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"" 'Uflfl 1 
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tJflUl 

1'U ~1 'U ~19l ff1 'H fI'j ':i1Jijf11 'j'll1l'Y1f11 'U 1 'fttjff~tJ1 'H ~1~11J11 ~1~tH~1Jf1111Jff11J1 HI1 'Uon 

fl~ I9l 1'YI f11 'U 1 'fttjff~ tJ 1 'H ~~~1~11J1ij u'YIu1'Y11'U m ~U1'U Ol'j fl~19l ff'U ~1'H1tl flill9ltlw tt1~ H '1 

1'YIf11'U1 'fttjff~tJ1 'H~~ijm11Jff1fiqjtld1~'H,j~ 1'UfI'j~U1'Uf11'j fl~l9l~fitl f11'j 1~f1tl1J'W11I9ltl{';1tJ 1 'U 

Ol'jtltlOUUUU'ft~f11'jfl~19l (CAD/CAM) ltJ'jum1Jf1tl1J'W11I9ltl{~1'U CAD/CAM ~ij1~1'U1~f11'j 

fJl9lff1'Hm'j1Jijtl~'H'ft1tJltJ'jum1J 1';'U Unigraphics, Mastercam Catia, Smartcam U'ft~ 

~" ''t.1 QQI 'I"" QI ... 'I" .I 'QICimatron llJ'UI9l'U UI9l'ft~ ~lJ'jUm1J'il~1J'fto'};jW~f11'j ~'H1'Uf1'ft1tJO'U f11'jl'fttlO ~'lf~l'U'U'Utl~OlJ 

m11J~tl~f11'j tJ'j~ ff'!.Jonci'U'ft~ f1111Jlf1tJ;'U'Utl~ m~ l~wu~'ft~ 1 tJ'j um1J \"I~ijtJ 'j~ff'YIifil-W.. 
'QI VI.I 't.1 clQ 'QI VI.I -i "'1"

U'ft~f1111Jff11J1Hl\9l1~O'UtltlO ~lJ 'j1m'Utl~ ~lJ'jUfl'j1J01J'j1mUI9l0I9lHO'U ~lJ t]f~Fj t'H1'UU'ft~ 

JI JI 

~tJ 'j ~Otl'!.JOl'j 'I1'U 1~ff11J1Hlf;hu~ 'ft~ 1 tJ'j uO'j1Jll1 ci1'11'Uijf1111Jff11J1H1UI9l0~1~ti'UtldH 1 'j 

Ol'j ffmn f11'j 1~~1 'U 'U tl~ 1 tJ'jUfl'j1Jf1 tl1J'W11I9ltl{';1fJ1'U f11'j tltlOU'!.Juu 'ft~ fl~19l ~~ihh'U ff1fiqj ~ tl 

OU ~~ ff'U 1 \"Ii 'U 01 'j 1iitlo 1 ~1 tJ'j UoHl1 ,rl~tJ'j ~ ltJ'lftJff ~ ff~U 'ft~ U11J 11 ~~ 1 'U l~tl dHij.. . 

1.3 '1l8'Ul'll~'lItHlfl'Hfl11 

1.3.1 1ff~~1·n'Uf11'ji~tJ fitl 'YItl~1l1iitl~ 'U'U1~o1'1~ 60 rom t111 60 rom 'H'U112 rom 

1.3.2 1~~tlO END MILL 'U'U1~ 0 2 rom 1'Uf11'jti~~l'U 
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1.3.3	 tl~lJ~1V~1.:Jh.lm·H~~'WulJlJiihlJ1'1J 10 fl'W u1J.:Jt1h.j~t~~1'111qj~1'1J1'W 5 fl'W ~ii 
.. 

~'W!1'W1'Wfnlt~~'WUlJlJ~1'W1'IJ 5 fl'W 

1.3.4	 11.humlJ~1-N1'Wmlt~~'IJUlJlJU~::VVtlUlJlJ~lmff'Wtiv l1.humlJ AutoCad 2002 .	 ... 
1.3.5 1,*tfl7v.:Jfiflvfll'IJ,j~ (CNC Milling) l'IJmlfifl~'W.:Jl'IJ~l'IJd'W 2 tfl7V.:J tiv 

tfl~v.:JfiflV~1'W,j~ ~"rv EMCO U~:: tfl~v.:JfiflV~ 1'IJ~ ~"rv HAAS i'W VF - 3 

1.3.6 11.humlJflvlJ~dt~v';'lfd~1'IJmlvvtlUlJlJu~::ml~~~ ~l,*tiv l-lhumlJ A u~:: 

hhumlJ B lfl~l1.humlJ A t~'IJ11.humlJ~1-Nfi'IJu'rd'H~1~u~::iillfl111JU'Y'l.:J2J1tl'lrtl ffl'Hi'lJ 

11.humlJ B Irl'W 11.humlJ~1-Nti'IJv~1.:JU'Y'l7'H~lm'lf'Wt~~dti'Wu~iillfl1~ff.:Jtl·;h.. 
1.3.7	 ~tJ~1-N1'Wml'VlflffvlJii 3 "tl'l:lW:: tiv ~tJm::~.:J ~tJflVfH)Vfl u~::~tJm'IJHi'11'Vl~ 

.. . 
lfl~'VlflffVlJfifl"fl'l:lW::.:Jl'IJ~:: 20 ~'W/ltJlum2JItfl7v.:Jfifl 

..	 . ..
GI	 QI .Q 0 GI gJ4!!l tq ~ QI QI d 

1.3.8	 l'IJmmfl'lf'W.:Jl'IJ~::m::'Vl1m~ l~t.:JV'IJ l'IJlfl~dfl'W fl.:J'IJ
 

... .. ~
 
- tlfll'WU'Wd 2 Utl'IJflH (2 Y2 - D) 

~ cl... 11\.'''1 
- fl11lJ~fl'Vltlfl~.:J nJflV 0.5 mm 

11\ ' .. 91 • ...d.. 
- llJ l'lfffll'H~VW'IJ l'Wmltlfl.:Jl'IJ 

,	 .... 
tfl7V.:JijV~fl (END Mill) 1 ~d1,*fifl~'W.:Jl'IJ 5 ;1'IJ 

A .. 91 d ... _'I 
- tfllV.:J EMCO 1'll'fl11lJtldlVlJ 2000 rpm tlml1W'W 36 mm / min 

A .. 91 d ... _'I 
- tfllV.:J HAAS 1'lffl11lJtldltllJ 5600 rpm V~ll1JV'W 81 mm / min 

- tfl~tl~ijv~fl~l,r fitl Flat End mill HSS C08% 'I1iJfl 2 fllJ~fl 

'IJ'lJlfl 2 mm 

- fl11lJ~ldml~lJ Tool t'vhti'IJ 

Qq o.Q

1.4 ltifll~~lIUU~lU 

1.4.1	 fffl'l:l1'Vlq'l:l~~trl~d,j'V.:Jtm::fftl'l:l11 tJlUmlJ~~:: 1-N1 'IJml1~~ 

1.4.2	 VtltlUlJlJ~dfl~1~~~::',rt'Wml1~~
 
... '"
 1.4.3	 ~fl'Hl'l,/fl~lmt'IJ~'WUlJlJ 

.. 91911 ...... '"	 .lcl1l\91 11\9191 "i. I
1.4.4	 l'H~ldlJd~m'IJ~'W~1J'VllflVVflUlJlJ nm~ l1JlUmlJ AutoCad 2002 

