \l:::l11 'Hlflrtfl111Jtfff./'H1fJ~m'\.J U~ l1J 'lfl~fl!:::'Uij~ H1'Jf1J ~1'\.J l1tlJ1J 'H 'l1J'lfll1'iU'i UfJ'i 11• 
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fltJmWl1jlJ ~lJ -;;1fl'tJW::'\lfl.:l fllJ .fl1flfll':i fffl'H ':i flUtJtJifij'H 'llrJ':i tJUtJtJ ~.:Iif~lJmhi1J'lfiJ~fltJmw 
q q	 qJ 'V q 

l<tflJ1lJmw'\l fl.:lfllJ.fllflfll':iffmnfl 1I1fl'fllJlfJfI.:In11 ::ij':itJiH~UtJ'lfl "lIm:: i1J ff1JlIlfl':i (Irregular
q	 ~ 

•	 OJ 

Shape Wear Particles), 6fl':i1ff1lJ'\lfl.:lf1111JrJ11flflf1111J'HlJ1ijfifllJ'!Hf11 tJ':i::lIlfll 10 : 1) ~.:IirlJ 

ff1lJl'HtYfI'4.fllfl'O::ij-;;1fl'tJW::llllJfi'fllJ (Chunky Type Wear Particles) Ufld1'Hi'tJllJmW'\lfl.:lfll':i 

.e9 9J Q,I' ~ cl .d ..:::t. .d I QI b'I_l.:!!l d _I 
fffl'H':i flUtJ tJ'll'\lfl.:lfl'ltJ'lfllJlJ fl '0::1J'll'lJ ~fllJ.fllfl 'YlUflflfl HfllJ IlJ flfl fIl'O '0:: 1J fllJ .fl1fl':ilJ 'Yl':i .:Ifl'l1J 

• q	 q 'V 

'\l1Jl~	 1-5 f.lm lfi~~lJ ':i11J~~fIl'O'O::ijfl'4.fllflUtJ1J1~lJUNlJ ('\llJ1~ lflfl':h 15 f.lm) ~~tJiH 
OJ 

UtJ"fl "llfi~';lJ 

2.14	 nl1umn8I1tJtJ'Y111tJ - lfliifl8il (Tribo - Chemical Ware Mechanism) 

fll':i fffl'H':i flUtJ1JifLfi~~lJ '0 1flfll':i~~lJ ff1lJ f.ltJmw1~i'1J~.:I.fll':i::m':i 1J'Yl Hfl" Lm::'YlHlflij 

. "	 " 
':i11Jl~1~1rJti'lJ 1~rJiiri1lJ 1111Vm)'1irfl1i'rJiiYh.:l1lJLnrJ1~fl.:lti'm llJllJ~llJ;ji~i'~Lmfl"'flfll':i ftfl 

OJ 

'H':ifltJ':i::Ul'YlVflrJ "1 1Il':i11JilllJ111'!fI';j L<tflJfll':iti'~flifllJfll':iti'~L'lf1::1m::Fretting Wear v.:Ii1Jij 

ff't'nl,jtytY~l~lJ.fll'tJl''YlrJ) 'Olfl'!flln'O'01.:11~rJ..t1' tJU~1'WtJ ...h1lJ ':i::tJtJmifl~lJLfl~fl.:li'm 'O::ij 

,,: d' .:" '" ~ ": .. .1"'l	 "'l1flfll ff'Yl 'O::1J fl'l fl fll ':i fffl'H ':i fI ntJ tJlJ lJ fI rJ1J 1fl (lJ fI rJfl11 5%)':i11J 'Yl.:l fI'4.fll fl fll ':i fffl'H ':i fl'Yllfl~'\llJ 

irfl'O::fI~llJ~tJutJtJ'\lfl.:lflflfl ''lf~'\lfl.:ll'HgflltJU1JtJl~ltJU1JtJ'Hd.:l l<tflJ Fe2 0) (red ferrous oxide) 

Fe) 04 (Black ferrous) L~lJ~lJ 
,	 I I " ," I

1~rJn1' tJu~11lJ ':i ::tJtJfll':i 'Hri fI~lJLfl~fl.:l i'm~1rJU1irlJ 'H ri fl~lJ irlJ fllJ.fllflfll':i fffl'H':i flii q 

L~lJ 1i l~mgflijff':i::U'l::irflll::~ flflQl lJ fI'4.fllfl~Lfi~fl"'flfll':i fffl'H':i fI1lJ ff11J tJ':i::l.fl'YlU'i flflfl fll':i 

~ -<ll QI d 'JI QI ~ dd ~ c:I d 0 'JI I J
rJ~~~, fll':i'\l~ff U'l::fll':i'll ~.:I'UlJmfll'Ylff11Jl':iO1'll'11ifll':i 1~ "1 fl~11J'Yl'Ylll'Hff11J1':iOm'll'U,,::urJfl 

OJ • 

-;;1fl'tJW::'\lfl.:lYl'l1f'OlflUlirlJHrifl~lJ'OlflltJiH (Outline Shape) -;;1fl'tJW::'\lfltJ l~rJ':iflrJ, ff, fl111JrJ1tJ 

.e:t. 'JI QI' • d 0'1" .e:t. 4 QI : '"tJlJN1'HlJ1, fI~':i1ff1lJf1111JrJl1\Plijf1111J'H1Jlfl'O::'Yl'll'Hff11Jl':iOtJ':i::l1JlJff.fll'W lf1':ifl.:lllmlJlJ "1 ~ 
OJ OJ	 • 

1~ rJ'1J ~fI.:Ifl1':i ~ flOfllJ;'U 1l1lJl~ "1 '\l fl.:llfl~ fl.:l i'fl':i L"rJ1tlfl1':i'U fl.:l fll':i 11fl ':i 1::M.fl1'W~1rJ 
..	 ~ old "d 4 4 0 _ I ~'l ".... ~ "'l 

fl fl1J'W11fl f.l':i flfl fl11i'HlJ .:I'lf.:l ff11J l':iO'U11J llJ ':i::~flfll 'll'fltJfll':i rrfl'tJ 1f1'4.fllflfll ':i fffl'H ':i fI 

"'l ~ d 

fl. fll':ifffl'H':ifl'Olflfll':i'U~ff 

"'l d 

, fl. fll':ifffl'H':ifl1l1fllfl1J 
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., 

~. ~ 
.cV GI .Q do dd • GI 1111::1 4 ,dl.a Q,I 

fll'nH111'Hl'YI.:J 3 'lflJ~ fHl 'YIll(;1'lll1fJll~n~l.:Jn'lJ 1191'lJtJll'Vf'lJ!l'lJ'lJtI.:Jfll'j(;1'nl1'Hl111lltl'lJn'lJ 

~4 .cV 4 .d. Q,I ~.Q~ d .a ..d 
'lJ 'lJ fI tlfll'j (;1'nl1 'j tl fI tI n1'j''1tyl(;1'tJtI '4fllfl1(;1'~"lf.:J lf1~'1.1 'lJ" lnfl1lll I(;1'tJ~'YI1'lJ" 1nfll 'j n~ fll 'j If11;'l tI 'lJ 'YI 

GlG'tI I Q,lQ,I~ ~01fj) .Q d tl 
(;1'll'Vf'lJ '6 'j::111Hflll~~ntJ'If'lJ .:Jl'lJ ''If.:J'YI1 l1t1W11flll 'illnmlllmtJ~'YI1'lJ(;1'.:J'IJ'lJ. ~ ~ 

, ", , 
nnffnl1 'j tI 'illnnl'j 'li~ if ij HI;'l UmJ1 'lJnn~~ I~ tI'lJfilfi~~'lJlijtltl'lJfllfl1(;1'~II~.:J'IJ~ fi IiftJ~ if. . ~ 

fi'lJ'iI'lJln'lJ'itl~ 

fll'j ffnl1'j tI'illnfll'jti~lfi~~'lJllln1'lJ fll'j~~t~tI'lJUH'lJ 1(;1'~ijtl'lJ 1~ m~ 'Vf l::mh.:J~.:J 'iI::1n~ 'illn• 
.cV .et J.A dfj/tl I Q,I .cS e.J4Q1 ~tI 

fll'j (;1' nl1 'j tI 'illn fll'j tJ~ II1n'IJ 'lJ Illtllf1" tJU'j 'lJ "lf11 'j::1 H f1ll91 ~ UfI1J fll'j ffnl1 'j tiln~ '1.1 'lJ III tl1 (;1'~'Vf 'lJ ''If 

;. d.Q Q,I ~ ~ .A d J GI;' .cI ;. d 0 '1"'"Q,I .Q 

UI;'l::~ltJ l'1ftlllW'lJ~~ntJ1(;1'~'lf'lJ.:J
~ 

'illnn'lJllltlllfll'j lf1l;'ltl'lJ'YI 'YIl l1lll'lJtlWl1fllll'1ftlllW'lJln~'IJ'lJ. . 
d 'i" dt dt"'''''.14 ............
 

tI'4 fllfl tI;'l nl1 q ~ tI tI nll 1 1~ tJll 1nlll;'l1n n (;1'nl1 'j tI 'illnn n tJ~~~ lf1~'IJ'lJ III tl1(;1'~ f1ll~~ lll;'l:: 1(;1'~ 

" I , "" I II 

<i'lJ .:Jl'lJ fjijff1'lJ H(;1'll'YI1.:Jlf1ijfl""1 tJfi'lJ fll'.i ffnl1 '.i tI 'illnfll'j l;ftllllg'lJihfi~1i'lJ'~I~'Vfl::lijtllUtI ll;'l11:: . . ", . . 
fi '~ijff.:J1Jn;,]~ffllH(;1'fi'lJ ~.:J,:r'lJfiU'YI'.if1t1d'.i::1111.:Jfh11;'l11~ 1,s'lJ ~I;'l,rtltln '''lf~ ~1;'l,r(;1'l'.il1rltlti'lJ 

... ~ ..4 1 .d. I '" . 4 d,,,
l1'.itlnl;'llltl'lJ ~'YIlJnfll;'lllH1(;1'llll'.ifl'lf1tJl;'l~(;1'fll1~I'1ftlllW'lJ ~• 

!.! .c:s~ !.! d GI.4c.J. d .aGo' • AI ..d 
fll'.i unl1 '.itl 'illmflll1lJ'lJ I;'l 

tv 

n'Mw:: fll'.i u nl1 '.i tI'YIflll~~"lf.:J1f1~'IJ'lJtJtltJ'YI q~lll tl91~UH'lJ 1(;1'~ 'YI 

d A dQl QI" 0'1"Cl wQ.d.
U'IJ.:Jlll;'l::tJH HI;'l'illnll'.i .:Jn~lll;'l~fll'.i lf1l;'ltl'lJ'YI(;1'll'Vf'lJ1i 'YIl l1tJ'.il1Wfl1J91~1JUHt(;1'tJ~'YIl'lJ UI;'l:: 

.Q GI d .et oQ ~ Jt d d d.a4'" ,... 1;'
~Wl1fJ1Jtl.:J tI'4fllfl1(;1'~'IJ'lJ1~ll;'ln'il.:Jlf1~tltln"lf~"lf lm::nntltln lJl1Jtllf1l;'ltl'lJ'YI HI;'l'YI91l1J1Jlnfltl 

..... 4 .1 
f11J~~f1t1fl '1 'YIt11Jln'IJ'lJ 

"ln11J~ 2.12 1l(;1'~.:J~1t1th.:Jfll'.ii1nl1'.itl"'n'MW::~1.:J'1 ~ln~~'lJtJ'lJ..i'lJCJf nnffnl1'.itl~~h 
.,. e. ~ ~ 0'91 cI d oQ ~ d ~ J t GI 

1~ tJ'j tltJ lf1~'IJ'lJ'.i tltJ'Vf'lJ "lf~1UH l;'l'illnU'.i .:Jl(;1'tJ~'YI1'lJ 'YIln~'IJ'lJ '1'lJ'lJW~'YIn~'Vf 'lJ "lfHl'lJ 1(;1'~• UI;'l::'1.1 W:: 

.ci ~ " Q,I' ~ & ~.d..cI' ;. ~ o''JJQI Q,I 

~.:J'Vf'lJ ''If ntJ Hl 'lJ 1 tim(;1' tJ1fll1-ern111 tll;'l n'M W:: 'lJ 1J HI;'l1(;1'tJtltJl.:J1Jln 1'lJ tI.:J 'illnfll'.il;'ltJfl1J'Vf'lJ C)j'~ tI.:J 

tl'Ly&ffmd't11fll1::~ij1J'.i:: ltJ'lfu'\JtI.:J..i'lJC)j'11J1Jlnnnffnl1'jtl~~1i'tJUH mj.:Jtltlm-tJ'lJ fll'jffmntl~ 
~ . 

1Jl;'lltJ";'lJCJfUI;'l~fll'.iffnl1'.itllrJ'lJ 11'J1J ~.:J11Jfi 2.12 '1.1 fitJ fI fll'.iffmrJ'lJl1q1J '~"hfltyl't'h'1~,:rn fll'.i 

~ .~ ~ ~ ~. ~ ,.,~ Y"'! 0 0 ~ '" ~~... ~ 
;;;:;-;;u ::~flf!~:'!f11Jl'rj.lr;Ji1'1! !l!f1l5.f1l11'W~'ill'lJ1lJflH1'lJfll'.i1'1f.:Jl'lJ'lJtI.:J'Vf'lJ"lf~.:J 1'lJnJ'YI2.13 f11l1J 

" 
" .d. d.~ ..,;. J;. Ie. tI 1" J ~ d0 

~Hm4:w:n:ti ml':;1i"~ fl ~ tJ(BulT) 'YI'1f'lJ '1l'lJ t'Vf1J'IJ'lJ 11Jtlll1J'Vf1J'Vf(Jn 'If.:Jl'lJ tJ11'lJ 1'lJ 'IJ'lJ "1'lJ1'lJf1H'YI 

'v";: 'I '" '.=s ~ .. u "", ~ " 'v a 

1;'l'11Jl'.ifl~~'If'lJ.:Jl'lJ &~tltJHl1f1WflTYi &'UlflWCVlfll'H'W'f'll'WfHI t)1fJ 1'lIT1U'UtJHlliily) .1 ;~n;rl-U;:tlW. . . 
i 'JJ ~ 0 '" 91 0 .cI ~ d I ...,.:i d
,:~,n'W'lJfl-1f11J~~(;1'l1Jl'jfl'YIl ~ ~1tJfll~flll1'U~f111lJr.t'1"1P!'~f!5' l(!3urr) riu'll'U 'Y'tJ"1" ~n ii!~ ~,~ ill 

~ ~ 

tJl1~'lJ 11tJ fl11fl1J ~~ ffnl1 '.i tl1Jln ~'lJ~1 tI 
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• 

dl 
2.16 'UU1~'UiHm1tTfl,"18 

" 1 Jt 
"'W 1~ "tl'l ~fl~ W:: fll1 l1fll1 1 tlU~":: tl rh'l;i 'W tl Qnu ~1tJ1:: fltlUl1 m tltJ1::fll1 ~ 'I;i 'W tl Qnu 

1tY~U~~1I~ Ifl~tl'lI'rl1tYfll1m;tl~'WIm::'rI111ih~tl{''Wfllnh'l1'Wm1lJii'1l')i'Wn'j::111H~1'W1'W. 
fll1 ~~ Im:: tJ1111 Wfll1 l1fll11 tl ~ tJ m mi'W ClfU":: ~1'W WW1~ 1tI 1m::fll1 l1mn tJ~ ~h1~ tl1 tJU" tJ'I flll 

~~nu ~1'W 1'Wfll1 ~~i'11 tJ ~ 2.13 , 'W1tJ rr'lUtY~'I 0'lfl1111tY'Ifl'i U(Burr)~1t1 fl1111ii'll'ti'W ni'l UtY~'I.... ., 
,JI I I I 

, _I'" ~ 'JI., ~ • ~ d 'JI"s I "I iI 'JI 1'JI. '" '" 
'W1 lJ'YI 'If l~flU'lf'W 'I1'Wl\l 'rI1:: tl til 'I tI'IC)f'l~tJ'I'YI1 11Jf.H~mm ::'YIUtJtIl'ltJ'W ~ 1t1 ItY'W fl'ltY1111 U1tY~ ., q 

U"::';'W'11 'W ~'W ~ij fll 1l1fll11 tJ 'il1fllflij I~ 'W11 ~fl~ij~ fl~ W::fl '"1tI~ 1tI ijfll111fll11 tJ~ ~h~1'W11,j'1111fl 

J. ~ j) Q,I ~ 'j/ J I Q,I Q,I.et.d Q,I Q,I ~ & 

ll1tJI1 1I~'W fll1~~ fll1 tYfll11 fl~ tl'W ~'W"'W tl tlflU tYfil'rl 1m ::H111'Y1flll~~ 11"'I 'il1fl'W 'W fll1 tYfll11 tl ., 

lfill~'W 1I1fl lrltl ~1'W 1'Wfll1 ~Pl lfi1I~'W 'il'W m ::YT'I ~~ , tJ 0'1 ~ 1'W1'W 11 ~'Ifll1 l1fll1 1tl~'Ilfill~'W tl ~1 'I 
d.cl ~.4 d ~ '~d 'j/ d Q,I oQ Q,I 

11~ 111tlflfl1 '111 'W 'I tY 1111 ~'YIllJ 'W1'If'W 'Wmtn1::fl1111"1"tl'l tlt!filfl" 'W 1~ mfl"tl'l1tY~U1nwflll ~~ 

1m:fll111fl111 tl 'il1fllflij 'YI1'1~1mf\JClf fll1 ~fll11tl~tJ mtl..f'W CJ1)jflij1l1fl~tl\Jl~ 1I~\J 'ill fl,f'W ~'I ij fl11 

~ " I "s' .4 0 '" ~ J "s I ~:: ""s "s 
nfll11tJ'lf1iHfl11fll1tYfll11tJ" tl 'I~ 1t1 l1Jtl 'il1\J1\Jfll1 ~~1'r111"\Jf;)'lfl111 \J'I'Yt\J1:Jl''il'l tYfll11tl1l1 fl fl1111 

"" " \1'Ifl'iU(Burr)<tf\J'I1'W,j'l:!f0'lfll1 l1fl111 tl" tl'l'ti'W Clfl~ tI~1 'I 
.. ~ 0' 'j/ )J • ~ o.d.,~ tI "0 IV 

fll 1 ,,~ fll '1 tYfll1 1 tl "tJ 'lYfW I:Jl'UCl:: ~ 1tI ~ tl 'I 'YIl 'rI1 tJ11 fl 'W11 Cl1 tI tl til 'I fl tl 'YIl 'YI U11'rill 'rI , <tf'W '11 'W , 

lfl~ tJ'Il'r11 tY UCl:: fll111 ritJ~'Wll~11i~'lfCltJfll1 fffl111 tl~ ~1t1UCl::tY::~1flfltJfll111ritl~'W 1I1~1 fll11'W 

fll1 Cl~fll1Ufll11 tlll~Cl:: tl ~1 'I'If1mfill tlltlfll11~'I1'W UCl:: fl1111tJ 1::11 rr~"tl'll1~~ll'tf
q 

JQ flu 
2.17 fl1188flll1J1JllllYtllTtft~ 

~ '.t:lto t!G.I tf, .cI 

'Yt'W j1\Jfll1 tltlfl11UUlll1'Yi1l'Yt~~UCl::fll1tJ1::Qfl~'.fl~1UtJ1Cltl 

(Blanking Operation: Basic Die Design and Application of Tribology)
 

_I' U t' ~ v ,~ <l

2.17.1 u1::LflTlAH , 'U8.:J.:J1UAfllflDIWllllTtllTt 

tJ1::1fi'YI9l1'1 C'J "tl'l'll'W~~ l~tI'~l1~~lI~ l1im~\Jci'nu~lt1 (Punch and Die) tY11111U 

U,j'ltltlfl'~I~'W 6 tJ1::1fi'YIi'lllil~'I ''W1tJ~ 2.14 fltl.. 
'j/ tI:t ~ Q,I ~ 4 'JJ' 'j/~ .cI0 I

2.17.1.1 UUCl'lflfl'l (Blanking) IlJ'Wfll1~ ~ 'If'W 'I 1'WC)f'l'YI 1h, ~'lfl..! '11l..!1I!tJ 11'1UCl:: 

"I '" 
"l..IlPlll1l1tll..! flU 'jPl1 tI.. 

~ . ~ .CIt, "", ...et ~ 0 'JI1 'JI~
2.17.1.2 'I1l..11'il1::?,111tll'YitltYl:Jl''I (Piercing) IlJ l..!fll1 I'il1::1Ul..! 'l1l..! 'Ill..! 'YIl 11 ~ 'lfl..! 'I1l..!11 

."
_I I 4 Q,I fI 

1lJ11'111Cl::"mPl11111 tll..! 'rIl..! C)f.. 
" " 

2.17.1.3 'I1l..!~PlU,j'll1itl'rl1'Y1~'I (Parting) I~l..! fll191~IWfl';l..!'I1l..! tltlfl'il1flnl..!1~tI' ~ 
".~UlIl'4l1'Yi 
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~ ,~ 

2.17.1.4m':i,r~I~tJ'U (Shearing) 1~'Um':il~tJ'U~'U·n'Um)fHIlf)fl'Ul~fJlimJ,r~li~fftJ~ 
g ~ 

l1itJvr'UClfnlJ~lfJ~:::.yhm':i,rfl~'U~l'U 1'UltJUlJlJtl"'lfJ "I nlJm':i1m 
~ ~ . 

2.17.1.5 m':i~f11Jltl (Notching) 11l'Um':i,r~~'U~1'Uflflf)1Jl~"h'U ltJ'.i1~~'U~1'UV11~~::: 
g
 

..c!I IV I QI rI
 
11111fl'U f)lJ ff1'U '\J fl~""'U C)f 

2.17.1.6 m':i'\JiilJ'\JfllJ (Trimming) 11l'Um':i'\JiilJl1iflA~'\Jflmh'U~hj~fl~m':i'\Jfl~ 
,: 'lI 1~:t _I fJI .c!t .Q Q,.- c/.d,,, J dl oe::l

'II''U~1'U':itJU1fJflflf) 1.... ':i1::: ~fJtJf)f1'11''U~l'U':ilJmfJl1':imHWlfltUGJ\'t1 ~~1f)m':imf)'\J'U':itJj;lf)~:::1I'\JfllJ 
~ ~ ~ ,,, . , 

li11hifJlJ1fl~~'UUY1lfl U":::~11i1'U~fl~fh~~flflf)1~fJ11i't1i1liJulfl'Ulill:::'lhhn~~l'U,jfl 1tJ 

Punch Punch 

~~ 
>-~ 

Workpiece "/
 
Workpiece
 

" Scrap 
(a) Blanking (b) Piercing 

(d) Shearing(c) Parting 

'- .' 

$~ 
-...... ~-J 

~ 

(e) Notcking (t) Trimning 
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Guide bush 

Backing plate 

tt-ll===== Spring guide
Punch 

~·":$~'~~~#"i '.-._

n~··--=:~.~~·~:-_-_-_-_-_~_·_P_U~;~;:~~te 

Dowel pin 
Bolt 

Die lieder 
Guide post 

Die 

Lower plate 

. " . 
ruVi 2.15 iflHff!HU~~lJ...rU1J~.:Jtln'1 / l~Vffc)f'1 [4] 

". . 
U1J~ '1tln'1U ~:a~ Vffc)f'1 1~'U m ~lJ11i flU ~~ i~ vi ~U~~lJ...rViiJVlJ i ~n'U fld1'1fll1'1'\!1 1'1 

I w" 

lUfln lfllll i 'I1'~;r'U '11'U Vin'\! 'U l~ffiillfflJ fl u~::ijm lfll~ F-lii~fifl'U,j'l'1'~ '1 ~fllolw::m ...n::u~:: 

" " f111lJU~fl9iH'Ufl'1'ti'1fffl'1m~1J11iffl1JnOfli1J1V'~~'1ij 
, ~ 0' "o'~ " 

2.17.2.1 U1Jl'l1J"'Ul1J~'1f1fl'1 (Blanking Die) 
" ,

i'U111~1'U1J'UUff~'1fllnll'11'U'Ufl'1fll~~~uF-i'U;r'U'11'U (Blanking Operation) lff~Vi~fl 
o Q,I..::::s r 'JJ 0' ...:=to ci.d. ..::::s I ~Q,I Q,I 

'U"1:lJl~~l~VmlU1J~'1f1 (Blank) F-I~~fiW'l1'Y1~fl~~flflfl1J11~Vfl11 Workpiece l1~fl Piece part lfl'El 
. ." 

iff~Vill1~m1Vflilffumll(Scrap) l1~fl ff~fl (Slug) U1J~'1tln'1 ffl1Jl~tli~'~n1J'ti'11cIl1::u~:: 

fl hl1:: im::l1iH'lf1'1oJfmJfl'1fllnll'11'U (Working Stroke) ~'UeU~::lfl~fl'U~~'11Jl~~iff~ ll~::oJffl 
. .. " 

fl~1J' 11 iJ'1Vil~1J lffEl iff~~::~flvfl~~l1 mv~'U CJf111u~::~flll~~ flflfl~1VUF-i'U 1I~~;'U '11'U (Stripper 
• I II I 'JJ 

Plate) i~v'ti11lIi'U fll~ F-lii~fldl'1~mUfl~ uF-i'U;'U '11'U111J~'U fll'il 'iI::ltl'UUF-i'U;'U '11'U '\!'U lflVl1n 

. '.d. " 
" d do I ~ ... I d 0 ~ " G(" a

f111lJfl11'1f1'1'Y11~Vfl11 ff~~1J (Strip) !'UmW'U~lllJ'U~fl'1!'If Stopper Pin (or Location Pin) l1~fl 
'JJ • r:I 'JJ 

ff~flfh" 'U~~hnf'll '11~'U~1til'H'U~~lUl1,j '1;'U '11'U nfl'U Vi 'iI::tlflli'UeUfl~~~ i'U m tU 'Ufl'1 II1J~'1tln'1 
'U 
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, ttl • 'JJ • 

lii61~ 1~6'\.J i~tl~1Jl,j'l 1 tJl'\.Jmj.yhJ~t1(;l~tlt1il1J d1'\.Jfh1(;l~66t11Jl~1tl11~'\.Ji~tl~1J~6 ti'\.J,n'\.Jn
q cu q q . 

'lh1tJl~ lm~d1'\.Jnmil6rhm'\.J~ltJ~mnlmtJ 
~ ~ lIS I~ d'~ ~ 

2.17.2.21'YW""t]j'~~ltJ (Piecing Die) ..n ml1J'Vm"'~~l ~l::t '}f'\.J~1'\.J 

lrt'\.Jt11~1~1~~1'\.Jur~'\.J~'\.J~1'\.JA1tJt11~~1J l~tJl~~'\.JCJ1't1(;l~~ltJ t1~~~~l~~lt1t11J""~rli~.. . " 
(Blanking) ~61'\.Jt11~1~tJ""c)f~ ~ff'l>li""i'l~~\!t1~~66t1~1tl11~'\.Jti'\.J~1'\.JH(;l~"Hl~l,j'l1tJl'\.J~ltJ d1'\.J 

~ " .er. d' I ~ ". d
'}f'\.J~llJ~~tlt1tJ(;l~66t1~1t1",,~~tJltJml""(;l'YI (t1~lJtJ(;l~'}f'\.J~llJ) t1(;l~flH6t11J'\.J~1t1 ':itJ'YI 2.16 t1(;l~.. ... .. 

• 'JJ "1 
~tJli 2.17 t1 ",,~~ii~fl111J~lJ~lJ n'\l6~ti'\.J d1lJ1m~ i~tl~mh'l1i1J~l'\.JU1J""~rlfi~ t1(;l::1~t1""c)f~ .. . 

