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';9IlU1t1,:ftYlimft01,, "I"~tHnft, 1l111lJ1:fflJlJ:lr~ "1" I~U 011ft"«UlJU011Na"~lU 

fl"ff111m1lJffUtlfl',!Uri111i't1011Nft"lfl~U~1jtl 1I~,"lJ,(Uft:3u ~ ~'n«lftfHfiU 'U1:AtI 

"	 .d ; , ... ... '_I 111.1
9lU'tJUfI"lft~ IIft:ff1lJ11(1u'U~'Uuntl"H1J1:Lflf1 "'lJ1n'Uu 

1.2 "-' ~,. ... " 
1"'1J1:II'~ft"8~ Ift1~m11,n 

1.2.1 L~tlLmtltILiitltlflI1lJff1lJ11(1 'U011i"LUtlU'Utl~ lt1,l1n,lJ G-Code (G41 11ft: 

G42 

ilijNft~tl011~l'Ufl1U011~n111tl'Utl~Lfl~tl~1jtli"IIft::flI1lJ11lJ1t1Fh ri111i't1HUn"ti" lUlM 

1.2.2 L~tlffmnflI1lJff1lJ11(1 'U011i"IUtlU~It111.hllmlJ01nlH1U'Utl~lfl~tl~n" 

ti9l1UlM 

1.2.3 L~tl011Lfttln'fltl1I1n1lJ01nh~lU~I11lJ1::fflJntlLfl~tl~imnftti" lUlM'U~lU 

fl" ff111 n11lJ 
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1.4.3 tltlnlltltlfl11f1"fttl~~ltlLflflUfl Design of experiment (Simple Comparative 
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1.4.4 Y1"atl~lmo1J&iio1Jlt1'mnnl G Code 1::'H'h~ G41 lIa:: G42 mfJ'~ilU\h'~ 

011i"L~tl0111Ifl"::,;'flI1lJlI9In~1~lIft:flI1lJl'HlJ1::fflJ'U011i"IUtlU'U~lUn"ti"1ulii 

. ,,,.. l' .....d 111' d ... d _'I
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fl11lJftn U011""IUtlU 
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I.4.71a''2'Y1f11f11'''ALUOUflOL11CUl S45 C ;tl1J1Jl;t1!'U RT'YI 'If ,Uf111'Y1;ta'OtJ 

1.4.8	 l' End Mill L11ann«,n)tJ~~ LtJO, M42 "U1A 12 tnm. 

1.4.9 110U'''f1119TAL;iO\Jl;1u't1~'1J1Jl~'SJ'U''O~~Ni;~ End Mill 

~ .. ., .. 4'.d '" 
1.4.10	 ''Jlfl'SO~\lm CNC Milling ~lU1U 3 LfI'SO~ Uft:1J1U'YIU;tn~Hnu 

, ..," dI
1.4.11	 'YIAftO~ 1Atl 1J L'trffl'S11ftOltlU 

......1.4.12 ;tn\lffOtJflll1JL1t1tJN1'Jm:V: " LU'S:V:'YIH 500 1J1J.
 

"
 
1.4.13	 m::,hf11'S9TAL;iou'u'S::tI::'YI'~';~111JA 3000 1J1J. Uft::;t'SltffOtJ'Jn'l 500 1J1J. 

... 0"	 .. " 
1.5 lIRll1&1&n1nfln 

1.5.1	 'SltJn1J~O\lftuft::ftm",j'O\lft 

1.5.2	 11f1n::,f~O\lftUft::ffltl~O\lft~'~f1mn1Jl 

1.5.3	 ftn\l'Nftm::'YItJ'U-ntmHf11'SnA~lU1::11'il~ G41 Uft:: G42 

1.5.4	 ftn\l'flWff1Jllii"o~'iff'2~Ul1J''YIAffOtJ
 
"
 

1.5.5	 L~;V1J;rU~lU'Um1'Y1flffOtJ 

1.5.6	 'YIAffOtJlAtIL;1u't1~11JL10U ',,~til11UA'1' 

1.5.7	 ;t'SI"ffOtJm'SSn11'SO"O~L~uijftn
 
"
 wt QQ Q 

1.5.8	 lAfllf11'1JL'StltJN1"O~'trU~lU'YIAffOtJ 

1.5.9	 ltRtltJLiitltJtllf11'1J~,~lu-ntml~m1nA~lU1::11'iH G41 Uft:: G42 

... .. tI1.5.10 llfl'Sl::11Uft::Ul Nftm'S'YIAftO~ 

1..6.1	 'YI'SltJ9Tlutl1~L111Jl:U1J~lUf11'SLftOn ,., ltl'Sum1J G-Code Uft:: M-Code dl11;tJ 

f11'S9TAL~OUti;tlumi 

1.6.2 lrJU~O\lftL~O,"RlUlm::tJ1Uf11'S9TAL~OU~IVltl'Sum1Jmn;'~lU"O~ 

LfI~O~~mnftti;t lumi 

1. 6.3 L;1U~O\!ft~uJ,u~om'StI'::tJn~"'.fL~om'Ni;~uft::,"9IlUlf11'1JU'1J1Ul1um, 
Ni;;t'~1J,n~u 

1. 6.4 lrJUtl'S::ltl'.nj'9iOf11'SI;tlUf11'SUOUA'lUL'YIfllu lftVUft::1'Y1t1lff1ff;t, 

1. 6.5	 tJ;~'YI~Ni;~fl1t11utI'::L'YIff ~l"LfI~o~i'mnftti~ lumi lAtIL\lYn::'f1~o~nA 
AI 1 - .. :;, 2."" 2. 1 - .I69t UU9t tllUUQ'UU1IllUtllf1Uf]0Un" 'lU'lU Ua::l1al Ufl1'Ha"Ul1Ul::tlU1Jlfl"U 
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1.6.6 lnl1fJ-11Ul"L"~{J-1,m '1~1J"l1Jln;fu
 
1.6.7 umuunn;tmI111U1f1t11rrlft'~i'LLn::Lflt11u lnUU11Jl~01h 'tJl"L~6mn;9IlUl
 

lU6Ult1~
 

1.6.8 LrJUm7ff~LU11Jm7l"Lt1~6-1i'n~nno~ lumi'16~HL'tf1Jl::U1J
 

. . 
1.7. Ift~8~;J8;n""am,,1.b
 

1.7.1 Lfl~O~nAi~ lumi (CNC Milling Machine)
 

d Q# .d ~ Q,I d ~ 
1.7.2 1JAnA (Solid End mills) f1Nn~91nlft'i:JL'tfnnn"'1~61J\1~
 

~ d"~'" .dI
Q,I ,1.7.3 'I1U~lULl1nnnnl'11Uft'lUlfl76~~mnn Lfltl1JLfll AISI 1045
 

1.7.4 Measuring microscope
 .
4. 4Q1 d..Q

1.7.5 lfl16~JJ61At1111JL1tJ1JNl (Surface Roughness)
 

...... ........oS"" ....!

1.7.6 Lt1~6~n'ft~ 1l'ft::Lfl16~nA(Jl11~1Jm~LA~tl1J"U~lU
 



, 
ct 

tJ1I'rI 2 

2.1	 tJ'YI,h 

.: ," odd d y. 1 ........ .4 ~ .~....I ........1UU'YIU ~::flnl1t\~'YIqll~'YIlfltl1"tN Ufll1 'YI11~tIl1tNnfllllun::llJ1 tlUl'YItlUlJ1::fr'YI1i myt .	 .. 
fllnifllQOU'UtH1l1mfl11J~ lU ti'flto\'1t11tli0~ti'fltl911 ulWith'.,i'ufll1Ha91iuthu1U ~91frll1 m 11J 

.. .. d., d " 
CJS~1Jntln::ltJtlfl fl~U 

'" "'''' 2.2 fl11'Y1RD'8tJcn.lSlfI!1"'YIHD'Ofi ( Tests of Statistical Hypotheses ) 

. '"	 '" 2.2.1 ft'11S1D'lft,!!_~fl11'Y1RD'8tJcn.lSlfI!1"
 

fl U'YIflfrOUfr1J1J~J1U 'YI1.:Jfril~ LrJU1 ::LiitlU~'YI1~fril~~1.n Ufllnifluu1~11 fhfril~~
 
"	 . 

thU1tU ~lfli10th~uUfrl1Jl1t\'''~1~O~tllytl11fil910i'iitilU1tU~lfl111::'tJlm'~l1io'li i10th.:J 

l1fU d'11n~0.:Jfll1'Y111U111f1~0~ 1-n~~1~lf0l1~~iitlllQatl'U0~01qfllnh~lU1Jlflfl11 4 t1l1iOlli 
I • II II 

1U'YIHUijmiL1101'i1'lifrl1Jl1t\9111~frOtJ01~fl111"~lU 'Uo~ltlio.:J In''~10lfoih;~l11Jfl 11 
A~,fu ..::nlfl1,rj1J91nUfrOUl;;tI~1J1~1f1~0~l-Aoflflll101qfl111".:J1U ~oJJn~'IUlf1i10dl.:JU::~0.:J 

" F';'U';U910U'Utl~fl1'11f1n::H'YIHfril~ Ut\'1'~frll1HnoOfl1Jl luafl1!ltU::'U0~fh111::'tJlm flO 

frll1F1ntl1 tltJtl'11Ja.:Jltl~ O.:J1n"~l~lftlif,f~l11Jfl 1fltlfr1J1J~J1U fltl~Otl'111J~1~tl1~O~nU 
• I II I	 I 

11,::'tJlmnl11tT.:Jd'tri1LrJuu;.:J lunijfr1J1J~Jluflo tll1Qfttl'Utl.:J01qfll1 '''.:J1U'U0~ltlitl.:J l-n"~l 
.:I 'JJ J ~I: "'''.QQ .. II _I • .. J ~ .QI	 .."

tll10U1Jlflfl11 4 lJ 'UU910U'Utl~fllnLtll1::l1'Y1Hfrt\911yt0l11'UOfrllJ11fr1J1J91J1UUllJUUHl110 1J 
.::I •	 .Q.Q.Q 

U::l1t1fl11flU'YIflfrOtJtT1J1J91!lU'YIHfrt\91 
'I II	 • 

fl11'Y1tlfrOtJfr1J1J~J1U'YI1.:JfrilAnthfif\lnu::m'111uu'YIU ,to\'UO fl11'Y1flfr01JfhlQatl'UO~ 

U1::'tJlfl1' fl11'Y191frOUtlld'91thuU1::'tJlfl1 fl11'Y191frtltJFln9ilU::l11HfhU91tf'lUU1::'tJlm fl11 

'YIftfrOUtlltl111JUU11111U'U0~1.h::'tJlfl1 Un::flU'YI91frOU09111ri1U1::wh~tlltl111JU1111111U . . " 
11,::'tJlfl1 lRtlfll1'Y1RtTOUfr1J1J~J1Ujjtl111Jfnlntl1~tl~A~U 

" 1) fl11fi'.:Jfr1J1JAJ1UlUfll.i'YIRfrtltJ 

2) tl111JHRytnlRlUfl11'Y1RtTOuti'tJfll101l1Util1::AtJ11vthflqJ 

3) lfltUcn1ufll1t101Ji'tJUn::fl11uijuT1JfI'1J1JA!lU 



6 

...• ... 
1.2.1 Wfle1'm111t1DUII\I1IfI!11' 

II II II 
ell • ell ., ., GI. 

fJl1YlflU01.JU1J1JflJl'Ut111Jl1(lflll'U'UfJlUI11J~I1ICllO'U 5 'U'UflO'U fl~'U 

II II 

1) i~U1J1J~Jl'Ufl11YlflU01.JflO Ho ~n1.J HI lflv~~1'Ult1'U0~fftytifJ'WtU\110~Ofl111J 

2) 01\1'Ufl1::A1.J\1'Vfflfltyl'UfJl1YlflU01.J 

3) lflOfJ~1uil9il'UfJl1YlflU01.J ~fl1 ~n1.JtifJ'WtlI::n11 U~lOml~'U0~fht1il9i~9T0~n11 

YlflUO'U llfl::\11fh1fJt'}fllflVn11li1flfll11nlfJfJl1mlOU~~~flHn'U 
• II • 

4) fil'U1tl1fhuil9i'YIflU01.Jfll1Jtjfl1llLflOfJl'U'u'Uflo'Un 3 
• II. 

5) UltlNfln11'Y1flUO'U lflVn11 Ulfht1il~nfil'U1tl1'~'U'U'UflO'Un4 't1nAv1.Jlnv1.J 
II. • 

n'Ufh1fJt'}fll'U'u'Uflo'Un 3 \11fJfha9iYifil'U1tl1flfJOdl'U'U;l1tl1fJl1V01Ji''U Ho ~~::9Tfla'U 1~V01Ji''U 

Holl9i~lfhuil9ifil'U1tl1 flfJogl'U'U1l1tl1n11t1QltT1l Ho ~,::9Tfla'U htlQlt11 Ho . . , 
... ..... , ... _I ... 11 ' •

1.1.3 nl111RDUcnnlfI!11'&NJ'1nUN1IfI1.ft8.:a"lHUlU 2 u1::V1n1 &1I8.1I1I11U"1"'1111 

Ut.l1t.11'11' . . 
Q 4.." • '4 

n11'Y1flt10'Ut11J1JflJl'ULOV1fJ1.JNflfll~'U0~fll1~flV 

r .cI ., 44 , 
llthtln'U cr. llfl:: cr2 ~::ijt11J1J9iJl'U~lrJ'U 't1'~ 3 1I'U1.J lWlflV1fJ1.JfI1WYlYll11.Jfllfl111J 

mhtln'U crl llfl:: cr2 flO 

d ... 
1I'U'U'YI 1 flo: J.l. = J.l2 \110 flo: J.l. - J.1'l = 0
 

...
 
HI: J.l. < ~ \110 HI: J.l. - J..l2 < 0
 

d ...
 
1I'U1.J'YI 2 flo: Il. = 112 \110 flo: J,L. - ~ = 0 

... 
H.: Il. > 112 \110 HI: III -~ > 0
 

d ...
 
ll'U'U'YI 3 Ho: Il. = 112 \110 Ho: Il. - J.1'l = 0
 

HI : III '* J.l:z \110 H. : Il, - J.l:z '* 0
 

ll9it1il9i~1.n'UfJl''YIflt1om)::uflfJ9iHn'U lflVll~~lrJ'U 3 mti'i flO
 

1) mw~ 1 ~01t1Ji10lh~'U'Ulfll\1qi (D, UflZ ~ > 30)
 
II 

l'Umti'iij ,::t1'::1J1Wfilfl111JlItI'th1'U'U0~t11::'J11f)' crI Ufl:: cr2 ~1Vfl111J 

lltl1t111'U'Uo~9T1f.)lh~t)f.) S2. lIfl:: S22 fll1JihAl.J 

t1il9i~1.n'Um''YIflUOl.JflO 
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,d6fhl1UfI,::~mj'fJt'i1tity a t1iI1W1nq~ (t1il1wmnJfiu'lI HJ ~6~t11l1l~J1uu~n:: 

1t1utltl fi6 

umJ~ 1 V::tJfilt1l1 H ~lfh Z fhulWV1noV'62.lnA";muH <-Za V1n~1'iHo 

Utltl~ 2 V::tJalt11l Ho ~lfh Z tl1U1WV1n"62Jnil0U1~ > Za V1nFl1'il~ 

Utltl~ 3 V::tJijlt11l Ho ~lfh Z tl1U1WV1n"62;lnA'10th~ < -Zan. 
• to" QI'

11'i6f11 Z f11U1W,nn~oJJn 9l1otn~ > Zan V1nfl1'i1~ 

... d ... I... I d '-2 -2 -2
2) O'iWfI 2 lll0f!1l9110tJ1~~Ulf1Lnn (01 un:: ~ < 30) un::f1'i1t111 U , = U 2 = U 

" luO'iwum'itJ'i::1l1Wfh if V::tl1U1WV1nfh S2 lf1tJ p 

2 2 
S 2 = (nl -l)SI +(n2 -l)S2 

p 
(nl +n2)-2 

t'fn~~l.num'if1f1t'fotlfio 

T= (XI-Xz)-V4 -I'z) 

SP~~+ I 
lit 1Iz 

... 'JI ~.... ...1fltJ T '::llm'iuvnuv~utltl t f11tJO~fJ1f1111lL1JU6t1'i::LfI1ntl 0, + ~ - 2 

ldotl111UfI'i::M'mj'mhfity a t1iI1W1nq91 (t11I1Wm'itJalt111 HJ ~O~t1ll1J~JluuAn:: 

1tJUtltl V::ll1ijOUO'iW~ 1 u~m'iuvnuv~v::LtJ~tJUV1n z L~U t 

3) O'iW~ 3ldo~llil0th~~u1f1lgn (oJ un:: ~ <30) lln::f1ntl11 ifJ =;:. if2 

" lumwi1 v::tJ'i::1J1wfi1f1111lUtJ'itJ'lU~O~tJ'::')S10'iif, un:: ifz ~ltJfll11lutJ'itJnu 

~tHA'76U1~ S2J un:: S229l11lt;,M'tJ 

t'fii~~1.num'iflflt16t1fio 

T= (Xl -X2)-(Pl-J.l2) 
S2 s2
_1_+-..2 
nl n2 

1f1tJ T iim'iuvnuv~utltJ t ~O~fJ1fll11ll~UOt'f'i::L,hntl V tl111Ufl1f1tJ 

2 2 2 
V= (SI Inl +S2 In2) 

2 2 2 2 
(SI I nl) + (S2 I n2 ) 

nl -I n2-1 

'fl6fhl1UfI'i::tTmj'tJl'hfity a tJil1W1nq91 (t11I1WOl'itJij't11l HJ ~O~t'f1J1l~J1UU~ft:: 

1tJUtJtlV::111iioun'iw~ I u~m,uvnUV~\l::ltJgtJU\lln z L~U t 
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%.1.4 ftl1MAlJlI1nIi!l".r.nnlJ8ttl1tnll1anhtln" %tI,::Ylft, 
... .d......, _I _I _I .. 

fl11YlAUt)1.JUllll"J1UlfltJ1fl1.Jt)""U1Uft111lU1111111U~"'·2 11U:"101 H1l1VtHfl11 

, ...	 _I _I _I 1 ,..:.. .1 
YlAUt)1.Jfl11IYl1flU~t)~fl111lU1111111U~t)~ 2 111::'1101 AtJlU"1::t)V1~V~ ft11U1fl11YlAUt)1.JU1l1 

'I 1/ , ... .d ... ".d _I 1 'I ....d, ,
L'lSflt)Ufl11YlAUt)1.JUllll"J1UlfltJ1fl1.Jfl111lU"fl"1~~t)~fl1IUnV 2 111::"101 Af./ LUfl1U1Yl 11 

