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Name: Saharat Wongsrisa, Singkaew Pokteng and Kompan Chomsuntom 

Title : Sub-zero & Cryogemic Treatment for Mechanical Effectiveness Improved by 

Domestically-Produced End Mills. 

Abstract 

Product development of End Mills AISI M42 tool steels products by cryogenics treatments 

after process by heating system through austenite structure had been conducted in order to increase 

effectiveness of wear resistance geometry designed in quenching figures, quality of chip flow and 

improved by the cutting edge with sub-zero and heating system through producing the cutting tools 

on the rim of rake angle at 8° and 12° and 15° austenite temperature at 1,210 ° C varied in room with 

temperatures at 35°C lower - 70 °c and -196°C respectively. The tempering at 535°C had been 

three time. End Mills figures, then, had been operated by 5 axis CNC grinding machine for the tools. 

The experiment had been conducted in accordance with the AISI 1045. Such as result revealed that 

stress relive of tools. it hardness between 67.7 up to 68.3 HRC and reduced I HRC. Having compared 

with the un-stress relief, it revealed that on the 15° rake angle shear force increased 8° and 12° 

respectively. The result had denied the Shear theory, however resisted against erosion better than 12° 

and 8°. The result revealed that cooling at - 196°C would help increase more 15% of cut 

effectiveness. Cooling treatment below 0° had tended to positively resist the erosion of the out tools. 

With its development of control of degrees of cooling substance acid, the quality of products would be 

better increased. Such a result could be based of the developme!'t of product lines on highly-qualities 

cut tools which was domestically produced. 
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iJ tJ:IJ flV:IJ1n I 'U fl~ 'ff111 m 'j:IJ 'il1nfll'jfl'U f111~1'U 1.ijtJ'Ufl'J~ l'JU 'j ~1'Ylfl" ~mi1111fll'j't11m ~ lJ 1'U .. . 
nl'j f1'j1tJ ifl~iJfI (Cryogenics) 'il~'t111M'1'ff~~~1'Um~lJ1'Unl'jm1tJ 1fl~iJfI ijfJW 'ff:IJU~~l'U'Yll'U 

& d.l ~ I ." lIJ v 
nl'j'ffn11'j fl~'U'Ull"~l'Y'l:IJfl1tJnl'j 'U ~l'U'Ufl'J 1'ff~ l~ 

lJ~1J'Yl Ig'U fl1{ fl'U ~'ff~f ~lfi~ ~'JI~'UlJ~1J'Yl~~ii~lfljfl~ijfl~~U'j~lfl'Yl Ig'U~m;'.. 
, ~ I ,~d'.d ~ d 91 ~ tI d 91 ~.e!!I ~ 

~fln'ff11'U 'if'U 'ff1'UU:IJ'Y'l:IJ'Y'l 'Yl~"~ 'il1fil11 " nnm'j fllJ'ff~ f11'j IlJ~1l"~1'I1 "nn"llmfl'J:lJfl i ~tJ~,,~
OJ
 

G "'" c' G V V "'" G ""'." c'
 
m'U:IJ""'il1fil11"nn"1'jfltJ~~S600 ll"~ 5500 m:IJ:lJ1~'ji1'U ~~"~1'I1"n~'j1~"~flWC}1 BOHLER 

d d I d fj) 0 .,J ~Q,I ~Q,I Q,I 

9f'JI'YltJlJl'YllnlJ1'I1"nnm'jfllJ~~ M211"~ M42 ~1:IJ:IJ1~'ji1'U AlSI ~l:IJ"l~lJ C)I~lJ'jll'Yl 'ff11:IJ~'j 

Ifljfl'Jn" ~lfi~ (:IJ'H 1'if'U) 1~'U I'i'111 'Yl'U ~ 1'H l-htJ I 'U U'j~l 'Ylfl'i 'YltJ i ~mg'U ~",,~~ft~~h'U I mu~ii~ 
u 

'il1fil11~mh.ifltJ~~ M4211,,~m~tJ1'Unl'jfllJ'll1Jll~'J'\Ifl~1J~1Jfllg'U fll{ fl'U ~tr~f ~lfi~ tJ~'1iij 
• I vI ~ & \f) 91d & .d QI

nl'j'U1m~lJ1'Unl'.iCryogenics:IJ1 'if 'Unl'.i~"~'il'J 1~:lJnl'jfl'nll1IntJ1nlJm~lJ1'Unl'.i Cryogenics 

~ 0 _ I QI _ I QI~ d fj) I V<!I I fj) d ~ d' ~ll"l'Y'l fl'U l:1J1u 'j lJ u ~.:I fJ W'fflJ lJ ~l'H "nn" 1'j fllJ ~.:I M42 'H tJ~ fllqnn 'If ~ 1'U '\I fl.:llfl'U lJ "" ~ l'Y'llJ 

'" I ~ ~ 91 & d ~ G'dJ i ~ QI d G' ~ QI e: 0 I 'jIQI 

u'j~'ff'Yl1ifll'Y'lnl'j~1'U'Yl1'Ufll'jtrn'H'jfl'Ufl'J!fl'UlJ""~'U'U~tJlJ'jllfllfl'U fl1';i fl'U ~'ff~'j 'il1fl~ 'H . .,." ." I <!I ." I "'" & _I "'" .1G c' c'
nl'j 'ff'U tJ'ff'U 'U 1'ff~ 'U fll'j'Yl~" fl~ Ifl';Hl.:l'ilm 'U nl'j~"~ll "~fll'.i'\l'U 'ju!fl'U lJ~ ,,~~ fl~ 1I'U flu m W 

'I q IV q 

~W'1 i'Unl'.i,hiJ'U im'Jnl'j 

~ fj) e! 0 \f)_I' QI ~ ~ ~.e!!I
~"fll'j 'Yl~" tH'ff1:1J1HlllJ'U 'Ufl:IJ" 'Y'l 'U il1'U 'U 1 Iu 'fffll'j'Y'l~ 'U 1U 'j ~ 'fffl1ifll'Y'l'U fl.:jlm fl~:IJ fl

OJ ~ OJ 

I '" I d'~ _I d fj) 'I d QI d Ja::'l fj)

~l'J"llm~~umWfl'U"l U'.i~I.f)f1l'H~flfl~l'jfltJ~'J 1'lf'U 'ff11'U :IJ~fl~ IlJ:IJ~ lm~ltJmfltJ IlJ'U~'U 

l~flnl'j~ft~ll"~I~'U U'j~ itJ'lftJl 'U fl~'ff1'H m'j:IJ~fl i U • 

IV _I • 
1.2 lP1Q'U1~j;J-3fl 

l~flffflll 1fl'Yl n'Y'l "'U fl'J flW 11 fl~ fll'.i Ig'U ~19i flU 'j~i1f1nfl1'Y'lfll'j~ 1'U 'Yll'U fll'j iYfl'H '.i fl'Ufl~. .. 
d .. ." d ~ 

!flU lJ ~HU'lHHlfHll'HnH" ~.. 
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1:11 

. .... 
1.3 '\ltl'lU'\l9l'\ltHfll1~Ul!'lH1U 

1. lft'~ffl'l1i''UH~91lg'UihHl~1.n'Unl'i'YIfl'HHti'h..lt'l1~flflft1 High Speed M42 9l1111Jl91'i!1'U 

31' .. 
AISI '\I'U1f11ft''UH1'UfYlWflCll~121111. Vll 801111... 

2. 'l'1lnl'ill i''U1J~~fJW ft'lIlJ~'\Ifl~lft'fJH~91lg'UiJml M42 ~lvm::'Ul'U nl'i'YI Nflllll~fl'U 

(Hreat treatment) 

~ ... = ~ ... 31 r:>J II) l' ... II) , 31' .. 
3. nl'iIV'U91111lflflW'I1.fl1l Austenite lV'U911fllVnl9f !'U !91'iI11'Ufl1lllfl'U !lI'UtJVfl1l 4.5 'Ul'i. .. 

• y 

1) 'l'1lnl'i Stabilize W flW'I1.fliJ 35°C fl'Ufl'U~l'YitJW'I1.fliJ535 °C ~l'Ul'U 3 fli'~ 
II cu q cu 

• y 

2) 'l'1lnl'i Stabilize W flW'I1.fliJ -70°C fl'Ufl'U~l'YiflW'I1.fliJ535 °C ~l'Ul'U 3 fli'~ 
q cu II cu 

• y 

3) 'l'1lnl'i Stabilize W tJW'I1.fliJ -196°C fl'Ufl'U~l'YiflW'I1.fliJ535 °C ~l'Ul'U 3 fli'~. .. .. 
J ... ld.Q" ,. 1<jJ'jI d «.do" I4 

5. '\I 'U ~ lJltJ 'U 11 Cl Cl911111ll91 'i! 1'U ft'lfl Cl !flV '11'\1 fl1q!ClItJ'U lICl Cl 'YI 'U 11'1.1 111 1fl91 Nll 'i ~I'YI fYlW ~ 

9l11111191'ij1'U'U1lJ'YIlfl'U fl1f ~'U ~ft'91f ~lnfl 1~'U'U1lJ'YI~111'fl1111fl'4lm1~l1H~91 
y 

Ig'UiJCl~ 2 llCl:: 4 fllll9lfl ihll'YIHI'i'\llflW91 ~~i1.. 

d 

- ~lIl~W~ (Helix Angle) 29° 

'1"QI <liS d ltJ I ~ 6. 'YIflft'fl'Unl'i91flmfl'Ut'I1Clfl 1045 9llll1l191'i!1'U AISI !1I 'I1ft'l'i'l1ClflW'U (Dry Cut) 

7. l~tJ'U1'\1nl'i~f1I~fl'Um~fl1045 

~ ... d 

- fl11111'i191~ (Cutting Speed) 28 lI.1'U1'Y1 

d 

- fl11111~lilfJ'U (Feed Velocity) 97 1I11.1'U1'YI 

"'l ... "" 
- fl1111Clfl91flmfl'U (Depth of cut) 3.0 1111 

~ 

- fl11111'il'iEl'U (Revolution) 695 Rpm/min 

~ ... d 

- fl11111n91~ (Cutting Speed) 25 lI.1'U 1'Y1 

- fl11111~liltl'U (Feed Velocity) 100 

"'l ... "" 
- fll111Clfl91flmtJ'U (Depth of cut) 3.0 1111. 

~ 

- fI1111nTH)U (Revolution) 665 Rpm/min 

... "" ~ "'l
8. 9lfll\lfl'l..llmn:::t1:::'YIH 30001111. 9l'i1'ilft'fl'Unl'ift'fl'l1'ifl'rjfl'l 'i:::tJ::: 1000 1111. 
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IlU 

~ 'JI "" Q "" .. Q 'JI I .. 

1) ffmn'j 111'j 1lJ'U'El1,] ~fl1'HfMIl'El'UlHHHm::fl1'j'lflJll'U~'U'U1~lrr'U H1'UfJ'UtlfH11~ 12 lJlJ. 

"" Q 'JI 
1rr~m~nn~1'j'El11cr~ M42 ~llJlJ1~n1'U AlSf 

•	 " dO 

-=9	 G Q,I d . 
2) ffmnm::111'Ufl1'j1J111~W'U(Cryogerucs) 

3) f11'11 'U~I~'El'U' 'tI1'U fl1'j'l$11U~~u~::m::111'Ufl1'jlhu~I~'U• 
'lf11U~~1rr~~1l::U 1'1JHi1~13'UiJm14).	 • 

o d 0 Q,I d 
5) mfl1'j'l!lJu'U~U~::1J111~W'U 

6) u1i'U~1'U~N1'Um::111'Ufl1'jU1U~I~'U'1J111fl1'jHi1~1l3'UiJm{2U~:: 4 f1lJ~~ 

7) Y1~rr'El1113'UiJm1~Hi1~1'U~1'U~1~'l1J'j::n'El11 
Q 

- f111lJU'tI~ 

- lflHrr~l~~&'lfllfi 

- ff1'U HrrlJm~lflii
 

"" '"
 - Y1~rr'El11fl1'J~~I,W'U 

8) 1mtJ11lntJ11H~fl1JYI~~'El~U~~::'ElW. 'I1fliJi 'U111fl1'j Stabilize.. 
"" .. • I 9) 1lfl'j l::'I1!I~::rrllJN~fl1'jYl~~'El~ 

1.5 &fl~0~;j8ml::~t.lfl·m".!,"fll'j'fJ~"0~ 

1)	 f111lJ'El'4lfl'j1::M'il1n11il1'Y113'U m{ fl'U ~rr~f ~lti~ 1'U~1'Ulfl~'El~1'Un1'jHi1~fl1'j 
" ~ 'j111rr'El1J't;~m ::tl1'Un 1'j1J 'j:: n'El11 ~1tJ 

- Ifli'El~I~tJ'j imj'~ l'Um15 un'U (5-Axis CNC Grinding Machine) ~1'U1'U2 Ifl7'El~ 
~	 0 Q,f d 

- lfl'jel~ Profile Projector fl1~~'tItJltJ 50X f111lJ~::WtJ~ 1/10000 lJlJ . 

.s '" 11) 11) 'JI .. 
- Ifl'j'El~llltJ'j !'U 1'jff'UtJ.. 

lJ 'i "".. '" - IlJ Ifl'jlJl~eJ'j fI11lJ~::WtJ~ 1/100 lJlJ. 

tI <t::\ d' d'tt:::I& .. I .. 1 d' d 

- neJ'jl'UtJ'jfl1'j~lJllJ'El'j fI11lJ~::WtJ~ 1/100 lJlJ. 

Q,I d fj} ~ G ,: 

- 1rr~I'l1~nnn1'jel11rr~ M42 l'YWfl1'jYl~~'El~ 1I1'U1'U 30 'If'U. .. 

2) f111lJ'ElWfI'j1::M11 1nrrmUWYlfI1'U l~ti'Yn::ll'EllJln~l'Yn::'Ufl'jmi1'El 1J'j::m)11~1fJ• 
,d 'JI 

- l~ 1'El11 'l!11 't!ty ty1fl1ff (Vacuum Furnace) fJ'I1 'El SCHMETZ 'tI'U 1~f111lJ ~ 'tI tN 

1~1 200 nlTInflJ fI11lJ~'U 5-7 bar 111~1'U~1tJ'j::1111f1111f1lJtI~l'Um!• 
'" , '" - Ifl'jel~~'j11lrr'El11rr1'UHrrlJm~lfllJ (Emission Spectrometer) 

.s	 Q 

- Ifl'j'El~Y1~rr'El11f111:lJU'tl~ (Rock Well Hardness Test, HRC) 

- Ifl~'El~~'j11lrr'El11 lflHrr~H 1m.,:: (Microscope) 

- If1~~Ntlii~ul'l:;lf1~tNti"H)~ lumi (CNC-Milling Machine) 
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3) f1111Jij'W;m 1~,.r~ 1fl1J'I111V1V1'i1mf)'lJ1JUwcYi~ 'I.h~f)ijU~1[)
• 
;. 0 QJ d 

- tmij.:J Measuring Microscope f1l€'l.:J'tIV1[) 50X f1111J€'l~tmJfl 111000 1J1J. 

~ 0 QI do 

- tmij.:J Profile Projector f1l€'l.:J'tItJltJ 50X f1111J€'l~tij[)~ 1/1000 1J1J. 

- f)"'ij.:Jrl1[)'JUn1'i1~'tIV1[) 60 I'yh.. 
4) fI111Jij'Wtm 1~,.r ~ 1f)fffllU'Wt'YIfI 1'W hth 1'1f1J~f1€'l 1V1[)lt'tl~'W'J~'Wmn,n1ij • 

a do ~ 
- lmij~m1~ffijUfl111Jt'Jtltl~1 (Surface Roughness Tester) 

"1.e::t. d'd. QI ..:::::t,.e:::t, lr1 <j} 
- t'YItI'J 1J1Jt~tl'JVlff11Jl'JfI1~tlWt!f11J~~€'lU l~ -200 °C. ..
 . ."

~ Q,I 0 Q,I d QI 

- Lmij~"ll'~'W1I1'Wf) fI111J€'l~!tltl~ 1/10000 m1J
 

- tfl~ij.:Jf)i1~Ui;1~tfl~ij~nflU~ 1'WiJ~ (CNC)
 

- 11J 1f1'JiJt~tl{ f1111J€'l~te[)fl 1/100 1J1J.
 

QI .e::t. " ~. QI ~ do I 

5) 1fffJ'If'W~1'W (Work Material) t'WtlVl~fftlUf11'J~~t'iltl'W S45C t'YI[)1Jt'Yll1J1~'J!1'W JIS 

1.6 'lh~If.lnHM~rmnflfl1·nl11fl·Hnu 

1) Vi 1'11''YI'J1U;i'tl1J €'lt~[)1nm U'YI'J ~t'J'tI1f1ru ~'tItl~~~~lg'WiJ€'lrl'~'on 'Wf11'J~~~tg'WiJ€'lrl' 'tItl.:JU1llVI.. .. 
2) Vi 1t 11' VI 'J 1Ui1~~1tt U'J ~ tt!1J 1~ ff1J i 'W f) 1'J U1U~t~'W ~ ij ~€'l~ijfJWfl1'W;{1'W f) 1'J1I1'W Vl1'W 

~ 0$ 'JJ 
f11'Jfff)l1'W'tlij~tl1€'lf)f)i;11'JijU~.:J M42 ~11JlJlm!1'W AISI 

tfi~f)l'J 11 tI'W 1i'W ~ tllJ f)1'J ~~~lglJ iJ €'l rl'i 'W f)'J ~u 1'W f)1'J ~~~ ~1 ~'tIij~U 1ll'YI ~~~~~ i 11'3) .. .. 

f11'Jffuum~'W 

"" _I "'I 'I jI"\... _1 " I d'l ~ 
4) tf1flu'J~ffUf11'JWl'Wf)U A'lnmij.:J1JijUi;1~QumW~H'l VI A'If A'Wm'J'YI~€'ltl~ 

lr] <j} & QI.e:::t, 1.e::t. I d d <j}

5) 1~'YI 'J 1U fNfJ Wff1J U~ 'YI H €'lt! ~ 1'Y1 [) 1 U€'l~ ff1'W ~ ff1J 'YI Ntfl1J'tI tl.:J m €'lf)f)€'ll'J tlU ~.:J M42 
c! .e:::t,d.e:::t,d' 

t'Wtl~€'l~tij'W1J€'l€'l 

" .. 
6) t~'W;i'ij1.J€'lVl'W!l'WtJl' U~f11'J~I")J'W1u'j~iY'YInfll'W'tIij.:Jtfl~tl~jjij~H'ltm~'QumWfl'W'l 

7) U1ll'YI ff11Jl'JtltJ 11uU'J~qml' ~''Wm~U1'W f11'j ~~~tg'WiJ€'l€'l1~' 'W tl'W 1f1~ 

8) Uf)fYf)'lJ1fffllU'Wt'YIfl 1 'W 1~tj'j1'1f1J~f1i;11'Y1[)lt'tl~'W'j~'WfI'jtm1ij U€'l~ ~~ijfl111Jff'W'~ i'W.. 
" " .

~1'W Uff11Jl'JtltJ11Ut~'W;i'tl1J€'lVl'Wil1'W lhhtirut 'Wf11'j'YIfl€'ltl~tt€'l~fYf)'lJ 1~tl1 U.... " 
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tlJlJl 2 

)I )I I , 

1U flll 'Yl ~ J;HI..:JfI i'~ ijHi'fln1l1ltl n'ffll ml ~ 'Yl t)1l ~ li lnu1'li'tl..:J1'i W'l lwn~ 111 llU~ ~ lflU\Pl 
, " 

tltlmtluM1'li'tllifflftty ~..:Ju 

c:S Sf .4 .4 
2.1 n'lOnnOllf116~1J8 (Tool Steel) 

ltlUll1~nnftl~ihhUH'ffll lf1l1iimJ ill~u~JlI iJmn~ 111Ul~UlI iflUtl~1Pi' 1l~~1'Yll'Y11UUlI 
" . 

lnu w:h 5% ll~~iifl1{Utlutl(h~w:iH0.8-2.2% til~tll~'fflll11rilU 'ffUn'HHfhJflW 'ffll,j~~lff'l;/'" . . 
h1nUl11~nnftl1fl~tl..:Jijtll'lfU 1JfilflJll111~..:J~ 200-218 HB 

flllll,j..:J'lfiJ\Pl'Utl..:Jl11~nnftl1fl~tl..:Jijtl mll'JJ1~l~l'W AISI 'ffl'JJ1lflll,j..:J1~ 7 tll~Ifl'Yl ~1l1 
QI 'j}.ell Q,I d 111 fj/QI d 
~ n1l W~ flll1'lf..:J lU tll'JJ1W'U tl ~ 1i1~ tll ~ 'ffllll~~~n1l W~'U tl..:Jflll 'lfUlI 'U..:J ~\Pl \Pl..:J U 

q q 

d fJ} d, d fI d 
2.1.1 l11~f1nm High Speed Tool Steels 'Ylfl1flJll111'U..:J 65 HRC lI~~fI1lUtl'W'Yl 0.7-0.8% 

d 'j} did tI d 
2.1.2 l11~nn~l Hot-working Tool Steels 'Ylfl1flJll111'U..:J 55 HRC 1l~~fI1lUtl'W'Yl 0.4% 

d 'jI d. d tI d 
2.1.3 111~nnm Cold-working Tool Steels 'Ylfl1flJll111'U'l 60 HRC 1l~~fI1lUtlU'Yl 1.0% 

d 'jI d 'd tI d 
2.1.4 l11~nf1~l Water-hardening Tool Steels 'Ylfl1f111l111'U'l 63 HRC 1l~~fI1mtl'W'Yl 1.0% 

d 31 d. d tI d 
2.1.5 l11~nnm Shock-resistant Tool Steels 'Ylfl1f111l1U'U..:J 50 HRC U~~fI1lUtl'W'Yl 0.5% 

d 'jI did .. I tI .d 
2.1.6 l11~nn~l Mold Steels 'Ylfl1flJll111'U..:J1Jl~'JJ1W 40 HRC 1l~~fI1lUtl'W'Yl 0.4% 

d 'j} did ... 1 tI d 
2.1.7 l11~nn~l Low-alloy Tool Steels 'Ylfl1f111l111'U..:J1Jl~'JJ1W 45 HRC 1l~~fI1lUtl'W'Yl 0.7 % 

_IV _I ~ '=' Sf Sf v
2.2 nl'hJ~'UlJl~flWiJ1J'UVlI't'ij,1nnOl~6'U\l~RlrJ01~'Ul'Um1'f11~f111~16'U 

flllltl~UU II tl ~ ..:JflW 'ffll,j~'Y11..:J fllUflll'l'Utl..:Jll1 ~ n i \PlUflllU 1111 ~ n1tl~hu m~U1U nll tlU 
q 

'lfU~ 1Ufl11l1ftlU l~tlll1'J{f1wtYmj~l11'JJ1~'ffllnUf11l1 ~..:J1U l11 ~ m~ U hl1 ~~ii f1W 'ffll,j~
q q q 

.ell ~ t::i.d d It]''4 .ell J l.d .ell 31 d .e:I 

l'llff'l;/f1 tl m ~UU'Yl 'ffl'JJ1Hl1tl M'Wlltl~ '1 ~ \Pllll tlfJW 111J lI'iJ ..:J'U'W 1'lf'W 'YlfJW l11JlIl1 tl..:J111 ~ nl1~lI l~UU 

""I ~ CJI '" ""I d d ""I ~ 
H~f1l1J'W B.c.c. (Body centered Cubic) tllfJWl11JlI'iJ..:Jfl..:J 910 DC l11~nll~lIl~UUH~f1l1J'WF.C.C 

(Face Centered Cubic) ll~~lrltltlWl1fliJ'ff..:Jl~W;h..:J 1390 - 1534 DC l11~nl1~iil~U'lJH~nmiu'JJ11tlu 
• OJ OJ 

B.C.C 1i l~fI1{Utl'Wl tl'W 1i l~fflflty~'ffll1 1lfl~~mU1~ 'W111 ~ n 
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IIII 

, Fpce~cer.lred 

c... bic 

a F• 

• 1"'.1 ",,,,,'j) 3/ .,j 13/ ,m'l ~ f)1'J u 'J 'lJ u ~ ~f.I ru ~1J 'lJ \PI WJtlfl111J H)'U f)1'J fl ~ ~ fl1'YH'U ~ ~ 1l1nf)1'J ~~ l'UlH'l~ n11J 1~ ~1J \PI fl 

'" ... 1 "" ""d 3/ i 3/11) 3/ dI c:l d
f)1'J\PI\PIm fl'U \PItI~ 1l1'Jru lfi'j'J1JTli 'YI1~fl111J'j ~'U (Heat Treatment) 'H ~\PI1JlllJi~fl111J1l 'U~'YIn11Jl~~1J 

1l,,~ml1J1'i'1'U'YI1'Uf)1'Jffn'H 'J~~~fi';hlrlm11 11J!~~1'U 1'Um'J~\PII~ fl'U 1~'Uf.lru ~1JU~~~~~m'Jffl'Hi''lJ 

f)1'JHft\PIlfl~fl~ijfl~\PI~t1 \PI~N'l 1"'H~1'Y1t11'U~~lfl~~~ijfl~\PIli~'U l'U!'U m'J~'Ul'H ~nml'l1fl~ ~~ijfl 
.1 3/' d "" 1 3/ " II) " ~ " 
u'J~nfl'lJ\PI1t1~1'UH~1J'YI1~lfl1J m'J m\PI flH~'J 1~1J1'i 1'YI'U tllJi'YIll,,~m'J~"lt1'Ufl~f11'J 1'lJ\PI (Dissolved 

.,j c:l 3/' ~ 3/ 3/ 1 3/ "'lIJ" d "lI)" .Id ~ 
of Carbide) 11J ~I'H" nn" lHl'U fll'J ~'lJ ~ 'H fl111J'J ~'U flH~'iNl~fl'i ICl'Yl U"~llJil1J'U \PI t\PI'YIluCl t1'UlU 'U 

11)" , "" "II)" 1 3/ 
~ ~~I'YI 'U ~ 'U 'YI'lJ N~1'U lfi\PIf)1'i fi'j ~ 1l1t1'Ufl~f11'i ~ 'lJ\PIU Cl~ flH~'i N BCC (Body-Centered Cubic) 

.d ~ QI ~ 0 G) fj/ d QI , d 1 3/
ll~I1JCl t1'UlU 'U FCC (Face-Centered Cubic) 'HCl~'illn'U 'U 'YI1 ~ 'H W'U\PI1Cl~fltlN11\P11n flH~1 Nll~ 

Id .1 ~ 111" ~ " II) " "II) " "".I 13/11 (HJ'UUuCl~IU'U~fl~I'YI'U t'U'YlnCllt1tU'U1Jl'il'Y1'U ~llJi'YI f)1'i~C'I1t1'U~~f111 ~'lJ\PIll~lfi\PI'U'Ufl1t1 \PIn"l 

. " 
m'i 11J~t1'U1l1J,,~ij 1fl'j ~~f1~~1'U i munCllm~'U 1Jl{l'Y1'U illJi'tl'H ~~1l1m'i~'lJll~~U~111~er~ '1i'~fl'lJ 

u • 

.4 Q,.I d' lIJ It'.d. -CIto J.ot=I d I Q"IL'\ V ot=I d fj/ 11) I QI 

f1'U \PI11J1'i 1'YI'U ~llJi'YI'YIln\PI'U'U 1l~1Jfl111Jll'U~1J1ml\P1flru ~1J'lJ\PI\PI1'U fld1:J..II'H'U t111J'U fltl ~1Jn11Jl~~1Jf)'lJ• 
o 11). 11 3/ ... "" ~ ~ ~ "" '" II) 3/ , '" ~ .,j 3/1 3/

f)1'i'Ul ~u 'll'~1'U'H'i~H"\PI1U'U~'U~1'U t\PI'lI~'i1~1l~m\PIm'ill\PIn'Hn ~\PI~lt1 \PI~'U'UI~fl''H flH~'iN 
~ :,~ d .eI ~ -=9 0 ~ V fj/ d.

~1J 11~1J fl\PI Clfl\PI 'YI~ ~'U ~ l'UllCl~ 1J fld11J I'H 'U t111Jln'U 'U 1l~ 1l1lU 'U \PI fl~Cl\PIfl111J1 fl'U fl1t1i 'UU Cl~ l~ 1Jfl111J 

d ~ d c:l c:l 3/ c:l II) '. Id • I "" lI). I '" "" ~ .,j
l'H'Utl1 t'U 'Uru~'Ylfldl1JU'U~Cl\PI" ~lC'In'U fltl fl111Jll'U~ ~1Jlu"t1'UUuCl~1J1mn'U ~u'HCl~'illnHCl\PIllJ'Ulfl'j fl~ 

... '" 3/ .,; 0 lI) ~ 3/ 0 "'... ~ II) 3/d.l
1J~\PI\PIllCl111Cl~I1J~'U1~1J ~~~1'U~11Jl'i\l'YI1m1\P1\P1mfl'U~'U~1'U~\PI\PI'U'U 

I'H ~ n n ~n fl 'lJ q; ~ ff111 f'lJ H~\PIll1 'Ulfl ~fl~ l1'fl~\PI1 \PI t1~ 1"] i 1J fl ru ~1J1r~~ ffHiqj ffl'H flJ 

" Q,f~ d fj)QlQ 

fi'j~'lJ1'Um'i\PI\PImfl'U1J 3 'U~'PI~'U 

d .d QI a ~L'\ 

2) rN fl111JU'U~116W11 f11JU ~'UWQ;~T1tlHJ'U'II"Hl'U 
q 'II 'II 

3) fl~fl111Jl'Hijtl11'U ~fl11~fl111JU~~~fl111Jfl~'YI'U '1iU\PImfn~ltl 
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B 

yol. 

E 

0 ... y 

A ~'I1~f1.RIt~n 
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-

-

l,;fn'lo9futl:oil1JtJ,,,9f : 
Ull;lltlfll\l'lIIf : 

oil1J\.I,,,ft
l+fc,..F ............... 

010 

tlOO"l'rt\.l'1J9f ... oil1J\.I1nllf 

:l.,ht111~ 

; dHnu,".. efllh"\J~,' ,; 
At '"3 

_.1 ! - 760 

k}.o;:-+-'-"ex,-o,+_-=~~ -+ +-A-"""'""''-- + ---j 723 
',' A, '"-'.... ~.t....... ,:

Imn_. LW;'t1u,tli'un::oil1J\.I',," 
:0.020 ."'enn( : . 
• A I a +'Fc C 

__ ~_ S ~ ~ ~_3 -----J--- __ 110 

008" I • I 4.3 I e.87 

o.~o 0.83" 1" 

chu"If\r¥IHfrlfua\l. 

... 3" 

_14 Q d d tIQ,I 

l.lJ'YI 2.3 "flllW:::mo/lJ1J1H,.1J~"'\JtI~nHlfl-l'H"flfll'jUtllJ[3] 
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UF.,.Utll .... tY1H'1~1,..,~n-m~f1f1l{'Utl'W {Iron-carbon equilibrium diagram} lm.:JtY~vIF-l~n'Utl.:J1~,..,:: 
tI tid J .d GI e1Clil 

, ~11Jfl':i Ql'Ylflfltltl~'mn~'U'W t 'WHF-I'Wm.... tY1J~ ~ 1J~.:J'W 
°C 

1000, --~--

I 

I 

/
/

onal" 310' I 
/ 

\, ' I 

'l~~o _==~~~ ---I'
{ / 

I 
723!'·,~l'---· -' "-'---C';"'=O{""--0'---,-'--

:1_ "6'~---Gl0,f-i-
o Q,1 d 'j/.d d cI 1 & ~d , 

ff I'll 'j 'U l'I1 ~ nn ~ 1'Yl 'iJ flU 'U tl'W 'iJ 1nn11 0.83 % (Hyper eutectoid) "l1.:J~'iJ 1J 191 'iJ tY 1'W ~H" 'iJ 

d devGt 0<il'j/~~.d.d tq ... .ei ~ 
fI1'j'Utl'W Y % nUltI'U1911 n.,lfffJ11::ff'iJ~~ 1I::'Yl1 ~'I11ml'W11fl~tlff'Utl.:J"l11'iJ !191191'YlfJWl1~'iJ 1, 

i111fl ft tlff'U tl.:j~l'iJ 'W 119119111:: 'U 1J1t1~ 11rltlfJ W '11 ~]J ~ ~ ~ 1~.:J 11 'U O.:J fJW '11 ~]J ~1'Yl fI tltl~11:: U'j 1n tr:h 
III cia tI 'j/ J..d I c:j, "Cl 

tltlffl'Yl'W !'W'Yl1Jlh1J1Wfl1'j'Utl'U~~~.:J19111Jlff'WnH~ Ee llJfll'Yltl'U'j::'I11Hl'l1~nn 1 ~ 1tjQl'Ylfll91tltl~ 

d iI 1lJ • I " " • I I '" iI 1lJ .1 " "-. iI '1 1lJ iI cit
U~:::l'I1~flflm !~lutl'j~I'Ylfll91flU~ u'j1fl!l111'l1~flflm !~lutl1~l'Ylfll91tltl~1 ~'1H1~ I ~'Wfl1'jl~l !'I11lJ'W 

11) tI ~ I ~ ~ ~ d.d.d Cl tI & 0 ~ 'j/.c:::t

tltlffl'Yl'W !'W'Yl (Austenitize) I1'Wfl11 'Yl.:J'Wl.... 'j1::1lJ'Wl'l1~fl'YllJ1J'j1J1Wf11'j'Utl'W 1fl "l1.:J1I:::'Y11 ~""lJ 

1J51J1Wl.... 'j 1~...1mjt'WlflwCl'i'~ff.:JlhtM'ii1J5lJ1W'Utl'Ulfl1'W 'j::'I111.:Jl-Wtll1'j...1H~ ~11J'W 1191"~1'W 1'W.. .. 
1J1flf1llU~I'U 11flftUff'Utl.:Jtltlffnl'W I'W 'YI1~~1t1 

BOOr -~Au-SIAn;tA ii 
Ar'_.- -.-- --"-,_.-_.-_.. "---

7 . Au.lell,te ---~::::::====::. 200 
.00 (rl1t:tos~_---- - COiJr:;c ~c,)rlilc 

/' 350 

G GOO / Fine pearlile 
:;~ { Up~er tJiJl'lIlc .. 400 ~ 

2' 500 \ Ul.. '" .. 
C 
'0

4; 
" ·450 ;;: 

:x:~ 400... 
Austemte 
(metastableI 

600 
300 

I 

-----~------

200 L Maln~r,Sj'A I 

100 1 10 I1~2 Tim81~:1 1~4 1~5 
/al 

!1J~ 2.5 lh~1J~t1fl1111J~[I'UU1J1'l.:j lf1HtY~1.:j'UtHtltlffl'Yl'U't1;{1J~fl11tY~HU'tIlJij T.T.T [14] 
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111 flll H 'W tJ iJ T.T.T (Time - Temperature - Transfonnation Diagram) 'tI ~ -:1m ~ fl fl1l1 

Hfftl~I'YIfl~~tJ~lI~U'J 1flt]I~'W~mfl~l'W t I~'WI~'W ~llff~-:lfi l!1m~l~tI~'Wfll'J IU~tJ'Wllu"-:llm -:lff~ N s 

~~m~'W 1'Wli' ll"~lff'W ~m~~llJ tf 1~'Wlff'W~llff~-:lfi1nm~i'W ,,!~fll'JltI~tJ'W 1'W'J~'I1il-:1lff'Wl~tI~'W 
~dJ' d~dd d.1 II) """ oJ~II).1 '1~

1l"~lff'W'YIff'Wff~mll~1J!ff'W'YItlllff~-:lfll'J1UM'WlllJ"-:I~~ffl'YI'Wl'W'YI U'J1JlW 50% 9f-:l'YI1llJlI~!'lf. 
" I 'I jI 

1~'W U 'J ~ .w'W n 'YIl-:l ~ 1'W m!1'tJ ~ -:ll~'Wljtlfll'J IU ~ tJ'W IIU" -:ltl'lJlff'W II fl'W ~-:l1I~1~'W mw 11'tl ~ 'tI~-:I 

mlm'YI'W1'Wli'~~~' 'WcifllJW~ 111iim1tllff~tJ'JmVi (unstable) ti~Vi~~tI~ lI~IU~tJ'WllU"-:I~'W~'YIN~l'W 

ml-:l'tl ~-:ll ~'W i'W ff~ fll'J IU~tJ'W UU"-:ll ~'W mw 11'tl~ 'tI~-:llm -:I ff~ l-:l~ltl~tJ'WllU"-:l1l1l1~ -:Iii 'I1mtJun tfl 'YI 
q 

l~tli-:lll~ 1fl'J -:lff~ N1Vi'J 1"li''lfU ~'11 tJ 1U ~ -:lln~fll'J lU~tJ'Wll U"-:I~ ~w '11 fliJ'flll~w '11 fl iJ tJl'YIfl~ ~tJ~ 
1lI 'U CII 'U 'U 

lrl~eJ W'11 tJ11~ IU~tJ'W IIU"-:I"~ ~ 1,,-:I lYl 'J1"li'1I~1~'W'lIU~ "~I~ tJ~ 1I'Wfl'J ~~-:I ~ -:luj11Wlff'Wfl'J 1yJ~-:I ~ 111-:1 

(Nose) 11~ 1~1 m -:lff~N~ l~ 'W lU'W 1'W li'cifllJ W::'tI'W 'W flll"~lrl ~~ W'11 fl 11 flUIU~ tJ'WllU" -:I~l"-:ltI 1~ U 
q OJ OJ 