;-.'==:-7. 

." " 
~tJn 2.16 fl111J~lJ~'\.Jn'\l6~ti'\.J~1'\.JU(;l~t1~'\.Ji~tl~mh'l1i1Jt11J""~rlfi~[4]... . 

...Lt:::::===:7...., 

, " . 
!tJn 2.17 ml1J~1J~'Un'\l6~ti'\.J~1'\.Jt1(;l~lff'l>l1(;l'l1~dl'l1i1J1~t1""c)f~[4] 
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(Cutting mechanism or Cutting terminology) 
. " . 

H~'Ilij'lU'J 'Il1m:::1111J1JUH1J ltHll1J 'Il1JU~,"1J,"U1J1JU1J~'Irln'l,..,imrhH;y9f'lflmll'J. 
" ~~lff~ 111''IlHI'llfln1J ~'Iij,rijfllHh'ii'10'1 3 'li1J\9lij1J tilt;qjl;h,..,i1J~lilu~,"1J,"t~'J l:::ii 

II ,II II 

fll11Jff1Ji1J111~tJ\9l'J 'In1J'Il1J1fl U~:::fJ tUn 1~'Il ij'l ~1J 'I11J l11~ 'Ii1J \9lij1J t'l1 ri1UUff~'IO'l1J UnitJ1fll'J 

t1J~tJ1JU1J ~'I'Ilij'lUH1Jl\9lQ~1J\9l11J,h~1J ~'IU ff~'Il1J 11J~11JriH 

II • , I 

'li1J\9lij1Jl1 I fll'Jt1J~tJ1Jl1Jij~l1Jffml:::~~lff~fl (Plastic deformation) t1jijlI91Q~1J~fl 
• fd I II. 

lHij~1J1J~ltJ fll'J fl~ti1J~1J1~1Ji1JCJ1~milij1J1J1ff1JHff~1J'I11Jl111'ltlg1J1J~ltJu~:::ritll11'tnft 

m '1~Utnft~1J1JUUH1J;1J'Il1J'ilUm:::,t'ltnu:Uft~ 1nftVft,..,..V1J 'Iltl'llffft ;'1lh1,rtnftfll'Jt'l.l~v1Jnl 
.x .... .... ~ I I'll 

~ 

ml'J'Il1JU~::'Iltl1Jl91ft~fl1:lW::t1Jhlffl1J fl'l1J1J (Die roll or Roll over) 
II • I I :: ~ ~ 

'li1Jl91tlUl1 2 fll'Jflftiifl (Penetration) l1J'Ilw:::nu'J1J (Ram) 'Iltl'ltflitl'l~1JCJfl1Hl1J 
• rd II, JI 

mh'l~tlt;jtl'li1JCJ1'l::iiuHflftiifl1J1Jt;jtllff~titltJ'1 'lUUHU~1J'I1U (Blank) ,..,itlttnl1,m:: (Slug) 
td II • II 

'l::~fl~U~'Il1J'tftl'lft1tJ(Die opening) i1JCJ1'l::~fttUtl1J~1J'I11J n1l..r'lltl1J~ftn,nhi 'tfl'1UiiFhti tJ1J 

I91H (Smooth sheared surface, Cut band ofBumish) 

~1JPltl1J~ 3 fll'JUfl'lllft l1J'Ilw::~iiUHflfttlV1'l~tlldtl'l;'1t~1Jff1t""~ n1l,rtnft'JtltJ 

.1 '1 .l.... ~ 1 _I co ~ co d .1 "'" '1 '11 .... 
Ul91fl'll1J 11Jt1Jtllff~ CJf'l ftVlJfl\9l'l::t'J1Jtfl\9l'JtltJUPlm~fl '1 (Crack initiation) 'Il1J1J'J!1W lfl~ '1 fl1J 

D " • 

'Iltl1Jfl1J~ft'lltl'li1JCJ1Uil::ft1rJ W 1ftU'l::tnftfll11Jtfl'1J~'Iiiiitil~'11J1fl n'l'.hfll'J~ftmtJ 1~ffm~fll'J 
Go' d cl ~ ~ 'QI "01 .ci 'j)

191ft 11t111J1::ff1J ('111J l~'Iltl'ltfl~tlU 'J1JCJf'J::"" 11'l~1J CJffl1J\9l1tJl1t111J1:: ff1J) 'J tltJU\9l fl 'l::'IltJltJl'1fll1'l 

" tltlfl11J'l1J1J11J'J'J'l1Jn1J ,h,,rUHU~1J'11u,..,imff1:l h,..,::UtJfltltlfl'llflUH1J 11'l~ u~:::i1JCJ1iJ'Ifl'lii 
. " 

m'11'1 'Iil'l11Jl1J'tftl'lft1m'"tl~1JUHU~1J'I11J"" itlUfil1il,..,::111',.., 'Jfttltlfl'llflfl1J~ft'lltl'lft1tJ 
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Deplhof 
penefrafion 

~ d.& 0Glfj)Q f}JQ,I,d 

'tI'\.J~fl'\.J'YI 2 fll'Hl~Hlfl (Penetration) 'YI1 Al1lflfll1'\.J1~f1I·HJtJ\PI'i.:l 

Storlof Comple/ion 
fraclure o/fracture 

. " 
nHi 2.18 ;r'\.J~fl'\.Jfll'i11m1::'t1fl"lflfll'i9i'~lm1::l~fJl~l1~thJ,.{[4J (~fl).. 

fl" lflfll'i9i'~i.:l 3 ,f'\.J~fl'\.J~flr;;11 tiflH"'tIfl.:lfll'i9i'~~nh hrlnfl~mHU::~lfflJ~ 
~ " ,,~ CI ~ AI ~ fj1

'Jj''\.J .:I1'\.J 'il1f1f1l'i111J".:I fl m 11"::fll'i l'YWfftlf.:l fIl 'i~'i1'i1fffl1J"fI'UW::'tIfl.:l'Jj''\.J .:I1'\.J ~1fJff1fJ~ 1ff1lJ1'i f:l 

~tJJ, tJJ.cs "".d~" .:!I'tt.:!l:" 0I I 

1J flfl I~111'1l'1fl" fJ11 'i '\.J tlf 'YI .... '\.J tlf11":: ~ 1fJll1lJ 1:: fflJl1 'itl IlJ l1'i tl .... 'U tlfll ,,::~ 1fJtl~ 1'\.J ~l11l1'\H II 'U 1 

~Hn'\.Jl1itl'~ -l1itlm1lJi1lJ~'\.J6~l1itl '~J'\.JnH (Good aligrnnent) 
, "1 11 

lijfl~'iI1'iW 1f1" 'flfll'i9i'~,r1.:1~'\.J ff11J1'if:lUff~.:I;r'\.J~tl'\.JfIl'iltJ~fJ'\.J'itJ'tItl.:l~'U.:I 1'U ".:I 1 'U 
" 

m 1~l1ff~.:Ifl11lJfflJ'ti'\.J lh::ldH11H1'\.JfIl'i ~~n'l.J'j::fJ::'YIH1 '\.Jfll'i9l~ , ~~.:Im l~'itJ~ 2.19 ~.:I 
" 

" t 'JJ , " , 

;r'\.J~tl'\.Jli 1 titl~.:I11~lilJfI~9i'f1'i1'\.JO.:ll1lJ1fJ1"'" (1) 1'\.J'itJ ;r'\.J~tl'\.Jli 2 fitll1~.:Il1lJ1fJ1"'tI (1) ~1'\.J 
" 

d I Q,I" .cI.<i!I. Q,I • .& 

l1lJ1fJ1"'tI (2) 'iI'Uf:l.:ll1lJ1m"", (3) ff1'\.J'tI'\.J~tl'\.J'YI 3 fltll1".:Il1lJ1fJiil'tl (3) H1'Ul1lJ1fJ1"'tI (4) 'iI'\.Jf:l.:l 

l1lJ1fJ1"'tI (5) 
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~(k 

(3) Crack initiarioll 

\ (4) Crack propagated 

~! i 
Shrol"oo surface I 

" (3)-=-3
(2)Smooth sheared· 

(4)
suiface occurred Franuredl 

(5) Blmtk is pushed , 
~l./1(l) 
~roU 
Die 
(1) Die rollfonning 

(6) Sirq,ping 

, .-" t c:f , , 

1t1fi 2.19 m11Ji11J..;'Un'J::l1'jHU'Hfii~~ft<tf'UHl..ln'U'J::v::fi'ti'UcUlfli1fl'Ufi[4] 

.
 
.Q d"~ cud

2.17.4 fl11Ttill"n:UllfliUlU1UCJ lUfl11AR'nl't'lUl::UU (Appropriate cutting clearance) 
QlQ.J'rI ..oi::l " I ..Qlf! 

2.17.4.1 m11J'ff1J'Vl'U li'UO.:J'U'U1ft'lf'U.:J1'U ~O'U'Ulft'Vf'UCJfU"::ft1V 

. " " 
(sheared surface) l1iOfi'Ul.:Jfli'~l1Vf111tiftll'U'U (Cut band) 1I::'Vf'U11'U'U1ft'Ufl.:J<tf'U.:J1'U 'il:: i mYf111 

qI I~ II. alt" 
'U 'U1ft 'U fl.:J 'ti'U cUfi i ~il1J~~H 1~'\..Il'ff'l 1'\1fl.:J 1I1f1'¥i.:J 'U fl'U ~ft 'U fl.:J<if'U.:J 1'Ufi i111 ~'ffn'U..; 'U cUU,,:: ft1 V11::1nft 

f1l'J~ft~1f1~'U (Spring back) 'lfftl'lfVf1l'Jltl~V'UlltlCl.:J~t1:iHi'U'lh.:Jtifll1~'U(Elastic defonnation) 
cY JI JI, al 

'Uw::fh~.:Jf:lf1il1J~ftrl.:J,r'U 'lfO.:J~lV~.:J lrl'U ~1n1l1 '\..1ft 'U'\..I1ft'Ufl.:J<if'U.:J 1'U i'\..l 'Uw::fi'U 'U 1ft'U fl.:J~ 'U cUlI::.. 
Irl'U~1n1l1 'U ft'U'U 1ft'Ufl.:J'J~ '~~1V f1111J i11J";'U nlmhu"'Yi 1i MOflf111'U'Umj-W1J..1'ff11Jl'Jf:l'l11' tI.. 
~ 0 ~ 'j/""i d ~ ~ djlQI

'Vf 1I1'JW1f1ll1'UftlflClVU'J 'UCJf 'U f1l'J~ft (Clearance) 'Vl1l11J1::'ff1J11Jfl'Vl'J 1'U'U'Ulft'UO.:J'lf'U.:J1'U'Vl~O.:Jf1l'J 
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Clto 61 fj} I ,!f. .cs "d''1 Q.I• 

2.17.4.2 f11'.i'YHIl'HU1 t'lf'lfij.:)1H'I1HlLfHWU'.i'UCJf t'Uf11'.i91~ (Cutting Clearance) 

'liij,:)11.:)1'Uf11'.i~~'.i::'I111':)~'lJC*Il~::~ltJ~l~tJf)111tl~tJllf'UCJf (Clearance) 'I1~ij~l c l'U 

.... 14 o;'t 'JI 0 til 71 .cs 'JI tie:! 0 Q,I I til 'JI 
'.i lJ 'YI 2.20 ~ 11lJ 'U 9'1 ij':)f11'11 'U ~ t'l1l'111.11::"n..l 1'Vi '.i 1::1tl~tJU'.i 'U CJflltl1111'fY1tltlJ91 ijij1tJf11'.i t'If.:) 1'U'tI ij.:)
'II co • 

IClto tI ~,'j/ y .cs 'j/ d' b'J.cs "<1.10 

1l1l'Vi 11 'Vi ll~:: tJW.fll'Vi'tlij':)'lfWll'U ijtJHll1f) till 'If Itl ~tJll '.i'U CJfll1f) ! tJll H~'YIll'I1~f)'lJ w::'tIijlJ'tI ij.:) 
'J1 , 'J1 I 

"'U':)l'UYi'~ijijf)lll 1~~ 1l~::'tI'U1~"'U':)1'Uij1~ 1~1~'U 1tJ91111nijijf1l1lJlJ H 1'Umw91'.i .:)n'U,j'111~1 

'I" '" " "" '1.1 "l 'I I '" !'1t 0 'I ,,'" " d", I I 'I " ! 'lfltl ~ tJll '.i 'U CJf'U ijtJ tlJ'I1 '.i ij tlll'Vi tJ.:)'Vi ij~:: llJ'U 'fY1l'119.)'YI1 t'I1lf)~tl1111ltl'U 'YIlltll"I ':)1l1f) 'fY.:) H~ t'l1f11'.i 

-dI '" ., '" .1 d • 1 dd d " "".,; 'I .. 0 !'1t " 1"'fYf)'I1'.i ijlJ'.i nWtlll91~lf)~'tI'U 1'.i1f111 'U m W'YIltl~tJU'.i'U CJff)11':) I'U ij.:) ~ 1f) t'U f11'.i i111~ 11lJ'U9lij.:) 'lfllH 

J. .cs.cs I ~ .cs J ~Q,I Q,I 

111f)'tI'U II~:: f11'.i I'fYtJ~'fY'.i ::'I11Htlll91~ f)IJ 'If'U':)1'U111l1f)'tI'U'U 'U!ij.:) 

1~tJfi'1 hJtlW 'fYll-U9l'Yll.:)f)~ (tl111111~':)1lHll~::tl1111'fY1111'.ifli'U f)l'.i tj~~1't1ij':)1'fY~) 
,flI " 

ll~::: tl1111'l1 'U 1't1 ij.:) llH'U1'fYiiJnYJ 1f11'.iillll~'U ij.:)fltJ '.i::: f) ijIJ'I1 ~f)"hhtit)Jn"l~1'U f11'.i -W ~ 1'.iW11tiijf)1;; 
'" " 0'4., '" '" !'1t.1 o'd 0' ., 4 -dI

'tI'U l~'tIij':)ltl~ tJll '.i'lJClf CJf':)llf)~:::fl~I'YItJlJtlJ'UllJm lCJf'U 91't1ij.:) tl1111 '11 'U 11'fYiiJ 911'.i 1.:)'YI 2.7 11'fY~.:)fl.:) 

.ct !I 0'!I .d 1 Go' Q,I .oQ' Clto~" ... 1 d'd 0' QI

ltl~tJU'.i'UG)f (~l'Ul~rn) 'U f11'.i91~'tIij':)1'fYiiJ'If'U~91H '1 tl~llJ'U llJmlCJf'U9I'tIij.:)tl1111'l1'U 11'fYiiJ 

Punch 

Die 

4
.1 "'" "1 .,~lJ'YI 2.20 ltl~tJU'.i'UCJf 'Uf11'.i91~ (Clearance: c) [4] 
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.,,djl ,d'" '11'W~~U~1~'If'Wfl'll'W '11'W'YIfl'tl'ln1'ifl11'lH'YItI'I fl'i 'I '11'W\Pl~ 

(1'fffl '11 'W1)l'fffl (1'ff~1J1'1) ~1"l 1tJ •• 
d jI .. 

4 - 12 18-2612-16l'I1"nn"lfllnm'W~\1 _ ....._._..__......_......._._-_..- ......_.._....._. ,._......._--- _._-_..._-_..._....._-_........._-_.._--_.....__.._-_._._----- f-----.. 
d d 

2-6 12 - 216-14l'I1"m'l1 'W tl1 
-_......_-----_._._...._..__._-_.._..__......_ e------.--.....--..--.-.-...-.-...--..---.----r-. 

2-4 4-13 13 -14d jI 1j1 '" . 
l'I1 " n n " 1 'i 'ff 'W1I (Stamless 

steel) 
1------------_.. -.._---1-------_._._._._._..._--_._-----. -----_._---_.. f---------.-..

'YI'tl'lU~'1 ('tlmj'tl'W) 1 - 3 2-9 8-24 

1,,'11~ 
'YI'tl'lU~'1 (U~'1tJl'Wnm'l) 1-4 11-243-13 

... , 
1-4 9-22 

oW'tl'ffoW'tli''ff -lJ'i'tl'WeU 

3-10'YI'tl'l1'l1"'tl'l ('tllJ'tlV'W) 

2-5 4-11 7-23 

.. "'d 

1-3 3-9 8 -21'tl"1I1'Wtill -_... 

'" d d 
1-12 6-18 14-24'tl~1I1'WtllI (U'tI'I) 

\Pl~n1 3-6 5 -12 9-23 

tI1'1H'ffllflll1~tl'W(Ebonite) 2-3 2-3 2-3 
....-_.__..__.... .__.._--,,.--_._._-- --_._--_.._---~_. __._._---_..

1jI I ''''1 jIjI'tl1,,'11~ m~ 'lffll'W'tltln11'W ~19f"""'tltl~, 1oWllJ'tl{.. 
't'l'tlfllln1, Nl, m~fll1:l 

* 'Oln E.V. Crane, PLASTIC WORKING IN PRESSES, John Wiley & Sons, inc., 1948 

d t'jJ ~ 0 OJ , ~ tI 'j,J tI~ 
2.17.4.31fl"tlU'i'W9f'ffl'11'ilJUlI'Yi1l'YiUlJ"'1fln'l (Clearance for blanking dies) 

9t'JJ I OJ ~ djl d t'jJ tI 
'tI'W1~'tI'tl'l~1t1 'O~ ~'ll''tI'W1fll'Yl1nlJ'll''W'Il'W'YI\PlU'lm'ilfl"tlU'i'W9f (Clearance) ~~Qn 

lJ1h.l1~1 'Wn1'itll'W1W'tI'W l~'tI'tl'l~'WeU (U~~1I.w~1lJ'W'I1~'tl~1N).. ~'1 'O~lgnn-jlfllt1 tln~1mhwJi'W 
jI ., ,t d j1,.. jId jI

\Pl'tl'ln1'i\Pl~'ll''W'Il'Wl'I1"m'l1'Wtl1(Mild steel) 1'ff'WHlff'Wtlnm'l 100 1I11. 't1'W1 1 1I11. 'O~\PlU'l1'll''tI'W1fl.. 
'tI'tl'l~'WeUU"~fllt1't1'W1fll'Yh 1'i 

~ ~ 

1. ~1't1i'1J'Il'WUlJ~'1tln'lltr'WHlff'W6n"1'1't1'tl'l~1t11\Pl 100 1I11. l'yhnlJ'tI'Wlfl'tl'tl'l~'W'Il'W.. 
'jJ I tI ~ tI 'jJ d I 

2. 1'ff'WHlff'Wtln"H'tI'tl'l'Yi'W9f'O~\Pl'tl'llClnn11100 1I11... 
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..
 

c 

PUNCH 
Op:: Od-2c 

c 

DeS ... 100 101101. 

•	 d Y 

'jtlfi 2.21 nl'jfil'l1'U~tfl~tlU~'Uei' (Clearance) '\Iij~~'Uei'u"::~ltll'Umwu1J~~fi'n~[4].. 
Y • 

ffl'l1i'1J~1'UU1J~~fi'n~'t11 't11'Umw'\Iij~ Mild steel 'il::l.ythtfl~mt~'Uei't1'j::2JlW 5% '\Iij~ 

C = (5/100)*t (5/100)*1 0.051111. 

= Dd-2C (2.6) 

= 1001111. 

Dp	 = 100 - (2*0.05) 

= 100 - 0.1 

= 99.91111. 

do 91	 rio (V t..c::.. tid ~ 
2.17 .4.4 tfl"tlUnj9f'fflm1JU1I't'l1l't'lt't'ltl'ffC)f~ (Clearance for piercing dies) 

do	 do ~ 0 do" II Q.' do 'j} o'~ d b1"1'U mw '\Iij~t't'ltl'ff9f~ nl'j nl'l1'U fltfl" tlU'j'UC)f'il::~Hn1JmW'\lij~~l'UU1J"~f1m C)f~ ~fl 
1	 9I'j}<jJQ.'(V 1d,9I'j}'JJ Q.' 91' tI 

n"11111U"1'\11~~'Ufl~~1ijtJl~'YIU"1fIl~ij~nl'j~i'l'jt'ff'UHlfY'Utln"l~1001111...	 .. 
•	 d 

1) ffl'l1 i'1J ~ l'U!,yj tI'ffc'i~ ~ij~fil'l1'U i'l'\l'Uli'ltff'U fhfY'U 6n"H'\Iij~~'U ei'hl't'rhn1J'\I 'U li'l.. 
",	 II d31 ~ 4 1 do':Q,f 

!'ff'UHlfY'Utln"1~'\ItHH1~'YI~U,:mn 'U'UfW lJmWlJ Dp = 1001111. 
'II 'U 
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• 

911 ~ 911"2) 1'ff'WH1~'WV'\Jfl~~lV'il::~tl~ '11\1)011100 lJlJ. 

PUNCH
 

. ...
 
'.i'lJ-n 2.22 fl1'.in1'H'W~lfl~VU!'W'lf (Clearance) '\Jtl~,"'W'lfUi.'l::~lv1'Wf)nlh,"v'ffei~[4]
OJ 

C = 15/1001 = 15/100*1 = 0.15 

Dd Dp+2C (2.7) 

Dd 100 + 2 (0.15) 

100 + 0.3 

100.3 lJlJ. 

.Ql .C\ .:I " .cict, Q.I ci1:11 
2.17.56f11iYU'l'U6.:J'UU1~lftiU.IU1W:nIJJfl0f,}W.fl1'n'U61JflVlfI VI (Effects of cutting 

clearance on the quality of cut surface) 

d ~ 91 ci,d
2.17.5.1 mWlfli.'ltlU'.i'Wt}f'YI1'HlJ1::'fflJ (Optimum cutting clearance) 
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I 
r

. I , . 
1__PWlCH CUl\.ItU: 
I 

J 
J 

lu~tJ~ 2.23 (fl) U'ff~\Itl1'l'.hJfll';j1J':i':ill1Jn\JVHl~~fl\l·H)fJU~fl~tJ·nfltlhJ~\Jnu ~\I 
.. .1 1 d"'''' ~ ~ d ~ 0'", ,~'" 1~ '" 

ll:::lfl~~\J \Jfl':iW'YIn'lflfl L~~\J1~~fl\llflClfJm\JClf'YI1l11J1:::'fflH'YI1\J\J ';jtJ'YI 2.23 (~) U'ff~\I l11l1\J 
" 

Q"I IICiI
"..:!II .d~ l.d "I 'JI Q-' G) 'JI d.. .:!t 

~ fl1J~~~ fl\l~\J\l1\Jl1';j fllffll'YIfl fll11JfltufllVi'ff \I'ff~ 11::: 11l1l1flfll';j~llfllfJ L~ 'fffll1::: 'YI 1l11J1::: 'ff1J l1 ';j fl. ". 
• ., ,tJ 

ijfi11fl~ml!\JOlf';j:::l'1 i1\1fll';j~~.yj1l11J1::: 'ff1J,r\Jlfl\l lijfl~11 n tu l~fl1J~~n' ~ t \J,]\J ~fl\JU';jfl~ fl\lfll';j 

.... .. _I'" _I .9 d.... ~'1 ~ 
fl~~~1l:::1fl~fll';jllJClfJ\J1lJml'j(Plastic dcfonnation) 9f\l1JClfllltu:::nJ\J'ffl\J fl\l1J\J (Dic roll or 

iI • f:I I 

• OJ Q,f' OJ ~ Q.I r1'0 I' ~ 

Roll over) ~ H~l\1m fl "!~~ fl'l~ fl1J~~ l1 Cl\l1l1fl\J \J11J flVi\J 9f'Yl1fll';j fl~flf.l1 \I~ fll\J fl\l (Penetration) 

1l:::.yh1l1"~~fl1J~~ltJ\JU\Jliiu1J~H ij~fllltu:::ltl\Jl\lliJ\J (Sheared surface or Cut band) ~\lltl\J 
" . 