JI •	 JI 

Yl"1.Jti1fl111lUt.l1t.111U~t)n;~ 2 t.I'::'lS101 Un::9T1t)V1~firlllij~U1Algfl ( 8 1 un:: n, < 30) UU 
JI 

\i1lrJu9l't)~Yl"1.Jnt)u·hti1fl111lut.l1t.111U~t)~li~ 2 t.I'::'I101lyhflUH;t)'li ;~'::U11l11tUnt)fll" 
JI	 JI 

Uii~YlAUt)1.J ''''Qfl9l't)~ t1~UU,::U11l110l "fl111li'lU111'tlt)ih'hfl11YlAUt)1.JUllll;tJ1U''''-i1fl111l 
JI	 • 

Ut.l1t.111U~t)~li~ 2 t.I,::"1fl,lyhflUH;t)'li 1i1t)rlll9T1t)VH~U1A8 1 un:: n, '1fl 2 t.l1::"101t)V1~ 

6U1::flU lAvu9tn::t.l1::"1fl1ijfl11U'flU'~U1.J1.Jt.lfl;t~ijti1fl111lUt.l1t.111Ulyhfl1.J<fI un:: <f2 

"11leht11.JU~1 rhHUAl~ S21 un:: S22 flt)ft111lUt.l1t.111U~t)~9T1t)VH'1fl9T1t)riHrlll~U1A 8 1 un:: 

n, "11la1t11.J Ullll;tJ1Ufl11YlAUt)1.JlAvi1't.I,::ij 31t.1U1.J1.J tit) 
, 

U1.J1.Jii 1	 Ho: <fl = <f2 H;t) Ho: <fl / <f2 = 1
 

HI: <fl < <f2 H;t) Ho: <fl / <f2 < 1
 

.... 
U1.J1.JYl 2	 Ho: <fl = <f2 H;t) Ho: <f1 /<f2 = 1
 

HI : <fl > <f2 H;t) Ho: <fl / <f2 > 1
 

.d 
U1.J1.JYl 3	 Ho= <fl = <f2 H;t) Ho= <f1 /<f2 = 1
 

HI: <fl ;#: <f2 H;t) Ho: <f) /<f2 ;#: 1
 

ld6fhHUA1::t11.Juvd1flty a 1.J;l1U11flqA (1.J;11U1fl11t.1glU1i Ho> ~t)~Ullll;tJ 1UU9tn:: 

It.1U1.J1.Jflt) 

U1.J1.J~ 1 ,::t.lglU1i Ho d'1ti1 F ti1U1U1'il1fl'tlt)1Jn9T1tlri1~ < fl.(l '1flA1'i1~ 

U1.J1.J~ 2 ,::t.lglU1i Ho d'1ti1 F ti1U1U1'1fl'tltl1Jn9T1t)VH > fa '1fl"1"~ 

U1.J1.J~ 3 'il::t.lgIU1i Ho d'1'11 F ti1U1U1'1fl'tl1Jn9T1tlV1~ < fl-Qa 
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111U'l1 F ,h\l1UUl1fl4u2Jn i1Ud1~ > faa '1fl9l111~ 

"... ..." !II 
LllU faa 111l1tJiH fa / 2,(nl -I,n2 -I) un: f.-an 111l1tJn~ fl-a /2,(nl-I,n2 -I) .~l1J\I 

t;'1nq9lA'1\1tJ\lun:t;'1flq9lA'1\1l'h~9111l~;'fltl'1fl9l111~fl1'U'ilflll'il~UtltJf 91111~~ ~ '\1 

" fllflFol\l1n lln:01'111,h Ji 111'A''il1nfl'l101'1U''A~fl111lffll';\I;9itl hlij
I-a /2,(nl-I,n2 -I) 

fl-aI2,(nl-I,n2-l) = 
fa 12,(nl-l,n2-1) 

• 2. .. ... 
2.3 l'tlaftftullft18.w8 (Tool Steels) 

oj 2 .. ."!II ., 2.s... J " , _ ~ • ,,,... 
l11nflfla11tl'U~llU'Al1J\ll11nnfla1nlltll'tJU\llln:1I1PJFoIfI'llU\lC')\l1J11l1Wq~ 1l'f8 111J 

, oj.. 'J! !'l'I J .. .. _II ~ 
tl111lfl'11l11n \1011'fl1wu~q~ un:ll'fUfI'11~tl11 LtlA 1l'fu1l1tJtl1~fJWfl'lltJ9I9I1\1Y11\1fl11nfl111U . . . 

.. ....oS .. '2 . · ... . ... at 1"un:1l1l1'1FoIfI'llfl"1tltV "un C, W, Mo, Cr, Co, Ni Mn, Si, Ti, V fl'1\1fll11l'f1l1l1'19I1~C')1l'fU"11 11 

- ,J. .I 1 -.oS .. ...". '2 ' ~,
AtJfJWfl'lltJ9I"1tltV"U~1fl'PJ'rI11tl1U~llU "un Y1\1fll1nnfl1U\lUn:flU 

.. ,~.. .... , oj.. , 

llfl111ltlll lltl111l111\1tJ1~~ tl111lfl'11l11n \lfl111tJu"~q~ lltl111lUnHlln:tl~ 

f1'lJtl111JJtl'lJ 'A'ii ~'lJ1t1'lbjtJ1mn\l't1 
oj 21 J oj ...

l11nnmn tltJtln9ltl111l11,.~q~( High-Hardness Cobalt steels) M42 llfl'1\1NfI'll"U~1I1'1 

, .1 '" !IIl.l%C, 1.5% W, 9.5% Mo, 3.75% Cr, 1.15%V un:: 8.25% Co .~l1J\I 

,J. 1 J.l _I "!II,J. -­ oj 2 ,
O111l'f1l1l1'1 tltlOn9l1l1n'U\I 1J1::1J1W 5-12 % 1l'ftll1J\lfll11l'fllfJWfl'lltl9l,.tHl11nnnnl1UtJq~ 'lJ 

' , II .I '. '_I'~" oj ...!iI... ..'tfq~'U\lun::111111::fI'1l9l0fll1'lJ1 1J 'I~1'lJ11n~'1n'fllU'U~lln::FoIn9l11l'lJltl1U~llU9IA 

oj ..1'2 " ,
"'::UQ 'lJ "'1~ 68-70 HRC 

. 
llfJWfl'lltJ9IYl1~nnLl'f1l"\I 

fl'tJAYll'lJ"A 

1.1 

. 
lfl'1'lJ1J1:nOtl,.tl~ 

! 1'lJ9I1~C') 

tl111lU"~Y1 

.

l

1

.
1

J"

_ oj ojJ! •• .s 
91111~2.1. fJWfflltl9lfll1'Hffflll'fft111lU"~"U~111nnna11tl1mllUYI 540°C 

.,... J 
lfl'PJltlU1JiU' 
. oj 

tl111Jll"~ (Vickers) 
d 

tl111lU'U~( HRC ) 

~

.

42 655 58 

r15 r 575 ~4 

~25 ~1 

.. --2 .. oj 2 1 J .. • .. ,
fll11lfJW ffll'U9I"1 'lJtl111lll1 'lJlJ1'UO~111 nnnm f1t10n9lNfl'llq~ 'il::1If1111J1l91n9l1~ n'lJ 'lJ 

, d ~ ".".clt..cI .d 
L11nnna11UtJq~ M41 un: M42 llfJW1'I'1ltl9lfll1f1~f1111ll11'lJtJ1Y1fl'fl11::011f1~f1111J 

" ..... ..I°lz ..t
LL~~~Unflfl1'Ln'J~OU'l'~l..nJ1::,",::ul1l1 'D~l\JUt\::'llfl1'J,"~UtJ1J 

U9In::lfl1A 
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.. 2. ..
1.4 ."annlllft11Ue1l 

d ~"" ..1.'1 ~ ~ d 2"llft'lflfla1fl111.J6U'lI6ntTtiJ S45C "1lJlJ1"'!1U nS(qj ~U) llJr.:lllJUllfnflfla1flUn::nfl1Qfl 

lOfl4u1flfJfllnh::u1utiu~.:I,::4utldti1.Jfll1tl1.J~~WlffJii::.:I1l"fl9h.:ltiu llf~flfl~1fl1{1.J6UhI 
" U1.J1.J'f9ifl1tTtiJtltlunitl-nltnlfltl'::,1itltlVnilqjlf1'u fll19ifllQtlU,::'1i, f1tTtiJtltlUI~U iurbu 

9i1.:1 fll1Hft"n9YU"lU'Ufll1Hft"~1 1flfJtT1hJll~1afllJw::'lItl.:l1tTtiJ,::nFba~il 
" tT1lJ1nlti1lfufl"1lJlJ1"'!1U, ~ft'.:IU 

2.4.1 lJ1"'!1U DIN(Wtl1)jU) 'f C45 , Ck45 

2.4.2 lJ1"'!1U nS(~~U)" S45C 

2.4.3 lJ1"'!lU AISI(tlllJ1fll) "1045... '1lI 

..I d" 
ltJ'YI 2.1 Ilfnflfl111.JtlU S45C 

t'hHi'tUY1UHfrlJ'lItlU1Pjth::Otl1.J9i1.:1'l 'lItl.:lllf~00~1fl1{1.JtlU ns S45C nft'.:Irl' 

.. d 
C 0.43-0.50 % , Mn 0.60-0.90 % , P (\1.:1tTfl) 0.04 % , S (\1.:1Qfl) 0.05 % un::lJ fl11lJU'U.:Il1H 

4 I , 

Tensile 585 (Mpa) , fl11lJtltllfqU Modulus 190-210 (GPa) ,fl11lJlfU111UU 7.7-8.03 (1000 

kglmJ) 

1.5 .ft~e~9fl1na.r" 111mi 
...., ., 1 ~ .~.. .. . A., 4 d ~ .. , 

Ifl1tl.:l'010ntl" UlJ"lf1tl'YI11VnflU11Ifl1tlnOmnllJrltlUllJr(CNC)llJr.:ltltllJ1~lflComputer 
... , ...... .t ... "1 .,0

Numerical Control CJI'.:Ilf lJ1fJfl11lJ11fll1fl11.JfJlJIfl1tl.:l,m'l1fJfltllJ'n1191tl"i fltlfll"i flllfUA911In'll 

1U'l::9i1tlfllJ"i 

ft'.:I,rUlfl~ tl.:l i'0"ioncvlgUCV,::nfltllJ-n1191tl{~li1, ,9i1In'Uun::tlfllJ1 If;tl1thumlJ~i1tlU 

'U'UW::I~fJ1tiU ,::'ffltllJ-n1191tl{d1lfi'1.Jfl11.JfJlJlfl~tl.:lifln1flthA'.:IIf;tll~91'U1tJ"illmlJ~i1tlu 

"1' 
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v. .. ..... .d __ J 

2.5.1 ftl1YRIYrJ1,",lft111~1I111t1MU'ftlll,,"aa 

'Um,n~H1U~1tJlflfO~ CNC ijfl111JilLrlUOf.h~1Jlfl~.::~o~ijm'''AI''tJi'ffii",o~AOflflA 
... .d ,~. • 1 ... ,~..r ... .. ... . ,~~

L't'fOnll:: "ml1UAfll flOOALU~ "~ltJ'UU m''lrAL'lrtJ'f'fll'UO~AOflflAtYl1Jl,nml1UA""10 041 

ua:: 042 
.. .. q...~"".

1) m'''AL'lrV'f'fllAOflLOU1JaaA1UCJrlV1JO (041) 

'" '" .. 1 · ", " q...~,;,... ~m,nll:: .. 041 L'UVU thufl'1JnH1U'::AO~ l1AOflLOU1JaaL'1JLAU'lfl'A~V'UOH1U 

~lU~lVjjO'UO~L' lUa::~U 'tJ~11JUU1lLflU y 
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... d ..;..' • ., .. ., 2. ~ ~ :" ..
l1l611n"lflfl11Y1l~lUYllIflld'~flUytllYllfl111'DJ"6~tl6flfltlllfl1'lllJU'::"6~U~llfllafl 

II II' , II 

mnh~lUfl;~UUlalJfi6Ulla::t'hff~llfllftfl~fl6G40 fll111fllaf'J:ltV~U'::~6~1,\'G40 6dtJ1nltl 

IR1l10'lJ GOO 11;6 GOI ~,~ 

. . .. " 
2.6 n11ftl'U1Q1ftlft1111111f1tl 

fllnJ;'lJi~fhfl1llll~11Ufll1itl"6~lfl~6~Otl~1"'ulH~lU,t1 '1 'tJ.::fttlfhfllUiUhll 

fha~itl66flllllrJUfllfl1llll~116tJA6Ull1(Revolution Per Minute) "6~IYtalijtlOtl (Machine 

Spindle) 

fllfl1llll~ 1itl~lft6fl1of '::~6~fhi7~il~'lfiitl"6~ijtlOtl (Cutter) Wtl"6~1'ff~~lu~Ullll 

Otltla 6tlOtl1lfll11'J6UOtllla::ffl11::1Jlllfl1lllf6U~.::1f1,\'l11l1l::ffllO'lJl'ff~~lUlla::l'ff~ijtlOtl 

~tl'Jfllfl1llll~1"tl~1.f,t1 '1 hI 
d , d ., .:t 

fl1lll11116tJ (N) fllfl1llllntltl(llItl11U1Yl) x 1,000 

Revolutions Per Minute (N) Cutting Speed m/min x 1,000 

Circumference OfCutter rnm 

N Vc x 1,000 

... 
11'16 1m 

N Vc x 1,000 

3.14 x D 

1~6 D = "UltlltfuH1UUtlflal~"6~ijtlrltl (Diameter of Cutter) 

1t = 22/7 = 3.14 (flllh::1I1W) 

2.7 8f111nl1-l1.,'U0R (Feed Rate) 

OA1lfll1-i16UrltllrJUUaftilltl1A6Ull1 (Feed Rate In Millimetres Per Minute) 'lflAln~ 

m1tf6Urltl 4n::lft6fl1.fOtlnfll1-i16Url~pj6~U ltlllYi.11Wl'~'lfl'J1\ltl"6~ijtlrltllla::1'ff~~lu 

~UllllOtl 1111rltl ~~'::lft6fl 1.fOtl1lfll1-i16Urltlpj6~U 1tlllYi.11Wl'~'lfl'lfiitl"6~ijtlrltl lla:: 

1'ff~~lu~Ullllrltl 1111il~fll11'J6Urltlafl"6~ijtlrltl~111tla6tl,ufllfl1llll~1"6~lYtalijtlrltl~pf~ 
"" .... " ell .J,~fltlIYt6'::Ulll11lfl1'1::'tf66flltJUfjtl1'Y1 'I 
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~",ii1.f1un1nh\nun" 

Feed Rate = Feed Per Tooth (mm) x Number OfTeeth x RPM-Revolution/min 

Vf = Fz x Z x N mmlmin 

... ... 
2.8 ft11&ftfI D'InTl..8-1N'l 

~ .1 ~ .4... I

tl1t11~"tJ1un1n,ult1"1t1Lf11flnmL'tlU 
... .....:.

flft.:l, 1Jftft.:l, 
1

tf, 
'" 
L~t11 clift.., 

..... d ..
tJ1L1WH1.:11UthLn'YI 

1JO.:lL,1UUt'l::tT1JHtf1~,fu ~:arJuu"a.:l~n1JUft::tfl1Jl1tlti.:ltJOflHt'I~lflU"a.:ltilLutl"ftlt1Oth.:l 
... 'T 1~ I .4 1~ 0 ......~...tI ::; t1UflUOg 'tltl~::;'n11tJ tUlflL1JO "''nln11'''1~1tlUft::1Lfl11::''H1(Surface Analyze) 

2.8.1 innh:mtu'lIH,b (Surface Components) 

. 
t1 '" ... I tI ...1 'YI 2.4 Utf~Htl.:lt'l'1U 1::flOtJ'UO.:lH1 

... ... A...... ... ............... .l
 
1) LAY 'YItml.:1"t'lfl'UO.:lYtUH1 "'0 10tl'nl.:1LtlU'UO.:l&fl10.:l1J0"tl 1Jf.:llfltl'UUtJU 

.: ... , .1 tI ... d....l !it,~ .l I ... "" ...

YtUH11::"11.:1n11'UUl (Machine) 'YIf'fl11.:alUfltl'UUfl"&lJU ""ftlt1Ul.Jl.J 'UUfl~fl1.Jlfl1fl.:l1Jfl 

... "" d12 ' ... '" ... .....:., ,(Tools)"'0&ft'0.:l'YI	 'If &'lfU mH, l~tl1UtI, 1Jt'lt'I.:I, tf, ,,:: 1.J cIIftcll 

d... ..." 0 012) FLAW 1fltlU"mt'lfl'l l.JUt'l'U'UO.:lllOtl ')1.:1 1Jfl11Ul1Jl111J Un11ftlU1Wfl111J 

cI A.. '-'t1 • .Jt. .,QA 

L1t11.JlYtflUl.J.:IUtlflf1111JUPlflPll.:1 1::"11.:1fl.:lfl 1::flfll.JPll.:1'l'Ufl.:lH1.:11U "'flTll"Utlfl11"tlt'l'U 

fJWfl1Yt'UfHH1.:11U ·j,UfJWafl)JW::Pll1J~fl.:lfln"iflPll1J~fil"Utl"ifl 1li L11;.:I~O.:l1ffl111tlUft:: 

thu1W"lfJWt'l'1J,j~'U 0.:1 ih.:llU L~U ~11tl/1lfl11::H"lfl111JUPlfl~l.:1nft;',fU 

....- ...... 
2.8.2	 ft1U."1I1rr18-1t2Q1D'1n.1ftn11'1f1N1 (parameten DetaUed) 

t d ,., J • 0 d.d • 
1) Ra = fllLflt'ltI'UO.:lflltf1J\I'W'Ufl.:lHft,11J 'Ufl.:lflU1U1Ul"1J'nU'nUf111::t1:: 

L~lI.:1L1.JU'Ufl.:lL~Ufl11," 00fl~lm~uuu6 lu')b.:l1::tI::thutl1(L) 
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I+---------L--------~ 

. . 
2) Rq = fh:nflfhft~fi""fl~"flUhl~atIF·nn11Jfhft~""fH(Root Mean Square, RMS) 

"fl~filhU1Ul~1J~11'Ylufil':V:l~V~11JU"fl,m'Ufl'l'rlflflfl'1f11tfUfJu6 'U,h:l':V:l~l.Jfh 

(Sample Length) 

y 



...I
un" 3 

o ... _~" 

nl'flll""~l"UQ::").")iJfI 

3.1 UYl1h 

m14hL1j\J:Jl\JUft::1i~itl 1~O:Jm1flfl\l1Uft::ltl1tJ1Jli\tJ1Jth::a'YIimytm,9\'~1l6o\J 
. ­

1thUfl11Hl\JOA~1tJlfl1o:JoA6911\J~iidl'Hi'1Jm1Nft91;\J t11\J1\J~91ffl'Hfl1 UJ 1\Jm1ihlu\J:Jl\J - .
'~fhl1\JAllN\Jm1iihlu\J:Jl\J 9i:JU9i&;1J~\Jflfl\l1111J111J;101Jft\)\JD:J'tilm1'Y1Afto:J lAtlfh'H\JA 

- .llN\Jm,'tiHlu A:JllN\JtJijuffA:J,jU91o\J~hlu\Jm,A:Jlt1ii 3.1 Uft:: 3.2 



flu'fthH~ 

O41-G42 

.. "f'1lftn::'H 8Vn 

16 

m,.hLU'UlflHm, 

ftfllllhhuf11JJ NC I 

., II 4 
''1 tYLUl::l1'U-m 

+ 
ftfllllf11:m'UflU nfl~')tJ ftflll1th::imilrml'U 

.. . 
CNC Milling m'lIIflL\U)'U 

ftml1-nrml~m,nfl '" "'II 'Um'lIIflL\U)'ULnH ... 