'J~'I1 i1-:l 400°C -300°C 1m-:I ff11-:lnltl~tJ'WllU"-:I'tI~-:I~~m'YI'W 1'W'till~IU'WcifllJW~fiiJfll'JllVi~ijtl'tl~-:I 

~~~ ~tlllm:ii flU ln~ U 11fl~ tJff lrl~~W "1fl11~IU~ tJ'WllU" -:lln~~ ~w '11 fl11 ~ 1 (U'J~tI 1W 300°C)
q cu q IV 

'<!l " 0 "" "" d 11)' "" J II) ~1 ~ dll) ~ <:It
fll'J llVi'J9ftl'tltN~~~~tlfIl'JUtl'Wll"~fll'Jflll'W~'W11fl"tJff ltl ffl1Jl'Jf:llfl~'tI'W l~ flH ff'J N'YI l~ lI~IU'W 

" 11)" '" d ~ "" " II) "0 'I ~ <:It ~ oJ ~ .Id .1 1
1Jl'Jl'YI'W 19f'YI eJW'HtJtI'YI1'Jtllfl~tlUI'YI'W 19f'YIll~fll'H'W~ !'HIlJ'Wlff'W M s 9f-:lfllfll'JllJ"tJ'WlllJ"-:I flH 

ff~l-:l~ eJW'H tJ11~lfli1!ff'W M s j)~ii1 f1'J-:lff~ WtJ~-:l1Jl{I'YIlJ 19f1i'ln~l~ tI~'W 1~tJ~ l~Ull"~lI~iicifllJW~ 

1m-:I ff~ N'tI~-:I~~m'YI'W 1'Wli'l'H~Bl~~-:l1I1mtl~tJ'Wl~'W 1Jl{!'YI'W 19f'YI1111~~-:lI~ tJfli1~~ff!'YI'W ''Wli'l'H~tl 

1I1-:1~ -:llI~IU~lJ'WllU"-:ll ~'W1Jll'YI'W 19f1'i'lrl~~W'Hfl11~IU~tJ'WllU"-:I~ 1fli1~W'H fliJM'~-:I ~ 1m'H~rl'~ -:I 111 
q <u q '\I q 

'" .• 1 ~ ~ "" _Id <:It " II) " 
lJ'J 1flt]1ff'W M f Iff'W ff'W ,,!~fll'J Iu"tJ'WllJ'W1Jl'J!'YI'W 19f'YI 

lfJ 0' ~ a ,
2.3.1 ~~m'tl'W l'W'YI (Austenite) 'H'J~ l'H"flllfl'J1Jl (Gamma Iron) (r) 

d d " '" '" " .1 d "'i '" .1
tll'H" fl!W~fIl'J 'IJ ~'W ':J 1t1 ~ 1fl'W ~~ 'WllJ'tI ~-:I ffU"~" 1tIll 'tI-:I 'J ~ 'IJ'IJ H" flll 'IJ 'IJ F.C.C. ~-:lt lJ 

d 1" ~ 11).1 1 "" <!l II) '" d • " d'YI 2.6 ~lJflU'IJ~'Wff1tl1'JfI"~[llm'tl1llJHfftl'Wlfl'J'W 'H'JtlH"fll~ tlff1'WHfftlfll'J'lJtl'Wtl1fl'YIff~ 1.7%• 
C W eJW'HtJ11 1130°C iifJWfftl'l1'~rl~'Wlm~l'HijtJ1 ~~m'YI'W 1'Wl'i'tf'W l~tJ~1 lt1l1~ 111Vi'IJi1In~~'W~ 

... ", .", <:It ~ dt ... II) """ J d ""~ 
eJW 'HtJtI 'H~-:I ll~mllJ'Wl 'H"mm ~-:ltI ~ lI~Vi'IJtltlm'YI'W 1'W 'YI1fl~'tI'W'YI~W 'H tJ tI'Htl-:llfftl~ 
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I 

2.3.2	 1J11l'Y1'U i9fl1 (Martensite transformation) 

1~'Uflm1Jll'l.J1J'Yiif .:l'tJtl.:l lf1Hff~1.:l1vJtl1i 1 (ferrite) ~ij1JilJ1Wrn1'Utl'U ~::mtJ1J'Umhnfl 
~	 ~ 

,I	 ,'JI 

whVi fl1 HI:: l~ 'U 'til:: ~ 'U tl W'Yi fl 
~ 

i11l' tl.:l ff fl11:: Yi ferrite 'ltD ~ ij ij 1Jimw fI11'U tl 'U lJlfl fl ';h Yi f11 1.
 
l~mW1J1111flfl11~tltlffl'YI'U i'U l1tlmhi ,r~~tlW 'Yi fl1J~.:ltlVVj'j1~111111m::~'UtlW 'Yi fl1Jtltlffl'YI'U i 'Ul1 

~1m)~1 lfl1 1 ~~ tlW 'Yi fl1J~.:lmi l1Vil i 11'fIl1'U tl'Un~:: mm~'UI'W tll~tJ1tl'U 

cu q ClJ q cu 

I ..e:::t. tjJ 

~.:l ~"r.J w'Yi .fJ lJ 'Yi tl.:l 
~ lrJ ~d " ..e:::t..c:9 " "J" .e::t. tq tI I QI " 

lJ1 1 1'YI 'U ~ 9f'YI 'U 11:: lfl ~ 'tJ 'U !~ l'Q 'Vn:: fll 1 ~ ~"r.JW 'Yi .fJ lJ 'tJ tl.:l tl tl ffl'YI 'U !'U 'YIl 'YIl'U 'U 
. " 

Austenite iliffllJ11 tlll'vr;i. ~ 

tl tlfl 11 lfl tl tl ffl'YI'U i'U l1 i'U 'tJw ~ ~tl fl ~ ~ tlW '11 fl iJ M i ~n'U i'U 'tJ W:: l~ tJ1tl'U tl:: ~ tllJ 'tJ tl.:ll'Yi ~ fl ~ I~'U 
~ ~.
 

ItJ .. & ., ., ., II <!I .,.. I'" • I ., ., dt 
tltlffl'YI'U ~'U'YI 9f.:l1l'U~1fl'U~1tJl::'U'U~~fl FCC lfl~fl1111J~tJ'U~1Jll'U'Ufl1111'U~1fj~~tllJl'U'UB C C 

<!!I '&.e::t. d tI ~ ,: d QI "1".e::t. d 

'Yi 1 tl ferrite 9f.:l 1J fl ~ 1I:::IJ fI1 1 1J tl 'U ~:: mtJ1J 'U IU 'U l'U tll~ tJ 1 fl 'U ferrite !~ i 'U 1J 1 lJ1W I'VW.:l 0.025% 

"	 " . 
I'Vh'l1'U flll ~~~.:l tlVHl 1~ 111:IJ lfl 'tJ tl.:l tltl ffl'Yl 'U i 'U l11~ 'U ~ ~ Vil i 11'fI11'U tl'U n.:l 'Yi:IJ ~n~:: ~ 1tJ1J'U 

i'U tl tl ffl'YI 'U i'U l1il'.:lfl.:l II 'YI 'jfl rJ.:l i'U ferrite 'Yi~.:l 'iJ lflln ~ flll 11J ~ tJ'Ull1J ~ n1J II 'U'U flll ~mi1tl:: ~ tl:IJ..
 .	 " 
fffll1::nlvJ tl1i1l1ij1J1lJ lW f111'Utl'U~::mtJ1J'U tlV:lJlflW,i11Jfl~ijii tJfl'hln~ fffl11:: ffl1~:: ~ ltJ'tJtl.:l 

~ 

1l~.:l~:IJ~1tlVl.:lt.:ltJ1~ (super saturated solid solution) ~1::~'UtlW'YifliJtltlffl'YI'Ui'Ul1tl::~tllJ'tJtl.:l. ~ 

tI QI I	 d QI ~ ~ I d Cl. 

fill 'U tl 'U 'iJ:: II 'YI 1 fl ~ 11:: 'Yi 11.:l H'lJ 'U 'tJ tl.:l tl:: ~tl:IJ l'Yi ~ fl ~.:l'U 'U flll ~~ tlW 'Yi .fJ:lJtl tJl.:l 1 1~111'iJlfl fJ W'Yi .fJ:IJ 

ItJ .. d 0 ill" ., • 1tJ', <!I
tl tl ff l'YI 'U !'U 'YI1I:::IJ ~ ~ 'YIl 'Yi tl::; ~ tl:IJ 'tJ tl.:l fI11'U tl'U ~.:l flm 1 !:IJ ffl:IJ 11 tlll 'Wl tl tlfl1l1fl n 'U 'U 'tJ tl.:l ~ ~ fl 

tltl ffl'YI 'U i'U l1i'U 'tJ W:: ~tll~~11J ~ tJ'U 111J ~ .:ll~ 'U I'W tl1i 1 l1i ~ n 'U ~ ~J'U lvJ tl1i 1 l1~ ln~ ~'U i 'Yi li 

,did	 tI 'Cl. I~ I tl1I)tlillll dt
1I.:l:IJfI11'Utl'U:lJlflfl111Jfl~ v::~VlJl'Yim'U'UlI::m.:l Space lattice 'lJtl.:llvJtll !1'Y1 'Yifl1HVtlfllU'U 

& dt.1 <!I .. ItJ .. 
body center tetragonal (B C C) 9f.:llU'U~1Jll'Utl~~fl'lJV.:llJl11'YI'U !9f'YI 

d II~ " "2.4	 !'t'itlflfnlUfI'UtltlVlfll11JU'l/.:lq.:l ( High-Hardness Cobalt steels) 

d , 'i '" & dt .d 1 ..;K
:lJff1'U~ff:IJ'lJtl.:lli1~~H'lUff~.:l 'U~1'jH'YI 2.1 9f.:llu'Ufl1Hn:IJlil~ f1mHl~:lJlfl'lJ'U 

it ~ ~ QJ.Q d jJ ill' i II .1
1Jl::lJ1W 5-12 % l'WtHU'Ufl111'W:lJfJWff:IJ'U~'tJtl.:ll'Yi~flfl~1'jV1J~~ 'IJ~l'U~H'l 'Yi~.:l'lJ'Ull~:: 

l'Yi:IJ 1:: ff:IJ ~ tl fllnJl i 1J i '*.:l 1 'U 'Yi~.:l 1I1fl 'It'U1l ~.:l II ~:: ~ ~~ l~ 'U lfl ~ V.:l ij tl~~ fl11:IJll ~.:l~' ~11:: tlvi 'U. ~ 

'lf1~ 68-70 HRC ~.:lI~'U~1:'lfl111~tJ~1'UflllRmJ111~::'YI~~tl~1I1fl'l1fll~tJ~H1Jl::1'YIfl'Yi~.:l'iJlfl 
Q "I ItJ ••1 d Q "; II d & II'" " 

fll'j 'I1'U 1l'lJ.:l Ill:'l:: tl 'U fI 'U !l111:: lJ f111:IJ 1l'lJ.:l Ill:'l:: t fI H ff'j 1.:l'YIl'Yi lJ1:: ff:IJ 9f.:l ~ tl.:l'W 'iJ 1'j Wlff1'U ~ 1.:l '1 

1Jl::fltl'U i~llri f111:IJll~.:l'lJtl~~'U.:l1'U~'iJ::Vilflll~~I~tl'Ul~m'Q 'Yn::tlVl.:lt.:lflllVil '1 11'ijfl11:IJ1l~.:lff.. ~ 

~ VW'Yi fl iJ ff.:l fll1 ~.:l 'iJ:: 1~'U fll 1 l~ lJ flW fflJ,j~ 'YIl.:l~l 'U fll191~ I~ tl 'U i~~~'U i'U tlW 'Yi fl iJ ~ ff .:lfll1 
It ClJ	 ClJ II q IV ClJ 

l~ tl.:l 1I1flfl11IfftJ~'YI1'U'j::'Yi 11.:l1fl~ V.:lijtl~~IlI:'l:: lflfJ~~ m lvJfl11 tl'Ufimi1 (Tempering Curve) 'Iltl.:l 

Q II"; .. Q i .Id ill<!i ItJ i .,d., .. 

l'Yi~flflm !f1'Utll:'l~f111:IJ1l'lJ.:l~.:lllff~.:l 'U~1J'YI 2.7 fl1tJ ~1.:ltl'U!'lJ 'Ufllltl'U'J!'U 1I:::lJfl11:IJff:IJ'W'Uli 

tl'Ufl11lJll~ .:l~11J~ tJ'U 111JI:'l.:l I:'l~ 1:'l.:l1 ~mr tltJ i'U1:: 'Yi lH'lf1.:ltlW 'Yi fl 
~ 

iJ Vi lfllltl'Ufi'U ~111 ::ffl1J1'j tl Vil i 11'ij. 
d .d ;K <!I 1 ill.... "I ., '1 I & ~'" .... '" fI11lJll'lJ.:ll'WlJ'lJ'Utl.:l 69-70 HRC ~tJ 'lI'tlW'Yi fl:IJtl'UfI'U~l 'U'lI'1.:l 510-540°C 9f.:llU'U'lI'l.:ltlW'Yi fllJ'YI 

q cu	 q 'V 

•	 .,!!f. QI d tjJ 1 tI" 0 <!!I Go' I tjJ t 
Il1lJl::UlJ ~t:lnl'HlUfllJfl1!'tH1nmn't:lUU.:jFHY1Jfl'Ut:lnfl~~f1t:lHI1fl1'H)'Ufl'lJfl1t:ltlH'lJt:ltJ3-4 flH 

'lI 

l~'lJtl~l.:lUtltl 
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..,; I d " I 1 .. d 
~l':il.:.1'Y1 2.1 {llU~HnJ'IIfl.:.ll'HClflfH'l1fHnJ. flUflCl~ml1111'll.:.l{l.:.l... 

.. '" llWl':ii lU fI1':iUflU 't1.:.1{lI~U 111iiu~till 1mlrlllll l1'U11~Wll 1f1UflCl~ 

(AISI) (C) (W) (Mo) (Cr) (V) (Co) 

M41 1.1 6.75 3.75 4.25 2 5 

M42 1.1 1.5 9.5 3.75 1.15 8.25 

M43 1.2 2.75 8 3.75 1.6 8.25 

M44 1.15 5.25 6.5 4.25 2 12 

M45 1.25 8.25 5 4.25 1.6 5.5 

M46 1.25 2 8.25 4 3.2 8.25 

l~ flU I'll f11':i flU ~u ~lif'il:::~fl.:.ll1 1lfl ~fl.:.lijfl~fI ~ ~ ii ~ii'fI 1111 U~.:.Ill Hll Cl::: fI.:.IfI 1 111 1l~.:.I 
..,; "" '1 'j/e!J. J 1..t::I d 0 QJ ~ ..!I d .C\ tI 
'YI flW 'H flll {l.:.l f1f1'11U ll~ml11 mUlIl1U {lfl11~ ml1111 '11.:.1 ClflCl.:.l {ll'H ':i Ulfl':i fl.:.lllfllJ ':i:::lfl'YI lflU 11 Cl Cl . ... ... . , 
iifl~f1 {l':hu ~llJllCl:::lfIrfl.:.lijfl~f1flU"1 

f11':ifl.:.lml11l'HUlIl1U 'lJW~~ V.:.lfl.:.l{lfl11:::ml1111~.:.1 I~u ~.:.I~ ~ll~'Ul!Cl:::~fl.:.lf11':i ffl'Hi'mlu 

~1"1 1lJ fl1111 II ~.:.I~ l'H 1J1~{l1l fll':i 'il~ flfj1 U ,$1.:.1 66-68 HRC i U~l':i 1.:.1~ 2.2 l~U f11':i llJ711UrYi lIU ... 
d ..,; "" ... dI "" I d " dI "" d " fll11111'll.:.l'YIflW'Hflll'llfl.:.l M42 flU TI5 9f.:.lllJUflClllIl1ClflflCl1':iflU{l.:.lIlCl::: M429f.:.lllJUl'HClflflCll 

Q IV q cu 

~ '1- I 0 ... '" "" J <!l _ I I d " d '1"
':iflU"J.:.I'YIl lJ'YI1f11':i~f11'i!flU'ilU~W'HiJll"J.:.I'IIUm 540°C lJ':ilfl{]11l'HClflflCll M42 fI.:.Ifll11111'll.:.l fI 

~fll1 iifl111111~.:.I1J1flfll1T15 l'yhtiu 4HRC llCl:::1J1flf)'",h M21'Yhtiu 7HRC iifll1Iilul'H~flml'l 

lfl~fl.:.lijfl~iiflW{l1l,j~fI.:.Ifll11111~.:.I~flW'HfliJ4u '1~~ i U'YI1.:.1lJ n,j~{ll11l':i t1111f11':i~f11{lfl~U .:.I1U ~ 
~ q IV CtJ q 

e!J. d .e:., 
llml1111'll.:.lIlCl~flW'Hflll{l.:.lmlTI5 llCl::: M2. ... ... 

d • d 
ml1111'll.:.l (Vickers) ml11U'II.:.I( HRC ) 

M42 655 58 

TI5 575 54 

M2 525 51 
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7ClO"C 
12n"F 

A"llaSSlemperatur i Ternpenng temperature 

f11 'j ijmu ff1.I'U91 ~ l'U fl11lJ 111 ti tlT'J U'11'11 ~ nmr1i fltJ U€1 ~ HfflJ ff'1 'il:: ii fl11lJ U~ n ~ 1'1 f)'U
Q 00 

9 I d 'j/ do Q,I..c:::.. do d 
! 'U U~ €1 ::lnHl l'I1 €1nn €11':i UtJ ff'1 M41 1l€1:: M42 lJ fI WfflJ tJ ~f)l'j fI '1f111lJ I'll 'U tl1'Y1 ff.f1 11::: 

00 Q 

cj t.4, ~ 1& d'JIdo 

n l'jfl '1 fl11lJ ll'tl '1\{ '1lJ 1nn11ln'j f1 U'U"1 U~ 'il:::lJfl11lJ ~1'U 'YI1'U ~ un 1'j ffn11 'j U€1f1 €1 '11€1 n'U Uti 
~ ~ . 

... I Q,I ... I QI<C::l. Y 'j} d 'JJ do QI Q,I ~ GI 'j}

f)l'j lJ 'j tJ lJ 'j 
q 

'1 fflJ tJ ~ f11t1f111lJ 'j U'U 'tI U'11'11 €1 n n €11'j UtJ ff
QI 

'1lJ 'tI 'U ~ U'U n 1':i 'lftJ 
q 

11 €11t1't1 'U ~ U'U 1'Vl U !11 

1~flW ff1J1:r91~ I'I1lJ1:::fflJff111 i'tJ nl 'j'lJ111J Hil~! ~'U lfl~U'1 11U~f11i4 U111'ff1lJ TH11-N'11'U1'U nTi~f11U U'U 
Q 

I .4 ~ Q,I do do GI'" .4 ~ do 

UtlH I'I1lJ 1::: ff lJ !fI 'j U'1lJ U~ f1 1I:::lJ fI W.f11'Vl f1 U1tlf)l'i ! 'If '11'U tl1111 'j Uff'U lJ H€11J1 'il1n n 'i::: tJ 1'U 
Q Q 

.1 ..... 1 .... " " .1 .I~ ....0

nl 'j lJ 'i tJ lJ l '1 f'l WfflJtJ ~f11 tlfI11lJ'j U'U U€1::: nl'i 'tI'U l,lJ ltJ'Uff1 flty 

f)l'j UtJ 'l!tJ I'll gnn ~ 11 UtJ t1 '1 ~111J ~1U1J 'i~ 1'1"1 1'U f)l'i utJ 'JttJ l~llfi ~W 11 t:)iJ 'Jtml~ '1 

GI ~ d Q,I .4 Q,I J IQ,I d Y , ~ GI t 
11€11 !'U f11 'j fI'1 UW11.f1lJ nl 'j W'U ~ 111€1:::nn utJ f1'U ~1 'tI'U UtlntJll1 €1nn €11U~ €1:::'lf'U f1 ! 'U 'tI'U ~ U'U. .. .. 

'j/ 1 , I 'j/ II 

nl'j 111'fI11lJ!U'U uri~'U '11'U l~tJ 1,rl~i fI'j '1ff!W~I'I11J1:::fflJ nl'j l~lJUW11.f1iJi'U'U'U ~ u'U~'1nri11ti. .. 
I " , " 

iifl11lJ ~ 11~'U UV1'1 fJ'1~ U~'U '11'U fiii 'j1J i l'1itJ~u'U 11i uii'tl'U 1f1111 f.li nn111'f111lJ!U'U uri~'U '11'U 
.. u 

II I I" I 

n1'j U'U ~'U '11'U!~ uil U'1f)'U n 1'j u~ n!11U€1::: n 1'ilJ f1 '1 U lUU '1 'il1n uw 11.f1iJ'tI U'1 ~'U '11'U fi H111 €1:::. . .. . . ~ 

un'U n€1NU~n~l'1f)'U lUU'1'illn-:h~U'11-Nn€111'Unnfi 'il::: 111'f111lJ!U'U uri~'U'11'U 'il'UO'1UW. 11.f1iJ.. 
11) 0''1 l.t 0 d. '" odl .... .i" '" 11) "'1 .i

UUffl'YI'U ! 'U 'YI ! 'U nl'ifJ'U'lf'U'11'U 'il:::'YI1nl 'j l'VllJ~W 11 IJlJf:l'1 'j:::f1tJ11'U '1 U€11f1'1~W 11 IJlJ !1 ! 'U n€1111'U'1 

I d ~ -C\,J do .4 ~ Q,I 0 'JJ d ~ 'JJ-C\ 
nu'U 'YI 'il::: l'VllJ~W 11IJlJt1 '1't1'U un 1'Vl U!tJ 'U nl'i1J 'itJ ff.f11'Vlnl'i'U1 fI11lJ'i U'U 'YI fflJ11fflJmm:::111 ~W 11 IJ1J 

.t "'1" .1.,1 '\''' 11) 0'.... :: odl d. '" 
'tIU'1'lf'U'11'U 1'tl1 ! n€1 f)l'i llJ €1t1'U u1J €1'1 ! fI H ff'j HUU ffl'YI 'U ! 'U 'YI 11 M 'il1n'U 'U 'il '1 'il::: l'VllJ uw 11.f1 lJ. .. 
'I " ~ 1 0''1 .,I '" d"; ~.... ~ 1 0' I
!111lJ'U UUffl'YI'U 'U 'YI ! 'Un€11'Y1 flU'U'tI1'1'i1f11'i11'VlU1lJ'U nl'i'inl:l1ff.f11'Vl f11'i llJ'U UUffl'YI'U 'U 'YIUtl1'1 

rI I~' -C\ 1f1. ilo.J!wY
fflJtJ'iWlm:::l11lJ1:::fflJ nl'i fl'U 'If'U'11'U nu'Uu W11.f1lJUUffl'YI'U 'U Vl1 'Ul~ 1UtJ 'il:::~ U'1'Y11~Ul'U U'1n'U f11t1 

~ q q ~ . ,~ 

f11'il~lJ~W11 tJiJuvN-Nl"1 uri~'U'11'U.f11t11'Ul~1'il'Uii'1~W11tJiJ1J'i:::lJ1W 450-600 °c 11lU~W11IJiJ 
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~ eX.ci ~ " . ~"1 d d ~,1J 1 QI 

l'VUJ'\I'U fl-3~~'U lI::~ij-3f1-3~W '11 tJ lJ i 11'U 'll'1-3l1rll'l1'U -3tJ 'J::mw 30-90 'U 1'Yl 'Yl-3'U '\I'U ij~f1'IJ'\I'U l~llrl:: 

f111lJ'I1'U 1'\1ij-3~'U-31'U '11 ~-3111m:f'U 111fll'J ri'U'!'U~ffij-3~1eJfll'J l~lJ~W'I1 tlll 11ri~'U-31'U 1~eJ i cNl1rl11~ 1. ~ ~ 

mf1 f111nl'J 111'ijW '11 tl m'U U'U ~'IJ 11 'Jf1 1I'U ~ -3,f1-3 ijW '11 tl II 700-850 °c ld ij ijW '11 tl ll~-3l1~~fll'l1 'U ~ 
q cu q cu q cu q
 

" ~", & d ~ JJ , QI ~
 
11 rl1f1-3 ij W'11 tl lJ i 11 'U 'll'1-3l1rl1 '11 'U -3 tJ 'J:: m W 30-45 'U 1'Yl 'Yl-3 'U '\I 'U ij eJ f1 'IJ f111 lJ '11 'U 1'\1 ij -3 'Jt'U -31 'U. ~ ~ 

'jI 'jI I' 'jI 'jI I 'jI 

'11 ~-3111 m!'U 1'U 'll'U ~ ij 'U Vi ff1lJ l~ lJ ijW '11 tl m 11'urioif'U -31'U fi ij'U ~1-3 'J 1~1~ 1f111'll'U ~ ij'U Vi ffij-3l1'U oif'U -31'U. 
".ci 

~ 

"oCl"L'J" & 1 J , Q,Id .ct, I QI

lJfl11lJ'Jij'Ufl-3ijW'I1tllJ'Jt1-3 950-1100°C Hrl1f1-3ijW'I1tllJ !1'J::~'IJ'I1'U-3 ~eJ'\I'UijeJf1'IJ'\I'U1~Url:: 
q cu q cu cu 

fI11lJ'I1'U l'\1ij-3~'U -31'Ul,f'Ufi''U '11 ~-3111mf 'U!~lJqwl11Jm 11'1 f1Hff~1-31tJ~eJ'Ul~'Uijijffl'Yl'U i'U'" 100 % 

". '" d It) ~1 ~ It) "d .1" .1 .,'" d1'U 'll'1-3 ij W'11 tl lJ'll''IJ H'\1-311:: I~ fI H ff'J 1-3 ijij "1'1'Yl'U I'U 'Yl 'Yll'l1 lJ1:: fflJ fll'J lJ 'J 'IJ lJ H fI WfflJ 'IJ ~ '\I ij-3l'11 rl f1 
q 'U q q q 

~ ~ ~" • I '" .,'" ~ 0" ~ '" !'ltJ .." ~ d It) ~'" 
f1rl1~1eJfl11:1J'jij'U l'U 'Yll-3lJ U'IJV1l1::~ij-3'Yll1 'I1lf1~fll'Jffrl1eJ'\I ij-3f1l'J I'IJ~ I'll lJ1f1'Yl "!~ fll'J ffrlleJ I~~ 

.a I~J 'Q,I ~ d .d d d~ dq Q,I 

'11 'J ij i lJ'U'U '\I'U ijeJf1'IJijW '11 tllJ'll''IJU'\1-3 I1rllfl-3'Yl'\l ij-3ijW'11 tl lJ'll''IJH'\I-3Url:: fI11lJl'J 11'U nl'J W'U m cu q cu q q cu q 

d Q,I' d Go'.Q ".d d. ~ 0 G) "1 ~ 
nl'J tel 'U ~ 1ij eJl-3'J 1~lnlJ f1 lI::m~iJ qj'l11fll'J 11~ m 111'U ij-3111f1 I1rl1'Yl ff'U 'Yl11 '11 f1Hff'J 1-3 

It) ... Id dt 1 ~ .. It)" ~., d., d d ~ 
ijijff1'Yl'U l'U'YlllJrleJ'Ul'IJ 'U f1HffJ1-3lJ1'J l'Yl'U IClf'Yl Hrl::l1::~ ij-3'J f1~lf111lJH'\I-3'11rl-3'Jt'IJ1l'\1-3'\1ij-3l'11 rl f1f1m • 

Gl 'j/ oQ ... 1 QI d G) d QI " 0 G) " oCl • QI

'Jij'IJ\1-3l1:: I'll qW'I1f;)lJlJ'J:::IJ1W 200 °c (Ms) ij~'J1f111lJl'J11'Ufll'Jtel'U~111::~f)-3'Yl11'l1m~fll'Jf1ij~1 

'\If)-31f1Hff~1-3lJ171'Yl'UiClf~ 1~'U itJij~l-3fif)l~ij-3'~'I1~~'Jt::~f1 lf1Hff~1-3lJ17l'Yl'UiClf"'ij~f1~Wfll'JU~ 
. ",

f)::~\f)lJ ~1f1111m-3ff~1-3f)f)ffn1'Ui'U'"nl'j'\leJleJ~11n~~'U1'U,f1-3fll'JltJ~eJ'UutJrl-31m-3ff~1-3nl'J'\IeJ1eJ 

~11'U,f1-3nl'Jf1rlleJffm'Vu~'WlJ1l'Yl'UiClf'"ri f) 111'ln~fl11lJlt>i''U "1' -311rl::ln~nl'JlffeJ'J tJj1-3f)~1-3m1'JmeJ'I1~-3 
~ ~ 

nl'Jl~'U~1f)~1-3'J1~1~1 f1WfflJ'l1~ ~ ff1tlrullrl::~11rJ'U 1'Unl'JltJ~eJ'UlltJrl-31m -3ff~1-31rJ'UlJ17l'Yl'UiClfll fl f)
• u 

1) i~ln~fllm'Vd ~'U '1'U lf1Hff~ 1-3 'J1lJ~ -3ri1'U~fflJ'Yl1-31flij 'lhtJ~ eJ'UHtJrl-3 tJ~m~'J'\Iij-3 
ijf)ffl'Yl'U i'U"'1I::1tJ~eJ'U 1m-3ff~l-;j~~f1itJl~eJ\t'lJ'rHr'U 

d 1 'JJdt .. , .. ""J'" •• d ..... ::
2) nl'JltJrleJ'U f1Hff'j1-311J'UlJ1'Jl'Yl'U Clf'Ylll::m~'\I'U l'U'J~'I111~'Jt1~'\Iij~nl'JW'U~1l'Yl1'U 'U 

" 1 'jI I , 

~~U'U fll'J ltJ~ eJ'U utJ rl~lI::~'U f)un'IJnl'J rl ~ f) W'I1 tl m 'U ~f1~ W::H'IJ'IJfi mi1 f) -3nl'J ltJ ~ eJ'U!ltJ rl~~f1~ W:: 
'lJ • ~ 

'U i~ eJf1i1 Continuous Transformation Hrl:: nl'J ltlil eJ'Uutlrl~f)W'11 tl iJll'IJ'lJfI~n ~ ~l~ eJf1nl'J ltJi1eJ'UlltJrl~. .. ~ 

., "'. 
rlf1~W::'U11 Isothermal Transformation 

3) fll'Jrif)~11m~ff~NlJ171'Yl'U lClf'" 1I::1rJ'U i tJ ij~l~~m~f)-3 i~'I1 eJ~ 'Jt::~f1 mj'1I::1tJ~ eJ'U• 
fl~'J1f111lJl~11'Unl'Jl~'U~1nll::;i~ltJ~eJ'U'j::~'IJf)W'I1tlll MS (Martensite Start) 'lf1~f)W'I1tlllfll'Jln~ 

q qJ q cu 

.. It) .. 1 & , It) I 0 " ~ ~ 1 .Id., d., 
m 'J 1'Yl 'U IClf'Yl'\l f)~ rl'l1:: ~fflJ'I1 'U ~"l1l:: tHfl1 IlJff1lJ1HI'Yl11 '11~ 1rl~ ~ eJfll'J llJ rleJ'U ij~ 'J 1fll'J W'U ~1 

.d oCl.l 'QI , Id ~ 
'Yl'QW'I11JlJ Ms '\I'Uf)~f1'IJff1'U~fflJ'Yl1~lfIlJl 'Yll'U'U 

~W'I1 f;)ll'lt'IJH ~ -3'11 ~~ 111 f1~'U~'U -31 'UHrl:: ~1'U,!'U ~ij'U fll'j tJ f 'IJtJ ~ ~ fll'j ltJ~eJ'UUtJrl~ 1m ~ ff~1~ .. . .. 
'\I f) ~oif'U ~ 1'U ill eJ 1~ f1 'j:: 'IJ 1'U flU Vi f11'IJ fI lJ f) ~1~ fI f1~ ij ~ H~ 1'll'U ~ f) 'U nl 'j f) 'IJ 111'i ~1 fI H "1' ~ H. ~ 

f)ijffl'Yl 'U i 'U "'~l'I1:1J1:: fflJ ffl'l1 f 'IJl'I1 ~ flf1 ~l'jij'IJt1 ~ M42 flW'I1 f;)ll1'IJH ~-3ij~1 'U')h~ 1170-1230 °c 
~,1J Q,I ~ , .e:tf 

'YI~ II '\Ill t:I gf1lJ'\IlJ1ll f111 t:llJ 'lllJ l'U t:I~ 'il1f1nl'J f11lJ~1J f1 'J:: 'IJ 1'U f11 'J ij 'IJ 'll'IJ '\I ij~l~ lijlJ 'll'IJ 1l~ rl:: H'IJ 'IJ lJ 

~111 tJ 'j Url::11ij'U'"1'W m'jtJ~'l1~~l'Ull~f1~Nn'W if~;f~llil'U~t:I~fl1lJtJ1Jfl1'j lt1~eJ'UUtlrl~ 1f1'j ~ff! l~ 



15 

0' _Id • I 1 0' ~ 'j) d 'j) 'i 'j)I

11Cl::mUfJ1HYfll'UfllH1UlJCltl'UH lJCl·HHHYl\PI 'U'VI b'I1l111Jl::~nJm)'Ufll'j 'I1UU'tl.:l\PI1t1ff1'j 'I1U bf1Hff'j 1.:1 

d 'jJ .d I 'jJ I.Q d'1IJ d' 
'tIfl.:ll11 ClflflClU flU ff'l'VIf-l1'U m ::U1'U flU flU 'lfUlJlUCl1ff1lJUflll U'I'If'U \PI'tItNflU lU\PI (Carbides)

~ . 
1 f1 3 'If i1 \PI '11 (j fl"1 fl fl M

23
C6 ' M6C II Cl:: MC A~ 'U f11 11 U fl ~ If1 \PI ~ 'U 1 'U IlJ \PI i fl 'U fl 'II 'Vl fl {ln1' 

l\PItl M H'VI'Ufl::\PIfllJ'tIfl.:l lCl'l1:: ,C H'VI'Ufl::\PIfllJ'tIfl.:lfllflufl 
~ ~ 

fIlflUfll1'1 3 'lfi1llih'l1~flml'11'UflftlJ~1.:I"1 ~'1ij• 
M

23
C

6 
I~'U lmlijtllJfIl'j1ufl (Chromium Carbide) 

M
6
C 1~'U 11lilu~,ilJfIlflUfl ( Molybdenum Carbide) 

MC 1~'UT1'U11~tllJfIl'j1ufl (Vanadium Carbide) 

fIl'j1 U~ 3 'lfi1IP1d''il::lnlPl~'U 1'U'lfl'1fll'jffCl1t1~1~fJW'l11Jm'U'j::'I1'j1.:1fll'j,!!UU~.:I fIlfl U~ 

111 ft1ci'ijfl111Jthfltu~tJflU l~ lJ m1lJH~.:IUCl:: ij f-lCl~tJflW fflJ U~'tI fl.:l lfl'j .:Iff~l'1~l111Jl::fflJ'I1tl.:l'il1fl.. . 
'" ., 'j) '" 'i 'j)., d 'j) 'i''j) 'j) 0', d 

tJUfI'U m flll1 'il1'j WIIf1Hff'j 1.:J'I1 Mfll'j flU'lfUl11 Cl flflCl1'j flUff'! l\PItl 'Il'flCl fl'l'il Cl'VI'j 'j i'l'U 'il::l1U11lJ. .~ 

'i 'j) ~ 0' '" 'i '" ",':' ~ o''j) ~ I ~'j) 'j) <!/ '" d'i
lflHff'j1.:lfll'j IU\PI 'I1'jfl !lJClU01'UlJfIl'j IU01 \PI1t1 b'U'j::'I111'1fll'j b'l1m1:J.ntJ'UfI.:j~W'I11JlJ'I1UH'U.:I !\PItI 

11iAf1\P1flUAlJ~tI'UHlJCl'llflHff~1'1~~W'I11JiJ1flq\PI (~fJW'I11JiJlJ'j::1JlW 800 °C) ijm1lJ~hflqJ 

~tJfll'jllJ~tI'UHlJMlfl'j'lff!1~1'U~'U\PIfl'Uci'A~lJl'i''Ufll'jllJ~tI'UHlJMlflHff~1.:J'il1fl l'Vlfl1hl1' 0.:1 

fltJffl'VI'U 1'U l1' HCl:: 11ilf1\P1ff'U 1lJ H:U111~f11 'U ii 1~U~tJ1Jlfl1fl U~I~lJ ffCl1t11'U ff1'j ffCl1t1fl1t11I'i'tJW '11 fliJ. ~ 

d J '" o'l'l 0' ~ II] o'd '" ~ ,J d., 

'VI~'1't1'UAfllPlfll'jm~'il1t1'U.:JflU U\PI M 23 C6 !'Uflflffl'VI'U !'U'VI'VI~W'I11JlJAl1lJ'tI'U 'tIW~AfW1fl'U'il~ClIPICl.:j 

tJd1'1'j1\P11~1~tJW'I1fliJ 900°C lACl~~'UtJdnul1Cl1 ~tJW'I1fliJ 1l00oC 'il~Hl1iA~'UrvJff..r.:j'l1lJ\PI'il'UO.:l 
q ~ ~ q ~ 

~.d, (lJ) d' lC) J.d" ~ J d .d ~ 
'fJ W'111J lJ 'VI ~.:j fl 11 M 6 C f11'j I U\PI 'il~Hl\PI fll'j ffCl1t11Jlfl 'U'U 'VI Cl ~ 'U fl tI"1 HCl~ 'il:: ll1lJ 'tI'U tJ fl 'VI ~W '111J lJ 

l11utJ I 150°C 'il~1f1 MC ~ijfll1lJH~.:j1Jlfl fll'jffCl1t1~flW'I1fliJ~lfll1 l2000 C A~lJ~'Ufld1.:j~m~fl.:l. ~ 

l'Ul1'1ffA\PI'U llJilu~,ilJ 11'U11~tllJ HCl::lfl'jAijtllJ~tJ~''UtJtJffl'VI'Ul'Ul1' ~'1lrt'UfIl{1U~ M 6 C 

~ 0' ",,J d '" '" d '" d • 'j)", ~ 0' 
fll'jffCl1t1't1tJ.:j MC flU IU\PIlfl~'U'U'VI~W'I11JlJl11'Ufll2000 C 'VIf,lW'I11JlJ'I1UU'U'I fll'j'Vll''I1lfl\PIfl1'j IU\PI 

~lJ 1fl~'U ffCl 1m.,r-11lJ1 'UAm'U ~lfl\PI ~'U' '111i 'il\PIci''il~ if1llJ\PIi fl'tl fl.:lfltJffl'VI'U l'U l1' f1'1~H Cl::fll'jffClltl. 
1l1I d' .Q ~ .d d 'j/ ~ 

'UtJ.:jfl1'j IU\PI 'il~ IfllPl'U'UlJ1fl'VI fflPll11 ClflflCl1'j flU ff .:I'VIfl'lf'U ~ 
1 ~ • 

'" ,
65 HRC 'I1'jfllJ1flfl11 

1) fll'j' l1'f111lJ!fl 'U (Heating) 111 ~ flfl ~l'jtJU ~ .:jiithihtl11lJ!tJ'U ti tJ'U .,r1'1~1 lfl ttJ 'I iitJ 

1i~~iil'illml1gtltl~l1tlmHtl11'il~ii1111'u~~ 1m"vva''U~'U~V'UflU' 11'f1111J!tJ'U ~llflttJ'IiitJ~\PI 
~ ~ 

~ ij 'U'U 1\PI , ..,qjuClZllJ i Hiu ~tJ'U flU' l1'f1111J!tJ'U O'lf,lw 11 tJij1'U U~'l , 'U ~'U ~tJ'U flU l~ 1J 111' 
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WJ11J!fl'U 'lil~ll 'J n 'il ~ ,i~ el1filYi 'J 1:: flW '11 flil ~ ~1~'U ~ 1'U flU II n'U ni:1 N hi l'yhfl'U ~ ~ 'il:: ij Hi:1;1 fl 
~ • OJ 

~ ~ fJ/Q"IZ ~ ~~QI d fJ/ O'~ 
m'JmWIl1 'J flm'J U;l m 11~H'U 'U n1':i Hi:1;lIfl'J fl~1J fl;lll 'il1nll1 i:1 nmn'J flU ~~ f11'J 'il::YI1m'J ~'U 'If'U ~1'U 

nfl'U n 'il:: 'h1'~W '11 fJil O~'lil~~tl.mfJil'l!uu~~1~ elm'J lVl1J ~W '11 fJil1U'U 'lil~ "l 
" 'JI ,'j/, 

2) nl'J ~ 'U'~'U ~ 1'U '1 'U 'li'U;l fl'U n 
I 

1 (First Preheating) 1 ~w1J n911i 1J ~ 'U ~'U ~ 1'U i'U 1;l1 n ij 

, " " 
mmffl1 1 l'Ullel'U nflW '11 flil 300-400°C lli:1::mflWl1flil' ~'il'Um::'t1~;'U~l'Uijfll11J!fl'U I'Yhfl'U;li:1flll 

~ q ~ q ~ 

'JI 'JI I 'JI 'JI 

3) n1 'J ~ •'U ~ 'U ~ 1'U '1 'U 'Ii 'U ii 2 (Second Preheating) ;I fl 'ill n 'Ii 'U \PI fl 'U II 'J n ~ 'U ~ 1'U 'il:: ij 

'jI ~,J 00=9 C>. l..t!t .dl .as ~. fJ/ ~lI] CJI

f1111J'Jfl'Ul~1J'tJ'U 'il'U tl~flWl1 fl1J i 'U Ufllni:1flll1 i:119f~1JflW '11 fl1J'j::l111~ 840-860 DC lli:11f1~flWl1 fl1J 11 
q cu q 'U ~ cu 

" 
1~'Unm 8-9 'U1n ;lfl fI111Jl1'U1~'U~1'U 1 19f'U9111J;l'J 

" !'II I I " 

4) n 1':i ~ 'U ~ 'U ~ 1 'U i'U 'Ii 'U \PI fl 'U n 3 (Third Preheating) 'il dh Iii fl ij f1111J ~ 11~ 'U n; l'U 'U. 
d "" .k d.1 1 .. , ~" i
'YlflW'I1f11J 1050-1100 DC C)f~1Ju'J:: el'lf'U\PIflm::Ul'Um'J'lfUIl'tJ~1~'J1::11'il::'lfleli:111I1m 'Unl'J'lfU 

q cu q q 

~ ~ '" i 'j/dJ i ..,j d' ..,j "'! '" 'j/
U'tJ~ 1~WlU'U m'J~\9JJ'U 1 l1l1'tJ'U 'Ul'J fl~'tJfl~f1111Jll1'U ell m'J'Yl 'U;lflUHm::UYln 'tJfl~lfl'Jfl~1Jfl;lllm 

J/ J/ , , jI 'JI I 

'I11m'Jfl'U ~'U ~1'U i 'U'li'U n 3 1J 1'1 '* II tl'lf1~flW '11 fliln'li'U;l fl'U U'il::I'Yhfium'J i Mfll11J!fl'U nflW '11 fI il 
q q cu q 'U 

" " " 'l!Ul11:l~'il1nm'J ~'U ~'U ~l'UUtl'l'il:: '1111 1J~'li'U;lfl'U m'Ji Mfll11J!fl'U 'Ii'U ~lI't1'lelUi:1::'l!U i 'U ff1':i 'ltU 

"" ~ i .e::t. d .c:. d 
5) ~Wl1fJ1J'l!Ull'tJ'lIli:1::l1m 'Um'JfI~~Wl1fJ1J'ltUll'tJ~(Holding Time) ~Wl1fJ1J'l!UU'tJ~ 

o QI d jl1.e::t..e::t.~G!Y .e::t. , 0 Go' d fJ/Qi i'j/
ff1l1'JUIl1i:1nnm 1Ji:1U~'U1J ('lff.JWl1fJ1J'J::l111~ 1170-1250 DC lm::ff1l1'JUll1i:1nni:11Y1~ffl;l'U 'If 

Q I .e::t.d. d J QI , d.C), I 

flWl1f11J'J::l111~ 1250 -1300 DC m'JfI~flWl1f11JYlflWl1f11J'l1Ull'tJ~ 'tJ'UflelnUffl'UHff1J'tJfl~ll1i:1n 
q eu q eu q cu q eu 

iJ ~ a QI d. ~ ..t!t ltI fJ/QI .e::t.~ .e::t. d d 0 'j/ 

nmUi:1::'tJ 'U1~'tJfl~lfl'J fl~1Jfl '11 '&H'il1nYllfl'J fl~1Jfl 11I'J U~W '11 fJ1Jtl~f.JWl1 fJ1J'IlUU'tJ~\PI11JYlml1 'U~Ui:11 

I 'JI 1 I JI 

f1~QWl1fJilnQW '11 fJilunfl'Ul~fl i Mln~m'J ffmel'tJfl~ fI1rlu~ mh~l~el~~fl i'Unu1Ji1l1WfI1rlU~ 
d' 0 i ')J ~ d,. .1 'j/ 1-'1 t "'! "'" • 'I 'j/ ,
Y1ffi:11elflel1~ll1lJ1::fflJ'il::YI1 Hfll1lJU'tJ~1~1J'tJ'U til 'IJ11i:11ff'Ul1'Jfl'U1'Uln'U 1J'il::ff~Hi:11l1f11f111lJ 

~..,j .1 I <f1'1 .. 'j/ "" "" lIJ.1 
u'tJ~ i:1~i:1~1'U fl~'il1n'tJ'U1~Ui:1::'J u'J1~lm::m'J ffi:11el'tJfl~fI1'J 1U~ ml1mm'JfI~flWl1 fllJ'U1'Uln'U 1U 'il:: 

OJ • OJ 

vhi Mlnllfll1lJU~~'11ff~11ff1Jfl 1JilJ1W'tJfl~fI1{lU~ ~1'U l'UlJ1nffmmli:1::'11ff1111'J tll1Jgel'U U1Ji:1 ~ 

11J 1~'U1I1{lY1 'U 1C)f1'1~flW 'I1f1iJun~ l'111n~lm'U 1 \PI ~~J'U~~ijm'Jmfl11lJll1 Uell '1'Ui.'''fI11::'tJfl~U~~ 
• OJ 

~ll1 i flfll1lJll1U elli:1~ i:1~ Ui:1:: I~'U U'U;l'J1el;l flm'J In~m'J U;ln!11 

6) m'J'l!uu~~ (Quenching) fI1elml~ 'il1n~lfltfl~iifl 1~i'Ufll1lJ!fl'UO~QW '11 fJil'l!Ull ~~ 
, " 

i'U 11i:11ntlmi'fl~l1iflll1lJ1::ff1Jlltl'l m'Jl'11~1'U'Ii'U;lfl11Jtiflm'J'lfU 111elm'Jl'11i Ml~milmh~'J 1~1~ 1 
OJ • 

o i 'j/ l1J" • Id .1 ~ .. lIJ .. • .. ~ 'j/
YI1 11flflfflYl'U I'UYI luM'Ullu,&H1I11U'U lJ1':ilYl'U IC)fYl fleJ1~fflJU'JW m'J'lfUIl1i:1nnm'JflUff~ff1lJ1'Jtl 

OJ. OJ 

l'11 1~ 4 ill 
" 

• 'l!U~1elmmff i~fiutM'U~l'U1J1~ "l 
" . 

• 'IlU~lel'l11~'U nQw11fJil 60D C 

• '1J~1m~11flnV l11mil1J1{l'mH1jv{~~ (Martempering) 

• 'll1J~lU''U 191'Jl'il'U fI1U1~f111lJi'Ui'UI911~tyqJ1mff 
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d .Q ~ I ~ Q~ ~ 0 Q,I d 
fll'H)ll'll'llVltlW'HfllJ~lmlff'WtI (Sub - Zero Treatment) mllJ1ti'W'YI1f11t1'H't'I-:lfll'j')j'llU~-:l 

II II 'U 'U II 

;'W -:l1'W~'W 1~ 1'Hqi'Hitl;'W-:ll'W ~cUll~tI'W 1l::ln~ tltlff!'YI'W i'Wl1~flfll-:lU't'I~ ffl1J11flll1' 11'ltJ~tI'WlJl1~'W 

1J1{!'YI'W iClfl1 i~~\fitlmf-:l'HlJfI hltlvh111'1~'W~1 1'W11't'11~tlli1t1-:ln'W 1l1flflll'l1iJ''W ffl1'l1111l1fl~W'Ht;}ll 

" 
'lfllU~-:lflflVh'11' Ig'W~11l'WO -:ltlW 'H fliJ11'tI-:lU't'I~'ll'll 1 'W i'W1~111l'Wl'H 't'I1 1'W tlW 'H fill ~-:lU~ -70°C 

q cu q cu q q 'U 

ItltJtlVl-:lU'tltI flll1tJ~tI'WUtJ't'I-:l'tJtI-:l tltIff!'YI'Wi'Wl1 ~flfll-:l lfltl1tifl11lll Sub-Zero 
" . , 

7) flll till fi'W ~1l'H ~flfllll1 tI iJ ~ -:l flll till fi'W ~11~ 'W oU'W ~t1'W Yi~tlIU tI-:l 1l1flfl11tJ fi,j~ 
o i/d Q,/ .c9 ~ ~" dll)t.


flll 'YI1 1'H W'W ~1~ tI-:lflll'll'll1't'I r1:::CIf -:l IlJ'W flll tlll'lf'lJ1'W~ 'W ffflVllt1~tI-:l m:::ll 1'Wflll'll'llU,J-:l !lJ11 'II:::
 
q q q q 

c:lt c$ "''I c$ '" ......... .1,
!lJ 'W fl11lJ U~-:l 1l1-:l fl11 fl-:l fl11lJ lr1 'U tl11 'W ff fI11:::fl11lJ U~-:l 1l't'l:::fl11lJlfffltll fI1Yl~tI-:l lill tI-:l lJtlfI~~'W tI ~ 

... .... ... 'i ~ c$ ~ ..., 'JI o'1IJ" 
flll~111'Wflll tlllfl'W ~ 1 !fll-:l ffl1-:l~ tI-:ll'H't'Iflfln11 tlll~ -:l'H 't'I-:l 1l1flHl'Wm :::1l1'Wflll tlll'l111U't'I1flll 111 fI 

11:::i~ff't'l1t1~1tJilJ1W 6 - 12 % tltlfflVl'Wi'WVl1~1~'WltJ~tI'WUtJ't'I-:l 15-30% 1J1{!'YI'WiClfnml-:l1l1fl 

a Q,/ iI.Q J .... 1 0 ~ jI.e:t. I W.Q , a d _I .QtI::::t~
 
flllt111fl'W~1U't'I11fl~~'WlJl:::lJ1W60-80% Vlll'HlJH't'I~tlfJWfflJll~~H"1 fltllJfl11lJllJl1:::U't'I:::lJ~'ll''W
 

lIJ' '" ....... 0 'I 'JI c$ 'JI '" 'JI 'I ",.1

-:l1'W !lJ lfffltll fI1Yl (Dimensionally unstable) flll tlllfl'W~11l:::'YI11'Hl'H't'Iflfl't'lllJfl11lJlfl'WfI1t11 'W~~'W 

i~ ll~fl'l1fl~1t1U't'I:::'t'Iflfl11lJ i~fl-:l~1 ~-:lijH't'I~ tlflW fflJ,j~flll fl-:lfl11lJU~-:lflll~1111l1'mgflfllll• 
1 till ff -:l ln~flll1tJ~ tI'W II tJ 't'I-:l i m -:l ff~ 1-:l~ tI-:ltl tI fflVl'W i'W 11tI VNfflJll lW flll tll'H 'W ~ 1 :::tI:::I1't'11 

~ ~ 

, , . 
'I ""'" c:lt 'JI 0 '" ~ "" , '" 'I .... 'I 'JI ""0 

I 'W flll fl-:l ~W 'H tJ lJVI mllJ 'U 'II Ofll'H 'W ~VI~ tI-:lYl1l11W lt1 tlN't'I:::1tIt1f11 'W fl111't'l tlfll 'll'~W 'H t;} lJ U't'I::: 

.QJ I d w ~ a Gl ~ J , Q,/ .QQ,/.Q jI Q,/ 

flll fl111fJlJ~W'H t;}lJ~'W tI~fl iJ'lf'W ~~ tI-:ll'H't'Iflfl't'll ~-:l'W 'W flll tlllfl'W ~11 'W flHU lfl~'W tI~flll~W'H t;}lJ 

U":::11't'11t1W'H flllflll tlllfi'W ~1~~ 10'11 ~tI-:ltll'H'Wfll1m1'W flllfl-:ltlW 'H flll'W1'W fl';htJfl~ flll till 
CII <II III cu 

fi'W~11~tI~1 itJ~w 'Ht;}ii't 'U flll 111'fl1llJ~tI'Wl'HgflflllltlQ''W'ih-:l 510-580 °C lrttl1l1'fl11lJ~tI'W 1 'W 
" . ,a Q,/ Q,/ I \l1_ • ..::t.Q 0 GI t'j/ .Q 0 Gl iI d d 

fl 11 till fl 'W ~ 1 fl H ~ tI !lJ VI tI W'H fllJ 600-620 °C 1l::: Vll I 'HAfl fI Constitutes Vll 1'H fl-:l fl1llJ U~ -:l VI. ~ 

Q dJ '.Q Q,I "I'" • 4 .4 d IGl '.Q Q,/ 

~W 'H t;}lJ 'tJ -:l~~'WU~ 1l:::1fl~fllm~fl'H fl !~-:l ltlfl11 fltl~W'H t;}'lJflll till fl'W~1'm'HlJl:::fflJ 1l:::tI~ l'W'll'1-:l 

" 
510-565°C fl 11 tll'H 'W f11!) ~m fl 11 till fl'W ~1 fl i'-:l U1 fl1l::: l~ 'W fl 11 't'I fI fl111llfl 'W ~ tI-:l 1 fl H ff~ H 

" lIJ"'" c$ lIJ "'JI "" .,d.1 .... ...
lJ 11 IVl 'W !C1ffl 'H 't'I-:lflll 'l111 U~ -:l II 't'I::: tI tI fflVl 'W !'W VI~ flfll-:l 1l:::1flflflll1lJ 't'ItI'WulJ't'I-:l flll till fl'W f11U 't'I::: 

~ "lIJ "d. c$ 'JI 0 'I 'JI "" "i 'JI d
fl11 't'I fI fl11lJ Ifl 'W ~ tI-:l lJ 11 IVI 'U !CIf VI VI H1'W flll <JIll U~-:l lJ 111 't'I11l::: Vll1 'HAfl~ !fl H ffl1Hll'H lJ 1::: fflJ 

, 0 lIJ.I'I 'JI .1 'I 'JI 'JI ""d ""....... ~ '" c:lt0 

~tlflll 'Wl !lJ I 'll'-:l1'W lJlfl~'W fll'j I 'Hfl111J1 t1'WU't'I:::fl11fl-:ltlW'HfllJVltlW'HfllJtlllfl'Wm1l-:llJfl11lJ 1ll1lJ'W 
q cu q <II 

flll tll'H 'W f11~tI'U i ~ l'W flll fl-:l ow 'H fliJ tllJ fi'W ~11~'W ~ -:l~111 111'tltIff!'YI 'W i'W 11 ~flfll-:l1tJ~tI'W i tJ l~ 'W, ~ 

~ "I d'Gl ' Gl d ,: d Q,/ ,...o!i ~ fJI 
lJ 11 IVl 'W !C1fVl 1'H lJ (New Martensite) I 'W ~ W:::l1 'If'W -:l1'W W'W ~ 1't'1-:l tI tll-:l~ tIl'W tI-:l 1l'W fl-:l tlW 'H fllJ 

C\ 

'H tI-:l. ~ 

fl11 ritl~1~ tI-:llJ l$IVl 'W i C1f~1 'H 1i 11::: lnfl tlVl-:lfflJ lJltUl~tlflll1tJiltl'W UtJ 't'I-:l 1m -:l ffi'1-:lU't'I:::fl111Jlti 'W 
~ 

fI1t11 'W 1l:::'t'IfI't'I-:llrttl111fl11t111fi'W~1 
..."" 'I c$ 'JI

2.4.1 fJW fflJlJ~~tI-:ltil9JHfflJ 1'Wl'H't'Iflflm 

"'" .1 "i 'JI c:lt c$2.4.1.1 fllllJtI'U lJ~~'H't'ItllJm't'l1lJl:::1J1W3500 °C ~flHfflN~W:::llJ'W~tI-:lU~-:l 

Amorphous Hexagonal Cubic 'U'Wlrti'ffn'UtNt:l::~t:llJ O.7lA° -0.77 AO ltJtI{l9f'W~'UtI-:lfll{lltl'Wl~'lJ 



IIII 

IR
 

J 0 'jJ QlQ' QI QlQ 'jJ d d..:::tJ, 0 G) 'jJ 

'\JlJ'YI1h1tJW fflJ1J~'1lJ mn1JUJ .:J'YINn"U"~tJw fflJ1J~ '1lJ ~llJfl11lJlI'\J.:J'\Jfl.:Jll1 "n~'\JlJ U~'J~'YI1 &11 

flW fflJ~~'\Jfl.:Jm'i Ufl~1 nn ltl~UlJ'iti m'i 1~fllJU"~n1'i~~'\Jfl.:Jll1~n"fl".:J. ., 
'i '" '" d "" 'i ~~ d I

2.4.1.2 &fl'JllJUlJ lJ~~11"fllJll1"1'Y1tJWl1{llJ 1455 °e &flHff'iNllJlJ'\Jfl.:JU'\J.:Jfl~ 

'1lJ 'i tI '\J fl.:J F.e.e '\J lJ 1~ i rYij u ~ ~ fllJ 1.245 A° ihl" ~ fl fl WfflJ ~~ '1lJ n 1'JU~~1'\J fl.:Jll1 ~ n" ~".:J. . 
'0 ~ d ",.1 d 11) ~"'.,; ",. d .J

U~'YI1 '111 m'i"ll1Ju'\J.:J~'\JlJ "~fl11lJltl'i 1~'\Jfl.:Jll1 fIn &~flU"~I'WlJfl11lJll1lJU1Uml1"nlJ1n'\JlJ 

~ d .d ~ 1""~ c:I I 

2.4.1.3 11lJ11flUlJ lJ'J~11"fllJll1"1'Y1flWl1fllJ 1735 °e &flHff'i1.:J11JlJ'\Jfl.:JU'\J.:JflU
Q Q 'II QI 

QI do 0 "d , 'j/ dJ ?1 QI 

'1lJ 1. tI '\J fl.:J Bee '\J lJ 1~ 'i rY lJ fl ~ ~ fllJ 1.316 A° 'YI1 '111111 " n 'YIlJ ~ fl fl11lJ 'i fllJ ~ '\J 'U 1I "~l lJ lJ ~ 1" ~ 

~ a 9J "" 1I)tI 0 '1 9J '1 ~ '" 
fl111J1fllJllJflfl11lJ'ifllJlJ1mn'U & 'YI1 &l1fllfJn1'i &''If.:J1lJ lJ1lJlIfl~mfl11lJfllJ'\Jfl.:JfllJ~~ 

2.4.1.4 1lJil~JlJ ij~~11"fllJll1"1~tJWl1D.iJ2625 °e1fl'J.:Jff!1.:Jl~lJ'\Jfl.:JU~.:Jfl~ 

ilJ1,tI'\Jfl.:J Bee '\JlJlflirYiJfl~~fllJ 1.36 A° 'lhm~lJfl11lJ~llJ'YI1lJ~fl!lH~hmt~ 1~m~'Yn~mh.:J~.:J 
'o'19Jd 9J 0i9Jdd ""'i ~ !"lIJo' • ,

"lf1U'YI1 mm"n'YIlJfl111J1fllJ 'VIl 1'I1l1"n'YIHfflJln~ &flHff'iNU1J1Jfl1'i 11J~ U"~'YIlJ~flmHjmfllJ 

'" '" d "" 'i 9J =It d ''1
2.4.1.5 'YI.:Jffl~lJ lJ'J~11"fllJll1"1'Y1flWl1fllJ3410 °e &flHff'iNl1JlJ'\Jfl.:JU'\J.:JflU &lJ 

Q Q Qf Qt 

'" '" '1 ~ "''''' d '" .1 '1 ~ 
'j tI '\Jfl.:J Bee '\JlJlfl'jrYlJfl~~fl1J 1.369 AO &l1flWfflJ1J~fl111JU'\J.:JUH~'\JlJlI"~fllUm'i &''If.:JllJ'\Jfl.:J 
Ql Q Q 

'i 0' '" d "" 'i ~ ~ d ''1
2.4.1.6 Ifl1JtlflI91 :lJ'J~11"fl1Jll1"1'V1t1Wl1fllJ 1495°e IflHff'iNllJlJ'\JtI.:JU'\J.:JtlU IlJ 

q q ev eu 

QI d 'jJ QI..e:::t, d dJ 0 'j/ ..e:::t, 'jJ 

1t1'\Jfl.:J H.e.p '\JlJl~'irY:lJfl~~fl1J 1.248 A° '1l1fJWff:lJ1J~fl111J1I'\J.:JllH~'\JlJU"~'YIi'1l1ln~ 1flHff'il.:J 

U1J1Jfl1fl1J~ 

.. .. v 
2.5 fl1·H~1.JAI'U.:JI't'ii:lnni:ll1tl1.J~.:J [1 ] 

n1'itlr1JtI~.:JfJWfflJ~~'\Jfl.:Jll1~nn~1'jtl1J~.:J ~llJlJl~'iillJ AISI 11Jfl{ M42 "hl1i1Jm'iHil~ 
d ~ tid ~d ~ ;:J , QI tI 

ltllJ lJ" "lJ m ~1J 1lJ n 1'i tI 1J "lf1J 11" lU11i'YI.:J lJ '\J lJ tI UnWmfl1J U,,~ fltl m w tI'i ~ n tl1J n 1'J fl1J"lf1J 
q eu q q. ., 

1~un1 i tlu~1;rlJ ~fllJ 'J ~lh~ llJ fl ~lU"l nlJ ff1lJ HfflJ'YI N IfliJ'\Jfl.:Jm ~nn ~1'j fl1J ff.:J M42 ~llJ.. 
lJ1~'iiTllJ AISI (ttlfl{ltlflJ~1~uJlm1n) nll1lJfl1i1~11~m~lJ'lh.:J ~.:J~l'il.:J~ 2.3 

~ . 
d I c::i 7 

~l'iN'YI 2.3 ff1lJHfflJ'\Jfl.:Jll1"nnm'ifl1Jff.:J.. 

~i1 'U r·HY1J 
.. 1.05-1.153.5-4.25 9-10 0.95-1.351.15-1.85 7.75-8.75 0.15-0.4 0.15-0.5 

(t.1111Uo%) 
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204 316 427 HI &<9 ,.., 

f)l'H)1Jl~tl'1lf'ifl'j 'H"~l'Jff~1t''''lH) (Annealing ) f)l'jtliJl~tl '1lf'1m 'Jff~1'Jff~11fflJtl hwilf' 

'j/ , 'j) ~d ~ ,e1 y ~ <d d GI 'j} Q I 

WJlmtl'\.J'l$"N 870 - 900°C 11~ 1'lftlW'I1fllJVlmfl11'\.JtI1'l$'\.J'J1'\.JlJ'U'\.J1~1~fHHI:: ~'ll'tltu'HfllJlJ1f1f111 
q ~ q ~ 

>I >I >I 

I.hif'\.J 'J1'\.J iJ'U'\.J 1~ '1my 11::~tl'JJJf)lm'j 1" ~'I1itlf)l'j llPl1 tllJ~'\.J 'J1'\.J 'li'\.JlPltl'\.J i'\.J f)l'jt! uu~'1'\.Jf)l'jtltJ'ltiJ 

~1't11f)l'j tliJ i '\.J llPl1 tliJ ~ ty ty 1 mfl'11:: d~1 '\.J f)l'j 11 tl 'J ti '\.J il ty 'H 1~ 11 ~ ln~ mlJ m 1~ mfl 1'lf'\.J f)l'j ln~ 
1iJ" IiJ !II'i !II d ~ '" !II ?t!ll ... '1 !II !II ~ 

tltlfl ~C)ff1 fl1'j ~~ ~flHff'jHVlrYtl11fflJtlf)l'jtJf1'Jtl f)1'jUI'lf)'j111U'\.JI'l'\.J 'H~'J111f1 'Hfl11lJ'jtl'\.JtH 
• JJ 'j) JI 

tlW'I1 fliJff'J fff1U~1fl'Jtltu'Hfl1J H 1 i1h/'J 9itlfl11lJ'H'\.J 1~'\.J 'J1'\.J 1 ih ml'J111f1U'\.J't1l i ,.rl~'\.J~1~'J 
q cu lUI q q o:u 

t1tJH~l" i '\.J l1Pl1() 'J 650°C tnl'J 111m!'\.J ill't~'\.J ~1~ 1t1fllPl 'j 1fl11lJ l~ 1fl 'J ~ U~:: l~ i,.rii H~ 9i tl 

_Id _I d ~!II d d!ll _1 
f)l'jllJM'\.JUlJ~'Jfl11lJU'U'J'U'\.J{jf1V11t1fl11lJU'U'JVll'ltl'Jf)l'jtltJlJ'j::lJ1tu 235-269 HB 

• >I , 

"'I !II '1 ?t i !II !II .'" '" '" 
f)l'jtliJt'Y'ltl~~fl11lJtflt.Jflltl '\.J (Stress Relieving) lU'\.Jf)l'j 'Hfl11lJ'jtl'\.JUfI'll''\.J'J1'\.JVlfltu'HiJlJ 

"'1 !II ~ 'i' .t 'I !II d ... '1 d !II650°C -675°C U~::fl'JtlW'I1fllJ ') 1 'll'1 ~lJ'J IPltlfl11lJ'H'\.J1 1 '\.J1 l'HW'\.J1'l1 '\.Jt11f)lfl' f)l'j'll'tJU'U'J IPltl'J• v • 
>I • 

yhfl 1'j ilf'fltu 'H iJiJ ~'\.J 'J 1'\.J 2 oM 1'J~1t1m'j '1,.rfl11:lJ ~tl '\.J i '\.J lml~tl1ti'\.J n fJW 'H iJiJ'lf1'J 730°C -845°C 
.d Q I <d ~ 'j) y ~ J e!j Q .:k 'j/

U~::VI ~tu'H iJlJ'll'1'J 845°C -870°C f)l'j 1\Pl'JtllJ'll''\.J'J1'\.Ji~tlf)l'j i 'Hfl11:lJHI'\.Jl'VllJ'U'\.JtHflW'H iJ:lJ'H'\.J 'JU~1 

fl'JtlW 'H fliJJ'\.J Hl~tl ilf'fl11:lJ f O'\.J~U fI'\.JfI~l'J l'YhtiiJ~b~'\.J 'J1'\.J ntl'\.J 11::tvi:lJtltu'HfliJ~'\.J'tJflflfl1'j ilf' 
If cu q • 

>I >I • 

fl11lJ~tl'\.J~fI'l:lW~1'lf'\.JU 11:: lliYll i,.r'J l'\.Jln~ Thennal Shock i'\.J'j::W:h'Jf)l'j6'\.JlI'l1 tllJ~'\.J'J1'\.Jntl'\.Jn• 
JJ • JJ • JJ JJ JI 

11:: i ,.ri'iJtltu'HfliJ~'\.J 'J1'\.J l'W:lJ~h! 11'\.J[i'JtlW'11 fliJtltlfflVl'\.J' '\.J'tllijmllIPl1lJ'li'\.Jl'ltl'\.JY1'J 2 'lf1'J U~1~'\.J 'J1'\.J 
q cu ~ lUI 

111 'jiG' ~ , .c::t Q , QI t ~ ~ y Q 

11:: ~~ 'jiJtlW'H fl:lJtltl1'Jt'HlJ 1:: ff:lJ :lJtlW 'H fl:lJtVllfl'\.J lPl~tlf1V1'J'll''\.J'J1'\.J C)f'Jnmi '\.J fl1'j i'H tlW 'H fl:lJU~:: 
q IV q lUI q IV 

'I '" ~ 1 "'I ~ I d 1 !IIi !II 1 " !II
n~l ~'\.Jf)l'jfl'JflW'HiJ:lJ11'\.JtI'JDtlfflVl'\.J '\.JVI ~'\.J'U'\.Jl'ltl'\.Jfltl'\.JVl11:: f1 flHff'j1'JtltlfflVl'\.J '\.J't1l'ltl'J 

>I >I 

6U'i'\.J 'J1'\.J ~..ltIfini If'wn]J~tl'\.J mh~'j ')~t~ 1111f1'lf1~ flW 'H n iJ6'\.Ji'\.J ~1'\.J 11 '\.J ()'JflW'H niJtltlffl't1'\.J 1'\.Jn 
q " v II "IV
 
JI JI t JI JI
 

~'\.J ~1'\.J n~ff1'\.J N1'\.J tlnU~::UfI'\.JfI~H'H ;tln1n~.;r'\.J 'J 1'\.J \l::~tl~fl1iJfl]JtlW 'H niJntl'\.J tltlffl't1U 1'\.Jn 
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fl !nmll 'W 1J 1{!'Yl'W i "l1~ijVVH"1J U'i w,'W lJ!'1ll~tl1ti'W J'W 111 'W ~ ~~ 1111 'W It'1ij~1I1flfl1'i 1~1J~'W fl1'i II '!J 'i 
" 

ff fIl'Vll m ~ ff~1~ ij ijff I'VI 'W ,'W,:]1 'lJ',f1~n!'1l1 'W tll'i f1~ ij W11 fl iJ 'U w:: ~ 111 'W ijijffl'VI'W i'W n1t'1 ij~ 1I1fl. " 
tll'i 1t lJ!'1ll1l 'W ltlWentll 'i , 11'In ~ tll 'i I'!J gtI 'W II'!J tl ~ I';'W tll'i ff!'1l tI 'U ij ~ fIl {iU~ tll 'i ~~ 'i '!J 'U ij ~fIl {iU~ 

" 
111'ff~llff1Jmltl:: Htl~ ij'U'W l~'Uij~fIl{i u~ ~~lI::~ij~iJ'U'W 1~~1111Jl:: ff1J'i 11Ji~tll'i i'mn'i::tI::nmi~ 

111'fIl {u ij'W In~tll 'i 1l'Vl1''W ff1'i tl~!'1ltl t1'llJtl11'W tll'ifl ~ ij W11 fl iJ 'W 1'W In 'W i'!J lI::ff ~ Htl~ ij'U 'W 1~ II tl:: 
. . " 

1IJ' ; '1....... '" • 'I ~1IJ ~'i ~ d "" d ~
 
tll'i m:: 1I1t111J ff1J1Iff1J ij lltl:: 'W 'UW~I~ tl1fl'W flll~'VI11l1 l~ IfI Hff'i Ht1l111J1:: ff1J fJW 11.fJ 1J'VI9I ij~ 

f11Ufl1J 111'~'W ~1'W iJfl111J~ ij'W i1 ~ijijff!'Yl'W i'Wnijv1'W';1~ 1170-1230°C i~if~'W ijvtiU'lfiJ~'Uij~19I1. " " 
'I , ~ ~ '" 'I ' '''' I'W m::: U1'Wtll'i l1f1111J'i ij'Wlltl:: fll'i'l!U ll'U~ 1'W ff1'i'l!UIl9ltl::'lf'W ~ 

I tI' tI 'JI 

tll'i Ifffj tI'i fll 'Vl'fl1l11J1~ ff 1J 11 II~ tll 'i 'l!U II~~ (Stabi Iity) fll'i m :::yh1'W ,j'W 91 ij 'W ij 111 'lJ'U'W 91 ij 'W 

~~tJlt'1 ij~ 1I1fl tll'i'l!U (Quenching) d.'l'W tll'i tl~f1111Jlti''W (Stress Relieve) l~ tltll'i ijU~fJW11 fJiJ';1~ 
'JI, iI tI 

150 - 160°C 1111~1I1fl'lfUll~~111'';'W~1'WiJijWl1fliJ\pilfli1rY'W6(-79 il~ -196°C) ll~l'W,j'W9Iij'Wijyil 
q q qJ qJ 

QI.c:l" I~. ~ 'JI 
l1tl~ 1l1fl'lf'W~1'W ij~l1fJW 11 fJ1Jl1 fN 

fll'i ijU fi'W ~1 11 II~1l1fl tll'i 'l!Ull~ ~ II tl::: tll'i tl~fI11lJlti''W11I'Wfll 'i I~ 1JtlWff1JU9l~1l11Jl::: ff1J t 11' 

.,j "l.... "l '" "" .. d 0 ""... 'I ~ .1 'i '" ~ d
1m ij~ 1J tI 91 ~ 11 Hlltl'W 1J tl tl 'VI 11 ::: 'VI1tll 'i Htl91 1J tl1~tll'i I 'If ~ 1'W 1J 1fl'U'W I~ tltll 'i tlU Il1 tl fl fl tl111 'W fI ~ 

. " 
tlWl1fliJ';1~ 520 - 550°C f1~tlWl1fliJtlV1~Utltl2i'111J~ 1111~'il1flir'Wyh111'lg'W~1tl~1I'Wil~tlWl1fliJ 

q qJ q ~ q cu 

.a QJ 1)1 ~ .a, c:i d QI
 

lltl:::tlUfI'W9I1ijtl1~'WtltI3 f1H (Third Tempering) l1H11J1fltl11 f1111Jll'U~'VIIl11Jl:::ff1Jl1tl~tll'itlU
 

fi'W~1t1~t'W';1~ 65 - 70 HRC 

.. .. y"
2.6 tl1'111.Jll'll~I't'ltlflflin!'«IVIl qilltlpmft [2] 

?I oClI.~ _"I QJ oC\ .d'lq 9J 1::1 t QI ~ d d " .Jt l!I I 

I'U 'W 11i'U tI~fl 'W H1'V1 I~ Htl~1J 1fl l~ mil 'Vl1:::1l11J 1::: flU tll'i'l!UWJU'U ~1l1 tlflfl mlfl'i V~1J tlll91 

... ~ ....... ~, ~ "" ~ '" 0 ~ 'I ~, 
1911 "Yt1I \111 tll rY1J 'i 1f11 "! ~ 1J 1fl U11 ~ U'W 1J ~ l1U'i tll'i ~ 1'W fll 'i 'l!U II 'U ~ 'W 11'U 11911 ~t1I \111 fllrY1J 1 l'lf 'W 

. ". 
'!J 'i:::!'Yl rY~l'W 1'W1J1fl'Vl tlff1Jfl1'i lh111'~H~9I1 f1~ tI~ijij~H"l ff11J1'i f1ff ~';'W ~l'Wl~ tli'uuitll'i 'l!Ull~~iJ~ 

.. "" '" .J • 'I ~ .,j "l d "" ... ....1 , ~.... 'I/) ~ , '" 
~'W tlU 'i tll'i 'l!U ll'U~ "l1 ~'VI1111lm tI~1J tI'VI Htl9l1J tlWfll'Vl ~ 'U'W 'W U 'il ~U'W tJlllfl tl11 I~11 fll'i 'l!UU'U ~ 

Il1 gflfl1l11'W19l1"Ytyty1fl1rYI1l 'W ~ ~~iJfl111J ~111l 'W ijVHf1~ ;j'tI~~ fflf1t1lfi tliJtll'ilfftl~'!J~lUtl:::ti11t~ 1tI 

, 'W flU ~~ IQ tI 'W fl1t111 II~iJ Ueltlfl111t'1 tI~ 'il1fl ~b i~lff tl111t1111fl tItI fl i 9f~flU t 11' f1111J ~ tI 'W 1 'W 
tI I 1" 

1911 "Yt1It1I1tllrY~ tI';'W ~ 1'W 1I:::111'W llflll w:::Yii~ 'i 1~1 ~ 1;~11l'W tll'i tl ~fI111Jlfftl~fll'i lfftl~ '!Ji~~~ll~~'W 

'" .... 'i '1~~ 1IJ 'i ....... ~ lLI'I ~ .... 
tll'iltl'W9I11~tlfll'i l'lffll"l1I'W t9l'il'il'Wil~tI~I'U1IU 1'W19l1~1t1f1111J~'W 1 - 10 bar 1I:::ff11Jl'ifl
 

o'l~ "'~ ... "'; ~""1IJ!II "" '" ~d '"
 
'VI11l11l1 tlfl fl!'1l1Jfl111J II'U ~ ff1Jllff1Jtl9Itl tI~l'1 'W 191~ I~ 'If'W ~'U tI~ Il1 tlfl fl tl1'V11l11Jl:::ff1J1'W tll'i 'l!Ull'U ~ 

~ ~ d ~ d... '" .J d 
~ 1m9l1~tyt1l1tllfffl1'i 1'U'W1l1 I1flfl!'1l'VI1Jfl111J ff11Jl'if1'1!UII 'U~ tP (High Hardenability) "l1~111J1t1M 

I::IIQI dQloC\ ~~t ~ d 'JJ4!I I d 
1JfI1t1m1lt1'W9I11flQ91 (CCR) 911 9f~ff1'W1Jlfll'U'Wll1tlflfltl111ltl,,!~ (High Alloy Steels) 1'lf'W Il1tlfl 

!II .,j "l '" .p '" .p 0 ..

fi"llfl'H)~1JO (Tool Steels) ll1t\fifi(1l'H)1J~~ (High Speed Steels) llHlflfirl1'V1111U1 (Valve Steels) 

'" ~ 1lJ~ "" '" ~ 'JIIm:::1l1 tlflfltl111ff'W1Jll'U~ (Martensitic Stainless) l'U'W~'W 
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2.6.1 '11 t1fl fll nh~1'U ~HJ ,mm!\Yt1J1fll fl' 

'" 1 ~'" '" '" ~ <:I -. <j "'. 1 ~ 1 ~ fll'iVi ~'U ll~l"l\y\ylfllfl' 'I1'lJ fll'i W'U ~1~1VfllC)f I'U l~'i l~'U f11l'lJ~'U \l~'YI1 '11 ffl'lJ1Hl '11 

'" '" -.~ J <> '" ~-.~ J ~ '" 1 '" '" 
fll'iW'U~11~ff.:J'tl'UU'l:::ffl'lJl'iflflH)tJfI'l'lJ'If'U~'tlfl,:um1flmn 1~'lJlfl'tl'U~1V fI1l'lJln 'Ufll'iW'U~1 

~ . 
~l1l 1;tfl~lfiv.:JtitJfll'i'lftJl 'Ut.imfl~fl• 

. .. .. 
ll~'Unl..lm'll 

. .. "" 
ll~'Unl..lm'll ll't1~f1111J 

I 

.1'" " '" '" '" '" ~ <:IllJ'YI 2.10 fl1Vi'l1'U l~~'tlfl.:Jl~l'1ftJU'tl.:JUtJtJff\U\Ulfllff UtJtJW'U~1~1VfllC)f 
'lI1 ~ Q U U 

QI I r:i Q 

fl1l'lJ~'U~.:JVi'UfllC)f'illfl 2 't1fl''YI1.:J (Schmetz System - Futur 2 R) 

1'U1, tJ~ 2.1 0 Uff~.:J'I1t1flfll'il1 l.:Jl'U'tlfl.:Jl~l"l\y\ylfllffl~ltyqJ\ylfllffQflflflflUtJtJ1M'ii t1fl'tlW:: 

"" " 
In'UU.:Jfl'l'lJ'YI'i.:Jm:::tJflfl ih1.:JmJl'Uu'U1'Ufl'UU'l:::U'U19i.:J nl~1m'l1~flfl~11Jmn'U~,r.:J1Jfl~~an'Ufffl.:J~'U 

'U 

4 1~"': '" • 1 ~ ~ 1~ ~ & ~ ,J ,J
IVifl '11 'lJ'U 1'11'l

I 
mV'U~'lfl~n'll~J W:::'YI1.:Jl'Ufl1V 'U l~l'il::llJ'U'I1 m '11 f11l'lJ'i fl'U C)f.:JflflflUtJUlJ'Uff1'l1'l V'lJ 

4 'jI 1 " 91 1" fJ/ d ""QI c:r dQ. e;:f,

'I1'ifl'YIHm:::tJflflU'l1UI'lfl11'lJ1H'lJ1:::ff'lJ'tlfl.:J'If'U.:J1'U 'I1fl.:J '11 fl1l'lJ'ifl'U'U 'il:::'lJ\!'U1'Ufl'U I~V'ifltJ lm:::'lJ 

mi.:Jl'l1'fl1l'lJ~fl'U (Heater) ~~1Jnn 1~1vuyj.:Jml1vM'Uflfl'illflJ'Ui1.:JiiltJvr~m'Ul~fl,f1vlM'ln~'i:::tJtJ 
iJ 1 'jI 'jJ, a 'jIe! d QI d 

fll'iVilfl1l'lJ'ifl'U (Convection) '1 'U 'lf1.:JI'll fl1l'lJ'ifl'U l'U'lf1.:JU'iflfll'i'Yl11'l1'1f'U.:Jl'Uw'Uml'i1 (Quenching) 

'" ,J -. ~'" ~ "l <> '" ~. -. ~<j '" <:I 4 'II) <j ~ liJ.1 
'I1'l.:J'illfl'YII~'itJfl11'lJ'ifl'U~'UmflW'l1fl'lJ'lftJU'tl.:J U'l1'Y1ll~ !~Vfll'i\!~fllC)fmflV l'lf'U !'U !~'il'il'Ul'tl-1 IlJ. ~. 

" . . 
l'Ul~-ll~Vffl'lJl'itltJi'tJfl1l'lJ~'UlilC)f9i.:JU9i 1 ii.:J lObar l~vti.:Jfl1l'lJ~'UnlC)f'lJlflti.:JYhlM'f11l'lJl~Jl'U 

",,,,.1&. ",,J .1",,,,, '" ~ .t 
fll'i lV'U ~ 1'lJ lfl'tl 'U C)f.:Jfll'i fll'l1'U \Plfl1l'lJ~ 'U'YIl'I1'lJl ::ff'lJ'tl'UfltJ'If'U ~'tlfl.:Jl'I1 'l flfl'll fl1l'lJ'I1 'U l'tlfl.:J'If'U.:J l'U 

• .t 1 I d ,d'JI ~ d 1 ~ Q,I r:i 
'ill'U 1'U 'If'U.:J l'U 'Ul~ lU'l::fI1fl1 l'lJU'tl.:J'YI ~fl.:J fll'i 'U flfl 'illfl'U 'U fl1l'lJl'i 1 'Ufll'i lfl'l fl'U1'l1'tlfl~fl1C)fU'l:: 

'lfij ~'tlfl.:JnlC)fnln'U 9i1U tJ 'i alfl \Uu l'U fl1'ifll'11 'U ~ f1Jl'lJl~ 11 'U fl1'i 19'U 9i1 1~ v..r11tJ ij V'lJ 1 ~ 

nlCJfilJ 1~'H'illJl~fH'illn~11tl1~n ufln~m11~ nlC)ftn7nfl'U ilgmJ1m::1s~'ifll'il'Uu9i1lififlVUVi'i 

'" 4 '" 'I1'llV1'U.:Jl'U'JIU1'tl.:J l'Ufl.:J'illfl'lJ'ilf11~~'lJlfl 



• • 

23 

~~~~~~~~~ij1~1J!!li~!!!lib:llfi'1Il~U9i1 
111li~ lint i'1I flln'l1fl111J 

4 d ..1llo' 

't1l'1l1H01'IVU"1'lnal~"\l1.J\l 

. ..~ . " llHUnUfll'lltJu 1IY1~fl11IJH)U 

l.U~ 2.11 f1l'jf1l':ilf1gtJ'W~'UtJ'Jn1CJ1''W1\PJ'j1~'Wl'WI\Pl1~\\j\l!lf1lfY 

11\J ~ 
"1 4 I J ,.t 'JI 'JI "'l' 
I'I.J 1\PJ'j1~'WLf1('ltJ'W ~1f1m'J'U'W1J'W~1'W"'W'J1'W'jtJ'Wll('l1~'J~1'W 

I 
'VItJ 

... l,d ,,~ .q

Ufl f1lu fl V'Wfl1111 'jtJ'W m tJfl~ mu. l1 flll 
~ 

,d QI .q J 11]"'- .cSl ~ ~ tIIV IV

1'W1U'VI 2.11 lHlf1f)l'jf)l'j'll1J (Quenching) 1f1~'U'W l~ l~tJll 1J'Vl~ln;j'W CJ1'J'U1J~1mHll~m 

'I '...... 'I 'JIr:i 11) ., 1 4.d I i .t 'JI 4 r:i i .,
'U'W1~ ll1\\j1J.:Jfl1J ll1f)lCJ1l'W l~'H~'WflltJ 'W1\PI1IflfltJ'W'VI'Vl'W U1J'W"'W'J1'W'jtJ'W llfl::llltJf)lCJ1 'W l\Pl'jI~'W 

l.t 'JI 'JI J • ?t 'JI • 'I 'JI d .,;. " .d 'JI.J d
~1'W 'If'W 'J 1'WUfl1~:: 'j tJ'W 'U 'W ~ 1llJ 'W \PltJ'J 'VI1ll1!tJ'W fl'J 1 ~ tJf1l'j 1'J ~ 1'W 'VI tJll fl mu fl tJ'W f11111 HI 'W CJ1 'J II 

: 'd I Q I a ~ o"d "d I ~ .cS 

'W 111 fl tJ!tJ'W tJtJfllV l'W 'VI tJ II fl:::: f1lCJ1 i'W 1 \PI 'j l'il'W CJ1 'J fI f1'V111l1!tJ'W Ufl1f1 ~::f1 f1'Vl 'W fl 'J 1J'W,,'W 'J 1'W tJf1 ~ 'W 
~ ~ ~ 

, JJ I I jJ 

m::n'J~'W'J1'Wii~Wl1fJiJfl~fl'Jl'hf1imV'W Ms l'V1tJ1M'f)l'j IfftJ~U'UtJ'J~'W'J1'W'll1JiiutJtJ ~'Jiif1l'j~\l1l'Wl 
" YifY'VI1'J'UtJ'Jf11':ilihti1CJ1rl~'W 'J1'W 1~tJff~1JYifYm'J ~1f1~ 1'W1J'W rl~l'W ri H l1 itJ':i::l1 iH~1'W ~ltfti1J 

" 0" <:t': "" Ifll'W'U11 m 1'I1ff1111':if:lfl11Jf]1J fl1':i Ln'VIl1llJfl~')f'Unu 1'I1'U flV('l~flfJ1~1J1f) 
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"ll 

f)1 ~ ff'"U li fl''YJl~ '\I 0 ~ n191~1 ~ ~hu ~'U ~ 1'U '\I W~ yh' M~'U ~ 1'U1g'U ~1 'iI ~'ti1 tlft~ fl U l ff fI 

~ u'1 'U;'U ~ 1'U 'lfUU ~ ~ 1~ fl 1 nH~ 1'\1 0 ~ nl91~1 iJ 11,r11 U '1 'U ~'U ~ 1'U iJ~ ff1111'l t:l ~ 'iI:; U 1Ufl11~
'" .
 
:, ," , " d G 1lJ ,,'" . d"... ..k '" • I '" '"
'" aI'l ~ UI'l 'If 1 'iI 'U 11 fl 1 11lt~ 1 f11 ~ tv 'U 91 1 1'Vl tI U l~ flU fl1 ~ 'lfU U'\I ~ 'U U 01fl ft 091 ~ tI ~ ff 111 U t:l u ~ U '11 

Q,I ,~Va 'j,I I Q,I ~ 
1,r1flU'tJ 'U l~Uft~~ U~ 1~ 'tJ 0 ~ 'lfhl~ 1'U 1~ Ofl~ 1 tI'il1 nfl1fl 111l ~'U 'tJ O~ nl91 

'" 
, 'U 1 U ~ 2.12 HftnU 'Vl ~ftO~1U~ tlutl1 tlU f11~ 1iftl1U 'tJ0~~'U~1'U ~~11';11~f11~""'Unl91 'il1n 

lifl''YJl ~ 1~ tl1nU f11~ .... 'U n U ff'" 'lJ n'U 2 li fl''Vl N ~ ~ f11~ .... 'U n 191ff'"Uf1'U 2 li fl''Vl N 'iI:;' Mn n 1if tl1 U 

l!Otln';l1lifl''Vl1~1~tl1U~~1l1W 10 t'Vll '1'U f11~ff5Ulifl''Vl1~ '1 hi 'Vl1~U~U~ff11l1~ t:ltl1'11 'U~nm 1~1'li'U 

'Vln"l 10 1'U 111 '1Mijf11~1U~tI'Ulifl''Vl1~ 11l'U~'U. 

2 R Kuhlung 

I,; 0.1 nllll 

.J d d ~ .,J d Q,I ItU'Vl 2.12 f11~ 1illtlUn1t1UnTHfftltU'tJO~'lf'U~1'U91~W'U1'l1'i11nnTHiJ1 

n'1C'l1~1'UU'UnUf11~1iJ1nl91'i11n2 f1'1'U ff5un'U 

fl1' -N~1t1''U f11~OU'lfU 1'U1911fft:lJt:lJ1f11fl'u9ino'U ~~11ff~ n10~'iI1nlwi'0~' ~nft1t111'U1'U1l1n
ClI q U t.I qJ 

" ,,"" 
iI 

?t 'I" "1 ''''a'~ '" 1lJ"1'ff:i 1~ f11~ 11fl111l 'l O'U 'If'U ~ 1'UtlJ 'U nu l11 fl 111lHI'U ~ tlnu UHH ff UI'l u 'iI ~U'U 11'll,,!tyty1f11fl' l~ 

'" ?t 'Iii" 1 'I ' iI ?t " ., ,' ....WJ'U11lJ'Uf11~ l11fl111J'l0'UUU'lJHffll ~tI 1'U'lf1~1'l'U1lJ'Um~""lfl111l'J0'U (ConvectIOn) Uft~ 'U'lf1~ 

""?t '",a" "iI, , 'Iii"'"
OW11.flllff~llJ'Uf11~UHHfff1d11l'J0'U(Radiation) 'Vl1 11tdm 'Uf11H)U'lfUM'ft~ ff~Hft 111m 'If'il1t1 

q qJ lU q 

, 'U f11HIU'l!U~lft~ 
iI ~ 

''U'Vl1~u~u~yh1~1~t1115~'iI1n'ri;'U~1'U'l!U1,r11 U''Ut9l11m:il~fh1911ffiJ 'Vl i1ll,,!tytylf11fl' 

(Vacuum Pump) 'iI~Yi1f11~ ~~fl1f11fl'00n'il1nl~1'i1'U11lmltyty1f11fl' u9ino'U~'iI~Yi1f11~ '1Mfl111l!0'U 

Q,/ ~ d ~ ~" .di 0 fj} 'j,I

nU'lf'U~1'U'iI::1Jf11~1911lf11911'U 191~1'i1'U1'tJ11u''U1911U~::1l1W 0.5 - 1 bar 1911'i1~'Vl1f11~'111fl111l'J0'U 

a'l '" 'I" 'I iI iI dt 'I iI~ 1lJ 1 '1 1lJ a. " I1~HJll IU .... ~l1~'U l'Ul1tl~ 111f1d11l'J0'U 1.... 0 111f11911'U 91~I'il'U.fllti 'U 1'I1fttdtl'U'U1fl111l'J0'U'illnU'Vl~ 

9J • ..: '1 ".,: d ~ J d , iI 1 .Q,I d0 .c:. I iI fj}

f1111J'HJU~'lf'U~1'U TIl 11'lf'UnUlltlW11tJ1l1.... 1J'tJ'U1~1mlnn 11fl111l'Jtl'U ~tlm~UHHffml1J~O'\.J 

, iI 

(t9l1~tytlllmfl'ffiJfJmn'l) U9il1~W11t,Jij~~ (>750 °C) f11'jU~f.~iff1dl1J!0'Uffl1J1'jt:ll,rl~;'U,n'\.J1~1~1 
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~ ~ 
1 <j/ QI Q,I.c:!I

. i <j/ tJJ IoIC:::), ~ .4:::l. 0 <j/ 'jI 

m1nl'j~lm1~'H)'U~H'U'Ul~fll\9l1 l1m1~'Jfl'UUn'b''U~1'U1l'Utl'H.lWl1iJ~750 C wmnn~lm1mfl'U 

iI '" ~ "" 11) "j i iI i ~ d ~ & iI <9
Hrl1l1rl~1l1n'U'Um"lf ~ 'U l\91'Jlll'U'il::tln~~flflm~fl mmJ 'U1\9I1llJ'Ufffl1~tH1JtU1mfmnflHl1'U~Url11l~ 

lU lU q u u 

'j/ 'j/ I~ QI I QI d. <j/ .or:9 .4:::l. d 
i l1m1mfl'Ulln'l1'U~1'U i'UrlmlW~UH'J ~ffm1m fl'U 'il'Utl~flWl1.n~'b'UU'\J~. .,. 