'fffill::: flU ~~ t \J,]\J~ fl\J n 'fffl\l tll\J 'ff~n1U~fl\l ~ fl1J~llll:::ij ~flll tu:::ln\J ';j flfJ~ ~l1 ~ fl';j flfJU~ fl. . 
" " I JI , 

(Fractured surface) ln~;j\J t \J']\J~fl\Jn'ff11J~fl\lfll';j~~ fll';j Qfl~l~ 1l:an~;j\JI'i1fl\l1l1flfll11Jlti'\J 
" " . 

fllfJ1\Jl'Ufl1'ff~ijfi1'ff 'lln\Jfli1:U~~ln~fll11Jll~\I11H~fl\l1'ff~,r\J "1 lij fl';j l1Jfll11J 'ff\I~fl\ltll\J 1ti'\I
q eu q I eu 
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--,.....AI 

• 

.,. .,. 91 91.., 91 191 , .., .., "" " 1 _1 ""1 91 
1J'U U'U 1t'W1J91'i,m"~'H)tJ\H)'\Il~t'\l1~1tln'U ~~9Hl.:J ~tl'lln1Jml1Jl1'lJl'\ltN1"'~'If'U.:J l'U ~tllJn91 9'1 

. " 
"b'Until'U'ifltl\1mn~ll~tn~f1~1J (Burr) ~'Ut"'1Jfl f1j1J~~ihlmIW~1JH "1 iifl111Jfl1Jtm~'lhjtl1J 

ru'U ~ .:J~'li~fl.:Jf)l'i 1'Uf)l'i91~ 

i " "" 91 ",.0 "" lIJ_I2.17.5.2 n1'j 'lftflMU'iWlf'YI1Jlmn'U ~lJ (Excessive cutting clearance) 

INSUFFICIENT CUTTING 
-4EXCESSIVE CUTIING ,I CLEARANCE 

CLEARANCE •• PUNCH OUTLINE 
•t 

_
DIEOUTLING 

_1.0 .., .01"4 1"'" ,,"'.0 "" 1-1
~lJ'YI 2.24 '\Ifl1J91~'Y1 ~t1JtI 'lftfmmt'i'UClf'YI1Jlmn'U lJ [4] 

, ,,.. " "''' "" 1- 12.17.5.3 n1'j 'lftflt'ltlU'i'U"lf'Ufltltn'U lJ (Insufficient cutting clearance) 

ANGULAR CLEARANCE
 

VIEWA
 

" . 
(n) f)l'i'\ltlltl911'\1€J ~'i fltlU91n1'U~'U~ l'U m wn'\l'lJl~tfliitlu!'UCJfU'flmn'U' 1J 
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ANGULAR CLEARANCE
 

VIEWB
 

A 1" "" "" ,::" "... 1_ I d....l,,:: " llHI 'Jftflfl[lmlJC}i7::'t111~"'fUt]l'm'::~lVlH)rufllJ lJ 'HllJll~fl'VI1fl~'11lJ~lfl~llJTflJt]l' 

Ufl::~l[1~::'IIlJ1[1lJ11ijijfl1tJll~hj'U77~'UtilJ~~11fl'~~11J7tJ~2.25 (fl) 'rh,,r7ij[l~fl'll1~'IIij~1fl'~1li 
'II • 

• tI JI • 

[ll1~mi7ij~ 11~~::ti1~tillJ'U1'HhlJt'Vhl!1J ~~t!1J 'IIij'U~~n 1~~lflf117~~ l~[I' cNlfl~[lll!lJ tlfU'ij[l 

... ,_ I .c:t.c:t .c:::. J 1" '.c:l QI ,. 4 
lfllJ lJmn::lIU1J117[1'UflHlfl~'111J ~1I1flfl11 2 11't1~ 17[1flfl1J11 Secondary cut 't17ij Secondary 

• , II tI , t:I 

sheared surface irlJlij~~~l1fl'~~'UltJn 2.25 ('II) 'lJmwij~::ijli7ij1fl'~nilJtlf~ij~fl~~~1,r'll1~ 
.... '1.cld ~" Go' ~ QI 4" d '1"d " I66fl'lflfllJ1I1flfl11 UmW'VIlflfl[l117U C)ffl11~ ~~UlJll H f1~'VI~6~f117fl '1::1I1flfl11 llfl:: fl' ~~Hl 't1 

li1~f117fffl't17 ij'll ij~ilJ Clfl~1fl':hij fl~1[1 1~ [ltJfl ~ltrlijlf1~ [lll!lJCIf'Uf117 ~~iifhU' ij[l ~:: 'rh1,rfIi 'U~ 
Q ~ .ct d " 'QI 

lfl~'111J1I'IIU1~1flflfl~~1lJ1'JfUfll.J 

.c:tdo , :: 0' .: 0'01 
2.17.5.4 mW'VIfl1U't1U~'IIij~TfUt]l'l1fl::~1lJ1[1ij~t.!l.J[lflU (Misalignment) 

-4
CLEARANCE 

PUNCH OUTLINE 

EXCESSIVE CUTTING 

CLEARANCE 

I ~'.~~~~~ 

INSUFFICIENT CUTTING 

, ••' ••~,;... :'c'"~ , 

JI_......1_tEm~~EE·;I·.;g-f··D· , ___ ....A1 L _
 
.-'
 

DIEOUTLING
 

• JI I fd JI 

ltJn 2.26 '116'U~~'IIij~;U~1l.Jn'~mW"111'11ti~'IIij.nil.JClfll'Cl::~1lJ1Vij~t.!l.JeJnl.J[4] 
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, " ~ I 

,1Hi 2.26 Uff".:J(i.:J'UijtJ~"Yi 1~djij~lU'H U.:J'Uij.:J'ti'UcUum:'l1ij.:J"ltJ 11J1YitJ.:J91H 'H ~ij 
.l d'Ji QI Q,I c:.,.4 ~ Q,I ~ dl1l <jI 0 CI <jI 

Wij.:JR''UtJ9l'.:JO'UUCl:::O'U (Misalignment) 'U'Uflijf11'.i'YHl1'.iW1'UijtJ9I"'Uij.:J'If'U.:J1'UVI ~" 11::: VI1 ~ 'HVI'.i1tJ.. 
'~'h..i'UcU'Hiij"ltJ1ijtJ.:J 'bJ'YI1.:J!'H'U ~.:J'il:::ihh::: ltJ'lfumh.:J1J10i 'Uf11'.ilH'tJulPi.:Ju1Ji11J..{iMi~fl111J 
.d 9J ~ 0 i d-d l d' 0 Gt 'j/ Q,1 & i 'JIQ,I I 

1VItJ.:J91H 1'Vi'.i l:::tI1tJ.:J ~'U'YI1HW 'U fffll'ViVl1Jf11'.i Wij.:JR''UtJ 'il:::'YI1 ~ 'H ij91'.i 1f11'.i ffO'H'.i ij 'UU91 Cl::: " 1'U.. 
'Uij.:J..i'UcUUCl:::" 1tJU9101Pi1.:Jn'U ri.:J ~Cl iMU'.i .:J~f1'.i :::lhlPiij..i'U cUi 'UuIPiCl:::~l'UU91oIPiHn'U ~lfl111J 

U91f1IPiH~.:Jf1rl111J10'Viij fll'il'il::: nij iMln"fl111JtiftJ'H1tJntJ..i'UcU "ltJ u1Ji11J-n 'H~flll,j'f1'.i:::..t.:Jlfltij.:J 

ij1Ji~ .. ..,. .....,. 'i' 
2.17.6111[J'U'H1tlfl11.J li;l'H::: (Burr) 

f11'.i ~"~'U.:J 1'Uhwi ~i'U cUUCl:::"1tJ11::: IIIi Mln"fl~tJ 1Cl'H::: ~ijfl111Jfl 1J~'U 9IH'UijtJ~" 
" • • 'JI "1 

'ti.:Jri1'U'Uij.:J1ff'lYit;!0~"ijij01J1(ri1'UYilrJ'U;f'U.:J1'Ui 'Uf1'.iWUtJ"'.:Jfln.:JUCl:::ri1'UYilrJ'U slug i 'Uf1'.iW 
, • t:I 'JI I 'JI 

l-ntJff• .:J) UCl:::ri1'U 'U ij.:J1ff'lYi\Jf1i11J~"lrJ'U 1(ri1'UffumtJi 'U .:J1'UUtJ"'.:Jfln.:JUCl:::ri1'U YilrJ'U;f'U.:J 1'U 

, 'Uf1'.iWl-ntJff~.:J) fl~11~ln"~'UlrJ'U,rijlfftJ: (Defect) 'Uij.:J.:J1'U~"i 'U1J1.:Jf1'.iwnij'U~'il:::lh;'U.:J1'U i tJ 

i ~'tf~ij , tJ~1'Uf1'.i'.i1J1D~il9lPlij 'tJfll'il~11rJ'U~ij.:Jih~"fl~tJijijOnij'U f11'.it11~"fl~11ijijOfll 'il~ij.:Jf11'.i 
.qd ddt.d ~ .4 I i tltJ .q J,. ... I.q d 

f1'.i'.i1J11im'Vi1:::Vll'.itJf111"ltJijH (Deburring) 9l'.:J 'il:::ff .:J~Cl 'tf9l'U 't'.!'Uf11'.i~Cl9l"J .:J'U'U ~"tJ1J09lfl'.i11'il::: 

d GI.J.it Qt d ~ d' 4 4 0 • ~ d' ~ d'cu 
1J 'U 'U 1" ~ 'tf fU 'U 'U l1J ij fl1J 91" VI 'Yf 'U '1S UCl:::" 1tJ VI ij 'H '.i ij 911 U'tf 'U.:J 'U ij.:J 'Vi 'U '1S UCl:::" 1tJ ttl ij.:J R''U tJ f1 'U 

u .. 

~ .d ~ ",,.,. ,.q tI ". , ''JI
1'Vi'.i 1:::~::: 'U 'U 'U 'U 1"'U ij.:J m11tJ 'U'If'U.:J 1'U 'il:::11 ijO i 'H VI '.i 111 "11U1J'Yt1J'Yt ff11J 1'.i tI , 'If.:J 1'U fl ij tJ " 

'tfiij'1J 'tfiij~ij.:JlhitJi~tJ'.ii 'Ul1Pl.:J 'Mfl111J''H1Jnij'U 

" " . 
"'O'l:l W:::l~'Yt 1:::'U ij~f11'.i In''lfftJ'U 'tfiijfl~ tJ1Cl'tf:::11'U;f'U .:J1'U 'H ~ fllR''l:l Yi~"ijij01J 1UCl:::'.i.. 

.d:tI ~"Q,I ~a d~ ,,, :", 

VI'Yt'U9l' (Punched opening) ijij01J1'U'U'il:::9IH'U11Jf1'U 'U'Uflij m11'1f'U.:J1'U 1l:::ij~'YI1.:J"1'U'Yt'U9l'ff1'U 

d , . 
2.17.7,:!1I'H1'I1.JVI"8'1~1[J(Angular clearance or Rehef angel) 

1J1J'H Cl11fiij1J1J~fi 1~'U i ~ijfl111JCl1~UijtJ.:J~~1'U ~U.:J'Uij.:J'l1tH"1tJ 1~ ij'l11tJCl"U'.i ~O,,~. . 
" ~ 

f1'.i:::'t1 11Pi ij;f'U.:J 1'U 'H "'.:J 1l10fJ fl i11J'tf ~"ijij 01J 1'il10U~'U 1~1J U'"1 i ~i 'H Cl~ 1'U 'l1ij.:J" 1tJ ijij01J 1i ~ 
'JJ t r:I I 

ff:::" 10 1'W '.i 1:::1"tJ tJ f1~;f'U ~ 1'U Yitloi:l1J ijij 01J 111::: ~,,~ 10'"tJ 'If"1'lftJf11'.i 1tJil tJ 'U '.i tJ i'U 'l11.:J ti,,'tf v'U.. ... 
I t:I)J tJ • 

'Uw:::Yi\J0i:l1J~" 01i1Jijll1J'H CltJ;f'U.:J1'U 'il:::~"uu'U~"ntJ"ltJ 't11i ~;f'U .:J1'U fll'iUfftJ1tJ'~i 'U'UW:::Yi 

\JOO", ~i 'H Cl~l'U 'l1ij.:J"1tJCl.:J1J1 UCl:::V.:Jnij i~ln"l1Hff:::ff1Jij"ij~i 'U'l1ij.:J" 1tJ lrJ'U ff11l1 fJ'H "'0~'t11 
w " 'I 'JI ... ~ 1'J1_ 1 "" ''JI_ 1 I <i .... "" ...'JI 'JI

,,'tf'VfU9fU(l:::"ltJU91f1'.in "lJfl\Pl1J1J'HCltJll::: 'lflJ'.i:::1J1W Y4 - 2 ij.:JR'l91ij"l'U 'U'Uij~OtJ'If'U"'Uij.:J1ff~ 

~~" ~1'U1'Uf11'.i~il91 f1'.i'.i1J1nfl1'.i~il91UCl:::'.itJiH'Uij~U1Ji11J-n.. 
1"tJ..t1 i tJ 1ff"UtJ'U~ij.:Jf11'.i1J1J 'H CltJ i muo':h1ff"U~ ~ I'Yt'.i 1::::1ff" Uij'U 1" tJt~ 'Yt 1:::: 

q q u q q 

t:mikuu1JiJfl~:::l,jl 1lhi~lru'U ''U'liij~~lU (Die opening) 1~~lUfl'h1U~~U~~ dll1f1J1U~~il~.. . .
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• 

. . 
t~t11n'U t.\'lijfI1111'tY'U 111lf1 fl1'j1~1I11'tY'l1J1I1f1f1'hmw fiijfI1111'tY'U1tifltl 1'UmtU'IIfl~';'U 'n'U fi• 
iI. '" 1" ,dy,
f1fl~f1Wil1'U1'Ufll'jH'lfl 'ff~ f11'.i 'tf1l1l'tY'lUYI'Ufltlfl11 .. . 

" 

CUTIING FACE 

ANGULAR CLEARANCE 

VIEW A 

_I 0' Q " (f1) t't'UlJflHl1t1U1J1JlI~lt1U'l'U~ (Tapered de with die land) 

ANGULAR CLEARANCE 

VIEWB 

_I 0' "J 'Q 0' 
('II) t'YUlJm~l(JU1J1J ~lIl1~lt1U'l'U~ (Tapered die without die land) 

. 
.. " <!I <!I ..

2.18 t't'it'lflfHmft18.:J1JM1Ultru ASSAB V ANADIS 4 

2.18.1 f,}OUJ1Jml"'"l1,j (General) 

ff1'UH'ff1l'YI1~tfl ij C 1.5%, Si 1.0%, Mn 0.4%, Cr 8.0%, Mo 1.5% U'l~ V 4.0% 

'd d 
'ffm..... ~l'tY'\.,htl fl1Jflfl'U'YIm1:UU'II~ 235 HB 

QI QI flit:! d. 

'ffty'lf1'tltu 'ff t'lltl1 / '1111 

. ~ d jl440 dd.q91 ~ ~ 
Vanadls 4 tlJ'Ut'tY'lf1f1mtmfl~lIfl'YIH1'UW'U'YIH'lfl~1t1m'j:U1li Power metallurgy ...... 

d .Ji 9 rjJ G.I.c::r. ~ ,.c9 , 
tflll. tm~ (P.M Grade) C)f~'iI:::: mflW'ff1l1JfI'YI~m111'Y1'U'YI1'U~flfll1'fff1'tY'jflU'l~'YI'U~flUHm:::U'YIfl• 



35 

'" d '" 'I "'... tI tI & ... lIJ~1 & ~I '" (1Jfl111JU'\I,:jU(l:;f1111Jt'I1'U tJTii!,:j 1'U'\IW:;1~W1fl'U) 1:111Jl'HHl 'j~ fl(l,:j flCfl lCfl,:jlmHU1J111J1il~~I:11J 

" do d 0 ~ do " ~ t1 11l 91d cu d .& did " 
1:1 ,:jU(l:;'U6~'\I6,:j Vanadis 4 1'11:11f1W6fl'\l6f161:111Jl'jf.)f1,:j'j lCfl Cfl flltJ'I1(l,:jflWi1UU'(J,:j C)f,:jCflfldl1'11 (lflfl(ll

CUI tI CUI q 

lfl~6,:jij6,:jl'Ulg'U ~11J1Jl~'j!1'U-vt11t1 ~,:jt'l11Jl:;l:11JnUfll'jlflil6U~bu~,:j CVD (CVD Coating) 

~ cl ~ 1 '" 1 '" ",';' '" '" .JVanadis 41U'Ut'I1(lflfl(l1~1:11J f1'jl1JtJ1J- 1J(lUCfl'U1J 111'U1CfltJ1Jl:1,:j (4% 111'U1CfltJ1J) C)f,:j.. 
1:111Jl'jfll:1'jtlflW~fl'lolW:;vtlffll 1~~,:jd 1'1'U~6fll'j lfftJff fffl'l1'j61:1,:j 1'1'U~6U'j ,:jflCflI:1,:j 1:11lJl'jf.)'I1UU~,:j 

q q CUI CUI q 

~,:ji'U,:j l'U1 ~~1Jlfl ij f1111J t'I1'U tJ11:1 ,:j1Jlfl 1:111Jl'j f1f1,:j'j t1mj1 ~~ flltJ'I1 ~,:jfll'j ')fUU~,:j U(l:;6Ufl'U ~1 
CUI CUI CUI q 

.:S l.q tiel d .& " I .:9QI 

~ t1 1'1 2.28 U1J'W1J'Wil1J~Cfl,:jl'U(l::;16tJCfl (Fine Blanking) C)f,:j~6,:jfll'jfl111J1'1'U1'1l'U~6fll'il:1fl'l1'j6U(l::; 
I • rn iJ 

1'1'UU'j,:jm:;U1'1fl'ii!,:j lCflmil'Wl:;mh,:jrJ,:jW6i11J~'U,:jl'U'Ul'U '1 'tll'illfl ASSAB Vanadis 4 [5] 

1'" d SIdes
2.18.2 m11'U1U"8~1't'It1nnDl't't18111n1R (Vandadis 4 Application)
 

Ell d~.J ... .d~ I &
 
lU'U1'I1 (lflfl(l1C)f,:j1l11J 1:;flU,:jl'U1'1~6,:jfll'j fI111J1'1'U l'1l'U~6fll'j I:1fl'l1 'j 6 (Adhesive wear) 

.... ~ ~:1 I '" ~ d .J 1 .d ~... "... J
'I1'j 6~6,:jfll'j Ufl1J~'I1lU1J'W1J'WU~fll:1::;1flCfl (Chapping) C)f,:j Cfl tJ1Jlfl'il:;1fltJ1'\16,:jflUflWtl1J~Cfl '\I'U ~ 'I..l 

1I:1Cfl~1J 1'l1'U t'I1~flml'lHl:1iJ1J'D61:111'1'UiJ~fll'H~m't'I'UtJ1 (Mild Steel) 1'16,:jUCfl,:j 6::;(liil'utJ1J 'I1i6. .. 
11:1~'H'Ul 'l1'lf'U Blanking and fonning, Fine Blanking, Cold extrusion tooling, Power Pressing, 

Deep drawing U(l:; Knite 
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2.18.3tUnm 'UtHl'tuiflflI11 ftt81Jln'.iYl Vandadis 4 

.d ~ 
'fllH:J'Yl 2.8 '\Ifl1JrI'Yll-:Jfl1V,flWI [5] 

I 

7.600f111lJl1'U1U'U'U 

0.273 

200,000 185,000 170,000 

6 6 6Pis 29 X 10 26.8 X 10 24.6 X 10

fhtJ ':i:: ff'YlifI1'Yi fl1 ':i'\l mV~1'Y11-:Jfl11lJ ~fl'U 

~fl °c 'illfl 20°C 10.8 X 10
6 

11.9 X 10
6 

~fl of 'illfl 68°F 6.0 X 10
6 

6.6X 10
6 

26 27 28.5 

181 188 199 

I ~ 0 

fI1f111lJ ~f111lJ':i fl'U 'ill L'Yi1: 

460 

0.11 

.. ,
2.18.4 ftll1JlI'U~"'.i~ftaH'.i~fl'.i:Hflfl (Impact Strength) 

fI11lJH~-:JUH~mrHm:U'YIfl~~Wl1.fJiJ~1-:J"1 '\IW:'Ylrl'ffflU W ~Wl1.fJiJ'I1'fl-:J l'U'ff,flTrt 

'uihflVlJlfl tm:~l'Ufl1':i'lf1JlL~-:J~flWl1,fliJ 1020 fl-:JffWlfrltCHV'ff uA'1fllI 'I1'tV'U~1 l'U fllfl1ff. ." 
" " (Quenched in air) 'illfl'l!'UflUfi'U~12 f1i'-:J 'ri'~r1~-:Jm1l'J 
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TIT.".,.,. 
Austenitizing tempesatwe J.02ODC (187O"F). Holding time 30 minutes. 

T~ 

"F 
2000 

1800 

1600 

1-400 

1200 
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800 
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"C 
1_ 

i I ! , ! II, 

~ 
. , I 

, I 
, Ac.. 

, , ; I I I I - I' 

, I ! ! ('e ·1...... ! : I 
7fti' 

I I! i ! ---..: :::::--:- t--.:, , I ...... 
i I 

I ! 
~- ! ! i I 

i ! i I 
, , 

i ! 
: ! 

....... I I I i l--~ 
.....-: . -+---: -, I I IIIkM ! 

'Mal I I ~ --H -.. ~ I i; 

; : I . i , 
I I I I, 

1 
, 

I ' 1 , ] : , , 
i 

1 10 1 10 1 IIIIJ 10 IIIIJ 100000 , S8CCndI 

1 

1 

10 1oi1 1000 ....... 

1 10 100 tbn 

1,5 10 80 800 AIr ~ d 
....."mm 

T.. 
'Co 
125 

800 
1W 

700 

IRlO 
800 
450 

4GO 

=
aoo 
2!ID 

t---.... 
INtO.... 

..,8 lII3II 

1U 222 
1,D 2711 
1,8 213 

M241.' 
?0,3 370 
1U IllII u 

m1IU 
1&0 ..DI 
I,J 

ccr1/F'tIph 
AusteDitmng temperature 1020"C (187O"F>. Holding time 30 minutes. 
TempetllWe 

OF "C 

2000 1100 .------,-----r---.------"T"""-------, 
1800 1000 ~:::::::::;;~:::t;:;:_::e:;;~'II!5:'~o;;;:_l-----+---__r_---1 

1600 

1-400 

1200 

1000 

800 

600 

400 

200 

10 1000 10000 100 000 Seconds 
i , -f·

10 100 Minules, , 
1 100 Hours 

i i i i 

0,2 1.5 10 90 600 AIr cooling of 
blus,0mm 

CGOling 1""
Ho. IN ~_, 

1 13$ 

2 13$ 

3 824 
4 712 

5 ' ?82 
6 724 
7 ll20 
8 413 

II 274' 

T_, 
e-l 

1 

14 

42 
139 

415 

700 
20n 
3!lOO 
7000 
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!II 
2.18.5tl11t)'lJ'IfUflllll'H)," (Heat treatment) 

• _~ '" "" 
~ 

'l~ ~ "" 
~ 

&
fll'H)1HH)lJ (Soft annealing) mHfllJ'lfWl1lJlL'l~ ~'11mllJ'HJlJ\PI'lUfl'lflJ'IllJ~lJt:l'l 

UW'11fli1 900 U'Ifl'119f'l1;m,. (l650oF) 1l~11h;urJt-H'lg'IJ~1tlJl\P11~1rJ~fl'Jl 10 U'Ifl'119f'l1;rJff. .. . ~ 

(20°F) ~u;hllJ'IlllJO'lfJW'11!Ji1 650 U'Ifl'119f'l1;rJff (l200oF) 1l1fl'11lJ1JriUrJt-H'lglJ~1tlJUlfllfl' 

fll'JU1JfI'llrJ1f1'irJfl (Stress Relieving) '11~'11l1fl1l1hltJU~1'1'11rJ11J (Rough machining) 
~ ~. 

Gl9J 91 '.et, Glr;I(V.:9 ~ d 0 .et.d"lr;}

m'J t'11ml1J'JUlJllfl'lflJ'IllJ t'l1't'l1~lJt:l'lfJW'11!J1J 650 U'Ifl'119f'l19frJff (1200 F) l1'l~f1'1fJW'11!J1JlJ ~1 

ltllJl1'l1 2 i111J'I (Holding time) 1l~1tJrifwt-H'lglJ~1~1 '1 ll'IJO'lfJW'11iJi1 500 U'Ifl'119f'l1;rJff 
~ 

(930°F) 1Jlfll1lJtJriUrJ'-H'lglJ~1tlJUlfllfl' 

2.18.6tl11'1!'lJlloU'i (Hardening) 
~ 

fJW'11iJi1~lJ~lJ'illJ 600-700 tl'lfl'119f'l1;t.!ff (l110-1290oF) 

fJW'11fJi1'11'lJll~'i 80-BOO tl'ifl'119f't\1;rJff (lS00-2100oF) l1~tJfl~'I11Jll~'i 

~fJW'11fJi1 1020 U'ifl119f'l1;tlff (l8701 OF) 
" .

rll'11i''lJ~lJ'illJfiii'UlJlfl'11-u'l~fl t'11Q;fl11 70 mm (2.75) 

'll'lJU~'1~fJW'11fJi1 106 tl'lfl119f'l1;[Jff (l940oF) 

" 18'l~'1 ''t'ltJ 30 lJlfi 
" 'JJ I 'j/ 

18'l~'i 1't'ltJ (Holding Time) titl ';1'i11'lltl'lJ~lJ'illJfifJW'11fJi1'i!1JU~'1'11~'11Jlfl~lJ'IllJ 
. " 

iitlW'11 fli1'lf1JU~'in1n'i~tllJll~1 t.i'ltl1J-u'tltlfl11 30 lJlfi Ul'iliip.j'l~tlfll'Jff~l.Ilff[Jfl111Jll~'1f11nh 
q ~ q <uti 

_'I .cs tI .d.e. Q 1"
fll'J1Jtl'lfll'J fll'J"JfY1fftlfl1'J1ltllJ 't'lp.j1 (Decarburization) U'l::fll'J lflfl6tlfl 9ffl (Oxidation) 'UW~ 

d 
'l11J lL'U 'i. 

2.18.7ftltlDHmi'ih'-MI'tU3tlW,"ftl (Quenching media) 
a d.ci d Go' d 

1. "!fY~lfllfl (UflffmllJl'J1't'l"J'1't'lfl11lJfllJ"J'11YW'I,),W) 

2. tiH1Jl{t't'l1JttJtl{~ 'I (Martempering bath) '11i61flll'J'Jflfl lflCJfl1Jfl (Fludized bed) 

~fJW'11iJi1 500-550 tl'lfl'119f'l1t)f[Jff (930-1020oF) 

• " - I ,,~ "" _.I "" 1 " 3. tll'l1J1'Jl't'ltlI1J6'JH (Martempering bath) '11'J61flln'Jtlfl fl9fl1Jfl (Fluidized bed) 

~fJW'11iJij 200-350 6'1fll19f'l1t)f[Jff (390-660oF) 
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9 
Grain size 

68 H-+---t---t----l--+----'1f-..., 

8 66 

7 64 
30 

6 62 

5 ro 20 

4 58 
10 

3 56 

2 54 

., 

Grain size ASTM 

nessHRC Retained austenite % 

990 1000 1020 1040 1060108011oo·C 
1780 1830 1870 1900 1940 1980 2010 ·F 

Austenilizing 1eqleralUre 

2.18~8m18'lJft'Uftl(Tempering) 

"" '" "" ., 1iI ~ 1 '" _.Ii1., d iI 
1(1flflflW11flll flllTl 'U m 11 tYfl~Tlnfl.:lflllmll1 11 'U.:I VI~ fl.:l fll'j ~ tilVI till 'ill flfl 'iTnfll 'j flll . .. 

4 QI o.a CV' ~ I iJd 4 ~'JJQI

TI'U~l (Tempering diagram) fll'jVllfll'jflllTl'U~12 TlH 11(l::a.hlfltll11W'U~l 'il'Ufl.:ltJW11fJlI11fl.:l 

l~tI~tJW11fJijflllfl'U~l i1iTll'j~lfl'h 180 fl.:lfflLCJf(lL;tltY (360°F) l1(l~fllllr1'UL1mmh~l!fltl2 L~fl 

i1iLrI'UfllnhlM'mll1L'I1'Utll (Toughness) (l~(l~ i1ifll'jflllfl'U~lhJ'lb~tJW11fJij 470-520 fl~ffl 

LCJt(ll;tltY (880-970
o

F) 

Temperinggraph 

Hardness HRC Retained austenite 
66 

AuJenitizing ~peraluI"e 

1060"C 1020"<: ~~ 
-(194O"F) f- (1870"F) 

~.,,/ ~;~~ //

' .... -/,,~ ':~~ .. ~~~.... .. .. .. .. ----

~ ", ~ " .\ ~...... "",, ~ '. 
':1: ......... , 

~ " ~~\1OOO"~··· 980°C " (1830°F) "-'-(1110( F) ,/, , 

Retained austenite .............. 
1050"C (1920"F) '" '\ 

300 
570 

% 

64
 

62
 

60
 

58
 

56
 

10 

8 

6 

\ 
4 

2 

200 400 500 600°C 
390 750 930 1110"F 

Ternpering temperature (2h + 2h) 

_Ie: _.I "".,
'jlJ'Yl 2.32 flnnfll'j()1Jfl'U~l [5].. 
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., 

-0.04 . 

0.04 . 

o 

Sample cube so x so x 80 rom 
(3 1/8" x 3 1/B' x 1/8")_ 
l)imension;Jl c:hiJnge. '%0

• 
0.06 • 

San...le platt." Ifill X 100 X 2.') mOl W' x ·1" X 1"). 
Oomensional chango. "4 

+ 
0.08 • 

0.04 .
 

0
 ?Y~~ 
longlh Width ThicknoSs 

·0.04 

,% .
~Ul~~U~~ffijU~nUlffn 

100 x 100 X 25 mm (4" x 4" x 1) 80 x 80x 80 

Dimensional change. % 
+0,08 r---r--...,.---.-~-----y--.------, 

+0,04 t---i----t---t---t---+c 

..__ ..__ .__

o 

-0,04 t---i--+---+---+--+-->-----

-0,08 '----'--_L-.__ L-__-'----_--"----_~ 

100 200 300 400 500 600 °C 
210 390 570 750 930 i 110 of 

Tempering temperature 
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..; 
'U'fI'fI 3 

1lJf1l'jfhtiJlJ1fl'j .:.lf1l'jl<ijm~~fff)'U l~q9if)'j'j lJf1nffmn ~'\J~.:.lu1ivhJ..{ ffl'}fi''lJ~f1U~lJ llf ~f) 
71 "171 "" ..!I • '1 ,"".... 71 .f 4. Cl Cl

llf m 1'jfflJ1J SUS 304 tlf.:.l'YIlf1l'j'YIfH'1fl.:.l 1"tJU1J~1J~'YI~~f)U'lJ'lJff'jl.:.l'\JlJl~~'YI1f1l'jfl'f)'U lf1l'jfff) 

"" ",,:' .. 4 17111171 Cl 171 :, .. 11171 
'}f'j~'lJ'jnfl.l '\J~'lJfl1J~"'\J~.:.l~lJ9'fUi:l:::f11tJ l~~ '}f l"'YI'jl'Uf:l.:.l~l~f1l'j 'I1.:.l1lJ'\J~.:.l~lJtlfUi:l:::f11tJ if1 

o ~ Q,I Q,I .d " " 
"lLlJ lJ~ 11J'\JlJ~~lJf1.:.llJ 

. 
1~1.1 ~ ll11'Wf1l 'jI I
 

I
 
I
 

(Blanking Die) 

I
 

(Blanking Die) 

I 
o 0 (V d 

f) n fl'lJ 'I1'lJUi:l:::'YI1 f1l 'j 'lJ1'lJ"WlJ 
.Q ---;: t 

fli:l~'iflJff1lJ1Jl9l'jJllJ'\J~.:.l 

• .Q tI GtI 

U1J~1J~9l" (Blanking Die) 

I 

I 
I<Q f/.., 

U1J~1J~~" (Blanking Die) 

[ 

d • 
'if'lJU'\J.:.l Punch Hi:l::: DIe 

I • I 
I
 

I 'YI"ff~'lJml1JU~.:.l'}f~f)f1l'jfl'lJ,!!mh I
 

I 

II 

I 

" 111li 3.1 .,jlJ~fllJf1lHhiJlJ1m.:.lf1l'jiitJ 
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I d vMoCrMnC Siff1'U fU1'lJ'YI1'11f1lJ 

(%) 4.08.0 1.50.41.01.5 

, d d 
tJ'lJtJtJ'U'YIfl11lJU'\I'I 235 HB 

d 

1'\1 tl1 / 'lJ1'1 

• G 
~l':n'lYi 3.2 ,j'tJ1o!t'l'YI1'1f11t1m.... (Physical Data) '\ItJ'I1'Ht'lfi Vanadis 4 

20°C 200°C 400°C 
"" tJW'HfllJ• .. 