, ,
" 

~fl\llfl"ftfllGtl'U'Utl~ I l~'Uijzu\' 0 121111. I 
cI ... fI .,

lEl'UlIl'Il'I 4 fllIlIIfl 

, 

I l'HgflflXl S4SC I 

I .. "f I ... o'f'1lftn::'H 8vn ')Iftn::.., 8VftI I 

tYltl(El~a II AI 

• II 

111." 3.1 UHlUJU,jU9tOUfl11thliilN1U 
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~ 

'YlfltT8'UY\.IHU 

l't1gnntr, S45C 

'YlfltT8'UtY1\.1NtTlJ'YlH 

lf1ii 

. .. 
,tlfi 3.2 11"''U1JiJ,j''UA()'Unl'j~hn1'Um'j'VIflmH 
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3.2 ftl1.fI'uul,h&&ft121 NC 

'Ufll'S~'::HS9l;'Uhu911.:J '1 l1t::~ fltlffJ.:Ji'fI'S09l1 Umi'11rJU~.::A'0.:Jijtl111J{'rIl.:J~lU 

m~n NC lrJuorh.:J~ lytn::lfl!0.:Jimnno9l1umi,,::i'lJ{U91nn::m\ll NC ';.:J.::,.h::nOlJ~10 G 

Code, M Code un:: 00\1161.1 mWl1,hunnJNc 

u ,A "'.... u3.2.1 fl18rJH G - Code 1'I"!1""8.:Jlft18.:Jna~ua::lft18~nR 

1m. ti';~ 

GOO A d ft A '1.1"' ... A ~ fll'SltlnOU'rIUU11 U9lH.ln,tl,.,U.:J f1.:Jon,tl,.,u.:J 10 

fl111Jl~1Yftl~.:Jl1tl ltlo'~ltlu;u.:J1U 

GOI A d ~ .." '1.11*';' ..: ~fll'SltlnOU'rIllU11 U9lHnm"l U1UO'V0.:JW.:J1U 1tJ 

tl11)Jl~1"tl~th",utl 

G02 fll'SltlSOU~uu11tfU l~n.:Jnn1Jam-«l 'tJ1Uld'fJ;U.:J1U1u 
.... d .... 
'rItml.:J9l11Jl'VUU1Wfll 

G03 m'ltl~OU~llu1Itfu 1~n.:JnnUftm-«l,,j'UId'0;U.:J1U1u 
... d .... 
'rIrr'rll.:J'rI1Ul'VuulWfll 

...1,
G04 

d. 
"'q91fll11tlnOU'rI U1::0::l1nl'rlm"'U91 

Gl7 filHUtl1.f'::UllJ XY 

018 fllHU911.f1::UllJ XZ 

Gl9 fll,.,Utl1f'S::UllJ YZ 

G20/G70 

G21/G71 

fhHUtl,.,U1Vtl111Jm11rJU if1 (inch) 

fllHUtlHU1Vfl111JV111rJU ijnSI1J9l1 (mm) 

G80 ..
G81 (l.:J G83 

vmSn'CJrlfin (Cycle) 9h.:J'l 

'CJrlfinfll'Sl.l::1 (Drilling cycle) 911.:J '1 

G84 .. 
085 fl.:J G88 

'CJrlfinmnhlnftrJ1 

'CJrlfil1fll'Stl~lUl (Boreing cycle) 911.:J '1 

G90 

091 

fhHUtlfll'S 1,J'Sufl'SU1,rd1UlllJlJtTU\l1W (Absolute) 

fllHUtlm11,hun11J''''d1UUlJlJtTUiTlI (Increment) 

G94 

095 

,"·w rJ ... oSHfll 911 U U1J. / U1Tl (mm./ min.) H10 
II 

ih /ulil (inch / min) 

1"'" rJ ..,.,tll 911 U UU./10lJ (mm./ rev) "''SO 
II .... ... 

U1/U1Tl (inch / rev) 
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_t' d	 "" ~ !II ..
'l1fl11111nH1(Surface speed) fl~lll1JU W9I' I U111 (m I min)G96 

fl ~ _ ~ d ~!II .. 
11~'hJUltU""~U9t1f.1fl11111'1'f)Ufl~1ll1JU'fJU I U111 (rpm)G97 

' 

""	 ......... '"
 
3.2.2 9118Ul~ M - Code "'Ull'U"8~.ft18~flD~UD::'ft18~flR 

,. '" 
ftur~tt\'R 

1	 ~ -K. ,... """~ l1qR 1hUn111'J1fl'nl U 1\l::1l1~lUAf)11lfJflRt'l'191.t'l'~MOO 

MOl l1qR11hufln'Lrtf)~f)~fl1' (Optional Stop) lRr.urtfJ\l::,'" 

11~~f)~flR~1IOptional Stop~UH~mU'l1l'Uf)~flfJUl11HUaf)! 

M03 ''''t'l'11U1Aal1~U9I1111~1IU1Kfl1 

'flU- d ""M04 11t'l' U'Ral1~U1l1Ul'UlIU1Wfl1 

M05 l1qRl1~Ut'l'i1ulAa 

M06 t'l'ftmtJafJu'Ja 

lUR,f111ftfJal1U (Coolant 2) ',"l1alnUa::f)f)~ (Mist)M07 
JI 

M08 lUR1l111ftf)1~U (Coolant 1) ',"l1afi111'Ja (Flood) 

i1 1 :, dRflU l1a'Uf)~U111afJlf.IUM09 

'flU"" d - n:' d 
11t'l' U1Ral1~UA1111'UlIU1Wfl1Ua::l RU111af)lf.IUM13 

"" d.. : I dM14 '11t'l'ilulRal1~u1l1ul'U1IU1Wfl1Ua::luRU111af)WU 

\lUltJ'Un111U-K1tlftU'tJUgf)tlU'tll1!f)~1~1I~U ltJ,ut1111M30 

'" Jt. ..3.3	 fl1::1Jl'Ufl11Ml"lrJ'ft18~ CNC Milling 

... !II ... ... ~'..'.:'lI "" .: " , " !II': I
lfl'Jf)~ CNC Milling l1JUlfl'f)~\lt1111 'J lUm'Ha9l'JUt'l'1U9I1~ ll"j 1I1n::l1JUWt'l'1U 

,1'11tJl1;f)4'urbu ~jj ItJil~.U"f)U''''fJf)tl1l191'~91111U UU~"'f)~m, t1tlfJA9I~'flf1~ f)~itl,~ 
11 ... '11" ... ...... ~ 11'" 1 -., fIfl1U'l1l9t1fJ1Jf) 9t1JtlUYttllU11fl'f)nt11'1lt'l'11J1Ulfl1U'l1J9t1f.1'::UUfJ9I U1J9Ill1 11t'l'11J1,aaRna1 

JI	 • • 

lutluHa91 iU9If)Um'Ha91 ua::fl111Jl;lfJ~91H'Um'Ha9lfJ~ lfl;f)~ CNC Milling \l::,h~lU 

A11JltJ'Ufl'1J~'~fhl1URlfJ1' ~ 

3.3.1 Yi""1~fl11flR 

1) -nfl'1l1~m'flRUUUflR9I11J (Down cut) 

, ... 
U~lUtlR9I11J 

..., ...... ~.l ... 
fl111Jl1U1'Uf)~lfftJUa::fl111JRU Um'91Rl,;)fJUt::1Yt1J'UU1'fJfJ ll"j 

~ 
II 

~ .. ...
"ftU1JRtlR u

.. 
a::\l::1J

I 
fllfJ~

I 
t'fRtlf

~~ 
)Ull"ft

...... 
U1JRtlR\l

" 
::laf

_J!...
)U"'U1t'l'~~l

d 
UlatlUf

fI 
)fJ 

" ~ .. ..." ...
11Jf)"ftU1JRtlRlaf)UYtU 

1t'l'~~lUU-«1 t::lflRt'l'1l11::~~R9I11J1Jlflf) m11JAUf1Rl~ flU t::l11JR'tJiU;l til''''jjRnRlfl~f)U~ 
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'tJ41,nnr11iiUll~1 ua::l'uufloflofl 'tJ'::lS6U1410fl1n'l,nuluat1"w::m~m::'lt1(Jerking) 

!II "... ~.:, ~ .d ..
11JUHftll11t1f111J1J10Qff1J (Cha~ marks) 'UUYlH1~lU 

2) nffl11~m10flU1.JUOflYl1U(Up cut) 

1U~lUnflYl1U0t111W::t1ULnflLmHl::m;1.JnUn1.J~lUnfl"11J m;l1flo Ldoi'1u 
. " . 

Uflnfll;lJl41ifllUouiu~lU fl11lJl1 U1'UO~1fl\l Uft::fl11lJAUiflLUOU'il::Ufi1tJ~qfl Uft:: LjjOi'1UUfI 

., • ., .ct .c:l .,., .... t' .,:4°1"
t1f11ftOU00t1'il1mffiil~lUltn1'il::1J'UU1f11.JHYlqflLlft::fl11lJflU91fll~OU1Jfl1UOtJqflfI~UU 'il~YI1 l1 

lnfl~OtJttuff::l;;OU,rOtJUft::;U~lUmhthL!'il~At1111dolmtJUliitluOU~lUtifl"llJ ~lUtiflYl1U 

1".. .,.dod ., II I'~ ,~ d A., , .dl~ .d'il:: 'lrlf110.:jt1f1Y11Jti11HtlOtJfl11 " U"i'lO.:jm1fl11lJU'U.:jUH'UO.:jlf1~O.:jt1f1lJ1t1fl11 Uft::1J pt::.:j11JYI 

.. I A ..., 4 d d.. ~, ~ I ~ ., ~ 
lJ11ff'il1m::tJ::flft01J (Backlash) IUon1mfl~Onmt1ftC)fL01JCJ'il::1JfJWfflJuptll1rl11Jogun1iiH1JU 

~.:j,jt1iitllJl~Ot1 '''.:j1UOflYl1UlJ1t1t111 

fta~lunUat111W::9t1.:j '1 OUl1ft1tJl1.1UUUUft::1UntJ0t111W::.:j1U lf1tJm1l1~uifl'UO.:jLfl;O~jjoifl 

....., .., ... • ... I 
3.3.2 tlmt1amtw::nl1f1fllil8t1..8.:j18Ustaa 

... .: ~ ... .. 
m1Hft91'lrU.:j1Ut11VLfl10.:jt1f1 (Milling Machine) 

!II..... ..."f.1 
I1JUt11::1.J1Um191fll~OUI"O'UUllJ 

" . . 
UUUl1ft1t1fllJifl fl1Jiflll9tft::fl1Jifl'il::1.11f1H1~luoomrlol~1JihH'l1~Unfl.:j1Ul1JlI9tft::101.Jt111 

.. , .! d 4 ~ .... Go' 1" · ,~ , .. --=­
l1~UIUOn1t111'1rU.:j1Ullft::IOU1Jfti'lff11J11tllflftOUYl91fl UYlffrmpt1.:j '1 t11J1t1t111l1UUlffYlH 

II • • , 

d111i'1.Jm1ifllUOUU9tft::fli'.:j H'H11Jiilnfl'il1t1t111ituuOUff1lJ1Ulfl111UflnffYl1.:jt111IflaOuiiifl 

... ., d.:l 1 1 4. .. 1 4.c:l, ., d ~.Q ,

1fltlmnh.:j1U'UO.:jIfl'jO~t1f1 'HlJlYlfl U fttJUft::llJYl1.:j1i'l'U1flW91YlUptt1pt1.:jt11JLOUlJftftU91ft::UUU . " . 
iiU1lJ11f'lut1119tflLUOU'il::U91t19t1.:jtiU911lJ1ffiil~lUUi'l::at111w::'Uo.:jiu~lU (ouptmi1.:jiid1flqJ 

, ., ., .. ~ .... .. 4.,.1 
1::l111~.:j11Jt1f1Ui'l::~lU91flL~OUt11rJ111m10U'1 lJfI.:jU 

., ., AI..Q 

1.) fllJ91fll1i'llt1 '1 fllJl1~Uffi'lUfl1191flL~OUH1.:j1U91i'lt)flL1i'l1 

., ,dw 'JI dAtI.cI 'II d 
2) Itnl91flYl91flt11rJlOUlJftft'il::lJ'UU1f1flOtl'U1~Lftt1 

.. .. .1..1 .1'" .. ... .d ... 
3) fl11lJl1U1LfflIptfl'il::1Jm111JatJulllJft~IUO.:j'il1t1Y1ffl11~m1l1~UUi'l::m1IflftOUYI"fI 

fl11lJl1 U11ff\1ifll1.1atJUII1.1 n.:j1u'Uw:: ~fllJifl U9t n::fl1Jiflfl1a.:jiflL6ou 1"11::11'Uw::~ 

fl10.:jiflLuou,fuum1"Ouiu.:j1UlunffYI1.:jm1Lfl~OU~'UO.:j 1~::i1.J.:j1U IIft::iu.:j1ULflaOU~L41 

l111~U ijfta m11f1fl11lJl1 U1Ltnl9tfl 'il ::1f11uuu1i'ffij'UO.:jI~uiji'la.:j1uoflfbu1l1 oj 'il::ff11J11tl!l!~ 
u 

....: .d.. ~ .1 • , ~ ~ ~.d.. ~ 
lUOU'Ir'U~lUYl1Jfl11lJU'U.:jlJ1::lJ1W 25 IIRC OrJl.:j 1nptllJ n'Jftnt1nlYllJtl111J1I'U~ 35 - 56 IIRC 

.,... I "'1: JJ , ., Q .d:..., f • d ~Q4 Q

ff1lJl10t1f1LU OUt11tJ11im1 t1f1 t1 Y1.:j'W'UUOgt1U'lrUfI'UO.:jlfl1 O~lJOptflUptft::'lrU fI L'lrU 1l1ftnnn1 

101.JfJ~ fllfluf I~U~U 
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3.4 ,.I1::in;ft,,,1,.nl1ftiUie,. 
...... , .... ,I I .. Q ... ".,,,...: .It,

1.h::~y':,:llYt Ufll~~ALQtI\H)::"U6gfl1J'lWfl1Yt"6~L6U1H,a'rl'IS 1t1ii1'1SU~lU L~6U ,. 

'UfllHiAL~6U9h~'1Ua::Lflftl~'fl1~ijfl11lJt1lJ1J~WYtJ61J'f~lUl1aUla~110UltlrlHLl1t;'d' 
~ .,.: til...... ',~ .. .:....

.::"tHI111Jl::t11JflU"U~lUtH.::tltlfl1J1A1JfJWf)lYt111fl"lAa~ ArJ~l1U~'lSU~lU'rIt)t)fllJltn"lJ 

(CNC Milling) Al1JIt.1mm1Jfllnhnu 'rIAOtl~flA;U~lUl11gflfl~1;Uti1Ulfl;tl~i'jtlflO'lSUA 

fl111Jfl01AlflgtlU'thnflll1J1J

.." ., ...3.4.1 l~e,. t.nl1f1Rltle,. 
fl~::1J1Ufll~'rIAt161Jfll~AAI66U'U6~lgUijOn' 4 fllJ9lA lAo'flfl~6~n~o~ lu1M 

" ". 

S45C Al1JlJl~'J1U ns lrJU~::O::'rIH 3,000 lJ1J. lAtJiji~6u''U'Ufl1,9iAl~6uti~;i' 

.. " til. d ~ 0 Go'Q
Aln~ 3.1 Ut1A~I~tlU 'U Ufl1'AA1QtlU"tl~16U1JOa HSS 'UU1A 12 1J1J.•lU1U 4 fl1J~A 

.. .. ~ 
f111lJl~1 fl11lJOfl~~f)~'lfll' 1t1ii1Q Q Q 

fl111Jl~1 f111lJU'U~fl11lJl'1 .,. ..." lJA16flt11'J~H8~ -lI6U -lItlU 'lSU~lU 

(lIB)~61Jrev/min 9lAm/min 
mmltooth mm AlSI 

MachineTool 

mm/min 

27 0.250716 1408 0.05 175-2251045
Design hand
 

Book
 

Osbron
 550-672 72-88 0.035 24.25 0.250 1045 206 

Frenken 84-118 0.50530-742 0.04 20.28 1045 220 

E.C 0.035 23-28 0.250530-660 80 1045 250 

Machine tools 610 0.05122 23 0.250 1045 225 

ILU-eO 636 100 0.04 24 0.250 - 260 

VailOIbe 470-660 90-130 0.05 18-25 0.50 - 215-300 

Hanita 715 65 0.023 0.5026 - 300 

Y.G. 700 90 0.032 26 0.250 - 175 

NW 660 100 0.038 25 0.250 1045 200 

90 0.025 0.250SUIllitom 900 33 - 220 

~ln~ 1011:: 636 0.035 22-2480-100 - 250-
..& 

l~nfJ 665 0.04 25100 O.25D 1045 -
'.......:' :" '" 
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~ " • "', 1 .... d -" ....'ln91n1~ LU\J"0~tlm1ml1\J9II~0\J " \Jfll1919ll':U:J\J"0~lO'Ulltltl 4 flll9191 \)1\11\1 12 

_ ... " A , 1 '" '11'" J
9lnfn'91flW~ fll1f191aO~fI'lU11~lfhl1\191'~0\J " \Jfll1n9lfl9lfl'01.J M9I~\I 

.. , 1 ..... d ..." ... 
I~O\J " \lfll1919ll'10\l"fHIO\Jllaa 4 flll9191 ..d 

fl11UI11101.J (Rpm) 665 'j 61.J/\J1f1
 

091n-llO\l (Feed Rate) 0.04 1J1JiW\I
 .. 
fl111lL!1-l10\J(Feed velocity) 100 11ll.l\J1f1 .. 
fl111lflfl(Depth of cut) 3 1J1J. 