, ~ . 
i'U nHi 2.13 1~'Um'Jlvi VUIl1VUm'J i ..rfl11~!fl'U 1~vm'JUHi'~iYfl11~!fl'U9i~II~l~~~'U., 

<9 "" '" iii iI 'i" iI i 'il d "" 
ll'Utl~flW l1.n~'b'unum'J l1f111mfl'UUUUHff~ ~'PlVm'J~1f111mfl'U 'U 'I11~\9I'UlW::'VIflWl1.n~ff~ 

q <u q q cu <u 

<j/ IQ,ld. <j/ , ... 1 QI 1II<j1\1)''j) , d& <j/ 

~1vm'JUHHffm1mfl'U ~U11ff1~1'JtllJ'J~l1v~nm ~'Pl !~'Uflvm1 300 '\.J1'V1 "lf~ff1m'Jtlrl'Pl\9l'U't'l'U 

i'U m'J'I1UII~~ Ulfl~l~mn 'U tJm1ntf'U~U11m'J~lm1~!fl'U yhi ..r!fl~ flW l1.niJH\9In~N'J~l111~. . ., 
.4:::l. Q,/ ~ iI • IQI d. 'j/.& I C), I 

mnu un'UnrlN'\Jfl~'ll''U~l'U'U flvn11nn HH'J ~fffl11m fl'U "lf~fl11~Il\9ln\9l1~'\Jfl~flW l1.nm~l1 11~. ., 
~ ,~ 

Un'Unm ~tiu ~~h~'U~l'U,rflViJ Hrl~~flm'J ln~fI 11~lfl''Uv11'\JW~ i ..rm1~!fl'U lui;'U ~ 1'U 

Q "'i '&iil iI "" <10 iiii 'Ul\9l1'11UH'\J~UUUfff:UUnmffff~Vl1~ "lf~ 'b''J~UUfl1UfI~~1Vflfl1J~1I\91m'YJ1l1ff1m'Jtl 
q q u u q 

Q <I <I"" 11) iI & ° iI d .t Q d iI
,-,!uu'\J~uuum'Jl'YJ~lVmH~~ (Martempering) "lf~ll~mi l1m'J lffVtV'\Jfl~'b''U~l'U,-,!UII'\J~~'Uflvmn 

~ . , 

m m~tiu~'U~l'U l1 iJtv iNei'1J~fl'UiJ'J 1f11U~~ IW~I~'U m'J rl'Plm'J liYv~m'J In'Plm'J lI\91n!111l1n 

Q 11) iI 
m'J'b'UH'\J~ ~'Pl~ln. 

Q 0' _ I <I"" i ° 11) iI'j ~ '" "" 
nl'J '-'!U U'\J ~u U U ~ 1'J l'YJ ~ llJ fl 'JH 'U 1\9l1I!~ ~ 1nlff'VI 1 ~'Pl ~~ Vnl'J fi~ ff1V'J~ fJW l1 iJ ~ 

I iI I jI I 

(Thermocouple) Hl1Hn'Unrl1~~'U~1'U 1 ~~lw~l1u~nwi~~b~'U.n'Ufln 1 ~'Pl (fl11li,*m1~m~nu'U 
I jI jI I )I 

l1 hii 'Ii;'U ~1'U 1l~ ~ U~f111~l1 til i n""lftll~tiU~'U~l'U) . .,'\JW~l1~'U~1'U'b'Utln~'U~111ti1"lf1 'U l\91'J lll'U 

~ ad 9/.::9.Q d Q ~.J. ~ jlQ,/ 

flfl ~~11\91 fl 'J 'VIfi 1U fI ~ 1\911 11::: 'J tl ~ flW l1.n ~ 'VI rl" rl ~'\J fl~H1U rl::: un 'U nrl1'l'\J fl ~'b''U 'l1'U l~ flH1 1 ~ 'J U 
q ClJ q <u 

.Q .c:!i .c!t r;J ... 1 0 d ,g ~ iii ~ I QI 

flWl1.n~ll'Utl~m'Ufllff'UMs lJ'J~mw 50 c nll:::l1v~m'J~'Um"lfl~fl'Jfl l1flW'l1.n~Hn'Unrl1~l'Yl1nU 
q cu q q 1\1 

jI jI 'I I 

~~hmlH1mr'U t]1'U 'l1'U i ~ tln ~ 'U ~1V 1'U 1\91 'J III 'U l~ tll..rfltu l1.n iJ rl~v11n11nl''U Ms IIrl~ lV ~1l'U., . ., 
'j iI <I <I '"~ 11) .,..1
~flHff'J1~llJ'U~1'Jl'YJ'U ~"lf'VI Uff'Pl~~~'JlJ'VI 2.13., 

radlalion 
~'unvel:lionT'e 

T - 1080'C (up 10750 c) 

T.-. -;o;;-'2:- - I1000 
" c- - 

800 T -. 750'C - ~. I 
7 " - - ....""" -/~ -:- - -.-~_--/ I 

/ • / I600 T - 500 0

l
I- -;;. --'- __.-::::_;...-_--J I
 

400 1/1
 
)/ :_ 210 ---t"~1
 

200
 
. .. 300 _--t.~1 

Ia 
0 100 200 300 400 500 600 

I ' mm 

I1J112.13 f111lmVUlllVUnrnl-uf11,lll'f1111J;Vln::l1i"mlllll'tl111J;VUU1JlJFHnJ 

(mnn + fl1'UNi'~fff1111J;f)U) n1Jm,uNi'~fff1111Jff)u 
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" do d' y	 o!!I 
'lJO~'lJO~nTi 'lfUU'lJ~~1mmfl'ruru1fllf1 tHl2.6.2	 q q u u
 

1) fll'B1J~ tJ 'U 11tJ " 'I 'lJ 'U 1~ II " :: n TB~hJ 1tJ 'Yl'n ih!mJ
 
""	 ... oj

2) H1'11'Ufl'::Ol~ (Bright) li"'1nn'l1UU'lJ'I 

d	 Ij) "Gl..::ll" 'j)

3) lJfl11lJlfl'U~nfl1'1!'U'If'U;J1'U'UOtJ 

4) 1~fl11lJU~'1U"::Im'lfl'i\:)~fl'~llfl'lJtl 

5) Hti1'lffl11lJ~'Ufl' 'I''Ufll'i 'lfuvh'oNfl'l111'iU'lfUU~'1m ~nml'11~'H"1 nli (IltJ'If\J~ ". . 
6) fl1UfllJ~1tJfltllJ-W11~tl{ 111'11'U O~l'1 fll9l1 'U1J~ ijfll'i Inmj'tllJ" , 'U fll'i 111'11'U.	 " 

I .c:! I 0 

tltJ1'1m::uu 1!lI::UlJ'UtJl 

Ij) do d	 .o:!I Ij) d Ij) Q_lq lIJ I 

'lJ01fl'tJ'lJ O'l119l1'l1UU'lJ'IUUU~tyqj1fllf1 fltll9l'U't'J'U'lJtl'llmlJ'i 1f11rJ~lJ1n UllJlJ'imW'I1'U IlJ 

mn~ tln l~fl'lJ nun 1'i "'1'Y1 'U 'U on 'lllm1'U m ~ nnft'1~ fl'llJ 1'i U'lfU 1~~ tHI1j'U m g nnft'1~ ijfl1fll9l'i 1 

Ig'U 1111nnl9l~1~'11J m1j'U milJIli ~nnft'11itlfl' 'I"' . " 
119I1'lfUll~~IlUUffruru1fllf1d1'U' 11 tUfl'l111'imhn'U 1~O~1~51911mj~ l~wfl'!I'll tJ'i llm lJ 

q q u u u 

fll'i'lfUll~~~~tl'l fll'i 111'Ufl tllJ-W11191 tl{ 119I1'll~ 111'11'U 1 tJl9l1lJ 1 tJ'i llfnlJ ~tl1'H'U~i'l1l~'M'fI11lJ!tl'U• 
" . 

Ig'U111 1l":::tlU fl'U 111 191 llJ ~1'U 1'Ufl1'1 ll":::tlW 11 fiiJli~o~nn tl~N51911 'U1J~ ~!tllJnuijnnu 'Urin . " 
o Ij) .a Q,I~ 0GlV	 0 d. \I)'JJ&d 

fll'i'YIN1'U~1mfl'itl~U'U'YInllmJm:::~TlJ'Y11! 11fl'1111'iUI9I'i1'ilfl'tllJn1'i'YI1'11'U'YIH1'Um I~ 'If'llJfI'J1lJ 

ff1rltyllln1'U 'i:::UlJfll'itJ'i:::n'U'fJwm~ 

. .. 
c:I .Q .:to c:l 0 , t! 

2.7 m1'flJlI'U~n~W,"{l)Jn9J1flll'3'm.lf)~f11 (Cryogenics Treatment) 

'1 " ... oj _I '1 " 0' 11) 0''1 "I 11) . 
Ifl Hfl''i l'1filtJ'H" ~nl'i 'l1Ull 'lJ 'I 'll:: lJ 1" 1nn Ifl H fl') 1'1 lJn l'YI 'U 1'lf'YI I~ tJm" tl tl tl fl'l'YI 'U I'U 'YI 

" ct ~ ~ ... , J "" 11) ~ ~ '-11" ..0	 d ct 0
I9Infl1~ tJn'lll'U'J'U 'H'U ~'lf'l "nll W:::I'lf'U 'Um lIn i)::: ln~fl'J1lJlfl'i tJ~ IfllJ1ntll'U1 lJ 'lf~l'UI'Yn 1:: 'll::ln~ 

. " " 
fll)Ul9lmln '~~ltJ t1tymliff1rlty1'U']'Ul9ltll-j ijnflml1fll'i,,~tJ~lJ 1W'lJtl'lOOff1'Y1'U1'U't1m ~tlfl'1'11M' 

Utl tJ~ q'f1'H 1 tl'H lJ ~ 1 tJ 1 fI tJn l'i 1oNlntll'i 'l1U~~1n11tY'U 6tl~f11 (Cryogenics treatment) It" :;vil 

fll'itlUfll-ll1'J~tl 1tJl'v1tl"f1tJ~lJ lWtltlfl'l'YI'U1 l-ll1m~tlri'l'l 
d d ~d~ I 0'	 .c!l dod I 

nl'i 'l1lJ U'lJ 'I 'YI ~ W 'H.fJ lJ 'YI I9Iln 11tY'U tJtl'l f1'1 (Cryogenics Treatment) 'H) OU 1'1 'YI! 1" tJn 11 

Stabilization 'll:::l11hwnn ~lJ "'I' l-ltl1fllf1'lli "1 (Liquid air) 111tl''Ufl'1'i1-W~'lliu'i 'Ull~ ~W 'H lJii 

1 0 "'I 0 dI ~ ""'" '1 1"111 '1
'i:::'H11~ -79 C U'I-196 C 'If'lllJ'Um'ilJ'J1i'lJO'l British Oxygen Company l~tJfll'i 'If I'U 1\9I'iI'll'U 

m "dIll 'UIU 'U 11'J~~fl'J1lJ! tl 'U 'llln fl'l'i 'lfU nn'lfU U~~.yj tl W'H fi ii.yj~ ln11f1'tJ 6o~ f1l W"l'i.yj 'll:: l11 
q	 q q qJ lU 

I,	 ,II 
.c!tCllQ 0 I.c!tO d d.c::::a QI 

nnOUfl'tJI9ITYl 150 C ntl'U l~tl'Y11fll'i"~fI1llJlmtJ~'YIlnfl'lllnfll'i'lfU'lJ'Umn• 
~	 r;j .d .c::::a.d;, 0' .& ~ 0" dd 

'lJ 'U 191 0 'tJ 'lJtl '1fll'i 'lfU U'lJ ~'YI tl W'H filJ 'YI\9I1n'J1f1'U tJtl ~f11 'lf~lJfl11lJ'H mtJu ~f1nm''H m" n 
q	 q cu qJ 

fl~ltJlm:;ij'lJ'tJl~~U'11 'U O'U ijfll'i 11J~tJ'UUtJ"~'lJ'U1flUtltJmn 1~ tJfll'il111M'OOffl'Yl'U1'Ullm ~Ofl'N 

ttJ~rnun'w~Jllmu1C)fnl,r)Jlf)~-q~ mr'lm'i11Ju~~mgnn~1'll1f1tlW'H 5JijOOfl'!'YI'U' 'U1l1'Uffn'lU~ 
.. " ... ct 11) 0' "1"'0 " J '''' 

f.JW l1.f,JlJ'H tl~ tJ.:lfl~lJOOff!'YI'U I'U'YI!l1 "om~ O~~l'tJ'J'Umn'U otJ'lJ 'tJogf)1J 
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'" d '" 
O~'i1nl'HV'U~1 

l~ VVI ftflf1l'i't111 U fll'i l1'hj~O-3fll'i'11'-n omTl'Yl'U I'U 'ti'm i1fJfll·ullVl11:1-3f1l'i 'lJU~ -3 hw 

m~~H1 2 un:f1l'i~ri1fiqjfifJ 
IIJ .. t:lt,. iJ d.. d ~ iJ '" d .. IIJ" <!l 

1) fJfJff!'Yl'U 1'U'YltlJ'U !flHl:Y'i1-3'Ylllfl11lll!'lJ-3~1 mmVVI~-3f1l'i'l!lJl!'lJ-3llfJfJff!~'U 1'U'Ylm~o 

iJ " I'" d d d d. iJ ,d t:lt 
fll-3lJ'i mill ~ -3fl1111U'lJ-3'lJfJ-3m fj flfl11::: V-3'U OVfl11'Ylfl1'i ll:::tu'U 

2) Otlff!~'UI 'U'V1m i1Dj>h~~ 1of1lrrtu~v'U I ut~'Um{!'Y1'U IClI'Yl1~trltJt)tll!'i -3flflVl~O~~ 1 'U 
'U 

9 iJ dI 'i "'''' ~ '" .. IIJ .. .." I'" 0'lJill::: !'If-31'U ClI-3 !flVfJilll:YlllJ~'Ylnnl:Yfll:Y'lJtl-30tlff!'Yl'U 1'U'Yl1l:::11lJ'ill1ill1l1tyn::: (Specibic Volume) 
I I I ,)I 

9i1 fl11ll 1{!'Y1'U I ClI't1 ~-3tiifJtnflf1l'i tU~V'UU U~ -3UfJllij mwi tlf1l'i tU~V'U tllJ'lJ'U1fl'lJ0-3';'U -31'U fl rinfi0 

.cS I .d Q.'~di 1 d.d.c:.~ '131~ J d 
II nl'i 'lJ V1V~ 1Cl1-3U'U 'U fJ'U 'U l:Y fl 1W'lJ tl-3U'lJ -3tm::: 'Yl~ill VI t;}llVl fJ-3~:::flfJ Vllflflfl11lltm Vfl'lJ'U fllJtl1" fl 

c..o=~ oC1~.e:t. 91.Q d. '91 ~, ~ Q,I 
" 

tl'U IU'U ~~ 'Y1l !VI ttl~f1l'i u~m11 ttlflfl11llll:YVl1lVtW'i 1::: 01Vnl'i 'If-31'U 'lJfJ-3lflHJ-3lltl ~::: l:Y'U ,,-3• 

Har:!Uil"J 

uto' 

1>1\5::0-lfro 
!rtIJ/mrni 

,,,,, 
I 

tS I )) 
~/6.i} 

5 
65 

; Timt 

m:::lJ 1'U f1l 'i ih1rfltU'U (Cryogenics Treatment) 1fl Vf1l'i ih1 "VI::: ~ ~h'U m:::lJ 1'U tll'i 'lflJ. 
l!~-3 (Heat Treatment) 1JlU~1'l!lJ1'U ~WVl t;}iJ~~llllfl" lflV~fl'i:::lJlJVlll'Ut1V'Uu,,:::'~n"1''U'li1-3 

fl11lltg'U 'U 1'U WO~ ~:::'tl1' 11'~~ fl~fl~1fJUl-3l:Yll~~~"fJflll 1"'lJfJ-31"VI::: f1l'it~ll~W VI t;}iJfJdl-3~l" 

tnlJ f111fl11JfI)J~ lI~lh 1'111 ~m;1JlllrifJW 11 fliJl1'fJ~ 1flVU 'i 1rr~ 1flf1l'i'ilJfl1'U 'tl1111'tnflf1l'i tU ~v'U 
q • q ~ 

.1 'i ".: 1 '" '" 0" d. '" ",,,,JUlJCl.:J !flHff'il.:JYfU !ll..1'lJfJ~ llmflClfJtl1~lltff()V'imw 'Y11111 1ClVl :::tWllfl11ll'Yll..l'Yl1l..lf1l'imVfl Ufl 'lJ'U 
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(Wear Resistance) Ufl:::Ht)'UflfllufrjllJtfl1U~'\lt)'Jlm1::: l~uyhiU Sub - Zero Treatment 1l:::111~ 

t)W 'HniJ~lfl'Ji lJ(i'J 173 oK ~'Jt)W'HniJift;1mi'U 11t-WU'J'rH)dl'Hi'1Jfll'HlJ~U'Ut)t)fftl1'Ui 'Un~miit) 
q ~ q ~ 

'JI '11).1 ~ 1 o'i ., i 'JI l' 11) 'JId '" 0' i 'JIf1Nmllutu'Ullltl1'U 9fl1 'U':i:::~'IJ f1Hff':il'J1lflfllfi ~UH1'Ufln Quenched l~lJf11':iflff1l'UUff~'J 'H 
~ ~. 

d 'JI .o9.d .,; J' i d i 'JI dod 
m 'Ufll1lJ911'U 111'U f11':i fffl'H':i t)'YHfllJ'\l'U ~ U Cryogenics Treatment lJf11':i Uff~'J 'H m 'Ufl11lJfflt':i 1l 

ttfl::: ij fll':i i~Ut) Ul'Jfl11'J'\l11'Jtl9l fJ'J i li ii fll ':i ff~ Ufl11lJt;J1i 1ll11'J i fl 'H::: il1 Ul'\lt)'Jfl ':i ':ilJ in'~ t) Ul 'J 

'" 11) '11) 'JI 'JI 11).1 d 'JI I ~ <!i 

i 

'Il'~t1l'U Cryogenics Processing IlJ I~t'\l-I Iuttl1'U l1m:::'IJ1'U flUl11'Jfl11lJ':i t)'U U91tlJ'U f11':i U~ t1fll 

'JI 'JI ~ "" .1 ",d '" 'JI '" 
H)'IJ'\lt)'Jf11':i 'Il'f111lJ'jt)'U - fln Quenched, - fln Tempering tlJ'Utn)'Jufl91l1~W'HJJlJf!~l11U'Hfl'J 

'Olfl~~'U'Jlj.J~l'Uf11':i Quenched 1l:::t~'Ut)W'HniJl1't)'J. ~ 

2.7.1 f11':itlJ~U'UUUfl'JiflHff~l'J'\lt)'Jh'H:::
 

d 1'H i''IJ fl UtlJ ~ U'U UlJ fl 'J 1 fI ':i 'J ff~ N'\l t) 'J 1 fl 'H::: i'U t)w. 'H n iJ t~'U ~ ~H i ~f111lJ ~lJli 'U £~
 
~ 

.d ~ III QI ~ i .t:::\ Cll ~ i 0 i 'JI'JI
ttl U1t'U t) 'Jfl'U '\l t) 'J H'JlJ 191 ':i J l'U fJ W 'H JJ lJ '\l t) 'J m::: 'IJ 1'U flUmlU t) 1lfl 'U fI tlJ t) fl 'H::: Qfll11 'H ':i t) 'U 

QI .d ~ 0 i 'JIl '" d i '0 i" Co • IflM'Jl'Ul1ff'J'\l'Ul11 'H lJtflfl~'\lU1U911 ilJtflflfl'\lt)'Jmflfl1l::: 'HWl11 'HIfl~'ll't)nN'\lt)'Jt):::9ltJlJ 
lU q q U 

I .d Q "'j).di ~ .d, iQJ 

':i:::'H IN l1 t):::91 t)lJ'\l eJ'Jm fl flU91 fl911 eJ:::91 eJlJ'\l eJ'JfI1':i'IJt)'U 1l:::t'\llUl1'U l1 'U fl'U l111'J 'U i lJtfl fl fl '\l eJ'J• 
d d I I" .c!I "" I ~ 0 i" d ~J.eI 1 

m fl fll1 i 'H UI fl11 ff':i N fffll'U:;; m lJ eJ'U ':i '\l t) 'J i'H fl1f11':i'IJeJ'U ':i eJ'U m m 'U 'IJ 1':i 'J 'HI'H fl fl ~ '\l 'U t':i Ufl11 
u ~ • 

11) 0' i dd d d ~ 11) 0' I 'i '" '" 
eJeJff~l1'U 1'U91 fl'H:::l1lJfll1lJU'\l'JtUflU'UtlJ'UeJUfftYI'U 1'U91UU1H1U ~UflU~fl'O'lJeJ:::91eJlJ 

0' 0 i 'JIl d oil ~ 1 0 1'JIdJ' i '" i'\lu'Jfln'IJeJ'U f11':i111 'H fl'H:::U'\l'JtU'U'\l'U91eJ'UU':ifl 'Uf11':i'lJ1H 'H~'\l'U ~ueJW'HnlJ'\leJ'J fl'H:::tfl':il:::. . ~ 

111fI'j 'Jff~l'J'\leJ'JUt)fftl1'Ui 'U~11~ulJfl~u~1 iliiitff~U':i fll'Y'f i'U eJW. 'H niJ~eJlJ'jeJ'IJ f11':i t)'IJfl'U 1vleJU1'J 
~ 

d 0 1~ "k d.1 i 0' 'JI i 'JI d I <!i ' • .1. I
1inlJ~UIHfll11 'H &fl'H:::tu ':il:::'J1'JlJu':i::: U'lI'U'U eJUlJlfl 'UeJ91ffl'H fl'j':ilJ film flfl'lJ1'Jff1'U f1'U l1Ufl:::. .., . 
i'mneJw 'H niJi~t)ul'Jffiht fflJD (;i'U eJun'IJfI1{'IJt)'Uniit)~1l~'J) fleJfftl1'U i 'Ul1'O::: ff~N 1m'Jff~N1'Hli 

q lU ~ ~ 

"" ~ 1 'JI ~ d.k d , 0' 11) 0' '" ~1 ",d 0' , 0' 
lfleltlJ'U fI'j'Jff':iNl1f1'Jl19f'Jt':iUf111111':itl1'U 19f11 'Hfl'J1l1fll1 fl'H:::'IJ':i'HltJW'HJJlJl1lJl':itl1'U 9fl1 (Ms) 

:iJ 'U (i'Jt1fll~ 1l::: 'IJ eJfl i~ 11fll J fl ~ ~W 'H JJ iJ1 M't~'U eJ~l'J~l"l ri 'Jlff~lJ fll':i tU~ U'U 1 fI H ff~Nt~ 'U 

U'IJ 'IJ lJ 1{tYI'U i 9fl1 trl 'U ~~ ~ ~ W'H JJ iJ u 'IJ 'IJfI'j 1 Ui eJ VflUf1iifl11lJ dlti~ l~utln'll:::UUN~'J 1 fl 'H::: 

11) • I 0' 0' do'l i 'JI 11) 0'11)' '" '" 11) 'JIi
I~Hut)':i~t91f191t)U~ (lJfll':i'IJ'O'Ulllflfl11 0.83%) f1Hff':iNllltYI'U 19f~ IlJffllJ1HI1l'IJ9111~ 'U
 

'" di d 11) 0' .Id ~ 11) 0'1 d '" 'JI d '"
 
eJW'H n lJfI'Jl1 'U '\lW:::l1 t)t) fftl1 lJ I'U911U M'U lJltlJ'U lJl1l1'U I9f~ 'U '\lW:::l1 t)w 'H nlJflUlJ'j t)lJW'U 911fl'J 

q 'U q lU 

'lb'JQw'H JJiJdl'Hi''IJlJl{tl1'U i95l1nl'H'U~i~ufI1{'IJeJ'U'\leJ'Jifl'H:::~lJ~ 2.15 1~'Umlvluff~'JQW'HJJiJ 

'\leJ 'JlJ ltl1'U i 9f~~ t~ U1;Jt)'J~lJ ~ 'U £n 'IJ f111lJ 1l'\l U'JfIl{'IJ t)'U 'lf1'J i li f1'J~ trl 'U l~ U'J fl U II ff~ 'J• 
I "'. I'" d .,; J' 11) 0' 'JI d d .,;

~~1J'J'H lJ1Ufl11lJfI~'\l eJ'Ju':ilJ1Ull11fllJ'\l 'U '\leJ'JlJ ltl1'U I9f~~1UfI11lJW'U911lJl1Uff~'J 1'U m lvl fln tfllJ 

el tI "l " ~ 0 ~ 1 d'.eI ~.d " 
'\l'U'\leJ'Jlll':itl1'U 19f11 (Mf) fl~fl'JllJeJQW'HJJlJI9l1f111tr'UUU'JfYlt9fm9fUfllJ':i:::lllW 0.7 % ff'Jl11l:::91U'J 

.c:::), 0 QI .C), QI "1 I 1 I..:!I ".4 . QI' .d d tI 
fl1l1':i W lffl'H ':i 'IJ Hfl91n W "VI fl 'H :::ff1'U 'H ~f1eJfI11lJ':i U'U 9f'Jlllflfl11 lJ'U 'J1Ulllfll11l::: m 'U fIl':i 'IJeJ'U 

.,; J'" d , o'~ 11) ""0''JI1fl 'H::: lfllJff 'J '\l 'U lJ ffllJ ':i f:ulJ fl U'U IIU" 'J eJ Ul'J fflJ 'IJ ':i WtlJ 'U UUfft'YI 'U I'U 'YI fIllJ ':i 1fY1l1f1tm U'Jfl1 'IJ fllJ 
.. 'II • 

flW'H niJr~'U M f 1l:::VilfYlllrlUUW 'H niJ~lfl11fY'U6u'JfYl U9l1l:::;~~~ri1'U imu~d1tiwi'U flUfl~'4 ... q cu qJ ~ u u 

tJW'H fJ iJ1'U fln lU~ U'U LLU"~tJ t)fftl1'U' 'U ~u~ H fflJ1J ':iWtrl'U 1,,'H:::fI1{'IJ U'U \T'JU':ilfl{) UUl'J'i~ t1l'U11 
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m::'IJ1'U fll'j fl'j1tJ 1fl~iJfl1n'U1I'UTYlHl'Ufll'j ItJgtJ'Uflflfflfl'U i'U'nfl~fi'H 1tJ1nmJ1{lfl'U iC)f't11'U 1t111:: 

.. .. ~ ... '" '1 '" ,,~d' q1~JltJ fl 'j m~ fI ~ fl tJ~ ~ t1 fl1 'j nfl1l1'U fl~ fftl1 'IJ 'U 11 ~ fI C)f ~ t'j 1J 11'U tJ IH"~ ~ t11111 'U 1 1fl.W 11 fl1J 'U fl ~ 
~ ~ 

'1 d .. _I.... 11) .. ~ "iqq

fl'j1tJ tfl~'Ufi 'YIf1l'j'IJfl'U 0.83 % ff11l1'j(1t1~llJfl'jIC)f'U~'Ufl~flflff1~'U t'Uflfl~fIl~~lfl 42.60 % 1l1t1fl 

0.90 % 1rtmmtJ'lJ1YitJ'IJ~~Wl11JiJtJfl~Ji'Ufiflfll'j 1tJgtJ'U'Ufl~1J1{lfl'UiC)f't1~ff1J\!'jw~~Yhllfm:::'IJ1'U 

fll'jfl'j1tJ1 fl~iJfI1J1'j• ~ llf1t1l1djm11JU~~ff~llff1Jfll 'U'Uw:::~tJ~f1~m11J1l1utJlmh~1t1'U itJi~ 

Figure 1
 
MARTENSIlE FORMATION TEMPERA TURES FOR
 

VARIOUS % CARBON CONTENT STEELS .:. -:-- - _. 

ltaF -, 

5001 

ooc 

OC O(F) 

%C 

OK(-273:) 

. " . 
11'IJ'U fl'U ~::yj ~ fl flfl'lffl~fl HYil1 'U 1U1J 'U fl::: ~fl1J1l1 ri1U~:: 'j l1J~ln'W hwU'J ~~'U 'j::l1-jHYi~i1 fl'U fl~• 

.. 11)"'1 J "'lIJ........ ~ ~ I d " q .. 11) .. "'lIJ .. 
1J1'jlfl'U tC)f~ t~'U'U fIl'j 1'IJ~~:::~fl~11'IJ'Uflfl'Um'Wmfl"lt'U'IJ'jnW'Ufl'IJ'Ufl~1J1'jlfl'UtC)ffl fIl'j I'IJ~ 

111 ril'd'Yll llf1 fI 'j ~ff~1~'U fl~1l1{lfl'U iC)f't1 ill i'IJ~ln'Uln'UII'IJ'IJl~tJln'UlIt1~an'U i1~im1ff~~O~m11J 
_I • d 0 '1 '1 qq q J '1 "'lIJ .. 

IlJ'j 1::IHl:::m11J flfl'W'U fl~1l1t1fl fll'j 'IJ1~ ~ t~tJfl'j1tJ tfl~'Ufl1n~'U'U t~tJfll'jt1~'U'U1~'Ufl~f11'j I'IJ~'UW:: 

~l'U~'U'j::fJnu fl'U ~1 ~tJfIl{'IJfl'U flff'j::: l'U tJi1J1tIJ ~l'yhn'U f1'j 1tJ1 fl~iJfl1ffjjfl'U ..11llfn1'j'W~'U1'U fl~ 
" .iJ • .c::.IY rI GI Y.c::.I I,. Y,. ,eSd' 'j) 

nfl'U tI1'U 'U'lf1"~ m::: ~ltJfl:::ml1J'Ufl~fIl'j'IJfl'U tl1 1'j tJ'lJUt1::U'U'U tf1H ff'j 1~ t~tJ'jl1J1JfllH'UfltJt1~ 

'Cf1J1J~~ TW ~neU i1l1 rl~fiililw l1 niJ~~ l1JlniJ1JiJ~ nn111Jfi1'\)i1~f11{mJ'\.Avtn:::;r~'U11~ 11'1 'j ~ ff!1~Jl • .. 

"'lIJ .." '" '" '" _1 4 " ~ d '1 ~ .... 1'1 ..
'Ufl~fIl'j I'IJ~ t'Ufl1'j'jl1J~ln'U ~~~lJfl2.16 Uff~~ tl11l1'Ufll'W t~tJnt1fl~'t1fl'j'jf1'U'Ufl~1J1'jlfl'U tC)ffl 
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fitlUUCl~ l1tl'Jf)1'Hhum~U1Uf)1'j~'j lUI tl;)U fl .,)'mY'J!mlt'Jm{UtlUm ~111U1J1m!Cl~I flHff~ N 

i l1tYi~uu~ UUlYi UUnUf)1 'j "Iulumh~~ 1 n n!ugUU UU Cl 'J 111ntl tlff1'rlU i U niu d~u 1J1 {l'YIU i C)fn 

~U tl~ih i U 2 miN fltl U~1J1W"I tl'Jf11{U tlUUCl~ qw l1 t,JiJl Cll1 ~!t1J U'j n~ tl'J i~ i'Uflll1J ~ tlU iu 

.e.d it ~ d e:::.e% 9J .dI 0 

tlW l1.fl1J 'Yl1l11J 1~ ff1J!Vl tl U Cl tlU tl~ \PI tl1J"I tl'J fll'j U tlU 111U lU 'Yl1l11J l~ff1J tlW l1.fl1J U \PI tl ~fl 'J 'Yl UCl ~ 
q cu q eu 

1J1nVltl~ l1dh i M'tltlffl'YlU i U nijuiln~ Ull.,)'lU 'YlU ~ iffltltlCll~mfu~'JuCl~911Jtl~nUmCl"ltl'J 1\P1Q~ 
0 'i e% 9J 0i9Jd '9J 4 .e. 0', "'0 '"

11~!tl1 UU1~ 'J\PI tl UU 11:l:\PI tl'J'Yl1 l1 WU Cl'J tlUN'ifl'l !VltlqW l1 t,J1J"Itl~1J1'j l'YlU C)f~ffll1 'junn U 'j 'j ~ 
' 

m{UtlU ~1fl'1l1l1rilifiU I Cll1~ Dmhul1i1~fltlm'jmUfl1JtlWl1.flm M'fl~~ (f1dl1Jl1U l11UU "Itl~fhu.. .. ., ., , 

ijfl tltlW l1.fliJ I~UlnU) .fl1 Ui ~ff .fl11~Ul~ tl'tl1J'I1u fYlU Yi 11~ miiU m ~ U1Uf)1'jfl'j lUI tl;)UflU Cl~t1O'yh 
q eu cu cu 

i l1\~U i~uiY1Jliu nnu M f ffll1 i'Ufll{U tlUUmnuCl~fl~miiUtlW l1.fliJ~~nril111Um~..t~tlwl1.fliJ cu q cu q cu 

i ntl'l1~ff1JUHU~1JlU 'YlU 1J l{t'YlU1C)f~tU ~ uuuUCl~UCl~.ffU~ lU l1~!U~UUtlW l1.fliJi~u'jtlU'tu U\PI'j 1 
q cu q 'U 

~Yi l'tM'flll1J~lU 'Yllu.fl1ui~1\P1tltf• tlU~ff~• 
tlW l1.fl iJ ff 111 i'U f1'j lUI tl~U fl'tU tlW l1.fl iJM'tl~"I tl~1l1 ~nij HCl n 'j ~ 'YlU~ tlf)1'j!11 ~ UU!! 11 Cl~ 

q 'U q cu 

"WI 0' a 9J "l d 'jI 11:9'1 Q.a ltJ o'~I

"Itl~tl tlff1'rIU !U 'Yl1l1 "tlf11~ tlUl'J! 'j n\PI11J HCl"l tl'J I fl H ff'j 1~ HCln 1J !fft1 tJ'j 1l11J tlU1J 11'YlU I C)f~ 'Yl ~l11J ~ 

fl ~~ 'tU n" 11~ UlnU nu ~ltl[h~.,)'N ~U tlW l1.fliJ "I tl~fl 'j lui tl;)U fll1~ i lim ~'Yl u~ tl~U 'YlU ff 111 i'U. .. . 
~lU1U HClHil\PIll1~tlu nU\PI'j'jf1~'-,hiilfl~ tl'Jf1'j lUI tl;)Ufl i f1tl't~U~tlU1JlnnUl\PIll1Cltl1J I "l1 :l:fll'j t~U 

1 I I I 'I 

"" "" i d jI Q .et..::tlJ] I' 4 a .et. i ~ d ~ i ~""'" 
ff~ 'YllJ1 ffU 11 'Yl11 ~ ~~U tl U'Yl ff~ qw l1 t,J1J'Yl ! 1J\PItlIU tl'J l1 'j tlqw l1 t,J1J.fl1U U l1 tl~"I tl~ 1l1"f111~ \PI tl'J 'if11i 

lh~ un~l1 mumh~t~ tl~ 11~ i'u u'j~ IUGJn.Jff 'J ff~"Itl'Jin uuumluitl~Ufl. .. . 
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'l' ~"" d .Id .1 'l' IJ d IJ "" .l dl 
m ~ 'lJ 1'1..1 f)1'j m ltJ Itl 'il '1..1 fl1J f)1'j 1u 'l tJ'U Uu M 1m 'HY'i 1~ ~ 'l fllfl 'II tl ~ l'I1 'In n 'l llf1fl 'II '1..1 'If ~ 
IS" , 

f)1'j 11l~tJ'U ullMiHim"'ln ,~'U tl~m'j1J1~mltJ1tl;iJ fl (Cryogenics) f)1'j 111 ~tJ'U ull 'l~U 2 tlUl~ 

1fleJn1'j 11l~tJ'UU 1I'l~rl'1~'U111~.~ 'l 11 tln'IJtl~nl'j 1I~'lJ1I'j.~ml1J~ l'U 'YI1'U f11'jiYn11 'j tl~tllff'U 1'il 

• Id • I d d IJ 1 'l' IJ d lIJ IJ ""d
f)1'j 1u 'l tJ'U Uu 'l ~ 'YI1: Austenite 'YI ~ nfl N tl~ ( Ifl H ff'j 1~'IJ tl ~ Grain 'YI I~ 'ill n m 'j 1J 1li 'YI N 

IJ .,d .llIJ.1 "'t 'l' IJ d d 1 'l' IJ 1 0

fl111J 'j tl 'U) 0 mu 'l tJ'U 'j u IU 11J 'U Ifl H ff'j N 'YI U'II ~ n11 Ifl H ff'j 1~'IJ tl~ Grain 'YI '1..1 'YI1'U n11 ff1'U.. .. 
.. lIJ o''''t 'l' IJ ... d~ '1IJ IJ dO 0 ... 

1J1'jl'Yl'U 1'lf'YI1lJ'U IflHff'jl~'IJtl~ Austenite 11'l~'illn'YI1'j1J l'Hml1J'jtl'U'il~1Jfl1tltJl~mn50% 'H'jtl 

1 'j/ J, Q;I Cl 'j/ 'j/ 'jJ ~ QI.e. )} 4..c:!!I d ~ 'j} 

tl tJl~ 'U tl tJ 30 %'11 'U tl ~ n Uf11 'j ! 'H fl111J 'j tl 'U 'II tl ~ ~1I U'lJ~ n1'j U'l ~ fl111J \J n~ tl~ 'IJ tl ~ 1fl HI ~1J tl 'YI t 'H 
S' 'I , 

fl111J~tl'Ul:r'U m'j1J1~ fl'jltJ It);iJfl'il~~hiJ'U~tl'1I1itltJ"11fltJfhntl'lJ 100 % 'IJtl~ Austenite l171n 

IJ 1 .,d lIJ.I"'t 0' lIJ 0' IJ "'i o'lIJ~,J 
fl1-:1tl~'il~tJf1!u 'ltJ'U Iu l'lJ'U 1J1'j \'YI'U IC)f'YIfl11lJ~ 1'1..1 'YI1'U f11'j ffn'H 'j tHI~\Jn'Yl1 t'Hl'VllJ'IJ'U 

I • I fI 

f11'jlll~tJ'Un 2 : tl'4fllfl Eta 01 )Carbide n'lJ~,,!'YI1i'il~lnflf11'j~n~~ntl'U'j~w;h~f11'j~lJ 

1~'U n'll'U l'U 1'U 'IJW~111m leJ ltl;iJ fltl'4fllfl'ildj'IJ'U1fll11qj~'Ulnflf11'jFrom ~1n'U tlUN'H'U lUtl 'U 

.es 4, QI d J IV I ~ 0' 111 c'~ o~"
 
1J 'j 11 U'lJ 'lJ f)1 'j l'lHllJ ~ 1 U'l ~ l'I1 'U tJ 1 m n 'II 'U U'YI 'j n ~ fl tl tJ'lJ 'U H1'IJ tl ~ m'j l'YI '1..1 1'lf'YI C)f -:I 'YI1 t'H ff fll 'Vl
.. .. 

"'i 'l' IJ 0' lIJ 0'd lIJ IJd d IJ 1 'l' IJ lIJ 0' 0 ... 

f11'jffn'H'jtl'IJtl~ IflHff'jl~lJ1'jI'YI'UlC)ffl'YIlfllJf)1'jlln'IJlfl'UtltJf111IflHff'jNtltlffl'YI'U 1'U'YI ffl'H'j'lJ 

d 'j/.4 4dt QJd Jt I ~ 
l'I1 'lnn'lllm tl~1J tl'YI m'U m ~'lJ 1'U f11'j 'lJflW'U 'ilfl1'll'tl1J~tl'lJ N 'ilfl'il~U~ntltlnu'l~ From 1lJ'U tl'U fllfl.. . 

1 J/ , 

niYn11'jfl t.i'll'11 ~m:r'U ilion Treat 'ilfll9ftllJ~tl'il~On~fltltlntlUl-:1~ltJflleJ 
~ q ~ 

,. 'j/ 0' "l 0' 0""J o'.q e:t.d 'j/ J <V 40 

Ifl H ff 'j 1~1J 1'j 1'YI 'U 19ffl U'l ~ fl1'j IUfl 'lJ 'j "! 'YIli 'YItJ n ff'j 1~ 'II 'U m 'il~ 'YI 1-:Il'U 'i11J n 'Ul'Vl tl'l fl 
• ~ J/ 

f11'j iYn'H 'j flf11'jl'~1J'IJ tl-:lfl'4 fll\'1fl1f1 'lJ ~'lJ~ "!'YIliij 1~'U f)1'j'lf1tJffl!'lJff'4'U Martensite matrix 1111M 
J/. J/ 

1nflf11'j£llnl'U f)1'j 'IJfl1mntl'U!Utl1fffltltln 1ijfltl'U fllflflll'J'U flnontJfl~1'lJ'U Yl'U H1 Carbide matrix 
qj q II qJ 

'il~,jfl'IJ11~1~'U:itl~ U'l~f11'jiYn'H'jfl'il~on1111M'lfl'l~.. 
o iii cI ,. .£I fl "".:1 Q,I.q ~.:I J d 1 "" ....q.q 0

'YI-II1Jf11'j'l1'lJ!tJ'U "mltJ Ifl'il'Ufl" 'il~'YI1 m 1'l11~1Jt:lWff1J'lJ~'YIfl'IJ'U nW'l['lJ!tJ'Ufl'jltJ fl'il'Ufl 

• 0 'I IJ "I 0' d ... IJ • • ,d "'t 0' "I 0'
(Cryogemcs Treatment) 'YI1 t'HDtlffl'Yl'U t'U'YI'YIl'I1'ltlflN (Retained Austemte) 1u'ltJ'U 1'lJ '1..1 1J1'j 1'YI'U tC)f'YI 

Gl" d ~J'4 d jJ 4. 4 I ~ I I fl.q .d.Jt.::l 
t'H m n'YI ,,!fl 'YI-:1'U 1'U tl-:l 'ill n 111 'l nn 'lllfl'j tl-:l1Jtl ff1'U t'H ty ~ff1Jli 1~ ~ N"1 t'U 11 'j 1J1W ~ -:lC)f -:I 11J fllJ 

"" d • I d • , lIJ o'lIJ • I "'t 0' lIJ 0'... d
f)1'j 'l fl ~W 'H tJ 1J lJ f)1'j 1u 'l l'J'U Uu 'lnln fl t) ff1'YI 'U 1'U 'YI Iu 1lJ 'U 1J1'j l'YI'U IC)ffl flll'J11 M f11'j 'JI'lJ U'IJ ~ 

d IJ "" lIJ 0''1 d "" IJ 0 'I IJd lIJ 0'
(Heat- Treatment) l'I1'lnn'll'illntlW'Hfl1Jtltlff1'YI'U 1'U'YI t'Uffl'j'jf'lJ'YItlW'Hfl1J11fl-:l'Yl1I'H1Jtlflffl'YI'U 1'U'YI 

q cu II II cu 

1... IJ 0 dl ... "'t '1IJ d d d IJ 1 d "'t lIJ 0' ... IJ 
m'l tlflT~tl~'ill'U1'1..1 11'U ~tl'U1'lJ'U H'l 1'H l'I1'lnlJ ml1JU'IJ~'U tl£Jf111'Y1fl1'j 'il~llJ'U tltlffl'YI'U 1'U 'YIl'11'l tlflN 

d 1 . Id "'t 0' "I o'.,j ... "'i 'I IJ dl "''''' "" 0'
1J fl f)1ff 1u 'l £I 'UllJ '1..1 1J1'j l'YI 'U IC)ffll1J tlO n UH nfl 'H 'j flU H fl-:l 'IJW ~ t 'jf ~ l'U C)f -:I fl Wff1J 'lJ ~ 'YI1-:1YJ ffn ff.. . 
fltlffl'Yl'U i'U '¥1'il~ijll~ lJ1m ~ 11'Vll~~ln'h1J1{l'YI'Ui C)f'¥1 ~-:l1rlfl1nflf11'j 11l~ tJ'U u lI'l~U tl1J'il~ UH'l1fl £J~'j ~ 

J/ 

n'lJ'IJ'U lfl~'U-31'U n~l1fltlijf11'j'IJ£JltJ~1nfllM1nflfl111J1fli £Jfln'lJl'I1~n tJ'U1~'U~'l lM1nflf11'j u~n~11 
J/

'I IJ '" 
U'l~tl1qf11'j t'jf-:ll'U ff'U 'l-:l 

.1 1 o''';liJlJ... 1 """" d IJ 0'
2.7.2 u'j~ £J'lI''U'YIlfl'j'lJ'illnml£J fl'il'Ufl'YI'j~l1J'U'YI (Cryogenics Treatment) 

fl11fJ1flViJfl'YIi~1~l.Il1In1Jmfl11J 1 'C\~~n1J'.i:: 1[J'lnrlllmht1i'1J~~ Ull101 HJl'flU'I1tJf)'j'j 1J 

d IJ ""I t:f 0 CI ~ d ~ cf.d, 'j/QI
ltJ'lI''U'VI 

Q'

f11'if)W1U'f1::~'lJ'i flflm::'lJ1'Ufln'U'YI11l'ftJ-:lflHlfltJ1U'l::llJ'Uf1l'im1~1I~:: fl'j'lJ61'V11'tr'U 
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iI • JI . ,!JI 
Q I ..t:!t QI Q d & QI I 

1) fl1fJ'Hl'J'lf'Uff1'UlmIU'Yl,:n'UJfl~~I'YnJ'tI'U 50 % (l'J 400 %'H€l'J~lfml'Um~U1'U 

e1 0 \I] ~ 3J did t3J ~ J ~ , ~ 
f11'j'U t 'Ufl1'j'U1 11.Jl.h~flfl~ t 'If'J1'U'Ylm'W1~1~1~~'J1J1'Jflfl1'JlJfl1t1f11'j 'If'J1'U l'WlJ'tI'Um 60 1'Yll fl1'jI'WlJ.	 . 
~'U ovnu i €l'H~HfflJ, fl1'jl.J-I' tJi ~'J1'U ll€l~fl1'jH1'Ufl'j'jlJ11i'Yll'Jfl11lJIg'UI~'Ufl1'jU1NI.yjtl,mf.. . ~1~t11 

2) 'jtJi1'J'tIfl'Jl~l(l'~ltJ~t1'UlltJ€l'J i'ifl11lJ~'Um'Yll~'tIfl'JiJ~.. . 
3) l~lJfl11lJ'H'U 111U'U 'tIfl'J i flN ff~N'tIfl'J ilJI€lfl€l ilJI€lfl€l ~fl~lflV1'Ji'i'j~I;jflUi'iH€l. . 

o i j1d"" '" "'.. J d	 jI'Yl1 'H lJ H1fflJ'W'Yllilllfl'tl'U €l flm 'JIffflfl'Yl1'U 'Yl'U fl11lJ 'j fl'U .	 " . 
4) ItJ~fl'UlltJ€l'Jim'Jff~l~l1'J'HlJfl '~i'iffl1'jltJ~fl'Uim'Jff~1'Jm'W1~H1 

.d	 "I .. jI j1::l! .. "I .. ". ~ 
5) ItJ€ltl'Ul! tJ €l 'HHJ ffl'Yl'U I'U 'Yl~flm'J t 'Hl11'U lll'j l'Yl'U l"lffllflflU'Yl'J 'H 1.Ifl 

6) I~ 1.1 fl1'j ~ l'U 'Yll'U II €l~ I'W 1.1 fl1fJfl1'j t ~ 'J1'U!fl1 fl'J ~m €l flfl1'j 1J 11 'J i mil €l fl 11m 

ffUJItJ ri1't1 fl 'Jlfl~ fl'J ~fl'j 
.. u 

7) 1'W1.Ifl111.1m~fl1 €lflfl111.1ItJ'j1~ 

"" 9) l'WlJ fl11lJfl1.l l!€l~ 'Yl'U 'Yl1'U
 

10) Mlfl111.11fl''U (Stress) fl€l1tlfl11lJlfI1flfl (Strain) 'tIfl'J i€l'H~
 

jI	 '1 '1'i1.A 0<I:!t	 cv
11) €lfl~'U'tJ'U 'Wfl1':i 'lIlmfl'J1.Ifl!1€l1ll€l~fl1'j1J11'J'jflfl1 

2.7.3	 tJ'j~ itl'llt1t'W "l 

1) fl11lJ~1'U'Yl1'W'Yll'J'~vh~l€l'JtJ'j~lllW 5-7 % t'U i€l'H~Hff1.l'H€l1t1'l1Ufl 

2) r;]tJ fl'jru~!€l fl'Y1'j flUfl fftJ l'J'lfUfli'ifi1 ~fl ff1'W'tI fl'J ~tyty1W fl1'j 'jUfl1'W i!'J~'W 

3) tJ1'UtJ'j•'J"flflW~fl1'j~'Uff~IYif)'U 
'" jI ~ J oj::l! 0tjl "" ~ 

4) f11'j fl'j~ ~lfl~ 1'Yl1'Jfl111J'j flU ff1.l llff1.lf)1.I1fl'tlUll€l~ 'j1fll'j 1111 'U H€l'Yl1 'H fl1'jU fl 'J f)~ 1 

2.7.4 fl111.1~f)'Jfl1'j1Uf)U1fl~ 

1) ti'lmfli'ifl1'j1~mif)' tJI~f)t1 "l ~~"'1 tl1'rfl111.1~1.Ifl''Ulh~wh'J iflNff~l'J~€lmfl 

fl1fluf1nufJw ff1.l1T~'Yl1'Jlft'1fl'j'jlJ~1'U fl1'j ~1'U 'Yl1'Ufl1'j fffl'H 'j f) 

2) ~ ~ ~ f) 'J i'i fl 1 'j ~ Vi lJ ...r If) fl ff 1 'j ~ I~ t11.fJ f) 'J nU fl 1 'j ff ~ 1 'J 1fl ~ fl ~ ij f) f) tJ fl 'j ru. 
t jI 4 .1"'.1 jI i "" "" '" ..Cryotreatment, fln 'lI'J1'U'j11JtNflnu'j1Ju1 'Jfl1'U €l'H ~l'Yltll'tlfl'JH€l~flW "l1 
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11[1 

1 'j/tv 'j/.-::i 0 ..o:!i 
-1I~1J1f.U tltlffl'Vl'U i'U vi'~f) 

Higashimachi, 

Muroran chno- centre, II'IJ~~ JISSUJ 2 - lHl~~lfl11lJ'Hl'Ufl~'V1 0.2 K/S 11'Uf,)~ 

(ASTM 52100) i'hH11~ tI 'IJ tli tim ~ wh~973 oK l'Ul~1~qjqj1f)lff111f1l!'U1M' 

'11 ..o:!i ..::to '" d'Muroran ,Hokkaido, f11H1'Usubzero,cold II"~fl11mtl'U l1'Uf,)·Hp.u'tllJlJtl~HH'V1'U~'U'V1 . 
'" 'j/ tv.c::to ' '" 'j/ 'j/ 0050 Japan, 1994 Cryogening ~ fl H " fl ~ 'U1093 K u " ~ II 'l1 ~ 1 1800 S II " 1 'V1 1 

.-::i 0 a 0(ScriptaMetallurgicaet 6.6%, 4.4% u " ~ 4% H " coldtreatment 'V1223 K (-50°C ) 'tI~tl'V11 
. .

Meterialia, Yo1.31, .. ° ~Cryogening 'V1 93 K (-180° C) 111 f) 'U 'U
 

No. 7,pp.865-868, 1994)
 tl'IJfi'U~1~ 473
0 K (200°C) 3600 S 

. ..,. ..iJ 1970-1980 ,Barron - fltltl"l "fl~f.U'tIlJlJl1'Uf,)~ -196°C u,,~
 

(Metal Heat Treating
 uiii' 20 'l11J, mr'IJlJ1~~f.U'tIlJfiM'tl~ 
o<!l tv .J. ... I

Digest, JullAug 1997) - f11~tl'IJfl'U~1'V1 150°C lJ~~1J1f.U 2 'I1lJ. 

d • 1 
DavidN.Collins,National AIS1 D me2 - Cryogening ~ -196°C 1{\'U11"138120, - i'l11lJU"J~I-n1J~'U 

.. .old 
Heat treatment 379 u,,~ 1200 'U1li "llJ,h~'IJ - 'V1'Uf11~fffl'tl~8fl"J'U 

CentreUniversity
 

CollegeDublin
 

Ireland(Advanced
 

Materia1s&Processes
 

AMERY AISI D2 - fltltl G'lI "FHlf.U'tI.f1fi• .. l1'Uii~ - l~lJlI~::iY'V1im'Yifml~ 
.old 

Corp, Glendale, CA -196°C U,,::urtiii' 40 - 60 'l11J, ml'IJlJ1~ ~l'Ufl'IJ'U 

o ... ~ 

- 'V11fll~tl'IJfl'U~1 

____L--_---l--- -----'- ------' 
I 

_I Q, c::I A J 
2.8 "'U'fI'HA'1'UlflWg)'Ut'l~Aij'\.n.Ji.ul 

I I II, 1 

1~fl!fl ~ tJ~)j fl iI~Vi i '*i 'U tll':iil~!~ fl'U;'U ~1'U V111 tJ ii fl111.1 ~1;{ t1! tJ dl~ fJ~~ fl tl ':i ~ tJ 1'U 
II I 1 I 

tll':i H~~V1~':i ~tJtJ 1~~!fl~fl~:Uflil~UfI~':itJ'Yl':i ~!':i'ij lflW~!fl~fl~:Uflil~Vi!~fltl i ,*~1'I1i'tJtll':iilfH~ fl'U. .. 
.c=I QI QI <lQ./ QI ~ <I Q./ 4 a ~ QI a 4 QI ....:: 

lJfl111J ~lJYl'U 'Ii tltJ 1~fl'lf'U~ 1'W tl f1ffl ~~':i tll':i~~! 'Q tJ'U UfI~!fl ':i fl~lJ fltlfl 1~fl!fl ':i fl~lJ fl~ ~'YlA'H lJl~ ~1.1 

~1'H i'tJ tll':i iI~ !~fl 'U ihi 1'U ~l;{t1! UfI ~ ~ fl ~ fl ~ fl ~n 'U ~fl~ ri 1'U fi fl fl tu ~1.1 U~'Yl HVl ~ tl rl'Ufl ~ 

mu ~lJU~'Yll~!fliii 'U ~fI11: fltu 'H fl1J~ ~ ~~ii HfI~ flfl111J~1'U 'Yll'U tll':i fftl'H ':i fl!,i fl~ ~ltltll':i'ij~~~ II ~ III _ QI 

(Abrasive) UfI~fl111J~1'U'VIl'U~flmm~tlfl1 (Resistance to Brittle Fracture) i'Ull~~,j'Uiitllni\\l'Ul 

~.... ~ a i".cl " • i".cl" ~..:. Jf)fJJ ~1.1 tJ ~'U fln~~!Yl fl 'H 1.1 fl111J!tJ '11~ 'U tJrJfI ~u f1: 'Y11 'H 1.1 fl111.1 ~1'U 'YI1'U tll'1 Utl 'H '1 flt'VIlJ 'U 'U 
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lIo' " 1 al, 

'W Ufl1l1flijV~Ufll'j~Wl 'W Trtl~"th'l1 i'lJfl1'j H~~ltl~u~iju~flmh~~Ul-U U~ l1~nl~'Wl'l1 ~ flfl ft'nUlJ ~~ 

'" ~ " 111 '" "111" & ~ ",,"; '" '" 
'YI~tll~'Wtln l1Jfl (WC) ll"t'l~ !'YI'YI11'WtllItl1'j !lJfl (Titanium Carbide) ~.:JllJ'Wfll'jH"~lmU.:JlIfl~fl 

'" ~ 

'llfl1tl~11.:J;'W (Solid Tools) fln H~ ~lfl'W iJ ""ll"t'l :::fll'j 'W 11ui ~ff1'11 i'lJ fll'j~fllQfl'WUfl 17 ffmn 

""'" 1 i ~ ..,..,: d '" JIm:::1 'I tI fltl~ "flflll"::: 'W lJ 'I ~lJ WI'j 11 11fllHj \ljj'W1mfl'll'W 

a .... 1 ~ d..::), ~ 

2.8.1 II 'W1'Y11.:Jfll'j fll'l1 'W fl 'jQ, u'YI HI'j'll1tlW ~'ll U.:J!fl'W11""
 

lfl'WiJ"" ff1'11 i'lJ.:J1'W nfl i~tI..t1 I U fll'j nfll~ fl'W 1"'I1~'jjiJ fl~l~ "l fll'jf11'11'Wfl1.U'YIHI'j'll1tlW ~
 
'" ~ . 

'llfl.:Jlfl'WiJ""'l:::,rfl.:JVi'l1'jW1'llfl~111U'j~1.:J"l 191'W 1tl~;'W.:J1'W 1tl~lfl'WiJ"" flWm ..... .;'W.:J1W'fll11 

fllHI~~ fl'm 1U~ mw fll'j~fl l~ flW l~ U'W I'll flU~~I~ fl'W flUf11'11 'Wfl'll'W 1fl'llfl.:Jlfl'W iJ "rl' 1. U 'YI H 

..::), d.e:t.tlt t:1 ~v 

1'j'll1f1W ~'ll~H!fl'WlI""t'l 1'D''W 1JlItl1t1lfYll (Rake Angle) 1JlIllHHll"t'l:::~lI'11"lJ llJ'W~'W 1JlItl1mfYll'llfl.:J 

lfl'Wjj",mH~~'llfl!'l13flflft'1'jmJtl.:J'l:::mji'W911.:J 8-20 U.:JfY111111~tI.:JflVi'W911.:J 25-35 fl.:JfY1 'I.11I'I1"lJll'W1 
cu cu It IIU "1 

'j/ " ". 

i'ffUflV1.'W911~ 5-20 U.:Jff11111'11"t'llJUmtlUflOvi'W911.:J 3-7 U~fY111.:JijflVn1J'lfiJfl'llfl.:J1tlfl;'W.:J1'W'flOfl~fl cu q cu cu It QI
 

~ d d'.di 3/i QI d .,... .d.,d iJ
~ .e::t..d I ~ 
l'iHl'Wlm:::lU'WlI"t'l"'YI 'If 'Wfll'jH"fl'l~lI'11mtl"flllW::: 1'lf'W !fl'W1I""t'lU'j~!fl'YI'YIllfl111flH (Straight Shank) 

iJd 0 QI d~f/ 

lm~fl1111'jtl1 (Taper Shank) 'l1'W1'Wtlllfl~'llU.:J!fl'WlIM (Number Tooth of End Mill) ff1111'jOUflfllllJlJ 

..::), QI , Co'.d QI '" 
lW:::H"~'I1"lt1"l lllJlJfl.:Jllfl1'lllflfllfltl1 (Single Point Tool) 1l"t'l~'I1"1t1"l tlllflfl (Multiple Teeth) 

lfi'fiI'll 'Wfl h1'tfl'WiJ"rl'~U~1I1QtI.:J (Helix Angle) !l'hnlJ 30 fl.:JfY1 ff1mmtl1'W1W'I11~1'W1'Wtlll~fl 
c:l "" ""'i 3/'" '" c:l 3/';' 111_1

'll U.:J!fl'W 11""'YI 'lffl fl!ll U'W!'I1" fl fl"t'l 1'Y11 !lJ 

z JD 

3/'" c:l "" " D lff'WH1fY'WtJfl"1.:J'llU·ml'W1I"" 
" 

fll'jf1 I'll 1..1 fl ~ U'YI'j.:Jl 'j 'lJ1f1WlI'll O~lg'W iJ" ~~H~fl 'llfll'l1 ~flflft'l'j61HJ.:J ff1'l1 i'lJfll'j~ fll~fl'W 

1ff~1l~":::'lfiJfl~1 ~'W i "t'l'l1:::fl~lI!'11~flll"~ 'hjl91!'11~flU'j1t1":::lfltlfl i '\.J{h'W~l.:J"l lJ7!1W tlll~~ fl111~U 

'YI HI 'j'll 1tlWfl~.:J II fffl.:J i 'W 'jU ~ 2.17 ..... f flm1t1"::: lfltlfl 1. 'W fl1'j 1.:J~ 2.6 ff1'W ~ ff1tlill'W flfll'l1oWfl 'llfl 
" u 

v' rI :=' ..::), d' 'QI V • .e:t. 

'll'W1 fl Itl'W Hltl'W tlfl" 1.:J tl1111 tJl1'j 111 'U fl.:J !D'W1I""t'llm:::tl1111 tJ11'lf1.:Jtlll flflll" 1'U 'W l~fl N "l lJ'j!1W tlll 

~flu~·m~fl1.hdi'YI1Jin""'fll'j~~IQfl'W~nh:::flfllJfi'1t1ri1'W~1~"l ~ff1tlty lfi'llrl 

• ~1Itl1t1lf111i'Wll'W1ffYU (Radial Rake Angle) 

• ~1Itl1t1lf111i'Wll'W111fl'W (Axial Rake Angle) 

• 1l1l'l1"t'llJlfYlli'Wll'W1i'fYU (Radial Relief Angle) 

• ~1I'11"lJlfYlli'Wll'W1llfl'W (Axial Relief Angle) 

.d QI 9J _I .d 

• lllllfltl~'lJfl~tlllflfl~l'WlJmtlllfl (End Cutting Edge Concavity Angle) 

• ~1I'11"t'llJl1"'fli'Wll'W1i'fYU (Primary Relief Angle) 

• ~1J'H"1J'HHhm'tJ1if1~ 'H~tl~1JlHl1J (Secondary Relief Angle) 
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End lsts~ "'lief 

Bock tlper 

_ I "" d """''' .;, 1IJ. I 'JI r", ''I I1, lJ 'VI H l~ 'tIlfi W~ 'tI u·mJ U 1.1"" t ~ tI'VI1 ~ lJ 'tI U 1~ tffU ~lt!U tin" 1-:1 u t! ~ 'W'1f1.:j 1.6-102 1.1 1.1. 
j,I I I iI 

(1/16-4 -a1) 'tIU1~n~1.:j 1tJ'OlnyifhHU~ iimn] 11.111~m~uunUU~trJumwYttff1l1~tI;juuQnu 
Q QI QI 4 I d .Q d'd.::::i 9J' c( 91 

~~ffl'11 m~ 1.In l':i ~"~u,,:::,,nElw::: m~ ~~m uuu~,,::: uuu !UU1.I""'VI1.I'tIU WHffU ~ltlU tin" l.:jU Uti 

f1',h 50 iJ"~t1.lm 1~tltJn~'O:::N~"'Olf)1'11~f)lfI~U.:j~.:j~U(Solid Tool Steels) U~O'ltguiJml ii'tl'W1~ 
" . 

lffuN1t!uUn"H1.Ilnn'h 50 iJ"~t1.l~':i 'O:::~~~t~UUNUfl1.Iii~~Ul~n'1(Insert) t~utJ~:::nUUt,jlnU 
3J .::::i 0 \I] j/~ d 31 (tr( fld .Q d' .c::l 0

~11.11.1~ (Holder) ffl1J1HI'VIl ~\PlmA'I1"nnm~u'U\1.:jtm:::fI1~ 1'U~!UU1.I"" 1~tltJn~'O:::m'l1U~~1.IfI1t1 

tff1:l 'Oln 0 U.:jffl~U 1tJ t~ U ~ 1.I'U1n (Positive) U":::~1.1 fI1t1lff1:l1 U UU 1Unu '0::: 01'11 U ~ l~ U ~1.I'U 1 n 
, " 

l'l1U nu 1un -u 11 1.1 fIltltff1:l1 U UU 1U nu;}::: ii fllrvil n'U ~1.IA~ tI.:j'l1 ju 11 1.1 m~ tl1 nun I'll U ~ 

• I "" d "" "' ~ ... ..."', •.~ 0 

1lJ'VIHAl'tllf1W~'tIu.:jmU1.I"m'Uum11.1ff1.l'VtUTi':i:::'I111.:j~1.I'I1"'U ,~1Jl·mm:::~1.IfI1t1tff1:l mml'11U~ 

" " ~lt1":::lfltl~ 1U ff1U~ 1.:j '1 'tIu.:jtgu iJmll!u;ju uQnum~Ul'tJl~.:jlU1u u~":::,,n1:lw:::m~ ~~U~ uu 
• jI, , 

~11.lU~":::t~UU 1't1 l'l1U ifffJ~U.:jluii~l.:jnu lrJU~U nnnl'l1U ~'tIU'Ul'tl~.:jlU~l.:j'1trJu if.:j~hfl~ 

1~ tI..t11tJ m~ uu nu'U'U"n1:ltu:::'tIu .:jlgU iJml~u.:jn I'll u~ Ylff'YJ1.:jm':i I'll ,,'tIU.:jtff1:l ~~lm::: '111 fll~ T,!~ 

~Hl.ilHl'U'1rlll1i'Utl11~"l~ij'U~1m1ijlJ''U~1~ "l tllJ m'.inl'11U~'.iU.:j~U (Flute) ~m1J1::ff1Jtrlu 

~.:j fflflt}l tTl '11 i''Um HIUnu'UuguiJml t,sU t~ tl1tlU 
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(HB) 

1J1Jfl1V• 1J1JlHl'U• 
"' "" 1l'W1Uf)'W U'W1~ff1J 

d "" d
IlHlfH11 'WV1,111 Clf) 

mi/l1h'W f)Cl Vl 

<'i 
85 [).:j 325 30 10 [).:j 20 3 

&
3 [).:j 7 A 

30 3 
&

3 [).:j 7 A 

& 

25 m 56 
30 

<'i 
10m 20 3 

& 
3 [).:j 7 A 

HRC 

& 
135 [).:j 425 30 3 A 

<'i 
100 [).:j 400 30 3 A 

<'i 
30[).:j150 

<'i 
30 [).:j 45 

<'i 
15i:l.:j20 5 

<'i 
8 [).:j 12 B 

<'i 
40 [).:j 200 30 

<'i 
10 m 20 5 

& 
8 [).:j 12 B 

& 
40 [).:j 90 

<'i 
30 i:l.:j 45 

& 
15 [).:j 20 5 

& 
8 [).:j 12 B 

<'i
110 [).:j 440 30 10 3 

<'i 
8 i:l.:j 12 B 

6 10 12 16 25 

A 12 11 10 9 8
 

B 15 13 13 12 10
 

IV ~ ~ .4 QJ' 

2.9 m::::1Jl'l,!fll~(I)~!'il0'l,!~ltJ1fl~Mn~ 

'j/ I I 'j/ 
QQ ~ ~ QI ~ Q"I-=!!I ~& 

f) 1'j ~ Cl ~ 'If 'W .:j 1 'W fl1l'J Ifl 'j 0 .:j f) fl (Milling Machine) llJ 'W f) 'j :::: 'U 1 'W f) 1'j ~ flll1 U'W t't'l U 'lJ 'W 
" . . 