(68°F) (390°F) (750°F) 

. 
f111lJ'H'U1U'U'U kg/m

3 
7,600 - -

Lbs/in
3 

0.273 - -

tll llJ~itffti~'Hq'U N/mm
2 

200,00 185,000 170,000 

Psi 29 x 10
6 

26.8 X 10
6 

24.6 X 10
6 

rllfflJ'l.h:: ff'YIifil'i '\I til tI~1'Y11'1f111lJ5tJ'U 

~tJ °c ~lfi 20°C - 10.8 X 10-6 11.9x 10-6 

~tJ OF ~lfi 68°F - 6.0 x 10-6 6.6 X 10-6 

. 'JI 0 

fIlfl11lJ ~f111lJitJ'U'Ol1'Wl:: 

J/kgOC 460 - -

Btu/lboF 0.11 - -

ftlf111lJffllJl'Hll'Uf11i\'hrnllJ5tJ'U 

w/m °c 86 27 28.5 

Btu in (ft2hOF) 181 188 199 
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I d 

tll'U HtllJ'YI1~tfllJ 

% 
., 

hwu I'll t!fl 

C Si Mn Ni Cr S P N 

0.46 0.520 1.180 8.120 18.12 0.002 0.027 0.041 

f11'jN~ 3.4 'li'fllJi:1'Y1Nfl1tJ.fl1l'l (Physical Date) 'tIfl~ Stainless (S 304) ... 

Ts (Mpa) Ys (Mpa) E1 (%) HARD VAL HARD TYPE 

671 285 52 81 HRB 

I ~ 

U'l1i:1~'tIfl\!i:1 1m~ 
Hardening 

Temperature 

Holding 

time 

(min) 

Tempering 

(oC) 
HRC 

UDDEHOLM VANADIS 4 V4 980-1100 30 525 60 

fl1'jll'j~tJfl~l ~~1'U• 
~ ~ CJ/.,9 .... 'lCJ/ dCJ/ • <9

Vanadis 4 tlJ'Utl1i:1flflm "II~tl1lJl~fllJfl1'j! 'lf~1'U'YI~fl~fl1'jmllJ'YI'U'YI1'U f1flfl1'j tlfl'l1'jfl 

~ fj1 ,,~ I ~ tI d .c9 ~ d" QI 

(Adhesive wear) 'I1'jflflfl~fl1'j Hfluty'l11HlJ'YilJ'YiUflfltl~lfl~ (Chipping) "II.:J l~tJlJ lflll~lfltJl't1fl~fl1J 
'" .,
~ Q,I .c9 ... 1 Q,I Q , d 91 lfJ!V ~ ~~ d!V 

flnulJfI~, 'tI'U~u ltl~'UlJ t'lf'U tl1i:1flflm ~'jtl'UlJflfltlt'YI'U'Uflfl,tl1r1flflmr1~1JlJ (Mild Steel), 
~ d .l!!I Q,I I 

'YIfl~U~~, fl~~lJl'UtJlJ 'I1'jflltl'fJ'I1'U1 '1 1'lf'U Blanking and forming, Fine Blanking, Cold extrusion 

tooling, Powder pressing, Deep drawing tm~ Dnife 
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I The Cryogenic Process 
www. Mmsonline.com/articles 

/0301 rt2.html 

Tool 

Steel 
15-30 -196 

2 
Deep Cryogenic 

Tempering Process 

http://info.lu.fanningdale.cdn/de 

pts/met/mct205/cxyogenic 

treatment.html 

Tool 

Steel 
20-40 -196 

",.1 
~'U'IJ 

40% 

3 
Deep Cryogenic 

Tempering 
http://www.ln2cryo.com 

Tool 

Steel 
20 -196 

4 Cryogenic Treatment www. Heat treatment Cryogenic 
Tool 

Steel 
-

-75 

-185 

5 UDDEHOLM VANADIS 4 V4 3-4 
-70 

-80 

.,: .1 
lYUJ'U'IJ 

1-3HRC 

3.1.1 ftfl\ll"'JII'lh'um1'l'lJII,j-3I1D::lhu~lIriu 
'" d''JI d13.1.1.1 1AfI';jl:;'I1'lJij1q!(;1 'Uf11';j'l1lJU'\J~ 

l) fhm~U9I1mh~ (Sample mean) An'Ufll';j'l11filfl(;11~'\Jij~,rij1q!(;1~ijU'lJ1~'lJlfl~~fl 
I • I , 

~ 1rjJ 1 °.oIl!I ~ I

A'U ijnlflA1J'U fll';j 'I11f11fl(;11~'Yl 
Cj} , .c9 ~ 'do I .oIl!I 4 Qtl::I 0 

'If '\Jij'lJ (;1'Ylflfl1 'iHA1J'UfIl'Yl'U lA'lfij(lij 11i fll';j 'il:;'Yll 
OJ • 

flUfll';j 'U 11m 
~ ~ 

rjJ QI tJ Cj}o Cj} Go' 

'\lij'lJ(;1'Yl~'I1'lJ'fl'lJl'111~(;1';j1'lJLm1'111';j'fl1U'ill'U1'U'\lij'lJ(;1'Yl~'I1'lJ'fl 
OJ OJ 

n 

X LXi 

i=l 
.,;

l'lJij 
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n-l 
91 ~ 0 d 
til n tUlHll'W1'Wfl 

2 

71 

n f16 ~1'W1'W~16~H't;,nnJ~ ''Wfll'j~1J~16~1~ 

d _191
~l'jH'VI 3.7 ff1lJ'Um,.J(1'11fl~1'jl~fll'jfl1J~1J(Heat Treatment) 

Hardening Temperatures 

(0C) 

Tempering 

(0C) 

, . 
d 

tnm(1tJ 1026 440 
, .... 

tn1J1itJjl'W 1025 525 
. "" tn!l'W'WtJ1J 1025 525 

. 
d _I~ 0 

~l'jl~'V1 3.8 ff1lJ'Ufl1J(1'11fl~nHflWYIlCryogenics Temperature 

Holding times 

('II'll.) 

Cryogenics Temperature 

(0C) 

I 
. 

d 

fllt'il (1 tJ 24 -161 
, .... 

fll1J1itJjl'W 25 -196 
, 

"" tnjl'W'WtJ1J 20,25,30 -196 
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<!l "'. , 'JJ 'JJ 0 GI -C:\ Q j) a ol:!I 

fffl1J1fJW 'M.fJllfJ'U 'H t'l1111 'HI'U ffl'H 'j1JfJW 'M.fJll Pre-Heat ~V'I I'M Clflflmlt'lHI'lllVHU 

c:l '" "" ~ , ~ ~ I

WUlJ1\91'jjlU TIS 'll'U\9I Powder Metallurgy 111tJl\9ltlll 4% (V4) 'll'1'1mfll'UUfl1'j 'HmlmVUl1fl 
'J/ , 'J/ 91 

~U 'I lU1111 ~U ~'! 11~ fl1'j ~U;'U 'I lU 1I1flfJW'M.fJ1J ~V'I lIU fi'lfJW 'M.fJ1J 650 V'I fl'119W l~tlff i \9ItI'j V 
~ ~ . 

I c:lto .-=:to' cv d QJ cv c:lto q.& 

llU fl11VW 'M flll~V'IUflUfl~1'!'ll'U'I1UI 'YI1fl1J 650 V'Iffl19f~19ft1ff 'M Cl'l 11 lflUUll'lllVW'Mflll lIU (J'I
q cu q cu 

fJW'M.fJ1J 850 V'Ifl'119fm~tlff 1l~1fiVtI '1 l~llfJW'H.fJiJllufi'lfJW'H.fJ1J'l!1Jll~'I\9Il11~tll'HU\9I Hll~~~ 
, • 'J/ 'J/ 'J/ 

l~VU 1~1I1fl\9l1'jl'1ff'jtJ.uVll~.yj 3.7 U~~ 3.8 1~lJ11l1flfl1'jmfil'YI1'1 ffil~h''Iffl11'liU\91 VU iin'lfl1'j fl\91 
q OJ . ~ 

fil1\l iltl, fil1J'litl! lU l1~::filjl'UiAmJ 'Il'U1~tlij\1'Il~Vi1l1'jWl1ilvfl 

c:l .d '" ° '" 1lJ ~ 
fl)'l!1Jl1~'!'YIfJW'M.fJll(Hardening Temperatures C) 1030 V'Ifl'119fm9ftlff mnm ld 

'" 30 Ul'Y1 

'lI)fhfmtl1u~1~VW'Hfl1J~V,If;U 3 VW'Hfl1J l~uri VW'MfliJ 35 V'Iml9fm~tlff 
•• q 'U .,.. 

-147 V.:Iff119f~I9ftlff 11~~ - 192 V'Iml91~l~tlff i\9ltl'''n~l 4 ,r1ill'l 
, I 'JI , 

t'l)V1JfiU~1'flfJW'M.fJiJ (TemperingOd 'flf1W'M.fJ1J 525191m9ftlff 2 t'li'.:I '12 <U1iii 'I 

Pre-Heat 

G 
° '-' 

Pressure 3 Bar 

Quench N, 

L_-+-_--l-_-!-_---l-_-!-_-!-_-:===-=:-_-=:=-~ ..L_._.;nm 
~' Tempering:.. ~: I ('ll'll.) 

I 1:40' , 1:25 ' I 1:40 I 

4hr 



47 

Preheating - Austenitzing Quenching Tempering 

650 

30 'Ulli 

Tempering 

G 
'--' ° 

:III! ~: 
I 1:40 I 2:00 

:lII! ~: :lII! .: 
I 1:25 I ",,' 1:40",' 

I'HfJtul'lJ1J 1:40 'U1Yl+--...........--..... 
: : Sub-Zero 
I I 

2:00 
.: ('Jf1J.) 

: 
I 

'III! 
:(-147°C) 
I 

~ 

4:00 
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Preheating - Austenitzing Quenching Tempering 

30 'Ulfi 

Tempering 

:41 ~~ 
, 1:40 I 

:... .: :... .: 
I 1:25 I 4' 1:40",' : 2:00 2:00 

.: 
nell 

(~1J.) 

IHtltu111J1J 1:40 lJ1Yl4--...;.,J....--....J I 

: :Sub-Zero 
, I 

: : (-192°C)
I , ,,.. ~ 

4:00 



d iJ d aa d . 
~1'j 1-:l'Vl 3.9 '\Jfl\l~fll·H)1J'!11J'\Jfl-:llln'lmf1'H),nJfl.:jl'WW'WVanadls 4 

Ltl mnH~'l ~ ~ ~ 

~ 

QW'l1lJn~'U;;'Unw 

(Pre-Heat)oC 
~11~N 

QW'l1lJn 
oj 

m':i'lflJll'IJ~ 

(Austenitezing)°C 

~ " 19n~~'huJ 

(Holding 

Time) 

Sub-

Zero 

.. ... 
V'lJt1'U~1 

(Tempering) 

°c 

~1f1nl~~i~lil 

MI"'~f1lg'U~1 

(Quenching 

media) 

di .,
1~1'Yl '11 n'1':i'!t'lJ 

llH~'U 

(Pressure) 

~ Q.I ~ ~ 

'IJ 'HI 'I'l f;j HClIPl 650 I: 40 1030
0 

C 1 : 40 -192°C 
~ 

2 I'li'~ l!\\j tiP n1 fl' Vacuum N1 J Bar 

(Assab) 850 I: 25 t1#~n:; 525°C 

i~ml12 'l1~, 

.j>.. 
\rJ 
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..
 

o 0 V '" 3.1.2	 fl1·n)1J1mU;'1~'f1lfl11'lJ11J~Ur.lU 

'" d", ~ 0 "'_10 d ''''_1'1 '" ~ d 
~lflU~'U~~'V1 ~~'il:::lJ1 ~lJ'VIlfl11'J;f1JU'tI~ Punch ll~::: Die lOW !lJ ~'U'I11't1fl'VI 3.3 

d '"" 
11911 U1J'If'U ~1'U 

I
 
o ~ 

'Ul1't1111911fl1J 

I
 

" 
~'U;r'U~1'U (Pre-heat) 

I
 

Austenite 

I
 
d Q#,4 ,q'JJ

W'U19I1fHflW'11 ft1J'I1fl~. ..
 

1
 
'til Sub-Zero 

r 

... .,
 
fl1JfI'U19I1 Tempering
 

I
 

(Finish Grinding) 

... 1.<::1. QI 
" d 0 QI d 

1lJ'VI 3.5 'tI'Ul9lfl'Ufl11'J;f1JU'tI~U~:::1J11J~W'U 
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~ ,~ JQJ 
3.2 fl1188flU1J1JUi:1:::Ni:1f1U1JTt1JWflfI (Blanking Die) . 

4 4. '~flu 

3.2.1 f1flll1118~"MU1JTt1JTtflfl(Blanking Die)
 

llJ m 'j flflflU1J1Ju~yhJl~~~ ~11nlJ 11fl~r11i1.:j g~1ff~~ 1~llJ m 'j 'Yl~1:ffl1JU ,,::: 1ff~ ~ 1~Ni191
.	 . 
:: " .... lJ C}fU":::~lU 

3.2.1.1 m'jflflmL1J1JU~lhJ'w~~l~uij,j'fl~lti~~"hfltyilJmHlflflU1J1J U"~ff~N 
,	 I ~ " 

u~yhn~' flfl flflflU1J1Jff~1~U~fhJ...r~llJ1lJ 1 W1I-W 1~unu~w1Iviff1111'jf.)f.)fl~t'lJ~ulJ;mhlJlilJCJ1 
I	 r:I 'JJ , 

Lm:::~lU 1$I U~W1Ivi~~nflflflU1J1Jff~1~ 1~-ff1lYi'1J1l1l~f1;lJ~llJnihlfl't:lW~'YI'j ~fl"11 . 
1) 1~11:ffl-ff1lYi'1J'VhWlJCJ1 (Punch) U":::f11U (Die) lnlJ1ff~m~flmi'lLfl1fl~ijfl~llJ. ~	 . 

19lJ Vanadish 4 ijri1lJNff1l~~llJ9I1';i1~~ 3.1 
~ 

2) ~lJ~llJ'YIflfffl1JlnlJ1ffflUNlJm~flfl~lHffiJ1I 304 mi1l1fl';iti'ju1I-umn" SUS 

(Chrome-nickel-woup of Stainless Steel) 'lJ'j:::Ul'YIm~flfl~lHffU1lflflffl'Y1lJiJ~fl (Austenitic 

Stainless Steel) i'jfn111lYlJ1~1~ 1.13 mm iirhri1lJf.lff1l ~~911';i1~~ 3.3 

I ~ tI QI I I eS ' 

3) Clearance 'j:::lY11~'VilJC}fU,,:::~mJ'\JflnffflStainless flU';i~lY11.:j 6% m 12%91111. .. 

-
RIO 

N---~lT~ 
1------y4- _.c:-IT 

M 

I 
~ 

I	 8-1<1.3 140-1<1.3I o ,
I" q 

---,..------, 

,_r--
00 ,I
 
- I
o ~I--
- I It r-Ll- _ 

I ,... 

.~ ....L-_ 

1tl~ 3.6 m';iflflflU1J1J Punch tm::: Die 

':i:::tJ::: Clearance =	 %cXt 

8% x 1.13 (ffU9IlJmfflYlJ1 1.13 nun) 

0.0904 X 2 

0.1808 

'"';i~U::: Clearance 'YI Die 10 + 0.1808 

10.1808 nun. 

, fj} 0 ~ ~ iI,d 0 ~ ~ ild 
'il1fl~m f1m'HlJ~'VilJC}f11'Y1 10 mm U":::fl1'HlJ~'\JlJ1~'\Jfl~""lJC}f n'Yl 10.18 nun 
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" 
fltHl9ltl{'Yl'l l'Ylflluhti ~lnl9l ~~i1.. 

SrEEtGRAOE IIJ 1-__-"C·r :iL:.:INo:=·:....,._--j"h",".tlulu~" ..\iiBn.,n1" (:.i)-Ie .'um.....' ....'.al=8",lloq

lliM (Type)
 HAflllNESS III Type B Shape 'I" ,F"' ........locI "om .....:. i.i...) -IE' ",e-_,


P<W11lenalh 
'SKO.o Sp 

~. "".(,HlC
 
Dms
 ~H~ SH!!------'--. S 

:-~~~ SPHU-------"'" - L f-----+-..,::;~~"~_--+-A:..--SP--lL :::J 
~=:==:J= x
 

Sl\16' A SH X0-: _ ~~.i::""HRC.."",--+---.  j 

.;.;.';IHK A-SPH 

I.~ 

~ , 
P, W 

10.' 

IE 

'A'· 

16, 

C 

P;W 
P,,-W O.2O'Jl<W!2 
R-o NiO .....~ 

K_ .:{P.2Flt l 
t rw·2RI~...2R 

K•. p: .W· 

Catalog No. T O.01mm. 
L .E· B "81 c (~,IEIType 

mrn P IIlIll p·KJnax p.W!nrI R 
3 40 ~.~ 70 80 100-2.99 2.97 010 
4 .co 50 60 10 80 '.00-3.99 3.91 1.00

• 5 .co 50 60 10 80 200-4.99 4.97 120 
6 

.,~u: ..........
 
.co 50 80 10 80 2.00-599 5.97 1 50 

S 8 :401 50 60 10 eo 90 100 3.00-7.99 797 2.00 
!  11) ~I 50 60 70 eo 90 100 3.00-9.99 9.97 2.50--// Qj 13 .col 50 60 70 80 90 100 600-12.99 12.97 3.00 

~_.'(OmS) 16 !<IIl'l5O 60 70 80 90 100 (10.~15.99 15.97 400 19 LID. 
"'JO '1ll15O 60 70 80 90 100 ,1:lJlI.1999 19.97 5.00SP 8: 

[N~~+25 (401 50 60 70 80 90 tOO 18.00-2499 24.97 6.00SH lei 
3 50 60 70 .80.__-+_.:.;I.00o=-.:-2",.99~---,f--'2:::.9::.7-+-,,-0:..:70'---l ~ SPH 1.01 ~._ 50 60 70 80 100-3.99 397 200 

13 ~ 
':U:fU,ti~Ul , J-e- 50 60 70 80 2. 00-499 497 2.00 ~ 

6 50 60 70 80 200-599 597 200 9E
l 8 50 60 70 80 !IO 1",00~1·1---,3:c00~-7",99:;--j----:-7.:::.9.:,.7-+-,2",.5O=--l I.--!!...

19_'0 50 60 70 80 90 loo=+---:;:3.oo~-9:;::99:::--_11--:'9=,.9=7:-+-;.2;5O~ ~lD~-1 IJ 50 60 70 eO-YO' 100 600·12.99 12.97 300 16 
16 60 70 80 90 100 10.00·15.99 15.97 400A-SP 

25._20 61) 70 80 ~:-.:.:100=+_,,,,3:::::.00:c-..:;19~-,99~-l--,1,,,9.:::::97~-,,5,,,00~A-SH 25 50 70 80 90 100 1800-2.99 24.97 600
A-SPH 3 50 60 70 80 _-+_...:1.::::.20::..-.::::2:=99,_-1 19

4 50 60 70 80 120-399 
i_5_ 60 70 II(J 2.00--499 

25 
~6 60 70 80 2.00-599 

x _8 60 70 80 90 100+---"3'",00=--,,,799:::"-_1 ! 
-!i1.. l.---.__ 60 70 80 !IO 100 3.00-999 30 

13 , ~ 70 80 90 100 6(l()~~ 

~~: -'-~~=--=~:::0-.90=::90._:---:'::~-'-::~-=:-:;-:"":~=:::~--11 
-25-1 . 70 80--90 100 1800-24.99 

a Order Ica~IOg No. I l~D I -[;] -~I- 0 -L(RI[;onIY) I 
SPlD 13 - 80 - P10.50 - W7.34 

~1l~ 3.7 U1J1J:Ull9l'i!l'U'Utl~Punch 
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.

:.; II- ;'i. ".r":.IJE (lJ .1 .. "I.., 

Catalog No, 
fj:.;~D/'lE::-- ' CI :'t".,,~ 1'<1 

BH- Head type- A BHA OOmSPBH ("),B BHB 
SKD'l C BHC ,~-- ,06-5660-6:,HRC col 

10, BHO j 
1 .- M.E BHE 00' 00-.'" 

...J,I 00 

,A PBHA 0 

IB PBHB 
HAP ~o od:C! PBHC06·2564-6,'HRC 

o PBHO 
E PBHE 

~~~ 

Lill [, 
'.' : 

-. 
/' .+---'-'., :l 

ii-- III .. 
:;,r' I 

~.; .. , 

~, ·w 
r; .zo·R.-'N-~ 

p . w 

L00 

SHA 

8HB 

BHe 
BHO 

SHE 

CalaIog No. 
Oms 

T O.01mm 
~~~~~I--~~~~~"- HB 0d.A': B C ID E E-! 

onln -~.Km.:t)[ I P.Wrntn?m~l RI 
! 120 - )C~) 3 C(' 1 0(1 3 .- 

ocC .• '. ;.' 

2. S( 'i ,;( 
1 '::, - e.~.._ 

~~-_._-

" 

20 

22 

20 

(3D . 
'-j 

(L':.5
 
,~, '.:('\;.