1.4.5	 md~ffVlJ'IJ'lJlfl~tJ~~7dlJ1~m~~'W 
",.t cl .. 91.. 91'" 91

1.4.6	 t~l(JlJ'lf'W.:Jl'W'Vl~:: 1'111'HlJ'IJ'Wlflfl11.:J 60 mm md 60 mm 'H'W112 mm 
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0 

. " 
1.4.7 Interface 'itlVi~~11J1~rJ-n.:J 10 f1'Wt~rJ'Wl,~\ditlmm1JA ll{l~ itl'jllm1J B 

~ ~ ~ . . . 
o do ~ " I 4 QI .c!t 

1.4.8 'Yllf11'j CAM ll{l~ Postprocessor File 'YI'Y11f11'j Interface 1l{l11'tJl~lfl'H).:Jn~I'VnJ'YI1 

" f11 'j ti~;['W.:J1'W 
JI • I I 

1.4.9 1~'tJ 'W 1~'tJ ~N ff1'W i ti'.:JtM'W .:Jl'W ViVhf11'jti~I~~ ~1l~1\9l11JVi~~Vinl'H 'W ~ 
Q "Qd Q.e:t..I" 

1.4.10 'j11J'j11Jll{l~11ml~'H'tJ~~{l~1rJ11if11'j'YI1.:J~t1\9l 

1.4.11 ~~tl~mf11'j1~rJ 

I • 

1.5 !fl~8~ij8m~ 

1.5.11fl~~.:Jti~~\9l i'W~~ (CNC Milling)
 

Jt ol!!t QI 4
 

1.5.2 tfl'j~.:J1J~1~ 3 lln'W (Coordinate Measuring Machine 'H'j~ CMM) 
Jt cf.,- Jt QI~.Q 0 

1.5.3 lm~.:JfI~1JW11\9lm l~rJf11'H'W~~m'W~'tJ~.:Jlmm~.:J'W
 

q , tl ~, ~ ~tl

1.5.3.1 1J'H'W1rJ 'j~1J1{lH{l\9l.:Jll\9l 2.00 GHz 'tJ'W I 

d d'e::::a. d' "11" I 
1.5.3.2 mn'j~~~nfl111J~ 11J'W~rJml 40 GB 

1.5.3.3 ijmhrJml1J~'I'~,j'~rJn11512MB 

1.5.4 software itl'jllm1Jf11'jl~rJ'WIl1J1J ll{l~ itl'jllm1J CAD/CAM 

• 
1.6 1.h~ll.f,nHlfludlil~'A~'lJ 

1.6.1 'YI'jl1Ji).:Jfl111J~lm'jtl''W n1'j~~ml1J1Jll{l~f11'j Hfi\9l'tJ~.:J i tl'illn'j1JfI~1J~11\9l~1 

CAD/CAM 1'W~1'Wn1'jti~.:Jl'W 2 mi 1~'W{llm~'W iti'.:J 

1.6.2 ijll'W 1'Y1H1'W f11'j ~~iY'W' ~ 1 -H'lln~~ ~~.:J f11'j 1~i tl 'j llm1J fI ~1J~ 11\9l ~1'lf1rJ1 'W f11'j 
~ 

~~nll1J1Jll{l~f11'j Hfi\9l 

y.,.., q., 1 1" '" .I. 1 '" ..;. ~ 
1.6.3 ~1~rJ1J'YIm:l~ 'Wf11'j 'Il'f1~1JW1t\9l~'j'll'1rJ 'Wf11'j~~nll1J1JU{l~f11'jH{l\9l1W1J'tJ'W 



,...
 
'lJ'YI'YI 2 

2.1 fluh 
"	 ..'I '" • <1/ "'''' '" "'1 0 ...... <1/ 'I" 'LI

&'U 1.J 'Yl tHl ~ml11f;) ~'Yl qll t)'Yl tfw'J'U U~ &'U fl1 'i'Yl11~HJfl1'Hl'f)1l1fl1 'i &'H l'U 'U U~ &lJ 'i unUJ 

fl mJVl1t~u{';1t11 'U O1'iuunu1.J1.Jtt'fl~ ~~~ 

... tI, 1	 ...
2.2 fl8J.J't'fJ&V18'lVltl "'Ull'l88nU'lJ'lJnQ~NQVI (CAD / CAM) 

2.2.1	 '1~'lJ'lJ CAD/CAM l'Unu~~ul't'1fl':i'nJ 

~ d ,,'" I..."d ''I " "l " " '" 
~l'Uf..J~ffll1m'i:Ut1J'U~l'U'Yl~u~:U01m'U~'U'U~'Yl'il~U~ &'Utt'U1l1'Ul ~~'il~~u~:U01'i 