... ...<I '" fl111l1119191 (Cutting Speed) 25 ll.l'U1f1 

3.4.1 Ift16~"6ua:: llJiJYlRa6~

.i.... 
.., 

lJ! d ...." ....1 1I.i. ... _I
'fl10~1l0Ua::1f1''lfl9laOn::l..J1::flO1.JM1fUfl10~1l09191 'IlO\lllafi M42 l..J1::U1f1 4 flll9191 
44 QI tl d 11 J 

"\1191 12 1JflflI1J91' ua::1f1''l,nH1\1111anna1fl111.J0\l-U1\Jfla1~ S45C 9l11J1J1911!1\J ns 
_I -. - I

3.4.3 l1JYl1..aI1"lftGlft'l6..a18'U"aa 

~ • ~ .. ... _I - <I..."
i1flfll'nfl1l1fll' fJOflU1.J1.J flO fll1 nflll1lflU1fl1.Jll..J fl1 ~I1"lflW91"6~LO\l1Jaaua::" \1191 

9i H '1 "fJ~fl1JA9I~iiHfl9i O-U,:: iffl ifl l'n flU A9IIU6'U "O~I~\I!ia a-u 1::IflfI 4 fl1JA 91~~ 
II 

-Ul::fl61.J~1mh\J9iH'l~~U 
: d A " L fl111JUnml11J9I"0~lf)'U1Jfla (Overall Length) 

fl111JUn"6~fl1JAA (Length ofCut) 

~ I "d "\J191l11\1H1\1U\ltJfla1~ (Diameter of End mills)
 

D "\J1AI-N\lN1\1U\J6fla1~fl1JAA (Cutting Diameter)
 

,.,1JflltJlfN1\1U\l1i'f'lii (Radias Rake Angle)
 r 
"'llliitJ~ (Helix Angle)
 

K ,.,1J11f11.J1\1U\l1Ufl\l (Axial Relief Angle)
 

a l ,.,1l11f11.J1\JU\l1i'ffii (Radial ReliefAngle)
 

"'1J11f11.J16~1\1U\l1i'frij(Secondary ReliefAngle) 1110 ,.,1Jl1a1.J 

a l "'1JliiU~"O~fl1JAAti'l\1-UaltJijA (End Cutting Edge Concavity Angle) 
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,,'--"-----~-~--~ +
 
... L 

,.., . ... ... 
3.4.4 lD'~tlAQf)UI1lQflI"'f)-nlf) 

1t-----IOOO~----11 

I~~_~J
 

" fJWff1Jmiua::.\J1A.6~;\J.n\J'JIA~uHll1gnn/{1'J'1'" S4SC ~lU1Jl~'J!l\J ns 
~ d .l''' .1 ~ • I .l'
l1J\JI'Hannll1tll1t16\JflffU1Jl\Jnal~'JIfll\Jn116t166\J1Jl11111 

•
Ua::'JI1n1

...
1tJ1Afll

Q

l1tJU 
, !lid
'H1J.\J1A 

" " " " w~l\J"hn\J';~;\J lAtJ.\J1Ai\J~1\J'JIAa6~n11,jAl~6\Jij.\J1Al1,r1,jA 24.00 UU. lla::tll11JtJl1 

d ~ • QI 

100 U1J. tll1Ull.~"\J~1\Jl'JIlnU 160 HB 
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3.S.1 
.., .. ~ 

ftn'l1l'8tnll'~I"Qnna1 S45C Sl1ft'!1" JIS 

fJW111JmiUt1::\IU1~\I0~;U~lU'YI~110tJl,.,nnn~1·n111S45C ~11J 1Jl~1J1U ns lrlU 

d ~ rI .. I .:I 1 d." tI 2 0 .. 1 Q.:I 
1,.,t1nnl1lfl11tJOUH111J1J1Unt11~'YIH1Um1lrJU~10tlH,n~ ~lt1tnmfl' Ut1::'YIlm11J1~H1L1t1tJfJn 

~lU,,.r'H\rl~~lrlUl1.1'Y1H;l,.,fttl1Ji~i'11\1Ul~24 1J1J. \IU1~tl1l1Jtll1L,hntJ 100 1J1J. tl1l1J 
d ~ • ., 

U\l~')fU~lUl'Yl1ntJ 160 HB 

3.5.2 ftl1f111(tcrelJcil"Ncr""1~lfti1 

1~t1'~ltl~m Emission Spectrometer li40~11V110tJff1UH111J'YI1~ltlii\lo~i11~;U~lU 

11111 1045 tlff1'UH111J'UO~1il~~1~ ~ 1,"f)l;itltJntJ1Jl~1J1U A1SI li40Ul1Jl1rlu.u'mJt'l 

" " 1.1,::nf)tJm111tl1l:,.,1'U011 'YI~t1f)~ 1~t1ii;r'U~ f)'U, U011'YI~t10~A~il 
JI. ., 

1) 01119i;tl1JYU~lu;r~tJiL1Wliv:a'h011'Y1~fl'f)tJtbuH111J'YIHltliil,"f) 'li',.rtl1n 

'~ln~tl1l1JH~"t1l~ 'U~11V110tJ 

2) 1im1~11V"'lff1UHfl'1J ,hl.u'lLtl~f)~ Emission Spectrometer l~t1'f~tJmw 

m1itJg~'''''~~lU'''U~ l~f) ',.,'~fil~f)f)n1Jl1~tI~"HA~1tJ~ 3.5 

o ... '" Ul')fU~lU1Jl1HtJUlmo~ 

" " . 
film1 Spark YU·:lU91U1U 4 tli'~'u ~hlI'HU~n 

~l~n'U 1~t1'~;U~lU'lU1'U 3 ~1i40'HlfilIU~t1 
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3.6 lfi'u1Jl1.l1un11J 

11.hUnnJ~UllJ1 1f1'Um''n.u,o~t~'U l1.hunnJ~uu1J 1.n'U~1'U~~a'1'Hm'1J ~~"'o~ij 

m,t;iu'Ul1.hunnJflA~l'UilIl1J~til'H'UA1AU\l::1fhhum1J 2 l1.hun'1Jflo ..
 
3.6.1 l1.hum1J G41 dl'Hi'1JnA';'U~1'Ul'Ua'm~JW::m't1A'n1'U .. 
3.6.2 l1.hum1J 042 dl'Hi'1Jm,nA';'U~l'Ul'Ua'nllW::m,nA~l1J 

. 
... 4 

3.7 l"'U1Jlft'8~ CNC Milling 

1""	 ei. lei" • ....!'l 1I1Aum, 'lntno~ CNC Milling 'n911~1'U~1~U'HO '1'U1'U 3 It\'O~L'WOfl111Jt1J'UnftH 'U 

.. ei. " 1" ,~ ... 1 1~ · ei" .... .1m''nAa'otJ tfl'O~'n'Ul1Jl'nAa'OtJilIO~a'11J1Ul'lr~1'U "'U~ Atl 'lrl'UUtl::tI'HOA~'U 

.. ei" •
3.7.1	 tfl'O~ CNC MILLING UftO MANFORD l'U VH-6lO 

.. ei" •
3.7.2	 tfl'O~ CNC MILLING U'HO EMCO l'U VMC-200 

.. ei.~ •
3.7.3 ttno~ CNC MILLING U110 EXTRON l'U M 230 

.Iei..	 ei_~ I 

l1J'n 3.6 lfl'O~ CNC MILLING U110 MANFORD l'U VH-610 
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~ A ~~, 
l1JYl 3.7 Lfl'JfN CNC MILLING O,..fl EMCO 1\J VMC-200 

..Id" ~ t' ,
llJYl 3.8 Lfl'Jfl~ CNC MILLING O,..fl mcrRoN 1\J M 230 

3.8 nl1"1l9cr8Uftll""J81r18~lft;8~CNC MUOng 
~.~ " ........
 

onfl'J1iffflUfl111J1'flfl1J'\Jfl~Lfl'Jfl~\J\Ji::tlil0fl111JU1J\I'JW'\Jfl~Lfl'Jfl~11Lfl'Jfl~imfJ~ 

, " · • , · 1" '7. " ffl1Jl'Jf)1'tf~1\J " f1flg"''Jfl 1J Ull::tl1~m'J 'tf~1\J'\Jfl~Lfl'Jfl~11Lfl'Jfl~imHl\Jm'J 'lI~1\J1Jl1Jl0\JflfJ 

L;;O~'f1 

• d " • ... _I ," ....3.8.1 Lfl'Jfl~ CNC MILLING rmfl MANFORD 1\J VH-61O Hllf1il0lJ'J::LYlf'r f1,..1\J 
.. ., q ., 

'CfmW'\Jfl~Lfl'Jfl~im1Jfl111Jtf1J\I'JW 

.. d'" ... _I ...
3.8.2 Lmfl~ CNC MILLING t1,..fl EMCO 1\J VMC-200 Hllf1il0lJ'J::LYll'1flfl'CfLPI'JtI 

.. .:I ", 

'CfmW'\Jfl~1fl'jfl~1Jfl111J'Cf1J'l,J'JW 

3.8.3 lfl4fl~ CNC MILLING ~,ffl EXTRON 1\J M 230 Hnflilo1.l'J::LYlf't1A',...i\J 
.. ., 4 J 

ffmW'\Jfl~lfl'Jfl~im1Jfl111Jff1J\l1W 
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u .oil 
3.9 lIRnUftl1f1Rl1Um 

fll1'ntlt16tJfll19TtlL~6'U,::'fL~'Uija64 f11191tl'1'U1'U 6 tl6fl9l6(.Lr.-:"H CNC Milling I 

lf1~6~ 't'ilfll1ntl;\.l~1\.l '''l~\.l~ftft' I tl6fl ntl;\.l~1\.lLrJ\.l1::tJ::'nl~3000 1I1J. ltltJV::'t'ilfll11tl 

!IId ... ~: '" d ... ~ ..... ... 
'::tJ::n1'l1n"'ft'U6~Lft'U1Jaa'Ul,,'Un'U6~Lft'U1Jaaft111J"'Ul'U6~ltnlnftua::ft111J11tJtJH1 Ap 

lJfl'l'::tJ:: 500 1J1J. 

fll1nlH\.ltlf1111JtJl1t'i1\.l1JaltJ'U6~1~\.l~ftft' 4 f11J9Itl ,,r\ilnlfl11'1i'tJl~'U~ftft' 40± 0.05 1J1J. 

..,., dC&~ .,.4--- "1\ltJ LfJ'U1Jaa 4 f11J91tl 

45 ± 0.05 1J1J. 

_Id .,.. d ... tI ., 
lu'n 3.9 tl111JtJl1fll"iVtltJtl16\J1Jftft 4 f11J91tl 

_1 4 2 ..., d .. ~ 1- 1lu'n 3.10 Ll1\J'nl~flll91tlLU6'U 'Ufl11'ntlt161Jl6'U1Jftft u1Ufl11J 041 
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... ... .. d ..... ... ... _I'"1- 1
Y1""1~n11"t'llfn)u."tJ~LtJUlll'n'l4flll"t'I IJ1Un7ll G42 UUt'l~t'I~lIJYI 3.11 

_I"; II ... .. , d .. 0'1-1
llJYI 3.11 Lft'UYlHn11"tlLflOU Un11Y1tlft'01.JlOUllftft IJ1Uf11ll 042 

..." ... .. 
3.9.1 'UU"OU n11Y1t'1ff01.Jn11"tllflOU 

" " 1) Lill;tlll';U~lUYltlft'01.JM'ij"'Ultl"lllU1.J1.JLlft:fht1Ut'l1'11ft';U~lUYlt'lft'01.J 
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3) fll19i9li.:J1.hnflli'tJ~nuun:; Carlibration ~tJmOl"'llfll1T19lUOtJ 

ItJ~ 3.13 fll1 Carlibration ~tJmOl"'llfll1T19lnOtJ 

'" .. d ... ~..t '.1 d ... ~''''4) fll"tJV9l9l0mOll11aa nl't'11l9lfl1111V11t'l'11llJalv'Uo.:JLOll11aa 't'I't'Il.:Jtlfl 

t11itJL~llijad' 40± 0.05 1111. tl.:altJ~ 3.14 

.. Id ,: ., .2 ., ., ., d .. J 
llJTI 3.15 t'l'111'fl\ltJl'UlfltJ't'I1VtJLOll11aa 



30 

".!'II dw'
5.) 'YI~H'f61Jfl1UI~U~61Jl1J1J~:::rJ:::'YIH500 1111. L1a:::lfl1J~16rJl~1ff}j'U6~~:::rJ:: 

L~1I~1J 1~61h'1.l~~1~fI'61Jytq9im~1Ilff}j~f1 

., • .J: .. d.,. QI 

7) 'YIf1f1'61Jfl1~~f11~61J'YI~:::rJ:::'YI1~500 1111. m 1000 1111. lla::lfl1J~16rJl~1ff}j~f1 

4 d d : 0 d • rI ~ 4S.1f1rJ1~1Ilfl1J'YI~:::rJ::: 500 1111. lla:::~::rJ:: 1000 1111. ~lfl1J1J1J1161J1Iaa1l1~~1~fI'61Jfl1~nfllt~6'Y1N1 
II • 

ltam.,n~fl1~~f11U61J ~n~fI'61J lf1rJfl1~U1Jiiflfl1yt lla:::~n'fI'6mhlt,jfl,h:::rJ:::fl1~~f11U61J 
d ~ dQ. : d .. : d 0 cal CI1.Q rlct Go' 

1000 1111. lf1'nlln1fl1~1I'YI1~111'U1J~61J'YI 5 Cl~ 'U1J~61J'YI 8 ~111alf11J'1J161J1Iaa1l~::rJ:::fl1~~f1 

... ... 
1~61JCl~ 3000 1111. 

4 
8) n1J~111ua:::11fln::ltNafl1~'YIf1a6~1Jl~61J "~1~~"''' 1 " 
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3.10 ft11f11")...aft11"Ra8~ 

3.10.1 ~ifl111RUD::ftl1f11").nUnl1afl1t18~N11tDU"8~II'UijaD 

9111llfl'f)U lRtJl.flfl~f).:J Profile Projector ~1\'f) Nikon fhn.:J'UtJltJ 50X f11111ft::IVtJR 

• QI" QI .dI ~ 
1/1000 1111. 91"i1'ilfl'f)Unf)Ufl1"i9lRI~f)U IIft::'rln"i::tJ::YlHfl1"i9lRI~f)U 500 1111. LUU"i::tJ::YlH 

... _I ... .oil J1.o11 1 ...... "' ..
3,000 1111. fl1"i9l"i1'ilfl'f)U1R1l1nuflltJfl1I9IRtl.:J"i::tJ::Yll.:Juf)Ufln Ufl1"i9lRI~f)\JCJr.:J1I"i::tJ::Yll.:J 3 

rJ • 

1111. lRtJ1R~nnt1f11tJfl1I9iR f1.:J1Ilf1i'.:JfI:: 0.5 1111. iUfI"iU"i::tJ::Yll.:J 3 1111. 1-Wfl'tl1fhfl1"iffmnf) 

..I... 1 ' tal .. d A ~ 1 4001Q,Q., J
YlFol1lfflU UII9I"i::tJ::Yll.:Jfl1"iYlRfl'f)Ufl1"i9lRL~f)U'Uf).:JIf)U1IfIfI RtJ1I1TiR.:JU 

1) 19I1tJ1IIfI~f).:J lRtJl.flfl~f).:J Profile Projector ~1\'f) Nikon fhn.:J'UtJltJ 50X f11111 

f1::IOtJR 1/1000 1111. 

2) 19I1tJ1Ilguijfln 'r11fl1"i~1.:J~1tJllf)f1mJf)n95% 1I~11~R~1tJalfl'::f)1RI~f)fhiR~U 

1If1::f1"ilUfil.:J'1 ~ijFolflfl"i::Yl\J9if)FoIf1fl1"iffnlf"if)~H1lfflU 

3.) 19I1tJ1I~t1mwiuvRlRtJllfl'R.:J"iltJfI::IOtJR R.:Jlt1~ 3.19 

It1~ 3.19 ~t1n"iWfl1"iiUVR
 

4) VR9ill1lf\i.:J~t1nlOri'utifl~lIl1Un1::l\ln'UO.:JlfI~O.:JProfile Projector
 

5) ullguijflnlri~t1fl1wiUVRllfI::VR
11\'mju ilmfufhlfUR'R~HO.:J'Uf).:Jfl1I9iRlRtJl1\' 

t1f11tJ11fU~1.:JO.:JtlUlflU,"U'Uf).:Jlguijfln9lHtlU R.:Jlt1~ 3.20 
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6) 1fl1~tJ~~1~V~ib'Hn'lJrlvUm':inflffV'lJm':iAflL~6U A~It1~ 3.21 nl'HUfl~fl olllLiJu 

~iI ~ Ql4 : et QI.c:l Q,lQI.I,

~fll':i1JAUm':i'Jfl1~tJ~A 'lJUnONn ~lfil.. ....110'Uu tl'll1JUU'JUOU y fl~':i~fl'lJlfltJ'JOUO'lJ~fl E ~::: 

'~':i~tJ::: B un~uuVimm 

A 

B
 

• w 

7) nl'HUflVfl 0 lllli~UVfll;1J~Um':i1m~tJ~ ~lm!U1fl':i~tJ::: C lfltJ1fl~lO~fl E n~1Jl 
I " II, , 

l;VtJ'l fl7~n::: 0.5 1J1J. ~um'lJ':i:::tJ:::nH 3 1J1J. uuVioNnlu't'Jo'lfl7~Vi1fl 1~vl<fli1u1:::m: 

Vl~V~n'lJfl1JAflffO'H':i6~lOm':inflffV'lJ 
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o cI ... ~.I ... 4 ..I

8) 'Ullt)'UlJaa LlJlI~tft)um1"~LUt)'UlI1:V:'YI1~ 500 lJlJ.
 

9) Ullg'Uih'U;'~lI"tff)UU«~1Jli"':tI;nnamnf)t1QU;"l~J.~·'''O'U~ I-S ~nmr'U 
till1'U~1:;fJ:;6'1~O~ A un:: B "llJ1::fJ::~1~ '~tiO'UU1Lg'UijnGhlll~tft)u 

" ........ .... 

10) 1~1:;fJ: C "llJ~'U"O'UlI 7 

o ..I, '" ., .. 4Go'
11) 'Ul'S::V:: C II ~l1n~m'SlI~tfo'Um1"~luO'UlI'S:;V:;lIH 500 lJlJ. lJlnUOOmnn 

1:V:; C ~'~no'Um1l1~tfo'Um1i"lUO'U'::'~'J::tI::m'SSfll'nf)~O~Fhl1n'U ~'S::v::lI1~m'Si" 
.... 

lUO'U 500 lJlJ . 