6
 J' ~ 
~~~~ PBHA 6 1 

-+-----L :: I Pi"
8 <,.)1: 8 ..: ~ I l! 

f- 10 .·:)'.0f. PBHS .----~-i~~'-: i)10 
13 . .; ,~ .~. 13 .=j.t 'I;

H~P~0 PBHC 
.,~' '~L16 16 ":',1: ._~_ 

20 20 ':. 5 !~PBHO 
---._~~ 

.: ,)1 ~ 

••)I",tV; 25 PBHE 25 

Order !Catalog No.1 , 00 i
I~! 

BHA 13 30 - P7.00 
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00 

lIi4i1li"l·UI~l iSlandard Typel 

GPBP Ill'::lt1n,!nLlun<i :.<f~'11 cPlastl<." 5i111 Rel;1Ult!r) 

56 30 6.620 26 74 30 5044

48 

58

75 

._-
-~ 

66 , 30 925 31 84 30 50 
~.-. 

40 100 76 36 1132 40 60I 
11100 4438 50 7048 I 130 

14125 6050 90 65 9060 I 155 I 

B ! a H1 Iad H / eJf7 SI b001]	 ~ , T 

15 56 

20 66 

20 76 

I KI 012 I Iso6 0	 -- -" 

8 I
-I	 ~ 

,;)010 .	 8 

Rf 
1-

60 
.oJ'~ 

(0 

25 100 70 
I- 

25 1125-~ 10 90 

) J··it'._-!JIUI~ u".J: OcMUI Pili mii:''''p1r',{ 1.,~tir7U1' llr.m' lill&I.h:nilUlID.JlItllnili"lInUUUilnih, 111~ 

ISlzes 01 SUIIal1Ie <:all SCletIIS and _I plnsl IPan lor 1ser olljlMle posl sell.. 't'''':., ... ".ii., W SUJ-l 

A_	 IHdrdeUM 3~Hltn~1 iii HAC ~2,z 

GulOE BUSHING Ii\) Fe 250'IF..--  t!"'iln~{ILhl. W l''II1Ic1~rl POM ",~':I 

tBaliAcoLJlnert Aluntllltlil. 

Ii\) SUJ-2 

iii IIflC 1i2:2 

u-- (olliDE POSl 

l1li-- GUIDE HCJWl:R 

00 i'1n~ 'Cal> S<.;rewl DOWEL PIN 

OPT 06-2020 M6-JO 
-

25 M8-35 
- -_...-  -- .- OPT 08-30 

1,410-4032 
-

1,410-4538 
OPT 010-40 

M12-5050 

"i " ~ 0 ~ .... "d, ~ ~ ~ ,;:,..i nfl l'H"YIlin1.lfllU'l::\J'Ir~nlJ"U ll11.11:: 1.'f1l1 ":i'IJU1.I'Yi1.l'YiYl 'lI~1"Ufl1fJfl11lJl nrJ~ l"U'tH illnlU"U\J'lI 

~ .1' ~ .. i~' . i "i ".1 "'i" ''''.10 
fl~lfJll'l::flM~ 'Yi1.'fYlu":i::UlYI"U~nlJ"U nnm.lflU'l::lJ":i::m)'IJUN"Uil"Ufll"U'IJ"Uil~YI1 nfl 1.I1.IHlflH)'IJ 

cv ~ ..::9 Q,I' ,{dd I ~ i d ..s.r:ti Q.I d ~4 OJ 'jI	 'jI

fl"U tJ 'l"On \J nlJ"Ul1 iJfl il ~Ll11J1:: fl'IJ1l1.l'Yi1.l'Yi YI m::V::'lIfl f1"O"U 'IJ H1.'f"U U'l:: fl19lYlYlllJ"OVfll'IJ lfl'IJlm"O ~ i:J 1.1 

Uft111.'fl in~1'Yi1.'fYl11i1.'fl1.l1":i(li~lMU~"U'IJ"U'IJ"O~ ifll'llYl i;l Hi;ln'IJll1ifi1J'w~fl!t1"Ul1Glfl 
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., 

F r ---~--
REFERENCE' 

00(00 R) 

L- '-

A 
a 

~.~ ~JJ 
lJ"1n'lJ~1 (S!eel bushing) u1laniJu (Ball bearing bushing) rTl. 'r-r~ 

I 
f--__ SIZ,_E_---1,c,,,,," A F T ad ad1 0D 0D1 ~B Mxt S9 11 

a b kgs. 

~ 11 210 30 ~ 30 35 20 22 31 34 60 37 40 60 140 - -
~ 12?30 f-+l:..:.70~-+_-+--+---+-+-I___+-_+-_+-_\__t--+___j 

160 17 280 210 
I--- 230r--,~ 19 300 

~ 100 20 320 100 351~ 15 40 25 28 37 40 67 44 48 75 150 
I~ 22 350 I 280 Ml2x25 70
~i 23 380 ~ 

3GO 26 420 350 

~ 19 250 I~ 

~_ 22 280 I~ 

~ 23 300 f~ 
44 48 75 150·...1 25 320 35 c"O. 3S .. 25 '" 37 .. 67
 

230 125 ~. 350 125 :~
 
M12x25 80

250 29 380 310 

~i • 32 420 350 
~) 46 500 1-4O-.I.~-2.,-0~4O--+-50---+ 32-+-36-+~44--+-5-1 +7-5-+-54-+-58-+-as-+-I60-l
 

400 50 550 470
 
--+--+-~-r--/-----+--+-+---+-l 

~ 27 280 ~ 

~ 29 i 300 230 
44 48 75 150t;~. 1- 35 40 28h:31 I ~ - 35 ~ 25 37 40 67 

~5O 160 37 i -~, 160 __ I~ ~-t-: __ --1---11---+-------1---~ M12x25 90 
~ ,~4~__ ~ 

--I350 ' 1'- 58 ~ 40 I~420 40 50 I 32 36 44 51' 75 54 58 85 160 
f-400 I 64 550 I 470 

~ ~~ 520 _ j_ --t---!---!-----l--4---l--j--+-t----+------1 

28 I 37 40 67 44 48 75 150
 

230 _~350 i2801.~ ~
 
~ -1180 52 I 400 180 -~  I--+'--+-- 1---+--- --I- M12x25 110 

300 591450 3701 4' 1 
~ : 1.6~ _ 500 1 40 4'2OJ 40 50 32 36 I 4 5 75 54 58 85 160 

400 i 71 I 550 ; 1470iii I i 
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" 2 nY1 ij 'jnihJ Stopper U"~~J~fl;'\.JH\J~T\J'I1~':) 
I " I S1, 

3.2.2.2 mn1H1'\.J11i~UH'\.J;'\.J':)1'\.J1~~'\.J hJ'If'\.J~J Stripper Fl1Flfl;'\.J':)1'\.J1l~1~~'\.J~fl 
" ~" tI"I"" '1 _!l1 '" '1 ~'" _!l1 "" ~ '1 ~ ~ CI '" '" '" '" "" CIlf111'YI.:) '\.J nTilJ ~'\.J'If'\.J':)1'\.J 'l~ 'If'lJ ~lJ ~'\.J'If'\.J':)1'\.J 1't11U"~ 'If1'YI1m tltl'UFl11m ~':)l'Vn ffFlfl'lf'\.J.:)l'\.J'YI':)'YI 

"~~':)'I1d~m'jl11':)1'\.J 

® ® 

'---__r--t:,y.:l-f-?Fft---f--I--+-,....,...,h-.........--L-l2 ri== 
! 
! I 

!f 
r 
i 

1. Lower Plate 

2. Lower Support 

3. Die Holder 

4. Punch Holder 

5. Punch Backing 

6. Stripper Plate 

7. Punch Plate 

8. Die Plate 

9. Scrap Cutter 

-jfffl~'1~• 

-jff~~'~ 
QI dlj1
Jfffl~'! 'If• 
QI ~, jI
 
Jff~'YI 'If
• 
-jff~~'1~• 
-jfffl~'l~• 
-jff~~'1~• 
-jfffl~'1~ 
QI 

•oJ, jI 

J ff~ 'YI 'If 

SS41
 

SS41
 

SS41
 

SS41
 

S50C
 

S50C
 

S50C
 

S50C
 

S50C
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• 

3.2.3 'lh::fl8mAllfhJn91~ (Blanking Die) 
~ ~ 

1tJ n 1'J,j 'J:: ntl'IJ lllii;1J~~~ L¢lu 1<iftJ ffl'U 1J1~'J l1tJ 't1'1'111J~1J1,j'J:: n tlufiu 1~tJ 'i!~ 
Iq d'QI rjJ () et 0' .d: I 0 q 0 d fj,J rjJ Q.I I-=::t. rI 

U1J'W 1J'W~ ~ U'ClltJ1'WtJ 'lfU'Cl:: ~ 1fJ'YI FoI1tJm 'J 'YI1 FoIl ff1l 'J 11 H'Cll1J1,j'J::mJ'IJ 1'U1 n'IJ 'i!~ U1J 'W1J 'W 
~ 0' 

3.2.3.1 ~'J 111'Cl'tl'IJm'J,j'J~ntl'IJ'Utl'l'titJ'lfU'Cl~~l1tJ 
Q.I I ~ rI 3J rI.c::! rial ~ tI 

1) ~'J 1 1'I'Cl'fl'IJ m'J,j'J U'J::tJ:l:'U fl'lU1J'W1J'W 1~tJm'J1'b'l1fl'Jl'U tJ'Jl~'U 'U 1~ 'J:l:tJ~ 'Utl'l'W 'U 'If 

d U] 0'1 0' Q _I"'"
l'W'Cl'YI um: Die l'W'Cl'YI1'b'f)'J::tJ:l: !n~ 'W'Cl''YI, 1'b'm:l:tJ:l:m11JtJ11'Ufl'l'Cl'uH 

~ . 
2) 1~u~'U m ~~1'l:l 'J tl'l~~'J:l:'I1'h'l'ti'U ei'fiU~ltJ Iftfl'YI~ 'Cl'flU'J ~tJ~'litl'li1'1 111'mi 'U fl'U 

U~lff'1ln~'JtltJ~ m fl'IJ1'1n'Cl1J 1Hijf)111J'Cl'~ll'Cl'1Jfl 
I.e:. rI QI ... IQ.O ,~ tI.c::! 'j} 'j}

3.2.3.2 'YI~ 'Cl tl'lU1J'W 1J'W '11 'Cl 'I 1'I1n~'J 11'1 'Cl'fl'IJ m'Ju'J'IJ'J:l:tJ:l:'U fl'lU1J'W1J'Wl 'J tJU 'JtltJU'Cll 

" .
U1'l!~1UHhJ'W1,j~~~'1'IJtJlfl~tl'l1'W'J'Cl''\ItJ1~ 25 ~tJ 'J:l:tJ:l:'lil'1'in 100 mm. 'Jfl'IJi~~tl'U1fi 145 

_IQI QI;; J , Q.I QI fj/ .e:t. rI JJ I rI 
S.P.M. 'J::t1::u'J'IJ'I111J1J '\ItJ~'Cl'l l'Yl1n'IJ 100 mm. '\ItJ1~'\Ifl'l11'1'IJ~ltJ'W1J'W1'Cl'tJFoI1tJt!'UtJn'ClH 32 

v ~" 

mm. 'J:::t1:::in11oU'lU";tJi)'1l11i11J 190 mm. U'Cl:::'ti1m'J'YI~'Cl6'1~~~tJ'I1'U1~whjiim'J'I1rlfl~'U 'UtJ1~ 

" 1~tJN1tJtYtJ6n'ClH'\Itl'l1i'\.JC~1";lil'IJ 10 mm. ~lt11";ln'IJ 10.2 mID ltJnn~~1~'Cl'UN'Um~nn~lU . 
.... "'''' 'Cl'tJ1J'YI1Jfl111J11tJ1 1.13 mm. 

, 

• or.I ...--

\ 

~. 
'F' ". ~;-;:;:~;:;t!!> l 

~,j~ 3.12 Ulii;1!.w~~ (Blanking Die) 
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nJ~ 3.13 lfl~fl.:.l Press 'U'U1~ 25 Ahl 
'" 

. " .
nH13.14 flli~~~.:.Iu'l.ivhJ~nmfl~fl.:.l Press 
'" 

.. 
3.3 ,j'hlflflhlfl1~'n~"tl.:.l 

o .. 

3.3.1 mfl1~'t!'U11'U~ Punch Ui:J:: Die 

9 d " .a.a d lI'Jjlo & Q,I;f
thlfllifliJ'I!iJll1Ctflmmmfl.:.llJfl.:.llh1WhI Vanadis 4 t~'YI1fllHYfllll~.:.IhI 

d y .... <!l 
3.3.1.1 flWl1fliJ't M'fl11lJ7flhlrill1i'tlflWl1fliJ Pre Heat 'Ufl.:.lmCtflfHll1flifl.:.llJfl.:.llh1 

~ ~. . 
do' 
WlJ Vanadis 4 1l~'YI1fl1~ Pre-Heat 2 'lf1~ 



OOOh.b 
• 

59 
'<
j,'-'-" 

z~ ~~~1/li 
-;:~'- '., ~-l:!::..". 

'7 _<2"!f~',~i:;'~,~1~" :t
c>., ~ ~' 

vi'" " - .1\'-'"''7','imn,\',;" 
1) ~ijW11f111 650 ij~fl'Wlf~!;mY l,*n~l'Ul'U 1 : 40 ,111}J~. ..
 
2) ~ijW11f111 850 ij~fl'Wlf~!;~~ l,*nm'Ul'U 1 : 25 ,111}J~. ..
 

'" 'I d d ~.,j"'l d _ d 

3.3.1.3 flU Quenching ~1 111 lJ ~ 1fl 1~ VI 'lfVll 11 m ~fl W'U ~ 1 'tJ ij ~ m i:I flfl ~ 1 

3.3.1.2 'QW11f.;}}J Austenite ~'Uf111'1llJU'tJ~m~flflmlft1ij~}Jij~1'UW'U Vandls 4 VI 

ijW11f111 Austenite 1030 ij~fl'Wlf~!;~~ l,. .. *nm 1 ,11 i}J~ 40 'Ul~ 
o Q,I QI ..:19 9J 0 9" d d Q) d" 

~ ~ ~ 

!ft~ij~ijij~l'UlglJ Vanadis 4 ijfl1':il~ijg 3 ijdH flij ~tytylf11fl' (Ufl~ft11}Jl11t1~~ft11}Ji'llJt1~ 

!~~nw) ijHm11V1ij}Jl'LJij1~~ (Mar tempering Both) 111ijrl~fl~'~911lJ~ (Fluidized Bed) ~ 

'QW11fJll 500-550 ij~fl'W'lf~lt]ftl~ ijH}Jl11V1}Jl'LJij1~~(Mar tempering Bath) 111ij~1}Jrl~fl~1~ 

911lJ~ (Fluidized Bed) ~'Qw11 f.;}ll 200-350 ij~fl'W'lf~!;~~ tYl11 i'lJ llJ1m ~~llJ 1~1 ,*1~1 Vacuum 

~ -1.11 1 'I" ~.... ~ ... d'l ~ ~ 
!1J'lJ'QlJmw 'lJf1l1ijlJ'lJ ~~ ~'lf1'{fl!tylf11fl'tYl1N2 l1J'U~1fl~1~Clf~ft11}J~'UTll'lf(Pressure) 3 1J11 

(Bars) 

1'LJ~ 3.15 U~~~fI1'Yl'Uij~l~lijlJ'l!lJq'tytylf11tY(Vacuum furnace) 
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• 

. '" 
':ilHi 3.16 Uff"~.fll't'l;lA~ll..!ilAt~lfl1J'lf1J 
~ . 

• a~.II. 

':l':llJlIlI 
1'Jlllla 
~::::J:l1I 

"1111. 
"]21'111 

. .
 
_I"" '" 

ttl':i~H Con':ilJ'YI 3.17 
~ 

trol tfllfl1J'lf1J. 
3.3.1.4 "" ~Wl1SJlJ (Sub-Zero Tempering) i 1"·l..!fl1':i'Yl~Hlfl~ ~'YI1fl1':i d(Sub-Zero) 'YI 

"" ~Wl1SJ1J (-192 "" i" .:, ~ 1 ~" i"fl~ffW:ll'm9l(Jff) 'lftT"J14 'lf111J~ ~(J l'lf Liquid nitrogen UCl~ 'If Thermocouple 

tnlAfi'1i"flWl1flij.
 ~ 
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'itJ~ 3.18 Liquid nitrogen.. 

'i'lJ~ 3.19 lll:Y~~f1l'i~tnnV Thermocouple.. 
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~t1~ 3.20 fll'i'tll Sub-Zero 

Q 4Q# o.a~ d 9J.a.a 
3.3.1.5 fJW l1 fJ1Ifl1HI'UTl\J~1 (Tempering) 'YIlfllHI'UTl\J ~1'Ufl.:lm"flfl"lLTlHI.:I1Ifl 

d ".c:I lIS .Q.a GlliI" "QI d.-:1" 1 0

.:Il\JW\J Vanadis 4 'iI::~fl.:l1lfll'H"flflfJWl1fJ1Ifl'UTl\J~1ll1fffl~Tl"fl.:lfl'UTl111lU'U.:I'YI~fl.:lfll'i ~tJ'YIl 
~ ~ 

fll'i'tl'Ufi\J9l1 2 Tli'.:I U,,::t1riflV1..rLg\J9l1'i1\Jii.:l~wl1fJii,rfl.:l1\J1m .:I.:Il\Jii'~Lftflflfll'ifl'Ufi\J9l1 fifl 
. ~ 

525 'tI.:IfflL"lfC\Lt;Vff 1~L1"1 2 '111111.:1 2 Tli'.:I 

'] 
y 

~tJYi 3.21 mVi'Ul~l Tempering 
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.. cv 
3.3.2 "~iJ8'lJflll'l1U'U.:il'l".:ifl118'lJ'f'lJ 

'" 0	 1 aJ" d " 11)"0 dUHlmf11'HJll'1$l1 Punch U"~ Die lJ'Hl'\ltJ'YI 3.3.11ml tflmf11'jmH;1tJllf111lJU'\l.:i 
., q 

'\ltJ~ Punch lm~ Die ~~ii 
., 

3.3.2.1	 WWU 11"~'t11f11'j Preheat-Austenite i~fI11lJU~.:J 60.1 HRC 

flltJ 11"~'t11f11'j Preheat-Austenite i~fI11lJU~~ 60.2 HRC 

~ ~	 ~v Q
3.3.2.2	 ftlJ9f 11"~fl1'j't11 Sub Zero Tempering tfWI11lJll'\l~ 61.2 HRC 

flltJ 11"~f11'j't11 Sub Zero Tempering '~fI11lJU~~ 60.4 HRC 

"o~rI	 I~od 111~ ~rI0	 d

'il~\p) tJ~lJlft lJ9flm~flltJ lJlmf11m\p)f)\P)l.:J f.lT1.111'j 'il 1fltJf11'j 1'iltJ'j ~ t'U f.ll'\ltJ~ftlJ9flm~ 

v ... d ~ ~v ~ ~ 
flltJ fllmfl'jtJ~l'iltJ'j~ t'Ulft"lf)m.J'il~ tfl'\llJlflftlJ9f 10 mID. lm~flltJ'\l'Ulfl 10.20 mm. 

E 1 \<. 
-- ! 

.~ 

I 
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.... ..
 
3.4 fl11 'fI~ iU).:jUU:: fl11'U'U'fIflHiU111'fI~ iU).:j 

3.4.1 1~8'U''Ufl11'f1~i;T8'U 

3.4.1.1 fllHI'j 1~ 1:1'tI'U~'U~l'U~~lJ~~l~'UnJl'H~ tlwmllJ i 'U11~"::'lh~ hwih::tI:: fll'j
.. u 

" . " 
1n'U~'U.:j1'Ufh~'U'j11l'H~tlWfl"1Jlhl1J~'j1~"H)'U~~i11-10, 

.. u 
11-20, 501-510, 1001-1010, 2491

2500,4985-4994, 5001-5010. 7485-7494, 7501-7510,9985-9994, 10001-10010, 12485-12494, 

12501-12510, 14985-14994, 15001-15010, 17485-17494, 17501-17510, 19985-19994 lm::lh 

~'U~1'U'YIfl~'Ul1J~~J1l'njfl~1ml'l~tI~~~J1l'nrfl• OHAUS Analytical Plus Electronic Balance 1~'U 
I ,. 'JI", 

ll'litl~i~fiijm1lJ"::lijtl~0.001 fli'lJ 1m::1~'th~'U~1'U'lh~,,:: 10 ~'U 'UtI~'lh~fi 1-10,4985-4994, 

tq I " J.
9985-9994,14985-14994, 19985-19994 !1Jyilfll'J1~ml'l11lJrJ~'UtI~Cut band ~1ml'lH)~ 

Measuring Micro Scope 

" 3.4.1.2 'I11";'U'lf1m::~1t1'1J111fll'j1~fi111"::~'j1111:1'tI'U 
" " . . 

1) fltl'U 'I11~'U l.Y1'U";'U tlf1m::~ 1t1'1J111fll 'j'YI ~ "tI~U"::,j'U fi fl,rtllJ"~tI~111l'111lJ.. 
~ " 1:1'::tIl~~1t111t1"flStl"" 161i1'Uem 70% 

. " 
2) fll'j,j'Ufimm fll'j1~i~tll,*ll'litl~i'itl1J'j::fltl11~~i1 

I I" , " 

fl) ll'litl~i~u1l'nrfl OHAUS Analytical Plus Electronic Balance 1~'U1l'litl~i~fi 

iim1lJ"::lijtl~ 0.0001 fli'lJ ~'lU1:1'~~l'U'j1J~ 3.21.. 
G.ld I ~.1 i ~~ 

'U) 11 'U 'YI flf) ll'Hll tI 'U ij ~ 'W 'U C]f U" :: ~ 1tI ~ tI fll'J i 'II' fl " ij ~ Reflected Light 

Microscope Axiotech fh~~'Utl1t190l'yh ~ 0 mfl11C]fm~tl1:1' lm:: 90 tI~fl1lC]f"1~tl1:1'~~U1:1'~~l'U 

l1J~ 3.22 

GI I d ", tI ~ til Q,I

f1) 1~f11fllJ 1:1'fl'H 'jij'U tI~ 111 m 1:1''U Fl1'U fl'U tlfl" H 'U ij~'W'U 9l'flij'U U"::'H"~ 'YI~ 1:1'ij 11..
 
i~tli,*lfl~ij~ Measuring Micro Scope ~~U1:1'~~''Ul1J~ 3.23 

" . . 
~) ,j'Ufiflm'Ytci1t1'Uij~..;'Utlf~1mfliij~ SEM 11imUfllJ~~ ~~U1:1'~~l'U'J1Jfi 3.24 

" 
Q.I 4 " Q tfv

3.4.2 'U'U'fIfl1'l1l1'l1l'Utl\fUllU::l1A"n::'H'U8\fU 

GI QI ~" 'I " 0 ~d QJ ~ d ~QI

!'U fll 'j'U'U'YI fl'U ij~" L~ fll'H 'U ~ 11ifll'j11'U'YIflFl" fll'j 'YI~" ij~ lfltl1fl11'Jt tI::fll'j 1:1'fl'H 'j ij 
)/ " ," " 

'Uij~ Punch, Die ~'U~1'U ~~1l~lilJillJ~~~'U~1'U~"ij~fll'j'YI~"ij~!m::,j'UfiflmYffll'jl1H1'U!m:: 
I )/, ar " I 

'j 1t1"::!ij tI~ 'Uij~~ 1'Ufi ~11~'U ~~U~!ilJ111fll'j 'YI~" tI~ illJ~~! ~'U1h~11I 11 fl~ fI i'~fi 5000, 7500, 
" . 

10000, 125000, 15000, 1750011":: 20000 hWlJfl'l 2,500 f1i'~ ~tI~~'j1~1:1'tI'Ufll'H11~tI'Ull1J,,~ 

",j 0 """~ "" i ~ i ..1 ~ • .1 '0!'Wtl'U1HTI1J1'Y11fll'j11fl'j1::'H'UtllJ"fll'J 'YI~"ij~ 'WlIlJ W1U'U1 'U lJ ~ tlflJ1nl1:1''U flJln'YI~ !m:: fll'J.. 
11fl'j1::..1fm~~U1:1'~H i'U11'Y1~ 4 ~tI l1J 
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II! 

<'1 1,1., 

~~~~7. ~~W;~i~;.~~~:r~~.~ 

I 'I ~ 

~t1n 3.23 lfl1ij,:joJ1,:nhtiirfl OHAUS Analytical Plus Electronic Balance f1111m::aijv~ 0.001 g. 

..~---- .- - - , 
~, ;J' 

is; .r-----
' . 

ItJ~ 3.24 fHltl.:J Reflected Light Microscope Axiotech fh~.:J'lWltJ 90 l'yj, 
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·n.J~ 3.25 Lfltm Measuring Micro Scope .. 

1'lJ~ 3.26 lf1~~~ SEM (Scanning Electron Microscope) 



• • 
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d 
'U'fl'fl 4 

m'J'YI~'iltl~!~tlffmllVlq~tl 'J 'JlJtll'J iYtll1 'J tl'tltl~UlitllJ.w~~~i oM~ltJ tl'U 1ff~!l1 ~ tlUHtJ1~ tI 

i~1ff~UlitllJ.wffll1i''U Punch U'il~ Die Vanadis 4 rill1i''Um'J'YI~fftl'U'lfiJ~'tItl~!l1~tlUHtJ JIS 1ff~ 

'" 1 '1~ ~ 0' "'.1 '" '''''''' ~ 1fffl fit! L'lf'tltJlfl!fftJHltJfl'tJtltl'ilH'tItl~ Punch U'il~ Die fltl 10 rnm. u'J~tltl'Utl'U'lf~UlJl'IlJl'I U'il1...I . 
J1 • cd I I t:I til 

~fI~~'UtJ!flitl~iJlJ.,rtl!l11t!~'tItJ1f1 25 ~tJ !~mhm'JiJlJ~fl1fffl~tJ~ltJ• 

" ,hl1'un 

(g.) 
... 

552400 

. 55.234955.2350
 

55.2300
 
.......,u....:."-Z-!..--+--'5~5::.:.2::.28~6~1:55~.2~2~8l1 ..f;22U7~8....
-.-.2.i5

55.2274 

552250 
55.2235 

552200 
552193 

552150 

~ ~1'l.J1'Utl.:l1'l.J55.2100 
fll':i'Yl,HHNo 5000 7500 10000 12500 15000 17500 20000 

. . ., 
'J'l.H14.1 fl'JlyJU1:Y~~H'ili'~lhtnrfl'tl(l~ Punch 
'II 
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'lJ~lJlwm:dYnmeJ 

"J~FI Punch (g.) 

0.0200 

0.0150 .0156 

0.0100 
0.0114 

0.0050 

I 
i 

-j 0.0058 0.0063 

0.0000 ~ 
~ 

~1'U1'UT1i'.:j''U 
---.--------r-~~-_____,. 

5000 7500 10000 12500 15000 17500 20000 

• • tJ 

~'I.Hi 4.2 ml~Uff~~fl1'jffm1'H)'tJ~N Punch l~tlfl1'ji~\h'H'l!fl 

~ 

'1hm!n 

(g.) 

146.28 

146.275 

14627 

146.265 

146.26 

146.255 

146.25 

146.245 

'--_~h1~46.2718 146.2706 

146.2686 

1462578
 

~ 

• ~lU1'UT1i'.:j''U 

o 5000 7500 10000 12500 15000 17500 20000
 

. . .. 
11JYi 4.3 f)'n'..lUff"·U·H'li~tJl'HtJm18~ Die 
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'lHH Die (g.) 

I•
0.0200 -I 0.0177 

0.0150 -1 
i 
! 
" 

! 
-I 0.0090 

~11J1'\.Jflf~'1J 
0.0000 -r------r -----r-------,--~------r-~---,_------.,. 

fll':il1~l1tJ~ 

5000 7500 10000 12500 15000 17500 20000 

0.00940.0100 i 
I 
I 
I 
I 

0.0050 ! 

. . '" 
'itJn 4.4 ml-WUff~.:jfll'iiYfl'l1'i6'l16.:j Die l~£lfll'ii.:jlhtnrfl.. 

. '" . 
'illmtJn 4.1 U":: 4.3 !1l'\.lml-WUff~.:j~m.hm!fl'll6.:j Punch !m:: Die ml'rln'~!1l'\.l~1'll6~.. 

" r:# II tI I 

lhm!n Punch U":: Die rim.nllfll7'Y1~ff61J U~1nlfll7'Y1~ffD1JihJ9i'fl.;'\.l~11J'il1J~~.;1Jn ... 
5000,7500,10000,12500,15000,17500 !m:: 20000 u~1ih Punch !m:: Die 'tJi~tJl'l1Ufl . .. . 

'illmtJn 4.2 !m:: 4.4 !1'l1Jml'rluff~~fll'iiYfl'l1'i6'l16.:jPunch !m:: Die 'illfltJl'l1Ufln.. 
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cv .dl 
4.1.2 fn'11~fl11i:rfl't'i18'UtH Punch 

In'\.Hhul:J'U6mn~ Punch (mm.) 

•10.05 --i 
!
 
I


10 -"" 10 

i 
9.95 --j 

i 
I 

! 

9.9 -j 
I 

9.85 --j 
9.835 

1I 9.8 
~ 

~1'U1'URi'~ 
----------r.. ..9.75 -t-------------T------ l'UmrihJ 

o 20000 

... <!l 
fl~nfl1'jfffl'H'H) (m.) 

0.2 

0.165 

0.15 

0.1 

0.05 ' 

~ 

~1'U1'Ufli'~ 

o .. ''Um':i~lI 
o 20000 



, .. .. 
q,J 0 Q.I oClt, 

4.1.3 fl11"~'Ul'11'Ufl'U8~"'U~1'U 

J/ J/ 

'1hl1t!m.m~;'Wnw (g.) 

0.715 

0.711 

0.710 0.7090.709 
0.708 

0~708 

0.705 0.706 

0.702 

0.702 0.702 
0.700 0.701 

0.695 

v
 

~1'U1'Uf'li'~ 
T ~ -·-·---r------- -- r0.690 T 

1'Uf1Ti~1J 
10 20 510 1010 2500 4994 5010 7494 7510 9994 10010 12494 12510 14994 15010 17494 17510 19994
 

, J/ J/ 

~t1i14.7 m1'VhJn'lt!mJfl~;'W~l'W 

-...J ...... 
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'j:;;tJ:;; Cut Band 

(mm.) 

0.800 
0.720 

0.700 

0.600 
0.522 0 9 

0.500 

0.400 

0.300 

0.200 

0.100 

0.000 -~-----------------------,--. -----------,------ -,------------1-------------1 ~1'U1'Utli'~ 

1'Um'j'Yl~f!O~ 
10 5000 10000 15000 20000 

• II 

'jlHi 4.8 'j:;;[/:: Cut Band 'UO~!tfil.;'U~l'U.. 

'I'" 111 "'. '1 c:I d. ... "" 
~'Uf1l'j1~'j::[/:; Cut Band 1~f1l'l1'U~'lf1~ 'Utf1'IJlffll'Yl~::'UUJl1~tlO 1-10,4985-4994, 

'I I , , 'J} 0 ,.d
9985-9994, 14985-14994 !If!:: 19985-19994 ~ 'U !I~f!::'lf1~ ~'Yllf1l'j'l1ltlll'il M'UO~'j:;tJ:;; Cut Band 

... _Id ,. 'I'" ,~ '" dt 1 .... 
eHJf1111~'11lJ'Yl4.8 ~f1[/ ~'Uf1l'j1m:;[/:; Cut Band ~ l'1f!tl':ieH Measuring Micro scope 'Um'j1~tll 

~"'o , '" 0 , 1 QI 9J .ciQI

!m:; lf1'Yllf1l'jm[/11Jfl1[/f1lf!~'\ItIl[/63 !'Yl-I 'U'I11'UO'YI4.1.14 

II 
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& ... ' .. y .,;
4.1.4 iI.fIl'W'WUN1'UtH Punch UiJ:: Die fl8Ufll''J &~~lU'fI~1J 0 8~ftl 

1tl~ 4.9 Punch. riDlJfll'~l~.:IllJ fh~.:I'\JV1V 90 l'rh, ~llJ'UlJ 

"". . 1" 0 cv I fJ/fJ/1tl 'YI4.10 Punch. flDlJfll'I 'If.:lllJ fll'l.:j'\JV1V 90 1Vll, ~llJ'\JH 
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.. t;'/ I .,. 