.e:::t..oC:ltofJ,J QlI"	 .t::It."fjld d 

~'fl~ff'Umuun:Ul'Yl'U~uml:u~u~01'i'Uu~~'fll~ ff'Um~u~:UfJwm'Vl~U'fl~'ilm\ln m~1.J1'U01'i 

~~~l1'Uff~t1 O1'i1J'i~~n~flu:urht~u{'lf1t11'U01'iuunttl.Jl.Ju'fl~~~~ (CAD/CAM) t~'U~mt'U1'Yl1~ 

l1d~'lf1t1i ,rn1'i~~~ ff'U~lt~'U'1Judl~ij1J'i~ff'Ylnfll'Vl5nllw~'Uu~01nhflu:uVl1t~ u{'lf1t1i 'U 011 

uunttl.Jl.JU'fl~~~~ (CAD/CAM) ';1t1i'Un1'i~~~ff'U~1Uff~~~~11J~ 2.1 
'II 

CAD CIIM 

NClCr~c 

Machine 
. ­

invoices 
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~ 1fi,tJ~ 2.1 ffJ'W 'lI tlU~ 'U'Ufl tllJ~ 11" tl1'lf1tJl 'U m'HHlfiH 'U 'U HZ! ~ ~il" 
,d,!V r 4 'I r I 'I Q tI 9J.:S 

(CAD/CAM) 'YI1'l11lJ1'll'1tJ fltl l'l..lffTU'lItl.:l CAD 'll'1tJ l'Uf11'itltlfiU'U'U11fl'j1~'I1 UZ!1~.:l11fifl1'V/ 

" ~" 1'U ~91 ~ 1m!wu'mJZ! ~lfifltllJ~ 11"tl1'lf1tJl 'U f11'itltlfiU'U 'U (CAD) ~~\1fiff.:l 1 tJ V.:l'i ~'U 'U 
, . '" " 

fltllJ~ 11"tl1'lf1tJl'Uf11'i ~il" (CAM) l-Wtl11.:l11~'I..If11'i ~il"HZ!~ loft,rmJZ!l '1..1 f11'iff.:lcitl1ffi'J nlJl1.:l 

1HU~'I..If11'i~il~ f11'i11.:lU~'Ufinl;;1fffiU~1~.:lltlJ~il"lfitJfltllJ~11"tl1'lf1tJl'Uf11'i~il~(CAM)• 
~~ 1tJ'lf1tJ1'Uf11'ifl1'UfJlJ1fl~tl.:l~ml 'Uf11'i~il"~fifl1'UfJlJ~'UtJU~~"ff1'11 m'ilJ 1rltl 1~iY'U f{111~1~~ 
• .d 'l" .. <I I 'l 111""

'YI1f11'i ~'i 1 ~fftl'UfJWfl1'V/ C)f.:lf11'i 1'll'fltllJ'V/11"tl'ilJ1'll'1tJ 1'Uf11 'i~ 'i1~fftl'UfJWfl1'V/ ~ ~ 1fifl11lJ\1 fi"tl.:l 

llZ!~l1li'Uih~.:l 

" m~'U1U m'i ~.:ll1~f11nj1fltllJ~11~tl1lJ1'lf1tJl'Uf11'itltlfill 'U'U (CAD) mnh 

fl tllJ~ 11~ tl1111';1 tJ1um'i ~il~ (CAM) m nhfl tllJ~11~tl1lJ1';1 tJ1'U mn 1.:l11~'UfiU ~il ~ 

(Computer Aided Process Planning: CAPP) f11'ithfltllJ~11~tl1lJ1';1tJl'Uf11'i~'i1~fftl'UfJWfl1'V/ 

(Computer Aided Quality Control: CAQ) 1'i11~tJfi11 f11'iU1fltllJ~11"tl1lJ1l;;~1lJti'Uf11'i~il~ 

(Computer Integrated Manufacturing: CIM) 

1tJ~ 2.2 m'il;;f1tllJ~11"tl1~1lJti'Um'i~ii"
 

m'iU 1f1 tllJoW11" tl1lJ1'lf1tJtltlf111'U'UllZ!~';1tJ~il" (CAD/CAM) ij tl.:lfltJ'i~fitl'U~"htltlJ
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-U<l~~~ntl1li'tJm'l"<l<lnmru 

- ~ D Model 

- 3 D Model 

~l ~ dl
2.2.2 tl~tlU'~:::fltl'I.J'Utl~tltl1J'ftlAgJtl".i"lr.JtltlflU'I.J'I.J (CAD) 

2.2.3.1 olffl\!m~fJ1ti'lJm1tlflflUUlJ (Design Tool) 

2.2.3.2	 m1ff~1.:l~1l'YIHL't'l'\JltlW~ (Geometric Modeling) 

<!i ... <I ./ <I 
2.2.3.3 Lmfl.:ltltl1J'Vl1t~tl1U't'l:::fJUmw (Computer Graphics) 

• I 
<l;]fll.h::n<ltJ~<l;] CAD ....------' 

A • - mn ~fl"l"1l:Vl~~tJtJ 

• 'YI'l~~~r:U·:ll'i1Jm,.mJn­

~~1JtJ 

.,~., 

11l~ 2.3 tl.:lti'll 1::: fltl'lJ'\Jtl.:ltltl1JVi1L~ tl1oM1fJtltlflU'lJ'lJ 
'U 

d_l ... d I ...

2.2.3 tl~tlu1:::fltl'I.J'Utl~tltl1J'ftlAgJtl".i"lr.JNi;lgJ (CAM) 
... <II 

2.2.5.1	 tlfJ1J'Vl1L~fJ1']j'1fJtltlflU'lJ'lJ (CAD) 
, 

".c:Icv .Q

2.2.5.2 'Utl\!'t'lLflfJ1fl'lJm1r-l't'l~ (Manufacturing tools) .
 
<!I I 

2.2.5.3 m'it'lftl1J~tl1:::'lJ'lJ (Network) 

t11ffllJl1f;)Uff~.:ltl111Jffm~'tJntl.:lf'i'1l1:::fltl'lJ'Utl.:l CAM 1~~.:l~1l~ 2.4 
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I NC code 

.1 • .1 II II ... II' ~ ...
2.2.4 lJ1::1.fl"'Ut)-3C)l't)TfVlln1tlt)1l'W'J1Vlt)1~'Jtl&\ml1tlt)flU'lJ'lJlla::NaVi(CAD/CAM) U'lJ'I 

" ~~m~'\.J 2 iJ':i::tfi'VI ~'1ij 

• .I~ ~ .. ~I 'I .. ~I 
2.2.5.1 C)f~l"i~U1':ifl~:IJVl1t~~':i'll'1t1 t'\.Jfl1':i~t:lflU'lJ'lJ (CAD) U~::fl~:IJ~1t~t:l':i'll'1t1 

hJfl1':i~~~ (CAM) t'\.J~11~U1ti'\.J ~1t:l~lWJf'\.J Pro/ENGINEER, Catia, Unigraphics ,SDRC t~'\.J 
" ,,'" ~ ~ .!"!.". '" " "~,,~'\.J 'tl~~'tl~'1C)f~~~U1':iiJ':i::lfi'VI'\.J fl~ i:IJ~~'1N1'\.J~1uiJ~'1'tlm.!~ hH1J'\.J'tl~~~:IJ1~':i!,l'\.J (Neutral 

File Fonnat) t'lf'\.J IGES (Initial Graphics Exchange Standard), STEP {Standard for Exchange of 

I 