• ~ cI .. ~_l ... .. .. 1
12) l,I1LO'UlJnn LlJlI~tff)Um'S"~lUO'U'rJn"'S::V::lIH 500 lJlJ. ,'U{\·n::fJ:: 3000 lJlJ. "V 

" .
t1~llii"llJ,j'U"f)'U;; 9-11 

... 
3.10.2 n11f111tllr8UftllJ.l'HU1UNl 

" "'S1'tfOUfl~llJl1t11'U~1;'U~1'U l"vlf Surface Roughness Mittutoyo lU SJ 400 
.:I _44.,,, .... .. , 

9l'S1'tff)Ufl111Jl'SV'UH1l1m"'lnm'S""lUO'U 'rJn., 1::fJ:: 500 lJlJ. ,'U{\,n::v:: 3,000 lJlJ. l"0111fll 

• ,..I _, ... .. ..... 1 ' 4 , ... 
fl111JllJnv'U u un ~~O~fl11lJl'SV11 H19l1lJ'S:V::lIHm'S ""lUou 'U u"n::l~O'U ~m'S lI"nfNlJ 
... ... ..." " 
~'U"O'U"~'U 

1) J"i[l1Jlfl~fH Surface Roupess Mittutoyo l'U 8J 400 .. 
2) tJi'ui~fhm'S1f~lu~h~.,1'Ul'lhUfl'SlJ 

" 3) i''UV~;U~lUlI"nf)Ul~ltiu~tJmwi''Uv" 
.d olQ t ~ 0 

4) "'S1,nOUfl111Jl'SVUH1 7 'J1~9l1lJ'S::V::lIml1'U" 

5) 'Il'Ui1nHnm'SlI"nml'U9l1'S1~1l'Ui1nHn 

... ? 
..~ . 

~ .., 

. .. " 
IU;; 3.23 ini''UV'';U~lU ItJ~ 3.24 m'SCarlibration 
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" ...3.11 n11W'rlfWD::11tJ111.l.n'n11'r1RQ8~ 

fi1fl1~UUnfl't)2Ja~'f\'fi1fl1~'nAUt)tJlAVa::16VA1~t)U1't)2Ja~'f\'1J1U~::flt)tJfi1fl11 
... .. -~ .. 1 ,,,. • " .. ... •
11fln::1111J~VtJ1'WtJ AV 1S1fl~t)UIt)1S1V Uf1lnAtJU'nflua::~11J~1tJHaflt) 

3.11.21tIt1l'n'Uf1l~'nAatl~4uAtlU9h:a 'Vil::ijf1lnhvlul~tJ'~I~tl'flrJu'tl2Ja~HO~'u 
f1l~'nAatl~ lAVUUA~4uAtlUf1l~fi1~lUUUA~f1l~'.flfl~tl~;jtlfJUfl'UI"'Uf1l~'nAatl~ua::uuA~Ha 

~ 'f\'fjJ1flf1l~'nAatl~ , U thU91H'1 l,sU lfJu'tl2Ja~' onuf1l~1mVtJ 1;lVtJl~V1titJf1l~ iffll1~ tl"tl~ 
d 4 J 4 ~ .:l • QI' cI A 0 ell cI _~ &II 

ltlU1Jaa lUN11SU~lU'nH1Uf1l~flAua::ft'1UNU1J'rIl~lfl1J 1'"tlUl1J1fi1fll'J11fl'J1::1111J~VtJ1"VtJ 

, "·u"'''fltlU'nAatl~ua::l1a~'nAatl~l'"tl ~::fltltJf1l~11fl~1::l1Hafl1~'nAUtltJ 

.. I 
3.12 llft11::11HDft11'r1RDM 

~ ";,y 0...... ..".. 0 _.1"
fjJ1fl"tl2Ja" "91flfl11'nAatl~A11UUfl1111fl11::11'Utl2Jaua::9A"lU1JUnt)11J11V~lUNafl11 

'nAatltJl~tl'f'lUf1l~U11UUtlHaf1l~'nAatl~'UtJ'n~ 4 9ltl'ulAvu,j~tltlf1lfJu 6 utJtJfttl 

.. .... .... 1 ......
3.12.1 ntl.:a1UHaf1l19'~19UtltJfl111JU1J\I~UI"tl.:alfl~tl.:aflAtl91 U1J9I (CNC Milling) 

" 3.12.2 nv.:a1UHaf1l~'nAUtltJ1U~;U.:a1U S45C 1mVtJl;ltltJlflHUf1.:a fl111JU~.:aua 
.,41:\ Q ., 

'lUIU1JtJ9I'n 1~lfl1JfltJ1J19l~ J1U 

~ <I ..... ,. " .. ~ " 3.12.3 ntl.:alUHaf1l'J'llfll1~tl"tl~ltlU1JaaUAa::l~tlU"111JNaf1l~'llfll1~tll'nl A 

11fl"::l1Ua::tmtltU;;t1l.1Ham,8n,,,a 
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3.12.4 lUH1UFfClflU1'91f1111JliotJFhi~oyjlf111nJ10tJiYiOtJf1111Jii"flpjl~"O~,"rml~flU 

3.12 illtJNan1111Ra8.:a 

\l1flH0f1111ifl11::HUo::11vnUH0f11111911'1'OtJ 1111J11'1'1tl"'1~O\1011 'Uf111fl9l~1U 1910'.f 

ifl~O~fl9l6"1uii'ii'.ft'htf~ 'Ufll1fl91'91ntl,::ffl1im"fl11'.f~1U~~q" ijtl,::ffl1im,,'Ufl11 . . .
 
., ., .... Go' 4CiI c:I Go' Q cI "'!:II ~ _I4t.1......' 
1n1!l1f'11J"""O~if'l10~1JO"""111f" UO::1J 1::1'I'111m" Ufl11flflH1i1VtJ 1'WOnJU'\I0\jOlJ1::flOtJ 

'ufl11~"iiu "l~Ofl '.ft'h'Ufl11n9l~1u~1"'1J1::1'I'1JfitJ~1U1J1fl~1f" i,,'ti1f1111'1'1tlHafl11'Y1911'1'otJ 

ua:: ~011'l'UOUU::''U1.J11~5 pjij'tI 



•.... 
tJ'f)'f) 4 

NQft11nRQ8~ 

4.1 unlh
 

vlnm'jtlfu'tHm'jnnV1JliiVlIl1hun'j1lm'jnR;U.nuA'1VLfl~tl':lflRti9l1uiJ~ cb~LrJu 

m'jLmU1JLiiv1J'j~1dl~ 11hUfl111 041 un:hhUfl111 G42 lRvlfLguflna M42 'UU1RLd'UH1U 

lU'Utl~Lfl'jtl~LL9In9l1~nU t11m'jtliilaO~nR'Il'U~lUL1fan S45C (RS) 111U'j:V:t11~ 3,000 1111. 91tl 

tI 
ffuvnnl~ 12 1111. 

0: 
~lU1Utl~1f1lR 18 Rtlfl 

.4 1 ..~...r "III QI OIQ 0 
un:lfl'jtl~niiltl91 U1I9IV1U1U 3 Lfl'jtl~ t111V1ftlUn: 

'II 

I A I",. "'.: ~ ~ I 

~ ... ~ 1 '" ~...... '" '"0 

(FlankltlU1Ina 1 Ron 91tJ~:t11m'j191fl1111nn1f'jtltlH11Hm'Utl~fl1l9l91 Wear) Uft:191fl1111 

...... ':...l A • ~ _~ ... 
L'jVllH1'UO~'Il'U~lU t1'j:V:l)fl ~ 500 1111. L~OU1'Utl2Jft1l11lJ'jV1JltlV1J 

16 

11 

12 

All ~... ~ 

mnrn1f'jtlLtlU1Iftft(~m) 

041 042 

14 13 15 17 18 

13 17 15 16 16 

15 13 17 20 21 
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.. 
IV .... 

4.3 Haftl11Rft111111U1UH1'I8~Y'Hl'U 

't\'1~tJ'01JlUfltJ1ntJfl11lJ'tftJltJFb't\'9l1lJ9l1'il.:a 

~ ~ ~ ~
 
9l1'ilnl 4.2 Uff~HfflUn'i1ilfl11lJ'tftJltJff1"0.:a'!l"H1U
 

fl11lJ'tftJltJFb Ra (JIm) 

G41 042 

1.73 ?.12 2.07 1.20 1.12 1.05 

1.89 1.91 2.31 1.37 1.22 1.40 

1.96 2.10 2.19 1.07 1.11 1.00 

.. 
4.4 ftl1t1RII6UCIl.IlIfI!1'U 

fl1'i'flRffOtJftlJlJAJ1'1J.:al'1J1i'tJ1~0.:afl1'ifYfllJlun:1mtJtJ1fitJtJlh:ii'fliflll'tfl1'i~il160'1J 
. ­

'Uo.:a11.h11fl nJ.:a1'1Jnilti\1t.J1f1~o.:anil6911'1Jli'9h=11'tf i'tJffa9li'1J~h'1J1 '1Jf29l ftl 'tffl'i 'i lJ ,t\'11U.:a1rt'1Jfll'i 

'fIilftOtJ 2 1'iO.:aflO . 
.. __ IV &II "I>o~ 

4.4.1 ftl1t1R1I6UCIl.IlIfI!l1UfVJ1ftUft11I1ft1f18"8-t18'UliDD ..,
'1fl911'il.:a'fl 4.1 

ff d...­
fll'i fl'tf'iOlO'1JlJnn(J1ID) 

G41 

16 14 13 

11 13 17 

" 

12 15 13 
-x = 13.77 SD= 1.922 . 

15 

042 

17 18 

15 16 16 

17 
-
X = 

20 

17.22 

21 

SD= 2.108 
.. 

1) ~.:afflJ1J9i!1U1-nO'flilffOtJfl11lJut.ln.l'i1'1J,,0.:a'01Jn';.:a 2 fl~lJ 

2 2 
Ho:O'} =0'2 

2 2 
HI: a} ;t;0'2 

2) 'i::~tJ'IjtJ~hfiqJ a = 0.05 

3) ftil9i~1f1'1Jfll'i'flilffOtJflO 

F. = S\2 = 1.922
2 

= _3._69_4 
o si 2.1082 4.444 

Fo = 0.831 
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.... .
 
fll1nqfl1.lUflfJ F 0.025 .8.8 = 4.43 

• .:to '.II!l 1 1 
f111nqflftl-tflfJ F 0.975 .8.8 = --- = -- = 0.226 

443
FO.02S.8,8 

0.226 

" .
'=L':;U'~11fh FO .1nm'lfllUltl1flnfJdltmlfl HO ft.n!Ui-t'lhJfiU'f1i "0 UUftfJftlf1111J 

" .
lnJnhl\J"f)~'f)\tftli~ 2 flqll'1iijfl111JU"f1~h~n\J~h=A1J,rt.li'hfltv 0.05 

" 4) ~-tft'1J1J9i!lU~lU1iv 

Ho: /1, = /12 (m'liimnf)"fJ-tl~uijfta~ntiH1U~lV G41 Uft:: G42 '1iufln~h-tnu) 

H,: /1, ~ /12 (m'lamnfJ"fJ~l~uijfta~nA.nU~lV G41 Uft:: 042 Ufln~l~nU) 

5) 'l::A1.I\1vffUity a = 0.05 

6) ft'ilR~'~ ''UfI1'l'rlAft'f)1.IAfJ 

T = (XI - X2)-UIt -#2)
 

SP~~+ 1
 
'" n2 

lAv~ S 2 =(nl -l)S; +(n2 -l)S;
 
p
 

(nl +n2)-2
 

U'rlUftl S 2 =: (9 -1)3.694 + (9-1)4.444
 
p (9+9)-2
 

= 4.069
 

Sp = 2.017
 

4.43
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T = (13.77 -17.22) - (0) 

1
2.017 -+­~ 9 9 

= -3.62 

t 0.025,16 = 2.12 

T= -3.62 

-2.12	 2.12 

II 

v:n1\.1 '~'hth T fll\.11W~flfldl\.ll'U~1.Iijla'1J Ho(rJfI1.Ji'u HI) ~·:nr\.lua'f1~·h 

m'iffn"'ifl'UfI~1~\.Iijaa~n~Nl\.1~1rJ041 ua: G42 U~fl9h~n\.lflrh~ihrrJthfltU 0.05 

.	 .. 
.-.r:t,u -. A

4.4.2 nl1"RgBUtnl1.lfJ!1'UIf)rJlnUftll1.1HD1UH1"B~Y'U~1'U .... 
t11flfll'iH'YI 4.2
 

tl1111tfrJltJFh Ra (~m)
 

G41 

1.73 2.12 2.07 

1.89 1.91 2.31 

JI 

-
X 

1.96 2.10 2.19 

= 2.031 SD= 0.176 . 

G42 

1.20 1.12 1.05 

1.37 1.22 1.40 

1.07 1.11 1.00 
-
X = 1.171 SD= 0.140 .
 

1) 9i~a'1I11~21\.1lWfl'nfla'f1tJfl1111u1.l'i1.ln\.l'UfI~ffl2Ja'r1~ 2mill 
2	 2 

Ho:O'} =0'2 

2	 2 
H1:0'} #0'2 

2) 'i:~tJUrJfhfltll a = 0.05 

3) a'ii~~lf lum'i'nfla'f1tJflO 

F. =Sf =0.176
2 =_o._o3_1 

o	 si 0.1402 0.020 

= 1.55 
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,... .. 
fll1flqA1.J1Jfl6 F 0.025 ,8,8 = 4.43 

1 1, .Q. ' .. 

fll1flqAflHfl6 F 0.975,8,8 = -- = 0.226 
4.43

FO.02S,8,8 

0.227 4.43 

- ,':a111J'~11fh FO .lflfll'JflnJ1WAflOd11Jl'UA "0 ~,nr1J;~'~1.lfilU1i "0 \!1Jfl6fhfl111J 

- .u1.l'J1.ln1J'U6~~6\1f1'rl~ 2 mi1J'~ijfl111JUAfl~Hn1J-n'J::~1.J\!mhti\Y 0.05 

-4) ~~U1J1J~Jl1J~l1Jl~fJ 

- ,Ho: J.1, = J.12 (fl111J't'Ir.ntlih'U6~;1J~11J-nHl1Jfll'in~~11J~1fJ G41 UfI:: G42 'J,j 
UAfl~Hn1J) 

- ,HJ : III * J.12 (fl111J't'Itlltlih,m~;1J~11J-n";11Jfll,.n~~11J~1tl G41 UfI:: G42 UAfl~H 

n1J) 

6) ufl~~1f l1Jfll'I'rlAU6tlfl6 

T= (X,-X2)-<Pt -P2) 

Spr-+-~ 
n, n, 

lAtl~ S 2 =(nl -1)S~ +'(n2 -1)S~ 
p 

(nl +n2)-2 

Ufl1Jfh s 2 = (9-1)0.031+(9-1)0.020 
p (9+9)-2 

= 0.0255 



41 

Sp = 0.160 

T =(2.031- 1.171) - (0) 

JRI 
0.16 -+­

9 9
 

= 11.47
 

t o.025 ,16 = 2.12 

-2.12 2.12 
., 

,,:a;h.l'~·:hfh Ttilu1w~nod'Ul'U~'lJijlfl'1i flo (tJ01Ji'lI HI) ~,1\rUUfl'f"";h 

m~Unl1~O'UO~lguihn;'~tifl~lU~1tJG41 ua: G42 u~n9h~tiuoth~ihrmhtiqJ 0.05 



, 
q 

1Jtltl 5 

5.1 'U'I141 

hJmOS1~VLmV1.JLiiv'U l1.huflnJm·H;~ G41 ua::l1.huflnJmosfi~G42 l~vmosl~~flfl 
G"'~ ,~ "'.: a 

1
lfI'U1Jaa M42 'U'Ul~Ltf'Ufll'U~Vflal.:112 1J1J. Al1J1Jl91OS)l'U AISI 'YI~afl.:lfl~'tS'U.:Il'ULHafl S45C 

t1 A QI QI 1 QIC:l 0 .. d.cl • QI 0 ., .: 

9Il1J1J191OSJ1'U ns ua:: "lflOSfl.:lfl~fl91 'U1J9IV1'U'J'U 3 LflOSfl.:l'YI1JfI'J11JUAfl9l1.:1fl'U Yllm'jfl~'tS'U.:Il'U 

~'JV 1tJ1Um1Jfi~ G41 ua:1tJosum1Jil~ G42 l~fll~'UfllOSlmV1..Uiiv1.Jl1..hufl'j1Jfl1'jn~.:Il'Uua: 

ffl1J1OS0 1 1f~~ff'U ,,, ,toftI lfiamOS'YI~afl.:l~ ,tofrl',1..11 ~1'Um'j~iJIfflHflOS OS 1JH;fI.:Il'U tofl'U~'U" ~ 
..; " "_1lflV'J'VfI.:IiJlfI 11 

5.2 t:fltJNi:ln111i't1 
II • 

~lflfll'jYl~a().:ILmV1..Uiivtlmosn9l';\I.:Il'U11VLfl;fI.:In9l'6iJ11'U1M 191v1fltlosun11Jn91 G41 
II 

ua:1t1osum1Jn~ G42 ffl1J1OS0fflt1'tof-j, fl1OSn~i'U.:Il\1jjfldtof'Jvil'U 2 1..IOS:Lfl'YI flfl mosfi~HV1t1 
QI do .4 QI QI 12 01 d II QI CI QI 1" 

ua::fll'jfl~a::LflV~ llJf.:lfll'jfl~HVlt11JflV: 'lJfltl.:ll'U'YI9ItHfl1OSa~'V'U1~ ua::flnfl~a::ltlV~1Jfl": 'tS 

.,6 ~ JI" ".cl °1 J14.4 d 1 QI .. ., 111'Um'jfl~fI'JflHf{~'YI1VllJfn::L'U'U'YIflU'YI1 f1f1'J1HI1.J'YIf{~ t1'jum1Jfl~ G41 L1Jtlfl~.:Il'UUn'J 

.1 I ~ ..; .... ~ ... I ~ ,,~ •• 1.J! .. 
11 'j lfl £) 'J lm'j rI flH 1 tl'YI~ flOlfl 'U1J a a t::1JfI tl'U,.H'U tlVLlJ'Ufll OS 'tS'JVV~ tl1 fJm'j 'IJ.:I lWUtl.:l ~tl Oltl 'U 

ija~1 1\'ffl1JUO'f.:ll'U 'tof'Ul'UURjh~'~"lflmlfi~,f'Uijfl'Jl1J'Vl'V'j::'lii1V'll tY'J'U 1 t11um1Jil~ 
.. '" 11 .1 • !'! ..;... J..; .....~... I '" 11 1 '" 