'j1l;t'W .:jl'W fiihimlW ::::9iH "1 tl'W 11 CllV'j llu'U'UUCl::::11 CllVclf)1:! W:::: i flVf11'j 111J'W ~fl'lJU.:jlfl~ U.:jjjU~fl.. .. . 
U'U'U11CllVfl1J~~ (Multiple - Tool Cutter) fl1J~flU9iCl::::fl1J~fl'il::::1l1fl~1.:jl'WUUf1lrlu111J'Wnfl.:jl'W1'W• 

I 'Jl , I 

ll~Cl::::'jU'Uf11'j 11~'W li1U.:j'illWJ,<}f'W.:jl'WUCl::::lfl'WiJmlffl1J1'j mfl~0'Wfi~~ 1'Wiiff'YI1.:j~1.:j "1 lf1'1Jlf)f)';h 

~ Q 0 ~ Q.I ~ I ~ Q d. .Q QI .a 0 Q 

11 'W.:j 'YI ff'YI1.:jffl11 'j 'Uf11'j MIl~ 0'W U~ Cl::::fl 'j.:j ~1.:jl'W 'YItf1~ 'il1f)f11'j ~~ llJ 0'W ffl1J 1'J [) f1111 'W ~ 'YI ff'YI1.:j 

m'jlfl~u'W~~fl iflVmnhnw'lJU'llfl~U'lnfl~.:jijl'Ylfl i'W invllCl::::'jll'YIHl'j'lJlflW~~~l.:jn'W lfl'WiJnn.. 
U~~::U1J1J~U 11J11f1 'Ufl n~f1I~ fl'U 'l:;Uflfl~Nti'U f11lJ'lr'Ufliff~'n'Uun:; tif)1:!tu::::~'W nu ~UU~f)9il.:j . . .. 
fi~hrity'j:::'YI1H~1'Wnfllln:::.:j1'W~fll~0'W~1v1im'jO'W"1 ij~.:jii 
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, 
QJ	 QI QI <"!t ~ .-::IQJ o<'!t 

1) mJ ~~ lHll tJ "l	 fllJ lUp.J ff BlJ fll 'j ~ fll 'iHI 'U IW"l ~ 1'U ~ Bfl fll1 Cl1 'VI ~ fHlHI 'U 

QJ dQl" d ~ tI d I" d
2) Ifflol~fl (Chip) 'VI \PI fl fl1tJtfl'U lJ BB~::lJ'IJ'U 1flflfl'U'IJ NlBfl
 

3) fl11lJ '11 'U llfflol ~fl (Chip Thickness) ii fll'j IU ~ tJ'U mJ B~ l~ fl~ ~ 1flY! ft''VI1~ fll'j 'I1l.j 'U UB::
 
, , ... "'''' fll'j lfl Bfl'U 'VI~ fl 

fl11lJ'I1 'U llfflol ~fll U ~ l'J'U IIU B~ t 'U 'II Ul:: ~fllJ ~flll~ B::fllJ ~fl n 1~~~fll~ fl 'U l'W 'j 1::11'11 Ul:: ~ 
iI tI	 , , tI, I 

fllJ~fln1~~~fll~fl'U,r'U iifll'Jij fl'U ~'U~1'U t 'U Y!ff'V11~fll'j Ifl~fl'U fi'IJfl~ i~::~m1'Ull~::~'U~ 1'U lfl ~fl'U fi 
fjI d ~ tI Q"I QJ Q,.I GJ Q,.I.-::I d ~ tI	 Q,.I 

l'IJ1'111lfl'UlJ~~ fll'j1flm1lJ'I1'U1Ifflol~fl'il::1flt'Ull'U1'jfflJ'lJfl~m'UlJ~~ (Radius of End Mill) ~l'Uflfl 

t'fl'U t'l1 ill ff11J1'j () ~ fll~ fl'U ~'U ~ 1'U ~ iifl11lJU ~ ~U 'j ::lJ1Ul 25 HRC fJth~ i 'j ~mlJ m ~ fl m"l~ ii 
" 

d QI 4 'JI ~d QI 'WI" ~ JJ . QI ~ .J. 4 QI 

m1lJll'IJ~ 35-56HRC ff11J1'j () flflm fl'Ufl1tJ1tiflfl tfl m'U'IJ'U fl~fllJ'll''Ufl'IJfl~lfl'jfl~lJfl~flll~::fJUlfll'W 

QI d~~ .dI4Q1 f ~ I d" ~tI ~" 
'IJfl~lff~'VI~B~llJ'Ulmfl~lJfl~flll~~::'ll''Uflt'lf'UmBflflm'jfllJ~~ , fll'j llJfl (Carbide) IlJ'U~'U 

2.9.1	 'I1~flfl1'j'yh~l'U'lJfl~tfl~fl~tifl ~t~~l'U ifltJvr1'uii 3 lh::lfl'VItmy "l ~fl 
, 

4 QlGI 
~ 

QI

2.9.1.1 tmfl~flfl t'Ull'U1~~ (Vertical Milling Machine) 

2.9.1.2 lfl~fl~tifl t 'UU'U1'Ufl'U (Horizontal Milling Machine) 
4 QI ~ ~ 

2.9.1.3 Imfl-:Jflfl'll''Ufl'Wlfflol (Special Milling Machine) 

l~ 'U lfl ~ fl~ tifl ~ flfl flll UlJlJ 1ff1'11 i'm'l~ 1'U fl~ff1'11 fl'j 'jlJ t'U fll'J ~~\PI~ 1'U ~ 1'U 1'U lJ1fllU'W 1::• 
~ fi'lJ tilJfll'jB~'VI'Ull~ifltJ~ 1 i Ufftll'U ffflm 'il::I~'Utfl~fl~~fl'Irfl t~ fl t 11''VI'j llJU~fll'Jyh~ 1'U ff1lJ 1'j () 

." 0' "'. I 0 'I VII) V v J "'. I ."." 
1tfl'j l::mm::flfllluB~fll'j'VI Nl'U t'I1 tflfl1N'lJ11~'IJ'UllB:: lJu 'j:: ff'VIti fll'W 

fl1'j Yi 1~ 1'U 'II fl~ iifl tifl 'l.J fl'U ~ flii fl~ 'I1l.j'U tifl ~ltJllfl'U '111J 'U 'II fl~ iifl'IJ 'U 1'U tilJ~h~ 1'U ~ U"i 1~'IJ fl ~ 

ii fl tifl 'l.J tl'U f1lJtifll~ 'U fllJ 'U fJ'l.J lrl tl'l11J 'U tifl mlJU'U 1tff'U 'j fl lJ 1~ i ~lffloltifl tl11t~'U lfflol ~tl~ llJ fll\:J 

lfflol tifl '11 'U 1hi rrh ti'U II B:: ~fl ~:: tifl ~h 1~I~ 'U 'j fltlB .. fl fI ~'U rrn 1:: fllJ tifl t~ 'U t,r1tiflt ~ 'U '11 f[1tJ 11 

d Q,I	 .c9 0 11I" .c:9 I d QI ~ .c::i QI ~ 
IIH fl'j:: 1l'VI fllJ lJ1fl fllJ flfl fllJ '11 'U ~ "l 'il::'VIl'J tltJ"Jfl tl'j tltl'l1 'U ~ ff1'U lJ fl flfl~ ~ IIfl'U 'I1l.j 'U 'II tl~ lJ fl flfl ~ ~ .. 

iJ QI 4	 QI ". iJ d 4 , oC:t, s'I!l:1QI QI	 QI 

'il:: ~ tl ~ ~ ~ U1fl fllJ ~1~ 1 'UtfflJ tl 'II Ul:: fl fl UlJ11flfl ~ llJ II 'U 1tff'U 'j fllJ 1~ fl~ H U~ ~::tfl 'U fl flllJ 'U.., 'U "l 

i Ulffloltifl'l1'U 1f1~~l'rhti'U~Btlfl l~fl~'il1fl iliiim ~fl'j::ll'VIfl Yi1 t 11'~h~1'Ul~tJlJ 

lU~ 2.18 lfl~tl~tifl CNC Milling 
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Face mlll""1 
""v:tiple tocrr c'll1inO 

rOp"',~S 

, ~ 

'J'lHi 2.19 f11'J'th~l'U'\Jfl~lg'UihHln~'\.HJ'U!l~~n~~~[4] 

o '" ."
2.9.2 fllnl1~1'U'\Jfl~fllJlJ~fi~ 

'I t. I 'J/ 

f11 'j 't11~ 1'U '\J fl ~ Ifl1fl~ n ~Iij flii ~n~'l1lJ'UiJ~ mjnuvill~ ~ ~ ~In~ f11'J ~~ , ~fl~ mijm~ fl'U;'U ~ 1'U. .. 
1'li'1'l11ii~n~ fi n ij fl'U ~ ~'~fi 1'J 'l1lJ'U~ 1fJ~ flijfl'l1lJ'U'l11flf11'J ij fl 'U~1fJt1l~~'\Jfl~lf1 ~fl~n~!l1J BI'll 'U iJ~ 

BI'l 'Jlfinij D'U ~~~fl~ Ifl ~fl'U ~, 'lJ mh~fl~~1'l ~fl~f11 'J~~U~~I'l1lJ1~ fflJn1JB~ 'J1f11'J''l1 ~'\Jfl~ 1 ~'l1 ~ 
.6 ~ ~ 

~llJ'lJfi~ij~n~ (Milling Cutting) ~~ijfllJ~~lJ1fifii1'l1'U~fllJ ~~tr'U''Ufil~~~I~fl'U;'U~l'U 
, ~ 

f1lJ~~!l~ ~ ~ fllJ ~~11lJ~~I~ fl'U illfilJlfi' 'lJ'l11,rflfJ'l11fl~lfi,rflfJ' 'lJ'l11lJ 1fi ''U !l~~~GJi1~rl'U~ ~ ~'U fl~ 

nuYif1'Y11~fll'Jij fl'U n~~ llJ'l11fl ijfl'U n~ff1'U 
~ , 

''U fin'lJl~~b'l1,rlfi~l~ '11~fJ'~ii~n~~~'\J'Ul~'myff1lJ1'J m'lJ~fJ'Uf1lJn~ iA'\J'Ul~'\Jfl~ii~ 
~ ~ . 

QI e::t d j1' j1 Q 0 QI ~ QI e::t 0 QI ~ j1 

fi~'U ~~lJ fl11lJfi1Nll'I1'\J'U 1~ fl11lJfi1W'If'U !l~~l'I1finfi~~1~1'\.j fi~ l'Il'I1finfi~~1~1'U ~~~ fl~ 

IVfJ~l'~fl~~f11'JlfffJ~ff''Uri1'U~fllJ~~i1ii~'t1Hl'U 1~fJtillJlJlflM~~,rflfJlJ1fi'lJ'J~lJ1W 0.3 -1 il'lJ~l•. ~ 

ri1'U Al'U fllJ¥iihfil'J ~~l~fl'U 1J~!lI'l~H1~1'U fld~1'Ut~fJ1 ''U fil'J ijfl'U ~~t~fl'U;'U~l'UU'U 1~'U6mn~ 

'\J fl~~l'U f!1'J ~ ~ 'J1lJ~'\.j 61~ tl1n'W ''Um til 't11fil 'J n~~l'U ~ fl11lJ fi~l~,rfltlfiil'\J'U 1~fl11lJ11'l'\J fl~ii~ n ~ 

1~ fJ ,..rI'l1 ft flri1'Uln'U '\J fl~ fllJ~'fl ~'U flflfilJ1l'yhn'U 

Direction of 
rovolut1on 

Direction of ~eYolutioQ 

" " u 

.... 
o 

'".., Do.. 
'tl 

.. 
" u ... 
o 

-5... 
.: 

. " 
1'lJ112.20 nfil:lW::f11'J~~1~fl'W;'1H1'U'\Jfl~lg'UiJ~n[13] 
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,---, 

UPIvILU~ 

Dab:_~~"LECT1.CN OF END "ILL'~ \ ....., 

(~ + ~ ~,'\':\~d,~)+~ 
. "'- \-=-_/~/.~'"""",! ~/ 0. r----"/~ [ " '~ ---~ 
f ~ ~ . 

HILLING TEST 

"-: f:'-·

I : 
-,. 

I '. 
I : ~ 

"., ".,' '" ._- -" "'" : .. ' N ,0., W ~ 
rAItE FEeJ ~11) 

~ ~ 

hJftf)llW~'tJV~m'.iilmJti~\PI11JiJ~'I!'U iJ~ti~~~ti~1,jV~1'U~1'U1'U1J1f)riV'U1Jlf)G"I11~1fiml" 

C1~~I'U 1~ M1Jl '1'11 i l1'mll ti~i11'U1Pi1~1f)'tJ'U 1~f1111J11 'Ul'11111ri1'U~'IJ1·:lf111 m ~~m~v11ti'IJfl1J~~ 
-==:to 3J QI .oI!I Gl 'j) QI Q,I Q,I G) , 

~~1f1~'Vl'H)1J "l f)'U 2 llH flU llH l'UU'U11tY'U'HI'lJ1~ 11ft~llH~'U\PI~ 'tJU~f11J~~ 1'U'll'1~'.i::;tl~'tJV~ 

fl1'.iilv'U~l'yhti'Ullft~fl\PI'.ililu'U fl'Ul~tJ1ti'U 
Q,I _'4 Q,I QQ,I Q,/<l!I A 'jill) o'j1 'j) 

i'U" f)llw:::m'.ilJU'Uf) ~ tY1'U 'tJv~1J~m, 'iJ~~~m V'Ul'U U~l'U 'iJlf)'U tltJ l111111J1f)'iJ:::'Yl1 i 111fYll1J1'U 

Q,I 'j) 111 d ~ ~ Q,I ..e:. J ~ G) 9J dQ,I

~1'iJlf)'UUO l1J1111J1f) \PIftV~IlHYI1f)~'tJ'Uf)'IJfl1J\PI~'iJ~lf1~'tJ'U 2 U'j~ f1V 11'U11'UltY'U'jV'lJ1~llft~11H'Yl 
~ ~ ~ 

f1'.i~v11ti'IJfl1JlPi~ i'Uftf)llW~I'l5'Uihl'.i~~~eUU'Uti'U 2 UH u~'I!'Uftf)llW~'tJU~m~I'li'Uij'1JiJ01Jilv'Uti~ 
Ci 0 G) 'j) .Jt dll) 'j}, Q,I ~ I <jI _'4 Q,I.c9 Q,I _,-, 

ftf)1Jlm'Vl'.il~~~'Yll111~l'Ulf1ftB'U'Yl l~~lt'll"~f11J~~U~f)'IJ'U 11~mm'.ilJU'U f)~ftf)1Jlf) U~'.ilm'.ilJV'U 

1Pi~'iJ~UVO"~1r1'Uff~ri1'U~Vf)lJ 
'jJ Q,I G) ~ J IQ,I r 0 ~ d QI .,. 

m'j1J1'U'tJV~lfYllf)~1'U1l'U1~~ ~~'tJ'UVOf)'IJ'.i~O~111~'tJV~'iJl'U1'U11'U1J~f)~Uft~'tJ'Ul~f1111Jl~.. 
'j) I " d QI I 'j} J I Q,I QI _'4 G) 

'tJU~ltY'UHlfY'UOf)ftl~1J~f)~ tY1'Ufl111Jml~Uft~ml1J11'Ul'tJV~!f1ll~~'tJ'UVtlf)'IJ'j~tl~'tJV~U~'.illJV'U 1'U.. .. 
....... ., -~ "'l i ....J • I " ...
 

f11'.i~ ~m U'U llft~V ~'.ilf11'.ilJ V'U ft f) 'U f11'.if) ~ "H u '.i~f)V'IJ~10~ 1Jfl1J~ ~ ~1Jfll0 11 ft~~ 1J11" 'IJ 

f1111J11'Ul'tJV~f11J~~~:arl'U1Pi1fhl1'U~ml1J11~~11'.i~'tJV.:JiJ~~~ 1~V~::;~~11ft::~~1f1ll1tY~UVf)1J1 
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6 

1111 

10 fllJiiflnfl(lJlJ.) \0 20 30 40 50 60 80 160 

~~'.il~illJ(f)(lJlJ.) 0.5 1.5 2 2.5 4 5 

L
! i 

1 I r.!h
Lb~ f)nanu 

(fl) (~) (fl) 

jJ '" (fl) mllJml~~il~fllJ~"(b) 
III 

(~) 'li1~ 'J 11 ft~';lJ ~ llJ 

jJ 4 III
'" ...(fl) nll1 ftlJ IlJilt1 fllJ'tflJ ~ llJ.. 

~llJ1.U~ 2.22 H"",,~(f~fl11lJl1lJ1'\1il'lfllJ~"lllJlJ~W'l~ll:::ri~f-H'1'fiilfl1'.iYiNllJ '\IlJlflll9l 

ll:::n 1i,.rmllJH~~llH,! ~ Ui:l:::fl1'.i~"I~illJ~llJ fli~i:l:::mfl '1 ,~ U~ll:::lnflfll'.ilihmiY'Jn1J~lJ~llJ 'UW::: 

• '" '" jJ21 'i jJ '" '" J . I '. I .d ?t jJ • i jJ '" 
l11fl1'.iI9l"m illJ UfluUl11l I"Uf11'.iI1111'.i ilflfl~lJ'.i ul1i:l1JfllJ l'tflJ'.iU'VI 2.22 (fl) !UlJl9llJ 1l:::111 l1fllJl9l" 

" OJ OJ 

AXIAL A,6.1<E AP-I(ilE 

I 
-~ 

"

AXIAL LAND WIDTH 

.!.~fl GAsH"ANGLE 

I ... ' FLUTE RADIUS 

I I 
TOOTH WIDTH --i-+ . 

AXIAL RELIEF 

AXIAL CLEARANCE -l 
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~mj f.l.!:::~ tJ'UpJfllJ ~fI ~tJ~iiflnfll!~'l:::~U 'il :dhiTIHH"lJ~h~ '1 ~ tJ~f1lJ~fll! U~tJ tJfll~ U 

~lJfI1mrYll ~lJ~flt~tJU ~lJ'I1 'lU ft1U~lJ'I1'lUnU~lJ~flt~tJ'l..lnlJn'lJ 'il:::tJtJnlJ11~'lJrh~lJ~fll~tJU 
<!I '" '" ~ lIJ .Ii '" "" ",.J .11 jI jI '" 21 d jI ,J ...

t11lJtJu nUfllJ~fI 'Yl1'1 lU 'lJ 'If)ll f.l.!:l::~ tJ ~lJflnfl~U 'iu f1~m'lJ '11 'l ~~tJ~Tt'lJ'Yl 'il :l::~tJ~~ U 'i U'I1 'lutrftJ 
~ ~ 

d. d. & 'j) .., ~ .1 .... 1.:::::1 ~ 0 21 d dd l'0 QI 

'lfl f)1'i r~UfI ff ~~ 'il:l::~ tJ~'Yl1f)1'i ~flt~ tJ U~U 'iu'Yl 'l:l:: TI 'lJ 'il 'lJ fI'j U 'il1U 1'lJ TlU ~ tJ~lJflnfl 'YllJtJUff 1U 
~ ~ 

.:: ~ <!I dllJ jI jI I jI jI

~lJfI1Ulr1llUU'il:::llJ'lJ~lJ'I1'lU(Negative) 'I1'itJ ~lJU1n (Positive) n lfll!'l1U~f)1'itJtJnulJui'l1i'b'~1'lJ 
.. . 

l!U'1 ~~llfffl~iUtUli 2.23 

f)1'iU'i:::ntJuuflnfl (Milling Cutting) t~ 1nUrWm~ 1U'i:::nmJHfI'il:::yhi,rlflflN'lliYU~ tJf)1'j'V'h~lU 
I' )J I 

tijmil fllfl~ tJ~'Y11 i,rUflnflt~U'I1lJ'lJ~fllU tJ~l'lJtJtJn Uflnfl'il:::ff:::flflu~m1 n f)1'i i1lJ~U~lU nfl 1lifl1~i~, . ... .. 
11i f)1'inflU UUnfl~llJ fI1'i i~1i f)1'infl!lUUff1'lJ'Yl1~~f.l.!:::t~lJnfl';'lJ~lU UtJn'il1nU f)1nh :::ntJuuflnfl 

t'j)OJ iJ o~~ I d QI ~ 'j)d 0 ~ ry oc9dlQll , 
t~ 1n Ut'Wm'il:l::~tJ~fI1U~(l ~'i:::U:::'I11~~tJ~lJflnflnU fI'j ~tfl'j tJ~ (lllJfI11lJ'il1tlJU~ tJ~fI1U ~fN'i :::U:::'I11~~tJ~ 

.. .. 
UfinfinU tU tJ~lU U tJn 'il1nl!U nu U'i:::ntJuu flt'l11nUl'W 'l1'il:::~ tJ~r'hi1 ~U n:::U:l::M HU fin fI n U 

... jI "" 0 ~ i 9Ji 9J 9J I d Q .1 '" <!I
lf1'j~tfl'i tJ~ tlllJfI11lJ'il11lJU 11 'b'U~'lJlh:::f1tJ~ (Over Ann) t~1'b'1U UH'Yl1nfl~U~f.l.!:::~flt~tJU ~tJ~ 

UfinfI i 'lJ ~nll f.l.!:::~ 1~'1 ~llJ~f)!JtU :::~tJ~f1lJl'1 flll'l:::ii r1'Y11~f)1'i11~U ~ tJ~uflnfI i 'lJ~f.l.! :l::l~ U1nU 'il:::U 

iJ Q.ldQ d.c:! e:.., 'j/ QlJ 'j), o~ 
11'i ~~lU n'l U'Yl1nfl'il1nfl11lJU~~ Im:::t11U U1~tJ~1U tJ1fffl ~l'lJ1m:::m~~lU n'l UU 'il:l::U tJum11l'i~m :::'Yl1'il ~ • 

Q QI.4 ~ 11)31 .d d d d QI.4 ~ 11)91QI QI 

'il:::1nflf)1'i~fll~ tJ'lJ~'lJ lfl f1lJ~<fI~tJ~lJflnfl'il:::lJfI11lJl!~~m~1m:::f1lJ'WtJ'Yl'il:::~flt'Q tJUt'lJ tJ~lUtJtJnlJ1lfl . . .. 
iirY'Y11~nU'Y11~lU~tJ~U finfI 'U tJU UU Unfl~llJli 'il:::'Y11i,r Iflfll1'i ~~ 1~ '1 Vi m:::fi 1nUUfI n flU'l:::l'U tJ 

'" i jJ d QI e1 ~ QI 0 i 'j) d QI ~ & jI
1ff<fJ~lU UU'lJ11fflJ'jtJU1~1m:::m'W1:::~fI'YlUmUfllJ~fI UH'lJ 'il:::1'UU~ 1'Y11 'I1m~~tJ~f1lJlJfln flff'lJ'l~ C)f~~ . . 

Q 'jJ Q .:9 ijl", i 91 .4 QI dod. QI.4 QI.:9 0 

N'l~'il:::~tJ~'W 'il1'iW1tl~f)1'imtJf) 'b'1fffl '11 !11lJ1~fflJn1H1'lJ 'i1lJtl~fflJ'j'itlm'W~tJ~1f1'jtJ~'il m'YllJ f)1'l~. .. 
'I1lJ u'liUi,ruflnfl'Y11f)1'i 1'1fl1~ tJ'U~1urvhi fI ~U tJ~nUf)1'irl1U 1W 

• OJ 

odd QI 

2.9.3.1 f)1Hl1U1W fI11lJ1'i1'itJU~tJ~lJflnfl 

VxlOOO
N =
 

Jr.d
 
'" N 'itJu/'lJ1'Yl 

d QI d QI v fI11lJ1'i1nfl~tJ~lJflnfl 'i tJ U1m 'Yl '" 

d ~'lJ1f1f111lJl~~tJ~Uflnfl 

.. 
~ 1rl1'lJ1Wi U f)1'i 1'1~f111lJl ~ 1'i tJUf)1'il1lJ U~tJ~U flnflri 1f111lJ1~1 i U f)1'infl'il~ 1111~'il1n~1'i1~.
 

lJ1~'i!lU~tJ~tfl~ tJ~~m U~'l~l fl~ tJ,url tJ'l.J1lJ1rl1'lJ1Wmri1f111lJt~ 1'i tJ U ri1~rl1U1W 1 ~tll'il 'il~ 1li~'i ~ 

ntJri1 i U~1'i1~ tJ1'il'il~lJ ~nl111~tJ~lnl1ri1 i 'lJm'i1~~tJ~1f1~tJ~nfl~i,rlJ1 i ,rtJ'4 hlJi~rh~lnl1iu 
~1'j 1~lJ1mi1U ~tJ~tfl~ tJ~~ mU~ 'l::1f1~V~~ lJ1ntJ1f1~ V~tifl t~ lJ '11 ~n i lJ f)1'j fi 1~1'lJ i~ ,,rUfI nfl '11 ~lJ 

!II 
QI <!I '" 
~~H'QtJUtum1U 
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I,ll 

2.9.3.2 fll'HllU1~ci1'H)~'jli!m.J"I~Flij~ti~(Vf) 

Vf fz x Z x N 
..;. .."" "" UHJ Vr fl~'jli!OU lHHHlJl'l'jIUl'Yl 

fz fll'l'j li!DU ~flfllJ';~ iJ"ftllJl'l'j I'WU 

Z ~lU1'W Ylu"Ifl~ij~fi~ 
:;j .. 

N fl111Jl'j1'jflU 'jflU/U1'Yl 

. .. . 
II 'j ~li In ~;jU,U fl'j ~ U1 U fl1'j';~ Iijfl U 'l11' 11'~1fl1t1lfl'1l1l"~~1'11 "U "I fl~ 11'1 ~ fl ~ Jj fl';~ In ~ 

I I I iI I , 

O1'j ffm1 'jflliifl~ 'ill flO1'j lfl~flU li"l fl~ lfl'l;l ';~Il'l~;U ~lU' U "IW~'l11fl1'j';~ lfl'll';~ 'il~ lfl~flU 'Vi fl flfl .. .. 
'illflUi I1W fl1'j';~ flth~'j 1~1~ 1 .;U ~1'U 'il~ 11'1 ~ flU li fflJ-wmlfiu ~1'11 "U 'l11' l1'ln~ fll'j lihJ~ 'YllU 

'illflO1'j fflJ~ff"lfl~~~fffl~ ri1U mfl~U'l11iHflW '11 ftiJ01'j ';~I~lJ~U ~~'il~ I~V1,j'fl~tiUfltUfflJU~'Yl N 
• OJ • 

YJffmYll 'l~ri1U ~fflJ'Yl Nlflij'U fl~1ff~ ri ~~,,' 11'ln~01'j fffl'l1 'j fl 1111.1 1.1 1 ffll'11l'lff1U' mUln~ 'illfl. . " 
I I I iI 

fl1'j 11'1 ~fluli ll"~ 01 'j Iff v~mu fl1'j In~fl1'jfffl'l1'jfl"lfl~lfl~fl~ Jj fl';~ , U fl'j~U 1U O1'j ~ ft I'l;U ri1U 

.. " 'IV' " J ..;. "l 'I ... "'" , 'I v"" .01 tI 
l.I~"l'lflfl1 !'l1'illVm~lf1'jllifl'l'Ml'jlJlfl"li! m)u!'U !U01'jfl~I,H)Uff~~'l!'I11fl~01'jffn'l1'jfl 'j~nflU 

~1Vfl111J~fl1u01'j';~(Depth of Cut) f1111Jli1';~ (Cutting Velocity) 1l'l~fll'l'jli!fl'U (Feed Rate) 

111 u;i''U'U 'j~'I1-)Nfl1'j';~I~fl U ~111lU ~ D~W'ill'jW 11V:fltl'j~liJU 'I1~fl11fl'j l~"h 11JO~1ff~~ 'il~ 'l11. 
QI~ ~d ~ ~Q,I 4~'j/ ~ ~jli'j/, ~CIt.

fl1'jI'l~11l flU 'il-31J O1'j ~"l'llflH)-3lJfll'l~'Ii mV'jtllluUl'Yifl !'11 ffl1J1HH'lflfl !'ll' ~flVNl'I1 m~fflJll ~U U 
OJ 

, " , 
~ ~ Q,I ~ 31d tI .q Q,I do 'j/ ::'I CIt. do 0 Q,I

fl1'j mJflllUUlfl 'j fl ~1J fll'l ~ l'I1lJ 'j 'YJ'j ~'Yll m "11 flW I'l"l fl~fllJl'l~'Yl() fll'lfl~ll "~l'I1lJ 1~ fflJ III U ff ~'Yl fflflUJ 
" OJ " 

mh~g~ffl'11 i'UfllQfl1'j' ~~ l'Ull 'l~tI'j~ ff Yl n m'Yi"lfl-31ff~ Ifltfl~ij fl';~~' f1 'U fl1 'j';~ IijflU 

2.9.4.1 ffll'11 ~fflflty~ 1111l1'lflt fl~Jjfl';~ln~fl1'j fffl'l1 'jfl
 

1'1111.1 ff 11.1 'j fl , U fll 'j ilillij fl U "I fl ~ l'ff ~ 11'1 t fl ~ Jj fl';~ 111 U 1'1 ill ff 1.1 U~ ~ ff lflUJ "I fl ~
 . . " 

lfltfl-3Jjfl~~~llff~~O-3t1'j~ ff'YJ nftl'Yi fllV01'j 1~~lU lm~ fl1'jfl~ffft l'Yi"lfl-3fllJ';~ i~fiflU O1'j fffl'l1 'jfl , . .. 
fll'j ff fl '11 'j fl "I fl ~ lfl! fl ~,; ~ 11 ~ ri -3 ~ " .,i 11 H1'1•Wft 1'Yi "I fl ~ ~ U ~ 1U ,,~ ,,~, U fll 'j 'l11 ~ 1U 'Yll ~ ~ 1U . . 
fll'lffl'11fl 'j'j lJfl1'j ~ftl'l'Vi ~111lU ~fl~ 1~1'ff~lfl~fl~Jjfl';~'U fl1'j\Pi~I~flu 1" '11~ 1~Vri1'U 1J1flll~ 1'j~V~. , .. .. 
11 m 1'U fl1'j';~ I~ flU;U ~ lU 11 ~ ri -3 ~,,1 HI f17 fl ~Jj mimn~fl1'jlffV'j tI lll'l fl11fl '11 ~ mn~ fl1'j fffl '11 'j fl 

OJ
 

, iI '" 11
 

'il'U 'l11' l1'lfl~fl-3Jj fl';~;'UlrU"l i~ ffllJ 11 fl'l1101'j';~ l~ flU;U ~ l'U i~fldl~ijtl 'j~ff'Yln ftl'Yi -rh'l1'ln~ 

IffV~~-311"~ fll 'j A'u ff~l Vi flU' lJ "I W~fll 'j \Pi~l JflU Iiifl~ 'illflfllJ ';~"Ifl-311'1t fl~Jjflln~fll 'j fffl'l1 'j fl ff ~~" 

, 11''U'U 1~u,,~i-l1~1'U ffl1~ 'illtl~VU IItI 'l ~ 'illml1W ti~fl111Jfl m~lfl~fl'U fll'11'U ~ ~tI i)u~ ~1'Ul~V1tiU 

fl1'j,;~t~fl'U 'il~;i'fl~flflVff ~lfl~ O1'j ltl~VUlltl"~~N '1 ~ 'il~ln~~U' U"IW~'l11fl1'j';~I~flU l~flttl~V'U 

iff~If1~V-3jjv~f11~m1mHllQm1Hnuti6'U~~oaiiflnntihJ't110 
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~	 ... 1 .a a Q,I i'" '" 2.9.4.2 f11'Hff(J~lJ (Plastic defonnation) 'IJtl~lfI'HlnJtl~~fl1lJ ~mllJ'.itl'W 

i 'W'lJW::Vilf11'j~~I~ tl'W i 'W f11'j~fll~ tl'W l~'I1::II~::lff~~i1fl~'W"l ~1lJU~Hl~ tl'WII~:: 
d Q,I doe:. 'j/ J d e:. ~ ~ a "dQI Cll 

fl111J1'j 1\Pl~'VI fJ ~ 'il::'VI110~ fl11lJ 'j tl'W ff::fflJ'IJ'W'VIU'j nw H1mlJifflJ'1.1 tl~lfl'j fl~lH)~~ fl11lJ 'j tl'W'YlJnfl 