4~ VI _ClfCLI.c:::l u.c:::l 
4.1.5 'j;J.fll,",","FrJ'U8~Punch Ui1::: Die 't'ii1~Nl,"m'lJlI01~'f1 5,000 fn~ 'fI~1I 0 8~fll 

. '" . 
1tJfi 4.12 Punch. rh'UOl'.iihJfi 5,000 Ola.:J,nmJ 90 l'yh, ~1'U1J'U 

1tJ~ 4.13 Punch. Hl'UOl'.i~:U~ 5,000 Ola.:J'\l(Jltl90 l'yh, ~l'U,jH 
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W' fN, W' I 

4~ U' ifu..:::I u..:::l
4.1.6 tT.fll't't't't'UNl'UiH Punch Ui:l~ Die 't'Ii:I-3Nl'Ufl11 'lIfl~'f1 7,500 fl1-3 'fI~'lI 0 tl-3Al 

. .. . 
'nJli 4.15 Punch. Nl'Ufll'iihlli 7,500 fh~.:j'UfmJ 90 l\'h, ~1'U'U'U 
OJ 

. .. . 
11Jn 4.16 Punch. Nl'Ufll'iihlli 7,500 fh~.:j'UV1fJ 90 nil, ~1'U.,j'1.:j 

. .. .
 
11Jli 4.17 Die Nl'Ufll'iihlli 7,500 fh~.:j'UfJlfJ 90 nil, ~1'U'U'U 



76 

., r:i. "" 
4.~ v, _ClfQJ4 QJ4 

4.1.7 iI.fll'W'WUNl'U8..:1 Punch liD:: Die 'HD..:IN1Ufll":ilJ'JJA~t110,OOO f1":i..:l t1"i'JJ 0 O..:lfll 

. '" . 
'nJ-n 4.18 Punch. Nl'Ufll'JihJ-n 10,000 ih".:J"tJ1t1 90 !'Yll, ~1'U1J'U.. 

ltJ~ 4.19 Punch. Nl'Ufll'J~1J~ 10,000 ih".:J"tJ1t1 90 !l'il, ~1'U~1.:J 

• <1 • 

ltJYi 4.20 Die Nl'UOniJ1JYi 10,000 ih".:J"tntJ 90 tl'il, ~1'U1J'U 
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II f:/ I .. • 
401l::llo QJI _~Q,I'.cI u.ct

4.1.8 tTiIl't1't1'UNl'U1H Punch Uil::: Die 't1il~Nl'Ufll'1J1Jftft'rl12,500 f1'H 'rI~1I 0 8~fll 

nj~ 4.21 Punch. ~h\Jnn;11J~ 12,500 fh~~'tJmv 90 ~l'il, ~l\JlJ\J... 

. .. . 
11Jfl4.22 Punch. ~l\Jm'jiJ1Jn 12,500 fh~~'tJ(llV 90 ~l'il, ~l\J,jl~ 

11J~ 4.23 Die Fh\JnT'j;11J~ 12,500 ihft~'tJ(ll(l 90 tl'il, ~l\JlJ\J 
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1i~ cvf _:;cv..:.i ~..:t 
4.1.9 iIill'W'W\nrJ'U8.:1 Punch &AD:: Die 't1D.:IN1,"m':iu'UVI~n 15,000 fI':i.:l n~'U 0 8.:1Hl 

. .. . 
~lH14.24 Punch. ~1'\.Jfll'j;hJ';l15,OOO fh".:I'tJrmJ 90 l'Yh, ~l'\.JlJ'\.J 

. .. . 
~lH14.25 Punch. ~1'Ufll'j;hJ';l15,OOO fh"~'tJV1V 90 l'Yh, ~l'U,j'H 

. .. . 
~lHi 4.26 Die ~l'\.Jfll'jihJ'ri 15,000 fh".:I'tJV1V 90 l'Yh, ~l'\.JlJ'\.J 
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..
 

4 r:lv.d :',=tCIte VI 

4.1.10 tT.m""'UN1"8~ Punch 1li;l~ Die lti;l~Nl'Ufl11if'llVl~rl17,500f1H rl~'lI 0 8~f11 

. .. . 
11Jfi 4.27 Punch. ~l'\.Jm')ihJfi 17,500 nl~.:I'lJtmJ 90 t'th, ~l'\.JlJ'\.J 

11J~ 4.28 Punch. ~l'\.Jflnil:u~ 17,500 nl~.:I'lJtJltJ 90 ryh, ~l'\.J'lil~ 
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'al' r:i, ¥ I 

4~ OJI _lIfu4CI QJQ

4.1.11 iJiIl'ft'ft'UNl'UtH Punch lli~:: Die 'IU\~Nl'Ufll"'U'lJVl~r1 20,000 tn~ r1'A'IJ 0 tl~ftl 

. '" . 
1t1fi 4.30 Punch Fhuf1l'Iihl'n 20,000 fh~.:.I'lJfJ1tJ 90 1'rh, ~lUtJU 

1t1~ 4.31 Punch F-ilUf1l'Ii11J~ 20,000 fh".:.I'lJtJltJ 90 nil, ~lU;j'H 

i'l1~ 4.32 Die F-il'\.Jfll'j~lJ~ 20,000 ihft.:.l'lJ010 90 1'VI1, ~lUtJU 



81 

A ... ~ , ~ ..... ~ ~ ~ v .,j ~ 
4.1.12 t1'.fll'ft'ftUNl'Uf)~Punch 'JIN1Utl11iJtlfI~'JI10,OOOI~UI'tilfl1tl~ SEM 'JI~t1 0 tl~ftl 

• I t:I I 

nJfi 4.33 nJultl SEM fifhf1~"ItJ1t1250nil, Punch Hlt.lfll'JihJfi 10,000 ~1'\..1"'1~ 
'" '" 

I. ~ I 

l1Jfi 4.34 11JU1t1 SEM fifhf1~"Itllt1 1,500 nil, Punch Hl'\..1fll'J1hrfi 10,000 ~l'U.,'h~ 

A.... ~'iJ~""'~ ~ v.,j ~ 
4.1.13 t1'.fl1'ft'ftUN]"f)~Punch 'JIN1Utl11 t1f1ft'JI20,OOO I~Ul'tilfl1f)~ SEM 'JItiti 0 f)~ftl 

q 

" f:I , 

~1I114.35 ~lIrilfJ SEM llnl"'~"fJlfJ 200 nil, Punch ~l'Ufll')ihJ'Vi 20,000 f1'1'U~1~ 
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..
 

" r:'I I 

'i'lHi 4.36 nhhtJ SEM nfh~~'\ItJltJ 1,500 l"h, Punch Fhufll'iihJn 20,000 ~l'U;jl~ .. .. 

.. ..'" ... ...4.1.14 iJlll'ft'fttlNl'Utl.:llfl'Y"l.l.:lltl 

, ,.. ." 
~'l.In 4.37 1ff'W;'U,:n'U'lh~n 10 <ifUU'ifl fh~~'\ItJltJ 63 ii Cut Band 41% 

~'l.I~ 4.38 1ff'W';'lH1Ulih~~ 5,000 fh~~'\ItJltJ 63 1"11 ij Cut Band 46,19% 
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· '" .
~'!.Hi 4.39 lff~~lJ,nl!'!h-1n 10,000 fhrr~'!!!'.mJ 63 l'Vh iJ Cut Band 46% 

, .. . 
'J'lHi 4.40 !f1~,hJ~l'IJ,h:rn 15,000 fh".:j~fJlfJ 63 nil ij Cut Band 63.71% 
'" 

, -

Tl j'{i 4.4 !;,rnl'lhJ J ;il'lfJ~n 20.000 fJ f~,~~!~rw fJ3 nil jJ Cut Band 57.1 (;'
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fll'il'l~HltJ~l~tJflfl'j.jl'\"lq~flnllflniYmntJ'\ltJ~uliVill't'~~~l~HunlJ'lfffJm~flU~'Ul~fJ 

l~1ff~U1iVill.wlil'l1rtJ Punch llCl~ Die Vanadis 4lil'l1rtJfll'il'l~fftJtJ'll'iJ"'\ltJ~mfiflU~'U lIS 1ff". . 
.:S I' f' • QJ' I 

llfl1111'l1'Ul 1.13nun. fln~fJ~'l1tJ~1H'i~'I111~ Punch U'l~ Die ll'llfltJ 8% '\ltJ~fl1111'l1'Ul'\ltJ~Up.j'U 

'" ,. l-Y 9J I '" .:!f. .... 1 Q,f ,~o' jJ

1ff~ t"fJ ')j''\l'Ul''lff'l..lp.jl~'UtJfl'll~'\ltJ~ Punch U'l~ Die fltJ 10 nun. lJ'i~fltJtJfltJ'l;f"Ulll'llll'l U'l1 
tJ I t:J. ,t:I" 

9l"~~tJ'UlfljtJ~ihj;rtJm1tJ~'\l'Ul"25 ~'U l'VJmhflniJll~"1ff""'U~1'U• 

. .. 
.., 0 .., 

4.2.1 Ni.m11'r1~i.'I'tl1Jfll1V~""11'i'Ufl"tl~ Punch AAi;'1~ Die 

~ 

'Ul'YIlIn (g.) 

542440 
54.2422 

542420 ~------~ 

542400 

542380 

542360 

54.2340 54.2343 

542320 
~ 

~llJ1lJfli'~i'U 
~542300 
m':i't1fnHJ~ 

o 5000 7500 10000 12500 15000 17500 20000 

. . " 
1tJn 4.42 ml~Uff~~p.j'li'~'I11'l1,rfl'\ltJ~ Punch 



0.006 

0.005 
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'lfa~ Punch (g) 
... 
i 

0.008 
0.0076 

0.007 .j 

0.0063 

0.004 

0.003 

0.002 

0.001 

o L
, .. "'"[ . 'I 

Jl'W1'Wi'li~i'W 
fl1':i'Yl~CltH 

5000 7500 10000 12500 15000 17500 20000 

0.0046 

. ., 
':itl~ 4.43 fl11'Wf)l':iffmntl'tltl'l Punch 1If1fJf)l':i'l1'1'1.JTtnrn... 

y 

'\11l'l'ufl (g.) 

148.735-' 

148.73 ! 

148.725 

14K72 

148.7283 148.7279 

148.7185 
148.715 

~liJ Jt.ll'rf~ lu 
14K71 • 

o 5000 7500 10000 12500 15000 17500 20000 

. . ., 
njyj 4.44 flJll~!lLl'f)~HcPU~lhHllmHN Die ... 
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'llCl'l Die (g.) 

0.014 

0.012 

0.0\ 

0.008 

0.006 

0.004 -. 

0.002 ---1 

0.0035 0.0039 

o ---:._--~----------;_._---~-------1 "--- ----------- 

5000 7500 10000 12500 15000 17500 20000 

. . ..
 
~,jn 4.45 fl"jl_W1lf1'~~m'jilf1'l1"jf)'\lf)~Die i~t1m'Ji~t1l"..nrfl 

'illfl'jtJ~ 4.42 !!C1~ 4.44 !~'l.!fl'jl_W!!1:Y~~F_IC\'l.fl'l1'\.rfl'\lfl~Punch !!C1~ Die fl'jlr~~~h1'!~mi1.. 
'" c» tI JI , 

'\lfl~lJl,n}"fl Punch !li;'l::: Die nfl'l.Jl'11tl1'J'I'1?o1:YfltJ H"'1l'11tl1'J'YI~HYfltJiJ1J~~~lHl'\.HI'Wf.1~~'Wli 
. .. 

5000,7500,10000,12500,15000,17500 1l~::: 20000 I&nh Punch !W::: Die 1tJi,nl111Ufl 
. " .

Id '" _.I '" 0 ... d'illfl'n 'Y! 4.43 111:1::: 4.45 !','Ufl':ill'l\1f1'~nfll':if1'fl11':H}'\If)~Punch U1:1::: Die 'illfl'Ul11'Ufl'VI 
" 
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IV ~ 

4.2.2 fl1".il~fl1·nTfl'H".if)'1ltH Punch 

'Y' ~ 
lff'UN1Ut)"UtJf)ftl~Punch (rom.) 

10.02 • 
10 10 

9.9~ 

9.96 

9.94 

9.92 

9.9 
9.907 

9.88 

9.86 

0 20000 

• 
~1'U1'Uf'15~ 

~ '" 
1Uf)l':i1hJ 

0.1 I 
0.093 

0.08 

0.06 

0.04 

0.02 

" 
~l'U1Uf1j"~ 

o ~ '" 
o 20000 lwmiJJJ 



· .. ..(V e V o=tl 

4.2.3 fll1~~'j.J1't'i'Ufl'\lel'l'lt'U~1'U 

" .,
Wnnrfl'IJtJ~~~Jnw (flflJ) 

0.720 

(\71 " 

0.7\ 0 

0.705 0.706 

0.700 

0.695 

0.690 

10 :W 510 1010 2500 4<)94 SOlO 7494 

·--1'--"· - --'j" - ··-~·-r-···-·-··-·-,-."---.-

7510 9994 100\0 124<)4 12510 14994 15010 17494 17510 19994 

'" 
~lUTW'flf~ 

" blJ fll';j 'Vll'lcn)~ 

~IJ~ 4.48 mwhf1l1t!fl'llU~~UHW 

oc' 
00 
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I 

I,"IJ"(::'lBand 
I ..
I , 

-~ 
I 0.700 

I 
0.600
 

_J
0.500 , 
0.448 

0.400 

--j0.300 
I
 

i
 

~0.200 

0.1 00 
! 
i ~0 

! 'ill'Ul'UfI'j~0.000 +----~---------,-------- ---~-----,---------,------,-------,~ 

, 'Ufll 'i 't1 ~n'l fl~ 

10 5000 10000 15000 20000 

. ~ 

nH14.49 'i~tJ~ Cut Band 'IJfl~tff1:J~'U~l'U.. 

1'U fll'i1~'i~tJ::: Cut Band '~fill1'U~,sl~1'Ut~1Jtffll~'il~U 11Jl1~fi'f) 1-10, 4985-4994, 

lit • I ~ ~ 0 • ~ 
99M5-9994, 149M5-14994 Hf:l~ 199M5-19994 ~lIH~f:l:::'lf1~ !~'t1lfll'i111fll!,WV'IJf)~'i~V~ Cut Hand 

\'}\'}mn~;'t~1J~ 4.491~t1h!t11'i·j~'i~t1~ Cut Band '~,*tf'l~\,}~ Measuring Micro scope "utn'i'j~l 
I lq~a I 17) a Q,I I q Q,I ~ .:::i 

f'll Uf:l::: 1"'Vllrlnf!l'I':i' "ltltrlf:l.;l'llfllfl 63 l'Vll 1'U'Hl'11fl114.2.14 .. 
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.. . 
IS ~ ,~v d 

4.2.4 afl1't't't'rUNl'll8-3 Punch tiD:: Die tl8Ufl11 A'lS.:ilUfI':!". 0 8.:iftl 

• " "'<- ;~'{'f;'\\';"""'\~;,,,~~~ ,~,:'...."\ 
~,-,,-, ".,~, .,..,."", .~,\' ~~"~'''~, ~\"':''\':\",~~, ,','1 ,', 

~:-t~..~~, :' ;,\l'~ "'\\, ...."A~.~. ,,,... \,,"I."~,~'''~~~~ 
... \: . \ I ":'\\0 ~"•. ",.","l\: ". ~ '.'~ 

~''''......~ .~" "'''<''''\~~~~\'~",,~\''''''~.'o;'\: 
~,~\~ :~~~. \\'~~_.~~\.: ~"" \,~~\t"1,.S 

'~~,\"W'''''$!.~;'~\\~)'~'':~~
\I~\f\~,~~,\~~:\~~~,,\ S ,,':-y.~, \' 

'i1J~ 4.50 Punch ntlutn'ilcN·nu fh5-3't1rmJ 90 nil, ~lm.m... 

, , 
.---, ,.;; " I • 

,', , " : i i ~: ,I' " r ',~ i i ~ I ~, " 
~" \1, , '.' J. 1'< JI ", ,1':~~t~,'I,,11nt,:,lbl'~r~~i,iIU! !I,/t-~1Ii(':k' ',!!',h ' .' 'I'~>J~ /'

~:, :gl:i,ti,'~~I!~,' ,'\:, i'/',ltl)IL'1 n~:l '1,';1;,"f:;r I' \,', I 'i;",· t ! ,
, ,"':t, 1\1,1;1 ': ' ", '" '! 'j' , 
,I·I ,,',I I' ") i

,
,I"
t' J. I."."j.." I •. Ii,• ,,,';

',', 

; • ~ - , l ';' ll" '!' ,' 
; ; I, I I ' , I,".' 't 

" , !\; I j : ,'f< 

Aid '1jJ 0 <lJ , jI iJ'ilJfl4.51 Punch fH)'Ufll'j 'lI'-31'U tnft.:j'tlOlrJ 90 1't1l, ~ll!'\ll-3 
'" 
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· .. . 
~1.Hi 4.53 Punch Hl'Ufll';j;]lIYi 5,000 fh~'.:.t"r.mJ 90 nil, ~1'U'lJ'U 
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... tN, ." • 
.4 ~ CU', if CU' .ct IV .ct 

4.2.6 i:rfll'n'n,"Nl'll8~ Punch no:: Die "'O~Nl,"fll1 1I~~'JI 7,500 I'n~ 'JI"d1l 0 MI'11 

. .. . 
~'I.Hi 4.56 Punch Hl'Ufll':ithJli 7,500 til~~\I[Jl[J 90 1,.;" ~1'U'U'U 

. .. . 
~'!.Jli 4.57 Punch Hl'Unl'iihJli 7,500 til~~\I[Jl[J 90 1,.;" ~l'U'th~ 
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If ~. '\If I 

4Clil ul _lafQJ.cI QJ.cI 

4.2.7 O'illfifi'UNl'lltH Punch U'i;1:: Die 'I1'l;'1.:1N1'Ufl11'U1J1lI~'fIl0,OOOfl1.:1 'fI1;11J 08.:1f11 

. .. . 
l1Jfi 4.59 Punch FhUfll':iil1Jfi 10,000 fh~~'tJtJ1tJ 90 nil, ~lU'lJU 
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w r:I, 9'" 

4.e:::t. U' iJQ.lcl fUel
4.2.8 ilfIlTtTtUN1'U8~ Punch liD::: Die 't'lD~N1Ufl11 'J.J~~fI 12,500 f11~ fl1:!'J.J 0 8~ftl 

l1J~ 4.62 Punch Fhum'j~1J~ 12,500 th"'~~V1V 90 nil, Al'U1J'U 
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.., WI" I 
4 ~ _~ Q.I Jet Q.I 4:tQ.I'

4.2.9 O'fI1'W'WU'fl'UtH Punch uo:: Die 't'iD-3N1Um1lJ'JJiJI~T1 15,000 ft1-3 T11:!'JJ °8-3ft1 

. .. . 
ItJ-ri 4.65 Punch N1'Ufll'iilll-ri 15,000 illn-3'lW1rJ 90 l'rh, ~l'UtI'U 

. .. . 
ItJ-ri 4.67 Die Nl'Ufll'iil1Jn 15,000 fh"'-3'\1t11tl 90 nil, ~l'UtI'U 
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w r;Y I '" I 
4~ Q.I' ifQJoIC:l va

4.2.10 a.fl1TtTtUNl"UO.:.l Punch lIi:I:: Die 11i:1.:.lN1Ufl11 1Jfl~" 17,500 f11.:.l "1:t1J 0 tHftl 

. .. . 
'JtJn 4.68 Punch foh'l.lfn'JihJn 17,500 ih~.:.l'lltJ1tJ 90 nil, ~1'l.11J'l.I.. 

. .. . 
1tJl14.69 Punch Hl'l.1fn'JihJl117,500 fh~"'IltJ1tJ 90 l'th 111'l.1'li'1" 

1tJ~ 4.70 Die Hl'l.1fn'J;j1J~ 17,500 fll"''''IltJltJ 901'til, 11TU1J'l.I 
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.. r:J. .., 
4~ u, _4\f QJ .c:I QJ.c:I 

4.2.11 ifmTtTtUNl'U8.:.1 Puncb n,,::: Die 't'I".:.IN1Ufl111J'lJfI~'fI 20,000 tl1.:.1 'fI'I;I'IJ 0 8.:.1f11 

':i1J~ 4.71 Punch Hl'UOl':i;31J~ 20,000 fh~~'\Jr.m.l90 tYh, ~1'lJ1J'lJ.. 

. .. . 
~1J'ii 4.72 Punch Hl'lJOl':iil1J'ii 20,000 fh~~'\Jr.mJ 90 tYh, ~l'lJ,j'H 
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'" ,tN r "'" ... .... , if OJ ~ .. v '" ........
4.2.12 tJ.fl1'n'nUN'1'UfH Punch T1N1Ufll1 119lilTl 10,000 lil£U~lft18.:J SEM T11;!1l 0 8.:Jftl 

" r::I I 

1tJl14.74 ~tJrilfJ SEM l1fil~.:J'tJmfJ 250 l'Wh, Punch NT\.Jfll'.iihJl1lO,OOO ~T\.J,j'H 

'" • tN, 'I'" ... .... , if OJ ~ .. v '" ........
4.2.13 tJ.fll'n'nUN'1'U8.:J Punch T1N1Ufll1 119lilTl 20,000 liltll~lft18.:J SEM T11111 08.:Jftl 

q 

'I g I 

_I"" _I ' "" 0 '" , , ~ "" 'j/ 'j/
11J 'YI 4.76 t1JOltJ SEM 'YIflltl~'tJtJ1fJ 200 1m. Punch Hl'Ufll'i1J1J'YI 20,000 ~l'U'Ul~ 
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I' ,t:J 

'ilHi 4.77 'ilhhlJ SEM fith"~'lllJ1lJ 1,500 t'Vll Punch ~l'Um'iihJfi 20,000 ~l'U'th~.. .. 

4.ca. ~ t OGldd .cS 

4.2.14 tJ.fl1'W'W'UN1'Ut)~lR'tf'IJ1Hl'U (Nl'UmnJl1J~w'U'Vl -147 t:I~fflt'lHUC)flJff) 

, JJ ,JJ 

ltJfi 4.78 tffl:li'U~1'U';1~fi 10 i'Uu'm fh"~'lllJ1lJ 63 t'VIl ij Cut Band 58% 

. " .
 
ltJfi 4.79 tff'Hi'U,n'U';1~-n 5,000 fh"~'lllJllJ 63 t'VIl ij Cut Band 47% 
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'"'
 

. " .
'nHi 4.80 tf1}j~'W~l\'\'lfl,r¥i 10,000 fhr;i~'tHmJ 63 !'¥h ij Cut Band 44% .. 

l1J~ 4.81 !f1}j~tj~l\'\'lfl~~ 15,000 fhr;i~'tHmJ 63 !'yh ij Cut Band 36% 

. " , 
-S1J-n4.82 !f1}j~'U-11\'\'lfl~Vi 20,000 fhr;i~'tHmJ 63 rvh ij Cut Band 39% .. 
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m'j'VI~mFJtvtflffmllYlt)~m'j:um'jfffl11'jfl'Ufl~UlH~:u~~~~1~n\.Jfilr)ff~!'I1~f1UF-h.J l~tJ 

1~1ff~U~~:U~ffl'11i'1J Punch um: Die Vanadis 4 ffl'11i'1Jm'j'VI~fffl1J'Jfi1~'Ufl~!'I1~f1UHtJ ns 1ff~ 
q q 

~ 'I I I I Q,I I 

:Ufl11:U'l1'\.Jl 1.13 mm. fI1'j:::tJ:::'Jffl~11~'j:::'I111~ Punch 11'l::: Die !'VI1f11J 8% 'Ufl~f111:U'l1tJl'Ufl~UNtJ 

... 'i i'JI '" tI .<!!!I .... I QI I.IC\ tI " 
Tr.'~ ~~tJ 'Jf'U'\.Jl~!fftJNlff'\.JtJf1m~'Ufl~ Punch U'l::: Die f1fl 10 mm. lJ'j:::f1fl1Jf11J'Jf~U:U"":U"" U'l1 
q.. q
 