042 L1Jtlfl~~l\1Un'JlIllflfJ'Jl~11nflHlfl'VILnft'V'U'VIfttlmtl'U1Jaa1J~~fl'J1fl11fl~"'JVt11Um1Jfl~ 
, I II II 

G41 UA nFbiil0~ v lflm'jn~u\I jjfl 'Jl1J LiV'll 1Jlflfl11 t'l'71..1 '~11'H lfl~ fI~fl11nfti'U ~1'U tof'JV• 
LfI~tHn~ 0911'U ,j~~ ;\I.:Il'Uij'V'U1ft1HQ;10'U fl11U 'll 'll1Jlfl"~fI.:Im, a~,,'Ul~f1'JOS1"'1t1'Ufll1J n~ 

. '" " ... ... • '" .:: " 1~-1 '" 041 U9Il1JtliJItl~fllOSfl'J11JL'VtlfI'JH'flfl~~1'UflHf{~'VI1Vfl'J' G42'tS lIl1Um1Jfl~ 
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_J	 _r.:'!" r r" ,
5.3 lI'lutlllH&U1rnJ&tlrnJftlftllI1UtlfttlH'I6-ft6\fa1:1tlH G41 ua: G42 

G41 G42 

ff d ... .." , ... , , ..
fl11 fl"'1~"~.:Il6U1J~lnJ~fJU"Hl 1Jl1fJtJ 

if d ... ~ , ...... 
fll1 fl111~'U~.:jl~U1HlI.l1JlflU"Hll1fJtJ 

5.4	 .r61&rn6U....:: 

\llflfll1lmfJtJl;lfJtJlthum1Jn~ G41 un:lthum1Jn~ G42 ijO«~lt'\'u~uu:::th,.,i'tJfll1 
1/ 

'f.:llU~.:IU 
•	 1/ 

5.4.1 O«61J~;l'~i'tJ\llfl.:llU1'fJil\l:artulh::tfJ~,r~~1.:j1Jlfl~~fll1Lg~fl,rrthUm1Jfll1 

tl~.:I1U~lfJltl~~.:Itl~t1..1uiiii 

5.4.2 ~~\hl1hum1Jtl~ G41 Uft:::lthUm1JtlA G42 hl1ffll1;;v"on~nmnu:::"o.:l 
,~ , '., '" " • ., ... .." ... .d • .:I1Ul1llJUU1J1J ~ l"U fl~l1fJl1Jl"~"O.:lfllH'A"Ul~1110flAn:::l6fJ~L"~916.:1m1H1lU1fJ1Jun::: 

tl11lg6fl,nlhum1Jfll1tlA',f\lfl~~.:1 

5.4.3 tll1ijfll1flfllJl1i'fJUn:::fll1iilUl~lUfll1,nlhum1Jfll1tlA'uaOlJw:::tu'1lrJu 

~	 QQ 01	 ... QI,,,a~J 
fl11l't'f1Jth:::ffll1ifl1't'f Ufll1111.:11\J"O.:lltl'~.:I1JO"A l1~fJ.:j"U 
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U110111jft111 

..... .. ... ... J ... ~ ..., _I ... 
ffl1HIU 1~1lf'l''S1l:;.'' fl1188ftlItJUUa:;llft11:;"ft111il8'U,Uft1:;Ul'Uftl1f1ftlJlftHl". 

Mechanical Technology, April 2005 

.

_I 4Ql.,.d 4 U crI ~ .,

16fl ffl'S lJ'S:: fl61J fll'S ff6U 1'1r11~~:;l6V~. 118~ftl1lftUa:;fl1l'Cl8UftllllI1nUHl.fftl11JU 

lf1fllUl~v'Sl'tf1J~fl~ 1f1Vll'U91'U6UmlU 

d'ulii,,6 Ylf'l'UViUl ' ltlftl'Ulan CNC, fl'S1Jt1~lffi1Jt291t'1111fl'S'S1J fl'S:;f1'j1~t291ffll1fl'S'S1J. 

fll~lfl", 2544 

~ A A tI 4.'-'0"'4. .. tI 0'-=-0 

1i~11~V1 1Jq'St'11'S'Sfl. ClOflCll",Ulfl1ft"l1Ua:;ltlnlf11C1f1'. fll~If1"1J111Ufl'S : tJlWHl1AA1'S1 

... ... 1 1 ... 11 ....I'SVU fftl11JUlflfl U ~V'n'S:;'61Jlflnl"'S:;Ufl'S111U6, 2544 

Yoram Koren, Computer Control ofManufacturing Systems, McGraw-Hill Book Company, 

1988. 

EMCO Maier Elektrisc:he Doku Emcotum 242 TC Hallein Austria 

EMCO Maier Software Deseription Emco winNC EMCOTRONIC T2 Hallein Austria 
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cfllflNUlfl
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o "" .... "'~n1l1ftN"lfl fl. fll1Hfll'tmR1't1IrIB"1JDD7I&'W "fll171RnU 

. 
o '" ..

tllflUfI 
~'" '" fftytyltlflllW fl111J111J16 

G41 flO tild'~''Uf11'infl9111J 
2 

042 flO tild'~i'Uf11'in~nl1'U 

Ml flO lfl~O~nfl6911'Umilfl~O~~ 1 

3 M2 4 • ""1 QoI'Q 4 dflO lfl'iO~flfl091 'Ull91lfl'iO~" 2 

M3 AI .. QlQll QIIQ" ~ 
flO lfl'iO~flflO" 'U1l91lfl'iO~" 3 

4 ~16fl1n A-F 
• t cI..ca. ~ r .,., cI. ..::. ~e:4 0 

flO flQll'UO~lO'Ullaa ll91a:9110fllln::lO'U1Jatl1J.l'U1'U 3 flOfl 

5 111J1Vlfl'U 1-3 
• ,j 0'" ., .... ~, 

flO la'U 'i:'1911'UO~lO'Ullaftll91a:f10fl 

"" ,
fllBrJl~ 

G41 Ml A 1 

l6~1Jt'llIl11Jlfll'fl'U I 

nztu A~L:= 
d"~ 

.. .,., .-.....at
ltl'6~fltl6"lUll"ltl'6~f1 I . .,:, .., ... 

~_______________ tll~~fltlfltl"l1J 
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1l1ftNYlfl ••1 ttJ1UflUI NC Code ;hllYf'I11ftfl'~f)Y 

llhUfl'i1J~,.nunl'S~fiU6f)u;unut\'·ulI~uijaft'4 f11Jifil M42 ,.Ulfil12 1J1J. 

llhUfl'i1J G41l;ivut\'1V Program Master Cam ('fn1Jlfl~f)~ CNC ~,ff) MANFORD 

U":: EJITRON) 

01000 

T2M6 

GOG9OG54X-60.Y14.95S665M3 

G43H2Z5. 

Z3. 

GIZ-3.F500. 

X60.F1OO. 

GOZ5. 

Y-14.95 

Z3. 

GIZ-3.F500. 

X-60.F1OO. 

GOZ5.
 

M5
 

GOZ200.
 

Y200.
 

M30
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11.hUfl'iJJ~,.nUfl119tfiUUouiu.:llUthtugu~"n 4 fllJ9tfil M42 ""Ulfil12lJlJ.
 

l1.hUfl'iJJ G42 L;jfJU~1fJ Program Master Cam ('.fntJlf1~O.:l CNC ~~O MANFORD
 

u,,::; EXTRON)
 

01000
 

T2M6
 

GOG90G54X-60.Y-14.952S665M3
 

G43H2Z5.
 

Z3.
 

G lZ-3.F5OO.
 

X60.FlOO.
 

GOZ5.
 

Y14.95
 

Z3.
 

GIZ-3.F500.
 

X-60.FlOO.
 

GOZ5.
 

M5
 

GOZ200.
 

Y200.
 

M30
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. "
 
lthumlJiilonuf11"JiALuou;'Hlut\'1mguuaa 4 tllJiA M42 "U1AI2lJlJ. 

lthun-slJ G41 L;itlut\'1t1 EMCO WinNC EMCOTRONlC M2 

G54 

092 XO.OO YO.OO ZIO.OO 

G59 

TOtol 

S665 094 FIOO M03 

GOO G41 X-15.00 YIO.OO Z5.00 

Z-3.00 

XllO.OO 

GOO G40 XI20.00 Y20.00 

Z30.00 

X-15.00 YIO.OO 

G53G56 

M30 
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1'lhum1J~1.nufl1'j9i'f1L66\J'iu,nU~1tJLguijfla 4 fl1J9i'f1 M42 'UUlflI21J1J. 

l'lhum1J G42 L;jtJU~1tJ EMCO WinNC EMCOTRONIC M2 

G54 

092 XO.OO YO.OO ZIO.OO 

G59 

TOWI 

8665 094 FlOO M03 

GOO X 120.00 YlO.OO Z5.00 

Z-3.00 

GOI 042 XI05.00 Y-3.50 

X-W.OO 

GOO G40 X-20.00 YI5.00 

Z30.00 

XI20.00 YIO.OO 

G53 G56 

M30 
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IIlfltN-m ft. "1'1~lRftlfl111lSn",d;nft1lU 
Flam1it.ft111lilmt1t1i\N-ntaUl~'Uih'lli'4 ftlltifll 

"in fllltl91 
1::0: 

ftl11fl (1I11.) 

1::u:nl1ntl1f18 (1I11.) 

0 500 1000 1500 2000 2500 3000 

0.5 0 0.Ot3 0.013 0.009 0.008 0.020 0.024 

I 0 0.009 0.010 0.012 0.012 0.027 0.022 

1.5 0 0.008 0.002 0.012 0.012 0.034 0.015 
I 

2 0 0.007 0.014 0.004 0.005 0.025 0.024 

2.5 0 0.012 0.016 0.005 0.004 0.030 0.021 

3 0 0.012 0.017 0.004 0.003 0.035 0.027 

0.5 0 0.008 0.012 0.006 0.007 0.015 0.019 

I 0 0.007 0.002 0.013 0.016 0.022 0.035 

1.5 0 0.002 0.005 0.017 0.023 0.017 0.029 

- 2 
2 0 0.002 0.000 0.008 0.021 0.021 0.026 

«- 2.5 0 0.012 0.009 0.014 0.011 0.031 0.019 

:a-c; 
3 0 0.019 0.009 0.008 0.003 0.032 0.022 

0.5 0 0.006 0.007 0.009 0.015 0.017 0.030 

I 0 0.005 0.002 0.019 0.041 0.017 0.014 

1.5 0 0.005 0.015 0.005 0.014 0.026 0.035 
3 

2 0 0.016 0.019 0.006 0.009 0.022 0.038 

2.5 0 0.022 0.009 0.019 0.020 0.018 0.017 

3 0 0.011 0.016 0.036 0.007 0.042 0.060 

0.5 0 0.009 0.011 0.012 0.008 0.033 0.015 

I 0 0.007 0.002 0.028 0.019 0.014 0.021 

4 
1.5 0 0.009 0.015 0.011 0.042 0.014 0.032 

2 0 0.005 0.005 0.006 0.015 0.034 0.021 

2.5 0 0.011 0.010 0.024 0.020 0.022 0.036 

3 0 0.014 0.014 0.010 0.014 0.030 0.029 

0.5 0 0.005 0.003 0.007 0.012 0.028 0.020 

I 0 0.015 0.002 0.016 0.019 0.021 0.019 

I 
1.5 0 0.015 0.009 0.009 0.030 0.014 0.014 

2 0 0.019 0.019 0.007 0.020 0.017 0.025 

2.5 0 0.009 0.015 0.016 0.022 0.019 0.018 

3 0 0.019 0.006 0.046 0.018 0.017 0.019 

0.5 0 0.003 0.006 0.009 0.007 0.034 0.016 

I 0 0.011 0.010 0.003 0.007 0.020 0.014 

2 
1.5 0 0.017 0.016 0.008 0.025 0.017 0.024 

2 0 0.012 0.004 0.005 0.008 0.024 0.024 

~ -:a-
2.5 0 0.017 0.013 0.005 0.005 0.023 0.022 

3 0 0.014 0.008 0.006 0.008 0.032 0.023 

0.5 0 0.008 0.005 0.005 0.004 0.031 0.016 
'V 
0 

3 

1 0 0.008 0.009 0.005 0.008 0.031 0.024 
1.5 0 0.008 0.008 0.005 0.007 0.025 0.018 
2 0 0.006 0.003 0.009 0.011 0.020 0.029 

2.5 0 0.008 0.009 0.007 0.004 0.023 0.017 

3 0 0.006 0.011 0.005 0.011 0.013 0.021 

4 

0.5 0 0.006 0.005 0.007 0.006 0.017 0.019 

I 

1.5 

0 0.008 0.004 0.011 0.006 0.013 0.025 
0 0.005 0.006 0.013 0.010 0.020 0.021 

2 

2.5 

0 0.007 0.005 0.009 0.016 0.022 0.020 
0 0.005 0.008 0.011 0.014 0.018 0.017 

3 0 0.007 0.004_. 0.017 0.027 0.012 0.023 



52 

· IllftfN'Jft tI. "llla'Stttilft'Jl1IGn1t,n;rntclU 

flaol11fltl'Jll1am"8~ii'J1fIlUL~lIiirl'a'4 till"" 

111ft' tu.l9ifl 
1::0:: 1:ll::nl1Rmt11'l (1111.) 

nl1i'ft(w.) 0 500 1000 1500 2000 2500 3000 

0.5 0 0.007 0.007 0.008 0.020 0.025 0.021 

I 0 0.004 0.014 0.014 0.024 0.015 0.025 

1.5 0 0.004 0.005 0.019 0.036 0.022 0.019 
I 

2 0 0.004 0.006 0.018 0.018 0.0180.052 

2.5 0 0.006 0.004 0.012 0.035 0.014 0.022 

3 0 0.006 0.007 0.014 0.040 0.009 0.020 

0.5 0 0.006 0.003 0.010 0.008 0.030 0.028 

I 0 0.005 0.009 0.009 0.011 0.013 0.021 

1.5 0 0.005 0.003 0.016 0.011 0.006 0.023 
2 

2 0 0.017 0.006 0.010 0.0190.003 0.004 
t"'l 

< 2.5 0 0.005 0.004 0.014 0.018 0.013 0.009- 3 0 0.004 0.015 0.012 0.022 0.018 0.012 
~ 0.5 0 0.006 0.010 0.002 0.003 0.016 0.026-0 1 0 0.012 0.010 0.006 0.005 0.014 0.012 

3 
1.5 0 0.002 0.005 0.010 0.017 0.010 0.013 

2 0 0.003 0.006 0.012 0.014 0.010 0.019 

2.5 0 0.007 0.001 0.013 0.018 0.006 0.015 

3 0 0.016 0.019 0.004 0.008 0.012 0.014 

0.5 0 0.005 0.005 0.005 0.012 0.017 0.020 

I 0 0.004 0.007 0.006 0.020 0.016 0.016 

4 
1.5 0 0.008 0.005 0.009 0.033 0.017 0.019 

2 0 0.004 0.009 0.014 0.032 0.013 0.023 

2.5 0 0.003 0.005 0.011 0.044 0.009 0.017 

3 0 0.010 0.007 0.015 0.038 0.014 0.021 

0.5 0 0.008 0.006 0.015 0.020 0.023 0.018 

1 0 0.008 0.003 0.026 0.022 0.015 0.026 

I 
1.5 0 0.005 0.015 0.009 0.025 0.020 0.013 

2 0 0.009 0.014 0.013 0.008 0.019 0.011 

2.5 0 0.007 0.017 0.013 0.033 0.020 0.024 

3 0 0.008 0.016 0.019 0.033 0.012 0.016 

0.5 0 0.016 0.004 0.022 0.008 0.041 0.032 

I 0 0.007 0.006 0.011 0.008 0.048 0.005 

2 
1.5 0 0.006 0.004 0.013 0.012 0.052 0.015 

2 0 0.009 0.005 0.013 0.021 0.033 0.014-lXl 2.5 0 0.009 0.005 0.021 0.037 I 0.020 0.018- 3 0 0.009 0.010 0.026 0.015 0.007::g 0.040 

N 0.5 0 0.009 0.007 0.007 0.007 0.019 0.009 

~ 1 0 0.009 0.004 0.005 0.012 0.031 0.009 

3 
1.5 0 0.006 0.012 0.004 0.002 0.023 0.007 

2 0 0.010 0.012 0.004 0.006 0.010 0.007 

2.5 0 0.007 0.007 0.004 0.015 0.006 0.022 

3 0 0.009 0.007 0.001 0.003 0.006 0.006 

0.5 0 0.010 0.011 0.009 0.021 0.029 0.019 

1 0 0.008 0.005 0.025 0.017 0.023 0.016 

4 
1.5 0 0.004 0.012 0.024 0.025 0.014 0.014 

2 0 0.010 0.013 0.009 0.013 0.030 0.010 

2.5 0 0.009 0.005 0.028 0.023 0.019 0.027 

3 0 0.006 0.011 0.027 0.037 0.016 0.013 
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· ft1t'lN\Oft II. "111~1M1t'I111.1anM,.mH·nmU 

f1tlfrnlflll,)ll1afl1f,e~;b1fau,e~ija'4 1111"" 

nitr ..viti 
1m: 

ft111tt (1111.) 0 500 

1:Cftuifmt1e (1111.) 