~'W tl1 'iI 'il::1 n~ 'ill Of11'j liY lJfl iY'IJ tl ~lfflJ~~ '1.1 tl ~ ibflllJ1fflJ 'ill OH~m:: 'VI U'IJ tl~ U~'j 111 tl 'W II ~:: fl11lJ Ii1 

~~~~O~11 'il::d~H~ i'l1'ln~f11'jiYm1'jtl~ibmlJlfflJ l~lJiJ~OlJw::l~um)~ (Crater) 1I~::'il::ln~~'Wl1N 
., 

'ill 0'1.1 tlU fllJ~~ (Cutting edge) IVllJ~l~ m!fllJ ~111 '11 tl ~'IJ fl ~ f11'j liYlJ~ 'Yll'W11'I Ullfl~ 'il:: In ~~UU'inw 

~1mlJlfflJi'W U111W 'ilfl~ 1~i'umllJ~tl'Wff ~fffl ~~ffllJl'j f1Vi 'ill'5Wli'i~mllJffmi'W n'IJ tl~mllJ~ flU.	 ., . 
, jI	 I I 

vhn fl ~U U'W ~1 fll lJIfflJ 'il U Vi 1i 11lnflOWffO'H 'j tlI~ U 1Ifl~1I ~::U1I1W II ri~ l1i10'l1 'j fl'il::'1.1 lJ llJ~11Vi'l! '!Jl0 

~U ~ llJ1J1lJ1W f11 'j m:: 'illlJ~1'1.1 fl~mllJ~ flU U tl 0 'ill Of11'j i10'H 'j fl~lnfl~U i Uu'iI1W~1 mlJlfflJ '1.1 tl ~ . .	 ., 
Ifl ~fl~ijtl~~Yi Infl 'ill0f11'j fflJ Hff'IJ fl~lfflJ~~tlU ~1mlJlfflJ 'ilUVili ~In~fl11lJ~ flU fJ ~"1flU'iI1W UU "l 

'" . i'j/~ .& ~,J.d e:. L':l 0i'j/ A.aQ,I

1m 1'il::ff~H~ 'H IO~ f11'jffO'l1'j mUUlltl~'IJU'YlU'j I1W H1f11lJ1fflJ 'Yll 'H II 'W 1'IJtlUfllJ~~'IJ tl~lfI'j fl~ lJ tl 

Inflf11'j IiYlJ'H llJ1 m::d ~ H~ i ~'IJ flUfllJ~~iJfllmllJlI ~~~~ ~~n1 tl~'ill01J1lJ1W fl11lJ~flU ff:: fflJ 

.&	 a 1& 
2.9.4.3 f11'jffO'l1'jtlIlUUII't'j'jCJl'lJ (Diffusion wear)
 

f11'jffolJl1m ~ff~1~~~fl1fl'IJfl~lff~lfltfl~ijfl~fl~1lJ1~flU ~ Infl
1 'IJf11'j~~I~ flU~l~"l 
J i I Q,I a?t .& Q,I .4:::l. 1,& d.csJ' I 

'1.1 U	 'W 'j:: 'I111~ m:: U1'W f11'j ~~ III tlU IlJ U f11'j II ff~~tl~ ~OlJW::'IJ tl~f11'j In flf11'j II'Y'/ 'jCJl'lJ'YllJ 'IJU 'j ::'111 N 
.,	 .. 

f11'jfflJ Hff'IJ tl~;'W~lU (lfflJ~fl) tlU~1flllJ1fflJ'lJfl~lfl~ fl~ij fl~~ lijtlVilf11'j~ ~I~ flUI1'IU 'j:: lJ::l1m'WlU 'il:: 

Vi 1i M'~OlJW::'IJfl~f11'jIl'Y'/'; C]flJci'ln~~ 'WI~U f11'jffO'l1'j fl 1tI n1 tl~ 'illo';hu'i11W~1mlJlfflJ ~In~f11'jfflJHff 

d iJ ~ J' 0 i 'j/ ~ ... ld ... 1 0 i "'.<::lo ~ , I QIQ,I	 QI

'il:: lJ mllJ'.i tlU In ~'IJ U 'Yll 'I1ln fl f11'j IlJ~ lJUlIlJ ~~II ~::'Y11 '11mI1WH1~~O~l1flfl'W ~ 1~~fl::~ fllJ'lJtl ~1 fffl•.	 ., 
~ ~ffllJ1'jflVi l1Ji]n'ilJ1tlUH1'IJtl~lfl~fl~ijfl~fl d ~H~ i M'InW1fU ~11ff~ ~lU'I1 ~tllJ~~ tlU~1mlJlfflJ'IJ fl~ 

Iflttl~ijfl~flVi1i '11'tJWfflJU~'Yll~~ lUmllJlI~~'IJfl~lflt fl~ijfl~~I1J~lJU 11J 

2.9.4.4	 f11'jffO'H 'jtlIlUU'lifl\!~Vil i M'lnfl'ill0f11'jIl\PIO";O (Attrition wear) 

"'l i.... .! 11)' ",.1 i '" 4 .... '"11) <!I
OnffO'l1 'j fl U ~OlJW::U 'il:: &lJJnfl'IJUflllJ \PI fffll1::I~flU &'IJ'IJtl~On \PIflm flU fl1lJ 

d QI .q QI 4 ~ , d ~ l.:i t.Q ~ 
f11UJ1'j191~ 1I~::flW'11 iJlJ'lJW:: 91 fl III flU 911 '111.1 1.lm011nmnflIlUUlI'Y'/'1C)flJ 1191 'il::Ln~m'1 no'l1 '1 fl 
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hHlnflW~'IJfl,:m1'I'Vlfln'IJfl-:J1fffllPl~'~lJClltJij~(Built-up edge) Uel~ijnl'I'iYlJH~'IJ~N1fffl~~UlJlJili~fl 

Idfl-:JJ1., n'U i'U ~ 1U 'I1t1-:JI~lJ ~ -:J\)~ ri -:J Hel i 11'ln~n1'I ,j'~\llJ 111W lJel1tJij~'IJfl-:JfllJ~~ i'U clnfl W~ 
" f1'j'~U'Vl n .yj 1i 11'lJ ClltJij ~Hn~ fil'IUl9l fi11'n f1'j':: lJ 1'U nl'I ~~ I~ fl'U 'IJfl-:Jfil'IiYn'l1 'Ifl \)~ In~ ~'U ml1-3 

r I	 ioI, 

~1J 11~lJ tJ Uel~ ~ mUtJ-:J i'U 'II W~ n 1'I~~I~ fl'U ij l1-:Jn l'I 'Vl fln~ ~ li 'I..l el 1tJUel~ n1'I,j'~(l li.yj 1i 11'In fl.. 
QJd QJ _I .d ..JllJ' ltJio''' .. I'~.et ;:,QJ

nl'I Ul9ln'l1n'Vl'IJfllJfllJl9lflUel::lJel1tJlJ~ l:)f-:J !lJ~llJ1'I(l~-:J!f119l !~fl1tJI9l1IlJel1 l:)f-:JI'I tJf1m ~lJ1'U nl'I'U11 

nl'I,j'~iY (Attrition) u~~-:JclnflW~nl'IiYn'l1'Ifl~-:JtlJ~ 2.25 

. 
tel .o:::l .<::It. QJ 

2.9.4.5 nl'I~n'l1'Ifl'Vl!f1~'il1nnl'I'IJ~(Abrasive wear) 

& .d A J Q,I 0 Q,I d 31 it 4 oC:::\ J 
nl'I ~n '11 'I fl'Vllnfl'IJ'U 'il1n nl'I 'IJfl ~1'I1'I lJI'I1 elnnClllfl'Ifl-:J lJfl'I fllJ~ -:J 'il~ !f1fl'IJ'U 'il1n.. 

nl'I 1Pl~I~fl'U1~~~ijfl11lJU~ -:J 1~tJfl'4fl1fl tJ~19l fllJ'lJfl-:J1~~-:J 1'U ijfl11lJU ~-:JlJ 1nwi11fl'I -:J~~1-:J 

1J1{!'V1'U i l:)f~'II fl-:J1~~lfl tfl-:Jjj tJlPlfl ~-:J..11 i 11'tJ'U fllfl~ U~ -:J'IJ tJ-:J1~fl-:J1'U ,j'fl(l il1fl1tJ1ffflUel ~'IJ fllJfllJ IPl~ 
~	 q q ~ 

'II fl-:Jlflt fl-:Jjj tJ 1~ tJfl'Ufllfl~ij'IJ'U l~lg n'IJtJ -:J1~fl-:J1'U 'il~ flvi 'U 'IlJ'IJ fl-:Jfl1{i lJ ~~ijm1lJU ~ -:J ~ -:J ~llJ1'I (l
q q cu cu
 

4 tI 4
d	 iQ.l 
'VllJ nl'J ~n'l1'JflUlJ lJ,j'~ \!U'il1n1~~ ~1'Vl1m '11 eln '11 rifllel'l1 ~ H~lJiJ mnel Hel 'II fl-:J f11'J ~n'l1 'J fl 'il::m~ 'IJ'U 

ciA 31 QI	 A .Q 

'VlWJ'I1'U1'IJfl-:JfllJl9lfl (Flank wear) l!el~lJ'J!1WH1fl1tJ1fffl (Rack wear) 

4 'l jI ,.; "I '" 
2.9.4.6	 f11'J 'ffn'l1 'JflflltJ 1191 'fffll1~f11'Jel'U !(lel'IJtJ-:J!fffll9l ~ 

.dl iV ~ "I A J QI QI .d .es.& 0 '131
nl'J~n'l1'JijflltJ 191 fffll1~ f11'Jel'U Wel'il~ln~'IJ'U nlJ1fffll9l~'Vlfln'VllJClltJlJ ~ \)-:J'Vll I'll 

~'U ~ 'iYlJ H~'IJfl-:J1fffl~~ nlJ il1fl1mfffl In~~'Ui'U lJ1!1W tr~ \)ln~'U ~ ~ij nl'J 'Vl tJ n'IJ ij-:Jlfffl ~~U el ~ 
, 'JJ, jI I	 , 

ri -:J VoIel nl'J ~'U i (l el'IJfl-:J~'Uli 'iYlJ H~ij 'il~..1 1i11'ln~ f11'J iYn'l1 'J tJli f.l1fl1tJ1ffflU el~ fb'l1'l!I'll ij-:Jlfl1fl-:Jjj tJ ~~ 
Q 9J ~ 1.& i.& AJ" 4 : Q,I ...~ 

melnnCll'JfllJi!-:JIlJ'U 'ItJ-:Jeln m~lJ1'Unl'I 'Unl'Iffn'l1'Ifl'il~!f1~'IJ'U tJtJ1-:Jl9ltJl'Ufl-:JUel~l:)f1" n'U nl'JlJtJ-:J . ". 
'" ~ d ""'.dl '" .dl '" I jI, "I jI'l 'l jI I Q 'l
n'U lJty'l11'Vl 'il~ !f1fl'IJ'UI'U ij-:J 'il1nnl'J ~n'l1 'J tJfl-:JnCll1~11J1'J(lUn 'IJ!~ l~tJnl'J I ')fffl'I'I1eltJW'U I 'U'lJW~ 

~fll~tJ'U lel'l1~ 1~tJf11'JiYn'l1'Ifl'IJij-:JfllJ~fld1lJl'I(l~lu'Un '~ln'U 2 clnflw~ imy., ;itJ 

1)	 nl'Jffn'l1'IfllJ1!1Wf.l1'11ellJ (Flank Wear) 
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. 
<9 .. '" 2) tll'ri:Ytl'l1'H)'YI~1f11mff'j,j (Crater Wear)
 

ttlu tll'iiYn'l1'Hl1~tl'HJ1n'l1i:lltJ "l 'i:Yl!'11~1Jn:nmJtiu tl':H'l1J'j::tltlU~tllfl\y')'h h1'
 . 
.oC:::), .& d~ .... 1 ry d .dl .oC:::), I 

ltl~m'i'i:Yn'l1'itl 'YI~1f11mfY'j,j U'j::tltlU ~1tJ m'j1!~'IJ~ (Abrasion) m'jtJ~~~ (Adhesion) tm::mmrn . . . 
~ dollC::), "=:t. d I Ct. QI d 4

(Diffusion) m'j 'i:Ytl'l1 'i tl 'YI ~1f11mfY'j,j!tl~ ~ lnm'j I'i:YtJ~'YI1U 'j:: 'I11N ~1mmfY'j,j~~'YIlfI i:l flU fl tlnlJ1~ In 

U1t1Wm'jl'1~ .yhi,.rln~~w'l1.Qihm::m'ilihm'YI1UI~lJ~U~~~f1'j,jw::'IJtl~m'iiYm1'jtl~~hmmfY'j,jii 

~tl'j,j W:: ItlUllti ~ ti tl tll'i iYtl '11 J fl'j:: '11 'h~ -ffU f1lJ 1'1~,j'1~ lli:l::-ffU f1lJl'1~'I1 ft'n 1~ fJ~::ii m'i iYn'l1'J tl~ n1 U 

'~i~l~u ttlun1'iiYn'l1'itl'IJtl~~1mmfY'j,j 

J.8 ~ 
VB ---' L.

E 0.7E 
0.6~ 

Ini;;~1 

c b'e3lo:dcwn" O.S /!! ........ 
~ 0.4 

:J/. 
c 

DU~;fo,m 

-;" 

/ •• Ie

r 
!! 0.3 

'0 /' 

100 150 200 250 

Cuuitlll time.' 

&: 0.2 
~ :: 0.1 

I Tool 
lace IA Crater 

I-----"~\
 
'.....", " ~ 
--~~ 

fA 

VC 

Wear 
notch 

VN 

View on ma]ot flank 
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2.9.5 fl1111ff11Jl'Hl ""\m'j~"l,ijtl'W ( Mach inability )
 

fl1111 ff1111'J fI 1 'W m 'j ~~1,ij tl 'W" tl~lfl~ tl~ ijtl~"1r1'W fJ Wff1liJ~ ~u ff,,~i)~ tl1~m 'j'.f1~ 1'W" tl ~
 
ev..::1 Q,I-=!I ev"J.'" do Q,f oG)"

fl1l~~'YIff1111'j(1~"mtl'WU(1~fl1'j fl~ ~ tI"tl~fl1l~~ &~ 'W 1'W fll'j 1ff V'l11tJ"tl~fl1l~" 'i)~'YI1 &'11 fJW fil'Vi" tl~ 
jI, I til I 

';'W ~1'W (1 ~ (1 ~ 1fl i fl~jjfl~" 'i)~'.f1~ 1'W ~ fl' tI, ~ ,~'tjj fl';'W ~1'W Vi Hil~ Hil~ fl fl n1l -I' ~ fl~' 'W Vi ti" 

fl1111 fl m~lfl ~ fl'W ~ n1'11'W" H 1'lf'W "'W l"U(1dh~l'W Irl'W~'W tl~~tI 'j~nfl 'U~ff1flty ff1'11 i''u fl1111 

ff111 1'J f1' 'W nl'j ~"l,ij fl'W" fl~la'W 11 (1~tI'j ~ nfl'll ~1V1ifl'W'''~1~" l~llri 1tI'YI H1'j" 1flW ~ "tl~ 

1iJ'W11(1~ 1ifl'W'''''Wm'j~~I,ijm.J fl11111'11111~ff1l 1'Wm'j~~1,ijfl'WlffrJ~1'W 
d ~ 9".::!t , lit Q,I.!t d .or:::::.. tI 

m'j1~'YI 2.7 U'W1'Y11~m'jmfln ~~I~fl'W "1'Wfll'j~~mfl'W"fl~Ifl'W1I(1(1 [1] 

B~'j1~fl'W (1111. / ~'W) 

91 I " (Materials) (Condition) (Depth of (Speed) "'W1"1ff'WH1t:!'WtJnm~ (1111.) 

cut) (1111.) (11. / 'Wl'yi) 10 12 18 25-30 

j/ 

lffrJ';'W~l'W 

1030 1042 

1033 1043 (Annealed) 0.5 37 0.025 0.075 0.102 0.102 

1035 1044 1.5 27 .050 0.102 0.130 0.130 

1037 1045 Dia.l4 24 0.0255 0.075 0.102 0.102 

1038 1046 Dia.l2 15 0.025 0.050 0.075 0.075 

1039 1050 

1053 1055 

1525 1526 

1527 

1330 4135 0.5 26 0.018 0.038 0.075 0.102 

1335 4137 (Nonnalized) 1.5 20 0.025 0.05 0.102 0.130 

4027 4427 Dia.l4 17 0.01 8 0.038 0.075 0.05 

4028 4626 Dia.l2 15 0.0130 .0025 0.05 0.075 

4032 5130 

4037 5132 

4130 513:> 
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2.9.7 ~fllJW~'IIfl~lfflJO~ (Chip Formation) [4] 

!f1~fl~~m~i~'U ~lU tl~Hnl1m 'j lJfll'j Hft~iJfI':nlJ"hflqj~tJj·hfi'lfum~lff'jlJ!ff1i1'~{ l'tiU 

flm1fll'j Hftl'l~fll'1~~11t1 ':Wl1m ~U 'YlU ~emt11t1 fl~'j 1H"illh~fll1t.htln'l1 'Vb i ,riJH"fll'j fffllJ1. 
~1~ '1 ~ f1" flU fJ lJl~ tl10U fl n 9l~!~ flU ~ ~d~lu fl ~fi\b~flflU~flfln9l~ifu i ~ l'tiU f111W~19l~ 

fI11lJ!~ 1'j flU fll'l'j 1il flU I~U ~'W "'1U iJ H"~flfll'j9l~ifu' 'iI!u~m...!!f1~ fl~jjfl~~'IIfl~'ti1~!f1 ~ fl~ 
, * 

fl1t1'~f111lJ!!\Plfl~1~'Ufl~!~flU 1'11fll'j9l~l~tl'I...!~N'll'tiU f11nJ~fl1i1'~;U~lU l.pJfI1t1 

f111lJ I~ 19l~!!,,: lfl ~ fl~ ~fl'j "1" "1 i1'llJ THl ~ 1!!U fl 'lfU ~ 'II fl~lff'il9l ~ , ~ 3 U 'j ~!fl 'Yl fi fllfflJ 9l~u U U 

,~ ~ l~&~	 c:v 

\Pltl!U fl~ (Continuous) IfflJl'l~!!UU\Pltl!Ufl~C)1~lfl~fll'jl1"fllJ" ~mtl(Build-up-edge) ml~lfflJ\Pl~!~ UU 

111~tl!~fl~ (Discontinuous) 

a; 
':;;:'~"1:::rlUC;~ "~,in (»	 COntinl.lOUS chJ..? '~·i::f-l c) Djsc011Lin .... ;o\_;~ 

hu\lr::-u~er.r.c Ch:"D 

!fflJ ~~!! U U ~ tll~fl ~~~!! i1'~~ 1U 1. U ~ 2.30 (a) flU'~ 'il1flflU 9l~U1~1 i1'~m Utl1~ 

iYlJU'j ~if'Yltfl11lJ!iY t.J~'Yl1U ~1 !"lfU fl"ihUtlll!!"~'Ylfl~U~~ ~~111 hnbff1!~ ~iJflWfl1fl~fl':h!fflJ9l~..	 . 
"I "~ 0 i '" ..:!i ~.cI i'J/UUU ~ll\Pltl!U fl~u,,~m '!'Um U~llfllltl1qfll'j 'If~lU 

IfflJ9l~UUU~fl!~fl,Hn~fl1n1"eJll"~"lV ~~Ui1'~~'U1U~ 2.30 (b) l~tJlfflJ9l~~lfl . ~	 ~ ~ 

fll 'j 9l~ U1~1i1'~ m Utl1n iJ rh511 U'j ~ if'YlDf1111.JlfftI~mu i1'~1.J1fl C)1 ~J:tfllJ W~U 'II W~111fll'j ~~ 'iI~iJ.	 .. 
I... i el dil fj/ QI c:v ~ cs J. el.d0 (V 

fll'j flfl\Pl1'Ufl~ ~ 'IIU 'Yl f\1U l1tJ1'11fl~'IIflU\Pl~ U"~i1'111'jU1i1'~1J1~'lfUf\tl1~lJfll'jl'lfflll'llU'YlUU~~"li	 . . 
9l~'IIfl~lfl~fl~jjfl 1~ i~tlU1nw~iJJ:tfllJW~~~mh1l~tlfll1'11flUfltl'I.JU (Build-up-edge) l1~fl BUE 

!rl eJfl1 'j ~f\ ~ 1!UU ~ fl 1U!!U 1 'Yl1~fl1 'j 111" 'U tl~ !fflJ 9l~ 'iI~ iJ i1 ff'Yl1~ 1U1'l111 'II flU fl flU..U!!" ~11,rI'll tl ~ .	 ~ 

!f1~ fl~jj tl9l~ ri1U 'II flUfltl'I.JU 'iI~iJfll'j Utlfl9l1tltlm~U'j~tI~ ~lfl\JU ~~l1U tltlfl1Ufl i tlllt1U mlJ9l~ 

11 ~tlfh9l1UU ~111,r l'11tl~iJ <Plfi~ ~ ~l~ tl~ ~lflU~ n1tl1fi~flrl11111hl'f111Wi tlU'II tl~~111,r1hi 
~ , I ,(VJ ~	 d"Q,I ~ 'c:vI 

<PH! "~~~llH" i 11i1'1.J1!i1'lltl !"lfU !fflJ\Pl~UUmHHU fl~ BUE 'iI~flfl\Pl1'11UtlV1~i1'1.J1!i1'lltl'j~1111~fll'j~

1:1 II f11 tI!U ~ tI U UU" ~ 1U,j1~ fl d1'J 1 'j ~ \Pl1lJ 'II U 1~ 'II tl ~ BUE ~ ~"~,, 'J i ~ tI fl1 'j !~ II fl \Pl 'j 1!~ 19l~ , 
... "'! .,; ~ .,\ 0 , 'J/... .,s ~ d d J 

"~f1111111tJ1'11fl'JlfflJ 1'l~1'I 'j ~Hfl1l1:l11fl1V C)1'J!llfl'llU l~'lJU'J BUE "~"'J'Yl1 mn rr 1!'j ~llfJWfl1'W~'lJU 

vrt ~fll11~1l111tHI1l~1mh~N1 III cllifiJ~ lli ffl1l1Hl'lli~ BUE 1~1111~iuiu 1i1'~ m ij tl1 

1J1~U'j~Ul'Yl 
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!f1lJ~~lltJtJ '1.i~tmifl~ ~~ll~~~ hJ1lJ~ 2.30 (c) 'VltJ '~1J1nm'j~~lJwr)~~llJ'j1~1'li'U l'I1 ~n 
.. q 

l1 ritlll"~Vlfl~l'I1 tifl~ l~tJ i 'UnulJfiu~1J~ '~mJ~~li tJtJ i 'U'\JW~~li~lJ~~ l1.iln'U 'j~lijtJtJ ~~bri11~ 1l~ 1~ 
.1 i'j/";' ...' 'j/ .9 .1 '" 'j/ '" '" ~ lJ 1'Un" H!m~mqn11 'b'~ 1'U '\J8~Ifl'jtl~ 1Jtlfltl'U '\J1~tJ11'U1'U 9f~lJnflll"1fl11ln~tJl11tJ'\Jtl~1J~1l~ltJ'U 

, .. , 

YW 1l1nm'j'll~fttJ'U H1l1 U1ff1Jrr~'tItI~lfl1 t1~ijfl tI ~1~' 'jnfl11JU;YlJ~ ~U flWv/ tJ 1~i 'U 1~~! l1U tJ1ni1 

QJ Q et d .Ji ~ QJ d\l}
~1J lJ'j ~ ~Vl nfl111J!~tJ~Vl1'U ~ ~9f ~1l~ II~~ ~f.N ~i11'Vlm'j fl~Vl !1JIl11J 1~ ~1J .. 

I 

'" 0' ...
2.9.8 m'j11m1~l1m<H~tl'U (Shear Analysis of Metal Cutting) 

QJ ... 1 I QJ 4 ~ .dl QJ :; 

"nlJW~~lJ'jH'\JtNm'jfl~l~tl'U !'U 'j~ 'U 1tJ~1J 'il1n (orthogonal tool) 9f~1I~'\J tltJ~~~~'il1n 

tltJVifYVl Hm'j~~ 1J~111 I M'i11fl~~'\JtI~lfYlJ~~ 1lJ'~mii 'U 'jlJ'\JtI~~l'I1 ~tJ1J~'Ul~t1~1l1n111fYlJ~~ ll~f.)n.. .. .. 
u~fltJVifYV1l~n11 I l1 "~1tJH1fl1tJ!fYlJ ~~111i l1'!f1lJ 1"l1 ~lfl~t1'U~'~t1~l~U~'j~ 1'li'U!~tJ1tltJ'jlJ1H.. 

Q,I d .4 d ~ ... I <JJ 31 ~ 91 Q,I' dll1 iJ d I 'QJ 

'\J t1~lfYlJ fl ~Vllfl" fl'U Vl fltln !lJ Vl N ~ 1'U '\J N 9f~fl111Jn1 N ~ ~~~'\J fl~!f1lJfl~Vl !~ 1J::1Jfl1tV11ntJ 'j:: tJ:: 
.. q 

"'-"" ,
L ~ 

m'jllJ~tJ'U 'j lJ'\J t1~ lfYlJ 1J~ 111i M'ln~m 'j ~~~1'\J tl~H11fl~fl~ijfltltJ~11fYlJ~~lil'Uti flln~'\J fl~ 
'".. , .. 

d Q,I Q"I d'j) i9lfi Q,.I"1' 'j) 4Q,I 

llHl~tJ~Vl1'U ~~'U'U~l'UVll9ltl~ 'if !'Um'jl9l~ !"l1~1l::'Pltl~~11J1'jflltl1'b''U~Vl~IlHl'ilfl'Ull'':: 

llHlfttJ~V1l'U ~~~ lJ ~ 2.29 I'Ull tJtJ ~1"t1~'\J fl~m'j ~~ i 'U ~lJlltJtJif 1l~n1l1 'U ~ I M'lfl ~tl~ijtl\lnv~ 

~~ I 'U '\JW::~~'U ~ 1'U i1n11m-l 'Ul11 t11fl~fl'U~ 1lJ--hI 'U Vi fYVlH i ~ 1~ tJ~f.)l'U~'\Jfl~fl111Jlti''U nt1'U 11m: 

'11"~ 'j::'U 1tJl~t1'U ll::!U 'Un11 111 "lltJ tJ'Vl m~~ n~itJCJi'tl'U '\J t1~ 1"l1 ~1~1Jfl 'j~'U 1tJl~ tI~f.)nti1'11 'U ~ .. 
, .., 

d 0 - Q QI QJ c:. 4 .oi!!I 

N = llHVlm::V1ltJ'U!f1lJ l'UVlfYVlHfl~'il1nntJH11fl'jfl~1Jfl 

F = fl111J~1'UVl1'U1J1mlHlfttl~V1l'U1J1nm'j~lfl~fl~jjfl111iM'lfi~IlH N tltJlfYlJ 
1 • I I 

0 d. QJ ..::! Q,I .:!t 1JI ... 1 ..::::to iI .o=!I 4!!11~ tJ1J~m::VllVlm!f1lJ'\JW:Vl1J'Ulfl" tl'U !lJfl11J H1l1 'U l'tlfl~lfl'j fl~1Jfl 
1 ., JI 

Ff == U1~1'\.l1LlJ1~'n11tJUlJ1d'JJHuli(j~lfl1fl.:JijtJ~~ Htl'U;f'UHlJ 

Fe = uHllJm.nlJtJlJ'HimIH'\Jfl.:Jm'j~~ 
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;.":

II ':i ~ l(1 tI 'U '\J tI.:IlJ lJ ':i ~ tJ lU 1(1 tI 'U 1~ 'U H~ lJ 1111 f1ll ':i ~ 1ff fJ ~ 'Yll 'U '\J tI.:Ilffll ~ ij ~ tI ~ 1 'l1U1 '\J 'tI ~ 
." . 71 "" "" 1 d d _I'Ll d "" "" '1

~fl':i tI~ 1Hl ~fJU HmfJ~'Yll'U 'U ll~UlJ ':i ~ lJI9l1lJfl111H':i fJUU ~~fl11lJU'l1 ~lJfllJ'\JtI.:Ilfl ':i tI.:IlJtI f11':i ~ '1fNl':i 

'11 rltll~'U 1ff~ 1 ~l11lflttl~ lJtlU ~~;'U ~1'U fll9l':illi 1'\JtI~f11':i~~':i 1lJ.vf.:l~tJi l.:1'\JtI.:Ilflttl.:llJtlU':i .:IlfffJ~'Yl1'U 

11 ~ ij ~ lff.:l ~1f)~~'U nu f11 ':i ~~ lffll ~~'\J 'U1~ 1'l1u1U ~ ~ijfi llJ lJl(1tI'U ~1 1 'U'\J W~~ ll~ijfil~ lid'tI'\J 'U 1~'\J tI.:I
" " . 

lfflll!~~ lJlJ~~utJm~u'Yl1.:11 'U ~1~"''U l~fJtJ':i~iY'Ylnfl1'Y'lf11':i~~lffllll~ utJ':i Hf1~'Unuu':i .:IlfffJ~'Yll'U. 
1~ fJ~1 i tJ u ~1 ~ m~ ~ fJfl11lJ'l1 'U 1'\J tI~lfl'll ~~ l~'U ~1UtJ':i ~ ~htitlJ lfl'll ~~~,~1l1f1 f11':i 

. " " 
~~ l(1tI 'U ~htJ I'll tYu ~1ff.:lm19l11ijfl11:lJ1J1.:1 1'U tI~ 1l1f1fll9l ':i lil tI'U1 'U u~ ~ ~fl i'.:I ~.:It!'U~.:I nl'l1 tJ ~fl11lJ 

II 

'11 'U l'\JtI~ lfl'll~~lffll~~ (s) ijfi WYhnUfll9l':ililtl'U l'Y'l':i 1~'Q ~t!'U1,rii1~ln~fl11lJ'\JtI.:I fll9l':ilff1'U'\J'tI.:I 

lffll~~ntl'U~~u~~'l1~.:I~WJl ra = t2 / t l l~fJ~ ra < 1 fl11lJ'l1'Ul'\J'tI'Hffll~~ ':l.iQf1nl'l1'U~ l~fJ 

lfl t tI.:IlJ tI~~'l1 ~'tIfl11lJl'l1 ij fJ1'tJ'tI.:Il ~'l1:: U~ll~nl'l1'U ~ i ~~1fJtll9lnl~tl'Uu~~':i~fJ~iltl'U iff1 

~~JhI{f .:I~htit1J~ll~1Pi' tI.:IUllJl'W1l1':iWlt1VlfflJmr'Ufltl fll9l':ilff1'U'\JtI.:Ilffll~~ (ra) ~.:Il~fJ~1 itJ 
" " 

91 do' I I e! QI QI I QI QI tlQI 
U~ 111 ~ lJ flltl ~ ':i ~ 'l111~ 0.2-05 'U'tlf11l1f1'U fl11lJ'l1 'U 1'\J tI ~lffl:l19l ~ fJ ~ ff 1'U fflJ 'Y'I 'U]j f11J 1J lJ flltJlffl:l 

" 
(Rake angle) U~~1JlJl~tI'U (Shear plan angle) ':i~'U1UI(1'tl'U1l~lf)~';'U1~fJl111JlJ'j::'l1iwYiff'YlHf11':i 

I I " I ,a do ~ a a a i3l\fJ .c:.,Q,I.4 I 

lfl~ tltJ 'Yl'\JtI~')j'Wl1h1U~~':i~hilum 'tlhl1l1f1'\J'tlU'tJ'tl~lfl':i'tl~lJ'tlI9l~llJtIlffll~ ~'l1 ~Hlh1 H1fl1fJlffll 

Sh~HJ-an.le I.Iorkphce 

bk.....1.. 
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I ( ra x cos 13 ) f a = , ra = 
tan - 1- (ra x sin 13) t 

.d ... 
11HJ a 1j111lHJ'U 

f U~ 'J l1jfl'U ~flf'111';~ . 
f'11111 »'U llfl'll';~lllft{J 

-=::to c( J., do 

2.10.1 f11'J11ml~m'YHJ»1ff1'U~HY1JYI1~If'111 

1~»~ ~ 1~~1'U 'VI1~1't1f'1lJ mh'U1my i:J1'If1~» ~t1~,,!'Yltiif11'J ~ff1J ffl'J l~m~flI~11 fJ Wff11U~ 

~l'U~W'l 1M'ntll~»~I'If'U fJW ff11U~'YI1~n~ f11'J'Yl'U'Yll'U~tlf11'Jn~n1fl'U f11'J'Yl'U'YI1'U~~w» f,1iJl1 ~ 

»1tl~ 11~'U~'U f11'J'Yl~fftltll~ 1:1» 1'~1'U ~ff11'V11~If'1ii '\Jfl~ 1~»~ ffl111 'Jf:1 '\.J1 iu1~1 'U~l'U f11'J U'J~ n'U 

...:::t. tI do Q,I C), fj} ..A ::It Cl...::! 

flWtll'YW1'J11m 1~» f11'J Iff{J»1{J'\JflnfffJll~~1fl'1m'J11{Jfl'U 'JtltJ (Reverse Engineering) C)f~llJ 'U 11i 
II I II , 

f11'J»l'iflJ ~'\Jfl~1fffJ'\Jfl~;'Uri1'U 1~»~ n~tl~f11'J~il~1M'mjjfl'U ntl~'U ri1'Ui~I~11 (Original Part) 

f11'J'Yl~fffltll~fl»1ri1'U~ff11'Yll~lf'1ii'\Jtl~l~»~ii»~ltJ1l1 ll~~~1l1ii.,j'tl~.,j'mfftIH~n~Nn'U tltlni U 

i~~tl i uti' l'If'U fliJ,1'Umufllmill~fl{ ~~I~'Uri1'U'Hrt~'\Jtl~f11'J~n~fftltl1 'Um'JfhlJ'Uf11'J'Yl~M~ 

2.1 0.1.1 f11'J11ml~..f~1tJlf'1~tl~oiJ,1'UmUf'1i~'jijl~tl{ 
,. )II JI Iin f11'J 11ml~..f ri1'U~ff11 ~ 1tJ1f'11fl~fliJ '1f'\.J fflUf'11~'JiJl~fl{ ii;r'U ~ tl'U fl tl :J$wh'U i ~»~n 

~fl~f11'J ~~11f'1 'jl~..f ri1'U ~ fflJ ~ ~ tJ nffUl{f'1~~1~'U'Yl~fffltl~'UIn ~l~ 'U1U~1fll{f'1 ffl'J 1~ fl~ ~ff11fl~1'U 

~'U 'Yl~fffltll~l1~ ~~ 1M'llff~~ ihnl11tJ11f'1 ~'Ul~'Un~11111m~ 'U muf'1~~ 11'\Jfl~f'1~'UU ff~ 1 ~tJffl'J l~ flll~ 
I I I JJ 

C), d -=!I d~ I -=!I do I C), ...t,.
~~'if'U ~~~11ml11tJl1f'1~ 'U 'YlllllHlJ 'Yil~'\Ifl'l1i l~H~ ~~1il~ 1l~~1'U tl~~ln111il~ fltJl1mtJ'if'U ~ 'U!~11~'if'U 

q q q lU 

'Yl~ fffltl1f'1~fl~6iJ,1'U ffluf'11miJ l~fl{~~n 111Ul~lwnfl ~'Ullff~~ n11fl~l~ 'U muf'1~~ 11titltln1l1'1~'U 
. '" ... 1 "'" ,J 

I 

m'Yil~ffll1'Jtl1il~'if'U~ \Pl'if'U~'I1'U~ 

do Q,,/ 'j) .do C), J & C), t \I) 91,- 1 ~""'''' 
'\JW~I~{J1n 'U ml1J1'\111'\1 tl~ll ff 'l'Yllnfl'\l 'U ffl11 1'J OtlflnfHU'J 11 lW '\Jfl'l1il~'\.J'U "l !~ !fltJ 'lf11i 

lU~ tJtlln tJtlnmi1mh'l~if'i 1 ~ '.Iii f11'J~ 'lnril1~fl~ 1~f'1fl11Vi11~tl{'lf1tJl 'Uf11'Jl~t1.,j'm.! ~lm tJtllli tJtI 

~ QJ C), CI" \I) " QI 1 fj}d I 0 .d 0" d & 0 1 ~ 
1l~~U'iJ~t1'Uf'1fl11'Yi11~m !fltJtl'Yi l'JJ'Ul 111111'\.J 1tJml11~1'Yl111ml~~'Yll'l1'U~1tJ ml11n~I'j 1~~'YI1 11 

f11'J 11ml~..f1l1 ij
~ 

iiml11 'J 1~1~ 11m~1l:J '\.JtJl1-WtJ~'Yifl 1'U 'YlNl'Ylf'1iJ f'1f11'J11ml~..fu~ ~~f'1~
~

~ 1~nml-wtJ~ 

U'j~111W 1 'Uln 1'U'\IW~~ffl111'JotlflnU~11-'Wffl'Jl~tJ~~ff11tJv1'U l~l1~'J~Wll~ 10 - 20 1il~ 1'Uml1.. . 
"'... ... ,. 1 ~ ... 0' d 1 ~d d 
IfltJ1n'Uffl111'Jf)t1fln~nllW~'\II:1~1il~ !\PltJllJ.... l~ 'Um~nnmffl111'Jf:l1Iml~111il~'Yl~ff11 'Um~nnm 

'ifiJ ~1Ji 1~"l i~mtlH 'Yltl'Yl n1iw,l~tJ..t1 i Ulf'1~tJ~6iJ,t'U ffIUf'11~'JiJl~fl{ii'\J'Ul~f'itl'U .,j'1~ 1mull~~~tJ~. . " 
... I 0 ,Q,,/.d •~ Go'.q Q,,/ '1 "do d A 91 ~" 
U'J::'iJltJ~n'lJ'Ylll~ lJ 'iJ~'lJ'U11f11'J'YiI'1l'\.Jlll111'\1'\.Jl~mn~~1l~~ffl111'jmf'1~tl'\.JtJltJlfl 
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1111 

Y,.,i!,J,hL"f1 
l'l~,J,)1" 

Ar 1------. 

1I111.1iifl1JC)l1ll1ml'l 

1H·2301IIll 

1I111.1ii f1111n11'l 

2OCI-lIOO nm 

il2Jntl• 

Q 

2.1 0.2 f11'j'VI~HHllJm11111'U~ 

f11'j'VI ~HH)lJfl111111~ -:j'U~~lfffl ~~fl1'j lflfl lfl 11111'l'1'\.,1 'VIl'U 'U~~lfffl ~ ~fl1'j IIU'j'jUmh~. . .. 
"" , , 

til1'j fllfl1111 II ~ ~ d'J'U ~11h;'h~'Uff1'U fi ttrtJ'H 1tJ~l 'U m :::lJ1'U fl1'j ~lJ 'ljlJ'VI1~ fl11 11 ~~'U ~ 'j ~ ~ 111 'VI fi 

" . 
'j:::lJ.11" 'U;;~ t11'H 'U fl 'II ~ ~ lff~, 'H i ~ 1lJ fll 'j t1J'i tJlJ tfi tJlJ fl11 11 tt ~ ~ olf'U ~ l'U fi ItrtJ'H 1tJt1lJ 1 lJ Itr [I'H 1[I 

~ ..,.., ~~. '" Q .1 .IQ
ffl:1J1'jtlff:::'VI~'UfllJ"lflllW:::fl1'j (Work Hardening) f11'j~lJl'lf~l'U 1'lf'U 1Ifl1111U'U~~lflf11'j'UlJluWlJ 

fl~'U (Softening) 'VIfl ff~lJ i fl[lf11'j' '*111flfl ~11J'U 11 1~'j j l'U 'VI fl"lfl~lJ'U H1~1'U ifl [I 111flfl iTm1J'U11J 
od .o=t. 0 QI dod d I QI d d QI 

'VI H fl"l1l Vi7::: 11 fl U"l::: m 1[1 lH'l :::'VIl:lJ1 ~ lfl1ffft'VI 1Ifl1111 U'U~:IJ1flfl111ffft'VI 'il::: tl fl'VI fl fffllJ'll' ~ 111Ml. . .. 
ff1'U1Ilfl 'il:::lJ[I:IJl11~1t1l'Vl'lf'j lif11'j'VIflff~lJfl111111~~~lJtJ1It,*t1'Uii 41i~~ fl1'j'VI~ff~lJm11111~~ 

d .o=t. rJ' .o=t. I " 

lllJlJ'j~fln"l (Rockwell), 1fllf)~'j (Vicker), lJ'jI'U"l (Brinell) ll"l::: Shore - sc1eroscope ll~t'Ufiij 
I .& d d I ~ 

'il:::flm1tl~mm:::f11'j'VIflff~lJm11111'U~lllJlJ'j~fll1"l (Rockwell) l'VIl'U'U 

f11'j 'VIfl ff~ lJfl111111~.:llllJ 1J (Rockwell) f11'j'VIftff~lJ~1[11i;i111111:::ff1l~ 'il:::' '*'VI ftfffllJ ~'U 

~1'U ~1'l'~~f11'j'VI'j llJH"l ifl tJl~ 1 i~iflrl~~'illflffl11 l'jtlfll'U fllfl111111~~1~'t1'Ufi'illfl'H tr11) ~iJ'VI1r'Ufl~ 
a QI cv d cf d~' ,dI 

Im~~1fl f11'j1flmfl1111u'U~lA~:::1I'VI~'H1Ift9 fflfl"l 1'lf'U ff1fl"l A, B, C, D, E, F, G, H ,K, L U~'VI 

lJ[l1It,*t1'U1Ilfl~~fl~~ ff1fl"l B U"l::: ff1fl"l C ~~fll~lfl~~fl1l11~'il:::ii'Hl.h[l~lfll1J'U HRB ll"l::: 

HRC ffl11flJ'H~mflwcn~t,*hAf11'jflftl~flfl11m'jl~flflt,*111flft'lflJfllfl U"l:::ml11U~~ff1fl"ltft' 'U 

dodQl fI a:!t d 
f11'j'VIfl fffllJfl1111U'U~ 1I11"lfl1flWCVIf11'jm ~fl~111~ l'jH'VI 2.8 
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A 60 

B lOO 1/162 ~flUfli1 

c 150 1111Yi 'lI'J 

,()q" "'" • '" d", <li "'l1~fll'J ~ U1l'il''U~wm '1 lm~lff~'Yl1Jfll11Jll'\J~ 

d 'j) fI ~ QI de! d ... 1 
1'11" flfl mfll'JU fl'U, 'Ylfl~l '11 "fl~ll":l::lff~'Yl1J fl111Jll '\J hI1'Ufl" 1~ 

d d, did, d 
l'l1"fl'YlH1'Uf)l'J'il'Ull'\J~ ll"~ ""'l1~'YlH1'U f)l'J'lIUU'\J~. .
 

D 100 

E lOO 

F 60 

G 150 

H 60 

K 150 

L 60 1142 ~flUfl" 

M lOO 1142 "flutJn 
'" 

p lOO 1142 ~flUfl" 

R 60 1/22 "flUflCl 
'" 

1111Yi'il''J 

. , 
QI .::to QI , ~ 

'fl~m, Yimff'flfl, lff~flfl'Ufl'U '1 

<!I '" 
l'l11Jfl'UflUfflfl" L 

<!I .., 

t111Jfl'UflUffAfl" L 

<!I '" 
~'l11Jfl'UflUfflfl" L 

2.lO.3 f)l'J'fl'J1'i1ffflU iflHff~l~~"mfl (Microscope) 

9 i 'JI .1<l .,,\ d i 'JI d I <!I 
~'Ufl1Hln'ilffflU flHff'JN'ilMl1fl'UfllYifl'Yl'il:::1l flHff'JH l1J~lfl'J'U ff1'U1'i1fl'\Jfl~. '" 

1i 1~ g'U'l ~~ 'iI~yhi M''Yl'J 1uil"J 11 i)n1til ~ijH"~£Im'J1J1~f)l'JHil'fl'l1i£l~£If)l'Ji'U m'J~~ml'U fl'U'~ 
~~ ~ ~ .e.d i ~ ..c::.d.::i d 'j) ~ ~ ~ ~ 

f)l'J 'fl'Jl'i1 ff£lU11i'U lU'U11if)l'J 'fl'Jd'il ffflU'Yl1~ "'11:::1'Yltll11i 'l1'U ~ 'Yl 'iI~'l11'\JflH1lYim1l ~ 'Uf)l'J H"'fl'l1 'J £I 

i 'j)jI .d QI do ~ QI ,<JJ..c6': do QI 'j) •'j) QI 

'11 '\J £I1qJmmnflU mw fl111Jlfftl'l11t1'\J£lnff~ 1l C)f ~'il''U 'Yl1l ff£lU 'iI~ ~fll'fl'J t11J~1t1f)l'J'fl1l1l1t111H'U'fl1l 

i1ltlM'11Ji1i~ln1l fll11J ~ fl'U 'fl11JllN'U ~~ 1J1flln'U'11 '11 iflii'm \I fl~~~1J1flln'U' 1l1Yi 'J 1::: 'iI::: i M'i fl'j ~ 

""'''''''tI i 'JI'JI '" 
• 

'" i 'JI .1'<l df)l'J1J fl~'fl'Jl 'ilffflUl1i'U 'iI ~ '11 'lJfl1J "Afltllm I flH ff'J1~'\J fl~I1J1l!fl'J'U 'il1fl'\J'U 1~'J 11 'J l\1'\J £I ~l1J~lm 'U 
'" '" 

l'i1'U lfl'J'U'l1t11U 'l1ifl"~IUtl1l m'Jlfl1l'J~'U1U~ (Twin plane) ~1l1~1J~1l'YlHfl"1J m'JllNm:l::'iI1t1 1m::: 

d QI d I tI tI d ",d d 
m'Jl'JtI~'fll'\J£I~11J1l1fl'J'U 1'll'U l'flflC)fl'il£l'J (texture) 'il1fl f)l'j'j~m'J1Wfl'fl1'Yl'\J£lUI1J1l1m'U 



, 
..:t

'Inn ~ 

f)1'i~hiJ'U1flHf)1'i t~tJ~ fl1'Jfffl'j.l1 U'YI il 'YHl'lJ'tI~ 'tIW 'YI fliJf)1'i 1~'U ~1~ m.h::: ihl ilfll'YH11'J ~1'U. .. 
t::9 d .e:::", tI d 3J 9 o.e:::", lIJj,lo 0 .e:::",1 

'YI1'U fll'i bYfl'YI 'i 'tI'lJ 'tI ~l'tJ'U lHUH'YIll fl flll1'J mHY ~ !'U f)1'ifl11'U 'U flHf)1'i !fl f)1'Y1'Uflll~'U f)1'ifl11'U 'U ~1'U.. 
~ ~. 

9i~ ll~ 11ll~'U fffl'tl1'J 11J 'i1ll,j''till ml'U i1~11 1f)1'i 'YIflll 'tI~ 1f1un 1'Y1 'U flU~'U fl1'Jl1 1~ 1'U ~~ll~'UfliJ UbYfI~.,j'U.. .. 
9l'tl'U~hiJ'Uf)1'i ~~'i1J~ 3.1.. 

nlnl~H"6tJ1.h:: fffli 

fll'rt1'Unl'~PlI~6'U 

.. 
llHlfl1J 

. 
"'U1Pl~1.Hl'U 

d Clo" Oi'

16'U1HHl 4 fl1JflPl 

(Geometry) 

d ~ " 1I1J1J16'UlHHI 

.. 
ffOlllOl'J660 

nlllfl~~W'tf~iJ 

d ~ 

O"'~1JII"~Pl1f1 

Ifllf(tytylOlff 

• '" d 
0"1J11JPI IfI'U 1'U0l"hUPlln'U 



S4
 

ep
 
nl'H~ mj\J nl'H1ftIHl'l

I 
I 

J
~'U1U... ... 

(Pre-Machine) 

"11-"---"'-':_:;·'---"b

... ... 

012:::" 

'----------------' 

I '1'I.JnJJfI(lfll'.i'YI~(ltl~ I
 

• ~ d 
tlltJ~l6'U 

4"
- W t:!W'IUJJJ'HtH 

-70 (lC 

- 196(1 C 

'-------' 

.. 
~ ~ 

"'1i1l'1'tltl 
"nillYtltllY1'U 

lflHlYfH 
fll'I'JJ'YIl~lflij 

I I 

'YI~l'I'tltl~~l'U 

l'H~flfla'l S 45C d 
fl11JJIl~~ 

"nlll'l'tltl 

lflHl'I'fH 

"nill'l'tJ'l.J1U 

'YIHm'lllflW" 

(Geometry) 

'"fll'.il~tl'U 

(Shear) 
(wear) 

"n\llYtltl 

wq~flnJJ 

~tl~li'lll9i~ 

,Ir 

I 
.. .. 
llm1::'HfHl nl'fYl ftIHH 

,Ir 
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911'lJ~U~H)U tll'Hi l11JU 'HU~ till1 UP! ci1U~ ~ilf1ty lu tl1'j'Yl~HH).:I t;ijtll'jihU'P!l~Ul~~ 

!gu ihHlmr.:IH1U m::1J1U tllH)1J'I11J'lJ1U~1 1~HJ'ihuP!!~UfIltl1~11ijU i 'II~ till1 U P! Vi 1tll'j 'Ylp!~ij1J• 
<S "i ~ "'l ~ '" <!l "j" I"" "" 

fl 11'lJU'11.:1 ~ 'j 1'il ~ij1J !fl H~'j 1.:1 II"::'Yl PI ~ij1J tll 'j ~nl1 'j ij~ 1t1tll'j 91~l'iWU ltl ijllJ 'j t11Jl'Y1 t1m·m nu 

d Q d'd. 0 Q"f d 6} , ..;. i 
'Yl~"ij.:l'llij.:llijU 'lJ""mnU m::1J1U tll'j1Jl1J~WU!UU91"::l.:lijU 'II 

~ c:s iI c:s 
3.1 fJWtJ'JJUl'l'IJ8.:11't'itlflfltll'Hl1J\l.:l M42 l'll'JJ'JJll'l'd!lU AISI Utl::flWIlUU'IJ'J 

1J~11'Yl 19U en1 iju~~91f 1J~l11H1U l~t1U'j::1ilUU~l1'YlflWWHrl ~fJ"ff~i'91U tit'JliJU 

1J~11'Ylr-r ~il~lfl~ij'Jliij~~u'j::bl'Yl!guiJml ~ijn~11U ;U ci1Ull~ti'lJ~ ~ ~il91'illml1g nn~ nij1J i;l 'J 
~ ~ 

<hJ" <S ~ .... <!l"i "",<S""," <S ~ ~"'" 
fll'j !1J~u"::Il1"nnmlfl'jij'J'lJij !PltI~"91mU'lJ mHllf1ll1 "nn" nij1J~'J S500 911'lJ'lJ191'jjlU'IIij'J~~"91 

.o=t.QJ d' ~d rQJ d!ll oQJ 

91 'j l~" 91f1 WCVI (BOHLER) 91 'J l'Y1 t11Jl'Y1ln1J 1l1" n ntln ij1J ~ 'J M42 911'lJ'lJ 191 'jj lU AISI 911'lJ" l~ 1J 

tit'J1J~l1'Yl ~l1iJ91'j !fl~ij'Jn" ~lti~ liJu~1U'Ylu~lm,htl1uu'j::l'YlrYi'Yltll~mguiJml~~il91ci1u1m;u ... 
.o=t. d" " " .o=t.QJ 1 .... 1 i" I I 0

'il ~ ~"91 'ill f1l l1 "n" n ij 1J ~ 'J M42 u" ~ 'ill n tll 'j fl U fl 1 1'.1 1U 1 'il t1'11 ij 'J 91 1'.1 lJ 'j ~! 'Yl rY ~ n" 11 1 1f)1 'j 'Yll 

m~1J1Utl1'jfl'jltllij~iJfl (Cryogenics) 'il~Vill,"1~~~Hlum::1J1Uf)1'jmltllij~iJflijfJW~'lJ'U'~~lU 

n l'j~ lU 'YllU n l'j iYnl1 'j ij ~~'W U":: l~'lJ ij lQn l'j 1 U 'J lU 'II ij~l~~ i~ 11 'il VUU 1J~11 'Yl fJ'J i~ijnl'ji11 

m~1J1Utll'j Cryogenics lJl1~1U nn~il91~'J i~ijnnffmlll~t11ti1Jm::1J1Uf)1'j Cryogenics !~iji11'lJl 
'" I d'6} 31"1 .o=t. d .o=t. d' c:. QJ ";'..:!I ~ " d c:. d' ~ _ I .o=t..o=t. 

lJ'j::Qn91 !'11 !um::1J1Uf)1'j ~"91lijU'lJ"" 'IIij.:l1JHI 'Yl ltlijtl~lijlQf)1'j! 'If'J1U'IIij'Jm U'lJ""U"::ltl'lJlJ'j::~'Yl1i 

" JI JI 

fIltlf)1'j~lU Y1luf)1'jiYnl1 'jij1,"~;ju 1~ t111'il'ilu'U 1J~l1'Ylij'li'U91 ij'U fln ~il91!gUiJ" cl~'Ji1• 

Rough Machine __.~ Finish Machine 

Auslenitlze ( 1210'C ) ...Pre-heal (750 'c -1050'C)--:J 
[. Quench _~ Stabilize 3S"C 

Final grind to size ... Tempering (535°C) 

• JI 

l.t1fi 3.2 'li'U91ij'U f)1'j ~il911g'U iJ" cl'llij~1J~li'Yl(U1J1Jl~'lJ) 
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~ 1f)~lJ ~ 6lJ f) l'.i Hil ~IVlJ iJ'r111'U 6.:JUil:1111lJ iI ~ ~,jlJ tJ.:J '~ii f) l'.iil1m~ U1lJ f) l'.i ii l,jfll~lJ 

1vl .c:. d C\ " 4 QI .c:. c$ .c:. d' cv ~ .4 ~" 
(Cryogenics) lJ1 ~ lJm~U1'Wf)l'.iHrI~mlJlIrlrlll't6l't\iallJ1m~U1lJf)l'.iHrI~mlJlIrIrI fl.:JlJlJ~.:J ~fl 

o ocvd	 d,,!po .Q~C\d' 

l1flrl6'l111f)1'.iU1UflWlJ (Cryogenics -Treatment) 1l1r1f)f)r11'.i6U\l.:J M42 IIn1111f)l'.iHrI~llJlJlIrIrI 

~ <9 V <9 ........ "'I 1 G V .:il ~ d 

m6tlf)}j1f)1'.i~llJl1llJf)1'.ifff)'I1'.i6'11r1.:Jf)1'.i~flm6lJ flrJI'l1r1f)f)r!l'.i6Uff.:J M4211 ~ ~lJf)1'.il1flrl6.:J1I.. 
I dat'	 j/.o=:::. C\ cv d' ~ dQlJ 

ff1lJ Hfflll1l.:J tflllll1t1U 1111 S500 ~ 111111~'.i! llJ 'U 6.:J ~ HrI ~~ '.i1 HrI ~ flW CV1 (BOHLER)Clf.:JlJ1~ '.i! llJ lIfl.:J lJ 

..:::r I da"	 ".o=::a. .Qcvd'
\PIl'.i1'l11 3.1 ff1lJ Hfflllflllll1r1f)f)r!l'.i6U~.:J S500 ~111111~'.i!llJ'U6.:JfjHrI~~'.i1HrI~flWCV1(BOHLER) 

1il~ tn{lJtl'U 1flll~tJlJ 1lJftu~,rlJ 11Ull~tJlJ 't1.:Jffl91U 1f11J6r1~ lllJ.:jf11Uff ~ftmJU 

tl1UHff1J 
" 1.05-1.153.5-4.25 9-10 0.95-1.351.15-1.85 7.75-8.75 0.15-0.40.15-0.5 

(ihM'I10%) 

G 
3.1.1	 m~U1lJf)1'.i'f!WI'U.:J 

G 91 v ~ _I.... _I ...."" G 
m::: U1lJ f)1'.i 'lJU II 'U.:JllJ lJ m::: U1lJ f)1'.i 111.:Jfl1111'.i6lJt.... 6f)1'.i 11 '.iU 11 l.:J fJ WffllU ~'U6.:J1l1rI f) 

v 1 v ~ 1v G "" 1 v.:i 'I "1.11 v v0fl1lJ flHff'.i1.:J I.... fl 'I11l1r1f)lf)fl flHff'.iNl1Il1111~ffll ~lJf)l'.ilJ1 ~11 ~.:J1lJ ff111l'j(I~llJ111lJ 

f)1'.ifff)'I1 '.iflllrl~I.yi1l'lhd1111i fl l .... llJ f)1'.i 1~.:J llJ 

d v G 
~1'.i1.:J11 3.2 'Ufl\!r1f)1'.i"lUII'U.:J 

o .... " "" r!lflU lflf)ff1'.ifl1.:Jfl.:J Temprature( °C) Holding (min) Tempering ( °C) HRC 

Tool steels 1163-1191	 510-595 66-70 

Metallurgy and treatment of 
1100-1225 

2 tool steels 

3 Heat treatment and process 1190-1210 2-5 510-595 65-70 

4 Metal hand book Vo1.4 1165-1190 2-5 63-66 

5 Metal hand book Vol. I 1190-1210 2-5 510-595 65-70 

6 Metal databook 1180-1230 2-5 530-570 66-70 

7 ASM hand book 1190-1210 2-5 510-595 65-70 

8 Metal hand book Vol.2 1190-1210 2-5 63-66 

9 Heat treatment of metal 1170-1225 2-5 530-560 

10 Heat treatment Guide 1175-1190 2-5 510-595 65-70 

11 Heat treater 'Guide 1165-1190 2-5 510-595 65-70 
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I,ll 

'il1nH\.ti~m~£I~fl1'J1Am1::: '"~1U1J'J1'Wfl1'J'!t1JU~ ~m~nn~l'J£l1J~ ~r"~£Ifl1'J1Ji'1J1Jl ~fJWff1J,j~ 
'j/ • ~ d .e::to " d d .e::to 0 .e::to d 

fl1'J911'W'YI1'W91£lOl'Jffnl1'J£I"£I'lm'W1J~~ H~fl1'J'!t1JAA'IJ~'YI~Wl1tJ1J 1210 C fl~~Wl1tJ1J 2.5 'W1'Y1 U~::: 

£I1Jfi'W~1~mUl1.nij 535 °c ~1'W1'W 3 flf~ inflHff~1~m~m~'W1J1A'Y1'W 1Clfn~:::AtJtl~0l'Jm:::'il1fJ"£I~. .. 
(til ". 'j/ ~ 'j/ .:9 QI ~ 1'j/d .di ~.e::tod .d QI 1 'd

fll'J ~1J'JflU'W'lJ1~ff1J1Aff1J£I ff11J1'Jfl911'W'YI1'Wfl1'Jffnmu1'Wfl1'J91~A~£I'W ~~ Clf~A1J'W11ifl1'J'YIfJ~ 1J1Jfl1'J 

_IQI _I QI.e::to d 'j/ 0 QI d 
lJ'J1JlJ'J~flWff1J1J91'IJ£I~m~n~1I'Jm:::1J1'Wfl1'J1J11J~lfJ'W

iI 
3.1.2 fl1'J'YI~~U~fl1'JeJ1J'!t1J~1fJA911'ilqJqJ1fl1ff
 

fl1'J'll'1J U~~~1fJA911ffW W10lffA~ 'W fl1 'J'll'1JU~~~ fl11Jfl1'J111~1'W U1J1J fl911 'W mlijfl111J~~ l1~1~
 
q q fJ U q 

" .U'£IfJU~:::ff11J1'Jflij£l~ti'W hit t1'U£lncl1A'il'W 1'W mOlffA.,r11 1J.yh1J~7fJ1ti1J ~1eif'W~1'Wfhl1 11J~m JAn~ 
.0=\ ~ ~ dod 'j/ d .clI ~ ~ ~ _I ~ d ¥I d ~ 

£I£1nClfA~'I1'W 'll''W ~1'W 'YI'YI10l'J 'Jt1J U"~ 'il:::91 £I~A91'J fJ1JH1'll''W ~1'W ~1fJfl1'J n~ ~lJ1~ l1 '\.J1U~:::A 'ilfJ'J 1'W 'YIl1 'W 1 

QI .di ~ 'j/ QI d 1 9 .0=\ ~ _Id 
9l~l1'W~~1'Wl1'J£l1Jn1JA'ilfJ'J 'W I'WH1n~1J9111J'IJ'W1~~~'JlJ'YI 3.3..
 

1 x 45° 80 + 0.30 
-0 

--.. I~-------------"~ 

012+ 0.30 
-0 

. " 
l.1Jfi 3.3 "nlolw:::eif'W~l'Wti£l'Wfl1'J'J;f1JU~~ 

o '" '"3.1.3 Ol'J1J11J~W'W (Cryogenics)
 

Ol'J'!tlJAg'W "fl'J1fJ1 £I ~ij fl" (Cryogenic Treatment) fi£lOl'J'!tlJAg'W ~~w l1tJij~ ~1n-:h oOc
 
."'''j dO '" iI ~ '" d '"1~fJ'YI1fl1J 1~l1:::'YIH1'W0l'JGJ11JA!'IJ~ (Heat Treatment) 1J1U~1 A1J'Wfl1'J'il~'J:::1J1Jl11;l'WnfJ'Wm11JW'WU~::: 

iI d • '1 iI"j , Id _I "j '1 iI '" '1 I "" ~ I ° 
nm91£l~1J1nl1£1'Y1'Y111l11~l1:::AuM'WUlJM 1~f)fl1'J l'll'fl111JlfJ'W 1'W'll'1~~Wl1tJ1J911m1 0 c 1J1fl'1 U~::: 

'W 1'W ~ 'il:::l1£11111lfHiin ~~~1eJtj,~ff1J~~ ~~!iJ'W il'il ~fJi 'W Ol'J!1J~fJ'W £I£1fft'YI 'W 1'W n 9ln~1~ 1 1J!~ 'W• 
1J11!'YI'W1Clfnl'W11J'IJ£I~ 1~l1::: lfJ!1J£l1~!'YIfl91£lfJ,j' 1~fJOl'J!1J~fJ'W1m~ff~Hlf'Wi1'W'IJ£I~1flHff~l~ 
,. 'd d 

11J!~f1~£IfJH1J~ffflfJ'J.n1l1 'il1n1J'YIfl111J Deep Cryogenic Treatment Systems U~::: Cryogenic 

• 'j/ 0 QI d 0 QI .d .d .e::toQ,l d ~ 'j/

InternatIOnal 'IJ£l1,!~~1~1J'YI 1 U~:::~l~1J'YI 3 'il1n911':iH'YI 3.3 H~fl1n'ilfJm~nn~l M42 ~1fj 

. iI ~ ~ .1 "" .,j
m:::1J1'W0l'J Cryogemc ff11J1'Jfl9l1'W'YI1'WOlnlnl1'J£I!l11J'IJ'W 450 % 'il1m~1J U~:::1J'YIfl111J!'J£I~ 

, 'j/ I "M'J'j/1 QI 0 d d .d ~ ~ 
Frozen Gears ~n~111111'l1~~fl1'J'YI1Cryogenic m~n'il:::1Jfl1'J!1J~fJ'Wu1J~~~~'WAustenite 

decreased from 42.6 % to 0.9 %, Martansite Increased from 66 % to 81.7 % U":::Carbides increased 

.6 ~ i iI J... _I o'd iii .1
from 6.9 % to 17.4 % Clf~A1J'WH~ l1~fl'J£I~1Jm!CI:::~lJmW1JmQm'J 'll'~1'Wtl11'W1'W'IJ'W 



mnl'Ufll'i ~W'H.fJm'U 
~(lnl':i;::l	 o ., d. ~ ..	 " . ..a~	 fll'i1Jl1J~W'U 

C- 1J'YIf1111J U'H(l~ 1~t.l~"'t.l1J(l W~1n~ fl'H1W'H.flii 
occ; 'YI~M~ 

('lf1J.) ( °C) 

Deep Cryogenic
 
www.Cryopro.com/tool.htmIM42 48 -196
 

Treatment Systems
 

2	 These search terms have www.CustomerCostReduction 

M42 24-72 -196been highlighted:M42 Apex Knives PvtLtd.htm 

",.1 
3 Cryogenic International www. cryogenics M42 36-74 -196 ~"''U450% 

intermaytion.com 

4 The Cryogenic Process www.mmsonline.com/Tool 
15-30 -196 

articles/030 1rt2.htm steel 

5 Deep Cryogenic http://info.lu.farmingdale. Tool 

",.1
Tempering Process cdn/depts/met/mct205/ steel 20-40 -196 ~"''U50% 

cryogenictreatment.htm 

6 Deep Cryogenic 
http://www.ln2cryo.com 20 -196 

Tempering 

7	 ~umwril'Hi'1Jfll'it.l1J 1wnu..,'Unl~t.l~fll'it.l1J'lJ1J 

'lJ1J i~rJ1ifll'i Cryogenic ~1t11ifll'i cryogenics M2 20 -196 

"'t.l~I'H~nn~l~n1J'~~ 1'H~nnn'l~n1J\l~ 

oC:rt.G]	 0 QI d 
3.1.3.1 ~WlUJlJ !'Uf1l'j1Jl1J~W'U 

1I1ml1'j1~~ 3.3 Itl'U'lj'ij1q!'l'\Jij~~Wl1 tJiJi'U f1l'j'lhii'~lg'U'\Jij~l~~'lfU~~W'l ll'l:::~Wl1tJiJ 
d .e. GI 31G1 .e. Q,I ..:!I d.e.	 ~ QI 'GI ~ d.c::lJ" 9J 
'Yl'UtllJ !'If !'U f1l'j111t1flij'Yl~W 11 tJlJ -196°C ll'l::: r-l'lf1l'j111t1ij~ !'U 'Yl fY'YlH'Yl~'\J'U ~l1J1Hlm'U 'Yl1'U f1l'j 

~	 dJ 0 QI.J' , QI..q QI 

~f)l1'jij~'\J'U 50 % 1m::: 450 % ~llJ'l1~1J'\J'Uijtlf)1J'lf'U~'\Jij~1~~ 
v • 

3.1.3.2	 nmi'Uf1l'j'lhii'~lg'U 

1) 1I1f)~1'jH~ 3.2 nmi 'Uf1l'jfl~ijWl1 fliJ'\Jij~m:::1J1'Uf1l'j'l'llii'~lg'U 1I1f),j'ijlJ'l
• v	 v 

f)l'i1.ijtlll'l:::,j'ijlJ'l1~~~W'l "lh~n'll~i~i'Uf1l'jfl~ijWl1fliJmji'U'lh~ 15-74 i1 ilJ~ nm i~tJl\1~tI cu q	 q CUI CUI 

lh:::lJlW 35 i1ilJ~ 

2) 111m],!1'U UtllJ'\J ij~n'll i'U f1lHHFlW 11 fllii 'U f1l'j 'I'llii'~lg'U '\J ij~,j' ijlJ 'l i~ 
~ v	 v 

l1lJ~~~I~'Ul~~~l~'lfU~n'Uth'\Jij~ijW't1fliJ~UtllJi~flij 20 41ilJ~
•	 • v 



•• • 

III 

A 000 11~
'~,)/rf 

f'Sf~lf~
t ''-''''''b.t?/;-1
~~:>~'~~q91 59 
~~ "<~ <tv\,.. .);,'\

')'Yv1rl~1'1~"''j\ • 
3) 1I1fH'Hnl'Wf11'Hl~fJWl1t;]ill'Wf111'lhUfl1~'W'\JU~ll1~f)f)~1 M42 U'1~lfffJfi 

1~'W Tool Steel ~~lfffli~ 2 'ifiJfl1~'Wll1gf)~iJtJ'JJi,*vhf-/i1~fi';,Uen'lh~1'YIff1fltu~iju~flif1tJ~lm~tJ. 
'\Ju~nm~i~'Wf111'lhU~!~'W1vhnu 40 ,t1i'JJ~ 48 'W1fiU'1~lrtu-w1l11Wlnm1l1f)~1~1'WiJtJ'JJn'11~1~ 

1'Wf111"h11f11~'Wlvhnu 48 ,t1i'JJ~ 

4) 111 f)f)11 Vi 1111 Wlftl1l1 ~ tJ'\J U~! 1'11i 'W f) 11 fI~ UW11 fl iJi 'W f)11 U111fI!~'W '\J U~ 
• OJ 

ll1~f)f)~11UUff~ M42 ~~nm~i,*l'l'hnu 50 ,t~ i'JJ~ 
OJ 

5) 1rtD-W 1111 W111~ lf11 lf1 ~ fJW 11 t;]ill 'W f) 11 Ul11f11~'W ~ ~1~'W! 1'WiJ tJ'JJ'\J U~ ~UlJ ~ 

ll1~f)f)~1 M42 ~~n~l~l,* 1'Wf111f1~uwl1fliJmj~ 48 ,t1ilJ~ 
• OJ OJ 

c:.. fly 0 QI d 
3.1.3.3 11ml~11'\JUlJ'1f111U1UflW'W 

1) 11~11 'Wf111f1~UWl1fliJ 1I1f)f111-W 1I11Wl11mf111f1~UW 11 flill 'W f111Ul11f11~'W 
q q, II lU 

1'W f111'Y1f1 ~U~lt U~ f111fff)l! lfl'YIn f-/'1'\JU~fJW 11 t;]iJ f111 !~'W ~1~m.hdY'YIn flTYW11~ 1'W 'YI1'W f111 fff)111 U 

'\JU~lg'WiJ~~l11gf)f)~1':iUUff ~ lih)f)~lI~l,*l1m 1'Wf111f1~UWl1fliJ~ 20 ,t1i'JJ~ ~~!n'Wftl~l'WiJtJ'JJ'\JU~ 
'U q lU <18 

11mi'W f111f1~UWl1flill 'Wf11JU111f1!~'W'\JU~,ru'JJ ~i~l1'JJfI i 'Wfll'n~~ 3.3 if1mn'W~1'Y11~ffii~~ ffl'JJ11f1 

fI1utl m~tJ~nm1'W f11 ';j 'YIf1neN1~1 m~ffl'JJ11f1f11Utl 'JJU1'JJ1W'\J U~ ff11''l1U~ 1'*1'W f111'Y1 fI~U~ 1~ 
• OJ OJ 

2) UtI!11 fliJi 'W f111Ul11f11~'W 1I1f)~ U'JJ~ f111~'h)tJUW 11 fliJ~l ~i'W f1111 ~tJ'JJ1f)~ 
q cu IV q III 

"tfl U~~ -196°C f-/ ~ f11';j 1~ tJu~i 'W iirY'I'l1~~~~ 'W ffl'JJnfl~ 1'W 'YI1'W f111fff) 111 U~~'W 450 %i 'W f111 

'VI fI ~ U~l ~ U~ f111ftf)l! lfl'YIn N~'\JU~UW 11 fl iJf)111~'W ~1~ uUl~iY'YInfll~ f111~ 1'W 'YI1'W f111fff)111U'\J €l ~ 
• OJ 

d c:.. tI d Y d C),l 'jI 0 0 aoQ 

LU'W'JJ~~l11~f)f)mlUUff~ mUf)UWl1fl'JJ 'Wf)n'YIfl~U~ W UWl1fl'JJl1U~ ,-70 C U~~ -196 C 1~Uf111 
lU q lU q q, 

_ ~ .et ... 1 oQ Y ~ d oQ a'd' d i' ."
1lJ';j tJU l'YItJUlJ 1~ ff'YIli fl1~ f)l 'ilP11'W 'YI1'W f11';j ffl1 m U'UU~LU'W 'JJ~ ~'Y1 f-/l'W f11';j'ifU U'\J~ 'W U~~~UW 11 fl'JJ 

• • OJ 

~ d 0 QI d 
3.1.3.4 '\J'W\PIU'Wf111"l1UU'\J~U~~f111U1UflW'W 

f111'ifUln'Wf111Ui'uU';j~i~11~~1tJm~U1'Wf111'Y11~fI11'JJrtl'WU~~ul1~i'mnim~ffrl~'UU~ 

1~11 ~ 11 ~~f)11"l1U11~ ~~ 1tJf)1~U 1'W f)11 Ul11f11~'W if1 tJ1n 'W ~'W flU'W i'W f)11"l1U 11uuij f)11U 111fl1~'W 

(Cryogenics Treatment) 1~Ufl11ui'UUl~u~~'ti~'Wlm~U1'Wf)l';j"l1UU~~l11~f)f)~1 M42 

o Rou.h Machine -+ Finish Machine --. 

r Austenltize(1210"C) ... Pre-heat (750 -10500 q ... 

~Quench...... Stabilize ( -70,-I96"C) ---, 

Final grind to size ... Tempering (535°C) ~ 

. ., 
1ufi 3.4 .,r'W\PImJf111'1;(t1u~~i'Wf11';j'YI~~U~ 



j,ll 

flO 

a	 i i d... '" '" " '" " .1 "!.:JtJlJ 'II lJfi1'j,1JU'U.:J1fffjLfllJlJenHlHlflflCll M42 ~llJlJl~'ji1lJ AISI u'j::flfl1Jfl1fJ 

1) tJwl1fliiilJfna1Ju~.:J flfl1210 °c... . 
2)	 'j::fJ::!1Clli'Wfi1'jfI.:J~Wl1~ij(Holding time) linCll 2.5 'Wlli 

'" ... " "" , 1 I i" ... , 'l d " 3)	 !fJ'W1l1f11fJfi1CJf U ll'j!'1'WUCl::fltjfllfJ ~fl11lJfllJ'IItJ.:J lJ 11l'j!'1lJfI.:J'I'\ 4. 5 1Jll 

~ QI ~ ~"
 
4) fi1'jWU~1'1'Wm~W'l1~lJ'l1€l.:J
 

.
5)	 111flWU11J~!UlJ lf1fJij~Wl1~ij~~ij 

- il11JfI!u'W W ~Wl1~ij -70 °c 11Cllfi1'jfl.:J~Wl1~ij 20 i11m 

- ill1JfI!U'W W ~Wl1~ij -196 °c nCl1fi1'jfl.:J~Wl1~ij 20 i11lJ.:J 
,	 " 

6) tJ1JR'W91Tt1flW'l1flij 535 °c lf1fJfi1'j111fi1'jfl1JfllJ~11,jU'flfJfl';h3 fli'.:J 
q q,
 

JI I j.i JI I
 

~lJ .:J1lJ li111m'j'lJU~n 1lJl1~l1lJfI 30 ~lJ lf1fJ111fi1'j'lt1JU~.:JmfJi~~w'11 ~ijfin1'l1'WfI 

'" ""3.1.4 1Im1::l1'11fl~ofi1'jfl1J'1J 

i'"	 " 0 •• 1 I
'j) 1fl fl 'j:: 1J 1'W fl1 'j 'It 1J U'II.:J f11 fJ !1l1 ~\!! \!! 1fl1 fllJ llJ 1tJ fl fl U1J 1J fl 'j 111 'It 1J lJ fl1 'j '1'\ fI Cl fl.:J U11 

Cl::!itJlJ 1 'lJ~nu., 

Preheating -Austenitizing Quenching 

t1210 .--------------- 

11050 . _ 

60°C 
... t/

fJWMiJ1JlHH ---- 

Tempering 

TIME ~~ 

, "	 , 
1uli 3.5 UfllJflij'lilJfltJlJfi1'j'lf1JU~.:JlH:JUil1flij35°C 