)I I rrJ. I a'J 'jJ
 

~~~~1J'\.Jlfl~mll:u,j'fl!'I11tl~'U'\.Jl~25 ~'\.J Ivtm11m'jiJ:u~~1ff~~tJ~1'\.J 

... 
4.3.1 ,nlfl11n~iI8'lJfl1"nr.:aU1'Yl,"tl Punch IIi:!::: Die 

~ 

lh'l1'un (g.) 

55.5900 _J 
! 

I 

! 55.5837 

55.5800 

55.5700 

55.5664 

55.5600 

55.5500 

o 5000 7500 10000 12500 15000 17500 20000 

~ 

~1'U1'Ufli'-31'U

• 
f)l'I 'Yl Flcn)-3 



102 

I 

I 
0.015 ~ 

! 
i 

0.01 

'\IeJ~ Punch 

J0.02 i 

0.0173 

0.005 

~1'U1lJtlf~ lou 
f--------,----- -~-------,-----,------r__--,---~o 

m',j'YIfHH:I~ 

5000 7500 10000 12500 15000 17500 20000 

. . " 
'i'lH14.84 ml,"mY~.:jf11~i1m1·H)'Utl.:jPunch 1~Vf11~ci.:j~111~f1 

~ 

lhn!n (g.) 

t 
149.985 

149.9826 

149.98 

149.975 

149.97 

149.965 

149.96 149.9622 

149.955 

149.95 , . I 
~ 

~~1'U1'Ufli'~1'U 

0 5000 7500 10000 12500 15000 17500 20000 m',j'YI~H'eJ~ 

• I 'II • 

~'llil4.85 ml,"utY~.:jF·Htci.:j~ll1~f1'U'tH Die Hnlf11~'lhu~l1{hJil-192tl.:jf1WlfC\1~VtY 
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~~H Die 

... 
0.0250' 

, 

I 
'I 

0.0000 -1---.-----1 -----, 

5000 7500 10000 12500 15000 17500 20000 

. . " 
nll; 4.86 m1vlm.1~~m'i~fl...,'H)~~N Die i~rJflni~'1.hm:rfl.. 

. " .
'llfl1,jYi 4.83 U't1:: 4.85 dh.Jm1vlu'i.1~~F.j't1'1.h...,.Ufl~ij~ Punch U't1:: Die mlvlYi1,rd~1'IJrh 

JI JI Ia1" 
~ij~'1.hm:rfl Punch U't1:: Die nij'IJn1fl1nl~'i.1mJ n1m'i'YI~'i.1ijtJil1J;;~;'IJ~1'IJ'l'IJil~;'IJYi 5000, 

. " 
7500, 10000, 12500, 15000, 17500 tlCl:: 20000 Utl'TUl 1,ji~'I11...,,:rfl . , .. 

'illfl~t1Yi 4.84 U't1:: 4.86 liJ'lJmlvlu'i.1~~m'i~fl...,'iij~ij~ Punch U't1:: Die i~tJfl1'ii'~'I11...,t!fl 
. " 

utl'1'111fhYi1~U~ ll:: ,r1~ 1J1n1fl1'ifltJnmh'l11...,,:rflnij'IJ fl1'i'YI~ 't1 ij~ 

i 
0.0200 ~ : 

i 
I 
I

0.0150 1 

0.0100 -j
! 

J0.0050 ' 

0.0204 
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OJ d 
4.3.2 mn~m'Hm'\1'n)'Utl-1 Punch 

'J/. 0' 
Iff'UFn'Umwmn~ Punch 

'II 

10.05
 

10 10
 

9.95 " 

9.9 

9.85 
9.836 

9.8 ! 
~ 

~1'U1'Ufli'~ 
-"--------------- -------------------------;-----------------------------------. ..9.75 

: I 1'Unl'.i'illl 
o 20000 

0.2 

0.164 

0.15 

0.1 

~ 

~ l'U1'UfI i'~ 

o ~ 1'Unl'.i~1l 

o 20000 

.1 d • .1 "i 'JJ'"
'jlJVI 4.88 nnrd!ff~.:.lmTrrn'H'jU1l1mff'wn'Uff'Uvmn~Punch 
'II ~ 

0.05 



, .. .. 
Q.I 0 cv A 

4.3.3 fl11'lf~t!1't1t!fl'lJ8~'lf'Hlt! 

w w 

'\.hm:rf1'IJeJ~;'Unu 

0.715 

0.698 

0.7040.705 

0.704 

0.700 

0.695 

0.690 

0.685 

w 

~l'Ud'Ui'li'~ 
0.680 

l'Uf11'j~lJ 
10 20 510 1010 2500 4994 5010 7494 7510 9994 10010 12500 12510 14994 15010 17494 17510 19994
 

, "" ,
,'I.Hi 4.89 mwh3nn1fI 'IJ fl.:j~'U ,HW ~·h 'U fI1 ~,j 1,j"t~'U Vi -192 fl.:j ffW1HHtlffnY 

o
VI 
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';i:::tI::: Cut Band 

('lJ'lJ.) 

0.800 -1 

0.700 

0.600 - 0.571 0.560 
0.530 

0.500 

I 
0.400 -I 

0.300 J 

0.200 

0.100 1 
" 

0.000 -----, 0 '" 'il1U1Um.:.l 

, Ufll';i'YI~~tl.:.l 
10 5000 10000 15000 20000 

. " 
i1J-rl4.90 ':i:::fJ:: Cut Band 'Utl.:.l;U.:.I1U 

, QI -'''0 I' d .d 0 QI.t!t
Ufll':i1~':i::fJ:: Cut Band l~fll'YIU~'tn.:.l Ulfl'Ultlll'YI'il::U1'lJ11~fltl 1-10,4985-4994, 

9985-9994, 14985-14994 U~:; 19985-19994 , uu~~::'tb.:.l ,~.yhfll':i'Yllfhm~fJ'Utl.:.l':i::fJ:: Cut Band 

tltlfl'lJ1~.:.I11J~ 4.90 i~fJ'Ufll':i1~':i::fJ:: Cut Band U,.glfl~tl.:.l Measuring Micro scope 'Ufll':i1~ 

fl1 U,,::'~'ti1fll1ri1fJl1J~1vtil".:.I'UfJ1tJ 63 nil 'UH1oG'V~ 4.3.14 
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.. ' 
<!l ... ' 'I v '" 4.3.4 iJ.fllftftUNl'UtH Punch U1;1:: Die fl8Ufll'H'FnU'fI~tJ 180 8,un 

nJ~ 4.91 Punch ri~Um'j,.g~l'U fh"'~'UtJ1tl90 l'rh, ~1'U1J'U.. 

~tJ~ 4.93 Die nmJm'j'~-nu fh"~'IIt1ltl 90 nil, ~l'UUU 
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.. r:I, 1iI" 

4111:\ cv' ifQJcI Q,J.cI
4.3.5 tlil1'n'n,"N1'U8~ Punch ua:: Die ,"a~Nl,"fl11 'JJVl~'t1 5,000 fl1~ 't1~'JJ 180 8~ftl 

. .. . 
1tJn 4.94 Punch Fh'uf)l'iil1Jn 5,000 fh~~'UrmJ 90 nil, ~l'tJtJ'tJ 

1tJ~ 4.95 Punch. ~1'tJf)l'i~1J~ 5,000 fh~~'\lrnrJ 90 nil, ~1'tJ,j'1~ 
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'It' ttl I ., I 

4~ cv' _Gf'QJQ cvet. 
4.3.6 tTm't't't't'UNl'U8~Punch liD:: Die 't'ID~Nl'Ufl11lJ'lIVI~'fI 7,500 f11.:i 'fI~'lI180 8.:ifll 

. .. . 
~lHi 4.97 Punch Hl'\.Jfl1')i11J'n 7,500 fh~.:J'lJrmJ 90 &l11, ~1'\.J1J'\.J 

. .. . 
~,jn 4.98 Punch. Hl'\.Jfl1'.iil1Jn 7,500 fhS~'lJmu 90 &l'h, ~l'\.J,j'H 

. .. . 
~,jn 4.99 Die Hl'\.Jflnil1Jn 7,500 fhS~'lJU1U 90 &l'h, ~1'\.J1J'\.J 
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w iN I W I 

4.3.7 iJ.fl1'Vt'"....Nl'Utl~ Punch Utl:: Die 't"~~"l.... n,.~iftlA~n 10,000 f11~ ntltl180 tl~Rlq 

. .. . 
1tJfi 4.l 00 Punch Fh'Um~il1Jfi 10,000 fh€1~'tIlJllJ 90 Lvh, ~1'U1J'U 

~tJ~ 4.101 Punch. ~l'Um~~1J~ 10,000 fh€1~'tI1J1tJ 90 L'Vh, ~lU,j'l~ 

'i1J~ 4.102 Die Hl'Um'JU1J~ 10,000 nlt1~'\1010 90 Ifil, fillJ1J1~ 



III 

• r:II I • I 

4.3.8 tTm'f't","Fh'U8~ Punch II~::: Die 't'Ii3~Fh,"fl11if1J~~Yi 12,500 fl1~ Yi~1J 180 8~ffl 

. .. . 
i'lHi 4.103 Punch Hlhlfll'j,hJfi 12,500 ih~~"tJltJ 90 ryh, ~lhl1Jhl 

. .. . 
ivfi 4.104 Punch. Hlhlfll'.ithJfi 12,500 fh~~"tJltJ 90 ryh, ~lhl'li'H 

, .. . 
!1JYi 4.105 Die ~ltJfll'jihJYi 12,500 til~~'UtJ1fJ 90 t'til, ~1'U1I'U 
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If rN, W I 

4.3.9 tTlll'n-n1.lfhllf)'I Punch lIa::: Die 11D''INl1.lfll1UtlAilti 15,000 fI''I ti~t1180 f)'Iffl 

. .. . 
l,jn 4.106 Punch fiTWfll'.iihJn 15,000 fh~'I'UV1V 90 l'rh, ~11.J1J1.J 

. .. . 
1,jn 4.107 Punch fil1.Jfll'rihJn 15,000 fh~'I'UV1V 90 l'rh, ~l1.J'Ih~ 

. .. . 
1tJii 4.108 Die ~llJm'iihJn 15,000 fh~~"tJltJ 90 nil, ~llJlJlJ 
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III 

"" t:'I, tIl',
44 v, _Gfu.c:t QJQ 

4.3.10 iIiIl'W'W1.UI1'UtH Punch m'lz Die 11'jlu.l1,"m1'UJJPl~'f117,500ft1~ 'f11iJJ 180 tHfil 

~'Ll~ 4.109 Punch Fhl.lfl1'jii1J~ 17,500 ihil~"tI1t190 nil, ~ll.l1Jl.I 

I1J~ 4.111 Die ~l'Umj;jlJ~ 17,500 nlfi~'W1U 90 nil, ~l'U1JtJ 
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It flII, 'II' I 

4~ UI ifQJ4 Q.l4
4.3.11 tTiI1'n'n'UNl"8~Punch Utl~ Die 'M'tl~Nl'Um1 1Jft~Y1 20,000 fl1~ Y11J1J 180 8~ftl 

q 

. .. . 
itJ.yj 4.112 Punch ~1'Um1il:u.yj 20,000 fh~~'\llJ1lJ 90 nil, ~l'UtJ'U 

itJ~ 4.113 Punch. ~1'Uf111~:U~ 20,000 fh~~'\llJ1lJ 90 L'rh, ~l'U,jH 

. .. . 
t1JYi 4.114 Die ~ltJf)nihJYi 20,000 fh5~1JtI1tJ 90 A'Vh, ~1'tJ1J'tJ 
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.lQ .::i, W CUd ~"4 .ci 
4.3.12 tI.fI1ftftU'....J"8'1 Punch 'fIfllUn11if"flfI'fI10,000 If1tH'tiAfl18'1 SEM 'fI1:!" 180 8'1f'11 

,. r:J • 

nHi 4.115 nJthtl SEM nfl1~'1'\1t11t1 250 nil, Punch Nl'\.Jfl1'jihJn 10,000 ~l'\.J,j'H.. .. 

., r:J I 

~tJn 4.116 ~tJrilt1 SEM nfl1~'1'\1m[) 1,500 nil, Punch Nl'\.Jflni11Jn 10,000 ~1'\.J,j'1.:1 

.;~ .cit tNcu.ci 1 "4 .ci 
4.3.13 tI.fI1ftftUfl1"8'1 Punch 1If11Un11if"flfl1I20,OOO flD1'tiAfl18'1 SEM 'fI"" 180 8'1f'11 

q 

• I r:J , 

1'l1Yi 4.117 1'l1rilt1 SEM Yif115~'Utllt1 200 nil, Punch H11mTilhrYi 20,000 ~lU~l~ 
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1tJ~ 4.118 ~tJth(J SEM ~nl~'1'\Wl(J 1,500 ll'il, Punch ~h'Wfl1'j~:IJ~ 20,000 ~1'W.,j'1'1 

.;~ .: • OQ.l'~d d 

4.3.14 U.fl1fifiu,n'UtHlftll'lfU-31U (Nl'WmnJ11.J~lfJ'Wl1 -192 fl'lfl'119HlICJffJrr) 

I 'J/ I III
 

ltJn 4.119 If'llJ:J'i'W'Il'W'tf1'1n 10 :J'i'Wmn nl~'1'\Wl0 63 l'vh ii Cut Band 56% 

I :J.l • 

tlH14.120 1fl''H'!f'W'Il'W'I11'1n 5.000 fhi:1'i!'\W1V 63 tl11 ij Cut Band 59% 
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~1J~ 4.121 lfl''I:li'W,:n'U'lh,:j~ 10,000 fh~,:j'lWlfJ 63 l~il ii Cut Band 50% 

. .. . 
~1JVi 4.122 lfl''I:l~'W,:jl'U'lh,:jVi 15,000 fh~,:j'IJfJlfJ 63 l'yh ij Cut Band 49% 

, .. . 
~1JVi 4.123 lflll~lNl'U"Ih~Vi 20,000 fh~~'IJfJlfJ 63 l'yil ij Cut Band 46% 
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'i:fJ: Cut Band 

(1I11.)	 ~-----~-----l 

'i'l.Hi 4.124 ltl!fJtJl\1mJ'i~fJ~ Cut Band ~lf)m'irJlI~~'\Jf),mU-Wll.w\1~htJm'i'lf'IJu~~~h~ntJ 
~ . 

" 't1~ 3 fJWl1fliJ. ~ 

0.800 

0.700 

0.600 

0.500 

00400 

0.300 

0.200 

0.100 

0.000 

.
 

I -:- 35 tNI'I11"11'l'll~~n' 
i	 ...... -147 tNl'Ill'll'lll"lllln' 

-- -192 tNl'Ill'll'lll~an'
0.659 0.674 

0.646~~0.571 
0.541 OIW9r----~.:.:-__ 

0.530 
_______ 0.522 

0.448Tio460 

10 5000 10000 15000 20000 

". 
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..t 
'lJ1l1l 5 

~1'1..1 'YIl '1..1 fll'j fffl'l1 'HI'U tI 'I uti "hn~·~~ FHl fll'j ffmnfll'j fffl'l1 'j t11J7nwfill ~fl'UtI'I Punch UCI::: Die 
" ,. J1 J1 

'\.hH,rflnl'tl~tJ'UutJCI'I 11J fll'jlnflfl71J'UtI'I~'U'I1'U1'I1~flmlJ1 HtYUll sus 304 ~l11~-mtJ'j ~'Iij 

5.1.1 ;f'U~h'Uutifill~r.h'Uflli'lI1JU~'I l~tJ 1tiihliPllg'U 
y y • 
o Q,I I .cs. • Q,I I Q,I .cs .d. , 

'U1'11'Ufl'UtH Punch fltl'Uflln1~C10'lllfl1l'YI1fl1J55.2349 g. 'll'1'1'Y1~C10'lflH'YI5,000 llfl1 
I ~ l ...t .til.. • ~ .t I• QI .cill 

l'YIlfl1J 55.2291 g. 'll'1'1'Y1~C10'lflH'YI7 ,500 llfl1I'YI1fl1J 55.2286 g. 'll'1"'YI~C10"flH'YI1O,000 llfl1 
J1 I " •I Q,I • Q,I ad' I Q,I • Q,I Q .d.. 

1'YI,n1J 55.2281 g. '1f'N'YIRl'l 8'1 flH'YI 12,500 llfl1l'YI,n'lJ 55.2278 g. 'f'N'YIR1'l8"flH'YI15,000 111'1' 
" • JI ,

IQJ , 0.14 -=S',QJ , GI.d, .ct., 
1'YI1fl1J 55.2274 g. 'll'1"'YI~C10"flH'YI 17,500 llfl1l'YI1fl1J 55.2235 g. 'll'1"'YI~C1t1"flH'YI 20,000 llfl1 

y y • 
• Q,I 0 Q,I , -=:I I Q,I d'Q,I • 

1'YI1fl1J 55.1293 g. UCI:::'U1'11'Ufl'UO" Die flO'Ufll'j'YI~tY01Jllfl1l'YI1fl1J 146.2755 g. 'll'1"'YI~C10"flH'YI 

" I " I'Q,Ido I r Q,I .d. .d" Go' • Go' -=:I 

5,000 llfl11'YI1flU 146.2724 g. 'll'1"'YI~C10'lflH'YI 7,500 llfl11'YI1fl1J 146.2718 g. 'll'1"'YI~C10"flH'YI 

" • tI ,-=:I' 'GI , Gld -=:I"Q,I I Q,I.d, 

10,000 llfJ11'YIlfl1J 146.2706 g. 'If1"'YI~C10iJflH'YI 12,500 llfl1l'YI1fl'lJ 146.2686 g. 'If1iJ'YI~C10iJflH'YI 
y • y 

15,000 iifi11,htiu 146.2665 g. 'li1'1'Y1~C1o"fli'"n 17,500 iifi1nhti1J 146.2661 g. 'li1"'YI~C1t1"fli''I . 
n 20,000 iifimhti1J 146.2578 g.
 

Iff'U H1'U'!'U Vflm,,'UO" Punch 'I1""fll'j'YI~tYO'UtJ'j1fltrhiilff'U H1'U,!'UVflCll"l~ ~m,hti1J 9.835
 
• y

4:, d. n lI:I I 

nun. C1~C1" 0.165 nun. 'I1jf.l9.3% tY1'U Cut Band 'YIj:::V::: 10 'If'UU'iflllfl1 41% 'UtI'Ifl1111'l1'U1 
" " , I 'JI 

~'U'I1'U <i1"'YI~aO'lfli''1n 5,000 Nafi1~ Cut Band iifi146.19% 'UtJ'Ifl1111'l1'U1"'U'I1'U <i1'1'Y1~C1tJ'I 
il ,. il ill I , 

fli'"Yi 10,000 NClYi1~ Cut Band iifi146% 'UtJ'Ifl1111'l1'U1~'U"1'U'li1"'YI~C10"fli''IYi 15,000 NClYi'~ 
" il , , 

Cut Band iifil 63.71 % 'UtI"fl1111'l1'U1,,'U,n'U <i1'1'Y1~C1t1'1f1i''1li 20,000 NClYi'~ Cut Band iifi1 

51.16% 

~ I '.Ql d'i d 0 d .ci doQ,I 

5.1.2 'If'UtY1'UUll"'1l"'N1'Ufll'j'lI1JlI'U'IUCI:::1J11J~W'U'YI -147 O"ff1IClfCllc)Wff 

o
y 

QI .cs 'Q,I .d.
• 

I Q,I• I I d I 

'1..1 I'll '1..1 fl'UO" Punch flfl'Ufll'j'n~C10'lllfl11'n1fl1J54.2422 g. 'If1'1'YlflClfl"'Y1 5.000 llfl11'YI1fl1J . . 
I .d. 4' I Go' I 4 do I I Q,I 

54.2420 g. 'lS1"'n~C1tN'Yl 7,500 llfl1l'YI1fl1J 54.2406 g. 'If1"'Yl~C1t1"'n 10,000 llfl1l't11fl1J 54.2397 g. . . 
'lil.:Jfll'j'n~C1tHYi 12,500 iifi111ilti1J 54.2385 g. 'li1'1fll'j'n~C1fl'lYi 15,000 iifill'Vl1ti1J 54,2376 g. . . 
'li1"'YIflClO"n 17,500 iifi1l'¥hti1J 54.2359 g. 'lf1'1'Y1PlCltHll 20,000 ~fhrYhfill 54.2343 g. am; 
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. .
 
t 4 .cI' I QI '.cI.cI' I QI 

148.7283 g. 'll'1HHHIfH'YI 7,500 1Jrnl'YIlfllJ 148.7279 g. 'Il'1~'YI~HH)nl 1O,0001Jrnl't'llfllJ . .
 
• .cI d I I QI I d .ci' I QI 

148.7269 g. 'lf1.:l't'l~tHH't'l 12,500 1Jfll1't'llfllJ 148.7250 g. 'lf1.:l't'l~Cl{H't'l 15,000 1Jfll1't'llfllJ 
, . 

I d .:::s I I.... ..4.:::s, I QI 

148.7235 g. 'lf1.:l't'lflCltl.:l't'l 17,500 1Jfll1't'llfl'U 148.7208 g. 'lf1.:l't'lflCltl'J't'l 20,000 1Jfll1't'llfl'U 

" . "... Jb} 'j/' 0 QI ~.cI I .dl .t::lo .dl 
148.7185 g. ff~lJ 1~11'Ul'H'Ufl'Utl'J Punch UCl~ Die 'iI~Cl~Cl'Jl'Jtltl ., l'Yf.i1~1Jfllfll'Jfffl'H'itllfl~'U'U 

CVI.e2 ..::::l itl tI I QI 

fll'i 1~f11fll'I fffl'H 'i tl'U tl'J'U'I l1W lff'U Hl'U~'UtlflCll..:1'Utl'J Punch fl tl'UUCl ~'HCl.:l fll'I 't'l ~ fftl'U 
, " 

tJ'Ilfl!]'i1 'H"'Jfll'I't'l~fftl'U Punch ihff''UH1'Ut1'U6flCl1.:lm~tlllhti'U9.907 mm. l~'Il::'1::t1'U Punch 

..::to .dl I QI 4 .dl.dl • 
lflflfll'Jfffl'H'Itll't11fl'U 0.093 mm. 'I1'Itl 9.3% 'illflfll'Ifl'fllllfll'Ifffl'H'ItI'Utl.:l Punch, DIe HClfll'I 

• • 91 " I.c::s ~ QI ~ .c11 .e:. 4' 

f1'I1'i1fftl'U Cut Band 't'l'I~tI~l':J1JfI~ 10 'If'Uum Cut Band 1JfI1 58% 'Utl..:lfl111J'H'Ul'lf'U.:ll'U 't'l'lf1.:l 
JI ", "" JI r , 

fll'I1J1J9i~f1i'.:ln 5,000 Cut Band liril47% 'Utl..:lfl111J'I1'Ul;'U.:ll'U 'ii1.:lfll'I1J1J\Oi~f1i'.:ln 10,000 HCln 
" "II r I 

,~ Cut Band lith 44% 'Utl.:lfl111J't'i'Ul;'U·n'U 'ii'1.:lfll'I1J1J9i~fti'.:ln 15,000 HCln'~ Cut Band lith 
!II 91 tI, I 

36% 'UtHfI111J't1'Ul;'U.:ll'U 'ii1.:lfll'I1J1Jpj~fti'.:ln 20,000 HCln'~ Cut Band lith 39% 
~ '. ,_ ct. d 0 &II d ~ .o=:S 

5.1.3 'If'Uff1'UU1J~1J~Hl'Ufll'I'V'UU'U.:lUCl::'U1'U~ltJ'U't'l -192 tl.:lfl'lltlfCllt]ftlff 
JI 
o Go' , .ct'tQl 

t 
GI.Qt 

JI , 
Ql4 

'Ul't1'Ufl"tl~ Punch flV'Ufll'J'YI~lIV~1Jft1l'Y11fl'U55.5837 fl'J1J 'YI'lf1~'YI~lIV~ftH'YI 5000 
JI I " •.cSt tQl eLI' cvQ 4"QI QI I ~Q 

1Jftl1'YIlfl'U 55.5760 fl'J1J 'lf1'J'YI~Cltl.:lftH'YI 7,500 1Jftl1'YIlfl'U 55.5738 fl'J1J 'lf1.:l'YI~Cltl.:lTlH'YI 

QI 'QI QI' Qld" . 4. 'eLI Q,I , 

10,000 1Jftl1'YIlfl'U 55.5725 fl'J1J 'If'1.:l'YI~Cltl.:lftH'YI 12,500 1JfI11't11fl'U 55.5709 fl'J1J 'lf1.:l'YI~Cltl.:l 
JI • 91 •
 
Qld Qt IQI QI.Q 4' ICV
QI' QI'

ftH'YI 15,000 1JfI11't11fl'U 55.5694 fl'J1J 'lf1.:l'YI~Cltl.:lftH'YI 17,500 1Jft11'YIlfl'U 55.5678 m1J 'lf1.:l 

Qld" . 4' IOJ QI 0" QI 1 .c:11 'QI 
'YI~Cltl.:lftH'YI 20,000 1Jftl1'YIlfl'U 55.5664 fl'J1J UCl::'Ul't1'Ufl'Utl.:l Die fltl'Ufll'I'YI~fftl'U1Jft11'YIlfl'U 

• II , " • 
QI Q' QlQ d' '01 QI I Ql4

149.9826 fl'J1J 'YI'lf1.:lfll'I'YI~Cltl.:lftH'YI 5,000 1JfI11'YIlfl'U 149.9756 fl'.i1J 'lf1..:1fll'I'YI~Cltl.:lftH'YI 

4' 1 QI QI I 4.c::i I 'QI QI I 

7,500 1Jf11n11fl'U 149.9756 fl'J1J 'lf1~fll1'Y1flCltl.:l'YI 10,000 1Jft11't11fl'U 149.9743 fl11J 'ti1.:lfll1 . .
 
4 d" QI QI I .:::s d." QI QI 

'YI~Cltl.:l'YI12.500 1Jftl1't11fl'U 149.9695 fl'J1J 'jf1.:lfll'I'YIPlCltl.:l'YI 15,000 1Jf111'YIlfl'U 149.9671 n'nJ . .
 
t 4.Q I • QI QI I 4.4 r • QI 

'lf1.:lfll'j'YI~Clfl.:l'YI 17,500 1JfI11'YIlfl'U 149.9648 m1J UCl::'lf1.:lfll'I'YI~Cltl.:l'YI20,000 1JfI11't11fl'U 

149.9622 fli'1J ff~tJ'~·hJl'Ht1fl'Ufl.:l Punch UCl:: Die 'il::Cl~Cl.:ll~tltl ., l~'il::lirhfll'jiYfl'H'H) 
>I 

.... Ji 
lfl~'U'U 

lff''Ufh'Ut:r'U6m'l1.:l'U"tl~Punch 'H5.:lflln'1~fftl'UtJ71f1{)·hnhti'U9.836 mm. l.HH'1..:1 0.164 
." >I , Q G.I.o .c1 • -=:to, 

mm. ff1'U Cut Band 'YI 'j~tI::fll'Ill~ 10 'If'UU'Ifl Cut Band 1JfI1 56% 'UtI.:lft'111J'I1'Ul'lf'U.:ll'U 'lf1.:l 
JI , "JI , 
OJd cil ~'G.I ...... 

:~i':b1J"i1~~',1 5,\;:;0 ~:,;: 0""'iJ ~i;'n 5')'~o "oJu-Hf-.Jl:lJH'Wl'lfUnU 'lf1~'YI?ClO.:lftH'YI 10,000 Cut Band 
>I >I ,

.c:s, ~ I G.o' .cs Q I 

jJfll 50% 'Ua.:lfl111J'H'Ul'lf'U'Jl'U 'lf1~'YI~Cltl'JflH'YI 15,000 Cut Band 1Jftl 49% 'UtI.:lft111J'H'Ul 
_ -j) '. :;.J, 

~, •.'i-I'1i ~1-''YIQ~'h\,~c;,.'';;'·.'19ii ,n A{\t) t".l~:~"i~,?{ {~llt I.!" t ,;~~, ,i,-~t;: .;.-:.) <:t;':Ft~:11 ~···.d t4r•• -.A ':;11..';:il·)'V;"1'it~''"1'"':' 
UH.,. H .iJ .. y.... u .. rl .... '. J-V,VVV p' ..I'1 or' '-' ....." 1, \,..1. Nil I """TV.IOJ'" ,., ... __ '-'''''" ....,U..IU "CoI.".. IQ,I"' • ...," .... 
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~ ~ 

NClfll11i'vtl':I1fl{)'h 11~ 3 9l1Utl1tl11lJU~~'\ItJ~"''UCJf 61.0 HRC. 61.0 HRC. llCl:: 60.2 

o QI' d 0 Go' 0 Q,IQ

HRC. ~llJCll~tJ Cl'1'U~lVlJtl11lJU'\l~ 59.9HRC. 60.6 HRC. 1m:: 60.4 HRC. ~llJCll~tJ Cl'll1'jtJ 
, ~ ~ 

u~-nlJ~,"i~i1mhfll':i1g'Ui111~~'l1tJU~~f\~tJWl1ftii't1'tH"''UaUihhl1umWICl~ 0.0179 f1i'lJ '\I'Wl~ 
• • OJ 

~ . 
1~'UH1'Uff'U6flCll~Cl~Cl~lrl'U 9.835 lJlJ. fllHI'j1'ilCl'tJtJ;'U~1'U(Blank) '\I'Ul~'\ItJ~ Cut Band 'li1~1~lJ.. 
i~ ijfil 0.460 lJlJ. 1rltJ~~f\~ 20,000 tli~ ijfil1rl'U 0.646 lJlJ. ffll1i'tJU~-nlJ"'~'~~1mhfll'j1g'U 

Q,I Q,I d ~ ..:::to 0 Q,I tI ,~rld. J' Q,I IV ~ 
~111Cl~'J;[tJu'U~mtJWl1\llJ-147 C NClfll'j~~ 'jlf1{)11'rl'U"Jj'lJt1111'Uf1"flD'~ 0.0079 nn: ':;1.r17;\.i'W 

~ . 
Hl'Uff'U6flCll~Cl~Cl~ 1rl'U 9.907 lJlJ. '\I'Ul~ Cut Band '\ItJ~;'U~l'U 'li1~1~lJ~~ ijfil 0.659 lJlJ. 1m:: 

OJ 

1 ~. ....:: ! .<:"\:, .-l :,~ d'.J .y ~. c;;i.......v cl --:9
 

';f":;~f;T;;'t1'frrl 20,00(: f!'H iJl", '~D'W O.~3 1J:J.~T\..imJl'llJ'rI'VI1'15~·mtl'jfll'jWt.l~111Cl~'J;[tJU'U~t.1'1 

" ~ lI~ .... O .. _ ro-~ .. I __ '~"4:-.. QI 7J 1 0'QJ' 

~tl!11\pJ - J.~l C rhlfl1 J'I'I~ I! "llnil")T~'U9flJ'\.,I 111'\.,1f1Cl~'H 0.0173 mlJ 'U'Ul~ICl''UN1'UtT'UVf1Cll~ ... . 
Cl~,H dJu 9.886 lJlJ. '\IU1'l Cut Band '\Ie~eiI'lHl'U 'ii1..:U~lJ;li'l n,h 0.633 lJli. lH'i;;;'ih~fil;;:'fiYt 

~
 
Q,I do 1 ~
 

20,000 tlH litlll1J'U 0530 lIlL 

HClfll':i1i'VCl'~tI'~'h~'lJ~1'lJ~~1'Ufll':i'lJ1~'U1rtfJ1~lJi~'il::iifll':iiYm1'jtJlJlf1fl'h 115~'ll1f1 
" , " 'lJ 1o IU II _.=... .:y QI ~ " ~ " , .oC.\ d'q 1 , 

11 fum i'lH Ll..ltlld"A'Im1J'iJ1WH11i'l1J;;lIlrt) flil::;'.ti'l rt-3un~m'11~fltl5~fl,)1~'!HT!J'Yl L1JN111 f11':i iP I 
~ .... 12 ' ~ .4 QIIV