1000 1500 2000 2500 3000 

0.5 0 0.012 0.012 0.019 0.023 0.023 0.026 

I 0 0.005 0.014 0.019 0.026 0.013 0.025 

I 
1.5 

2 

0 

0 

0.008 

0.007 

0.007 

0.005 

0.022 

0.022 

0.054 

0.03.5 

0.006 

0.03.5 

0.009 

0.015 

2.5 0 0.010 0.006 0.017 0.033 0.011 0.018 

3 0 0.006 0.007 0.025 0.056 0.013 0.006 

0.5 0 0.009 0.011 0.013 0.012 0.032 0.009 

I 0 0.011 0.005 0.024 0.015 0.011 0.014 

2 
1..5 

2 

0 

0 

0.011 

0.018 

0.012 

0.035 

0.006 

0.025 

0.008 

0.012 

0.015 

0.015 

0.011 

0.012 
~ 

~- 2.5 0 0.01.5 0.01.5 0.01.5 0.024 0.018 0.013 

3 0 0.009 0.013 0.018 0.017 0.021 0.005 
~ 
~ 0.5 0 0.004 0.007 0.00.5 0.014 0.020 0.017 

~ I 0 0.007 0.008 0.027 0.01.5 0.017 0.012 

3 
l..5 

2 

0 

0 

0.012 

0.004 

0.007 

0.00.5 

0.021 

0.020 

0.008 

0.028 

0.014 

0.007 

0.035 

0.017 

2.5 0 0.008 0.005 0.011 0.047 0.016 0.020 

3 0 0.016 0.009 0.021 0.055 0.016 0.018 

0.5 0 0.008 0.009 0.017 0.036 0.029 0.015 

I 0 0.014 0.010 0.023 0.021 0.015 0.018 

4 
l..5 0 0.007 0.019 0.003 0.034 0.019 0.018 

2 0 0.009 0.010 0.024 0.017 0.023 0.021 

2.5 0 0.018 0.015 0.021 0.027 0.012 0.049 

3 0 0.014 0.016 0.021 0.004 0.020 0.017 

0.5 0 0.007 0.014 0.018 0.028 0.022 0.030 

I 0 0.01.5 0.009 0.023 0.030 0.013 0.013 

I 
1.5 0 0.009 0.012 0.014 0.029 0.016 0.034 

2 0 0.011 0.009 0.014 0.051 0.011 0.01.5 

2.5 0 0.008 0.011 0.018 0.028 0.018 0.01.5 

3 0 0.009 0.005 0.016 0.047 0.010 0.012 

0.5 0 0.006 0.007 0.013 0.019 0.042 0.015 

I 0 0.009 0.012 0.020 0.030 0.019 0.022 

2 
1.5 0 0.013 0.009 0.030 0.008 0.030 0.018 

('t") 
2 0 0.015 0.015 0.016 0.013 0.034 0.017 

CO 2.5 0 0.008 0.015 0.017 0.021 0.029 0.017 
--' 

3 0 0.013 0.021 0.017 0.041 0.007 0.010 
~ 
~ 0.5 0 0.015 0.016 0.031 0.008 0.031 0.009 

~ I 0 0.010 0.005 0.033 0.028 0.012 0.021 

3 
1.5 

2 

0 

0 

0.004 

0.006 

0.002 

0.023 

0.024 

0.012 

0.039 

0.034 

0.013 

0.007 

0.008 

0.005 

2.5 0 0.006 0.022 0.012 0.012 0.009 0.016 

3 0 0.022 0.037 0.012 0.026 0.016 0.026 

0.5 0 0.023 0.011 0.023 0.020 0.030 0.030 

I 0 0.019 0.007 0.035 0.003 0.017 0.016 

4 
1.5 0 0.012 0.007 0.031 0.031 0.021 0.020 
2 0 0.026 0.020 0.006 0.030 0.013 0.011 

2.5 0 0.015 0.025 0.020 0.016 0.011 0.021 

3 
, 

0 0.025 0.038 0.017 0.021 0.008 0.015 
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~_..! .. .~
I11ftN\l.. fl. fllm-Mn1ft1111an"'81I"1W1\1 

flam,'iftfl'lll1Sn",ei;;'l"a\ll3uuaa 4 fllIRA 

nirr "Uft" 
t:o:: 

nu1tl (uu.) 0 500 

t:u::nn«mna (uu.) 

1000 1500 2000 2500 3000 

0.5 0 0.012 0.007 0.006 0.004 0.008 0.011 

1 0 0.006 0.012 0.007 0.004 0.011 0.007 

I 
1.5 

2 

0 

0 

0.013 

0.012 

0.007 

0.014 

0.005 

0.012 

0.011 

0.011 

0.006 

0.009 

0.009 

0.007 

2.5 0 0.013 0.018 0.012 0.022 0.008 0.007 

3 0 0.011 0.008 0.007 0.004 0.015 0.007 

0.5 0 0.010 0.007 0.006 0.004 0.014 0.013 

1 0 0.011 0.008 0.002 0.002 0.005 0.008 

- 2 
1.5 

2 

0 

0 

0.009 
0.018 

0.016 

0.016 
0.010 

0.013 

0.023 

0.005 

0.007 

0.009 

0.004 

0.007 

U 

:E-0 
3 

2.5 

3 

0.5 

I 
1.5 

2 

0 

0 

0 

0 

0 

0 

0.016 

0.015 
0.012 

0.012 
0.011 

0.021 

0.023 

0.005 

0.012 
0.012 

0.023 

0.019 

0.012 

0.003 

0.009 

0.011 

0.006 

0.015 

0.007 

0.011 

0.008 

0.006 

0.011 

0.006 

0.007 

0.013 

0.007 

0.013 

0.016 

0.013 

0.008 

0.008 

0.013 

0.009 

0.005 

0.009 

2.5 0 0.018 0.017 0.012 0.008 0.008 0.004 

3 0 0.010 0.010 0.009 0.012 0.008 0.011 

0.5 0 0.017 0.024 0.019 0.052 0.004 0.008 

I 0 0.016 0.006 0.007 0.004 0.016 0.015 

4 
1.5 

2 

0 

0 

0.008 

0.018 

0.010 

0.007 

0.012 

0.011 

0.006 

0.011 

0.015 

0.009 

0.010 

0.008 

2.5 0 0.009 0.021 0.007 0.006 0.029 0.001 

3 0 0.015 0.014 0.008 0.007 0.014 0.012 

0.5 0 0.016 0.024 0.006 0.004 0.006 0.007 

I 0 0.008 0.019 0.007 0.008 0.002 0.011 

I 
1.5 

2 

0 

0 

0.012 

0.019 

0.017 

0.009 

0.008 

0.006 

0.010 

0.006 
0.011 

0.025 

0.013 

0.007 

2.5 0 0.011 0.008 0.008 0.009 0.025 0.020 

3 0 0.019 0.010 0.012 0.007 0.018 0.015 

0.5 0 0.006 0.003 0.008 0.007 0.006 0.008 

I 0 0.008 0.009 0.017 0.007 0.005 0.012 

N 
U 
N 

::E-0 

2 

3 

1.5 

2 

2.5 

3 

0.5 

I 
1.5 

2 

0 

0 

0 

0 

0 

0 

0 

0 

0.005 

0.013 

0.006 
0.009 
0.027 

0.012 

0.019 

0.024 

0.006 

0.008 

0.017 

0.013 

0.019 

0.016 

0.020 

0.019 

0.025 

0.025 

0.018 

0.01l 

0.003 

0.011 

0.008 

0.005 

0.010 

0.015 

0.013 

0.013 

0.009 

0.006 
0.012 

0.003 

0.017 

0.010 

0.017 

0.009 

0.010 

0.013 

0.004 

0.018 

0.008 

0.002 

0.013 

0.006 

0.007 

0.017 

0.019 

0.016 

2.5 

3 

0 

0 

0.028 

0.030 

0.018 

0.008 

0.010 

0.014 

0.009 

0.013 

0.005 

0.015 

0.007 

0.016 i 
I 

0.5 0 0.020 0.028 0.012 0.014 0.003 0.013 

I 0 0.021 0.021 0.013 0.010 0.011 0.014 

4 
1.5 

2 
0 

0 

0.022 

0.024 

0.019 

0.044 

0.013 

0.009 

0.010 

0.013 

0.002 

0.009 
0.013 

0.009 

2.5 0 0.027 0.020 0.008 0.009 0.010 0.015 

3 0 0.026 0.010 0.005... 0.016 0.023 0.017 
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Itlft,",1" fl. fll1'N'fRftlft1nmnM,e;1;nM" 

Htlfl'111"fl1111Smntli1A'11«ltJ&~iiGlf4 flSIM 

"in fill"" 
1:U:: 

nni" (1J1J.) 0 500 

1:u::nnUfl1t1fl (1111.) 

1000 1500 2000 2500 3000 

0.5 0 0.006 0.007 0.013 0.007 0.010 O.OH 

1 0 0.011 0.021 0.005 0.003 0.018 0.063 

1 
1.5 

2 

0 

0 

0.019 

0.019 

0.019 

0.036 

0.014 

0.014 

0.004 

0.023 

0.022 

0.012 

0.014 

0.013 

2.5 0 0.025 0.013 0.019 0.028 0.015 0.018 

3 0 0.021 0.016 0.007 O.OH 0.008 0.017 

0.5 0 0.003 0.005 0.012 0.009 0.031 0.012 

1 0 0.016 0.011 0.008 0.006 0.025 0.019 

2 
1.5 

2 

0 

0 

0.013 

0.041 

0.028 

0.026 

0.010 

0.011 

0.007 

0.019 

0.020 

0.021 

0.008 

0.007 
M 
U 2.5 0 0.025 0.036 0.018 0.032 0.028 0.010 
N 3 0 0.022 0.027 0.013 0.021 0.013 0.012 
~- 0.5 0 0.009 0.009 0.011 0.005 0.009 0.006 

(5 1 0 0.016 0.007 0.006 0.003 0.035 0.012 

3 
1.5 

2 

0 

0 

0.022 

0.018 

0.014 

0.034 

0.019 

0.012 

0.017 

0.019 

0.016 

0.037 

0.012 

0.009 

2.5 0 0.008 0.035 oms 0.021 0.053 0.009 

3 0 O.OH 0.029 0.007 0.014 0.032 0.014 

0.5 0 0.005 0.006 0.007 0.006 0.006 0.015 

1 0 0.013 0.014 0.008 0.006 0.032 0.023 

4 
1.5 0 0.020 0.023 0.005 0.005 0.009 0.024 

2 0 0.033 0.031 0.007 0.006 0.057 0.013 

2.5 0 0.019 0.041 0.006 0.014 0.054 0.012 

3 0 0.026 0.023 0.014 0.009 0.007 0.022 

0.5 0 0.023 0.011 0.008 0.015 0.013 0.011 

1 0 0.013 0.022 0.009 0.007 0.015 0.016 

1 
1.5 

2 

0 

0 

0.016 

0.022 

0.027 

0.021 

0.004 

0.009 

0.016 

0.005 

0.009 

0.016 

0.016 

0.021 

2.5 0 0.018 0.037 0.009 0.011 0.012 0.013 

3 0 0.019 0.033 0.006 0.005 0.048 0.018 

0.5 0 0.008 0.017 0.013 0.018 0.006 0.023 

1 0 0.017 0.012 0.014 0.013 0.004 0.017 

- 2 
1.5 

2 

0 

0 

0.013 

0.015 

0.016 

0.013 

0.008 

0.010 

0.008 

0.008 

0.016 

0.038 

0.011 

0.022 

0 2.5 0 0.040 0.027 0.009 0.005 0.020 0.015 

=s 
N 
"'=t' 
0 

3 

0.5 

1 

0 

0 

0 

0.022 

0.019 

0.015 

0.033 

0.025 

0.015 

0.006 

0.010 

0.002 

0.013 

0.004 

0.003 

0.043 

0.005 

0.012 

0.015 

0.019 

0.013 

3 
1.5 
2 

0 

0 

0.020 

0.022 

0.019 

0.021 

0.007 

0.018 

0.009 

0.011 

0.046 
0.029 

0.027 

0.021 

2.5 0 0.015 0.022 0.013 0.008 0.021 0.015 

3 0 0.026 0.025 0.003 0.002 0.016 0.011 

0.5 0 0.023 0.014 0.007 0.005 0.004 0.024 

I 0 0.015 0.012 0.008 0.014 0.027 0.031 

4 
1.5 

2 

0 

0 

0.016 

0.018 

0.012 

0.011 

0.005 

0.007 

0.005 

0.008 

0.006 

0.006 

0.025 

0.022 
2.5 0 0.022 0.011 0.008 0.008 0.023 0.014 

3-' 0 0.014 0.035 0.004 0.006 0.011 0.012 
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ftlfttnnft ft. f11'Ni'tt.tlftl1"a,.",ettimUItl 
Hafll1iflft1111iffllflt1~Fi11fa\Jl~lIiitUf 4 t111t\'f\ 

nit'! "IIi" 
1::0:: 

ftl1i" (1111.) 0 500 

1::a::f111nmI18 (1111.) 

1000 1500 2000 2500 3000 

0.5 0 0.015 0.022 0.005 0.002 0.004 0.022 

I 0 0.014 0.016 0.006 0.005 0.009 0.022 

I 1.5 0 0.022 0.008 0.007 0.003 0.024 0.015 

2 0 0.020 0.021 0.009 0.013 0.052 0.014 

2.5 0 0.023 0.007 0.006 0.019 0.009 0.016 

3 0 0.014 0.016 0.006 0.006 0.073 0.021 

0.5 0 0.014 0.015 0.015 0.023 0.004 0.015 

J 0 0.009 0.014 0.018 0.013 0.017 0.013 

N 
t:l 

2 
1.5 

2 

2.5 

0 

0 

0 

0.019 

0.012 

0.011 

0.025 

0.019 

0.008 

0.009 

0.007 

0.008 

0.013 

0.005 

0.008 

0.006 

0.020 

0.030 

0.017 

0.015 

0.017 
N 3 0 0.008 0.014 0.003 0.003 0.040 0.013 
~ 
N 0.5 0 0.014 0.006 0.009 0.015 0.019 0.013 

~ I 0 0.017 0.008 0.007 0.009 0.004 0.027 

3 
loS 
2 

0 

0 

0.027 

0.025 

0.024 

0.026 

0.004 

o.olS 

0.004 

0.009 

0.038 

0.046 

0.009 

0.008 

2.5 0 0.043 0.034 0.008 0.007 0.051 0.012 

3 0 0.015 0.017 0.017 0.026 0.038 0.019 

0.5 0 0.018 0.009 0.021 0.017 0.007 0.009 

I 0 0.010 0.014 0.011 0.022 0.028 0.007 

4 
1.5 

2 

0 

0 

0.021 

0.018 

0.018 

0.024 

0.009 

0.006 

0.022 

0.003 

0.004 

0.030 

0.015 

0.008 

2.5 0 0.021 0.010 0.012 0.012 0.021 0.007 

3 0 0.010 0.007 0.019 0.007 0.025 0.01l 

0.5 0 0.007 0.011 0.007 0.009 0.020 0.016 

I 0 0.004 0.011 0.017 0.034 0.017 0.012 

I 
1.5 0 0.006 0.003 0.027 0.033 0.023 0.025 

2 0 0.013 0.013 0.018 0.036 0.026 0.016 

2.5 0 0.012 0.007 0.009 0.007 0.062 0.012 

3 0 0.016 0.019 0.007 0.012 0.034 0.006 

0.5 0 0.007 0.008 0.009 0.005 0.023 0.01l 

I 0 0.005 0.011 0.006 0.005 0.087 0.017 

2 
1.5 

2 

0 

0 

0.011 

0.015 
0.010 

0.005 

0.005 

0.013 

0.004 

0.007 

0.041 

0.039 

o.olS 
oms 

~ 

t:l 2.5 0 0.007 0.009 0.012 0.016 0.036 0.014 

~ 3 0 0.014 0.023 0.007 0.009 0.040 0.014 

N 0.5 0 0.007 0.006 0.007 0.008 0.018 0.017 

~ I 0 0.009 0.006 0.010 0.004 0.033 0.014 

3 
1.5 

2 
0 

0 

0.005 

0.013 

0.013 

0.008 

0.011 

0.006 

0.004 

0.004 

0.026 

0.051 

0.006 

0.016 

2.5 0 0.008 0.007 0.006 0.007 0.017 0.014 

3 0 0.010 0.011 0.008 0.006 0.041 0.026 

0.5 0 0.008 0.005 0.010 0.013 0.052 0.019 

I 0 0.008 0.004 0.008 0.008 0.081 0.012 

4 
1.5 0 0.007 0.013 0.007 0.012 0.013 0.019 

2 0 0.009 0.009 0.008 0.004 0.064 0.021 

2.5 0 0.011 0.007 0.012 0.018 0.032 0.023 

3 0 0.011 0.012 0.022 0.025 0.029 0.018 
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J!_2 .. ~!'l...._
"lfl..,.111 ft. fln~nmlfl1111CmmellKmaU 

., ~ ..... .. .. f/ .,
Fmnn'lflfl11IlnmntmN11fatll81nmfl 4 fllI"fl 

,itf tl1Ifitl 
,::u: ,:u::nl1iftn1'8 (JIaI.) 

n111t1 (alai.) 0 500 1000 1500 2000 2500 3000 

0.5 0 0.003 0.022 0.012 0.009 0.012 0.018 

I 0 0.011 0.008 0.006 0.015 0.011 0.016 

1.5 0 0.009 0.016 0.009 0.019 0.013 0.005 
I 

0.006 0.012 0.008 0.0122 0 0.007 0.006 

2.5 0 0.008 0.010 0.010 0.018 0.016 0.011 

3 0 0.012 0.016 0.012 0.011 0.008 0.017 

0.5 0 0.016 0.006 0.006 0.002 0.014 0.009 

I 0 0.008 0.007 0.012 0.022 0.018 0.012 

1.5 0 0.008 0.011 0.007 0.012 0.013 0.014 
2 

0.0092 0 0.013 0.014 0.015 0.013 0.009-u:l 2.5 0 0.010 0.016 0.013 0.007 0.010 0.018 
~ 3 0 0.009 0.019 0.016 0.004 0.024 0.008 
~- 0.5 0 0.008 0.019 0.007 0.006 0.014 0.009 
~ 

I 0 0.008 0.008 0.012 0.017 0.002 0.0120 I 

3 
1.5 0 0.007 0.011 0.009 0.041 0.007 0.011 

2 0 0.004 0.006 0.031 0.021 0.009 0.012 

2.5 0 0.017 0.007 0.015 0.031 0.013 0.022 

3 0 0.013 0.015 0.008 0.028 0.011 0.015 

0.5 0 0.014 0.006 0.017 0.013 0.010 0.015 

I 0 0.008 0.008 0.027 0.033 0.010 0.012 

4 
1.5 0 0.014 0.012 0.016 0.014 0.005 0.011 

2 0 0.018 0.010 0.013 0.029 0.002 0.014 

2.5 0 0.006 0.007 0.018 0.017 0.013 0.010 

3 0 0.014 0.011 0.011 0.015 0.010 0.003 

0.5 0 0.003 0.007 0.013 0.007 0.045 0.018 

I 0 0.004 0.007 0.011 0.013 0.019 0.012 

1 
1.5 0 0.010 0.014 0.009 0.034 0.014 0.015 

2 0 0.011 0.021 0.014 0.024 0.009 0.016 

2.5 0 0.015 0.010 0.018 0.016 0.018 0.006 

3 0 0.008 0.022 0.012 0.019 0.014 0.014 

0.5 0 0.007 0.015 0.019 0.019 0.023 0.017 

I 0 0.007 0.003 0.044 0.019 0.016 0.011 

2 
1.5 0 0.004 0.003 0.036 0.031 0.018 0.014 

2 0 0.017 0.007 0.025 0.014 0.024 0.010
M 
u:l 2.5 0 0.018 0.011 0.036 0.013 0.014 0.011 
~ 

3 0 0.027 0.032 0.009 0.010 0.009 0.016 
~- 0.5 0 0.007 0.007 0.006 0.001 0.019 0.013 