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0" 11).1'1" '1 • ... <I,Product Information) ff1:JJl'Hl'\.J1'UV:JJ1:1'UV~ CAD Model ~lJ 'If~1'\.J '\.Jff1'\.J'UV..:I f1V:JJ'Y'I1!~V':i'll'1t1 
OJ 

.e:::t. 11'1 !II 'do !II d. 4 Q,I do 
'1'\.Jm':iN1:1~ (CAM) ~~L1:1t1 U~:JJ'UmfftlflV:JJm)~:JJ':i1f1l~..:I 

2.2.5.2 t]fvvJ~ln!f1V:JJ~11~V{'li1t1'1'\.Jm':iNi1~ (CAM) LVjtl~~1L~tl1 ~1V~1~L'li'\.J 

~ " "....... " ....... "'1MasterCAM, SurfCAM, Virtual Gibbs I'IJ'\.J~'\.J 'UV~f1V':i1f1l\)n 'UVH1'tIflV:JJ vmff'Uv~m':i 

~~'Y'I1:11 ~~ In~ ~ 1n m':i ri~1l1:1~ i'1J~V:JJ 1:1 Liiv~ ~1 n9i'v..:Iiim':i UiJ1:1..:1! ~'\.J ~V:JJ1:1:JJ 1~ ':i~ 1'\.J t'Y'I ':i1~ '~ii 
OJ OJ ~ 

ri1'\.J'UV~m':ifff1~ CAD Model ~~mfftlm':ii'1J CAD Model ~ln liJmm:JJm):JJ~11~v!'lf1t1'1'\.Jnl':i . 
VVf1l11J1J (CAD) ~1~'\.J 

... ~_l .. oCt" .... <I', ....2.2.5 fl n 1'\1 £11..1& lJ ''Ulfl''UU6U t]f ~ 1£1 fl 6",'t't 1191 6 "i'tl'l£l 'Ufll1 6 6 flUU U II ~ ~ N ~ 91 

(CAD/CAM) 

m':ii11':i~1J1JflV:JJ~11~v!si1t1'1'\.Jm':iV~ml1J1JIl1:1~Ni1~(CAD/CAM) :JJl '1 '*'1 '\.J m':i 

... 1. 1 d ... .: .,;. " " ....,[" 1. 1I'll tI'\.J lJ ':i lin ':i:JJ I~ '\.J t]f'\.J ~ ~! ':i:JJ ~'\.J ~ 1nf)l ':i ff':i H ~ iJ 'Yl ':i..:l L'I'll 1fI tu ~ 'U ~..:I 'If'\.J ~ 1 '\.J ~ 1 tI lJ'j Un'j:JJ 

.t:::ll .I, Q,I ~ d ~ 4.t '1".a .4 Q,I " 

fI V:JJ'Y'I 1!~~'j'lf1t1~~nll1J 1J (CAD) '111:1..:1 ~ln'\.J '\.J n ~~! 'IJ'\.J m'j 11:1~n 'lflfl'j~..:I:JJ~~~111:1~'U~2qJ1:1'U~..:I m 'I 

Q,lll!t.d Q,I.a ll!tQ,l' .Q eS'1 ... <I. '1
~~mV'\.J'Ylt'l1:JJ1~ff:JJn1Jtfl'jV..:I:JJ~~~Il~"~'lI''\.J~ t]f..:l '\.J liJ'jum:JJfI~:JJ'Y'I1L~~'j'll'1t1 '\.Jm'j~~nll1J1J 

t1, jI • jI jI 

1l"~Ni1~ (CAD/CAM) i1''\.JI'j1ff1:JJl'jflVi~~n1'11'\.J~~~:JJ''~1..:1 "l t'I1~lU'~ lij~!ff~~iY'\.J'UU~V'\.J'U~..:I 
OJ 

>I ,>I 

f)l'jn 1'11'\.J ~ ~tl'Yl 'j..:ll'I 'U1f1W~'U~..:I~U ..:I1'\.Jll,,~m'j !ii~n '1 ~Lfl5~..:IijV~~ u1l1 'liu ~~'\.J~ V,iJfi~m'j 

n1'11'\.J~'Yll..:l!~'\.J'U~..:I!f1~V..:Iijv~~ (Tool Path) !~~;f'\.J~iJi\H1'\.J l~tI''\.J~'\.J~~'\.Jifltl'jllm:JJ 
... <I, '1 Q cS Q-d 0 J ... I .: 

f1~:JJ'Y'I 1!~~'j 'lf1t1 '\.J f)l'j ~~nll1J1J II ,,:: N1:1~ (CAD/CAM) ~~:JJ11if)l'j ~1"~ ..:If)l'j'U U ~1J'lI''\.J..:I 1U 

.. 4 '1" d <111) ,,'" .,;..K... t '" ?t •
(SImulatIOn) I'Y'I ~ '11!'j1 ff1:JJl 'I fl:JJ ~..:It'I1 U fll'Y'l'Y'l ~U ~~'If~ I~U:JJ 1ntl..:l'UU Vn'Yl..:ltl..:l1'IJ'\.J m'j 'If1 tI 

" ... d... .l .1.,[ ... ". 
~ 'j1 ~ff~1J'I11'UVN~'Y'I1:11~'Ylm~~1nm'j'U'\.J~lJ'lfU..:I1U~nmtl 

t " ... d ... " ... <I,
'U'\.J~~U,,!~'Yl1t1'U~..:If)l'j!'UtI'\.J1iJ 'I um:JJ!~'\.J t]f~1t1f1~:JJ'Y'I 1!~m'lf1t1 '1 '\.J m 'I ~~nll1J 1J 

1l"~Ni1~ (CAD/CAM) fi~f)lmiJ1:1..:1'Yll..:lL~U'U~..:IlfI~~..:Iij~~~'iJlrt'\.J'j'l1ffl~U~ (NC Code) l~tI 
II t1 t1 'JI I jI I 

'Ii'\.J ~ ~U i1!~ tln11 Postprocessor l1..:1U nj~..:I ~ 1n1iJ'YlH'U ~..:I~U..:I 1'\.J Vi fffH ~ 1n1iJ 'I llm:JJ 

... <I, '1 ... .: ... .K ... <I, 
f1V:JJ'Y'I1!~~'j'lf1t1 '\.Jm'jv~nU1J1JU1:1~N"~(CAD/CAM) '\.J~m'Utlu'U'\.J~lnfll'l:l1f1v:JJ'Y'I11~m !'lI''\.J 

fll'l:l1 APT ~..:ItfU~..:I ~llrtU ~~9i'~..:IlliJ,,~'1-HlrtU 'j'l1fffhi..:I~'1~ff1'11i'1Jfl11JfJ:JJlfI~~..:I~m~I~'\.J~ 

tln~1~~l..:1'j'l1fffhi..:lff1'11i'1Jfl11JfJ:JJlfI~~..:I~m~I~U~Lsiu G, M ,S !rtu9i''\.J Irl~'~liJmm:JJ 
d..c:s.d" " " d d.~ r , , " 
IVUt]f'Yl~n~~..:Iff:JJ\!'jtull1:11 liJmm:JJLVut]f'\.J~~~nff..:l 1~tlN1'\.Jff1t1ff..:l'U~2qJ" !'If'\.J RS - 232 - C 
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'VI_I4J Jt d d d.a J .. I~ • 'VI_I JI JI ~ 0'. ~QI 

Lutl.:ltfl·HI.:l~mCJ1m'WCJ1t'VH:)'IJ'W ~U'll''W .:Il'Wl9I~ Lu l~tll 'W 'Ii'W19I~'U ih~lt~ tlflil fl~1J'VrJt~~~'ll'1t1H(;1191 

(CAM) 

_I..i v 
2.2.6 t11W1!lU'UB.:JfIl1UiUll1JiUJU'UBl!t1 (Data Exchange Standard) 

f11 ~ ~ ~ ~ Vi n ~ 'U 'U fl v:I,J'vh tl9l ~ {'li1 til 'W f11 ~ ~ ~ flU 'U 'U U(;1 ~ H~ 19I (CAD/CAM) 