W'lJ Cl'llJ'I':if\tl~Cl'm'rltllJ91'l i't'lJl'lJf111 uCl::'tul91m':ilJf1l'jCl'f111':ifJ'\IfJ~tllJ91'l'illf1nf1~lU~fn'j 

" .. 
fI 'j ::amfl'Ut:N,"WUU"::~ ltlffll:rtJ~~~'lJ ~1'lJ 'rIlJ 'h1U'Uf1l ':i fff111':i tJutJtJ Abrasive wear 

S.LI llltlfll'jgnmli.Ji1l"j"Ul1J"lg'lJ 4 i11lJ~ i'lJth~'tJ~tJ':i':i~''U 1~'jLll'U1l1Cl1i'Wm1:: 

·j:;'!~1~h~!'!;h1;"~rn 'lhFl~m' '~!1 e1\l'll::'tirrTl.llHutlgrJ'lJutlCl~ ltlHCl'!l-t'UtJ~ 1Cll1::;'~ 

5.2.2 m1'lhi1~lU'lJl1ft~m1'J;[tJu~~tJ"I'\I'iJ:',.)-ri.iHU~,:n'U·liJ:;jW"nnw imdv;;u ill ;i~"u 
;J QJ' d 'JJ o,tI .:!II GI Q" <C.\ "d, 4""':::!ro~ ~ q ~,

lJTUtlW'lJ II" 'l'Ul 6iJfIlA fllfJl \llJ F-lMni-Hllj mr-lfl T!'J..J;f)~~ 11:; Uli ~{: ~ fpr: .. !~! ,'1! ... !~ -: :-: ":: 

;.J , 

t1 t11'Wlt.llJlf);j'lJfl'h 4 111 hJ.:J UCl::tl1':iihii'~lg'lJ11~~f1l':ifJtJtl'lJ~1111 fJCl'clmh~l1Cll':i:::11'Jl~fll':i 

.. , 

5.2.3 'll'U91fJ'U ':i:::11 'h~ m:: 'IJ1'lJfll':i1~tl11lJjtJ'lJ fll'j LU'lJ ~1 ':i1lJii~':i ::m.Jf1l'j Ifil~ m./hn 

IA~ Q1 ..:::! 1 1 .0li:::l" ..r:::::I ~ ~ QQJ' 0 QI

5.2.4 '!.. ~m tTl"JfNl'ff~~~.}v~j'~UCl:: 'lJ ~':illl'lJmllll::lJ'UtJlIlf1~ tl1':ilJf1l':ifff1111L'rIllt\PI1J 

~ .._~ .-..! -;';';J ~ ~ ~--~ ~ .! ....; ': 

1

Ut1:::tlTH'ImrJ11J'it:llJ1'YItltJllHHHi i.iiirl"J u;jJj UJ n..iw'!-! '1hiS-r~:!l l~, l!!1:!::;; :; :: 0; (,,j ~ {, ,":-::;;" ~;;;: 

»'<';' 'j/.o:::t..d t fdQ,lw ~ 
11 ltlHCl'':il~ln~f1l'jltJ'W'UH,J~.'j <;~'wll.,m'l'r!~!:'lt:l.::-um'l'?ncy~:~~' I 
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'I ~ 101 ' ''' , .s ~ .J"';"" 'I ~ 
5.2.5 iY.fIll'H11'3 &"Jl''11lJ &1J1JiYl'311lt6fll..l61~HlttlJl..I1'l'1111~l1l..1'1111J HlWIfl61Qfl11 &"Jl''11l..l '\Ifl'l 

tI I I ," 

U,j-Wll'tf ~~ir'U fl1'Ifff1111H",m ~l1U1l1f1fl1'I"""fl~'UU~:;',j'\1 ~fl~'U t'lf'U ffl'I '\1 ~ flll'U 111mh,j'U Yi'lf 

Jl,j'U'Lh~lI trJ'U~'U L~flL~lIflltJf11'I'~~l'U'11'fJn'Ul'U~'U• 
5.2.6 f11'I ffmt 'I fl'\J fl~ 1rf~~U" f1~h~ ti'U 11 ::iifll'tYlIlh:: ffl1 t'\J fl~fl1'Ifff1'\1 ':i fl ~~l~ti'U',j 

~'U fldtiUf11'I,j" ih ::'\1':h~flff:U Hff~il11l1-W1l1':i Wltm::f11':iiif11'I fff1111tm tJU Lf1t:J1J tl'U 1~'U -31l..l ~ 11.. .. 
~" 1~'\1::'lfU"~'U '1 t~fl'l11fll~1'I1:lJ1::ff1l~fl',j trJ'U~'U 



[I]	 'HI'. fflJiin 1~'Ufl~fJf}ft. iftlf~1'Y1fJl (METALLURGY).fftlTU'U!'YItli'U iftV'Vl'j~'ll~lJ!mhVt'j~'Utl'i!lfih) 
,q rI Q.I:.:::i 
'VllJ'VltlHYI I ,n'UVlfJ'U 2538 

[2]	 Frydery E. Corczyca, I978,Application of metal cutting theory 

[3]	 Thomas Childs, Katsuhiro Mackawa, Toshiyuki Obikawa, Yasuo Yamane. Metal Machining Theory 

and Applications 

[4] Taegu Tec .Milling Application 

[5] Geoffrey boothroyd. Fundamentals of Metal Machining and Machine Tools. 

[6]	 Yong - Hyun Kim, Sung - Lim ko. Development of Design and Manufacturing technology for end mills 

in Machining hardend steel, 2002 

[7] www.endmilI.comlpageffrainimg/index.him 

[8] http://www.ln2cryo.com.DeepCryQgenicTempering. 

[9] www.mmsonline.comlarticlesl0301rt2.htm. The Cryogenic Process 

[10] http://www-csa.fnaI.gov/csa binlcsa spring96.BASICSOFCRYOGENIC METALLURGY 

[I I] www.Cryopro.comltooI.html. Deep Cryogenic Treatment Systems 
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mflN\fJfl fl. 
.. r 'laP 
o CV f ~tI 4. IV 0 IV 

NlIfll1nfli.T6\JU1'tfUfl'U6"1 Punch IIl1:: Die Iflr.Il'lflfl16"1""IU1't1Ufl 

. I ...... 
o HAUS Analytical P us Electronic Balance 1JftlU.llI::l6rJfI 0.0001 g. 
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0 

1!j,I , I j/ 

9l1'Hrn f1-1 ~~fI1d'YI~Hn)'l.I'Ih.nrfl'UfJ-3 Punch U~:: Die hwl~lfl~~Ni-3'\.hI1'lrfl 
d d 

OHAUS Analytical Plus Electronic Balance 1Jfl111J~::mVfl 0.0001 g. 

'il1'U 1'UfI1d'YIfl~fJ'I
 

"
 
(~'U)
 

rifJ'Ul~ (0)
 

5000
 

7500
 

10000
 

12500
 

15000
 
. ---- --.--._ ... _-_ ..
_..
 

17500
 

20000
 

Punch
 

(g)
 

55.5837
 

55.5760
 

55.5138
 

55.5725
 

55.5709
 

55.5694
 
- ...__ ... --. - ...... 

55.5678 

55.5664 

0 

'il1'U 1'UfI1d'YIfl~fJ-3 

" 
(~'U) 

Die 

(g) 

rifJ'Ul~ (0) 149.9826 

5000 149.9756 

7500 149.9743 

10000 149.9720 

12500 149.9695 

15000 149.9671 

17500 

.. __ .... 

149.9648 

20000 149.9622 
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.n1tlU'Ulfl Ill. 

'" "" fll1lAfll'UI'fl'tt10'UO" Punch 

lArJ,,rlft~O"Measuring Micro scope 
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'JI .d 
~n'U'VJ . 

f)fl'Wfll';jYl~,n).:j 

1 10 

2 10 

3 10 

4 10 

5 10 

6 10 

7 10 

8 10 

9 10 

10 10 

11 10 

12 10 

13 10 

14 10 

15 10 

16 10 

17 10 

18 10 

19 10 

20 10 
, ... 

f1UiUUJ 10 

"" 
~1'U1'U1J~ 

20000 

9.818 

9.860 

9.872 

9.870 

9.833 

9.817 

9.845 

9.753 

9.797 

9.775 

9.796 

9.814 

9.832 

9.855 

9.867 

9.876 

9.882 

9.824 

9.883 

9.853 

9.836 
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.tl1f1N'Ulfl fl. 

~l't'l..rfl;'U~l'U 'iAfJ1i'lfl~8~ OHAUS Analytical Plus Electronic Balance 

... ... 
lIfll1l11'l:::18UfI 0.001 g 
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I 10' '" 1 
d 0 Q1 ~ ~ do do1 ,j}

~l'n~'Yl fI-l 'Wl't1'Wfi'tf'U'I1'W fltI 'tflfl'H)'1 OHAUS Analytical Plus Electronic Balance lIf1111m:::mtlfl 0.001 g 

I d 
'tf"J.:j'Yl 

~ ci 
'll''W'Yl ~1~1~ 

I d 
flltlHltI 

1-10 

1 

2 

3 

4 

5 

6 

7 

8 

9 

10 

0.709 

0.712 

0.712 

0.712 

0.712 

0.712 

0.712 

0.712 

0.712 

0.712 

0.711 

11 0.713 

12 0.713 

13 0.713 

14 0.713 

15 0.713 
11-20 0.713 

16 0.713 

17 0.713 

18 0.713 

19 0.713 

20 0.713 

501 0.711 

502 0.711 
501-510 

503 0.71 I 

504 0.711 

505 0.711 
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..
 

. 
~l'n:lli fl-1 (~fl) 

I d 
'If'N'Yl 

~ d 
'b"U'Yl ~1~1~ 

, d 
flltlHW 

506 

507 

508 

509 

510 

0.711 

0.711 

0.711 

0.711 

0.711 

0.711 

1001 0.706 

1002 0.706 

1003 0.706 

1004 0.706 

1005 0.706 
1001-1010 0.706 

1006 0.706 

1007 0.706 

1008 0.706 

1009 0.706 

1010 0.706 

2491 0.710 

2492 0.698 

2493 0.698 

2494 0.698 

2495 0.698 
2491-2500 0.698 

2496 0.698 

2497 0.698 

2498 0.698 

2499 0.698 

2500 0.698 



, d 
"lf1~'Vl 

~ ci 
''If'W'Vl 

, d, ~ 
fll'Vl ~ 

, dmmmJ 

4985-4994 

4985 

4986 

4987 

4988 

4989 

4990 

4991 

4992 

4993 

4994 

0.711 

0.711 

0.711 

0.711 

0.711 

0.711 

0.711 

0.711 

0.711 

0.711 

0.711 

5001 0.710 

5002 0.709 

5003 0.709 

5004 0.708 

5005 0.710 
5001-5010 0.709 

5006 0.709 

5007 0.710 

5008 0.713 

5009 0.710 

5010 0.711 

7485 0.710 

7486 0.711 

7487 0.711 

7485-7494 7488 0.711 0.711 

7489 0.712 

7490 0.712 

7491 0.712 

132 

, 
91111,rn fl-l (~tJ) 

I 
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• 

d 
. 

, 

~1~1.:J'fl tl-l (mJ) 

I d 
'lf1.:J'fl 

~ d 
'If'U'fl 

• d, ~ 
m'fl fl 

, .d 
mmmJ 

7492 

7493 

7494 

0.713 

0.712 

0.712 

7501 0.707 

7502 0.708 

7503 0.708 

7504 0.707 

7505 0.708 
7501-7510 0.708 

7506 0.707 

7507 0.705 

7508 0.709 

7509 0.709 

7510 0.710 

9985 0.711 

9986 0.711 

9987 0.712 

9988 0.712 

9989 0.712 
9985-9994 0.7127 

9990 0.713 

9991 0.714 

9992 0.714 

9993 0.713 

9994 0.714 
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• 

. 
~l'jl~fi fl-1 (~'f)) 

I '"6)f'N'Vl 
~ d 
6)f'U'Vl fl1~'~ 

I '"m!'iHW 

10001-10010 

10001 

10002 

10003 

10004 

10005 

10006 

10007 

10008 

10009 

10010 

0.710 

0.710 

0.709 

0.708 

0.709 

0.709 

0.709 

0.708 

0.708 

0.708 

0.708 

12485 0.711 

12486 0.710 

12487 0.711 

12488 0.712 

12489 0.712 
12485-12494 0.712 

12490 0.711 

12491 0.712 

12492 0.713 

12493 0.712 

12494 0.712 

12501 0.714 

12502 0.713 

12503 0.713 

12501-12510 12504 0.713 0.712 

12505 0.713 

12506 0.712 

12507 0.712 
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• 

, 
'" I


1I171·nl rl-l (11tI) 

, d 
'lf1~'Vl 

14985-14994
 

15001-15010
 

'" '" 'II'U'YI 

12508
 

12509
 

12510
 

14985
 

14986
 

14987
 

14988
 

149~9 

14990
 

14991
 

14992
 

14993
 

14994
 

15001
 

15002
 

15003
 

15004
 

15005
 

15006
 

15007
 

15008
 

15009
 

15010
 

17485
 

17486
 

17487
 

17488
 

I
 d1 y
rll'YI ~ 

0.711 

0.713 

0.711 

0.714 

0.712 

0.711 

0.710 

0.709 

0.709 

0.710 

0.710 

0.711 

0.710 

0.705 

0.705 

0.704 

0.704 

0.704 

0.705 

0.705 

0.705 

0.706 

0.706 

0.703 

0.703 

0.704 

0.704 

I
 d 
rllt'iHW 

0.710 

0.704 

0.704
17485-17494
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. 
~l'n~~ f'I-l (~fl) 

I d 
'lf1'1'Y1 

~ d 
'b'lH1 fiil~1~ 

, d 
ml'iHltI 

17489 0.705 

17490 0.706 

17491 0.705 

17492 0.706 

17493 0.702 

17494 0.703 

17501-17510 

17501 

17502 

17503 

17504 

17505 

17506 

17507 

17508 

17509 

17510 

0.702 

0.702 

0.702 

0.701 

0.701 

0.702 

0.703 

0.704 

0.702 

0.704 

0.702 

19985 0.692 

19986 0.693 

19987 0.695 

19988 0.696 

19989 0.695 
19985-19994 0.694 

19990 0.696 

19991 0.695 

19992 0.695 

19993 0.695 

19994 0.695 
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iIltlN'Ulfl ~. . 
tV , "4. . 

fl111~tlltll111l!~"tl~ Cut Band ~nrJltl1tl~ Measunng Micro scope 
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I 

• 

.d I 91 A ..
Q,I 

~lTn:1'VI '1-1 f1l'l1t;lfllfl111J"l ~'tIfl'l Cut Band t;l1mmtJ'I Measunng Micro scope 

.dI d' gI 91 dfll'Vl t;l/t;l1'U'Vl 
I
 

fllt~mJ 
""
 I
 .d.d " .d 1J .. d .. 

fllt~mJ t tJ'lt9f'U~'il'1'1'Vl 'il''U'Vl 
'l11J1
 2
 3
 

0.418 0.6731
 0.424 1.178 

2
 0.483 0.385 1.013 0.627 

0.3723
 0.380 1.139 0.630 

0.3654
 0.446 1.086 0.632 

5
 0.399 0.486 1.103 0.662 
1-10
 0.633 56% 

0.443 0.322 1.0316
 0.598 

7
 0.433 0.439 1.080 0.650 

8
 0.459 0.330 1.107 0.632 

9
 0.381 0.393 1.102 0.625 

10
 0.366 0.360 1.080 0.602 

1
 0.466 0.414 1.063 0.647 

2
 0.404 0.493 1.039 0.645 

3
 0.474 0.492 1.077 0.681 

4
 0.503 0.503 1.018 0.674 
4985
 

5
 0.564 0.459 0.988 0.670 
- 0.674 59% 

6
 0.536 0.482 1.012 0.676 
4994
 

7
 0.492 0.535 1.061 0.696 

8
 0.500 0.502 1.049 0.683 

0.4819
 0.527 1.028 0.678 

10
 0.506 0.595 0.974 0.691 

1
 0.442 0.477 0.753 0.557 

2
 0.395 0.422 0.826 0.547 
9985
 

3
 0.411 0.437 0.757 0.535 
- 0.571 50% 

4
 0.487 0.426 0.840 0.584 
9994
 

5
 0.422 0.462 0.809 0.574 

6
 0.497 0.452 0.900 0.616 
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· ~l';jl~.yj ~-1 (~fl) 

,dllJiJrp .d 
fllVi ~fl/fll'WVI , '" 

'lf1~V1 

';j1lJ1
 2
 3
 

0.4247
 0.434 0.773 0.543 

8
 0.498 0.449 0.954 0.633 

9
 0.400 0.457 0.772 0.543 

10
 0.426 0.474 0.838 0.579 

1
 0.461 0.404 0.908 0.591 

2
 0.444 0.412 0.922 0.592 

0.398 0.4463
 0.872 0.555 

4
 0.394 0.442 0.884 0.573 
14985
 

5
 0.327 0.431 0.887 0.548 
0.560 49% 

6
 0.473 0.455 0.700 0.542 
14994
 

7
 0.344 0.450 0.798 0.530 

8
 0.384 0.8340.411 0.543 

9
 0.420 0.428 0.886 0.578 

10
 0.372 0.430 0.867 0.556 

1
 0.450 0.438 0.586 0.491 

2
 0.485 0.506 0.621 0.537 

3
 0.446 0.580 0.736 0.587 

4
 0.531 0.402 0.677 0.536 
19985
 

5
 0.480 0.475 0.522 0.492 
0.530 46% 

0.5626
 0.409 0.865 0.612
 
19994
 

7
 0.480 0.376 0.748 0.534 

0.4118
 0.442 0.505 0.452 

9
 0.456 0.499 0.515 0.490 

10
 0.518 0.540 0.660 0.572 
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., 

.mtlN'Ultl 9. 

& ... 
.mytllilA~iI.tl1,","'UNl'U8~ Punch liD::: Die 

" " .. . .u'
RltltlD8~ Reflected Light MIcroscope Axlotech tllD~.rnn 90 Inl 
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A ... , !'Iv 
i.f.m'W'W'UN1'U8~Punch Ui.l:: Die n8'Ufl1'1I"~1'U 
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. .. . 
l'lHi 'il-4 Punch. Nl'\.Jfll~ihJfi 5000, 0° fhcl~"tIlV 90 l'rh, ~1'\.J'lJ'\.J 

. .. . 
ltJfi 'il-5 Punch. Nl'\.Jfll~ihJfi 5000, 0° fhn~'UfmJ 90 l'til, ~l'\.J~H 

,tJ~ 'il-6 Die Nl'\.Jfll';j~1J~ 5000,0° fhn~'UfJ1U 90 rrh, ~1'\.J1J'\.J 
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.. rN • .. 

1J1ll'W.wu,b"tH Punch no: Die "D'-UhUfl11ih.Jftilfl 7500 fl1~ 

. - .'J1Jfi ~-7 Punch. Hl'lJn1'Jil1Jfi 7500, 0° fha~'UrJ1tl90lfh, ~11J'lJ1J... 

. - .
l1Jfi '1-8 Punch. Hl1Jn11il1Jfi 7500, 0° fha~'\J[Jl[J 90 lfh, ~l1J..rl~ 

. - .
l1Jfi '1-9 Die Hl1Jn1'JU1Jfi 7500, 0° fha~'Um[J 90 lfh, ~11J'lJ1J 
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. '" .
'j'l./fi 'il-l0 Punch. Hl'\..Iflnihrn 10000, 0° fhrr~'\ItmJ 90 rrh, ~1'U'lJ'U.. 

1tJ~ 'i)-II Punch. Hl'Ufll'j~1J~ 10000, 0° fhrr~'\ItJltJ 90 rrh, ~l'U.,j'H 

. '" . 
~tJli 'iI-12 Die Hl'UflnihJli 10000, 0° ihrr~'lJtJltJ 90 rrh, ~1'U'lJ'U 
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.. r:'I, .. 
4 ~ Q.I' if <:IOJ OJ

iI.fl1TtTtUNl'Uf).;I Punch Au:1Z Die 't'IiHNlUn11 1JAil.... 12500 fl1.;1 

. .. . 
~'lHi \1-13 Punch. Nl'Ufll'iihfn 12500,0° fh".;I'UtJ1tJ 90 nil, ~1'U'lJ'U 

. .. . 
~'lH; \1-14 Punch. Nl'Ufll'iihrn 12500,0° fh".:.t'UtntJ 90 I'Yh, ~1'U.,j'1.:.t 

. .. , 

~'lH; 1)-15 Die Nl'Ufll'iihfn 12500,0° ih".:.t'UtmJ 90 I'Yh, ~1'U'lJ'U 
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., ~ I ., 

D'.tl1'VfWUH1'lHH Punch AA~~ Die "i3~Fhunl1if1JA~;j 15000 fli'~ 

• wi , 

~,jfi \'1-16 Punch. NllJfll'IihJfi 15000, 0° fh-n~'UfJlfJ 90 l'til, "'1'U'U'U 

. .. , 
~tJfi \'1-17 Pum:h. NllJfll'I;]1Jfi 15000, 0° til"~'UUlt.J 90 l'th, ~llJ~H 
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., '3 I ., 

1I1n","'UFh'UIH Puncb ml~ Die "D·uh'Um1if1Jft~ii 17500 f11~ 

. .. . 
~tJYi \1-19 Punch. Fhl.lfll~ihJYi 17500,0° ihlT-3'UtJlfJ 90 l'rh, ~ll.l'Ul.I 

. .. . 
~tJYi 11-20 Pun(:h. Nll.lfll~lhJYi 17500,0° fhlT-3'UtIltJ 90 l'rh, All.l,j',.:J 

. .. .
 
~tln \)-21 Die rfll.lfll11l11n 17500, 0° fhlT~'UUltl90 rrh, fil'UlJ'U 
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. .~. 

D'.tl1Tt,"'U;h"8~ Punch lAD: Die 'Hii'~Fh'Ufl11iJlJA~i120000 fl1~ 

. .. . 
ltl-n \)-22 Punch. Hl'\..Ifll'IihJ-n 20000, 0° til~~"WltJ 90 Lfh, ~l'.JlJ'\.J 

. .. . 
1'lJ-n \)-23 Pum:h. Hl'\.Jfll'Iil1J-n 20000, 0° til~~'lltmJ 90 Lfh, ~1'\.J~1.:J 

. .. . 
1'lJ-n 1)-24 Die ~1'\.Jm1i11J-n 20000, 0° ihl1~'lltJlfJ 90 nil, ~1'\.,11J'\.J 
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ItltlN'Ulfl il. ..
 
"II ... 

1l1Ttl1i1i'1~ilItlTtTt'UN1'U8~Punch 

"". • oV ,
i'll0fl'i38~ Scannmg Electron MIcroscope (SEM) fl1'i3~'Urno 200, 250, 1500 ITll 
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.. • W I I
 

4 ... '" , _Of u '" 'i' ~ II 4

iJ.fI1"",UfJ'UtH Punch YlNl~m11J'lJft~Yl10000t~rH"If'l18.:1 SEM 

" r:J 1


nH\ fj1-1 nJrlltJ SEM l1fhcl~'\ltJltJ 250 lYh, Punch f.hUmiil1J~ 10000, 0° ~1\J1Y1-3.. .. 
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.. I W, , 

"" ... ... I _Of'" ... 'i ~" "" iJiI1Y1Y1.....Nl"tH Punch "Nl.....fl11lJ1JA~" 20000 &~U&~Atl1t)~ SEM 

'I _ • 

nHi il-3 nJrllt1 SEM Yit11"~'\ltlltl200 Lth, Punch ~h'I.J011il1J~ 20000, 0° ~l'I.JoV'l~.. .. 

I. GIl , 

1'lH1 il-4 1tJU1tl SEM l1fh"''l'Utlltl 1500 nh Punch ~lunn;hJ't120000, 0° 1l1UtH 
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.flUlN'U1tl 'If.
 

tl11~tll''18U''1.JI,.u1tl Vanadis 4
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ml109U'.-r181'lt: 0501 21 02 start: 21.01.05 11:02:07 - end: 21.01.05 18:08:47 
Kommentar: 357,5 kg 
1030 0 3 BARS. 1.40 1.25 1.40 

1000 

0500 

0000 

0:00:00 2:00:00 4:00:00 5:00:0C> 

1 CORR_f-EATING_SETPNT 5 LOAD_ACTUAL-VAlUE-3 
2 l-£ATING_ACL VAllI: 6 GASP~LSETPOINT 
3 LOAD_ACTUAL_VALLL 1 7 GASPRESS_ACT_VAlUE 

8 fll£VACLULACT_VAL4 LOAlLACTUALVALlL2. 

1. 

°C 
1400 n 

250K3B: 77 2501<39 STAN>ARD 

7:05:39 h 

rOC] 
rriJor
 
mbCr
t ~ 
tmbar 

~1l~ 'if-I ml~tlTH)1J'I.l'1Jm~tl Vanadis 4 
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.flltlNUltlll. 

,...
U'lJ'lJ"'llyn..," 

~ 
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MATERIAL LIST 
I
/g}; 

lWDC 
Ii MIC TOOL & DIE LIMITED PARTNERSHIP 

I I
 

MODEL:PART NAMEDATE : 18/01/05 

PROCESS : PROGRESSIVE PART NO. :CUSTOMER: 

Q'TY REMARKHRC.SPEC FINISHED SIZENO. PART NAME 
... 

w W "'IV 
1
210·210·30SS41LOWER PLATE01 

w W "'IV 
2
30·210·23SS4102 LOWER SUPPORT 

w w V'lV 
1
SS41 130·210·30DIE HOLDER03 

w w V<lV 

1
210·210·30PUNCH HOlDER SS4104 
w w vw 

110·,30·,0 1
05 PUNCH BACKING S50C 
w w v<l'i1 

,10·,30·,6 1
06 STRIPPER PLATE SSOC 
99 99 V<lV
 

1
110·,30·20 SOHRC.07 PUNCH PLATE SSOC 
. - - - -- . 

110·,10·30 1
 SOHRC.08 DIE PLATE SSOC 
w _ w 

1
 SOHRC.
 

10
 

11
 

12
 

13
 

SCRAP CUTTER 12·25·5009 SSOC 

1.
 

15
 

16
 

17
 I
 

18
 

19
 

20
 

21
 \-J22
 

23
 

I
24
 
--------~1 
25


.h---_._----------+ 
26 I
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mflN1nn 01. 

mTtn11~lI'u'Un11'fh lfl'Hn11 
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'j'!J~ OJ-I UPPER DIE .. 

'j'!J~ OJ-2 LOWER DIE .. 

J'!J~ W-3 UPPER AND LOWER DIE
" 
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'nJ~ W-4 m'HHlP! DIE.. 
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':i'lJ~ 01-6 f11':iriltlm~~1t1f)~'V'I Reflected Light Microscope Axiotech .. 

(1 . 

I 

1 

". 
':i'lJfi 01-8 'iI'Vtlff~'Hlm~~'U~b Punch f1'V'U'tllf11':iriltl':i'lJ.. ..
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• sarlorlU'So 

. . " 
1tl;; W-9 f11'ji~\h.nrf) Punch 

. . " 
1tlVi w-to f11'joi~,h.nj'f) Die 
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