DI D D cu 



01 

.. 

'L
Ot-------------'\-----I----===:....---==----

TIME 

Preheating -Austenitizing Quenching Tempering 

fl2l0 
1050 _ 

Of----------_-\ { _ 

TIME 
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1.1/ 

<lI .. ... ~ 

3.2 ftfl'U188flU1.JtJl8U1JOO 

&	 .ol!!I & d QJ .. I 4Q, d 4Q, " 

'illnnl'j ftmllnl'j tHlfillUU fit! fl1'jftfl'iJ llflU1flU1lJ'YI'j ~1'j'lJlflW~'lJfl~lflU1HHHI-n~'lJUl~ 

~1~"1 'lJfl~fl1J~~~ih'm~flll'j"~ir'YInfl1~nl'j~~I~flU'lJfl~lguiJm,1l'j~1.fl'YI 2 fl1J~~ ll-n~lgUiJ-n~ 
.. I QI ek ... 1 "".. QI J 
lJ'j~I.fl'YI 4	 fl1J~~C)f~lJ'j~nflumU'r;11Um~ "1 ~~U 

~	 d 4Q, d' 

L	 ml1JU11'Y1~111J~'lJtl~lflU1Jftfl (Overall Length)
 

ml1JU11'lJtl~fl1J~~ (Length of Cut )
 

91' 0' 
d	 'lJm~l'ffw:nU~UUfl-nl~ (Diameter of End mills) 

'j),	 " QJ

D	 'lJm~I'r;1UH1Uf:J'UUfl-nHfl1J\P1~(Cutting Diameter)
 

1;j1JfIlUlft'iJiUllU1fffi1 (Radias Rake Angle)
 r 
1;j1Jliiu-:J (Helix Angle) 

K 1;j1J11-nu1ullU111flU (Axial Relief Angle) 

a, 1;j1J11-n1J1UllU1fffi1 (Radial Relief Angle) 

a 2 1;j1JmnJ'jtl~iUllU1fffi1(Secondary Relief Angle) 111tl1;j1J11-nU 

a, 1;j1J1UU-:J'lJtl~fl1J~~~lullmuij~ (End Cutting Edge Concavity Angle) 

3.2.1 'jll'YIHI'j'lJlflru\P1'lJtl~lguiJm;'ll'j"~lfl 'YI 2 fl1J~~ dl11 fUf1n'iJl'Yl1~'j1l'YIH1'j'lJlflW\P1 
~	 ~ 

ll-n~tltlflllUU1Unl'j H~~lguiJ-n~1l'j~flt!U~1Uri1U"1~~11l~ 3.8 

--------+-=---"---- ~-.......--..,~h'". ~-~ 7-\,-oj----,=--

~ 1_._~_----=--L-~_. 
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.d. QI d~tlt QlO Q"o' 

mn~'Yl 3.4 HClfll'j1'f'l'U'Wl'flltl'UlJ,H1U19Hl::'j'l1ff 'il1'U1'U 2 ftlJ~'fl 

d "'" 0' 
~Cl fll'j 1'fl'U 'Wl'fl'Utl.:lltl'UlJ Cl Cl . .... tJ 'j/ "'" Cll'flU 'jl1ff 'j ~ 1'Yl fYH NCl ~.. 

d L I r ¢ 

A !tJm:JJtJ 11.94 110.9 25.4 11 °45' 28°28' 

2 B tI1i1'U 11.97 95.2 30.0 15°32' 29°37'
" . 

"'" 3 C tlff'j lltJ Cl 11.95 73.8 18.5 13°12' 29°28' 

0' 0'"'" 4 D ff1~IC)ftl'jHCl'U'fl 11.93 82.7 26.9 9°59' 27°34' 

5 E tl.:lfltjlJ 11.98 73.2 19.6 14°29' 29°32' 

6 F tl.:lfltjll 11.95 67.0 23.2 7°38' 28°24' 

'" 7 G tltlffl~mW 12.00 81.4 30.9 18°34' 29°12' 

8 H tI1i1'U 11.96 90.7 31.2 15°04' 29°11 ' " . 

'il1flfll 'j fYfl'tl11ttl.:llh~ff'Yl1ifl1'rjfln' ~.:I1'U'Utl.:llg'Uiimll'l1 ~flflft1'jtlUff.:l ~ 1'U1'U 2 f1lJ\9l'fl HCl.. 
~ d ~ tid. j/ ' ... 1 1:9 

fl1 'j~'j 1'il fftlU'j tJ 'Yl'j.:ll 'j'U 1f1 W~'U tl.:lltl'U lJ Cl Cl 'Yl'U 
0 

11'U1 'il1fl~ NlJ 'j~ IflfYUCl~HClfll'j 'Yl 'fl fftlUfl n fffl '11 'j tl .. 
d~tI 1:9 d~"QI do 1:9 'JJ.d. 

'U tl.:lltl 'U lJ Cl Cl HCl ~ 'il1fl HCl fll 'j 'Yl'fl fftl Ufll'j fffl '11 'j tl'U tl.:lltl 'U lJ Cl Cl 'j '11 ff B lJ'j ~tJ~fll'j fffl'l1 'j tl 'U tl tJ'Yl C'{'fl 

1'fl tJfll'j 'Yl'flfftlU fll'j\9l'flI~ tl'W ~llJl~tl'U i 'U'U tl.:lU~ 11'Yl 'j l1ff B UCl::fll'j'Yl'fl fftlU~ llJI~tl'U i 'Ul'Q ~tJ~ llJ 

lJ 1~'j ~1'U 'Utl.:lU~Cl ~u~11'Yl 1I'ltJfll'j'Yl'flfftlUfll'j\9l'fl1~tl'UI~'\.,\'j ~tJ~'Yl N 3000 lJlJ. 1'fl tJ~Clfll'j~'j1'ilfftlU 

'U'Wl'fl'Utl.:llg'UiiCl,hl1ff B tJJ~fltlU~1tJfl11lJtJ11'Utl.:lfllJ\9l'fl 30 lJlJ. lJlJmmfY'tli'UU'U1ffY~ryilnu• 
15° 32' UCl~lJlJli'itJ.:Iryhnu29°37' ~.:II~'UlJlJ~,hrlf1li'Ufll'jtltlflUUUfll'j~~rug'UiiClcl• • Oil 

" , 
u ~U'U fl1 'j 'Yl 'fl Cl tl.:ll~ tl.:l fll'jfYfl'tl1fl 'Yl n HCl'Utl.:ltlW '11 fl iJfll'j Ig'U \9l1~ tltJ'j ~ff'Ylnfll'Wfll'j ~1'U 'Yll'U. .. 

1:9 d .a. tI d j/ 1:9 ~ ... 1 ~ d , QI 

fll'j fffl'l1 'j tl'U tl.:lltl'U lJ M l'I1 Cl flflCl1'j tlU'!.:I 'il.:ll Cl tl fl tl tl fl UU U'U 'U 1'fl 'U tl.:l 'i lJ 'Yl 'j .:II 'j 'U 1ft W~ 1'Yl tJ UI'Yl1 fl U 

Ig 'U iiCl cl'j l1ff B ff1'U 'j tJ'Yl HI 'j 'U 1ft ru~ 'U tl.:llg'U iJ Cl cl ~ iJi~fl ri 111l'H~ \91 \911lJ 1J1 \91 n 1l.! 'U tl.:l U~ II'Yl.. . 
31 ~ d ot:lo tI ~QI G tI ~ QI e1 4 ..e:. d ~ tI QI I d QI ~'JJ 
J:jHCl\91ltll.!lJClCl (U'j'tl'Yl ltl'Wtl1'j tll.!'flff~'j) l'WtlHCl\91ltl'UlJClCl'l1 Cl.:lH1l.!fll'j!tJl.! \911 W ~W'I15JlJ'I1tl.:l 

UCl ~~1l.! fll'j lJ1U'fllgl.! ~ tlW Ii flii ~ 1fl11fY'U Utl.:lfY1 i l.! ll~Cl ~I~tll.! i'U 'Yl 'fl fftl Ufl1'j \9l'fll~tll.! I~ tlltJ~ tJU... .. 
d. 1:9 d~tlGI' .r::::l 

1'Yl tJU fll 'j fffl '11 'j tl 'U tl.:ll tl 'U lJ Cl Cl t l.! H~ Cl:: tl W'11 fllJ. .. 
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III 

L 

QI' d Q d' 
~(lm':i1~'\J'Wl~'\JeJ,ml'l..j'mHl 

~1~U ':iMff 'th~1l1rY~~i1\9l----------------------

d L I r 

ME l'lfflLn cIJ 11.99 85 26 100 01' 

2 OG 11.99 80 30 130 34' 30" 290 18'21" 

3 HI 12.00 95 30 120 20' 38" 220 07' II" 

4 YC 11.99 90 30 320 21' 39" 

5 SA 11.99 80 30 250 15' 15" 

6 MA 12.00 80 30 40 06' 05" 280 05' 12" 

7 FR 12.00 82 28 10 22' 02" 

8 IZ 11.99 90 30 140 42' 15" 290 28' 49" 

9 YG 11.99 85 28 40 25' 22" 

10 FE 11.99 83 L.O 80:25' 08" 290 51 '5" 

11 OB 11.99 70 26 



III 

~1~U niff tJ'.i~I'l'lf'l~Hi119l ----------------------

d L I r 
12 DO 11.95 70 26 29° 37' i4" 

13 VR 12.00 83 30 29° 10' 16" 

14 VE 11.99 83 30 10° 32' 55" 29° 10' 16" 

15 MF 11.99 83 26 2"26'05" 31 ° 11' 34" 

16 HA 12.00 83 26 28° 46' 08" 

17 YG lf11l1~ 11.99 90 30 29° 10' 37" 

'illflfl1'.iffflll1'.itJ'I'l'.i ~'I'll~m'\llt'lWI9l'\l{)~~ l'U 1~tI It{)>1f11'.i11m 1~11~111tJ'.i 1'Uf11'.i']flJll~>11l1 ~fl 
~ q 

9J ~ .... 1Q,I .... 1 Q,I~ 9J I e9 d ~ Ii,.. ~ d ~ lid 0 9J 
fl m '.i{)'IJ ff >11~ {)lJ '.i'IJlJ '.i >1t'lW fflJ'IJ 19lf11'.i19l1'U 'I'll 'U19l {)f11'.i fffll1 '.i {) '\I {)~ m'U lJ ~H1 I ~tIl'IJ'U l{)'U lJ ~H1'1'l 'U 11'\11 

~ q q 

'_I dI~.i'o ~.,. "'1 .,. ... _1 ~ .... 
'illfl~ N lJ '.i ~l'l'lf'l GJl' >1 I"! fll'f1 'U ~ '\I 'U1 ~ l.llJ '\I {) ~l{) 'U lJ Cl Cl 'U fll '.i 1 'il tllJ '.i~ fl{) 'IJ ~ 1t1 l.llJ t11t1lf'llll'l'llfl 'IJ 

8 ° l.llJ1QtI>1'\1{)>1~'Ut'llJ~~lliln'IJ 29 ° ~>1ih~tI~f11'.i~fll1'.i{)U{)tI~~~ 1'Uf11'.i'l'l~ff{)'lJf11'.i~~IQ{)'Ul~'U 

'.i~tI~'I'l1~ 3500 lJlJ.l~tlijf.Jt\.Il1fJiJ'i1'IJll~~~1210 °c llCl~I1Cll1'Uf11'.it'l>1~Wl1fJiJ2.5 'Ull1 {)'lJfi'U~1 

~f.JWl1fJiJ 535 °c l1iU{)tlfl':h 3 t'lr>1 ~>11~'Ulg'UiJCl~~iJ>111iHl'Ufl'.i~'lJ1'Uf11'.i'lhu~I~'U~f.JWl1fJiJ~ 
~ I Ii 
~1fl11t1'UtI{)>1f'l1 (Cryogenics Treatment) 

JI • 

Q~U'U 1'Uf11'.i 'I'lflCl{) >11~ t1~ f11'.iffflll1 fl'l'lll HCl'\l tI >1 t1W 11 niJf11'.i 1~'U ~1~ t1tJ '.i~iY'I'lll fl1~fll'.i ~ l'U 
q ~ 

<9 ~ .,. .. ~ ~ ~~ , ... 0 '" 
'I'l''U fll'.i fffll1 '.i tI '\I t1~ ltl'U lJ Cl m11 Cl flfl Cll '.i tI 'lJff ~ I ~ tI tI flll 'IJ 'IJ '\I'U 1~lJ lJ t11t1lrrlll'l'll fl'IJ 8 II Cl ~ lJ lJ lQ tI>1 

~ q q 

'\I{)>1~'U t'llJ~f1l'vhn'IJ 29° ri1'U '.itJ 'I'lH l'.i '\Ilt'ltU~'\I tI >11g'U jJCl rl' ~jJ1~mi 1":1 i 1H~~~ llJ lJ 1~'.iiT l'U 
~ d 

~Q,I 9J ~ d ~ Ii ~Q,I d cI ~ Q,I ~ 0 Q,I ~ ~ d ~ cI Q,I , d Q,I 

'\I{)~'IJ'.ill'l'l~HCl~ltl'UlJClCl ('IJ'.ill'l'l ltl'U m'.i t1'U~ff~'.i 'illfl~) 1~{)HCl~ltl'UlJClCll1Cl~Hl'Uf11'.i1tl'U~1 

W P1W 11 niJM't1>111Cl~ Hl'U f11'.i'lh,j~ 1~'U ~P1W 11 niJ~ lfl11f'l'UVtI >1f'l1 'I'Ull~Cl~ 11 t1'U 1 '\Il~ml1lJ 1'1'l~ ff{)'IJ~ ~ q ~ ~
 

Q,I a .... ~ d e9 I ~ ~ ~
 
f11'.i ~~lQ t1'U llCl~llJ '.i tI'lJl'l'ltl'IJ fl1 '.i fffll1 '.i tI 'I'Ull~ Cl~ 1>1 t1'U I '\1'\1 t1~ t1W11nlJ 

q ~ 
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.o=t. d .o=t. fI • 
3.2.3 m::1J1'Uf)l'S y.jMlltl'U1J~H' ( End mIlls) 

... , 
l'U fl~ 'illfl1Jlflfl11 

Q" .. 
fffl "f1111JlHfl 
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d:" d .Qd.QrI 
3.2.3.1 f11 'J 'lflH! ~ ~ 'il1n~ lHl fll..lfll'J '1fU II ~ ~~ fl ~m ~ 'U 1'W f11HHWllfl'W 11 'l 'llW 

nJ~ 3.10 ~~I;j'W,f'W~tl'Wm'J~i1~I~'WiJm1~fl~'U~11'Y1I~lJ m{ ij'W~","~f~ln~ 1~um'J~i1~I~'WiJm1.. 
U~ 1J.iiif11'Jij lU~I~'W ~ ~W 11 fJiJ~ lnilf:J''WUtl~i1111ci~m'J'It'Ull~~ ril'W1'W nu 'YI~'ltl~1~tlflnll'U'U nu 

'lttlll~ ~ i M'iin u ulU~ I~'W ~ ~w 11 fJ iJ~ lnilf:J''W Utl~ i1111 ci~n u 'It'Uti~ ~~~ ","tI~.:I,flJ ~ tl'W f11'J 'It'U tI~ ~ 

~~nJ~ 3.11.. 

Pre-heat (750-1050°C) ~Austenitize (l2100C) ~ Quench 

Tempering (535°C) ... Stabilize 35°C 

Pre-heat (75O-1050°C) ~Austenitize (l2100C ) ~ Quench 

. .. 
nHi 3.11 ,r'W~tl'Wm'J'Il''UtI~~.. . 

_I .Q ~ OJ .4
3.3 nYltr81JIJ1~trnli.fl1nm':l~~uilfl'U 

m~'Ul'Wm'J'YI~","flum'J~~I~fllJ~tl~l~lJiJmhf~ 211'l~ 4 flll~~ l~uH'lflttl~n~~~ lmJ~ 

(CNC Milling) mll hhllnnJn1'J'yh~l'W(fI1fl~'WIn U.)'YI~'ltl~n~~lJ~1'W1l1 f1nml' 1~'W ril'Wlfltfl~ 

jjtJm,'lfU~ 1045 ~l1J1Jl~'j]lU AISI f1111J1l~~ 160 HB 1~'J'j~fJ::l11~ 3000 1J1J.l~fJ~li~)'uhl'lJ 
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~1'U 

rev/min mmltooth mlmin (HB) 
mmlmin mm (AlSI) 

A Milanda 

B Hitachi 

CHanita 

D Vallorbe 

E Domer 

480 

530 

796 

725 

836 

60 

80 

180 

83 

87 

0.06 

0.05 

0.12 

0.07 

0.05 

25 

20 

30 

30 

32 

0.5D 

0.5D 

0.5D 

0.5D 

0.5D 

S45C 

S45C 

S45C 

200 

200 

250 

250 

200 

F 

G 

Clarkson 

Sutton 

849 

589 

140 

36 

0.08 

0.03 

32 

25 

0.5D 

0.5D S45C 

200 

200 

H STK 750 106 0.07 28 0.5D 200 

695 97 0.07 28 0.5D S45C 

'j)ln~Ul~~ 3.6 !n'U.u'~1.d~m"jnl'\1'U~!~~'Ul'\J''Um"j~~!Q~'U'\J~~!g'UiJm'2 f11J~~ ~1'U1'U 

8 ~"j lH~91firu cnnwvl~~~~ffllJl"jrlnl'\1'U~!~~'U '1'\J'V1~ff~1Jm"j ~~! Q~'U ,~~~-d' 

3.3.1	 ~~~'U'1"J''Um"j~~!Q~'U'\m~!B'UiJm) 2 f11J~~
 

f1111J!~1'j~1J (Rpm) 695 "j~1J/'Ull1
 

U9l"jl{j~'U (Feed Rate) 0.07 1J1J./'W'U
 

mllJ!~1{j~'U (Feed velocity) 97 1J1J./'Ull1
 

& 

mllJ~n (Depth of cut) 3 1.11.1.
 

~ '"
 
mllJ!"j1\P1~ (Cutting Speed) 28 lJ.I'UlY1 
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~ ~ 
d d_'t QI _'4 Ow &01..::1 QJ Q, d 

f1111J171'HI'IJ f1111J1711J~'U ~~71m71J~'U f1111J171~~ f1111Hln~~1J~ 1n~,n.Hl'U f1111JU 'IJ~ 

rev/min mmlmin mmltooth mlmin mm AISI (HB) 

MachineTool 

Design hand 
716 140s 0.05 27 0.250 1045 175-225 

Book 

Osbron 550-672 72-88 0.035 24.25 0.250 1045 206 

Frenken 530-742 84-118 0.04 20.28 0.50 1045 220 

E.C 530-660 80 0.035 23-28 0.250 1045 250 

Machine tools 610 122 0.05 23 0.250 1045 225 

ILLI-CO 636 1'00 0.04 24 0.250 260 

Vallorbe 470-660 90-130 0.05 18-25 0.50 215-300 

Hanita 715 65 0.023 26 0.50 300 

Y.G. 700 90 0.032 26 0.250 175 

NW 660 100 0.038 25 0.250 1045 200 

Sumitom 900 90 0.025 33 0.250 220 

636 80-100 0.035 22-24 250 

665 100 0.04 25 0.250 1045 

'iJlf119l1n~~ 3.7 lihJ.u'tllHlf111n1'l1'W~lliu'Wl'\JhJf11119l~I~tI'W'\JU~IO'WiJml4 fl:lJl9lfl ~1'W1'W 
'" 

12 m l~~l9lfiw ct1f111 'Yl~"U~ffl:lJl1tlnl'l1 'Wfll~tI'W 1'\J1'W f111tl~'YlflfftltJ l~~~tf 

3.3.2 I~U'Wl'\J1'Wf111~fll~tI'W'\JU~lo'WiJm,4 fl:lJl9lfl 

<l 
fl11:lJll1HltJ (Rpm) 665 1tltJ/'Wlli 

U19l11ilu'W (Feed Rate) 0.04 

d

fl11:lJl~1ilfJ'W(Feed velocity) 100 :lJ:lJ.I'Wl'Yl 
d/

fl11:lJ"f1(Ocpth of cut) 3 :lJ:lJ. 
<l ., 

fl11:lJ11119l~ (Cutting Speed) 25 
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Ul 

OQld d' Qll	 & 
40 ± 0.05 lJlJ. ffl11'J'lJm'UlJflCHl 4 fllJ9WI fltJ91'J1~ffU'lJf11'Jfffll1'JUl'JfFl 'J~tJ~ 1000 lJlJ. 

Q.'Cll ~ 'd " 
3.3.3	 fJWfflJ'lJ91llrl~'\J'U1fl'\JU~'ll''U~l'U'YIflffU1JIlHlflflm1045 911lJ 1J191'Jjl'U AISI 

~ d 'j/ 0' I .d , , 'j/ • _ 1 "" cI 1 'j/",_
11J'UllHlflflmfllnw'U ~fflJu l'U fl m~ 'YI ~l'Uf11'HJ'lJ uu'U 1J1mn !lrl~'YIlf11'Julflml'J tJ'lJ l1lJ 

~ ~ :iI ~ 

'\J 'U lfl ~'U ~ l'UI'Yhn'Ul1~~'U i fl tJ'\J 'U lfl~'U ~ l'U 'YI fl ffU'lJfll 'HlflliiU'U iJ'\J'U lfl fl11lJ tJl1lri In'lJ 260 mJ. 

~ d ~ , QI 

1l{l~fl11lJml.;j 250 lJlJ. flTllJll'\J~'ll''U~l'Ul'YIlfl'lJ 160 HB 

d 
3.3.4 f11'J'YIflffU'lJmllJll'\J~
 

"'.1 0'1 d.:A I d Q.' d Cll d' l' ""
 
191f;)u'J~ff ~fl 'U f11J'YIflffU'lJfl11lJll'\J~I'YiU111fllfl11lJll '\J~'\JU~1ffflm'UlJ{l {l 'U1l91{l~UW'H fllJ 

q	 q q IV 

~'t11fl n '!Jl-UflIV'U 1'U liu'U i '\Jf11'J 'YIfl {lU~ i fltJf11'J 'YIflffD'lJfl11lJ II ~~ 1I~1l ,j~tJtJf1l~'U f11'J'YIfl fftJ'lJ~ ~ 1 
• '" II	 , I 

ll{l~fll'J'YIfl ffU'lJfl11lJll~~Yillfl'Ufl m~~'U ~1'U ifl tJ'YIflfftJ'lJ~'U{l~ 3 9i 111ml ~ Ul1J1111fhll1 ~tJlY7U1 '11' 

i "l,d " " d did ~ Cll d"
flfll'Y1f;)fl91U~Ilrl1111'j tJ'lJI'YI tJ'lJfllfl11lJll'\J~m 3 UW'H fllJ fll'J'YIfl ffU'lJfl11lJll'\J~ 1'll'f11'J'YIflffU'lJIl'lJ'lJ 

"	 . " 
cI 

'JUfll1{lfflfl{lClf (Rock WeI] Hardness Scale C: HRC) 

f.Jl1mw~1ii'Uf11'J 'YIflffU'lJfl11lJll~~ii~.;jci' fiu 

'"	 d• Ifl'jU'l'YIflffU'lJfl11lJll'\J~Il'lJ'lJ HRC 

• 'I11flfll'Yi'll''J'Jl1m1tJiilJlJ 120°C.. . 
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I 

I d 

3 .3.5 fll'j~ 'j 1~ ~H)lJ 1:Y1'\.HH"1l'Yl1~ lflll 

~ fllJ 'j::: 1:Y ~rl'tI tl ~fl U 'Yl ~ 1:YtllJ1~ tl~ 'j 1~ 1:YtllJ ~hw H1:Yll 'Yl H1f1 ii 'tI tl ~ 11:Yfllg'\.J iJ""~,,j 111 1Vi 1fl1 'j . . 
.d! , I .. ldo d 0' aQI 

'Ylfl"tl~ 9f~~'j1~1:YtllJ1:Y1'\.JH1:Yll'tltl~1i1~~W'11U'jfJlJl'YlfJlJfllJmllll1~'j!l'\.J AISI llJtl'j M 42 'H'jtl 

rVi fJlJl'Vhu,,::: 11:Yfl ~'\.J ~ 1'\.J1lJ tl{ 1045 fll'j 'Ylfl1:YtllJ i ~1~ Emission Spectrometer ~'j 1~1:YtllJ ri1'\.JH1:Yll. 
W V w 

'Yl N1f1iin '~lllwi~'j1ri1'\.J ~tlfJ":::'tItl~,,j l'H,rfl'tltl~lJ~)JlW 1i 11PJ~ N "1 .,j'\.J~tl'\.J flU'Ylfl1:YtllJ ~:::tlQi '\.J'U'\.J 

~ tl'\.J ~ IIiJ'\.J fll'j 'Ylfl"tl~i '\.J l11.u'tl 3.4 

3.3.6 fll'jm11l1:YtllJ It'lH1:Y!l~ 
.1 0' '1 ~.,j ., '1 ~ 

~flu 'j:::1:Y ~fI'tI tl~fllJ~'j 1~1:YtllJ l tl'j ~ 1:Y'j Nl'W tl~'j 11l1:YtllJ "flfl W::: l m ~1:YHm":::flU m::: 'il1tJ• 
~ 0' .,j 0 ~ ~ _ 1 "" 0''1 ~ ~ I .., 

'tI tl ~fIl'j LUfl l'Wtl'\.Jlll 11lJ'\.J '\J tlll "u 'j:::fltlU fll'j 11m1:::'H l tlH 1:Y'j 1~'tI tl~1'H" fl fltl'\.JU":::'H" ~ fll 'j 'Ylfl" tl~ 
OJ 

fl1'jlh,j~ 19'\.J lfltJ1lJ~ tJU1nUUf1'\.J i'\.Ju~":::fJW 'H tJiJ'tItl~fl1'j'~lJU~~i'~ 3 fJW 'H tJiJ l~tlfYflfl1l1flfJU 
, JI 

lnfJUfll'j1lJ~fJ'\.JulJ"~'tItl~ 1f1H1:Y!l~ lfltJii.,j'\.J~tl'\.J fll'jm 11l1:YtJU~111111.u'tl3.4.3 

o '"3.4 m1~lA'U'Um1'fl~i1f).:J 
., JI 

l~~fJll~'\.J~l'\.J flUl~~fJll~'\.J~l'\.J1l:::mj~tltlfllll'\.J 2 ~flflW::: t;tl11:Yfllg'\.JiJ,," llJtl{ M42. 
JI ., 

u,,:::11:Y~~WJl'\.J1Utl{ 1045 ~11111 l~'j! 1'\.J AISIl~fJl~ ~ fJll ~'\.J ~ 1'\.J i'\.J fll'j 'Yl ~"tl ~fl1111 U~ ~,1 m ~ 

~ , ~ 

3.4.1 fll'j'Ylfl1:YtlUm111U'tI~fltl'\.Jfl1'j''1j'lJU'tI~• 
Vi 1fl1'j 'Ylfl1:YtllJfl1111 U~~'tI tl~~1tl~ 1~ 11:Y~ lg'\.J iJ""ntl'\.J fl1'j '!flJ1l~ ~l~ tl"j 11~'\.J"tlll" lJ 'j::: fl tJ 1J 

• • OJ
 

oll:::lt. 0' & 0 QI d
 
fll 'j 1lfl 'j 1:::'Hfl1'j 'Yl~ "tl~fl1'j fl'flfl1m:::lJ1'\.J fll'j U1UflW'\.J 

• 1nflU 'Yl fl1:YtlU tl1111 U~ ~ 'Ylfl1:Y tllJ 1~ fJ fll'j fl ~ ~ ~ 1U'H '\.J' ~ H1't1 tl ~ 11:Y~ 19mJ""•
JI , I I 

l~fJ'Yl~1:YtlU~'\.J"::: 3 ~lU'Hti ~ U~1m~lm ~tJ1~tl i ..r,~~ 1tl1111U~~ n(lfl~tl~fll'jH1:Y~~~ll1'Hti~fll'j 
OJ 

fl~'Ylfl1:YtJU~l11'jlJ~ 3.12 
OJ 

, . 
_'<:1 d <:I'" 

tlJ'Yl 3.14 fll'j'Yl~1:YtlUm111U'tI~'YlH1 
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3.4.1 9l'j1\H'I'tl'U lt1Hff!N~ftfl1t1 
jI ,~ 1 'JI ... ~ ~ .. 

mH\ 'j 1\"1 fftl'U1m ,H'l'n:l \"I~Um IlJ'lJ m'j 91 'j1\"1 fftl 'U t1 Hffl1.:j'IJ tl.:j1ff~ ltl'lJ llftft m 111J191 'j! 1'lJ 

" " " 
AISI l'Utl{ M 42 1l~~1ff~~'lJ.:j1'lJ l'Utl{ 1045 l~tlij,j'lJvltl'lJ1'lJn1'j'Yl~fftl'U~.:jU• 

3.4.1.1 m'jI91~ tlll;'lJ.:j1'lJ'Yl~fftl'Ul~tlU 1;'lJ.:j1'lJ~ 'il~Vi 1m'j'Yl~fftl'UlJ1Vi1m'jti~I'Ult1tl'~l'i' 
. " 

IVltlff~'r'l1mitlm'j ~'U~~ 1'lJ'IJ W~,j~~1;'lJ.:j1'lJ 

., JI, JI 

3.4.1.2 m'j l~~ till ~l;'lJ'Yl~fftl'U U1;'lJ.:j1'lJ-Yiti~I'Ult1tl '~l'i'1J1,j~~lt1m~~l11'Yl'j 1t1U 1 
, . " 

IVltll ,r~l'IJtl.:j 1~ '11 ~ iit11111 ft'ii 1lffll tlU~ ~l'I111 l~ffll \"11m!'lJ ,j~~l{IU~'lJ ffnn~ '11 ~ l~U~ ~ 1~ N.:j,j~ 

tl~i'hj 1~1t11'lJn1'j,j~Iv1tl hm1iit111111~ tI'Ull1n~.:j~'lJ~.:j'j'tJ~ 3.16 
~ ~ 

, J/ I 

t,j-Yi 3.16 m'j,j'~~1;'lJ.:j1'lJIVltl91'j1\"1fftl'Ult1Hff!l.:j 
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. '" 3.4.2 nl'j\Pl'j1'O'ffUU'ff1lHfi:nJ't11--11fl1J 

~'JJ 4 ..!I I od d A "(LJ1~HJ t~lm U--1 Emission Spectrometer lVi UlI 'j 1'0 'ffUU 'ff11HI 'ff1J 'Yl Hlfl1J'U Un'ff~lU 'U mHl 
,. .. 

UCl~1'ff~9i'U--11'U1UU{1045 ~]1;hml'ff1J'UU--11il~I9iH'1 l~mfitlunu1J1\P1'j!l'U AISI l~U '\.Jl1J111l'U 
,. ,. 

,j'U1Jm.h~ nUUnl'j11m 1~l11'U nl'j'Yl~ClU--1 l~tliHr'U ;)U'U1'Unl'j'Yl~ClU--1~--1U 
'" 

3.4.2.1 nl'j l;)j£l1J~'U--11'U ,j'~U111ru~ 'O~Yilnl'j'Yl~'ffumh'UH'ff1J'YlHlfliJL~Ui~h1 

fh~i~ln~ml1J~~Vim~l'U;)'j1'O'ffUU 
,. . 

Ad I 0 o::::::t. iJ 4 'I iI1 
3.4.2.2 11i fllHl'j 1'O'I11'ff1'U H'ff1J 'U 1'b''U --11'Ul'Ul1m U--1 Emission Spectrometer ~tI! 'll' 

.1 '" ... dllj/iilo • .,j'l!!'1lJiI,d d .Id 
uumrunl'j'OU£l~ '11 ~1I1Ul1'U--1 lViU t'l1 !~fI1'Yluun1J1!'Yltl--1;)H 1I11J'ju'Yl 3.19 

q '" 

J .1' d 
3.4.3 nl'j'U'U~un~'Unl'j~UU'U--1(Pre-Machine) 

o~ ..:dct J Jt ct jI d'jljI ~o 'JI d0 

'U 1'll''U --11'U 'Yl11l 'j tl1J 1J l'Yllnl'j 'U'U 'j 1J 1~ tilm U~l '0 tI'j i'U 1'j fl'U til '11 i~;) l1J 'U 'U 1~ 'Yl nl'l1'U ~ Vi 'j U1J 'Yl 
'" '" 

'O~1J1Yilnl'j'll'UU~--1!lCl~Yilnl'j'J.hu~L~'U ~--1'j1J~ 3 20 
q '" • 

80 + 0.30 
-0 + 0.30 

-.. 

~ 

\ 

- 0 

012 

.. I~ Go' ~ do J 
~u'Yl 3.20 Clmjru~~'U'Yl'Yllnl'j'U'U~1J (Pre-Machine) 
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a . 
3.4.4 fll'j'l!UU'IJ'J (Hardenmg) 

o ~ d , J ",I ~ I d0 ~ 
'U 1'lf'U HU 'Y1 j:oll'U fll 'j'IJ'U 'j u Pre-machine lJ 1'Y11fl11lJ ff~ tll~ WJfltl'U 'lfUU'IJ 'J fll'j 1N'lf'U 'J l'U 

~ . 
1911tJlJfll'j'llul'U91~UflH~'liU~ 3.20 l~tJfll'j'lluu~'J'l~lM'~Wl1iJiJ~750°C fl'J~Wl1iJiJH22 'Uln 

" . . 
'llfl,r'U 1l1lJ tlW 11 fl iJ1M'i1 'J 1050 °C fl 'J tlW 11 fl iJ1~ 30 'U In U~ ~ 1l1lJ tlW 11 fl iJ1M'ii 'Jtl W 11 fl iJ 

q cu q cu q cu q <u 

d "'~ j/ d a ... <9 ... j/'" ~ 'i _I I 

Austenitzing 'Y1 121O°C fl'lfJWl1iJlJ 112.5 'Ul'Y1 W'U911tNfJWl1iJlJ 60°C ~1tJfll9f 1'U 191'jl'l'U u~tltJ 

. " 
lM'lfj'U~1fl1tJl'U1911'l'Uii'JnelWl1fliJ 35 °C l~tJflnloN Load Control1iYtJunUUfl'Uflm'J~'U'Jl'U~nU. ~ ~ 

'I I j/ , 
do ..c:!t Q,I ~d ~ do 0 

'Y1 3.21 1'..m1~fJW 11 iJlJ'Y1Ufl'Wflm'J')j''U'Jl'U911lJ'Y1flll1'U~ 

'jU~ 3.21 fll'j11'J~'U'Jl'Ul'Ufln'lfUU~'J.. . 

. " 
jdo'" 'J/

1,1 'Y1 3.22 fll'j'Ul'lf'U'Jl'Ul'IJ11911tlU'lfUffWWlfllfY
II II U U 
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o 1 j1'j jI '" 3.4.5 fl'.i~tJTUfll'J'Yl1 '11 ~flHff'jNlffflV'jfl1'Yl (Stabilize)
 

Itl 'U fl'j ~ tJ 1'U fll'j 'VI ~ ~ fl~l~ flfffl'll111J~ VtJ In VtJ fJ W '115J iJ1 'U fll'j lV'U ~1 1~ Vl1J~ VtJ In VtJ
 

.et..ol!I 0 ~ d d d QI & .et. 0 

3 ~W 'I15Jll flfl 'U1~'U ~1'U 'VI9ttJu'\l~u~~m'U 911f1~~W 'I15Jll 35°C 'U lflflfl 'illm911fltJ"ItytylfllffU~~fll'j 
jJ " JI 

lWfl';'U~l'Uflflmtl'U3 fl~ll fiflfl~lln 1 Yilfll'jfltJfi'U~lnflW'I1fliJ 535°C ltl'U~1'U1'U 3 fli'~ l~vili 
II II II lU 

~1'Ufll'jU1U~lg'U~flW'l1fliJ~1fl'.hO°C ,r~'j1J~ 3.23 fl~ll~ 2 U~~fl~ll~ 3 Yilfll'jU1U~lg'Ul~fl1..r 
II eu eu II II 

fl) '\I) 

t1J~ 3.24 fll'jU1U~lg'U~flwmliJ ~70 °C. .. 
" , 

fl) Uff~~';'U~1'U'\IW~Yilfl1'jU1U~lv'UnflW'I1fliJ-70°C. .. 



77 

fl1nhu~lg'U~ {lW 11 fliJ -70 DC rrl1~ 'KUfl{l Jl11~~lll1' ~nUlllm'U {l€l'tl l€l::€lltJn'U tl1'1~ 
• '" 'l\ 

~ G) " o'1.e::. o'd QI .e...e.. 1v "'" 
~Wl1fJll -70 DC ll€l:: ~'1fl'YI\:)1 1l1l1~{l1'YI1~~Wl1fJll~~€lU ~ -200 DC ~n'ilrr{lU~Wl1fJll I1mfl~ 

{lWl1fliJ 20 i111l~ ~~nJ~ 3.24. '" '" 

n) ~) 

'nJ~ 3.25 fl1'nhU~tg'U~{lWl1fliJ-196 D C 
'" . '" 

fl) 
~ 0 0 QI d d ~ 

Urr~~'lf'U~1'U~W~'YI1fl111J1U~1tl'U'YI~Wl1fJll -196 DC 

~) 
QI .e.. 0 0 QI d d .e.. 

llrr~~fl11~n'il1~~Wl1fJll~W::'YI1fl111J1U~ltJ'U'YI~Wl1fJll-196 DC 

pJ~ 3.25 1~'Ufl11'lhU~I~'U~~Wl1fJiJ-196 DC rrH'i1Ufl{l1'Ul~11'il'Ull1€l1 (~Wl1tJiJ 
'1 V GI .e...e.. "'""1.e.. Cl'.d. 1V "'" -196 DC) ll€l:: ~'1fl'YI{l1 1l1l!~{l1'YI1~{lWl1flll~~€lU ~ -200 DC rr{lU{lWl1flll11€l::l1mfl~{lWl1flll 

q ~ q ~ q ~ 

20 i111l~ ~~~1J~ 3.25 ~) 

, '" _1..:1 QI'.e:t. ..:1 I 0 QI d
l.lJ 'YI 3.26 ~1{ltJH'lf'U~1'U'YIN1'Um::U1'Ufl111J1U~ltJ'U 
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d ... d 
3.4.5.1 fll'j 'Yl~"HJ'Um11lH'tI.:j'tHl.:j~lflfll'j"'UH'tI.:j• 
l11fl1 'j 'Yl ~ ff tJ 'U fl111J II ~ .:j 'tI tJ.:j l'ff ~.I~ 'U ij~ rl'11 ~.:j fl1 'j iJ 113'~ I~ 'U 114tJU11~ 'U ~ tJ 1J ~ 1J 'j ~ fl tJ 'U 

~ 

~ d' .dl 0 QI d QI a 
flU 11fl 'j 1~ 11 fll'j 'Yl ~~ tJ.:j fll'j ftfl~1m~'U1'U fll'j 'lJ1'U~W'UH~~fll'j'Yl~ fftJ'Ufll'j \PI~I'i1 tJ'U 

• II I , 

• 'Yl~fftJ'Um11Jll~.:jfi~11~tJ'Yl~fftJ'U~'U~~ 3 \pchU'H11.:jU11J1111fi1m~tJlYltJ 
~ 31111 91 , d ~ 91 0 I d ,d~ d .. Id 
m !~f11m11JU'tI.:j'Yl(lfl\PItJ.:j \PI1H 11'U'lfll'jfl~'Yl~fftJ'Um11lH'tI.:j'Ylm1J\PI11J'jlJ'Yl 3.12 

~ ~ 

" 
• 'Yl~fftJ'Um11Jll~.:jHfl'Ufl~N l~tJ'Yl~fftJ'U~'U~~ 3 1P11111111.:j U11J1111fi1 

.cd JtG1~l91' d~ 'j/ 0 , dd dQ,.' .. Id 
m ~tJl'Vw !11 ~f11f1111Jll'tl.:jll\!fl\PItJ.:j mil11'U .:jfll'jfl~'Yl~fftJ'Ufl111Jll'tl.:j'Ylllfl'U flm.:j 1J~.:j~lJ'Yl 3.13 

. ," 
l.tJfi 3.27 fll'j'Yl~fftJ'Ufl111JfiHfl'Uflm.:j~'U.:j1'U 

J .1 d '" .
3.4.6 fll'j'tl'U!lJltJ'U1J~~(Final Grind to size) 

o ~ .d I ~ ~d J d c:. d' J d c:. d' 

'U 1"'U.:j1'U 'Yl~1'U flU Stabilize 'Yl.:jff11J~W 11 1J1JI~tJ'j 1'U'tI'U ~tlltJ'U 1J~ ~ l~tJ'tI'U~1J 1~'UltJ'U 1J ~ ~ 

2 H~~ 4 f11JIPi~ ~.:j!1J~ 3.31 H~~~1J~ 3.32 U11J1'Yl~fftJ'Ufl1'jIPi~I~tJ'Ull4tJlmtJ'UlfitJ'Ufll'j~1'U'Yl1'U 

fl1 'j ff 
~ 

fl 11 Hl 
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d lI) J cl ~ a' Q,f J d.c:::. rI'J} ~ d 11) 
fll'H'iltl'j 1'U'lJ'U'j1JW'U1H'H'l 2 tm~ 4 f11J~~ 'lJ'U'j1Jm'U1J1:H'l~1mfl'jfl~t'iltl'j 1'U 5 UO'U (5-Axis 

~ ~ 

CNC Grinding Machine) hw'1~M'U L't'i'l1'j '1 'U fll'j t~t1'j i m1011 W~'lJ fl~ M'U t~t1'j i 'U ~~ ~1J ~ 3.30 1~ tI 
jJ jJ , , 'JI I 

MlH~t1'ji'U 1 '11~ ~1'U1'U 3 9f'U ~'Ufi 1 'thHUlfit~t1'ji'Ufl1J~~ ~'Ufi 2 t~t1'j''U~fl~V1'U'lJfl~tfl'UiJm1. 
~.dd 111 I d~tI 
'I1'U'YI 3 t'iltl'j~ l'Ul11J~W'l 'lJD~tfl'U1J'H'l 



RO
 

3.4.7 fl1';jm'HHHJ'lJ1.tl'Y1H~';j'\Jlf1Wmih.,dJmf 
'JI'tI d-=::.tI 

m 1'i1tH)'IJ'\J'W1f1f1111W11 f111lJ imfflml~'U f)fH1Nlfl'U lJ"" ll,,~m1'i1fffl'IJlllJl1 "'IJ (Relief 
.. 

Angle) l1lJf11fJlrrll(Rake Angle) U"~l1lJ~Vf)~ (Helix Angle)hW~';j1'i1fffl'IJ11~~g'UiJ""2 u,,~ 4 f1lJ,j'f1 

~tlmw~1~1'Ufl1';j~';j1'i1fffl'IJ 
tid tI ...Qtltl .. 

• nfl"iltlf)1m" 1 6';j f111lJ"::;lflf)f1 0.01 lJlJ. 



Rl 

"" • Measuring Microscope fl111H'~WfJ~ 0.001 1111. 

o ~ I d 

• Profile Projector mft~'WlfJ 50 l'm ml1Jft~ltW~ 0.001 1111. 

"""" 2) 11im'j~nlltn)'lJ
 

i ,rill1miJ 1191fl{~ 'j 111 'fffl'lJ'lJ'U l~ Iff'U ~ lff'U 6fl ft N IV 'U iJ ft ft ~ 'j 111 'fffl'lJfl1111fJ11'lJ fl ~
 
OJ 

od "" 0' ~ 0' "" 0' "".1.1 0' 'od "" 0' "i i ~ "j
m'Ullftft~1fJ!1fl'jI'UfJ'jfllftlJllJfl'j!!ft~~'j11l'fffl'lJlJll~1~"l 'lJfl~W'U1JM ~fW 'il'lfl'jfl~ Profile Projector 

i'Um'jm11l'fffl'lJfi'fl~,j'lJUfllg'UiJftft ~1fJ V-Block l~fl i ,ri~,) l!!l1,j ~~!lil'U fl'U lflfJ11ifln1~lJlll'i l~"l 

!!'ff~~ i'U'ju~ 3.32 i1~ 3.34 ~l1Jr:h~'lJ 
OJ 

, 'i 
, ~' .. ~/ 

1l1fl!U~ 3.32 1~'Uilfl'l:jW~'lJfl~lJ1JfllfJlff'l:J(y) lJ1Jl1ft'lJ (a I) 'j~fJ~,h~~111ft'lJ!!ft~ri1'U 

l'il~"l 'lJfl~'lJ1!1Wfl1J~fl 

t'2 

, 



R2
 

1I1fl1.t1~ 3.34 t~'W 'i~tI~f11J~f1~1JfI1t1tfl''I:l (r) ~1JlHI1J (a /1) ~1JlH'I1JHH (a /2) 1I1fl1.t1 

~ 3.35 fl1'j1f1~1Jt~tI~ (Helix angle) Up) 'tI'Wlf1tU''W~h'Wf!'W6mn~ m'l~~1J ~1JlHI1Ji'Wtt'W1ttfl'W 

(Radial Relief Angle) (K) 

1I1flgtl~ 3.33-3.35 ttUfI~~1Jtt"~'tI'W lf1~N"l i 'Wfl1'i 1f1 g tl'YlHt'tl'ilf1W f1't1U~t~'WiJmlt,f'W 

f1111Jtll1't1U~f11J~f1 (Length of Cut ) ~1JfI1t1tff'l:li'Wu'W1i'ffii (Radias Rake Angle) ~1Jt~tI~ (Helix 

Angle) ~1Jl1"1Ji'WU'W1Ufl'W (Axial Relief Angle) ~1Jl1"1Ji'Wtt'W1i'ffii (Radial Relief Angle) ~1Jl1"1J 

'iU~i'Wtt'W1i'ffii (Secondary Relief Angle) l1iU ~1Jl1"1J lf1t1i~tfl~U~ Profile Projector i'Wfl1'ifl'i111 

UU1J f111Jgtl~ 3.36 
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.., "f 

3.4.9 YI~fffl'Ufl1'j~i'tt\H)'U 

fl1'jYl~fffl'Ufl1'j~~t~fl'U~1tltfl~fl':.lfii't~~l'U~~ (CNC Miiling) Yli'tfffl'Ufl1'j~~t~fl'Ut~'U'j~lI~ 
"i & .s ~ 'I '" "f

YIN 3000 1111. 1~1I~'j1~ff()'Ufl1'jfffll1'jfl'YJfl"l 'j~1I~ 1000 1111. t.:.lfl'U 1'\1 1'Ufl1'jYl~fffl'Ufl1'j~~mfl'U 

tg'UihH12 fl1l~i't m1l~1'Jl.:.1~ 3.6 U"'~t1fl'U''\I''Ufl1'jYli'tfffl'Ufl1'j~i'tt~fl'Utg'UiJm14 fl1l~~ ~111 
... 

~l'jl.:.1Y1 3.7 



I 

R4 

W Winf)l'j ~tJti~;f'\.J~1'W 1,r~tJti~1'\.J1t'\.J 1'j~~lJtm:di 1f1112J{y~fl1fl;f'\.J~1'\.JltCl~ltn'\.J ~m1'\.J flfl'IJnl'i 

~tJti~i'\.J~l'\.J lfffl',r41f.J9i flfl1'j~ tJti~HCl~~l'\.J 'J~fl~1 '\.JH'\.J 1'j~~tJtitJ!!n'\.Jlf1tfl~ti~9112J~ 1I~ 3.38 UCl~ 

1".' '" 0' '" '" 0' '" '" + 5d 0 d Ifhl1'\.J~ l1uCl1mfl'\.J2JClClf.J11 40± 0.05 2J2J. {Y1mtJlfl'U2JClCl 4 f12J91fl{Y1'\.J 2 f12J91~tJ1145 _ 0.0 2J2J. 

9112J'j1l~ 3.37.. 

Xo,Yo 

238.75 

247.75 

• W 

3.4.8.1 fll'jl'J'j 1'J{YfltJ l~f.Jfl1'jci,nJ l11'l1n 
JI 1 I tI I 

• fI 'j 1 'J {YfltJ'l1111 'l1fltifl'\.J fll'jfi~ l~ fl'\.J IfW1-Nlfl ~ fl~ci ~'l1111 \Tfln ii f1112J 
t JI • JI JI I 

Cl~It)tJ~ 0.0001 flf2J 1~mn'l1111 'l1flf)fl'\.J flln'l~ {YfltJfll'jfi~l~m.j ci~u 111 'l1flfJfl;f'\.J n 1-N1 '\.J fll'j 
I I JI JI 

VI ~ {yfltJfl1'j fi~lUfl'\.J l~ flU 12J11~'\.J,j' fl\J Cl fl'l~ij~l1 €1~ fll'j fi~ I~ fl'\.J ci~U 111 'l1fl~ fl~'thtl112J{y::fl1~;f'\.J 
..li"IIt"'.d ".d

~l'\.Jl'Vlfl 11 ~~tl1V1flfl91fl~VI~~ 
.. q 

JI I I JI • 

• fI 'j 1'J {yfltJlJ 111 'l1fll1 €1~ fll'j fi~lUfl '\.J 1 fl f.J' ~1f17 fl~ci ~ U111 'l1flnii f1112J 
• W W 

Cl ~ It) f.J~ 0.0001 fl f 2J l~ fl111U 111 'l1fll1 €1~ fln fi~ I~ fl'\.J 11l~ tI U If1 tJ tJ titJ U111 'l1fl nfl'\.J fll 'j fi~ l~ fl '\.J 

1"f.Ji~J111'l1flVln"l 'j::tJ:: 1000 2J2J. lfffl91'j 1'J{yfl1J\i'n,'l1fl~11l~f.J\mllCl~'\Jfl~lg\JiJml~lfi" ''\.JIt';,,::q 

11fl'\.J '·1I1'\.Jfll'jVl~~fl~ 
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-~ - -, -  < 

,~, 

~ . ~ ~ r--",,-

• • II 

l.tJii 3.40 m'i'lf,nh.nrm~'Uiim~ 

I II I II II I I I 

m'i'lf~ih.nrfl ~~'If~lh.nrfl 3 tli'~~m~'Uiim, 1 flflfl Ul1J1't11fill'i1~mrtf)il1'i~filii~fl~f)~ 
I " " • I I 

u,,~tifl'Um'i'lf~Ull1lrfl~fl~I,Clf~U ll1Umlfl~ltlifl~'If~il1'fl~.yj~~ 0.0000 fli'1I 

QI.dl Q,f 4!!1 ,. QI 

1~'i~tI~m'i"'fll1'ifl't'Jfl"l'i~tI~'YIHm'i~~mfl'U 1000 1111. !lltl11l'i~tI~fll'i 

fffll1'ifl't'J fltllJiA lAtlfll'i nl't1'U A11ifll'S1AA~i1 
II 

1A;l1fltJ "1t1llfl~tl1l';Ail,n::tl~llfl~fll'Silfl'U iifl i 'U 
., . . ..... 1 iI , ., QI Q oIIC:'::lo QI .do "Q,I.dl_I.do _I 4 

fll'S~Al'i1fl'U Atl fl'U'S::tl~ 'Ufll'S1AflH":: 0.5 lJ""11l~'S A~llJ'YI 3.411m::1IfJlJmW~1JtlAl'Vlfl 

'lhtl''Ufll'S't11~lU't1U~fll'S 1AU"::fll'S1A6'Hii~ti1J~1I Helix Angle lf7fl'..r'~fil~mj'U~l''U fl1'S1A 

lAtll~lfl~fl'" Measuring Microscope ''UfllHI'i1~'''fl1JA'''ltJ~ 3.41 

3,Omm, 

i 0,5 mm. 0,5 mm, 0.5 mm, 0.5 mm, 0,5 mm. 0.5 mm, I 

Iii i 
, i I I" 

1 

I If-~ , I' WI, , ' I 
1- ~-.,---,------..-./'~~ t::=+ 
i '\ ' I t""\" ~. I ~ 

-" N, '" ..,. "'I '01,,: ~I"" "IfOL) ~;:1 " ~I ~: .. "I "I 
£j,1 \. C ~' E Ei ~I 
.- -"-"--~---.. Q> Q;j 0::1
~! \ t:1 E' ..... .... ...
 
f.1,' \ f.'1 II f. <:: <:1
 
., ., '" ., Y: YI 
~i ~I'" ~ ~: ~ 
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...". <'l i _I I

3.4.8.3 11ifil'jm111fftl'IJfil'nYm1'jtl ~tJ'jlJmtJ.. 
m 111 fftl'IJ fll'j nm1'i tl i ~tJfil 'j ciltJ~tJ fllJ ~~11 tl~tfl'U iJi:Hl11~i:l~a1m.J' 11 ~ Hl'U flln1~ fftl'IJ 

... ... i'''' _3i <'l 1<'l
fllll'l~t'W'UlJfl"l'j~tJ~fll'jY1~fftl'IJ 1000 lJlJ. ()~ 3000 lJlJ. ~tJmtJ'IJ'jt1w'j~tJ~1Itl~fll'jlJtl'Ui:lfl 'U 

3.4.8.4 fl1'i'l\Pl1l'Ul~tffll~~ 

~'j111fftl'IJ1~fl11lJl1'Ultffll~~1Itl~11~i:l~t1tl'U'1I~Hl'Uflln1~fftl'IJfll'j~~I~tl'Ulfl 'U 

'j~tJ~'Yl Hfll'j~~t~tl'U 3000 lJlJ. i~tJ1~1I'U 1~1Itl~tffll~~t~' 1~~t~tl'U11i:l~l1 r:r~~~tUtl'U lJfl"l 'j~tJ~ 

1000 lJ lJ. ~ Ull~ ~ 3.44 tv1tlfffllll flll ttJ ~ tJ'U 11 tJ i:l ~ 11 tl ~ 1J lJ fllJ ~~ 1~ tJ1~tfl ttl ~ Measuring 

Microscope l'Ufll':i~n~ffV'lJA~ItJ~ 3.44 
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..... 4 
~.5 m1tJ'UnnUi:l::1"JtJll1J~t'lm1nAi:ltH 

o '" <i!ll ""!II 0 1 ",.,j o !II ""!II.I 0

Vllfll'j 'U 'U 'Y1 fl 'U tllHl 'Y1 ~'Y11fll'j 'Y1~HYtl 'U ~ V~ ~ ltl V~ IWtl 'U 1'U mHl 'Y1 ~ lJ1 u 'j ~fl tl 'U VllflU 
~ ~ 

'" "'_t:':! '" 1 '!II.,j "l " '" <i "l
1Ifl'j1~1111J'jV'Ul'YlV'U ~ v 'iHmtl·nW'if1V 'Ufll'j 'iI~'U'U'YImw::'j1m 1tl~~f1tl 

",C/ 1 0 "'C/ .,j'!II' G1) ~ U H 'U 'U 'Y1 fl ~ ~ flU 'Y1 ~ ~ tl ~ ~ VflU VllI9lU H 'U 'U 'YIfl ~~ flU 'Y1 ~ ~ tl~ IW tl 'Jj' 'U flU lfl 'U 

,j'tl1J~~h~ "l ~ i~ 'il1flflU 'Y1~ 1'Itl~ l~tl~lV~tlflU'I11,j'tl1J~1J1'.hflU1Ifl'j1:'I1ltff'U I9lU HU'U fifl,j' tl1J ~ 
.d. QI ~ Q,I' d oil:::), fJ' Q,I ~: Q,I Q,I & Q,I.d Q,I 

IflV1fl'U flU I:Yfl 11 'j tl 'Utl ~ 19l1tl m~ ltl 'U 1J 1'1 ~ 19l1'j 1~ 'U 'U ~~ flU 'if ~'U 111 'U fl I9lU 1~ 'U 'U 'Y1 fl ~~ flU 1~ IflV1fl 'U 

nJ 'Y1 'j ~ IHIl fIW~ 111 'U ~'U.. 
JI, If I I 

2) U~'UIJiJ l~vfluI~V'U ll~'UIJiJ'l!'UI'Wmll:Y~~,j'Ul9ltl'U''UfllnJ~u~~l'Uri'YI~~tl~l.wtl'Mfll'j 

~1IiJ'U~1'U11l'U'1J19l11JU~'U~i~ih11'U"H 
3) m wJ lrltl i~,j'tl1J~'il1flflU'Y1~"tl~ 'I11,j'tl1J~1J1vhflHrh~mmVtl~~~i~'iI1flflU'YI~~tl~ 

~ ~ 

l~vl~f1Hri~UlJUCl~ml'riu'Yi~llJm'Hmv1Jtnv'UHClm'jl1~llfH 
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:: I "" I dwt".It""~lt,, ""',,4) ~'lJfll'Vii'W011'V1'1C1()~'\I'W;t()'W;t1~G')~::lJ011f.mJ~'lJtn'lJn1'Vi() ~~1'lJ'W'\I()1q!CI()H()~ ~'W011 

::. " .It "''''" .cl, " 'VI 'I CI()~ l'1tJUff'l~'\I'W;t()'W011'Y11~1'WUff'l~On i~1m ()~lJ()fJ'lJmf.U ~ 'W O11'Yl'l CI()~UCI::Uff'l~HCI'Yl 'I 

~10 O11'Yl'lCl()~1'W ff1'W ,jW'l 1,f'W 1~'W ~()1q!CI~i ~i 'W on1mtJ'lJ lfitJ'lJ1~tJ1tl'lJOnU0l11()'\I()~16'W ilCl cl 

" d Co 4'. ~ 0 0 .e:t. "_t';;!.cs'd,1fl1 ~ ff11~'\I()~1()'W lJ~H'1 UCI:;; ff1'WHfflJ 'YlH1f1lJ 1'Vi()'W llJ1'Y1101111f111::l111J1 tJ'lJt'YltJ'lJO()'W'Yl'l CI()~U CI:: 

l1 ~~ 'Yl ~ fo ()~1~ ()'lJ1::0()'lJ01 'j11m1::11HClO11'Y1'1ff()'lJ 

"" .3.6 11ft";il:::'t'INDfl1";in~Dtl~ 

1I10~()lJCI~ l~~ loon 'Yl'l CI()~ ~ 1lU 'W 01 111f111::11~()lJClUCI:: ~'I't11 1t'lJurJ fl1m1tJ~ 1'W HClO11 
~ v 

'Yl"Clfl'lJ1l4()ien'W0l1'U11ff'U()HClO11'Yl"Clfl~i 'W'lJ'YI~ 4 ,j()''lJl"mnh()()m~'W 6 U'lJ'lJfl() 

,. " d.et. tic:.. tI,. " d.et. "_Id d. QI

1) 11tJ~1'W HCI ~flHff1H'\I()~1()'WlJCI CI 11m1::l1 ~ flHff1 H'\I()~t()'WlJClClllJ1tJ'lJ1'Yl tJ'lJ O'W U;t 
• 

.It, d '" ... .clltJ' I • .., d ,. , ,. ". I"" "" 
CI::1~ () 'W '\I UCI:: t()'W lJ CI CI'YI llJ H1 'W m::'lJ 1'W 011 'lJ 1'lJ "W'W ~"tJ01HlltJfll'Vi lfI Hff1 H1lJ 1 tJ'lJ 1'Yl tJ'lJ 

(;t1lJfllflH'W10 ~.) 

I d d.e:t. tI Cto tI I d. d Q tI _ Id 
2) 11tJ~1'W ff1'W HfflJ'YI1~1f1lJ'\I()~t()'W lJCI CI 11f111::l1 ff1'W HfflJ'Yl H1f1lJ'\I()~1()'W lJClClllJ 1 tJ'lJ 

1fitJ'lJ~m.lCll"tJon't11;t1n:j11m1::l1ff1'WHfflJ'YlH1f1ij (fl1lJfllflH'W10 ~.) 

3) 11tJ~1'W HCI 011 011 'Yl 'Ifffl 'lJfl11lJU~~ 114mJ1lJ 111f1'.il::111'lJ1 tJ'Ulfi tJ'lJri1f111lJU~ ~ '\I() ~ 

16'WilCI cln()'W 011 'Yl~CI()~UCI:;;l1~~011'Yl~CI()~ 1~ tJ011 't11;t11H1mtJufitJ'lJ (;t1lJfllfi H'W10 ~.) 
~ d.e:t.cf".4 'l'.cl .d ''Ie. tI 

4) 11tJ~1'WHClO11ff0l11()'\I()~m'WlJClClU;tCl:::1~()'U 11m1::l1UCI::l'\I 11lJHCIO11ff0l11()1'Yl 1 ~" 

1mtJufi tJ'lJ HClO11U0l11fll19l tJon't11fl1nhmtJufi tJ'lJ O11U0l11 fl 

5) 11tJ~1'W011 UOl1 1()'\I()~fllJ9i'l~ 1'W ~H 1'I tJ011ri1tJfll'Vi1l4m'lJ1 tJ'lJ1fitJ'lJ onumy1flU,j 

CI::i~fl'W''\I (;t1lJfllflH'W10 CJ1.) 

6) 11 tJ~ 1'W HCI'\I'W1"fl11lJ'H'W 1'\1()~1fI''ll9i''1l4 m'h01111f111::111JlJ1~()'W ~1'lJgV'W' 'lJfl1lJfl11lJ 

'H 'W 1'\1 ()~1fI''ll9i'l11f1'.il::1111C1:;;1mvu fitJ'lJ HCll'1tJ011't11 fl1nh-N'W1m tJufitJ'lJ (;t llJfllfi H'W10 tl.) 

3.7 iJ1,jNDfl1";in~DM 

1110 HCI 01111m 1:::1111C1:;;11M1'W HCI 01 1'Y1~ff()'lJl!llJ1ff1'lJ l11~()lJ CI'1l16'Wil"'l~t1() 'W , '\I i ~ij 
• v 

'lJ1:: ff'Yl nfll'Vi 011i~~ 1'W~~ 11~ 11C1::ij'lJ1::ff'Ylnfll'Vi i 'W 011 ~1'W 'YI1'WonffO'H 1 ()~~ "l"ff1'WHfflJ 'Yl H 

1f1 ij ij HCI,j fl 0 n ffO'H 1 () UCI:;; 'lJ 1:: ff'Yl nf) 1'Vi 0 n 1~~ 1'W 1~ fll~ 'W ~ ()lJ CI 'lJ 1:;; 0 ()'lJ i'U 0 n 9i~ ff'W i~ 'll 
~ 

fJW'H tJ ili'l i'W 011 'Yl 'I CI()~011ii1ii'''1~'Wij'lJ 1:: ff'Yl nf) 1'Vi~ ~"l'l ~'I 't110n ff1 'lJ HCI 0 11'Y1 'I ff() 'lJUCI:: 

~mff'Wflu'W::i'W'lJ'YI~ 5 ,jfll'lJ 



, 
..c 

Uflfl4 

4.1 110U,,.1u011J1V1i:ltH 

.. '" .. 0'71 ;, "1'.1 71 '" 'I
'illnnl'HH'9UU'U lHH'~1tH,H)'U I ~911'1"1 u 'j~ fl U1J ~ 1tJfll':i'1f1J U~~ 1'U 1911 B1J ~qjqj lnlfl' 

f111JfJ1Jnl':i'th~1'UU1J1JU9l1'U~~1~'U~1~1tJnlC]fl'U1ml'i1 'U 1~tJ"'IJu~~~fJW'I1fJiJ 1210
0 

C 11'l1 

.c:. C! d QI oIII!I .c:. 0 0 0 QI d .c:.. 0 
f1~fJW11fJ1J 2.5 'Ul'1'1 U'l::1tJ'U9I1fl~~W11fJ1J 35 C 'I'11nl'j1Jl1J~1tJ'U W fJW11fJ1J -70 C U'l~ 

-196°C f1~fJW11fJiJlr1'Un'll20 i11m ij1Jfi'U~1~~W11fJiJ 535°C ~1'U1'U 3 f1f~ lm::~'U~ulr1'U 
. " 

Ig'UiJ m'~1tHfl1B~i~tJ'jI'U8911 'U~~ 'illnU'U'I'1~ffij1Jfll':i~~H6ij'U1'I1~nn~11045 9l11J1J191'jJl'U 

AISI 1 ~ tJ~~ 1~ ij wrl 'U 'j:: tJ:: '1'11'1 3000 iJ 'l ~ 11J m n~ ijlU7 tJ 1J In tJ'IJ n l':i frn11 'j ij 1 ~ tJ ij Ii ij 'U 1~ 

Revolution Feed Feed Rate Cutting Depth of cut Materials Hardness
 

Rpm/min Velocity Speed (HB)
 

695 97 0.07 28 3.0 1045 160 

Revolution Feed Feed Rate Cutting Depth of cut Materials Hardness
 

Rpm Imin Velocity Speed (HB)
 

665 100 0.04 25 3.0 1045 160 

4.2 Ni:l011nVlU01JftlUm,;~ 

nl'j'l'1~ffU1Jml1JU~~~ij~lg'UiJ'l"9111J1J191'jJl'U AISI l1Jij{ M42 1~w'lJ1tg'UiJmf~~1'U 
"'1 .e:..,.J. ~ d 1 .. ~ 

m::1J1'Um'j"1JU~~ 'UfJW11fJ1JU91'l::I~ij'U 1~1Jl'1'1~ffij1Jml1JU~~ ~tJ'I'1~ffij1JfJW11fJ1J'l:: 3 'lI''U 

d ,J.e:.. ~ j} , .c:. 

111J ltH119J fll':i '1'1 ~ ffij 1J f1111J U~ ~'1'1 fl1'l1''U ~ 1'U 'iI ~ 91 ij ~ 1J 1flfllf1111J fl~~ 'l1~ 'ill fl9ll':i 1'1 

Handness Conversion Table Mitutoyo 1.0 HRC 
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69.5 

d 
mlllU~~ (HRC) 

J/ , J/ • J/ • 
CIt. 0	 QI d '" ..'"	 '" '" m:u'l1 tlll1J11J~ ltJ'U 'ti'U 'Yl '" 1 'ti'U'Yl 2 'ti'U 'YI 3.	 .. 

69.3 69.7 69.5 69.5 

fJW'HtJij -70°C 68.6 68.7 68.9 68.7 

fJW'HtJij -196°C 68.8 68.2 68.7 68.6 

70 
"7 

'lI~ 69-~	 68 
&;	 67
 

66
 

65
 
64 
63 

62 
61	 II 
60	 -+~--

~'lf111'Y1~fffl1J f1111lU ~~~ ~1Ig'U ij'l ~'11 ~~ ~1'U f11~1J 1'Uf111'!!1JU ~~~fJW '11 ~ ijt 'U U~'l~ 

11fl'U 1'U f1111l U~~~ fl ~lg'U ij clfl~t 'U'M1~ 68.6 -69.5 HRC l~tJlg'Uij 'lcl~ij f1111lU ~~"! ~tl~ fi fl 
d CIt. "'.d. d Clt. O.:s d,	 , d d "'doQI QI	 CIt. 

Ifl'U1l'l'l'YIW'U~1 W flW'l1tlll 35 C llfl111lU~~I'Yllf11J 66.5 HRC ff1'Uf1111lU~~~fl~lfl'U1l'l'l'YI.	 .. 
'oQld Clt. 0 Od d'QI 
~1'Uf1111Jl1J~W'U W fJW'HtJll-70 C U'l~ -196 C 1lf1111lU~~1'YI1f11J 68.7 HRC U'l~ 68.6 HRC 

~111~1~1J 
.. d 

~nH'YI 4.4 mlll11~~Uf1'Uf1'lH 

d 
f1111lU~~ (HRC) 

,
CIt. 0	 QI d . , .. . , ... . , ... fl W'Htlll1J11J~ ltJ'U.	 .. ~lU'l1'U~'YI 1 ~lU'l1'U~'YI 2 ~lU'H'U~'l~'Yl 3• 
'"	 0

fJW'HtJll 35 C 67.0 68.9 68.7 68.:" 

'" 0
fJW'HtJll-70 C 67.9 68.6 68.7 68.5 

.,. 0 
~tlJ'HfJ1J -196 C 68.0 68.5 68.6 68.4 
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70 l 68.568.2 68.4 

6Wlftl1J 35°C 6Wlftl1J -70°C 6Wlftlii -196°C. .. '" . .. .... . .. 
,j ~ d d ~ ticS. d. .e::1 't1 4.2 ml1JU\I~un\Jn'lH16'U1J'I'I't1 Hl\Jfll'I11.Jll\l~UfI'I::f2WlftJ1J 

69 j
68 

~ 

";; 67 
;:z 

66r
~ 

~ 65 

64 

63 l62 

61 1
60 -r

d 0.1 d.oQl ticS , d 1QI 

H'I fll'I't1~H"61.Jfll11JU\I~\l6nff~16'U1J'I'I't1 un\J n'll~'H'I~Hl'Um::l.J 1\J f)1'I11.JU \I~ \J 

~ , a, d QI d.ca. tI 'i ' ,. QI d.ca. lieS 
6W11tl1JUfI'I::m:J\J \I mllJll\l~\l6~1ff~H6\J1J'I'I6t1 \J'b'1~ 68.2 - 68.5 HRC tfltl1ff~16\J1J'I'I't1 

q eu q lU II 

, 0 QI d .ca. 0 cS d .J. I d.ca. tI.d d Q,IQI 

Hl\Jfll'I1.J11.J~W\J W f2W'HtJ1J -70 C 1Jfl111Jll\l.:J'Q;.:J-q~U~'ItI 68.5 HRC ff1\J1ff~16\J1J'I'I't1W\Jfl1 

.oQl O.c:S d ~.d d ~ lieS. 0 dQ,I Q,I 

W 6W 11 tl1J 35 C 1Jfl1nJll\1.:Jfllff~H~ 'Itl 68.2 HRC 1l'l::1ffA16\J1J'I'I't1Hl\Jf)1'I1.J11.JflW'U
q eu q q 

.ca. O.c:S d.d &.c:S dod , .ca..c:S 

W 6W11tl1J -196 C 1Jfl111Jll\l.:Jl~'ItI 68.4 HRC CJf.:J1Jfl111Jll\l.:J't111n\Jn'lHUfI'I::6W11tl1J1Jfl111J 
II eu q cu 

d i ~.. '" U\I.:J n'llfltl.:Jn\J 

, ... 
4.3 NDfll19111iJiJtltJtTl'UNtTSJ'rIHlftSJ 

I .. d","d ~ 

fll'IfI 'I1~ff61.Jff1'U Hff1J't1 Hlfl1J \I tJ.:J16\J 1J '1'1 m 'Inn'l H61.J"!.:J M42 fI 11J1Jlfl 'Ii 1\J AISI 
~ . 

lm::lfffl~\J .:Jl\J't1f1ff61.Jl'I1 ~nn~l 1045 1A£IH'Ifll'IfI'I1 ~fftJmh\J Hff1Jlflii fll1Jflnl.:J-n 4.5• 

. .. 
ff1\J Hff1J't1Hlfl1J 

Si Ma p S Cr Ni Mo v w Co Cu 

M42 0.983 0.345 0.231 0.512 <0.01 3.69 0.0662 9.17 0.996 1.16 8.15 <0.01
 

S45C 0.521 0.166 0.64 0.0122 0.0136 0.146 0.0409 0.0133 <.001 <0.1 <0.1 0.145
 

I ctd.ca.tI 
4.3.1 H'If)1'Im1~fftJl.Jff1\JHff1J't1Hlfl1J16\J1J'I~ 

I <do Q,I .d 0 .e:.. d .ca. rI 
~ lnH'I fll'IfI 'I1 ~ ff'O 1.J ff1\J Hff1J't1 H lfl1J\I ij.:J1fffI't1 ~::'U 11JlH'Ifl16\J1J'I 'I H'In n fI'I 1~ fffll.J• 

tl'Iln{)'j, fllfl.J tJ\J (C) iiff1\JHff1J~ln111Jlfl'IJ1'U 0.067% lAmfmun ~.:Jfll1Jlf)Wtt11Jlfl'IJ1'U 

\lij~1ilfJ fllfm)\Ji\JI11~nn~l'ItJl.J,,!.:J1Jlfl'IJ1\J AISI 11.Jijf M42 ~::ii fllfl.Jij\J tJd1'U'ih~ 
~ 

1.05 % ~~ 1.15% \JflmllnUUt11 ri1\JFfrr1Jlil~~H'l L'If\J lf11Jflt1(Co) li~rrL~\J(W) lmL~rJ1J(Cr) 
.c:I .dI cS , d 

11'U 11~tl1J (V) lm::1ilfJ6'U '11't1t1l.Jl't1l1'H'In M42 fll1J1Jlfl'I!l'U AISI 
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1/ 
I dQ,l A 

4.3.2 fomfll'jfl'j1~fftltJff1'lJfH'I'lJ'VIH1fllJ1ff~'}j''lJHU1045 lJlfl'j!l'lJ AISI 
1/

I d d olC:l 

~lfH-H' fll'j f1'j 1~ fftltJ ff 1'lJ HfflJ m~1fllJ ~ tl~nH' fl'}j''lJ ~1'lJ 1045 HCl fll'j m 1~ ff tltJ 

tI'jlfl~ ihilfjfll{tJtl'lJ (C) 0.521%, c)f~flfl'lJ(Si) 0.166%, UlJ~fll'Wff( Ma) 0.64 %,1~mn'lJTilfjHfflJ 
Q,I • do d" ~ d". 

'11 ClflUCl ~ ~lflHClfllHl'j1~ fffltJff1'lJ HfflJm~1fllJ 111ClflflCll 1045 1lJ'lJ 111ClflflCllfl~1J1fl'j!1'lJ ~ fl~ 

d 91 0' tI
111 Clflfl Cllfll'j tJfl'lJHfflJ 1'lJflCll~ 

4.4 NOfll1f1ntlil81JiA1~iI-rH~iUnfl 
" GJ dAo'i Q,I IQ,I GAo'

fll'jfl'j 1~fffltJi m ~ ff'jH~ Clfllfl~ flnff~1fl'lJ lJCl Cl ~tJfl'j 1~ fffltJfl1fltJl~ 1ff~1fl'lJ lJCl Cl 

I d Q,I d 1 A d ~ Q,I i" .d Cl 

fHJ'lJ fll'.i'l!tJU ~~1m ~'11 Cl~fll'j'tJtJU~ ~UflCl~ f;lW '11 f.]lJ 1Vi flf1fl'tllClfl'tlW~~ fl~ m ~ff'jl~'VI1fl~fll'j 

1t1~ tJ'lJUtlCl ~ 1'lJ miCl~flw '11 fl iJ i~tJfffl'tll i fl H ff~l~ 1~lJ rlfl'lJ fll'jtl 7tJtI HflW fflJ,j~~1tJfl11lJ 