ffl1Jnf:ll111Jl1 ~.:Jl'W 1~mh.:liiu~~ff'Vlnfll'Vnf'W ~ltrJ'W mh.:l~.:I~~~~~.:Iiitl1~ u(;1mu~tI'W'I~lm.d(;1~.:I 

ti'WU(;1~ti'W ~~'I1il.:11 U~ um1JU~(;1~~~'U'U '11~~~ ~'I1il.:1'U~1i'Vl~.yhtl1~ H~19I~~'U'Ufl~1J~1tl9l~{'li1t1 

l'Wtl1~~~mt'U'Uu(;1~H~l9I (CAD/CAM) ~1t1ti'W 9i1mh.:l'IJ~.:Itl1~u(;1mu~tI'W,r~1J(;1 t'li'U 1'W'U~1i'Vl.. 
,.d "1 "" • '.!I QI ~ ?I 9JQI

u'l1.:1'11'W.:Jm~ L'll''IJtI\l(;1~11Jfl'U~~'I111.:1Hlt1t1t1flU'U'U (CAD) fl'UUH'WflH(;1l91 (CAM) tU'Wl9I'W 

Workplace Plotter Me18Uilc 

User 

CAM 
NC machines 

CLDATA 
Robots 

IRDATA 
POOl 
STEP 

Other CAD syso.e:ns 
IOES 
SET 
VDAFS 

CAD/CAM 
interlace 

PreIPost­
processors 

CAM date 

Process planning 
Assembly plannin 
Test planning 

CAD module 

Technical calculatlons 

Modelling 

Processing planning 

Machine programming 

User interlace 
COBOL 
Foruan 
Pascal 
Interactive 
Graphics 
Variant 
APT 
EXAPT 

........
 
2.3.1 fll1t11'1t11tl'UB.:JerIBWJI 

I 0 I d d d.~ d 

CNC tltl1Jl~lflf1111 Computerized Numerical Control ~:::'U'Um'Ut:l1JCJ1ttl'WCJ1'W~~1J 

fltl1J~1tl9ltl{~iifl111Jffl1J1~ f:lff .:Itvi1Jt,rl 1Uflltll 'W~ :l:'U'U Vil1..fffl1Jl~f:l~~ tl1~ti'U,r tl1J(;1~tl t1'Wt,rl.. .. 
1ul 'W ~:::'U Ulg 'W Cif U(;1~U~ :::1J1(;1H(;1,rtl1J(;1t~tl\J 1Hmr'V'l1f~ 1~1 Ufl 1'Ufl1Jtl1~Vil.:Jl'W'IJ t1.:1t fl~ t1.:1 ~mfl(;1 

.. q 
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4 QJ c:I	 .e:t • • •
2.3.2	 Ifl";itJ.:jfl~18't,\CJf (NC Milling Machmes) 

.a d do ~ 4 .d dd , 0 ~ "Q,I QI	 I 

tfl 'j V.:I fWHV'U C}fllJ lJ tfl 'j V.:I ~m mnJ 'j:tfl'Yl '11 'U.:I'Yl:JJ'Il V1J 'Il1tI fll'j 'Yl1.:11lJfl V'U 'Il 1.:1 fl11.:1 

lJV fl~ 1fl ~:ff1:JJ1'jfl111.:11lJti~I'lf'Ul~t11ti1Jlfl ~ V.:Iti~..t1 1tJmi'1 eJ.:Iff1:JJ1'j f1111.:11'U g'U "l 
, 

o '" 'JI 1II 'JI'" 'JI 1 .:, 1II.1 .A ... d '" , ~ .1
l'lflJ 1~1:~ 'Ylllfllltl1 m1lJ~ ~~Vtl~1t1 ~t1'Yl1 ~1HmtNtl~IVlJC}f~:U1J.:lVVtl1lJlJ 2 lJ'j:!.f)'Yl 

.a Q,ldd ~ J. Q,ldd odJ 'Q,I o'
'my"l tiv tfl 'j V.:I tl~tV'U C}f1"'Hn~.:IUll:lfI 'j V.:I tl~tVlJC}ft 'W'Cll'U VlJ C}f.:l'll'U Vtltl1Jfll 'j11.:1911U'11 'U.:I'Il V.:I 

'II 

, 
:JJ1tltl11 

n) 1,.1'.1'.	 'I) 1,.1111111 

... Id	 .a Q,I.c::ld d dd.et "I" .c::s,-cY 
~lJ'Yl 2.7 tmV.:Itl~C}fHl'UC}fU1J1J 5 UtllJ 'Ylmtl.:ll'Wll1:JJ~ l~lm::JJ 191:.:I1lJ'I1~lJ 

... 
2.3.3 ~'t,\~'UtJ.:jfll1fl11JfJlI (Control modes) 

1 ,	 • r 

~tl'l:l W:fllHI11JfJ:JJ fll'j IfI~V'Ul1111.:11'U 'Il V.:I UvilJt~v'U ~h.:l "l t'Utfl~ V.:I ~m tlll tg'U 

.c::s dd.c::s d .a d, QI .t:!l 

C}fUll:C}ftV'UC}f ~::JJfll'jtflllVlJ'YlV~ 2 lltl'l:lW: flV 

2.3.3.1 fll'jtfl~VlJ~''UUlJ1t~lJ91H (Linear Interpolation 'I1~V Straight - Line 

Interpolation) fll'jtfl~VlJ~~fl'l:lW:rl' 'j:1J1J~tg'lJl~~:f11'U1W'I11~lU'I1'I1.:1~~~1.:1 "l ~~VtilJt~'U 

1 161" '0 I .a.a 0 '9 d.a.t:!l.a d 
~tl C}f l'UUlJ1tff'U91H 'j:'I111.:1911U'I1'U.:I'IlV.:Ilfl'jV.:I:JJV 2 911U'I1'U.:I ~'U'IlW:'Yltfl'jV.:I:JJVtflllV'U'Yl~ltl 



• • 

• •

L, aL~ n.n.nl:'~u I:'Q~ij1~l,'!n~~ I:'Q~ijm.~~ l,:::~ t} ~!:JT.I:'t~ftft'tftnftQ~1 ~~tLUrt~n.tijtLUn.n.~ t . . " 
~ ~.

6', IAJltft1I:'~.L:/.nl:'~ LtftQl,'!ij1tLUft1tWrtLw:::~nftQI1Lt~Qat~rtijn.tijUlj:::o.QrtI:'Qtij1!:'Qo.
J::t'1-" I=" Wi' b tf 10 " ,., Ji:'It> 
I I I I 

•
LtftQ~ij1tLU ftrtLLtmuntl1n I ~~Hij~1 LtI1Ql,'!ijnLUrtijn.WljtLrtL.L:/.~~~n at~UQ~1 tLUt-Q~ 
f=7 ~ : I : "lIlpr ., • "p" lIL " 

!:!-I1QIlL t ~,@L~rtL~ ~UW.9' I:'Q~ij11:'Qo.11Unt 11nn.~ rtL l1o.tl1nftl,Q~I:'Q ~ij1 I:'Go.!:!-I1Q~ij1 tLUrtimt ij 
I I I I I 

•
ljtLrtL.L:/.l:'atlln~1 tt1LtI1G~ijm.n.nQrtI:'Qtij1I:'Qo.LtI1Q~ij1tLUrtijn.WljtLrtL.L:/.::~UL~UGI1 11~11JT. 

trn»,,"lrLpp ~ ,., r' F'1f r 
rttln.tijtLU (I0llUO;) In;) - ll.{8pU lS) . H~l1l'-1tI11mQtl1~~tLUrttln.tijtLU (,

if' ... '" 

~~Q~~~n.mmtln.WtLU 8', ~rt't 

6P-..#' 

~--II" 

11!t11~1 (8UfPlaA\ lodS) ~~rtQ!,1I:'Q;~1 (aU!l.{:>llW 8uH!!lG) :::L~1I:'Q;ij1 . . . 