~ I 0 0.004 0.003 0.013 0.028 0.005 0.014 

3 
1.5 0 0.008 0.017 0.021 0.018 0.007 0.005 

2 0 0.007 0.027 0.013 0.008 0.032 0.009 

2.5 0 0.012 0.021 0.014 0.013 0.042 0.009 

3 0 0.011 0.037 0.009 0.004 0.010 0.014 

0.5 0 0.006 0.002 0.014 0.014 0.022 0.016 
I 0 0.003 0.004 0.013 0.031 0.008 0.008 

4 
l.S 0 0.006 0.007 0.013 0.018 0.004 0.007 
2 0 0.008 0.015 0.006 0.021 0.031 0.016 

2.5 0 0.012 0.020 0.018 0.025 0.021 0.012 
3 0 0.010 0.044 0.023 0.010 0.013 0.006.. 
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y~ !!L .I... 
Itlft.nnn fl. Rlrnmnlft1l1R01"'81IH11t1U 

'Ulm,iflfl11uifm"ei\,hHMJI''UJJaa 4 flU'"' 

niff flUtifl 
2:a; ':=ftuSmf7e (2.12.1.) 

nuifl (1111.) 0 500 1000 1500 2000 2500 3000 

0.5 0 OJ)04 0.008 0.009 0.008 0.015 0.016 

1 0 0.007 0.005 0.005 0.007 0.005 0.016 

15 0 0.009 0.014 0.008 0.006 0.006 0.015 
1 

2 0 0.014 0.009 0.008 0.007 0.041 0.015 

2.5 0 0.026 0.016 O.OOS 0.006 0.013 0.018 

3 0 0.017 0.007 0.006 0.005 0.009 0.012 

0.5 0 0.008 0.003 0.007 0.010 0.012 0.013 

1 0 0.003 0.004 0.014 0.018 0.019 0.015 

l.S 0 0.008 0.007 0.005 0.025 0.038 0.021 
2 

2 0 0.014 0.011 0.008 0.026 0.003 0.016 
~ 
~ 2.5 0 0.023 0.031 0.004 0.010 0.030 0.019 
~ 

~- 3 0 0.028 0.024 0.004 0.006 0.004 0.016 

0.5 0 0.006 0.006 0.007 0.012 0.013 0.007 

~ 1 0 0.007 0.009 0.023 0.040 0.010 0.015 

1.5 0 0.006 0.005 0.019 0.040 0.020 0.009 
3 

2 0 0.016 0.013 0.009 0.031 0.011 0.014 

2.5 0 0.018 0.024 0.008 0.036 0.010 0.017 

3 0 0.024 0.020 0.005 0.004 0.008 0.012 

05 0 0.003 0.006 0.021 0.008 0.013 0.018 

1 0 0.005 0.012 0.008 0.005 0.014 0.023 

4 
1.5 0 0.012 0.006 0.017 0.009 0.011 0.018 

2 0 0.010 0.015 0.007 0.013 0.022 0.020 

2.5 0 0.020 0.035 0.010 0.011 0.011 0.011 

3 0 0.019 0.007 0.011 0.005 0.035 0.012 

0.5 0 0.019 0.009 0.013 0.021 0.013 0.033 

1 0 0.014 0.017 0.013 0.036 0.031 0.014 

1 
1.5 0 0.014 0.024 0.014 0.025 0.009 0.022 

2 0 0.015 0.015 0.024 0.043 0.019 0.014 

2.5 0 0.027 0.025 0.011 0.016 0.021 0.036 

3 0 0.028 0.007 0.010 0.011 0.018 0.027 

0.5 0 0.012 0.009 0.013 0.011 0.026 0.025 

1 0 0.007 0.010 0.011 0.006 0.018 0.016 

2 
1.5 0 0.006 0.018 0.009 0.008 0.013 0.019 

- 2 0 0.013 0.020 0.032 0.018 0.014 0.027 

~ 25 0 0.008 0.011 0.017 0.006 0.008 0.025 
~ 

~ 
M 

3 0 0.005 0.009 0.038 0.022 0.008 0.010 

0.5 0 0.005 0.023 0.005 0.005 0.034 0.015 

~ 
3 

1 0 0.016 0.015 0.014 0.026 0.018 0.019 

1.5 0 0.014 0.024 0.018 0.013 0.030 0.014 
2 0 0.010 0.020 0.026 0.027 0.038 0.026 

2.5 0 0.013 0.028 0.018 0.020 0.020 0.037 
3 0 0.023 0.012 0.016 0.031 0.029 0.010 

4 

0.5 0 0.013 0.008 0.007 0.009 0.019 0.026 
1 

1.5 
0 0.007 0.006 0.013 0.014 0.011 0.015 
0 0.007 0.013 0.011 0.012 0.021 0.023 

2 

2.5 
0 0.010 0.009 0.009 0.007 0.011 0.022 
0 0.013 0.006 0.025 0.019 0.006 0.015 

3 0 0.012 0.012 0.029 0.006 0.011 0.014 
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ft1ftfN1ft ft. fll'SN.nm1ft1111Q'ftM1tmfn 

.. a .... .. .. ~ ~.."'a
Hftnl11ftfl1111 n1f1flllH11f\'lUlflUlIft\'l 4 ....4'1: ."',, 

t::U::fluifflln& (1111.) 
tlirr flllifl 

t::u:: 

fl1titl Ow.) 0 500 1000 1500 2000 2500 3000 

0.5 0 0.007 0.017 0.017 0.026 0.053 0.023 

I 0 0.009 0.009 0.025 0.031 0.034 0.026 

1.5 0 0.009 0.016 0.023 0.032 0.010 0.022 
I 

0.012 0.0132 0 0.007 0.007 0.019 0.030 

2.5 0 0.013 0.007 0.022 0.032 0.021 0.016 

3 0 0.013 0.008 0.020 0.046 0.017 0.022 

0.5 0 0.012 0.010 0.021 0.009 0.051 0.022 

I 0 0.013 0.009 0.020 0.030 0.017 0.017 

2 
1.5 0 0.012 0.010 0.014 0.009 0.022 0.019 

2 0 0.019 0.010 0.022 0.021 0.011 0.033 
N 

2.5 0 0.015 0.008 0.029 0.027 0.022 0.027~ 
rr'l 

3 0 0.016 0.019 0.021 0.051 0.012 0.028::E 
N 0.5 0 0.007 0.026 0.016 0.029 0.008 0.021 

0 I 0 0.007 0.011 0.026 0.051 0.025 0.022 

3 
1.5 0 0.018 0.007 0.027 0.046 0.008 0.022 

2 0 0.037 0.031 0.019 0.017 0.018 0.022 

2.5 0 0.014 0.006 0.022 0.043 0.009 0.018 

3 0 0.012 0.009 0.028 0.055 0.006 O.oI8 

0.5 0 0.011 0.011 0.022 0.008 0.032 0.022 

I 0 0.010 0.012 0.037 0.009 0.040 0.022 

4 
1.5 0 0.014 0.008 0.018 0.030 0.032 0.032 

2 0 0.013 0.016 0.015 0.015 0.007 0.029 

2.5 0 0.018 0.005 0.022 0.014 0.006 0.032 

3 0 0.009 0.026 0.015 0.029 0.011 0.027 

0.5 0 0.011 0.012 0.024 0.039 0.014 0.015 

I 0 0.008 0.023 0.019 0.054 0.013 0.011 

1.5 0 0.012 0.026 
, 

0.009 0.062 0.016 0.017 
I 

2 0 0.019 0.026 0.030 0.023 0.011 0.018 

2.5 0 0.018 0.027 0.013 0.006 0.017 0.024 

3 0 0.025 0.027 0.032 0.014 0.023 0.026 

0.5 0 0.015 0.028 0.019 0.018 0.011 0.039 

I 0 0.011 0.022 0.042 0.034 0.016 0.020 

2 
1.5 0 0.020 0.017 0.034 0.026 0.013 0.022 

2 0 0.028 0.026 0.011 0.016 0.008 0.021 
rr'l 

2.5~ 0 0.034 0.027 0.008 0.006 0.018 0.021 
rr'l 

3 0 0.028 0.038 0.009 0.009 0.014 0.036::E 
~ 

0.5 0 0.013 0.010 0.016 0.035 0.007 0.016 

0 I 0 0.026 0.005 0.016 0.040 0.019 0.019 

3 
1.5 0 0.023 0.015 0.020 0.041 0.010 0.019 
2 0 0.024 0.023 0.022 0.011 0.012 0.049 

2.5 0 0.027 0.018 0.021 0.021 0.017 0.032 

3 0 0.026 0.026 0.027 0.021 0.009 0.017 
0.5 0 0.025 0.018 0.020 0.036 0.016 0.022 
I 0 0.018 0.019 0.038 0.029 0.013 0.017 

4 
1.5 0 0.016 0.021 0.035 0.012 0.009 0.012 
2 0 0.028 0.026 0.015 0.015 0.016 0.008 

2.5 0 0.040 0.021 0.013 0.007 0.010 0.014 
3 0 0.044 0.019 0.014 0.011 0.012 0.015 
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... 
Il1ftH~lft .a. fll1HUlrft.affDftl1f111eIr8UftlUmSl1Jffl 

..n l~U ft'~~Na nn..~ 'J'ft'01.JfI111J'Hlll1.JFb 

MANFORD (Mt) Ad iFlank) 

... t=tI:'I1~"\.l 
•

fll1Jl"'Jl1J ... ,.::tJ::'I1~1'\.l 
, 
fll1Jl"~J1U 

1'Htf 
tllt1t\ (IJIJ.) Ra Ry Rz Rq 

''Hft' 
m,.1t\ (IJIJ.) Ra Ry Rz Rq 

1-4 1.29 7.10 5.20 1.60 1-4 0.19 1.40 0.90 0.24 

496-500 1.80 9.30 6.00 2.24 496- 500 1.52 9.40 5.50 1.98 

..-4 

<
..-4::g 

996 -1000 

1496 -1500 

1.76 

1.75 

10.10 

9.40 

7.70 

7.70 

2.26 

2.10 

..-4 
III 
..-4
::g 

996 - 1000 

1496 -1500 

1.61 

0.79 

11.40 

5.40 

7.90 

3.90 

2.18 

1.06 
..-4 N 

~ 1996 -2000 1.83 10.90 7.60 230 ~ 1996 -2000 0.s5 4.80 2.90 0.74 

2496-2500 1.22 6.40 4.50 1.51 2496 -2500 132 6.10 3.76 1.24 

2996-3000 2.47 12.70 8.70 3.05 2996-3000 2.39 13.00 8.90 2.88 

1-4 1.32 9.60 6.40 1.74 1-4 0.24 1.60 1.10 0.30 

496- 500 1.26 6.90 5.50 1.59 496-500 0.23 1.50 1.00 0.29 

~ 996 - 1000 1.86 11.10 7.60 2.37 N 
III 

996 - 1000 0.63 3.90 2.60 0.77 
..-4::g 
..-4 

1496-1500 1.92 10.10 7.00 2.35 
..-4::g 
N 

1496 -1500 0.67 3.80 2.60 0.82 

~ 1996-2000 3.36 16.40 14.90 4.09 ~ 1996-2000 0.89 5.69 4.40 1.23 

2496-2500 1.96 9.80 7.00 2.45 2496-2500 1.60 7.97 6.00 2.03 

2996-3000 3.16 15.70 13.40 3.83 2996-3000 3.60 10.25 13.30 4.71 

1-4 1.54 7.90 6.20 1.85 1-4 1.03 7.60 5.40 1.46 

496- 500 1.63 8.90 6.80 2.05 496- 500 1.28 9.20 5.70 1.70 

< 996-1000 
..-4::g 1496 -1500 
..-4 

1.46 

1.59 

7.90 

8.40 

5.50 

6.20 

1.75 

1.93 

~ 
III 
..-4::g 
N 

996 -1000 

1496 - 1500 

1.43 

0.63 

10.30 

3.80 

6.10 

2.60 

1.95 

0.77 

~ 1996- 2000 2.68 15.70 14.00 3.41 ~ 1996 - 2000 0.68 6.46 2.90 0.87 

2496 - 2500 3.21 16.20 11.00 3.97 2496-2500 0.44 8.75 2.40 0.59 

2996-3000 2.36 13.90 12.10 3.59 2996 -3000 1.89 11.30 11.40 3.36 
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... 
Il1ft""lft ~. fll'HUD'R~"Dftl1f1'ltD'.,UftlUntUltJf11 

"1"1~utr"~Hftm''''1~trtllJft112J11r.tllJ;b 

EMCO (m) Ad (Flank) 

1to:;'Jl1~lu 
, 

ftl2Jl"'Jl'U .... 1tb::'I1~'U 
, 

ftl2Jl"'Jl'U 
111a' 111U 

n111fl (uu.) Ra Ry Rz Rq n111A (uu.) Ra Ry Rz Rq 

1-4 1.40 8.20 5.70 1.72 1-4 0.21 1.50 1.00 0.26 

496- 500 1.68 10.00 7.10 2.12 496 - 500 0.86 6.40 4.30 1.16 

.-4 

U 
996 - 1000 1.35 7.60 5.50 1.69 .-4 

c:l 996 - 1000 1.23 8.60 4.90 1.72 

~ 1496 -1500 2.30 13.20 8.50 3.02 ~ 1496 - 1500 1.60 13.40 7.90 2.29 
.-4 N 

C 1996-2000 2.42 14.10 10.40 3.29 C 1996 -2000 1.80 8.50 5.23 1.21 

2496-2500 1.42 10.22 5.50 1.74 2496 -2500 1.84 10.12 7.48 1.90 

2996- 3000 2.66 14.90 12.70 3.46 2996 -3000 2.04 8.74 9.30 2.12 

1-4 1.59 9.50 7.30 1.97 )-4 0.33 2.40 1.40 0.43 

496-500 1.59 9.50 7.00 2.01 496- 500 0.52 3.90 2.20 0.68 

N 
U 
N 

996 - 1000 1.94 11.00 8.60 2.36 N 
c:l 

996 - 1000 0.43 3.90 2.30 0.65 

~ 
.-4 

1496 -1500 2.17 15.10 10.90 3.04 ~ 
N 

1496 -1500 1.66 11.00 7.70 2.19 

~ 1996- 2000 1.65 6.30 4.70 1.52 ~ 1996-2000 1.80 10.20 6.25 2.44 

2496-2500 2.51 16.00 10.50 3.31 2496 -2500 1.96 8.45 7.62 2.05 

2996-3000 1.90 11.60 8.90 2.43 2996 - 3000 1.87 10.70 9.53 2.56 

1-4 0.97 5.40 3.80 1.23 1-4 0.35 3.50 2.20 0.51 

496-500 1.58 10.20 6.40 2.06 496 -500 0.77 5.50 3.60 1.04 

~ 

U 
N 

996 - 1000 1.42 8.00 5.30 1.73 ~ 

c:l 996 - 1000 0.84 6.50 4.10 1.14 

~ 1496 -1500 2.64 14.00 10.00 3.22 ~ 1496 -1500 1.90 12.10 6.70 2.56 
.-4 

~ 1996 - 2000 3.20 19.40 15.30 4.07 ~ 1996 - 2000 1.82 10.30 10.36 2.34 

2496 -2500 2.85 14.40 10.40 3.53 2496 -2500 1.94 9.26 9.20 2.65 

2996 - 3000 3.53 17.70 15.60 4.24 2996 - 3000 2.16 13.47 11.35 2.47 
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... 
IllAHUlft ~. fll'HU&nl~HQftl'fI'19D'8UftlUnUJ1UHl 

f1l'il.mtY~~Ht'lm'ifl'i1"'tYf)tJf1111Jl1fJ1tJ;:b 

EXTRON (M3) Ad (Flank) 

,itY 
,::o::Ym1u 

O1'1f1 0.111.) Ra 

, 
f111Jlf1'i!lU 

Ry Rz Rq 
n1'rl 

,::0::ym1u 

O1'1f1 (1111.) Ra 

, 
f111J191'i!lU 

Ry Rz Rq 

1-4 1.31 8.00 5.30 1.67 1-4 0.23 2.40 1.40 0.34 

496 - 500 1.37 7.20 5.10 1.70 496 - 500 0.22 2.40 1.80 0.33 

..-4 996 - 1000 
~ 

~ 1496 - 1500 
..-4 

C 1996 -2000 

1.63 

1.71 

2.46 

8.30 

5.16 

10.26 

6.10 

7.60 

10.70 

1.95 

2.08 

3.07 

..-4 r. 
~ 
N 

C 

996 - 1000 

1496 -1500 

1996 -2000 

0.32 

0.99 

1.31 

3.10 

4.28 

6.39 

1.90 

4.70 

6.20 

0.47 

1.41 

2.01 

2496 -2500 2.27 12.32 10.70 2.92 2496-2500 2.28 7.96 17.60 5.33 

2996- 3000 2.96 14.11 13.00 3.78 2996-3000 2.13 10.43 20.30 5.80 

1-4 1.61 10.80 7.60 2.09 1-4 1.41 11.50 6.70 2.05 

496 - 500 1.50 9.30 7.20 1.93 496 - 500 0.37 5.70 4.80 0.81 

N 996 - 1000 
~ 

~ 1496 - 1500 
..-4 

C 1996-2000 

1.87 

2.73 

2.85 

11.70 

13.35 

16.26 

7.40 

14.80 

13.20 

2.42 

3.64 

3.52 

N r. 
~ 
N 

C 

996 - 1000 

1496 -1500 

1996 - 2000 

1.73 

1.56 

1.21 

14.00 

10.32 

11.54 

9.10 

7.10 

5.50 

2.71 

2.28 

1.61 

2496 -2500 1.38 14.47 5.00 1.67 2496-2500 0.34 10.89 1.20 0.41 

2996 - 3000 2.78 15.64 11.60 3.42 2996 - 3000 1.16 13.37 5.50 1.64 

1-4 1.01 6.70 4.40 1.27 1-4 0.20 1.30 0.90 0.26 

496 - 500 1.89 10.40 7.80 2.40 496 - 500 0.62 3.90 2.30 0.77 

~ 996 - 1000 
~ 

~ 1496 -1500 
..-4 

C 1996 - 2000 

2.21 

2.62 

2.40 

14.10 

10.55 

13.45 

11.20 

11.00 

13.20 

2.90 

325 

3.51 

~ 

~ 
N 

C 

996 - 1000 

1496 -1500 

1996 - 2000 

0.85 

0.61 

1.54 

7.40 

8.14 

9.65 

5.10 

2.70 

12.80 

1.14 

0.77 

3.51 

2496-2500 2.67 12.63 14.90 3.72 2496 -2500 1.21 11.49 2.10 0.56 

2996 -3000 2.50 15.87 9.10 3.21 2996 - 3000 1.95 13.17 8.20 2.60 
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