q IU q q 

~fl'lJ L~ mjllJltl'j~flfltJfll 'j 1t17tJtJl'YitJtJfll'j fffl'l1 'j fl 1 'lJ fll'.i'VI~ fffltJfllf1~1U tl'lJ UCl~m 1~ fffltJ 
" . 

i m ~ ff~ H ~ Clfllfl~fl~1ff~91'lJ ~1'lJ 1045 1~fltl'j~flfltJHClfll'j'VI~Cltl~ 
91 d ~ , d., I 

4.4.1 i flHff'jl~'VIH ~Clfllfl~ fl~111 Clflflrll'j fltJ fJ: ~ M42 flfl'lJ fll'j'tJU~ ~~fl~fl1fltJl~ 

i" d " , d 0 IQ,Iti d1 'VI 4.3 flHff'jH~Clmfl~fl~111ClflflCll'jfltJfJ:~M42 flfl'lJfll'j'1J11~~ (fllCl~~tJltJI5001'V11) 

i fl'j ~ff~l~'I1i!fl1n'lJ LViflf[ Cl;1Cl~1~tJ~1mdn m ~ff~1~~1lJ'lJ 1fl'ti'1~fltl'lJ1m~ 1'lJi fl'j ~ff~l~ 

tI'j~flfltJ~1tJfllflml ~'lJ l~ 111m1'lJ fl'lJ m~ ~ltJ..t1 1tlfldl~1lf'lJ 1~'i~ii~'lJl~Uflfl~ Hn'lJflfl'lJ ,j'l~ 

lJlflUCl~m:;~ltJfl~fldH11il'tl'lJ'j~17 tJtJ 
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lit.1 

1fl ~ .:Jff!VIl'l c;mn'U 1J 111't1'U 1CJf'tl 1fl ~ .:Jff!l.:J 1~ fltHJff1J ~~WUCl::1ifl111JCl::tfjfJ~,r tHJ 

~ ... ~.l dQ "! " 'J" .I d... ...... ~ d ... .l ... 
CJf.:J Cl 011 W:: 111 'U 'Y4 'U VI ff lV11fl tl1J 1~ 1VI 'U &CJfVl 11Cl:: 'Y4 'U VI ff'l.ll11'H Cl tl.:J Cl 011 W:: III 'U ~ ft VllO A'l.I 'U fl tl 

fll111J~ ~.:J0l~m::~lfJ';1'l.1tl.:Jfll111J~rr.:J1if.J~,rtlfJhjff~1Iff1Jtl'l.l'Ulftlm'U1ifl111JUAmiHn'U 
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'\I) ~1ufl'UmnHhtl'J'\I~mJ 1500 l'yh
 

1.'!J~ 4.5 lf1Hft'f1'J~r1.fl1f11g'UUrlrl'~~1'UflTn·hu~I~'UW fJWl11JU -70°C
 

iI ... c:ll 0' i 0'. iI 0' d d.k ... .: .J.1m 'Jft''i1'J11 r1flllJ'U UTH'YI'U C)f'YI f1fl'U '\11 'J ft'U \! 'iWUrI:::Ufl11U r1:::lflU~ C)f'JrI flll W:::-W'U 'YI 

d a 0' i 0' .: dd a... c:ll .J. '" .1 a ~ 0' .k ... 

ft'1'YI1f1 flU1'i 1'YI'U C)f'YIUrI:::-W'U'YIft''\I111l1 r1fl'JrI flllW:::llJ'U ~~ 'YIlfl~'\I'U f1fl fI1'i llJ~ C)f'Jfl1'i m::: 111 U~ 1 

tUfFJtl1fl'lJ~fl1Jlfl~'UU"::flfl111Jffrll1ff01J1Jlflfl111thJ~,,n~lthJ~1 WOW'H.fl~ 35°C U"::tU'Ul~. .. 
d d .1 ... ~ c:ll d .1 

1m'U UfI11U r1:::1flU~ 1J1fl'tl'U m::: 111 U9I11'i1JllJ 'U'i:::111 U1IU lfl'U'U 
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~) ~1Um.m"1':lfl1~.:j~tmJ 1500 l'yh 

_ I ..l 1 jJ d '" ....l, d '" ° 1.1J 'Yl 4.6 flHtI''j1.:j~''fl1TUfl'\.J1J'''''YlFH\.ml'HtI'\.JW t.;!Wl1{l1J -196 C 

jJ .... ~ .. 111 ... jJ .. "" "" .l.Ji "" ....1fI 'j.:j ff'j1.:j l1 "mlJ '\.J 1J1'j1'Yl '\.J I''If'Ylflfl'\.J~l.:jff1J\! '1 w U"~1Jfl111J" ~mtl~ 1J1n~'\.J ''If.:j 1J" nl:lw~ 

~ .l ..l S 4 .. 111 0' .l ..l"" 4 '" ~It ..l '" .1 4 <f1r)".Ji .. 
llJ'\.J'Yi'\.J'Ylnl'Yl1f1fl1J1'jl'Yl'\.J 1"lf'Yl U"~'Yi'\.J'Ylffm1m"fl.:j"nl:lW~llJ'\.J~~'Yl1O~~'\.J flfl fI1'j 11J~ ''If.:jfl1'j 

"l tid. QI J.c:s ~ • d C& tid d QI Q 0 
11J~1Jm'jm~'iI1t1~11J1n~'\.J 1Jfl111Jff1J11fffl1J1J1nn111fl'\.J1J""'YlW'\.J~1 W fJWl1~1J 35 C U"~ 

Lih.lii(Hl~~TlJfl11ih,j'UVlJ W~tuluJii -70°C Un~'\llJl~lmlJ~fl111Jn~16lJ~ (ilJ~9i1mh~~ 
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4:4.5 H~f11H,n~ffil'U lflHfffH'YIH'~fl1fl 9l1i1d1':l'lff~ilJ,nt.l1lfgf1f1~1 1045 

~11J1J19nJ1t.1 AISI ~.:IH~f1l1~11~ffil'UlflHfffHtJ11f1t)·illm.:lfff1.:1~::tJ'::f1i1'U~1m~iI{ 
, '''' ~, ....1 ~ , ... '" ...

H1f1'Ui'WiI' L'~ CIS.:Ilnil1 LHliJ::1J~f1'llW::ff'\l11 

"" ... 1 .q, cI ClIo J
4.4 FUlfl1l9lR1lJ"Hi'''1I'1Wft'U8-3i8'U'lIi.'Ii.'I 

'" _I d ... .d • ~ d oQ'" QI4Q oQ oQ 

H~ f1l Hln 11"llJ 'YI 'H11'\11fl W~ '\J iI.:IiillJ 1J ~ ~ 'YI H~ ~ 11'U.:I iIiI f1llJ 1..1 lilt.l1J ~ ~ 2 f11J9I" 

d ..., "'.. I _I ... d..... I 

li~: liIlJ 1J ~ ~ 4 fl1J fl" CIS .:19'\1 "Hlffil'U ~1J II~:: '\JlJ 1"~H" 'YI HllJ 'YI Hi'\J 11fl W~'\JiI.:IliIlJ 1J ~ ~ 1~t.1 

Q,I cvJJ''''
fl111JtJl1'\JiI.:Ifl1J9I" (Length of Cut ) '\JlJ1~lfft.lH1UlJVf1~Hfl1J~" (Cutting Dimeter) ~1JfIlVlfl''ll 

It.111t.l1i'ffii (Radias Rake Angle) ~1Ji~lJ.:I (Helix Angle) ~1Jlt~'UllJ11lJ111f1lJ(AxialRelief Angle) 

~1Jll~'UllJlllJ1;ffii(RadialReliefAngle) ~1Jll~'U1i1.:11t.111lJ1i'ffii(Secondary Relief Angle) It;iI 

~1Jlt~'U1"VH~f1l,,,n~ffil'Uii'\lt.l1"~H"iil.:l9l11H~ 4.5 ll~:: 4.6 



-t1 
-t 

y
-.. 

-t2 --

I." ! =J-t--r ,__ r, ,i1 

:ri-J-~1==T""""7 I.....,. 

1'!J~ 4. 8 ~lJU'l~'tJ'Ulll~i,*i'Utl1Hln'il~H)1Jltlm-:lt';j'tJlfltU~'tJfl-:ltg'UiJ'l~ 2 fllJlP1ll 

~l';jl-:1~ 4.5 ~'ltl1';j~n'il11l1tl'Y1Ht';j'tJlfltU~'tJfl-:ltg'UiJ'l~ 2 fl1JlP1ll 

NAME OF END MAILL PARTS 

tl';j~t.f)'Y1fl1J~11 L 1 D d r $ a' 1 a'2 a l a 2 t t l t, K H R , A 

QI

2 f11J~1l 80.57 31 11.92 11.99 15°42' 29°33' 4°3' 14°2' 11°3' 22°2' 0.74 0.85 1.75 2°2' 6.2 1.80 0.7 
\0 
-...J 



\1. ''l. 

(j 

t2 

tl 
t 

J:~ 
..c. 

L 

1tJ~ 4.9 ~llU"~'IJ\J1Pl~1.n\Jfl1'Jlil'J1'ilfffJ1J1tJ'VIH1'J'lJlf1W9l'IJfJ~lg\Jiim'4 flll~91 

911'JH~ 4.6 ,.mfl1'Jlil'J1'iliPl1tJ'VIH1'J'lJlf1Wlil'IJfJ~lg'Uii,,'"4 flll~91 

NAME OF END MAILL PARTS 

'lh~ lfi'VI fill ~Pl L 1 D d r ~ a' I a'2 a l a 2 1 1) 12 K H R) A 

QI 

4 flll9lPl 80.55 31 11.92 11.99 8° 29°1' 4° 14° 10° 22°23' 0.73 0.78 1.92 2° - 1.74 0.7 

\0 
00 



• • 

I'll 

99 

QI ... 1 .oC:ir. d .q tI 
4.5.1 ~CH)l'jIPl'j1\111Pl~1J'YI'j.:IlHl1f1tulPllfllJ:lJM 

\I 1f)'\JlJ llPl~nll1 lJfHYTI1 i'Uf)l'j ~iilPll~lJlfllJ iJ mr~ i ~i lJf)l'j 'YI1Pl "fl.:l'\Jfl.:llfllJ iJ"" 2 

... '" ° "" ... ° "" .1 _I ~ cI "" .,j.,j 11) <I'jI
fIlJ1Pl1Pl f1fl ].J:lJfI1fJ 15 31' 1J:lJl,W.:I'\Jfl.:lfllllPllPl 29 37' lYWl\lfJ'j IlJ'\JlJ~1JlUlJlfllJ:IJ""1Pl1fJlmfl.:l 

l~fJ'j IlJ {)1Pl i lJlj~ mUflllf)l'j111.:11lJ ilPlfJ i lJmmm)1Pl i lJlj~ 'I1cr.:l~llJm~U1lJf)l'J'll'Ull~.:I ilJlllPi,,~ 
oClt. ~.q ~ d .q tid. " 91 0 OJ ,~
 

fltu '11 flll 1l"~1:IJ fl ~"lPllUlJlfllJ:IJ"" l'j fJU 'j tJ fJll" 1lJ 1:IJ11Pl 'j 1 \I 11Pl '\JlJ llPlll"~lllllPll.:1 "1 C)f.:l \llf)~"
 
• OJ • . 

OJ .q d .q tid. .cI 

f)lHl'j1\111Pl 'YIHl'j'\Jlf1tulPllfllJ:IJ"":IJ'\JlJllPl Over Lemgth; L m"fJ 80.5711:IJ. Cut Length; I 
..d 911 tI QI d .ci .d 0 

m"fJ 31 :IJ:IJ. '\JlJllPllfflJ~llJt:rlJfJf)"l.:1f111IPl'Pll'HW ; D mM 11.92 :IJ:IJ. 1J:lJfI1mfl'lJ r m"fJ 15 

. ° 
33' lm~].Jll Helix Angle; ¢ m~fJ 29 42' 

'\JlJllPl~nl'11lJlPldll1JUf)l'j~iilPll~lJlfllJiJ""4 fI:IJ~1Pl flfl ].J:lJfI1mfflJ 8 ° ll"~~llIQfJ.:I 
... ° "" , .1 _1 ~ cI "" <I 'jI .,j "" , ... i ..."" 0

'\Jfl.:lfllllPllPl 29 l\lfJ'j lJ'\JlJ~1JlUlJlfllJll""1Pl1f.JlmtJ.:Il\lfJ'j lJfllPl lJlllPl f11Uf]:IJf)l'j'YI1.:11lJ
 

- 1 ... i"''''' .... c1... "" ~ cI "" <I'" 'jI 'jI

i IPlfJ i 1J 'j llmllfllPl lJlllPl l1"~ ~llJ m~u 1lJ f)l'j'l[Ull'\J.:Ill "~'11 ".:I \llf)~"lPllUlJ mlJll""1'j fJ1J'j flmm 1 

o QI I ~ QJ .q d oClt. tid. 
lJl111\Pl'J 1\111Pl'\JlJllPlll"~~:IJlPll.:1"1 C)f.:l~"f)l'j \Pl'J 1\111Pl'YIHI'j'\Jlf1tuIPllfllJ11 ""ll'\JlJ llPl Over Lemgth ; 

.d ..d 9/' tI d dQI 

L m" fJ 80.55 :IJ:IJ. Cut Length; IlQ "fJ 31 :IJ:IJ. '\J'U llPllff'U ~1'U tT'U fJf)"l.:1f1:IJlPllPlm" fJ ; D m" fJ
 

.,; ° .,; o.ll ... .1
 
11.92 :IJll. ~llfl1mfflJ; r mrlfJ 8 ll"~~ll Helix Angle; ¢ mM 29 C)f.:l\llf)~"f)l'j1Pl'j1\111Pl~1J 

'YI 'j .:Il'j '\J lf1 rulPl '\Jfl.:llfl'U iJ""'\J hi llPl~ 11Pl '~iml/l;;; fJ.:I nu'\J'U llPl~nl'11'U IPldl'11i'U f)l'j ~iilPl ilPlfJfh~nlPl 

ml:IJfI"llPllfl~fl'U~fJfllli'Ufl~ t 'U'lh.:l lllf)f)11 '11 imj'flfJW;h';[~ln'U 1 fl.:lffl 

...
4.6 Nafll1't1~H"fl1.Jfll1tffl't'i·H) 

~"f)l'j 'YIlPlffflUf)l'j ~I'll~ fllJ i IPlfJU 11fl'UiJ""~~1'Um ~U1'Uf)l'j'lfUll~.:I~fltu '11 fliJ 1210°C 
• • OJ 

oClt. do d QJ d oClt. 0 0 Q" d oClt. 0 0 
n"lfl.:lfJtu'l1.f,Jll 2.5 'Ul'Y1 W'U1Pl1'Y1fJtul1.f,Jll 35 C 1l"~1J1UIPlW'U tu fJtu'l1.f,J:IJ -70 C ll"~ -196 C 

ilPlfJ~lfl'UiJ""~lglJ~1 tu tltl.!l1fliJ 35°C flUfl'U~1~fltu'l1fliJ535°C ~1'U1lJ 3 f1f.:l ff1lJ1fflPl 
q ~ q cw q 

d oClt. tid I 0 QI d oClt. 0 0 i" oClt. ~ i 
lfl'Ull""'YIHllJf)l'jU1UIPlW'U tu fJtu'l1.f,J:IJ -70 C ll"~ -196 C 'lfn"lfl.:lfJtu'l1.f,J:IJ 20 'lf1 :IJ.:I 

, " . 
flUfl'U ~1l1 fJtu 'I1.f,JiJ 535°C ~1'U 1'U 3 f1i'.:I 'YIlPlffflUf)l'j ~lPll~ fl'U fl1fJi~l~fl'U' '\Jl~fJ1n'U i 'Ull~" ~ 

lJ'j ~lfl'YI'\Jfl.:lfl:IJ~lPllg'UiJ,," 1IPlfJ'YIlPlffflUf)l'j~IPlI~fl'U 1~'U 'j~fJ~'YI1.:1 3000 1l:IJ. '~i oH'ffl'j'l1ri mg'U 

i'U f)l'j ~lPll~fl'U ~.:Ill 'li.:lf)l 'j \Pl'J 1\1 ffflU ~"f)l'j'YI1'l ffflUf)l 'j~lPll~ fl'U~.:Iif 
4.6.1 ~"f)l'jlmfJUlfifJuf)l'jiYf)'I1'jfl~~1'11"UilPlf.J'jlJcllf.J 

OJ 

f)l'j llJ1 fJUIl1 f.JU 'j lJcllfJ'\Jfl.:l~1fl~l.:11fl'U iJ",,~ ~l'U f)l'j'lfUll~.:Ii 'U lllPi,,~ fltu '11 fliJ '\Jfl.:lf)l 'j 
cu q q IV 

'YI1Pl" fl.:l 1IPl fJcll fJ~lJflll~lPlriflhi 'YI1Pl ffflU f)l'j ~IPll~fl'Ulm~'11 cr.:lf)l'j 'YI IPl ffflU f)l'j ~lPll~fllJ 1IPl fJ i oH'fl ~fl.:l . . 
o QI I 4 cv ~.cf,,q,,,, ... 1 '"" 

f)l ".:I '\J f.J1 fJ 60 l'YIl I.... fllPl n \I ffflU" fllJ W~ f)l'j fff)'I1 'j fl 'YI ~ 1'11" U IPll'U '\J 1.:111"~ 'j 1J f)l'j ff f) '11 'j fl 
OJ 

oClt. "" QldoClt.~" QI~ 
HJ'I1 "UlPll'U '11 'U l'\Jfl.:lfllllPllPllflhl11"" 1IPl ~"IPl.:llJ 
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ru uru 'Y1.f)1J"" 350 C. ..
 

f)) 
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fl) 'tl) 

nJ~ 4.12 f1119i'~~1'Wfl1'i9i'~I~fl'W!~'W'i~U~'Vll~ 3000 1111. 'tlfl~!~'WiJml~!~'W9i'1 W flWl1f1iJ 35°C 
QI Q QI 

QI .c::r. 'jJ j) QI' QI 4!!1 
fl) ~fl'l:lW:;:H1l1~Ufll'W'tlN'tlfl~f11191~F-n'W fl1'i91~!lW'W3000 1111. 

fl) 

1.1J~ 4.13 !tY'I:l9i'flU~:;:f1119i'fl~1'Wfl1'i9i'~1~fl'Wli1'W'i~U:;:'Vll~3000 1111. 'tlfl~1~'WiJml~1~'W9i'1 

W flWl1f11J35 ° C 

fl) !f1'I:lfl1l9i'91~fl1'i9i'fll~fl'W!i1'W'i~V:::'Yll~ 3000 lilt 

'tl) f1119i'fl~Hl'Ufl1'i~fll~fl'Wli1'U'i::tJ::'t11.:J 3000 1I11. (250 l,-h) 

. ., C>
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4.6.1.2 
GQla C) 0 

nlnJl1Jflw'U OJ tlOJl1fl1J -70 C. .. 

0) 

'IJ) 
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fl) t1) 

~ Q,I I Q,I ~ ~ c.i ~ cf-=i d Q,I ~ 0 
nJ'Yl 4.16 f1lJflflfjl'Ufl1·H'lfll'j:Hl'\.HlJ'U'j~t.I~'YlVl3000 lJlJ.t1tl~16'UlJ""'YlW'Ufld W tlwl1fllJ-70 C 
~ Q ~ 

Q,I ~ ", fj} QI .c:I I OJ 4 

fl) "fl'HW~ml1"lJ~l'Utll~t1tl~f1lJflfI'Ylfjl'Ufl1'ifl~mtl'U 3000 lJlJ. 

t1) "fl'HW~~dl1C1lJ~l'Ul1,rlt1tl~f1lJ~f1~Hl'Ufl1'i~f1I~tl'U 3000 lJlJ. 

fl) 

. .
 
_I.c:I QI IV Q,I 4 ~ c::I ~ cf4 d QI .c:.. 0 

l,lJ'Yl4.17 lff'HfI~ll"~f1lJfI~ f1f1m tl'UAU'U 'I::tJ:::'Yll~ 3000 lJlJ.t1tl~16'UlJC1"'YlW'UfldW~Wl11JlJ-70 C 

fl) IfThlfllJ~f1~fl1'I91~I~tl'UA~'U'I~t.I:::'Yl1~3000 lJlJ. 

~) fl1J9ifl~HllJfl1'j,jfll~6lJlnln::tJ::111.:J3000 1J1J. (250 nil) 
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I,ll 

o Q.I d ~ 0 
f1l'.i1Jl1J~W'\.J W {lWl1flll -196 C. .. 

f)) 



105 

n) 11) 

50/-un 

n) 

. , 
t1 .c:1 Q,I' QI Q,I'.:!!l ~ d ..e:::t. o"d d QI .e::t. 0 

':i 'YI 4.21lmJ~~1li:l~fl1J~~ ~~I'iH)'\.JllJ'\.n::t.I~'YI1~ 3000 1J1J.1I8~m'\.J1Ji:li:l'YILV'\.J~1tu 8W'I1fl1J-196 C 
(II Q q, 

n) tf111flll~~~fl1".i~~tUt)lJl~ln::tJ::Yll~3000 1I1J. 

11) fl1J~~~Nl'\.Jfl1':i~~1~8'\.Jl~'\.J':i::t.I::'YI1~ 3000 1J1J. (2501fh) 



]06
 

QW'I1lJll 
"" 350 C 

f)) 
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f1) 'tJ) 

.d Q,I t Q,I <l!t ~ d ~ d"d d Q,I ~ 0 
':itJ'Yl 4.24 ~~Hl'\.Jf11Hl~llH.l'\.JllJ'U':i~U~'Yl1~3000 1111.'tJtl~1tl'\.J11C1C1'Yl1U'\.J~1W tlW11fl1135 C... . ... 

£"), j/ fj} Qld. QI.-!I 

f1) H111C1'U 'fll'U'tJl~'tJ tl~f111~~l1Hl'\.J f11':i~'fll~ tl'U3000 1111. 

f1) 

_ld QI ~ ~ d ~ d".d. d QI ~ 0QI QI 

l.lJl1 4.25 1f1'l:l~'flllC1~f111~'fl ~~1~tl'\.JllJ'U':i~U~111~3000 1111.'tJtl~1tl'\.J11C1C1111U'\.J~1W f;lW'l1.Q1135 C 

f1) lmJfl11~'fl~f11':i~'fll~tl'Ul~'U1~U~111~ 3000 1111. 

'tJ) f111~'fl~Hl'\.Jf111~~1~tl'Ul~'U':i~U~111~ 30001111. (250 l'rh) 



lill 

lOR 

o QI d ~ 0 
fl1nJ11J~1tJ'U W ~Wl11J1J -70 C 

fl) 'IJ) 
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fl) '\J) 

~'tJ~ 4.28 ~~~ltJfl1~~~!~eJ'l.Jlihn~fJ~'Yl1~3000 lJlJ.'\Je:J~I~tJiJml~!~tJ~dtil. e:JtIl.l1fliJ-70oC cu Q q,1 

~ 9J 'jJ ald' QI.<l!t 
fl) Hdl1"1J\OlltJ'\Jl~'\Je:J~fllJ~~')'JHltJfl1~~~!~HltJ3000 lJ1J. 

fl) 

... Id QI Q,I Q,I.4 ~ d ~ c:/d d Q,I ~ 0l.lJ ')'J 4.29 !ffll~~U"~fl1J~~~~l~H)tJ!lJtJ7~fJ~'Yl1~3000 1J1J.'\JtJ~mtJ1Jfl"')'JmtJ~dW fJWl1.fJ1J -70 C 

fl) Lfl'lolfl1J~~~fl17~~!~tJW~tJ7~fJ~'Yl1~3000 1J1J. 

'\I) tl1J~~~~ltJfl17~~!~tJtJ!rJtJ7:fJ~')'Jl.:l 3000 1J1J. (250 t'vh) 
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lill 

.Q QI d oCl <I'd I QI dIIC::ll 0 

4.6.1.6 'lJ 'j 11 W fl :IJ ~ ~ HCl::: f.l111 Cl'lJ '\I fl ~ Ifl 'W :IJ Cl Cl VI f.ll 'W n 'j::: 'lJ 1'W nl'j 'lJ 1 'lJ ~ ltJ 'U 

W flWl1.fliJ-196°C 'I.h:::tilVl4 TUJ~~. .. 

n) '\I) 
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fl) '\I) 

_I ~ QI I QI.tl!I::'I d ~ lid d QJ ~ 0 
l.lJl1 4.32 ~lIH1'Wfl1'j~lImtJ'WI1J'W'j:::t1:::111~3000 1J1J.'\ItJ~ltJ'W1JClCll1W'W~dW ~Wl1{11J -196 C .
 

.e::t. rJJ rJJ QI d I QI ~ 

fl) Hdl1Cl'lJ'Pll'W'\Il~'\ItJ~f11J~lIl1Hl'Wfl1'j~flllW'W3000 1J1J. 

50 11m 

fl) 

_ld Q.I. Q,I Q,I ~ ~ d .r::lI d'd d QI .e::t. 0 
l. lJl1 4.33ImJ~'PlUCl::f11J~'Pl ~1IIlH)'WI1J'W'j:::t1::111~ 3000 1J1J.'\ItJ~m'W1JClCll1wtJfldW ~Wl1{11J-196 C 

fl) lft'llfl1J~fl~fl1'j~fll~tJ'Wl~'W'j:::tI:::111~3000 1J1J. 

'\I) mJ~fl~~1'Wfl1'j~fll~tJ'Wl~'W'j::tI::111~ 3000 1J1J. ('\ItIltl250nh) 
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_I I IV d oC::l. rI. IV It!t QI 

4.6.1.2 'jlJ mtlu""~~f111fl~H)'WmUlf1 fl'W f11'j 'Yl~""mJ f11'jfl~m fl'WU'ft~11 'ft~f11'j... 

'Yl~ ""fl1Jf11'j~~l~fl'W i~mm t11J!ntl1Jf11'j~fl11'jfl~Nl11'ft1J 1'Wu,j'ft~lifl'W 1 'IJ'IJfl~f11'j'Yl~ 'ftfl~ 1'Wu,j 

'ft~tJ'j~!fi'Yl'IJfl~f111~~ U,j~!il'Wlg'WiJm~ 2 f111~~U'ft~ 4 f111~~ 
.d .d 4.d~ QI I d Clo rI 

'jtJ'Yl 4.12 !Hl~ 'jtJ'Yl4.13 u""~-:jfl1'j""fl11'jfl'Ylfoll11'ft1J'lJfl~fllflUH!fl'Wll'ft'ft... ... 
QI ~ IV d oC::l. rldd QI oC::l. 0 GII'J1d JII$ 

2 f111fl~ 1J'jnWf111fl~tfl'WlJ'ft'ft 'YlW'Wfil W fJW11t,Jll 35 C u""~~ !11!11'Wntl~fl1'j""fl11H) 

~ Nl11 'ft1Jij ~1 'W 1'W 1J1flU'ft ~'j fltlfl1'j~fl11'j fl '1jijf11111""~1! ""flll 1Jinw ~~tJ mu'IJ fl~f111~~Uflfl'l1fl 
d Y ~ _I<do .d QI II:!l QI d e:t, rid, 0 <V d Clo 0 

!'ftfl'W fltl !llfl!lJ'j U1J!'Yl fJ1Jfl1J 'j~tI~f11'j""fl11'j flfl1JIfl'Wll'ft'ft'Yl foIl'W f11'j1J11J~W'W W fJW 11 t,Jll -70 C 

° d "'! 91 I 

!!'ft~ -196 C 1J'j~U~fl1'j""fl'Wfluml 

'jtJ~ 4.16 U'ft~'jtJ~ 4.17 U""~-3fl1'jfffl11'jfl~f,b11'ft1J'lJfl-3~ltlth~!g'WiJ'ft~2 f111~~ ... ... 
.cd. lOGo' d <C::l. 0 <l 'JI d .r:9 .d..Q.Q QI.ct. ~ 
'Yl foIl'Wfl1'j1J11J~!tI'W W fJW11 t,J1l-70 C U""~-3 !'I1!'11'Wfl1'j""fl11'jtl'Yl1J'jnWfoIlf111fl~ll'j~U~fl1'j""fl11'jfl 

Ufltl'ft-3U'ft~!~ llih~ ~1Jfl1 'jfffl11 'jfl~ ""~ l!""lltlll lfl~'W 1Jinw ~~tJ mtl'IJfl~f111~~ijfll'ifffl11 'jtlUfl U 

fll1~ltlth~!g'WiJm~~!~'W~1 W flW11fiiJ 35°C. ... 
.d .d <4 dClo Q,I' d.Q rI QI 

'jtJ'Yl 4.20 U'ft~'jtJ'Yl 4.21 U""~-3f11'j""fl11'jtl'Ylfoll11'ft1J'lJfl~\PIlflUl~Ifl'Wll'ft'ft2 f111fl~... ... 

~ ~ 1'W f11'j,j lli~!~'W~1 W flW 11 fiiJ-1960C U""~~ h1'n~'W fll'ifffl11 'jfl1Jinw Nl11'ft1J'IJ fl~f111~~. ... 
.d ~ J ~ .d QI Q,I I d q rid d Q,.f Clo 0 d Clo rI 
11 f11111 ""11 1!""11 fl1J1fl'IJ 'W!ll flt'Yl t11J fl1Jflltl UHtfl 'W 11 'ft 'ft 'YI W'W fll W fJ W11 t,J 11 35 C U'ft~!fl 'W 11 'ft 'ft 

.d. , 0 QI d 0 .ct. .r:9 'JI .Q _I Q,1 <d .r:9 
'YI foil 'W f11'j 1J11J~W'W W-70 C U'ft~ll'j~tI~ fll'i ""fll1 'jfl'W tltl'ft-3 1J 'j nw lJ mUf111fl ~ 11 f11'j "" fll1 'j fl 

... 91 
!!'ft~Uflfll'I fl'W fltl'ft-3 

'jtJ~ 4.24 U'ft~'jtJ~ 4.25 4fll'ifffll1'jfl~Nll1'ft1J'lJfl~~lfl~l~!g'WiJ'ft~ f111~~... ... 
.d d Q,I Clo 0 GI 'JI d 4 .dlJ) I ~ IV.d 

'YlW'Wfil W fJWl1t,Jll 35 C U""~-3 !l1!'11'Wf11'j""fll1'jtl'Yl !llff1J11""llfl'IJtl-3f111fl~OU'ft~1l'j~tI~fl1'j 

fffll1'jtllllfl !~mnfJ1Jti1J~10~1~!g'WiJ'ft~~~1'Wfll'i,jlli~!~'W U'ft~W fJWl1t,JiJ -70°C ti1J -196°C 

Clo _I QI.oC::l. QI d 'JI 
1J'j!lW lJ 'ft lUf111\PI~ !fl~fll'i 11 'ftflll'ft~ mUU'ft~ Uflfll'Iflt'ftfl'W fl U 

'jtJ~ 4.28 U'ft~'jtJ~ 4.29 fl1'jfffll1'jfl~Nll1'ft1J'lJtl-3~lfl~Hlg'WiJ'ft~ f111~~4... ... 
.d I 0 IV d QI Clo 0 0 Gt 'JI d.r:9 .r:9 ..dq 'J/.d 
'Ylfoll'Wf11'j1J11J~W'WfilW t:lWl1fill-70 C U'ft~-196 C U""~~ !l1m'Wtl~f11'j""fll1'jtl'Yl !fl'ft!f1t1~. ... 
QI .ei.d ~ J ~.d Q,I QI I d Clo rI.d d Q,I 

fl 'W U'ft ~ 'j ~ tI~ fl1'j "" fll1 'j flll f11111 ffll 1!"" 11 flll 1fl'IJ 'W !ll fl!'Yl U1J fl1J fll0 UH!fl 'W 11 'ft" 'Yl W'W fll 

Clo 0 ~.do 'JI 
W fJWl1t,Jll 35 C 'j~t1~f11'j""fll1'jflll'ill'Wl'W'WOtl 

1tJ~ 4.32 H"~ 1tJ~ 4.33 4fl1'jfffll1'jfl~Nll1"1J'lJO-3~ltl~H!g'WiJ,,~ f111~~ 

~ ~ 1'W fl1'jlhli~ 1~'W W flW 11 fiiJ-1960C U""~-3 h1'!~ 'W fl1'jfffll1 'j O~ 1li""~11""1l0'1.1 0 ~f111 ~u,j. ... 

f111~~ij'j~tI~~l'Wl'Wfll'ifffll1'jflUtlU !~mnU1Jti1JlJil0~H!g'WiJ"~~~1'Wfl1'jl~'W W fJWl1t,JiJ 35°C 

U"~~10~H!g'WiJ"~~~1'Wfl1'j,jllj~!~'WW fJWl1t,JiJ -70°C 1JinwtJ"lU'lJfl-3f111~~lfi~ 
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QI .0=:9 d ~ 0' 
4.6.2 ~Hlfll'jl~'j~tJ~fll'H1'fl'l1'HllU'UlH'Hl 

III 4 d ~ c:Y'd, d GI' ~ ~ 
~Hlfll'jl~'j::t1~fll'jTI'fl'l1 'j UtU'U lH'Hl 'Yl m'U fll'j 'i!'lJU'tI'I1 'U U~H'l~fJW '11 fJll C)f'l'Yl~TI'U'lJfll'j 

~~U~U'Ut~'U'j~t1~'Yll'l3000lJll. 1~t1ml\lTI'U'lJ'j~t1~fll'j~fl'l1'jU'tJfl"l'j~t1~1000 llll. 1~t1hn~ 

TI'1'j '11 ~Ut~'U 1'Ufll'j 'Yl~ TI'U'lJfll'j ~~l ~ U'U 

QI Ci d~o' QI 

4.6.2.1 ~H'lfll'jl~j~t1~fll'jTI'fl'l1'jU'tIU'IlU'UmH'l2 tlll~~ 

QI Ci QI..r:!I ~ d~tI 

~Hlfll'jl~'j~t1~flljTI'fl'l1 U'Ut'lJ'U 'j~t1~'Yll'l tu'Um'Hl'jU\llfl'Yl~TI'U'lJfll'j~~m 3000 llll. 

d.c:S Ci dCll 3J d ..r:!I d Cll tid, 0 III d Cll 0 
'YllJ'j~t1~fll'jTI'fl'l1'jU'YlHl'11fl'lJ'UUtI'Yl'tl~flUtU'UlJflfl'Ylm'Ufll'j'lJl'lJ~tt1'U W fJW'I1fJlJ -70 C Ufl~ 

o 1..::1 Ci , 0 .4..::1QI QI 

-196 C ~tJlJ'j~tJ~fl1'jTI'fl'l1'jm'Yllfl'lJ 0.137 lJlJ. Ufl~ 0.138llll. ~lllfll~'lJ C)f'lll'j~tJ~fl1'j 

.c9 dGi 91.c:S III r d d'd.c:S .c9 dCll d..r:!l d lid d QICll Cll 

TI'fl'l1 'j U'Yl Ifl fl ttl tJ'I fl 'U TI'1'U te:J'U II fl fl 'YllJ'j ~ tJ~ fll'j TI'fl '11 'j U'Yl Hl'11 fl 'lJ II lfl 'Yl "l~ tl U tu'U II fl fl 'Yl tt1'U ~ 1 

Cll O.c:S 4 dCll , 
W UW'I1fllJ 35 C ll'j~tJ~fll'jTI'fl'l1'jU'YlHl'11fl'Ut'Yllfl'lJ 0.164 lllJ.. .. 

QI 

.c9 d Cll 0' QI 

4. 6.2.2 Hflfl1'j'Yl~TI'U'lJfl1'jTI'fl'l1'jU'tIU'ItU'Ullflfl4 tlll~~ 

Hfl fll'j 1~'j ~ tJ~fll'j ~fl'l1 'j U\llfl'Yl~ TI'U'lJfl1'j~~ l~ U'Ut~ 'U 'j ~tJ~'Yll'l 3000 llll. Hflfll'j 

1lI..r:!I d Cll tld.c:S .c9 3J.cd..r:!l d Cll lid I 0 QI d 
'Yl ~ TI' U'lJ fl1'j ~ ~ m U'U IU'U II fl fl 'Ylll 'j ~ tJ~ fll'j TI'fl '11 'j U'U Ut1'Yl "l~ tl U tU 'U II fl fl 'Yl Hl'U fl1'j 'lJ 1'lJ ~ ttl 'U 

Cll 0 QI d Cll d"d I 0 QI d Cll 0..::1 .c9.d • QI 

W fJW'I1fJll -70 C fl'lJlU'Ullflfl'YlHl'Ufll'j'lJl'lJ~tt1'U W fJW'I1fJll -196 C ll'j~t1~fll'jTI'fl'l1'jU'Ylt'Yllfl'U 

1~tJih::tJ~fll'j~fl'l1'jU~~bml'lJt'tiln'lJ 0.138 lllJ. ril'U Ig'U iJm1~ih ~tJ~fll'j ~fl'l1'j u~fil'11 fl'lJlllfl 

.d ..:!I d .e:t. lid d Q,I Cll O.c:S .c9 dCll I QI 

'Yl"l~tlU lU'Ullflfl'YlW'U~l W fJW'I1fJll 35 C ll'j::t1~fll'jTI'fl'l1'jU'YlHl'11fl'lJt'Yllfl'lJ 0.141 llll. 

QI .c9 QI.<!!!I d Cll lid, 0 QI d GI I 

\llflHflfl1'jl~'j~tJ~fll'jTI'fl'l1'jU'tIU'Ifl1'j~~tllU'U tu'Ullflfl'YlHl'Ufl1'j'lJl'lJ~W'U I'UU~ 

fl~UW'I1fliJt~'U'j~tJ~'Yll'l 3000 llll. tg'UiJm1~~1'Ufll'j'!.'hU~t~'Uw UW'I1fliJ~lfl11ff'UUU'Iffl 
q 'U q 'U lU 

.c:S .c9.d 91 d lid, d QI 0 1Cll I Cll .e:t. 
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trnJNtlfl11~lAii'U~1'UUtl~,j'tlAtl''U0U'U~ 
q 

5.1 'lJTllh 

0 '" lIJ ~ 0 <!l _ I '" - I d ~ lSI 
'1 'Ufll'.i~l!'U'U'VI~n'lfJ~!~mfll'.ifff1'tJ1fll'.iIJ'.itJIJHmlH'11H'Vi~mnM42 1Pl1:lJ:JJ11Pl'.i~1'U A 

'JJ d~~.dl ~ tj,JdQ,f~ 
~ 1Uf1 '.i:::tJ 1'U fl1'.i 'lI'tJu '\I~'tl ~'lI''U ~1'U 1I'U t1~fJW 'Vi fI:lJ Austenitizing Temperature u~ 1W'U 1Pl1fl1C)1. . ~ 

i'U llPlml'Um1:lJ~'U4.5 Bar hn~lt1'.i~fff1~!n'U:lJ1{t'Vl'U'C)I...ru~:::1Ji'tJ1J~~ lf1Hfff1~'Vi"~fl1'.i'lltJ 
d 'j/ 0 QI d d oC:ll~ I tI d ~ 0 III 0 

U'\l~~1Ufll'.i1J1tJ~W'U'VIfJW'Vi.fJ:lJ1Pl1m1~'UU (CryogenicsTreatment) 'VI~W'Vi.fJ:lJ -70 C f1tJ -196 C 
Q dQ" QI Q-==to" QI QI~ ~ d fj}

H~IPl!n'U!fl'U:lJ~~ 2 f1:lJIPl~U~:::!fJ'U:lJ~~ 4 f1:lJIPl~ 'VI~fffJtJfl1'.iIPl~mfJ'U'lI''U~l'Um~f1f1m 1045 

~ clt d ~ 0' _I 
1Pl1:lJ:JJ1IPl'.ij1'U AISI C)I~!tJ'Ul'Vi ~f1f1~lf11'.itJ fJ'U Hff:lJIJ1'Uf1~ H 

5.2.1 H~fll'.iIPl'.i111fffJtJ lf1Hfff1~ 
~, d 1 ~ '" clt o'lIJ 0' "" "" 1 ~ 

1 f1Hff'.iNf1fJ'Ufl1'.i'l1tJU'\l~ f1Hff'.i1~'Vi~mU'U!'WfJ'.i !~IPl~:::!fJU~U~::::lJ f1Hff'.iN• 
"" lIJ 0'", _I i 1 ~ "'. d '" d '" o',J d '" 
C)I t:lJ 'U ! IPl 'VI ! 11 fJ 1J 'U ~ U fI H ff '.i N 'Vi M 111 f1 H1'U f1 '.i::: tJ 1'U fl1 '.i 'lltJ U'\I ~ 1 ff '.! W 'U :lJ ~ ~ 'VI W'U 1Pl1 

W fJW'VifliJ 35 °c lf1Hfff1~'Vi"mn'U:lJ1{!'VI'U'C)I...riJfll'.im:::1I1U~1'\1fJ~fI1flmlfJth~'1~'U~1'Uu9iiJ. ~ ~ 

'\I'U l~!m'U ~ hiuti 'U 'U fJ'U ~ '\I'U 1~~ UIPlf19iH n'U mh~!if'U'~~~U ~:::fll'.i ~~{1 U~~1'\1 fJ~fI1{itJ~v~,~ 
clt "" • d .. 0''';, d ",,J '" ° "" '" "..,. 0' ,1

!U'U'.i:::!tJutJ ff1'Um'U:lJ~~'VIH1'Ufll'.iW'U\Pl1'Vl~W'Vi.fJ1J -70 C :lJfll'.im:::1l1U\Pl1"fJ~fI1'.i ttJ~1J1f1"'U 

"..,. 0''':' '" d "..,. 0'"" ; '1 ",,1
'\I'U1~!m'U'\IfJ~fI1'.iltJ~!'.i:lJ:lJ'\I'U1~t~f1~~fI1'.i ltJ~1Jfl11:lJff:lJ1!fffJ:lJ 'Ufll'.im:::1l1U\Pl1:lJ1f1"'U l~u 

d oC:ll tid. 0 QI d.cd c:. 0 ~ tid. d. J d. QI 

m'U:lJ~~'VIH1'Ufll'.i1J1tJ~W'U'VlfJW'Vifl:lJ-196 C fI1'.i ltJ~:lJfl111J~:::mU~:lJ1f1'\1'U :lJfll'.im:::1l1U\Pl1. ~ 

d ; c:~ d. J do d d. J dI d. Q,I' d .Q tid I 

't1 ff:lJ1 ~fffJ:lJ U~:::! 1J 'U '.i:::!'.i UtJ:lJ 1f1'\1 'U U~::::lJ '\I 'U 1~'\I fJ ~tm 'U 'VI 'I::: mu~ '\I 'U!:lJ m'VI UtJ f1tJ!fl'U:lJ 'I Ct'Vl H1'U 

d
5.2.2 HClfll'.i'Vl~fffJtJm1:lJU'\I~ 

m1:lJU~~~~1mntj'lb~ 68.6-69.5 HRC 1~Ulu'UiJml~H1'Ufll'.i'll'tJU~~~fJW'VifliJ 35°C 
cu ~ II eu 

d d.cd .d d eft::!.cd, d QI.d 0 dQ Q QI

:lJfl11:lJU'\I~mClU 69.5 HRC C)I~m'U:lJClCl'VI'VIH1'Ufll'.iW'U\Pl1'V1fJW'Vifl:lJ -70 C f1tJ -196°C :lJfl11:lJ. ~ 

ll~~~~~U 68.7 HRC ntJ 68.5 HRC IPll:lJ~l~tJ ff1'UfI11:lJU~~~1lf1'Uf1Cll~fJ~'1Wlh~ 68.2-68.5 HRC 

d Q cfd, d Go' d Q 0 d. d did oC:ll c(d,1~tlm'U:lJClCl'VlHl'Ufll'.iW'U1Pl1'VlfJW'Vifl:lJ35 C :lJfl11:lJll'\l~mCtU 68.2 HRC ff1'Um'U:lJClCl'VIHl'Ufll'.i. ~ 

OQldd -=to 0(1,1 Od. d.cd III 

tJ1tJ~W'U'VItJW'Vi.fJ:lJ-71 C f1tJ -196 C 1Jfl11:lJll'\l~!~ClU 68.5 HRC llCl::: 68.4 HRC \Pl1:lJ~1~tJ 

d .d Joe:. d c:. tid' d d .QQI 

1l1f1HCl fll'.i'VI ~ ClfJ ~ f111:lJU'IJ~'VI1lf1'U f1Cl1~ f1tJ 'VI H1'\1 fJ~m'U:lJCl 'I 'VI Hl'U fll'.i'll'tJ U'\l~'VI£lW'Vi fI:lJ 35°C. . ~ 

_lo"or
do • QI I d -==to tid, 0 QI d.cd Q QI

:lJfl11:lJll\Plf1\Pl1~f1'U 1.3 HRC ff1'UlfJ'U:lJ(\(\'VlNl\Jfll'i11111~1fI\J'VIPlru,"fl'll _700 r fl11 
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ijf1';mJU~~~~bn1Jfl11lJU~ ~~un'Uml1~ 1m"lfitJ~ ~~nri11 '~i1 i m ~ff!W\JtHla'U iJml~ ~l'Ufil'J 

.	 " 
ih,j'~lg'U~flW11fliJ -70°C n1J -196°C ijfl11lJlffUtJ'Jfll'Yi'lm~iflHff~1~lJ1n~'U .. 

"I 

5.2.3 ~"fil'J'Yl~fffl1Jfil'Jffn11'Jfl 

~"nl'J 'Yl~ ff fl1J nl'J ff m1 HHa'U iJ" cl' 2 fllJ ~~ U 'J1n Uilia 'U iJ" cl' ~ ~1'U nl'J Ig'U ~ 1~ 
Q	 od. .dl.d. d d'.d., 0 d.d .e:t.Q	 QI 

flW 11 fllJ 35°C lJ'J~tJ~nl'Jffn11'Jm~"tJ O.I64lJlJ. i~tJlfl'UlJ""'Yl ~1'U fil'J1J 11JI'lW'U 'Yl flW 11 fllJ 
q CUI	 q q,J 

-70°C	 n1J -196°C ih~ tJ~ nn ff n 11 'J m~ ~ tJ 0.137lJ lJ. U" ~ 0.138lJ lJ. f11lJ ii 1~ 1J ff 1'U ~" 
.dl	 d.e:t. d' QI .. I I d .e:t. d'd I d QI.d. .e:t. 0 

fil 'J 'Yl ~ fffl1J fil'J ff n 11 'J fl!fl 'U lJ "" 4 fllJ 1'1 fl lJ 'J1nU 11!fl'U lJ"" 'Yl ~ 1'U fil'J W'U f11'Yl ~ W'11 fJ lJ 35 C 

.cs ~.d	 d C\ d'.d. I QI d.d. C\ 0 Go' 00 

1J'j~tJ~fil'Jffn11'Jflm"tJ O.l41lJlJ. u,,~m'UlJ""'Yl~1'Ufil'J1J11Jl'lltJ'U'Ylt1W11fJlJ C C-70	 n1J -196 

.cs .dl.d: IQI.d QI.o!I d.e..d' Qld. OQl 

1J'j~tJ~fil'Jffn11'Jm~"tJO.l32lJlJ. !'Yl1n'U 9I'~'il1n~"fil'Jf1~mfl'Um'UlJ"" 2 fllJf11'l 'Yl~l'UfilnJl1J1'l 

Q d '" 0'" ° "'.1 '" '" iI "I ",,,1 ,
ltJ'U'YlflW11fllJ -70 C n1J -196 C lJlJ'J~ff'Yl1ifll'Yifil'Jf11'U'Yl1'Ufil'Jffn11'Jflfl'IJ'U 15.8- 16.5 % ff1'U. .. 

d C\. tI QI.cs C\ C\ fj} .dl d.J a.cs cv d C\ d'.d. 
!fl'U lJ"" 4 fllJf1~ lJU'J~ff'Yl1i fll'Yifil'Jf11'U 'Yl1'Ufil'Jffn11'Jfll'l'IJ'U 6.5% IlJfll'YltJ1Jn1J1fl'UlJ""'Yl ~1'U 

fil'JliJ'U~1~flW11fliJ 35°C. .. 

5.3	 "'8IU'\.JtlU'\.J~ 

fil'J~lliJ'U 1 f1Hfil'j fil'Jffmllfl'Yl n 'Yi"'IJfl~flW 11 fliJfil'Jlg'U ~1~flU'J~ff'Yl n fll'Yinl'J~ 1'U. .. 
"I Q '" " Q iI	 .1 iI"I '" '" 

'Yl1'U fil'Jffn11 'Jfl'IJ fl~lfl 'U lJ""m"nn11l'Jfl1J t1 ~ 'il1n nfil'J'Yl ~"fl~'U 'l'lfYnl>ll11"~IU 'J tJ1Jl'Yl tJ1J i 'U 

ff1'U 'IJfl~ ~W 11 fJiJfil'J Ig'U ~1~i:ifl'Yl n'Yi"~ flU 'J ~ iHjfl1'Yi fll'J~ 1'U'Yl1'Ufil'J ffn11 'J fl'IJ fl~ la'UiJ" rl'liifl~ 
...... "It ' i ,.J 0 "1.1.1 "It iI ~ 

'il1nnnl'Jf11'l l~ fl'U IU'U ff1'U 11 ty 9I'~ ~"fil'J'Yl flllfl~ff1lJ1Hl'U 1 ~ lJ lJ 'J~nfl1J IU'U 'II fl1qlll'Yi 'U i 1'U 

ff1111Ufll'J'Yl~"fl~~I~tJ1,rtJ~ i 'U~1'Ufi1~'l ufii'Uff1'Ufil'J1Im1~l11f1'J ~ ff!l~'IJfl~m gnmhm1J 

ff ~~ ~1'U fll'J "'1JU~~ ~flW 11 fliJ~ 1ni1fY'Um1fl~ fY1f11'J 'il:i:ifil'Jffnl>lll~lJl~lJ l~ flll 1~"lJ1U 'J ~n flll 
q,J "" .. ~ eu 

fll'J 1lfl'J1~l11'U l~fl~'IJ fl~U'J~ii'Yl ifll'Yifll'J~l'U 'Yll'Ufll'J ffn11'Jfl 1'li'U 

, fj} fj} Clld 

1. fll'Jf1'J1'ilffflll ~flHff'J1~'llfllflfl1'Um'JlJ11i X-Ray 

9J 'J/ C\.d. 

2. fll'Jf1'J1'ilffflll i flHff'j1~'il"fllflI'l1'Um'JlJ11i SEM• 
, " 

3. fll'Jf1'J1'ilffflll i m ~ff!1~'il"fllfl'IJW~Yicjf'U~1'UV~fltii'Ufffll1~flW '11 fliJih,j'l'llg'U
q	 CUI q q,J 

.:::l .cs dl QCS	 a 4.4 
4. fil'J 1'1 'J 1'il ffflllfil 'J ffn11 'J flfl1'J 'Yl 'il ~fYnl>llm 'JlJ 11ifil'J I')'J 1'il ffflll UII ~ lfl 'J fl~lJ fl fl'U '1 

l~lJl~lJ 1'li'U fll'Jf1'J1'ilfffl1JfI11lJlitJu~1~ff1'U Ull1tJ'lJfl~fllJ~1'l 
d. d	 ~ I d .d..csQ c\. 'J/.d I I C\ C\ 

5. fl1'J'Yl 'il~lJfil'JY1nlJ1f11f111lJll 'IJ~'YllJfl'Yl1i'Yi"f1fl1 flHff'J1~ 9I'~'il~ff ~ ~"f1flU'J ~ff'Yl1ifll'Yi 
iI "I 

fll 'J I'll 'U 'Yll 'U fll 'J ff n 11 'J fl 
I W "	 , 

'il1nYi h1'nri11lJ1U'UfllHhiJ'U 1fl'J ~fil'JUV~'~1~i:ifil'Jffnl>l11 ~ njfl~'il1nV~'IJ1I'lfl11lJ 

11i'mJ1JtNUl1ri~1JtN1J~t11~fi~1lm)f1~Ulfl1u~jj~H~:mJmwn~'~Hl1jl1mrJun1UU1U!11!1111:..	 . 
1~'Un 1'J 'Ylfl"fl~~ tifl'U'Ii'l~ 111 ~ff111 i'1l~1'\.Jl 'J 1'J1lJ~~'J ~tJ~I1111 1'U fllH'htiJ'U ~1'U i:i~ 1nfl 
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qllltl1J1Jn111l1\11l1 

Stabilize 

d .Q. rI " 
ltl'U1JCU1 4 f11J~~ 15 ;'U 

'il~J'U~WIl'U~'~''Ufll'j'Y1~'1tl'l'j11J 30 ~'U 



:.'1 

illflH'\.J1f1 'tI. 
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l:L 

2 fJwl1fJii 35°C 2 2 f1lJ~~ 

3 3 

4 5 

5 fJwl1fJii 35°C 6 4 f1lJ~~ 

6 7 

7 31 

8 fJwl1fJii -70°C 32 2 f1lJ~~ 

9 33 

10 35 

11 

12 

flWl1.flii -70°C 
q '" 

36 

37 

4 f1lJ~~ 

13 61 

14 fJWl1fJii -196°C 62 2 f1lJ~~ 

15 63 

16 65 

17 

18 

flWl1.flii -196°C 
q '" 

66 

67 

4 f1lJ~~ 
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measurement: 05012101 start: 21.01.05 12:07:56 - end: 21.01.05 16:15:57 
comment: V05005-HE Endmlll M42 RUT-N8K 
Endmlll M42 121 OCx2.5mln Load control Heatuo30mln 4.5mbar 2R(15, 20) 
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°C 
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\ / .. ,/
 
I I ._ 

_" \.:.. - 1:l/i -.---- -'---- ---. -----!=====e
0:00:00 '\ :00:00 2:00:00 3:00:00 4:08:00 h 

1 HEATING_SET POINT 5 LOAD_ACTUAL_VALUE_3 rOC]

2 HEATING_ACT _ V.6.LUE 6 GASPRESSURE_SETPOINT
~~g~ rmbor~
3 LO.A.D_.A.CTUAL_"lA.LUE_ 1 7 G.A.SPRESS_ACT_ VALUE [mbar

4 LOAD_ACTUAL_VALUE_2 8 rINEV.ACUUt\.L.ACT_VAL ~mbat-tod 

KI'.AITI'-I8: (1) HARDEN-L STANDARD -1M 
-.J 

ttJ~ fl. I m lvJfl1'jGlfIJ1l~-:)1'I1~f)f)~1 M42 'iJlm~lqqjqjlfl1ft 



meesurement: 05012201 sted: 22.01.05 17:15:08 - end: 23.01.05 02:35:23 
comment: '105007-1 T3 endmlll 1\U2 RUT-NBK 
Endmlll M42 temper 535C535C535Cx2h leedcontrol 2R(15. 15) 1.5ber heetup30mln 

1 . 
°C
 

1400
 ~ 

1-----  ---,--,~-~ 

I 

1000 

: : , ., , 

l/' 
··· ...
·, ..
 

~---7-' - .. -----.,---,,"---------- : 1'-'  00500 
/ i : : I " 

: l l' ~ ! /' 
,--. Ii 1 1._ /i
---==J~:' :-//e, ~.-

(' ;'/(I'/"/ 
,: ...II ' l;!... +----- . ' 0000 

0:00:00 2:00:00 4:00:00 6:00:00 

~ 

_.... ~ 

- --'--' 

I
 
I,
 
I 

~ 

9:20:14 h 

1 HEATING_SETPOINT -~ LO.AD_.ACTU.AL_.VALUE_3 CJ
 
2 HEATING_ACT _ V.ALUE 6 GASPRESSURE_SETPOINT
 mber~3 LOAD_ACTUAL_VALUE_ 'I 7 GASPRESS_ACT_VALUE mber~~~j 

~ rA LOAD_ACTUAL_VALUE_2 8 FINEVACUUI\.LACT_ VAL mber 

TEMPER: (1) TEMPER STANDARD 

~ -'itJ~ fl.2 ml-WnUUtJfllJ~11'11~nntl'1 M42 ~llm~llqtyqpmf1 00 
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10 15 20 25 30 35 40 45 50 55 60 

~ d d d d d 

'Wl'YI'" 'W1'YI 'Wl 'YI 'W 1'YI 'W 1'YI 'Wl 'YI 'Wl'YI 'Wl'YI'" 'Wl'YI'" 

1 -68.3 -68.1 -67.5 -70.2 -70.1 -70.2 -70.5 -70.8 -71.2 -72.3 -71.3 -70.9 

2 -70.8 -72.5 -72.3 -72.1 -71.5 -71.3 -71.1 -70.8 -70.5 -70.1 -72.9 -72.6 

3 -72.1 -71.9 -71.6 -71.3 -72.1 -71.5 -71.8 -72.6 -72.5 -72.8 -72.5 -72.8 

4 -72.4 -72.2 -71.9 -71.2 -71.5 -71.3 -70.9 -70.7 -71.6 -71.2 -70.2 -72.3 

5 -72.1 -71.9 -71.6 -71.2 -70.6 -72.6 -72.4 -72.3 -71.6 -70.2 -70.5 -72.5 

6 -72.3 -72.1 -71.6 -70.6 -70.3 -72.4 -71.9 -71.0 -70.6 -70.1 -70.1 -70.1 

7 -70.2 -72.7 -72.3 -71.9 -71.6 -71.2 -70.8 -70.3 -70.2 -72.5 -70.1 -70.8 

8 -71.4 -71.3 -71.2 -70.4 -70.2 -70.1 -71.3 -71.6 -71.7 -71.6 -71.4 -71.2 

9 -70.8 -70.9 -70.7 -71.9 -72.2 -72.3 -72.4 -72.5 -72.1 -71.8 -72.5 -72.3 

10 -72.6 -72.2 -72.4 -71.5 -70.7 -70.6 -71.4 -71.8 -71.6 -71.9 -72.1 -71.9 

11 -71.8 -71.6 -71.6 -71.5 -71.9 -71.8 -71.6 -71.6 -71.4 -70.9 -70.2 -71.7 

12 -71.8 -71.8 -71.8 -71.4 -71.2 -70.6 -71.9 -71.7 -71.8 -71.3 -71.1 -71.2 

13 -71.1 -71.1 -70.6 -70.5 -70.4 -70.1 -71.6 -72.5 -72.3 -72.5 -72.6 -72.4 

14 -72.3 -72.5 -72.3 -72.2 -72.0 -72.1 -71.6 -71.3 -70.5 -72.5 -72.1 -72.1 

15 -72.0 -72.7 -72.8 -72.6 -72.4 -72.2 -72.1 -71.7 -71.5 -71.7 -71.4 -71.5 

16 -71.1 -70.9 -71.6 -71.9 -72.1 -72.1 -71.9 -71.9 -71.9 -71.6 -71.4 -71.5 

17 -71.3 -71.1 -71.8 -72.3 -72.3 -72.4 -72.4 -72.6 -72.4 -72.5 -72.4 -72.1 

18 -72.4 -72.1 -72.1 -71.8 -71.8 -71.7 -71.8 -71.4 -72.5 -72.4 -72.4 -72.3 

19 -72.6 -72.4 -72.5 -72.6 -72.4 -72.2 -71.8 -71.9 -71.8 -71.4 -72.4 -71.3 

20 -72.6 -72.5 -72.5 -72.3 -72.2 -72.2 -72.1 -72.8 -71.8 -72.9 -72.9 -72.6 
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Desvriptive Statistics 
Variable: C1 

I I I I I I 
-72.75 -71.75 -70.75 -6975 -6875 -6775 

I I I I I I 

95% Confidence Interval for Mu 

Anderson-Darling Normality Test 

A-Squared: 3.951 
P-Value: 0.000 

Mean -71.6238 
StDev 08505 
Variance 0.723408 
Skewness 1.26483 
Kurtosis 2.95643 
N 240 

Minimum -729000 
1st Quarti Ie -723000 
Median -71.8000 
3rd Quartile -71.2000 
Maximum -67.5000 

95% Confidence Interval for Mu 

-71.7319 -71.5156I 
-719 -71.8 -71.7 -71.6 -71.5 

I I 
95% Confidence Interval for Sigmc 

I I I I I 
0.7806 09343 

95% Confidence Interval for Medial 
95% Confidence fnterval for Median 

-719000 -71.6000 

Histogram of C1, with Normal Curve 

II 

:>. 
(.) 
c 
CD 
:::l 
r::T 
~ 
u. 

40 

3J 

20 

10 

0 

-67 

C1 

Variable N Mean Median TrMean StDev SE Mean 

Cl 240 -71.624 -71.80C -71.675 0.851 0.055 

Variable Minimum Maximum Ql Q3 

Cl -72.900 -67.500 -72.300 -71.200 



fl1t1~'W1n .:I. 



.d '.c:IQ,I I QI ~.C\ 01 
IJll11,:j V1 ,:j.1 (}.H:'l fllHl11 11 fffllH1"J 'W (}-n11J V11,:j IfllJ ~ 1 fl tIl,:j1 ff~ tel '\..UJ " " 

I "" ff1'W ~fflJV1 NlfllJ 

Q,I , Q,I ~.C\ 01 
p~ 1fltJl,:j1ff~tel'W lJ"" C Si Ma S Cr Ni Mo 

0.998 0.336 0.233 0.0485 <0.01 3.70 0.0651 9.19 

M42 0.966 0.346 0.231 0.0533 <0.01 3.69 0.0684 9.11 r 
0.984 0.351 0.229 0.0519 <0.01 3.69 0.0650 9.21 

QI rQl ~.C\01 

~1fltll,:j 1ff~tel'WlJ"" V W Co Cu 

I "" ff1'W ~fflJ V1 NlfllJ 

Sn AI Ti Fe 

0.997 1.14 8.05 <0.01 0.0036 0.0530 <0.001 <75.13 

M42 0.990 1.17 8.15 <0.01 0.0048 0.0529 <0.001 <75.15 

1.000 1.16 8.21 <0.01 0.0040 0.0555 <0.001 <74.97 

...
~ 
N 



>I 
o=:::.t I d Q.I I Q 

IPII'H:J'Yl -:j.2 H"f11'jm1'i1"H)Uff1'\.H·.jfflJ'YlHlfllJ~1flUH'Jj''WnW'Yl~ffflU 

============= 
I '"ff1'W HfflJ'Yl HlfllJ 

l'I1~nn"'l S45C C Si Ma P S Cr Ni Mo V W 

0.52 0.175 0.636 0.0119 0.0151 0.146 0.0438 0.015 <0.001 <0.001 

S45C 0.527 0.164 0.644 0.011 0.0128 0.146 0.0406 0.0134 <0.001 <0.001 F 

0.517 0.16 0.641 0.0106 0.0129 0.144 0.0381 0.0113 <0.001 <0.001 

I '" ff1'W HfflJ 'Yll-:jlfllJ 

d "l'I1"nn"l S45C Cu Sn AI Ti Ph B Mg Nb Fe 

0.157 0.0100 <0.001 0.00206 <0.10 0.00041 <0.001 0.00106 <98.05 

S45C 0.140 0.0074 <0.001 0.00191 <0.10 0.00023 <0.002 0.00115 <98.08 

0.137 0.0067 <0.001 0.00193 <0.10 0.00027 <0.003 0.00100 <98.11 

...... 
+:0w 
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d 
T'll11JU'U'J HRC . . 

• I .. • I ..·· '" ~111'l11NVl 1 mll'l1'1HVl 2 ~lUl1'\.HVl 3 

9 25.3 24.9 24.1 24.7 

34 24.7 25.1 24.6 24.8 

83 25.5 24.8 25.2 25.2 

d 
T'll11JU'U'J HRC
 

. '"
. 

• I .. • I ..·
 
~lumHVll ~lll'l1'1HVl 2 ~lU'l1'U'JVl 3 

9 63.1 63.1 63.4 63.2 

34 61.9 62.8 62.9 62.5 

83 63.4 63.7 63.5 63.5 

d 
f1111JU'\I'J HRC 

· '" ~llt'l1'U'JVl 3 

9 69.2 69.3 69.5 69.3 

28 69.1 70.7 69.2 69.7 

14 69.5 69.7 69.2 69.5 

d 
f1111JU'\I'J HRC . 

• I ..·· '" ~ll1'l1'U'JVl 2 ~ll1'l1'U'JVl 3 

40 67 66.9 65.8 66.6 

54 67.1 67 66.5 66.9 

39 66.9 67.1 65.4 66.5 
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d d d <1.1'4 oCt' '. • 

~11H'YI \'1.5 ~Clf111mHH)1JfI1l1JU'\l':)W'U~lmf.JW"UJ1J -196 °C nfl'U'YI1f111 Tempenng 

d 
fI1l1JU'\I.:) HRC 

,. , .d 
o ... o , .. o ... 

fIlmmJ~lUl1lN'YI 1 ~lUl1'U.:)'Y1 2 ~lUl1'U':)'Y1 3 

68 67.1 67.5 67.2 67.3 

84 67.6 67.7 67.0 67.4 

61 67.3 67.1 67.8 67.4 

.d . d d QJ.ci oCt 0 0:' 
~11l':)'Y1 \'1.6 ~Clf111'Y1!fli;'1'fl1Jml1JH'\I.:)!tJ'U~lmf.JWl1lJ1J -70 °C 'YI1f111 Tempering \'IllJl'U 3 f1H 

d 
fI1l1JU'\I~ HRC 

, 
o ' .. 
~lUl1t!~'Y1 1 

. 
o ... 
~lUl1t!~'Y1 2 

. , .. 
~lUl1'U':)'Y1 3 

I .. 

fIl!\! CltJ 

39 68.8 68.7 68.3 68.6 

40 68.6 68.9 68.7 68.7 

54 68.9 69.1 68.7 68.9 

d d d QJ.odi! oCt 

~l1l~'Y1 \'1.7 ~Clf111'Y1fli;'1'fl1Jml1JU'\I~W'U~10~f.JWl1lJ1J-196 
0 0" 

°C 'YI1f111 Tempering "l'Ul'U 3 f1i'~ 

d 
f1ll1JU'\I.:) HRC . 

or" 
~lUl1t!~'Y1 1 

,. , .. 
~lUl1t!~'Y1 2 

. ... 
~lUl1lJ~'Y1 3 

I .. 

fIlmCltJ 

68 68.6 69.1 68.7 68.8 

83 68.7 68.7 69.1 68.2 

84 68.6 68.5 68.9 68.7 

l11Jlml1~ filflll1J~fl""C11~\'Iln~l1l~Handness Conversion Table Mitutoyo 1.0 HRC. 
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fl) '\I) 

• ~ d 
~uVi ~.1 1f1'j·H"'jl~tlHlflVl~ff{)1.J S45C 
'" 

o QJ .cs , 
fl) '\I'Ul~fl1"'~'\ItmJVI500 1VI1 

o QI d I 

'\I) '\I'Ul~fl1"'~'\ItmJVI 1500 LVll 

fl) 

4U~ ~.21f1'j~ff~1~~'\I{)1.Jn1gflM42 fi{)'Ufl1'j'lt1.JU~~ 
o Q,I d , 

fl) '\I'Ul~fl1"'~'\ItJ1tJVI500 1VI1 
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fl) 'II) 

_I" <j iI iI 'I dId
1U'Yl'iU !f1Hffll~~l'W!'W'II~N!'I1Clfl M 42 fl6'Wf11l'l11m'll~ 

o QI A , 

fl) 'II'Wl~f11Cl~'IItJ1tJ'Yl 500 t'Y11 

fl) 

o QI A I 

fl) 'II'Wl~f11Cl~'IItJltJ'Yl 500 t'Yll 



l~O 

0) 'U) 

1 "" 'I d ... '"i .... 01ti'YI~.5d 
tlH~1H'l1'W ~'WW'W~10'H~Wl1fJll 35 C 

o cv do I 

0) 'U'Wl'lm,H'UtntJ'YI 500 1'YI1 

o cv do , 

'U) 'U'Wltlm,H'UtntJ'YI 1500 1'YI1 

0) 

1 "d CV d ~ 00 .Qti d 
~ 'YI ~.6 tlH~1H'YI'Uij'I.J 'I.Jl'I.JtlW'W~1 W ~Wl1fJll -70 C 

o QI do • 

0) 'U'Wl'lm,H'UtntJ'YI 500 1'YI1 



1S1
 

f)) 'II) 

'j1J~ liL71m'HY~V~~1'UhJ iil,jfl~g'U~1 W flW't'Ifi~ _70
0 

C 
~ ~ ~ 

o QI do , 

f) 'II'Ulflfl1"~'IItJltJ'YI500 ~'YI1 

o QI do , 

'II) 'II'Ulflfl1"~'IItJ1tJ'YI 1500 ml 

f)) 

_Id .,. jJ d 0 GI d QI ~ 0 
'ilJ'YI 'i1.8 Lm~ff'jl~'YI'11U1J 1J11JflLtJ'Ufl1 W fJW't'IfJ1.l -196 C 

o QI do • 

f) 'II'U1flfl1"~'IItJ1tJ'YI500 1'Y11 

''II) 'II'Ulflfh~~'IItJltJn 1500 t't'h 
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'1l'n~~ ')1.1 HClfl1'J1~1tl't1Ht'J~lflW"~tl~t~'WiJCl~f1't1 2 fl1J~fl
 

NAME OF END MAILL PARTS
 

<l 
1'11ft tl1J'Yl L D d y 4» a'l a'2 a 1 a 2 t tl t2 K H R1 A 

1 80.61 30.97 11.95 11.96 15° 35" 29°32' 3°58' 14°22' 11°20' 22°12' 0.74 0.85 1.79 2°15' 6.21 1.83 0.7 
1 

2 80.61 30.97 11.95 11.96 15°28' 29°37' 4°2' 14 °9' 11°22' 22°8' 0.74 0.85 1.79 2°13' 1.82 0.7 
... 

l~ClfJ 80.61 30.97 11.95 11.96 15°33' 29°34' 4° 14°15' 11°21 22°10' 0.74 0.85. 1.79 2°14' 6.21 1.87 0.7 

1 80.55 30.96 11.86 12.00 15°38' 30°4' 4°22' 14°15' 11°8' 21°57' 0.73 0.87 1.78 2°25' 6.22 1.79 0.7 
2 

2 80.55 30.96 11.86 12.00 15°32' 30°7' 4°18' 14°25' 11°2' 21°59' 0.73 0.87 1.78 2°30' 1.79 0.7 

... 
l~ClfJ 80.55 30.96 11.86 12.00 15°35' 30°6' 4°20' 14°20' 11°5' 21°59' 0.73 0.87 1.78 2°28 6.22 1.79 0.7 

1 80.70 31.03 11.83 11.97 15°25' 30°2' 3°57' 13°48' 10°58' 22°3' 0.71 0.86 1.75 2°2' 6.18 1.80 0.7 
3 

2 80.70 31.03 11.83 11.97 15°28' 29°47' 3°42' 13°57' 10°48' 22°1' 0.71 0.87 1.75 2°7' 1.80 0.7 

... 
l~ClfJ 80.70 31.03 11.83 11.97 15°27' 29°54' 3°49' 13°52 10°53' 22°2' 0.71 0.87 1.75 2°4' 6.18 1.80 0.7 

1 80.66 31.00 11.95 11.94 15°35' 29°20' 4°22' 13°32' 10°52' 21°57' 0.70 0.86 1.76 2°9' 6.31 1.78 0.7 
4 

2 80.66 31.00 11.95 11.94 15°36' 29°41' 3°58' 13°46' 10°48' 21°49' 0.70 0.86 1.76 2°5' 1.78 0.7 

... 
lUClfJ 80.66 31.00 11.95 11.94 15°36' 29°31' 4°10' 13°37' 10°52' 21°53' 0.70 0.86 1.76 2°7' 6.31 1.78 0.7 

1 80.59 30.81 11.88 12.00 15°45' 30°2' 4°23' 14°26' 11°15' 22°4' 0.71 0.85 1.75 2°1' 2.15 1.80 0.7 
31 

2 80.59 30.81 11.88 12.00 15°3' 30°7' 4°2' 14°17' 11°26' 24°4' 0.71 0.85 1.75 2°3' 1.80 0.7 

... 
lUClfJ 80.59 30.81 11.88 12.00 15°41' 30°5' 4°13' 14°22' 11°21' 22°4' 0.71 0.85 1.75 2°2' 2.15 1.80 0.7 -V1 

0'\ 



~l':iH~ '11.1 ~{\m':i1~1,j'YlHt':i'tJlf1Wfl'tJtI~!g'UiJ{\~ 2 f11J~~ (~t1) 

NAME OF END MAILL PARTS . ,'" ...H1tr f11J'Yl L D d y a'l a2 al a2 t tl t2 K H R, A~ 

80.56 30.90 11.93 11.97 15°19' 30°15' 4°4' 13°58' 11°5' 22°3' 0.75 0.85 1.74 2°11' 6.26 1.81 0.7 
32 

2 80.56 30.90 11.93 11.97 15°22' 30°8' 4°3' 14°3' 11°2' 21°59' 0.75 0.84 1.74 2°15' - 1.81 0.7 

LU~t1 80.56 30.90 11.93 11.97 15°21' 30°12' 4°3' 14°1' 11°3' 22°1' 0.75 0.85 1.74 2°13' 6.26 1.81 0.7
 