n.~~b~~u£t~~G~~~n.n.nrttln.WtLU ~~ (l.{llld 100.1) G~I:'G~ij1I:'Go.l1~1I:'LLtrt~n.tijljtLrtL.L:/. 

ft~~ bL!:t Jt~ rtWmrt1~G~I:'G~ijYI:'Go.l:'rt"YfL~I:'~~I1G~~1:::~L~Uft~I1Untl1n:::~!:!-I1LI:'L!:tQ~" ft~ 

rtQtM.l1untftn L, aL~ "I1L t-LLtrttY~~~LQI1GI1n.n.:::tI:'Qo.n.o.tG~mrt QijtL~U rttln.tijn.n.::: tl:'Qo. 
~ 0 ~ k- 101' Ji:I' • 

~ ~ 

~11JT.n.uaQl1o.LtI1Q~~nLUI1 l, l1untl1n 8', Ltrttftl, I:'~.L:/. nl:'~ I1UI1JT..L:/.Hrt.L:/.rt1 I:'G~:::~QrtI:'QW1 
b 10 • j'F' Y f' 10;; 10 10 I bL" Ji:I' If 

Lta~l ttYLtI1G~ijgLU:::mR,U~11l, t 1 rtwntrtlLt~~ I:'Q.L:/.~~ !:'Lt":::tGrtI:'Gt~1t-Go.LtI1G~ijY
f" Pf' If t$bL f' Y f' r'10 I'" 

tLUrttln.tij:::~ftn.mmtln.WtLu (I0llUO;) lU!Od OllU!Od) ~~Q~~~rttln.tijtLU (I 
~ I 

" 
G~ ~!:JT. £ ft~1UQQI1QIl~I1Q~~YtLu:::mR,Ull 

rtL~:::m R,Ulll:' Q.L:/. I:'~!:!-I1Q~~1 tLUrt~n.WtLU I:'fbn:::~&ft~1&rt~n.tijn.n.~t 11l, 
tC' • 

~ ~ 

~ft"LULtl,'!UW~I:'Qtij1I:'Qo.QHmLtij~UM.111 aLlJaG:::~nI:'Q~UU"1 Grt1:'Qt~11:'Qo.LtftGl,mYtLUtl1n
of' 11)" If lOti>' 19 I ""b ... If f=" ¥' 

o.um:::~nn.G.L:/.o.tt~tLUI1l,t}L~",~~ak'LQ:::~rtijn.t~n.n.:::t I:'rt"m~ , Jt~ ~11"L~!:!-Q~I:'G;ijYI:'Qo.
" . . 

I:'rt"m~I:'L~":::t~l1m~~UUkrtL~I:'}tll1ftYl1~m~G~~ L, I:'L~~~t-Go.l:'rt"nL~L"mtI1L~:::~ &11~1& 

rttln.Wn.n.:::t (UOllllIOWalUI lllln:>ll;)) l:'ijll1.L:/.Ytl1nft1LtftQl,'!ij1tLU ,'£'£', 
. ."" hp Y 

Jt~ ~11"L~ ~I:'Q~~1!:'Qo. Q~1 rtLtij~~ ~L ~L~UU Lrtl:' t ~ ftftYI:'G o.G ~ 

~~UL~UQQI1Q~~Y~L~~Qt"~L~M.~Hrt1 QrtI:'QW1I:'Qo.LtI1G~ij1tLU"1 LLt L~t1~Q~~~QI:'Q~Ulj"1
¥" 1r' lrt,., If F"" " 19 0 "h10>'1 I" 

LtI1Q~~1tLUI1l, I1Untl1no.1 un:::~nn.G,L;!.~tt~:::o.$loI1G1$lorttln.tijn.n.:::t 11111:' 11"~~UQl:'art 1I:' 11"~~ 
F r Iltt' ~".. ~Ij> .. "'Iltlj> 

11 
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,tJ~. 2.9 fll':if'l11Jf,JlJU1J'lHfflJI9IH 

" 3) fll'.ifl11Jf,JlJl9lllJtfflJ'\1fJ1J2tJ (Contouring Controls) fll'.ifld1Jf,JlJU1JUW ~~ . . " a dlq 'JJQ,I d 

ffl1J1'.i ()f111JfllJ fll'.i tfl'Cl fllJ 'VI ~~WNlJ• 

• f1d1Jf,JlJ!f1~~H1jfl '1'I1'tfl~fllJ~1 tJiJ~19i1U'I1tl~~~fl~fll'.iU1J1Jtfl~fllJ~t~1 1~ 

• f111JfllJtfl~fl~1jfl '1'I1'tfl~fllJ~~lJllJn1JUlJ1Uf1lJ 1tJiJ~l9iltmtl~~~fl~fll'.i• 

• ,. II , 

• f11Uf,JlJtfl~fl~1jfl '1 'I1'tfl~fllJVi1 tJiJ~l9iltmtl~ '1~ "l 1JlJ';lJ~llJVifi1l'YlJ~ '1lJ 

" "1" I .... _'4 11)"UlJ1!fflJI9I'.i ~U'Cl~tfflJ mI9l1lJfI1fll9l'.il1JfllJ ~~ 

~tJ~ 2.10 fll'.ifl11Jf,JlJtfflJ~fl1J~tJ 
,," " ~ d.l .....

fll'.ifld1Jf,J1JtfflJ~fl1J~tJi1 iJ~ffl1J1'.i()UvmjmJ1~~fU1JlJ 3 '.i~~1J 9f~~lJflgfl1J 

f111lJffl1J1'.i ()'tJfl~'.i~1J1Jfl11JfllJ t;fl fl11lJffl1J1'.i() '1lJ fll'.ifld1JfllJfll'.i tfl~fllJ~'tJfl~tfl~fl~1jfl 1~ 2. ..
 . I" ,
'I1~fl 3 UfllJ V'l~fllJ "l nlJ 1~v111fhi1~ii~11!fl~fl~\1mclhglJ~irlJ"l ~~ijnUlJ1UfllJ ~~fflfifY~~ 

fl~~11~~ ffl1J1'.i ()fld1J~lJU lJ1UfllJ ilfllJ1 ~V'l!fllJ "l nlJrlUlJ1 '.i~~1Jfl11lJ ffl1J1'.imf~ ffl1J'.i ~~1J 
d ..:::& Q,I d " 

'tJfl~'.i ~1J 1Jfl11Jf,JlJ lJ'.i lV'Cl~tfltJ~~~lJ 

1) fll'.ifld1Jf,JlJl9lllJtfflJ~fl1J2tJU1J1J 2 UfllJ (2D Contouring Control) '.i~1J1J 

f111Jf,JlJ~~ffl1J1'.i()f111Jf,JlJ!fl~fl~1jfl '1'I1'tfl~fllJ~'1lJUlJ 1'.i~lJl1J (Plane) ~fil'11lJ~mV'l1~1~ 2 

" .... 0 '1 .ol d1l) " ~ '1 " " 1" 11) I" · UlJ1UfllJV'l'.ifllJ "l fllJ 'VIl 'I1ffl1J1'.itllfl'ClfllJ'VI !~'VI~ lJUlJ1tfflJI9IHU'Cl~tfflJ fl~ UI9I~~ ~lJffl1J'.i() 
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I r , I , II 

l'll~fJ'U':i~'U1t11'Um':i'thnui~ 'I!'U111J1fJm11r:h 2 U'U1Ufl'UVilfl~V'UVi~~V1Jti'Uti'U i~'I!'U 'il~~fl 

illl1'U ~l\911tJl9i1'il1fltli'l:i'Vl ~Hi;~ i1J 1:1'11J l':im'll~ fJ'UU 'U 1Ufl'U i~ 
"~Q,I ddd~d ~It 
mlm(l~'ilmm'lC)flV'UC)f'U'U1J 3 U'U1Ufl'U UlI~':i~t1t1mtl~1JllJ'UUtltlm':ifldtl~1J 

~l1Jltf'U'IJ(ltI':i'll 2 Ufl'UU"'1 U'U1Ufl'U~ 3 'il~(lflfl1t1fl1Jl~'U~1:1'':i~'il1f1 2 U'U1Uf1'U~1~~'U 1'lf'U 