80.62 31.04 11.97 11.98 16°1' 29°2' 3°58' 14°2' 10°59' 22° 0.74 0.85 1.75 2°20' 6.31 1.79 0.7 
33 

2 80.62 31.04 11.97 11.98 15°54' 29°7' 3°58' 14°2' 10°59' 21°58' 0.74 0.85 1.75 2°23' - 1.79 0.7 ....
LU{\t1 80.62 31.04 11.97 11.98 15°57' 29°5' 3°58' 14°2' 10°59' 21°59' 0.74 0.85 1.75 2°22' 6.31 1.79 0.7 

80.56 30.64 11.94 11.97 15°10' 28°58' 4°2' 14°3' 10°58' 21°59' 0.74 0.86 1.76 2°18' 6.28 1.78 0.7 
34 

2 80.56 30.64 11.94 11.97 15°16' 29°5' 4°3' 13°59' 11°2' 21°59' 0.74 0.86 1.76 2°11' - 1.78 0.7 

d 
LU~W 80.56 30.64 11.94 11.97 15°13' 29°2' 4°2' 14°2' 11° 21°59' 0.74 0.86 1.76 2°14' 6.28 1.78 0.7 

80.5 31.00 11.79 11.98 15°37' 30°15' 4°1' 13°59' 11°2' 22°22' 0.73 0.85 1.75 1° 54, 5.98 1.79 0.7 
61 

2 80.5 31.00 11.79 11.98 15°58' 30°2' 4°59' 13°59' 11° 22°18' 0.73 0.84 1.75 2°3' - 1.79 0.7 

L'Q~t1 80.5 31.00 11.79 11.98 15°47' 30°9' 4° 13°59' 11°2' 22°20' 0.73 0.85 1.75 1°59' 5.98 1.79 0.7
 

80.58 30.78 11.78 11.98 14°42' 29°27' 4° 13°57' 10°58' 21°57' 0.73 0.84 1.76 2°18' 6.2 1.81 0.7 
62 

2 80.58 30.78 11.78 11.98 14°49' 29°18' 4°2' 14°2' 10°57' 22° 0.73 0.86 1.76 2°27' - 1.80 0.7 
..;

L'Q{\t1 80.58 30.78 11.78 11.98 14°45' 29°23' 4°1' 14° 10°58' 21°59' 0.73 0.85 1.76 2°23' 6.2 1.81 0.7 -Ul 
-...J 



~l'n~~ 'if.! F-Hltll11¥lltJVl'Hl1'\JlfltU~'\JtNlg'UijmI2 f11J~¥l (~t) 

, 
'" ... 

111n f11JVl 

63 
2 .... 

l~lltJ 

64 
2 .. 

l~lltJ 

L 

80.51 

80.51 

80.51 

80.63 

80.63 

80.63 

1 

30.96 

30.96 

30.96 

30.56 

30.56 

30.56 

D 

11.71 

11.71 

11.71 

11.81 

11.81 

11.81 

d 

11.99 

11.99 

11.99 

12.00 

12.00 

12.00 

y 

15°42' 

15°31' 

15°36' 

16°12' 

15°58' 

16°7' 

~ 

29°44' 

29°38' 

29°42' 

29°47' 

29°37' 

29°42' 

NAME OF ENDMAILL PARTS 

a'l a'2 1al a2 

3°58' 14°1' 11°8' 22°4' 0.74 

3°55' 14°4' 11°10' 22°1' 0.74 

3°57' 14° 11°9' 22°2' 0.74 

3°59' 13°58' 10°59' 21°58' 0.72 

4°4' 13°59' 10°57' 22°3' 0.72 

4°2' 13°59' 10°58' 22° 0.72 

11 

0.86 

0.83 

0.84 

0.85 

0.86 

0.86 

12 

1.75 

1.75 

1.75 

1.74 

1.74 

1.74 

K 

1°52' 

2°17' 

2°6' 

2°31' 

2°23' 

2°27' 

H 

6.28 

-

6.28 

6.18 

-

6.18 

R1 

1.79 

1.79 

1.79 

1.78 

1.78 

1.78 

A 

0.7 

0.7 

0.7 

0.7 

0.7 

0.7 

~ 

....
 
UI 
00 



d ev ... 1 ~ d ~ ~ ev 
\1I'l':il~'Y1 'If.2 ~Hlfll':idfl~1J'YIHI':i'tllflW\PI'IJU~lUtn.HH\ 4 mJ\PIfl 

NAME OF END MAILL PARTS 
. 

':illff fl1Jl1 L D d y a'l a'2 al a2 t tl t2 K H R1 A~ 

1 80.67 31.6 12.00 11.98 7°59' 29° 4°2' 14°3' 10°1' 24°21' 0.74 0.80 1.93 1°59' 1.74 0.7 

2 80.67 31.6 12.00 11.98 8°2' 28°59' 4°1' 13°59' 9°58' 24°25' 0.74 0.80 1.93 2°1' 1.75 0.7 
5 

3 80.67 31.6 12.00 11.98 8°1' 29°1' 3°59' 14°2' 10° 24°22' 0.74 0.80 1.93 2° 1.73 0.7 

4 80.6731.6 12.0011.987°59' 29°2' 4°1' 14° 9°59' 24°25' 0.74 0.80 1.93 1°59' 1.74 0.7 

° °dnnw 80.67 31.6 12.00 11.98 8 l' 29 I' 4°1' 14°1' 9°59' 24°23' 0.74 0.80 1.93 2° 1.74 0.7 

1 80.74 31.2 11.95 11.94 8°1' 28°59' 4° 13°58' 10°1' 23°58' 0.73 0.82 2.05 2°2' 1.75 0.7 

2 80.74 31.2 11.95 11.94 8° 28°58' 3°58' 13°59' 9°59' 24°5' 0.73 0.84 2.05 2°1' 1.74 0.7 
6 

3 80.74 31.2 11.95 11.94 7°58' 29°3' 3°59' 14°2' 9°58' 23°57' 0.73 0.84 2.05 2° 1.74 0.7 

4 80.74 31.2 11.95 11.94 7°59' 29°1' 4° 13°57' 9°58' 24°2' 0.73 0.82 2.05 1°59' 1.73 0.7 
,.,. 

nnw 80.74 31.2 11.95 11.94 8° 29° 3°59' 13°59' 9°59' 24° 0.73 0.83 2.05 2° 1.74 0.7 

80.68 30.84 12.00 11.99 8°2' 29°2' 4°6' 14°2' 10°3' 24°12' 0.75 0.80 1.95 1°59' 1.73 0.7 

7 
2 

3 

80.68 

80.68 

30.84 

30.84 

12.00 

12.00 

11.99 

11.99 

7°59' 

8° l' 

29° l' 

29° 

4°5' 

4°5' 14° 

13°59' 

10°2' 

10°5' 

24°17' 

24°18' 

0.75 

0.75 

0.80 

0.80 

1.95 

1.95 

1°59' 

1°58' 1.73 

1.75 

0.7 

0.7 

4 
,.,. 

nnw 

80.68 

80.68 

30.84 

30.84 

12.00 

12.00 

11.99 

11.99 

7°59' 

8°1' 

28°58' 

29° 4°5' 

4°5' 14°1' 

14°1' 

10°5' 

10°3' 

24°15' 

24°15' 

0.75 

0.75 

0.80 

0.80 

1.95 

1.95 

2°1' 

1°59' 

1.42 

1.73 

0.7 

0.7 VI 
\0 



~ln~~ ".2 Nf\m,1~11J'YIH1'.i'IJlf1W~'lJtHl~hlijf\~ f11J~~ (~6)4 

NAME OF END MAILL PARTS
 
,

,in f11J;; L D d y a'l a'2 al a2 t tl t2 K H R1 AcP 

1 80.67 31.20 12.00 11.98 7°52' 28°59' 3°57' 14°11' 10°8' 25°48' 0.75 0.77 1.98 1°52' 1.78 0.7 

2 80.6731.20 12.00 11.98 7°51' 29°8' 3°58' 14°8' 10°7' 24°43' 0.75 0.77 1.98 2°1' 1.79 0.7 
8 

3 80.67 31.20 12.00 11.98 8°2' 29°6' 3°58' 14°5' 10°4' 25° 0.75 0.78 1.98 2°2' 1.80 0.7 

4 80.67 31.20 12.00 11.98 7°55' 28°57' 4°2' 13°55' 9°58' 24°58' 0.75 0.77 1.98 2°1' 1.79 0.7 

d 
1~f\6 80.67 31.20 12.00 11.98 7°57' 29°2' 3°58' 14°4' 10°4' 24°52' 0.75 0.77 1.98 2° 1.79 0.7 

1 80.4731.17 11.96 11.94 8°2' 29°5' 3°59' 13°58' 10°2' 24°48' 0.73 0.80 2.03 2°2' 1.81 0.7 

2 80.47 31.17 11.96 11.94 8°7' 29°8' 3°57' 14°2' 9°57' 24°29' 0.73 0.80 2.03 2°1' 1.82 0.7 
35 

3 80.4731.17 11.96 11.94 8°2' 29°6' 4°1' 14°3' 9°59' 24°33' 0.73 0.80 2.03 2°2' 1.81 0.7 

4 80.47 31.17 11.96 11.94 7°59' 29°5' 4°3' 13°59' 9°58' 24°31' 0.73 0.80 2.03 2°1' 1.80 0.7 

d 
1~f\6 80.47 31.17 11.96 11.94 8°1' 29°6' 4° 14°1' 9°58' 24°35' 0.73 0.80 2.03 2°1' 1.81 0.7 

1 80.67 31.33 12.00 11.96 8°5' 28°58' 3°58' 14°2' 10°3' 24°31' 0.72 0.76 1.96 1°59' 1.79 0.7 

36 
2 

3 

80.67 

80.67 

31.33 

31.33 

12.00 

12.00 

11.96 

11.96 

8°2' 

8°4' 

29°2' 

29°1' 

4°2' 

3°59' 

13°58' 

14°1' 

9°59' 

10°2' 

24°24' 

24°33' 

0.72 

0.72 

0.76 

0.76 

1.96 

1.96 

1°58' 

2°2' 

1.77 

1.76 

0.7 

0.7 

4 80.67 31.33 12.00 11.96 8°5' 28°57' 4°3' 13°59' 9°58' 24°19' 0.72 0.77 1.96 2°1' 1.77 0.7 

d 
1~f\6 80.67 31.33 12.00 11.96 8°4' 28°59' 4°1' 14° 10°1' 24°26' 0.72 0.76 1.96 2° 1.77 0.7 -0'1 o 



1J11n~~ 'If.2 ~H\fl1j1~~llVlHlj'\JlflW\Pl'\Je':llg\JiJC\" 4 fl1J~~ (~t1) 

NAME OF END MAILL PARTS 
.... ... 

, 'IH1 fl1J'VI L D d y a'] a'2 a] a2 t t] t2 K H R, AcI> 

1 80.65 31.27 80.65 11.95 8°3' 29°2' 4°2' 13°58' 10°1' 24°28' 0.73 0.76 1.98 1°59' 1.76 0.7 

2 80.65 31.27 80.65 11.95 8°2' 28°58' 4°5' 13°59' 9°59' 24°25' 0.73 0.76 1.98 2°1' 1.75 0.7 
37 

3 80.65 31.27 80.65 11.95 8°1' 29°1' 3°59' 14°2' 10°2' 24°23' 0.73 0.77 1.98 2°2' 1.75 0.7 

4 80.65 31.27 80.65 11.95 7°59' 29°3' 4°1' 14° 9°57' 24°29' 0.73 0.76 1.98 2°2' 1.77 0.7 

° °..lUUtrJ 80.65 31.27 80.65 11.95 8 I' 29 I' 4°1' 14° 9°59' 24°26' 0.73 0.76 1.98 2°1' 1.76 0.7 

1 80.65 31.32 12.00 11.96 7°58' 28°59' 4° 14°2' 10°3' 23°58' 0.74 0.77 1.87 2° 1.78 0.7 

2 80.65 31.32 12.00 11.96 8°2' 29° 4°1' 14°3' 10°4' 23°59' 0.74 0.77 1.87 1°59' 1.77 0.7 
38 

3 80.65 31.32 12.00 11.96 8°1' 29°2' 3°59' 14°1' 10°2' 24°3' 0.74 0.77 1.87 2°3' 1.78 0.7 

4 80.65 31.32 12.00 11.96 7°59' 28°58' 4°3' 13°59' 9°59' 24°8' 0.74 0.76 1.87 1°59' 1.76 0.7 

° °..ll~H\3t1 80.65 31.32 12.00 11.96 8 29 4°1' 14°1' 10°2' 24°2' 0.74 0.77 1.87 t1 1.77 0.7 

80.57 30.83 12.00 11.96 8°3' 29°4' 3°59' 14°3' 10°1' 24°31' 0.72 0.78 1.89 1°59' 1.69 0.7 

2 80.57 30.83 12.00 11.96 8°2' 29°2' 3°58' 13°59' 9°59' 24°39' 0.72 0.78 1.89 2°1' 1.70 0.7 
65 

3 80.57 30.83 12.00 11.96 8°2' 29°1' 3°59' 14°1' 10° 24°33' 0.72 0.78 1.89 2°3' 1.71 0.7 

4 80.57 30.83 12.00 11.96 8°3' 28°59' 4°2' 13°58' 10° 24°29' 0.72 0.78 1.89 1°59' 1.70 0.7 

lUgV 80.57 30.83 12.00 11.96 8°2' 29°1' 3°59' 14° 10° 24°33' 0.72 0.78 1.89 2°1' 1.70 0.7 -0'1-



~11'~~ 'If.2 N~fl111~1tJ'VI1~11'\JlflW91'\J~~lg'U~~~ 4 fl1J9i~ (1i~) 

NAME OF ENDMAILL PARTS 
. 

111ft fl1Jii L D d y cP a'l a'2 al a2 t tl t2 K H R1 A 

1 80.52 31.30 11.98 11.95 8°1' 28°59' 4°2' 13°58' 10°1' 24°28' 0.73 0.76 1.87 2° 1.69 0.7 

2 80.52 31.30 11.98 11.95 8°2' 28°58' 4°1' 13°59' 9°59' 24°25' 0.73 0.76 1.87 2° 1.68 0.7 
66 

80.52 31.30 11.98 11.95 7°58' 29° 3°59' 14°2' 10°2' 24°23' 0.73 0.76 1.87 1°59' 1.69 0.7 

80.52 31.30 11.98 11.95 7°59' 29°1' 3°58' 13°59' 9°57' 24°29' 0.73 0.76 1.87 2°2' 1.68 0.7 
..;
 

lU~tJ 80.52 31.30 11.98 11.95 8° 28°59' 4° 13°59' 10° 24°26' 0.73 0.76 1.87 2°1' 1.68 0.7
 

1 80.64 31.24 11.98 11.96 8°3' 28°59' 3°58' 14°2' 10°3' 23°58' 0.74 0.75 1.83 2°1' 1.68 0.7 

2 80.64 31.24 11.98 11.96 8°2' 29° 4°1' 14°3' 10°4' 23°59' 0.74 0.75 1.83 2°2' 1.67 0.7 
67 

80.64 31.24 11.98 11.96 8°2' 29°1' 3°59' 14°1' 10°2' 24°3' 0.74 0.75 1.83 2°2' 1.6R 0.7 

80.64 31.24 11.98 11.96 7°59' 28°58' 4°3' 13°59' 9°59' 24°8' 0.74 0.76 1.83 2° 1.68 0.7 
..;
 

lU~tJ 80.64 31.24 11.98 11.96 8°2' 28°59' 4°1' 14°1' 10°2' 24°2' 0.74 0.75 1.83 2° 1.68 0.7
 

80.65 31.30 12.00 11.96 7°57' 28°59' 3°59' 14°3' 10°1' 24°31' 0.73 0.765 1.89 1°58' 1.72 0.7 

69 
2 80.65 

80.65 

31.30 

31.30 

12.00 

12.00 

11.96 

11.96 

7°56' 

7°59' 

29°2' 

29° l' 

3°58' 

3°59' 

13°59' 

14°1' 

9°59' 

10° 

24°39' 

24°33' 

0.73 

0.73 

0.76 

0.76 

1.89 

1.89 

1°58' 

2°1' 

1.71 

1.71 

0.7 

0.7 

80.65 31.30 12.00 11.96 8° 28°59' 4°2' 13°58' 10° 24°29' 0.73 0.76 1.89 2° 1.71 0.7 
..; 

lU~tJ 80.65 31.30 12.00 11.96 7°58' 29° 4° 14° 10° 24°33' 0.73 0.76 1.89 1°59' 1.71 0.7 -0'\ 
N 
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"I 

1000 2000 3000 l1JJ1Ull1~ 

0.5 

1.0 

1.5 

2.0 

2.5 

3.0 

0.098 

0.094 

0.096 

0.090 

0.099 

0.098 

0.127 

0.119 

0.138 

0.116 

0.124 

0.122 

0.129 

0.160 

0.147 

0.141 

0.145 

0.168 

0.5 

1.0 

1.5 
2 

2.0 

2.5 

3.0 

0.097 

0.091 

0.100 

0.103 

0.103 

0.098 

0.114 

0.125 

0.152 

0.135 

0.127 

0.136 

0.161 

0.180 

0.170 

0.147 

0.131 

0.172 

1000 2000 3000 11 JJlUll1 fI. 
0.5 

1.0 

1.5 

2.0 

2.5 

3.0 

0.098 

0.097 

0.100 

0.099 

0.102 

0.096 

0.125 

0.137 

0.138 

0.094 

0.097 

0.125 

0.202 

0.172 

0.132 

0.117 

0.154 

0.151 

0.5 

1.0 

1.5 
2 

2.0 

2.5 

3.0 

0.116 

0.107 

0.106 

0.099 

0.097 

0.098 

0.178 

0.120 

0.105 

0.124 

0.112 

0.130 

0.210 

0.129 

0.152 

0.157 

0.123 

0.203 
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1000 2000 3000 l11JlfJll1~ 

0.5 

1.0 

1.5 

2.0 

2.5 

3.0 

0.103 

0.106 

0.099 

0.105 

0.104 

0.114 

0.128 

0.119 

0.135 

0.144 

0.133 

0.142 

0.164 

0.179 

0.175 

0.181 

0.179 

0.180 

0.5 

1.0 

1.5 
2 

2.0 

2.5 

3.0 

0.113 

0.112 

0.109 

0.100 

0.089 

0.102 

0.160 

0.130 

0.124 

0.105 

0.092 

0.170 

0.186 

0.172 

0.190 

0.155 

0.172 

0.213 

1000 2000 3000 l11JlfJll1~ 

0.5 

1.0 

1.5 

2.0 

2.5 

3.0 

0.074 

0.087 

0.091 

0.060 

0.072 

0.072 

0.092 

0.095 

0.092 

0.086 

0.090 

0.109 

0.154 

0.107 

0.103 

0.113 

0.110 

0.187 

0.5 

1.0 

1.5 
2 

2.0 

2.5 

3.0 

0.069 

0.100 

0.104 

0.101 

0.095 

0.106 

0.101 

0.099 

0.109 

0.103 

0.099 

0.115 

0.129 

0.126 

0.171 

0.145 

0.116 

0.142 
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1000 2000 3000 'HlJlfJl'H~ 

0.5 

1.0 

1.5 

2.0 

2.5 

3.0 

0.057 

0.091 

0.086 

0.097 

0.098 

0.093 

0.099 

0.097 

0.106 

0.105 

0.108 

0.109 

0.119 

0.105 

0.116 

0.123 

0.141 

0.143 

0.5 

1.0 

1.5 
2 

2.0 

2.5 

3.0 

0.066 

0.075 

0.099 

0.087 

0.079 

0.071 

0.100 

0.106 

0.131 

0.114 

0.109 

0.117 

0.107 

0.160 

0.175 

0.146 

0.130 

0.172 

1000 2000 3000 'HlJ 1fJl'H 9,) 

0.5 

1.0 

1.5 

2.0 

2.5 

3.0 

0.069 

0.077 

0.086 

0.099 

0.092 

0.097 

0.078 

0.098 

0.1 I3 

0.1 I 1 

0.112 

0.108 

0.094 

0.102 

0.124 

0.161 

0.133 

0.171 

0.5 

1.0 

1.5 
2 

2.0 

2.5 

3.0 

0.089 

0.079 

0.075 

0.069 

0.098 

0.099 

0.104 

0.109 

0.112 

0.109 

0.124 

0.126 

0.162 

0.153 

0.135 

0.138 

0.161 

0.150 
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1'1 

1000 2000 3000 lIJJltll'HfJ 

0.5 

1.0 

1.5 

2.0 

2.5 

3.0 

0.070 

0.076 

0.065 

0.056 

0.074 

0.042 

0.109 

0.095 

0.089 

0.083 

0.103 

0.079 

0.127 

0.105 

0.121 

0.095 

0.118 

0.104 

2 

0.5 

1.0 

1.5 

2.0 

2.5 

3.0 

0.090 

0.082 

0.099 

0.108 

0.100 

0.089 

0.116 

0.118 

0.143 

0.148 

0.112 

0.098 

0.125 

0.146 

0.176 

0.161 

0.128 

0.175 

'" 1 Q f/.c9 ~ QI

~'Il':n:rtl 'If.8 m 1tI.:I1UNil fll'Hffl '\1'Hl 'II tl.:lltlU JJ ml ':i '\1 11' 62 

ntl:: (JJJJ.) 1000 2000 3000 lIJJ ltll'HfJ 

0.5 

1.0 

1.5 

2.0 

2.5 

3.0 

0.089 

0.064 

0.052 

0.091 

0.052 

0.046 

0.086 

0.109 

0.089 

0.103 

0.098 

0.093 

0.139 

0.142 

0.153 

0.142 

0.140 

0.116 

2 

0.5 

1.0 

1.5 

2.0 

2.5 

3.0 

0.086 

0.134 

0.100 

0.104 

0.079 

0.089 

0.106 

0.108 

0.099 

0.113 

0.089 

0.109 

0.150 

0.138 

0.137 

0.123 

0.122 

0.133 
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!I 

1000 2000 3000 

0.5 

1.0 

1.5 

2.0 

2.5 

3.0 

0.028 

0.054 

0.057 

0.044 

0.039 

0.070 

0.097 

0.106 

0.131 

0.118 

0.110 

0.119 

0.163 

0.176 

0.180 

0.144 

0.143 

0.150 

0.5 

1.0 

1.5 
2 

2.0 

2.5 

3.0 

0.066 

0.072 

0.083 

0.069 

0.096 

0.103 

0.128 

0.091 

0.101 

0.071 

0.107 

0.126 

0.110 

0.111 

0.114 

0.113 

0.126 

0.154 
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1000 2000 3000
 

0.5 

1.0 

1.5 

2.0 

2.5 

3.0 

0.068 

0.066 

0.070 

0.067 

0.089 

0.083 

0.105 

0.117 

0.119 

0.099 

0.113 

0.131 

0.153 

0.173 

0.161 

0.106 

0.132 

0.228 

0.5 

1.0 

1.5 
2 

2.0 

2.5 

3.0 

0.054 

0.053 

0.056 

0.059 

0.058 

0.066 

0.147 

0.140 

0.102 

0.098 

0.094 

0.132 

0.179 

0.167 

0.118 

0.106 

0.113 

0.145 

0.5 

1.0 

1.5 
3 

2.0 

2.5 

3.0 

0.061 

0.049 

0.070 

0.064 

0.080 

0.057 

0.145 

0.127 

0.103 

0.099 

0.104 

0.103 

0.193 

0.162 

0.119 

0.104 

0.115 

0.117 

0.5 

1.0 

1.5 
4 

2.0 

2.5 

3.0 

0.053 

0.054 

0.054 

0.057 

0.067 

0.068 

0.097 

0.094 

0.079 

0.096 

0.086 

0.110 

0.127 

0.109 

0.108 

0.099 

0.114 

0.155 
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1'1 

d i ell d ... <1", 
~11H'VI CJ1.11 tJ11rJ':)1'UF-Illf1l1~t1111fl'\lfl':)U)'U1I1l1l 111~ 6 

...'" 1:::rJ:::f1lHI~m fl'U 

'" fl1l~fl 1:::rJ::: (1111.) 1000 2000 3000 111Jlm11 ~• 
0.5 0.088 0.126 0.153 

1.0 0.088 0.117 0.129 

1.5 0.087 0.099 0.106 

2.0 0.085 0.098 0.102 

2.5 0.097 0.100 0.105 

3.0 0.086 0.131 0.173 

0.5 0.074 0.149 0.238 

1.0 0.097 0.126 0.184 

1.5 0.087 0.093 0.151 
2 

2.0 0.089 0.010 0.090 

2.5 0.088 0.090 0.112 

3.0 0.092 0.193 0.226 

0.5 0.058 0.114 0.174 

1.0 0.056 0.112 0.177 

1.5 0.045 0.104 0.097 
3 

2.0 0.097 0.113 0.077 

2.5 0.054 0.123 0.153 

3.0 0.096 0.131 0.204 

0.5 0.051 0.088 0.128 

1.0 0.060 0.120 0.077 

1.5 0.053 0.121 0.069 
4 

2.0 0.058 0.094 0.099 

2.5 0.071 0.119 0.093 

3.0 0.080 0.114 0.155 
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.. , 

fll'jl~'t1 tJ]f.12 
d dQflQ.I 

tJ'jlfJ~1'\.JN~m'jffm1n)'Uij~1V'\.J1HH' n1ff 7 

... ... 
'j~fJ~m'jfl~mij'\.J 

... 
fl1Jfl~ 1~fJ~ (1J1J.) 1000 2000 3000 111JlfJn19j 

0.5 0.062 0.113 0.185 

1.0 0.053 0.103 0.148 

1.5 0.060 0.099 0.107 

2.0 0.063 0.076 0.109 

2.5 0.058 0.095 0.133 

3.0 0.055 0.086 0.160 

0.5 0.064 0.081 0.209 

1.0 0.068 0.085 0.206 

2 
1.5 

2.0 

0.058 

0.041 

0.078 

0.072 

0.146 

0.099 

2.5 0.046 0.097 0.102 

3.0 0.074 0.095 0.136 

0.5 0.058 0.117 0.204 

1.0 0.062 0.141 0.201 

3 
1.5 

2.0 

0.063 

0.054 

0.145 

0.091 

0.141 

0.098 

2.5 0.056 0.088 0.105 

3.0 0.061 0.117 0.194 

0.5 0.069 0.131 0.207 

1.0 0.074 0.145 0.169 

4 
1.5 

2.0 

0.064 

0.067 

0.099 

0.094 

0.106 

0.121 

2.5 0.059 0.109 0.105 

3.0 0.086 0.189 0.194 



172 

.d 1 4 d~tlQI 
~l'n~'YI CJf.13 tJ'ill1~l1JN~fll'Hm'H'ifl\lfl~lfl1J1J~~ 'i'Hff 35 

...'" 'i~lI~fll'i~~l~V1J 

'" fl1J~~ 'i~1I~ (1J1J.) 1000 2000 3000 'H1Jlm'H~• 

0.5 0.052 0.076 0.119 

1.0 0.050 0.078 0.125 

1.5 0.054 0.083 0.099 

2.0 0.058 0.079 0.093 

2.5 0.048 0.084 0.085 

3.0 0.030 0.083 0.164 

0.5 0.037 0.074 0.170 

1.0 0.068 0.062 0.144 

1.5 0.077 0.100 0.106 
2 

2.0 0.040 0.092 0.116 

2.5 0.023 0.065 0.136 

3.0 0.082 0.115 0.199 

0.5 0.023 0.186 0.187 

1.0 0.023 0.108 0.139 

1.5 0.030 0.118 0.105 
3 

2.0 0.040 0.128 0.131 

2.5 0.043 0.115 0.120 

3.0 0.051 0.138 0.151 

0.5 0.078 0.124 0.138 

1.0 0.071 0.102 0.154 

1.5 0.055 0.104 0.118 
4 

2.0 0.026 0.111 0.076 

2.5 0.040 0.106 0.109 

3.0 0.051 0.163 0.170 
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d' 4!Sl dQtlQ.I
~l'n~'V1 CJf.14 1J~ltl~l'Ufol"fl1~~f1'H'H)'Iln~m'U1J"" 'i'H~ 36 

.... ... 
'i::tl::fl1'i~flll1 n'U 

QI 

~1J~fl 'i::tJ:: (1J1J.) 1000 2000 3000 'H1JltJm~ 

0.5 0.060 0.127 0.144 

1.0 0.066 0.119 0.127 

1.5 0.055 0.112 0.140 

2.0 0.024 0.098 0.104 

2.5 0.060 0.080 0.115 

3.0 0.065 0.110 0.164 

0.5 0.049 0.117 0.147 

1.0 0.050 0.120 0.127 

1.5 0.058 0.103 0.111 
2 

2.0 0.036 0.079 0.102 

2.5 0.028 0.085 0.093 

3.0 0.046 0.086 0.098 

0.5 0.051 0.076 0.115 

1.0 0.076 0.127 0.158 

1.5 0.043 0.084 0.110 
3 

2.0 0.046 0.095 0.106 

2.5 0.031 0.103 0.109 

3.0 0.054 0.126 0.210 

0.5 0.047 0.111 0.200 

1.0 0.045 0.127 0.154 

1.5 0.028 0.084 0.123 
4 

2.0 0.046 0.095 0.112 

2.5 0.057 0.103 0.131 

3.0 0.043 0.126 0.182 
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1000 2000 3000 

0.5 

1.0 

1.5 

2.0 

2.5 

3.0 

0.053 

0.051 

0.046 

0.050 

0.048 

0.052 

0.127 

0.131 

0.101 

0.055 

0.084 

0.129 

0.163 

0.178 

0.147 

0.084 

0.093 

0.176 

0.5 

1.0 

1.5 
2 

2.0 

2.5 

3.0 

0.049 

0.057 

0.054 

0.054 

0.037 

0.064 

0.124 

0.148 

0.099 

0.104 

0.088 

0.129 

0.163 

0.172 

0.121 

0.112 

0.096 

0.166 

0.5 

1.0 

1.5 
3 

2.0 

2.5 

3.0 

0.057 

0.057 

0.037 

0.051 

0.053 

0.068 

0.112 

0.107 

0.086 

0.106 

0.115 

0.116 

0.151 

0.138 

0.090 

0.113 

0.139 

0.136 

0.5 

1.0 

1.5 
4 

2.0 

2.5 

3.0 

0.063 

0.049 

0.037 

0.049 

0.049 

0.059 

0.107 

0.100 

0.080 

0.095 

0.103 

0.116 

0.135 

0.134 

0.090 

0.116 

0.116 

0.127 
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d 1 ~ d",<1", 
~l'nnl Clf.16 1J'ilfl.:jl'\.JN~fl1·Hml1'HI~v,m:l'\.nJ~~ 'it11:\' 65 

'" <!l 

'j::fl::fl1Hl~l'ilV'\.J 

'" fl11~~ 'j::fl:: (1111.) 

0.5 

1000 

0.050 

2000 

0.085 

3000 

0.156 

111J1flll1 ~ • 

1.0 0.067 0.099 0.177 

1.5 0.042 0.094 0.159 

2.0 0.053 0.076 0.097 

2.5 0.054 0.122 0.095 

3.0 0.059 0.098 0.106 

0.5 0.032 0.083 0.198 

1.0 0.048 0.082 0.176 

2 
1.5 

2.0 

0.049 

0.026 

0.098 

0.115 

0.119 

0.131 

2.5 0.032 0.097 0.133 

3.0 0.048 0.109 0.139 

0.5 0.066 0.148 0.177 

1.0 0.059 0.115 0.119 

3 
1.5 

2.0 

0.050 

0.039 

0.098 

0.098 

0.102 

0.108 

2.5 0.055 0.088 0.143 

3.0 0.044 0.121 0.150 

0.5 0.064 0.123 0.143 

1.0 0.059 0.104 0.1.13 

4 
1.5 

2.0 

0.053 

0.058 

0.121 

0.110 

0.107 

0.116 

2.5 0.056 0.106 0.113 

3.0 0.071 0.125 0.142 
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c1, II!l d.Qo'cv 
~nl~111l)1.17 1Jntt~lUN~fl1Hl'fl'Hn)\I(NtVU1HH'1'Hn' 66 

... .
'j~tJ~fl1'j~"tUt:lU 

... 
f111"" 'j~tJ~ (1111.) 1000 2000 3000 'HlIltJt'H¥J 

0.5 0.047 0.090 0.150 

1.0 0.054 0.101 0.138 

1.5 0.039 0.067 0.123 
1 

2.0 0.025 0.067 0.089 

2.5 0.041 0.091 0.148 

3.0 0.044 0.052 0.105 

0.5 0.039 0.095 0.128 

1.0 0.048 0.081 0.131 

1.5 0.045 0.096 0.107 
2 

2.0 0.038 0.099 0.103 

2.5 0.050 0.082 0.107 

3.0 0.073 0.083 0.112 

0.5 0.067 0.127 0.172 

1.0 0.064 0.121 0.176 

1.5 0.059 0.111 0.168 
3 

2.0 0.061 0.108 0.156 

2.5 0.058 0.078 0.093 

3.0 0.069 0.108 0.138 

0.5 0.059 0.156 0.179 

1.0 0.047 0.164 0.171 

1.5 0.059 0.108 0.156 
4 

2.0 0.073 0.083 0.118 

2.5 0.055 0.075 0.142 

3.0 0.053 0.133 0.114 
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i'l 

c1, .eQ G.Qo'QI 
~ l'n~fl 0Jf.18 U11V-31U ~H'Ifl1'H1'fl"" 'it)\! fl-3UlU lHH'I 1,.., n' 67 

.... ... 
1::v::mHI~U~ flU 

.... 
fliJ~~ 1::V:: (iJiJ.) 1000 2000 3000 ""1Jltl1,..,~ 

0.5 0.038 0.129 0.148 

1.0 0.059 0.138 0.142 

1.5 0.040 0.091 0.086 

2.0 0.021 0.067 0.106 

2.5 0.041 0.097 0.143 

3.0 0.044 0.116 0.180 

0.5 0.035 0.085 0.095 

1.0 0.053 0.083 0.085 

1.5 0.054 0.070 0.072 
2 

2.0 0.045 0.070 0.134 

2.5 0.039 0.076 0.092 

3.0 0.047 0.107 0.138 

0.5 0.019 0.082 0.114 

1.0 0.032 0.081 0.124 

1.5 0.019 0.049 0.107 
3 

2.0 0.028 0.070 0.090 

2.5 0.039 0.057 0.084 

3.0 0.031 0.064 0.148 

0.5 0.054 0.128 0.217 

1.0 0.045 0.140 0.248 

1.5 0.064 0.153 0.170 
4 

2.0 0.072 0.080 0.098 

2.5 0.060 0.095 0.085 

3.0 0.057 0.110 0.148 



mfl~'W1fl w. 
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fl) 'Il) 

fl) ~) 

• QI ~ 0 QI I 

fl) flfl'U'Y1flffflUfl1Hl~I\H)'U fl1Cl~'IlmtJ 60 1'Y11 

'Il) ~~IUfl'UlrJ'U'I::m:'Y11~ 1000 lUJ. tili:l~'IlmtJ 60 I'Vh 

fl) ~~IUU'UlrJt.I'I::tJ::'Y11~2000 lUJ. tili:l~'IlmtJ 60 lvh 

~) ~~liiu'UlrJ'U'I::tJ::'Y11~3000 lUJ. tili:l~'IltJltJ 60 I'Vj, 



lRO 

f)) ~) 

~) 

, (LI a 0 QI , 

f)) f)U'W'YI~ffUtJm7f1~mH)'\.J m"H~[Jl[J 60 t'Yll 

~) ~~t.ijU'\.Jt1~'\.J7::[J::'YIH 1000 11.11. fh""~~[Jl[J 60 t'yh 

f1) ~~t.ijU'\.Jt1~'\.J7::[J::'YIl~ 2000 11.11. fh""~~[Jl[J 60 tl11 

~) ~~t.ijU'\.Jt1~'\.J7::[J::'YIl~ 3000 11.11. fh""~~[Jl[J 60 t'yh 



lRl 

fl) '\I) 

I QI,!!( 0 Q,I I 

fl) fl{)'U'Yl~ffU1Jfll'i~~t~H)'U fll~H'\IfJlfJ 60 t'Yll 

'\I) ~~t~U'Utij'U'i~fJ~'Yll~ 1000 lUJ. fh~~'\IfJlfJ 60 l'yh 

tt) ~~t~U'Utij'U'i~fJ~'Yll~2000 1JJJ. fh~~'\IfJlfJ 60 t'yh 

.:I) ~~t~U'Utij'U'i~fJ~'Yll.:l 3000 1J.1J. til~.:I'\ItIlfJ 60 l'yh 



182 

fl) ~) 

~) 

fl) nfl'U'r1~fffl'Ufl11,j~L~fl'U fhi:1~~f.nfJ 60 nil 

~) \9i~L~fl'UL;j'U1::fJ::'r11~ 1000 1UJ. ihi:1~~fJ1fJ 60 L'Vh 

fl) \9i~L~fl'UL;j'U1::fJ::'r11~2000 1UJ. fhi:1~~fJlfJ 60 L'Vh 

~) ~~UUfl'UL;j'U1::t1::'YI1~ 3000 1UJ. fhi:1~~fJ1t1 60 Ltll 



lR3 

fl) 'U) 

~) 

1 Q,I oI!!I 0 Q,I I 

fl) flD'U'YI~fffl1Jfl1':iflPl!,Hl'W fllll~'tItmJ 60 !'YIl 

'tI) ~fl!UV'U!i1'U':i::tJ::'YIH 1000 1.1.1.1. fh5~'UtJltJ 60 I'rh 

f1) ~~UUV'U!i1'U':i::tJ~'YIH 2000 1.1.1.1. fh5~'UtJltl 60 l'rh 

~) ~Pl!UV'U!i1'U':i::tJ::'YIl~ 3000 11.1.1. fh5~'UtJltJ 60 I'rh 



1M 

fl) '\I) 

~) 

• QJ a 0 QI , 

fl) mru 't1 ~ fffltJ f11 HI ~ I'iHl'U fl TtN '\I fJlfJ 60 1't1l 

'\I) ~~!6fl'UltI'U'j:::fJ:::'t1H 1000 'lUJ. fhtl~'\IfJlfJ 60 I'.;' 

tl) ~~16fl'UltI'U'j:::fJ:::'t1l~2000 'lJJJ. fh~~'\IfJlfJ 60 Ivh 

~) ~~H6fl'UltI'U'j:::fJ:::'t1l~3000 'lJ.'lJ. fh~~'\IfJlfJ 60 n;, 



lR5 

fl) 'tI) 

.:.I) 

, QI 4 , 

fl) flU'UVI~"HI'Ufll'j~~U'iHI'U fll1:l.:.l'tltlltl 60 lVll 

'tI) ~~t~U'Ut~'U'j~t1~V11.:.l 10001J.1J. fhJ:1'.:.I'tItIlti 60 t'vh 

fl) ~~l~fl'Ut~'U'j~t1~VI1.:.120001J.1J. ihJ:1'.:.I'tItIltl60 l'Vh 

.:.I) ~~l~fl'Ut~'U'j~t1::VI1.:.1 3000 1J.1J. ihJ:1'.:.I'tItilti 60 nil 



lR6 

fl) ~) 

~) 

, QI 4, 0 Q,I , 

fl) flU'U'YI~ffU1Jfll,)~~H\H)'lJ fll~~~lmJ 60 l'Yll 

~) ~~I~U'lJli'J'U,)::lJ::'YIH 1000 lUJ. til~~~lJllJ 60 l'th 

f1) ~~IQU'Uli'J'U,)::lJ::'YIl~ 2000 lUJ. til~~~lJllJ 60 I'Vh 

~) ~~IQU'Uli'J'U,)::lJ::'YIl~ 3000 lUJ. til~~~lJllJ 60 I'Vh 



lR7 

fl) '\J) 

fl) .:I) 

, QI.c!I. 0 QI , 

fl) flCl'\.J't1~fft:J1Jfl1':i91~llHI'U flT,WIHJ1tJ 60 l't11 

'II) ~~I~t:J'Ulrl'U':i::tJ::'t11.:1 1000 lJ.lJ. fh,;.:I'\JtJltJ 60 Ivil 

fl) ~~I~n'UI;j'U':i::tJ::'t11.:12000 lJ.lJ. fll"'.:I'\JtJltJ 60 t'yh 

.:I) ~~I~t:J'Ulrl'U':i::tJ::'t11.:1 3000 lJ.lJ. fll"'.:I'IItJltJ 60 If;' 



lRR 

f) '\.I) 

.:J) 

, QI 4!!:t 0 QI r 

f) mnJVl~fffl1Jm':i~~mfl'U mtH'\.ImV 60 IVll 

'\.I) ~~I~fl'UI~'Un:V::Vll.:J 10001UJ. rhtl.:J'\.Imv 60 It" 

f1) ~~I~fl'UI~'U':i::V::VlH 2000 lUJ. tiltl.:J'\.IV1V 60 l'yh 

.:J) ~~I~fl'UlrJ'U':i::V::Vll.:J 3000 lUJ. tiltl.:J'\.ImV 60 It" 



lR9 

fl) \I) 

.:J) 

I Q.I a 0 Q.I I 

fl) flfl'U't1~fffl1Jfll'j~~llH)'U fll~.:J\lfmJ 60 1't11 

\I) ~~I~f.)'Uli1'U'j:::V:::'t1H1000 lUI. fh~.:J\ltJlV 60 l'Yh 

fl) i~I~f.)'UI~'U'j:::V:::'t11.:J2000 JUJ. tlltr.:J\ltJltJ 60 l'yh 

.:J) i~I~f.)'UI~'U'j:::V:::'t11.:J 3000 JUl. tlltr.:J\ltJlV 60 nil 



190 

fl) 'Il) 

f1) ~) 

, Ql40Gl I 

fl) flElUYl~fffl1Jfl1'.i~~mH)U fl1~~'IltmJ 60 1YI1 

'Il) ~~IP:flUlrJU'.i~tJ~Y1H 1000 1l.'lJ. fh~~'IltJltJ 60 Itll 

f1) ~~HP:flULrJU'.i~tJ::Y1H 2000 'lJ.'lJ. fh~~'IltJltJ 60 l't'h 

~) ~~IP:flULrJU'.i:;tJ~YI1~ 3000 'lJ.'lJ. fh~~'IltJltJ 60 nil 



191 

n) ~) 

fl) 'I) 

1 QI a 0 Q,I I 

n) mnJ'YlflffmJnl'.i~~l'H)'W m~H~tJltJ 60 l'Yll 

~) ~~H~fl'Wl~'W'.i~tJ~'Yl1'1 1000 1.1.1.1. fhtl'l~tJltJ 60 nil 

fl) ~fll~fl'Wl~'W'.i~tJ::;'Yll'l 2000 1.1.1.1. fhtl'l~tJ1tJ 60 l't'h 

'I) ~fll~fl'Wl~'W'.i~tJ::;'Yll'l3000 1.1.1.1. fhtl'l~tJltJ 60 l't'h 



192 

fl) 'II) 

f1) ~) 

fl) ntJ'U't1PlfftJtJm~~'H~tl'U fhli~'IIfmJ 60 rvh 

'II) ~Plt~tl'Utrl'U~::[J::'t11~ 1000 1HI. fhli~'II[Jl[J 60 t'vh 

f1) ~PlI~tl'Utrl'U~::[J::'t11~ 2000 1UJ. fhli~'II[Jl[J 60 rvh 

~) ~Plt~tl'Utrl'U~::[J::'t11~ 3000 1UJ. fhli~'II[Jlt1 60 t'vh 



193 

fl) 'II) 

TI) ~) 

I QI a 0 QI I 

fl) fl{)'U'YIflff{)1.Jfl11~~H'iH)lJ fl1iH'IItmJ 60 ml 

'II) ~fl!Q{)lJlrJlJ1::V::m~ 1000 1UJ. fhtr~'IIVlV 60 l'yh 

TI) ~fl!Q{)lJ!rJlJ1::V::'YIH 2000 1UJ. fhtr~'IIV1V 60 l'yh 

..:J) ~flIQ{)lJ!rJlJ1::V::m..:J 3000 1UJ. fhtr..:J'IIVlV 60 nil 



194 

fl) 'U) 

fl) .:j) 

I Q,I 4 0 QI • 

fl) flfl'W't1~"H)'Ufl1':i9l~t~H)'\.J fll'fl.:j'UtmJ 60 t't11 

'U) ~~(~fl'\.JtrJ'\.J':i~tJ~'t1H 1000 11.11. til~.:j'UtJltJ 60 I'Vh 

fl) 9i~(~m.HrJ'\.J':i~tJ~'t1N2000 1J.1J. til~.:j'UtJ1tJ 60 tVh 

.:j) 9i~(~fl'\.JtrJ'\.J1~t.J:::'t11.:j 3000 1J.1J. til~.:j'UtJ1t.J 60 tVh 



195 

fl) 

• Q,I ~ 0 QI 1 

fl) m)1.J'YI~"H)iJfl1'jfl~l'iHJ'U fl1/;1~'1WltJ 60 1'YIl 

'II) ~~IQij'Ul1'l'U'j~tJ~'YIH 1000 lUI. fh""~'IJtJ1tJ 601'til 

f1) ~~IQij'Ul1'l'U'j~tJ~'YIH 2000 lUJ. fh""~'IJtJltJ 60 l'til 

~) ~~IQij'Ul1'l'U'j~tJ~'YIH3000 lUJ. fh""~'IJtJltJ 60 l'til 



196 

n) 'U) 

1 QI a 0 Q,f , 

n) n~'U'Y1~"H)'Uf11,)\PIfll\Hl'U nTM'UrJltJ 60 1'Yll 

'U) i~I~~'Ulrl'U,)::rJ::'Y1H 1000 1J.1J. fh"'~'UtJ1tJ 60 I'Vh 

fl) ifll~~'U!r1'U')::tJ::'Yll~2000 1J.1J. fh"'~'UtJ1tJ 60 I'Vh 

~) ifll~~'U!r1'U,)::rJ::'Yl1~ 3000 1J.1J. fh"'~'UtJlrJ 60 I'Vh 



fI1flAlJ1fi ty. 
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-0.0008 I 0.0008 I 

\Q!1J~ qp mlvlut'l'~,nill1..rmHi.:jm'~~lUtJ'U'lJf.).:jlg'Uihr" 2 f\1Ji~ 
00 
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d ~: ~ d Q ~ ~ 
9l1'H:I'VI qJ.l J:H1m'I')f-:!Ul'HUfUflU1HH1 2 fl1191~ 

fl~llUflUlrlU fl~llUflUlrlU fl~llUflUtrlU 

.... 
'I'H 'CY 

, .... '" f)flU91~mflU 'IZUZl'll-:! 1000 1111. 'IZUZ'VIH 2000 1111. 'IZUZVI1-:! 3000 1111. 

58.8993 58.8992 58.9000 58.8977 

2 58.7555 58.7550 58.7560 58.7535 

3 58.8539 58.8535 58.8463 58.8521 

4 58.8376 

31 58.8528 58.8525 58.8536 58.8514 

32 58.8641 58.8643 58.8647 58.8624 

33 58.8557 58.8553 58.8566 58.8543 

34 59.0623 

61 58.7397 58.7395 58.7403 58.7387 

62 58.7929 58.7928 58.7937 58.7922 

63 58.8241 58.8213 58.8223 58.8207 

64 58.8986 



201 

I J 



II 

fllflfl'lJ1fl tJ. 

'" ......
f1111l11 'lJ lLff'tJ ~ ~ua:: f1111l L'i [J'lJ fl1 
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4.t. 
~ 
C""'az: 
;:::l 
;:) 3.5

1/!!:
;;:; 
t"""" I 
C""' 
<;: 

3.0 -I 

2.77 

2.5 .~ 2.54 

/
2.112.0 -I 

1.5 --i 

1.0 

0.5 

0.0 

./ / .~" """ --.... 3.28 

/ ~,,)1n "''' 
/3.00 

., £1:. 

.2.40
 

~ 
2.18 

--- -_. I -+- ~Wl11Jn 
I .......... ~Wl11Jn
 
L .....- ~1l1l1~n 

35°C 

-70°C 

-196 ·C 

.... .... 
'j':::[J:::'YI1~fl1'j'~~HUVU (1J1J.) 

1000 2000 3000 

do _t':! A d.<ll::\ d.<ll::\ rI Q,I, I Ja 1tI 
1.,J'Yl t).1 ml'rhu'j[J'lH'Yl[J'lJfl111Jt'j'[J'lJ~1'UV~WUmHI 2 fl1J9191 UU91l'l:::t~fJU t'U 
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i:l 

'lI!!: 
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r 
("'"
 4.0 
I;: 

'" •3.443.10 
"'3.093.0 -I 2.93 """= 

3.38 

2.89 
2.81 • 2.51 

2.0 

......... ~tulUJiJ 35°C 

.......... ~tulUJiJ -70°C 

.01 - ~tu'l1fJiJ -196°C 

0.0 

.... A!I 
~g:t1g:'YI,.ml~f1~I'iHI'W (1111.) 

1000 2000 3000 

~1l~ {J.2 m1'Vhllitl1Jl.yjtltJfldl111~t1tJ~d'Ufl~lg'UiJ(l~ 4 fl11~~ i'U11~(lg:11u'W i'U 
IV 

~ 
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~1~1~~ t).1 '1J'lflnWfl111J11UlltY1:l~~ Lguih", 2 fl1J~~~N1Ufl1~'1hU~ W fJW11fJij 34°C 

'" ...
~::fl::fl1HIAI~OU (1J1J.) 

o .... 
~1~1J 1 1000 2000 3000 

1 0.13 0.17 0.17 0.21 

2 0.15 0.16 0.15 0.19 

3 0.17 0.16 0.13 0.20 

4 0.15 0.13 0.16 0.19 

5 0.16 0.14 0.15 0.18 

6 0.12 0.17 0.14 0.20 

7 0.16 0.14 0.17 0.18 

8 0.18 0.11 0.19 0.19 

9 0.16 0.14 0.17 0.19 

10 0.14 0.18 0.14 0.20 

11 0.15 0.16 0.15 0.21 

12 0.15 0.16 0.14 0.17 

13 0.19 0.17 0.18 0.23 

14 0.17 0.18 0.19 0.21 

15 0.15 0.16 0.21 0.22 

16 0.12 0.15 0.14 0.18 

17 0.15 0.16 0.18 0.19 

18 0.15 0.16 0.17 0.19 

19 0.10 0.17 0.21 0.21 

20 0.16 0.18 0.19 0.20 

-
t 0.15 0.16 0.17 0.20 
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~l'n~Vi t1.2 '1J':ilV~1'Uml11,"'U1LffiJ~~ 16'UiJll~ 2 fl1l~~ViNl'Ufll':i,h,j~ W fJW'"fJiJ -70°C 

... ... 
':i::V::fll':i~~lU6'U (1111.) 

o ... 
111~1J 1 1000 2000 3000 

1 0.11 0.15 0.15 0.21 

2 0.16 0.22 0.21 0.22 

3 0.18 0.18 0.19 0.16 

4 0.09 0.20 0.22 0.22 

5 0.11 0.22 0.19 0.22 

6 0.17 0.18 0.17 0.18 

7 0.17 0.17 0.14 0.20 

8 0.14 0.16 0.14 0.19 

9 0.07 0.15 0.16 0.19 

10 0.13 0.19 0.17 0.20 

11 0.13 0.16 0.19 0.18 

12 0.11 0.19 0.21 0.21 

13 0.12 0.18 0.19 0.17 

14 0.15 0.19 0.18 0.19 

15 0.18 0.20 0.16 0.19 

16 0.20 0.17 0.15 0.18 

17 0.14 0.16 0.17 0.21 

18 0.15 0.18 0.19 0.20 

19 0.16 0.15 0.20 0.19 

20 0.18 0.17 0.18 0.20 

t 0.14 0.18 0.18 0.20 
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~l'JH;; g.3 '1J'JllJ~lUfl111l'HU1!fYlli~lflUihu; 2 fl1li~;;N1Ufll'Jiil,j~ wt:JW'HfJi1 -196°C 

o .... 
~1~1J 

.... .... 
'J~lJ~fll'J~~t'iH)U 

1000 

(1111.) 

2000 3000 

0.13 0.15 0.22 0.19 

2 0.13 0.15 0.24 0.19 

3 0.15 0.14 0.21 0.22 

4 0.10 0.14 0.2 0.23 

5 0.13 0.16 0.19 0.19 

6 0.14 0.15 0.18 0.19 

7 0.14 0.16 0.2 0.21 

8 0.15 0.14 0.18 0.19 

9 0.15 0.11 0.19 0.2 

10 0.17 0.16 0.19 0.18 

11 0.18 0.14 0.2 0.2 

12 0.14 0.16 0.21 0.19 

13 0.15 0.15 0.19 0.23 

14 0.15 0.14 0.2 0.19 

15 0.17 0.14 0.18 0.2 

16 0.16 0.18 0.17 0.21 

17 0.15 0.16 0.16 0.19 

18 0.14 0.16 0.17 0.22 

19 0.13 0.17 0.19 0.18 

20 0.13 0.17 0.2 0.21 

t 0.14 0.15 0.19· 0.20 
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1.1 

~l'Il~ C.4 '1J'I1U~1\Jfl111J't1\Jllfffl~~ tg\J~~~ 4 fl1J~~~~l\JfI1'Ilh,jA W fJW't1fJ~ 34°C 

... ... 
1::U::fI1'IApmUI\J (1J1J.) 

o ... 
~1~1J 1 1000 2000 3000 

1 0.11 0.11 0.13 0.15 

2 0.16 0.15 0.17 0.19 

3 0.09 0.17 0.14 0.18 

4 0.15 0.18 0.16 0.17 

5 0.18 0.17 0.15 0.16 

6 0.14 0.14 0.14 0.20 

7 0.15 0.15 0.16 0.21 

8 0.14 0.16 0.21 0.19 

9 0.14 0.11 0.17 0.18 

10 0.13 0.17 0.19 0.16 

11 0.17 0.16 0.19 0.14 

12 0.13 0.12 0.17 0.17 

13 0.15 0.14 0.16 0.22 

14 0.15 0.13 0.16 0.19 

15 0.13 0.16 0.15 0.23 

16 0.12 0.15 0.15 0.17 

17 0.12 0.17 0.14 0.16 

18 0.17 0.14 0.16 0.18 

19 0.15 0.15 0.18 0.20 

20 0.16 0.16 0.19 0.19 

t 0.14 0.15 0.16 0.18 
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~1~1~ fJ.5 hJ~ltJ~1'Ufl111111'Ulm1j~~ lfl'Uih", 4 fl1l~~nFh'Um~ih,j~ W QWl1fJij -70°C 

... ... 
~::tJ::m~~~mfl'U (1111.) 

o ... 
,n~tl 1000 2000 3000 

0.14 0.14 0.11 0.15 

2 0.17 0.16 0.12 0.10 

3 0.17 0.12 0.15 0.14 

4 0.15 0.13 0.12 0.16 

5 0.16 0.19 0.16 0.16 

6 0.17 0.12 0.18 0.18 

7 0.13 0.17 0.16 0.15 

8 0.14 0.11 0.19 0.15 

9 0.16 0.15 0.19 0.13 

10 0.11 0.11 0.18 0.16 

11 0.17 0.12 0.17 0.17 

12 0.14 0.16 0.16 0.14 

13 0.15 0.16 0.14 0.19 

14 0.15 0.15 0.16 0.16 

15 0.16 0.18 0.15 0.20 

16 0.15 0.16 0.14 0.18 

17 0.13 0.14 0.13 0.21 

18 0.15 0.17 0.16 0.02 

19 0.17 0.15 0.13 0.18 

20 0.15 0.150.15 0.19 

t 0.15 0.15 0.15 0.16 
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~l'iH tJ.6 't1J'ilt.1n\.,lfl1111l1'Ullftll~" tfl'Uijll~ 4 f111~"Vi~1'Ufl1'i1h,j" W tJWl1flij -196°C. .. 
'" "l

'j:::t.I:::fl1'i~"l'iltJ'U(1111.) 

. '" 
111~1J 1000 2000 3000 

0.19 0.18 0.15 0.15 

2 0.19 0.16 0.16 0.16 

3 0.12 0.16 0.14 0.12 

4 0.18 0.2 0.17 0.15 

5 0.15 0.17 0.16 0.14 

6 0.15 0.19 0.15 0.14 

7 0.17 0.17 0.17 0.16 

8 0.16 0.18 0.18 0.13 

9 0.15 0.19 0.16 0.18 

10 0.14 0.17 0.18 0.15 

11 0.18 0.16 0.15 0.18 

12 0.14 0.18 0.18 0.17 

13 0.12 0.14 0.17 0.16 

14 0.14 0.14 0.16 0.13 

15 0.15 0.15 0.14 0.18 

Hj 0.16 0.07 0.15 0.15 

17 0.15 0.1 0.15 0.17 

18 0.15 0.13 0.18 0.19 

19 0.16 0.12 0.18 0.16 

20 0.13 0.16 0.17 0.15 

1 0.15 0.16 0.16 0.16 
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.c:i .a. Q.c:. QI.I!!I CSr 

~ 1'.i H'YI t).7 fl111/t'.i tJ1.JffJ'\ltJ.:J'Il'tJ.:J l'U 'YI~ tH)1.Jfll'.i~~'U~ tJ'\.HtJ'U '.i::tJ:: 'YIH 1000 1/1/. 

""'G .... '" fJ W11 fJ 1/1.J11.J ~ ttJ'U 

flru""/JSJ 35 !l~fl'I1 

.... 
'.i11ff 

1 

2 

3 

, 
flV'U 

1.96 

1.57 

2.79 

, 
fllRa 

....
mH 

1.89 

2.87 

6.69 

, 
flV'U 

12.70 

9.00 

14.70 

tll Ry 

....
mH 

10.40 

18.00 

30.80 

31 2.23 6.59 13.9 28.7 

fJW11lJfi -70 tJ.:Jill 32 2.99 2.85 17 14.5 

33 3.09 2.36 16.7 11.3 

"'" fJW11IJ1/-196 tJ.:Jill 

61 

62 

63 

2.87 

2.55 

2.19 

2 

2.78 

4.8 

13.9 

14 

12.2 

10.6 

13 

20.5 

. ~ 

m'.i Hn {l.8 fl111/titJ1.Jf:i1'\ltJ.:J~tJ .:Jl'U'YI~fftJ1.Jfll'.i~~t~tJ'Utrl'U'.i::tJ::'YIH 2000 1/1/. 

, I 

fll Ra fll Ry
"'" '"fJW 11fJ1/fll'.i'Jl1.JU'\l.:J ,.... .... I .... 

'.i11ff fltJ'U mH fltJ'U mH 

2.61 2.19 13.3 13.2 

flru""/JSJ 35 !l~fl'I1 2 2.37 1.87 12.4 10.9 

3 2.44 2.49 13.4 13.5 

31 3.06 2.61 15.6 14.2 

fJW11fJfi -70 tJ.:Jfl'l 32 2.36 3.04 14.1 17.1 

33 3.08 2.3 18.8 13.6 

61 5.92 4.58 27.4 22.5 

fJW 11IJfi -196 tJ.:Jill 62 3.14 3.16 17.3 16.9 

63 2.92 3.49 16.2 17.9 
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·
 ~ ~~111.:Jfi Q.9 fl111nitJ1JF'h'\l6.:J;r'U.:J1U'Yl~~n)1Jfl11~~1~m.H U1::tJ::Vl1.:J 3000 1J1J. 

, , 
fllRa fll Ry... ~ 

fJW 11tJ1Jfl1111JU'\l.:J , , .,... ... 
111ff fl6U l1fl.:J fl6U l1fl.:J 

1 2.84 4.03 16.7 18.5 

~N"'1Jij 35 ~..:Iji\1 2 3.37 2.39 17.3 12.2 

3 2.6 2.59 12.9 13 

31 2.75 2.6 16.4 13.4 

... 
fJWl1tJ1J -70 6.:Jf'l'1 32 1.49 2.19 9.4 12.1 

33 2.46 2.42 13.5 11.7 

61 2.02 3.88 14 18.6 

... 
fJWl1tJ1J -196 6.:Jf'l'1 62 3.41 3.27 18.1 17.5 

63 3.43 2.68 18.1 15.4 

, ~ 

~111.:Jfi Q.lO fl111JlitJ1J~1'\l6.:J;r'W.:J1U'Yl~fftJ1Jfl11~~1~tJU1~U1::tJ::Vl1.:J 1000 1J1J. 

, , 
fllRa fl1 Ry

A 0 QI d 
fJW 11 tJ1J1J11J~1tJ'W ... , ., I ... 

'jl1ff fl6U l1fl.:J fltJU l1fl.:J 

5 2.79 3.48 15.10 15.70 

~N"'1Jij 35 ~..:Iji\1 6 3.79 4.25 20.90 21.10 

7 2.71 5.15 14.70 28.30 

35 4.14 4.24 21.70 17.80 

~Wl1fJij -70 tJ.:Jf'l'l 36 2.45 4.47 13.60 22.20 

37 2.08 4.36 13.10 20.90 

65 3.29 2.93 17.20 16.70 
... 

~Wl1tJ1J -196 tJ.:Jf'l'l 66 3.23 4.31 17.50 17.70 

67 2.26 3.60 13.70 18.40 



213 

. ~ 

~l'n:j;; fJ.ll fl111JLilll.JN1'1.1f1.:j;'U.:jl'U'rl~H'I'f1l.Jfll1~~L~f1'UL~'U1::1I::'m.:j2000 1111. 

d... 
fJw 11 1J1Ifll111.JU'I.I.:j 

QI 

'11ff 
I 

fifl'U 

I 

fllRa 

QI 

11'C1.:j 
, 

fifl'U 

I 

fll Ry 

... 
11'C1.:j 

5 2.82 3.08 13.50 18.30 

~tl.l~1Jij 35 tNPl1 6 3.78 3.41 17.90 16.60 

7 2.11 1.94 13.00 11.50 

35 4.67 3.64 19.60 20.50 

... 
fJW111J1I -70 f1.:jfl'1 36 5.49 4.44 23.90 21.00 

37 3.39 2.69 14.50 13.83 

65 2.60 3.02 13.70 16.80 

... 
fJW11IJ1J -196 f1.:jfl'1 66 1.06 2.39 6.90 13.00 

67 3.96 4.90 19.90 23.50 

. ~ 

9l111.:jn fJ.12 fl111lL~mJN1'1.1tH;f'U.:jl'U'YI~H'I'f1'Ufll1~~L~f1'UL~'U1::1I::'rI1.:j 3000 1111. 

I , 
... d 

fllRa fll Ry 
fJW11 1J1Ifll11'ULL'I.I.:j 

QI 

'11ff 
I 

fifl'U 
... 

11'C1.:j 
I 

fifl'U 
... 

11'C1.:j 

5 2.86 2.68 14.50 15.70 

~tl.l~1Jij 35 tl.:lPl1 6 3.39 2.73 18.00 13.20 

7 2.18 2.12 13.30 12.00 

35 5.20 4.38 25.80 20.20 

... 
fJW 11 1J1J -70 f1.:jfl'1 36 3.95 3.21 19.50 17.20 

37 2.13 2.54 13.00 15.60 

65 3.39 3.00 16.60 17.60 

... 
fJW11tJ1I -196 f1.:jfl'1 66 3.37 3.45 17.20 19.60 

67 4.29 2.81 20.40 14.40 



illflp.j'\.J1fl t). 
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hhutl'nJ~'.fhJm'j~~lilfl'U~fl':Hg'UiJt'lrl' 2 fl1J~~ 

NOOO 00600 

NOlO T1 M06 

N020 GOO G54 G90 X 10 Y 0.00 S 695 M03 

N030 G43 HOI Z5 

N040 G01 Z-3.00 F97 

N050 X -247.75 

N060 Y 15.00 

N070 X -9.00 

N080 Y 30.00 

N090 X -247.75 

N 100 Y 45.00 

N 110 X 10.00 

N 120 GOO Z200.00 

N 130 Y60 

N 140 M30 

hJ ... , n '" "t d ." 0' '" 'jum1J'Yl 'If 'Um'j~~!lW'U~fl~m'U1Jt'lt'l 4 fl1J~~ 

NOOO 00600 

NOlO T1 M06 

N020 GOO G54 G90 X 10 Y 0.00 S 665 M03 

N030 G43 HOI Z5 

N040 G01 Z-3.00 F100 

N050 X -247.75 

N060 Y 15.00 

N070 X -9.00 

N080 Y 30.00 

N090 X -247.75 

N 100 Y 45.00 

N110 X 10.00 

N 120 GOO Z200.00 

N 130 Y60 

N 140 M10 
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, ." 
1.1J,yj ! .3 !lff~-3~l!ll1 ti-3f11'.i1~~Wl1 fJiJ,yj!ltl'UtlC11-3~'UnU 't1~C10-3 
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1.1 

. " 1'l.Hl j.6 Uff~~'M'\.Hl'lJ'\lw.~'fhm':i'lh~~I~'lJw. fJw.'I1~ij -196°c 
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_1.,1 I d 'JI dl~ ........
 
l.lJ'VI 1.14 UFflHlHlflflm S45C 'VI 'Jj' l'Ufl1'j'VI"UtJ1Jfl1'j~"I~H)'U 
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• tI

],'I.Hi J.15 uff~.:);f'\.J':)l'\.J'UW~'tilfl1':i~~U~mJ 

.lei '" ~ '\' Al LJ 'Yl ).16 fl1j1~':i~V:::fl1':ifff)'WH)I~VAflH)':) Measuring MIcroscope 



225 

• • JI 

11Hi i.17 tflifl~~1JVYl~'U~l'U't1~fffl1JU1J1J~fl'U(Hot Mounting Machine) 

• JI • 

'ilHi iU8 ~'U~l'UnHl'Ufl1'iti'ltUflfll,n]., .. 
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Aid 4 d
l,lJ'YI ).22 tfl':n)~'YI~fff)1Jfl111JU'tl~Hardness Vickers Rock well (HRC) 
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