~ ~ . 

lfl~(I~ti~ (Milling Machine) 'il~1~U'U1Ufl'U11,1~ri111i't1m':ilfl~(I'U~t1v'Un'Uiifl "h'Uflfl 2 

U'U1Ufl'U 'il~1~ri111i't1m':il~'Uti~~11J1ff'U'IJ(ltI':i'll lrJ'U~'U ~~U1:1'~~1'U':i'll~ 2.11 
~ ~ 

2) m':ifl1t1~1J~11Jlff'U'IJ(ltI,'llUtiti 2 Ufl'Ufl~~ (2 'l'2 - 0 Contouring Control) 
II I .d. 

':i~t1t1mtl~1JUtltli1 'il~mtl~1Jlfliv~ij(l 1..rlfl~(I'UVi1 'UU'U 11ff'U~HUlI~lff'U 1~~1J'U':i~'U1t1 1~ "l 'Vl 
. I , " 

~v~m':ii~ U~'il~1:1'l1J1':i(lmtl~1Jm':ilfl~~'UVii~l~tJ~ 2 U'U1Ufl'U'Y/~V1Jti'Ul'Vh'l!'U 

ri111i't11fl~(I~.ijmflll~lg'U~~ii 3 U'U1Ufl'U ;;(1 X, Y UlI~ Z U'U1Uf1'U~1~~ 
..Ii ... ...... 1'J1 4 d 'JI '" 11) 'JI .:.. 

11'U~ fl(l X / Y l1':iV Y / Z l1':iV X / Z 'il~1:1'11J1':i(lfl1t1fl1J l11flll(l'U'Vl~':i(l1Jfl'U &~ 'U'U• 
111J1tJfl111J'h ri111i't11fl~V~ti~ m':ilfl~V'U~t1(1'Ufi'Uiifl (In - Feed) 1:1'11J1':im111'Uu'U1Ufl'U1~ "l 

i~..r~ 3 U'U111f1'U ri1'Uflfl 2 U'U1Ufl'U~m~v'il~1~ri111i't11~'Uti~~11Jlff'U'IJ(ltI~'ll ~~U1:1'~~1'U 

,'ll~ 2.12 
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SI ./ i"~ ... .a
fill f1 1'U fJ 1/~ l1/t tr'U 'IJ fl'U~ u ~ ~trl1/11 ('J 'lft'U 'U fill f1 1'UfJ1/fll1 ~ ~ t~ tl 'U U'U 1 

" lI)" ... .a "i"~ I lI)" I
ltr'U~H ~~ UCl~fI11f11'UfJ1/fI11~~t~tl'UU'U1ltr'U~H~~ 'lH1J'UfI11f11'UfJ1/U'U'U~~~tl~~ ~~ H~ 

i'U 'YJl-:JfI"''Un'U ~ ~m ~.yh'l1'~ 

.. "".'l.I2.3.4 Alll1&1118'lJUa~891nu8t1 

d ...... 
2.3.5.1 f1111/&n18'U'lJtl-:J1/~fI~ 

trl1111('J{lfl'Ut;,i 'U i1.lmm1/t~'UCM'~~-:Jrl' 

1) {ltl'Ut~'U~lfldl1/l~1H)'U i~fJ~H 'H'I11m~'U ~1'U1'Ultl'U~fl'Ul.yj (r.p.ro.) 

2) {lfl'Ut~'U'H1/1mCl'IJ1,:rtr (Code Number) ~-:J~~\lmt1.lCl-:Jt~'U~'Ufldl1Il~1 

ltl'U~l-:J "1 n'U~l~'U'Uri-:Jfh"'-:J,j'U'lJfl-:Jtf1~fl-:J~miii,rtiitlfl i ~,~ 'U.fl1fJ'H "'-:J 

~ lfldl1/l~ 11tl'U~tiitl fI i ~~~til'U \9l1f11'H'U~~1f1 111/&~ 1\9l~ i'U -:Jl'U n~~1fJ \9l-:J ~1.l~ 
• I " 

2.24 f1 111H~ 1\9l~~~iJ ~1l'vi In'Ufldl1/t~ 1'IJ fl'U'lJfl-:JiJ~ti~ fI11l1.l~ fJ'U U1.l Cl-:J'lJtl~ ~1f1 111/l~1\9l~{j~ ~ 
"I.J 141' d .cI l..c:l • QI J , Go' JI' 0' d QI " 

~1/'IJ 'Ufl~fI'Uf11f1 111/t111fl1JtVW-:Jfl fJl-:Jt~ fJ1 U~ fJ-:J'IJ'U fl~fI'U'IJ'U l~ltr'Uf-ll'U ij''U fJflCll-:J'lJfl-:J1/~fI~~ 1fJ 
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2.3.5.2 V~'il'~h)'w 

V~ 'ilil'fJUtrium 'itfl~m.J~~ 'fJ~ii~tiu i UVif1'Yll~'t11~lUi~ t.Q'fJU (~Itl~ 

2.25) 1~fJ~1' tlvmlilmJ 'O~tilMU~LrlU'i~fJ~Vl1~m'i&fl~'fJU~';'fJUlfi U'fJfl'Olfl;im'OtilMu~ 

V~'ilil'fJU&rlU'i~fJ~Vl1~m'itfl~'fJU~~'fJ'i'fJ~m'iM~U~'fJ~ij~ti~l1~'fJ~'fJVlUii~ti~1~ 

. 
4 

2.4 Ifl'HH Coordinate Measuring Machine (CMM) 

......!i .4 .............
 
2.4.1 't'iaflfll1ft....!1....'U8~&fl·nWJ~'Wfl~ (CMM) 

1~fJ~11tlu~1~tlmw~i '*1~'i~fJ~'Yll~'O~Qm~fJfl~'fJl1 tfl~'fJ~1~'Wfl~ (CMM) 

ffl1J1H)1~1~'W~mJ'ltiu~~ 3 'i~'W11J U1J1Jfl1{fit;fJU (Cartesian Coordinate) tlfl91'O~tl'i~fl'fJ1J 
1/).1" .. ... ..,j I/) " ~ di... ... <!l '1" <!l 
~lJ~1fJUflU'Yl~1Jtflll'fJU ~~ 3 UflU~~mfl'Jf~flUUll~flU fl'fJ UflU x,y,Ull~z ~~fJ1J1flU1l1 UflU z M'i'fJ 

UflU Y ( 'O~&~fJfll1RAM) 'O~Qm'fJ~i'1Jflfl 2 UflU ~mfiu l~~uflu (RAM) 'O~\hm'i~1J1J1'W'i1J 

(l111Pl 'i1'OffU1J )~~tl~ ~ flU1J~1fJi1i'1JffWW1WU 1J1Jff1J HffM~'fJU1J1J 1~ff1J Hff (i-Nuff ~) 
u u 

" fllfftfl1l1~ i UU';1l~UflU'I!U&r1UU1J1J~~IPl'fJllfllfl1l1Jll~tflfJ~ i Um'i1~~ ~ (t'lfU 

0.1 l1Jfl'i'fJU) UdNhnlPlllJtfl~U~1~-wti~~i,*1Jlfl~~~'O~U'fJflU1J1JtrlUU1J1J Bride - Type Ull~ 
. " 

UU1U'fJU (Horizontal- Arm)1~mfl~u~1~-wti~ (CMM) ~~M1J1~M~1~~~ij.. 
tfl~m1~'t11~lU l~fJUU i UU~"~UflUM~'fJl11m1'Off'fJ1J 

tfl ~U~ 1~.,j1Jtfl ~U U1 ~ fJ1JU LIPl'fJ{.,j1J UflU Ull~ 't1 H 1 U 1~ fJij'fJ,j'~ ti1J 

(Joysticks) 

ifl~U~ 1~.,j1J tfl ~'fJU 1~ fJ1JtJtlPl u{.,j1J UflUUll ~ fl11JfJ1J fl1'i 't1 H lU ~1fJ 

... " fl'fJ1J'W1tIPlU'i (CNC Mode) 

.....: d<!l... " " <!l "tJw llfl'l:lW~'WU i'lU~U~ CMM flflUm'i1~~lUm'ifl11JfJ1J~1fJ1JU~1fl 

l1Tj~ ~~~U~~ 1 ~fJ i ,*l111~ Stylus t11Jl11ff1JHff'l11J'Yi1J'Yl'i ~flll1JUll~ i U~W~~iil111~ ff1JNff 
II J/ " I 

;ru~luiru i UU';"~UflU X, Y, Z n'O~V1Ufftflllfitflfiuu ltlrwmi1ufll w ~~':JU~fllll~~'fJ~l111~ 

U~1ff~fll.,j'm.!,,' t1V~flU1J-W1tIPlU{~iJ1 tl'iUm1Jm'i1~UQ 
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2.5.1 flll1J'H1Jlt1'lJ8-3UOfi 

o I QClo. d. OJ tI 0' d J I QI OJ 

fll11fffl~ (Statistics) 1J11nf'l''rl'YI1l1'1l1nfll11 State 1If11111'H1J1fJ'\J'\.H)~m.H'lmIW~ 

o 1IJ_ 11"	 "1.4".6 -II dllJ" d'i	 ....'\JtJ,:jnn'U1 ~ lJ ')j' ~flfJfl1111'H1I1fJU'in'll~l'U'U 'Ul'itJ,:j'\JtJ,:j'\JtJlI'" C)f,:j'H1I1fJfI,:j~1m'\J'YI ~fl'lllnm'J lntl 
'" J oQd QQ Jt QI tI· "l " 0	 JJ ~ iI 

'i 1t1 'i 111'\J'U 1flfJ11im'i'YI1,:jfffl~ l'rl tJ1~f1'lJ'i~ff ,:jfllflm~ 'rl1~ ll"'~ ~fl'YI1 m'i'lJ'J~1I1'" p,j"''\J tJlI"''\J'U ~'U.	 '" 
l'l1'U 't11m'itJntl1mi1m'\J1'Ul;,:j,j'tJfld111'Hiv 1'Ul;,:j~1l"''\J l'l1'U vntl1fJ1'Ul;,:jtl'j'jfJ1fJ'Hiv~vfJ"'~ 

'Hivvntl1fJlflfJn1'J'U1lff'U vlrl'U~'lJm'rl'Hivmwl1'U~'lJUtltI~l,:j <:'j lrl'U~'U ff1'H'itl'Un1pn'll 

ff(i~m 'Il'll~'H1I1fJ~,:j ~1m'\J~u fffl,:j'lJi1l1W m'J'\J1 fJff'U~l'Hivtlim'iu"'~~1m'\J~ufffl,:jt111 'J 1'Um'i 

~llij'U1pn'll1'U'Jvtl 1 il lrl'U~'U ff1'Hi'tJ'untli'H1'im'iffmn ff(i~m'll'll~'H1I1fJ~,:j ~1m'\J~Ufffl,:j 
JJ . 

~1'U1'Ut!nffmnl'Uu~",~il 'HiV~1m'\JUfffl,:jfl~ll'U'UffVtI lrl'U~'U ~,:jt!'U'Il~ll1'U,..hfh11fffi~ij 

f11111'H1I1fJ'Hmn'H"'lfJ1I1n 

ff(j~1 'U f11111'H1I1 fJ~ffV,:j 'Il~ 'H1I1fJ~,:jf'l'lff~ 1~11~1fJ'H~nm'i U"'~ 'i~l;j fJtl1tm'i 

Q-Q t .c6 cI QI d 'JJ QI" ~ I 0 'JJ 
'YI1,:j fffl~'YI,:j'HlIfl C)f,:jLnfJ1ntlm'Jlntl'i 1t1'i111'\JV~'" m'i 'Ilfl'\J V~"'l1J'U 'H1I1fl'H~ m 'i'U llff'U V'\J V~'" 

"'" "" _I _I" .4 1"_1 .... "'" 1 '" 
n1'i1lfl'J1~'H'\Jm.m m'JUlJ"'f11111'H1I1ml",~m'iff'ilJp,j"''\JtJlI'"l'rlV ')j'lJ'i~nVtlm'i~flff'U 'IlVfJ1,:j1l

'"	 . '" 
I 

• JJ	 • 

l'H ~ p,j'" l'UV,:j 'Il1ntl1,:jfli',:j'H1n 1~'t11m'iffm:l1,j'mJ"'tI1,:jV~1,:j lijV~ v,:jn1'i'H1,j'Vff'i 'lJ'HiV~V,:j 
•	 '" q 

JJ 

~flff'U 1 'Il'llln,j'Vlqj",t!'U 'H1n1~t11'H~nll"'~'YIqfl~'YI1,:j~1'Uff(i~1I1'111fJ1 'Un1'JVl'lll'iW1 'Il~'t111 M'n1'i 

~flff'U 1 'Ilr:ifl'rl'"1flU'vmm~lrl'U ~U1l~Vi1V'lJV,:jfl'U..t1 1 'lJ 
, 

'''' "'" 2.5.2	 f1111H'I£lU'I'lItlW\il (Arithmetic Mean) 
• JJ , 

'do.Q ~ QI .Q .Q do QI f I do 

flll~",m"''\JflW~ (Arithmetic Mean) vr'iVlI')j'OJlIm'\JtlW~ l'ifJnff'U <:'j 11 fllm"'fJ 

(Mean) lrl'Un1'i'H1fhn"'1,:j'IJV,:j,j'V~",~ijfJ1I1.u1J1n~~fl ldv,:j'lllmrl'Un1'J'H1fi1n"'1,:j~1~,j'v~"''VJn 

fi1 ~,:jlrl'Ufi1~U1l~tJ(lV 1tn1'i'H1'1l~'t111flfJm'it11lV1,j'VlImf,:j'HlIfl1l1'H1p,j"''i111 U~1'H1'J~1fJ 
'" 

" • I	 1 

~1'U1ti,j'VlIm1,:jvrllfl fft1J~nflw'¥il~u'YI'Ufi1m~fJii 2 fft1J~nflW lflfJ~llrl'Um'i'H1fi1m~fJ'\JV,:j 
"''' " 

,j'VlI"'~'i 1t1 'Jd1l 'Il1n'YInvru1fJ1'U'lJ 'J~')j'lm~ff'U 1 'Il 'Il~ffnfl1'1l~ii fJn11 fi II~ ~fJ'lJ n: ')j'lm'" . 
(Population Mean) U'YI'Uffty~nflW~1fJtJnfl'ininfiv IJ (~h'U11ij1) U~~llrl'Um'i'H1fi1l~~fJ'lJV,:j 
'JI OJ I. do I I .d QI I	 QI OJ tl9J - I' tI 
'\JV~"'~1VfJ1,:j'll~l'ifJm1 flll~~W~1VfJ1,:j (Sample Mean) U'YI'UfftlJ",nflWfldfJ X (m'U11 X tI1'i) 

.60 IIJ" '1lJ_1.J'
C)f,:jfll'U1W ~fl'llln~~'i~V ~lJ'U 

~= 
N 
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. ~ 

tijfl N flflh\.,l1t.!1.h:::'ll'lm't1~'I11J~ 

x 
n. ,~ 

tijfl n flfl~1t.!1t.!fi1fl~1~'t1~'I11J~n~1J:JJ1~1m.h:::'ll'lm 

~ . . 
~~l!t.! ~:::'Ynr;h filt'il il fl'tJfl~1.h:::'ll'lmU":::fllt'il il fl'tJ fl~fi1fl~1~ ~:::fht.!1W 

mijflt.! nt.! fll'i'~d'ty"'tl't:lW';1~ nt.!~t'~flUfltlfl111Ju91mh~'-H'Yl Hl.J11 t~t.! fll~fht.!1W~ ltl~fl1.d" 
~
 
~ ~ 0 ~ ,
 

m'l11J~'I1'i flfllt.!1W ~ltl'tJfl2q!"'lJ1~ff1t.! 

... ...... 
2.5.3 fl11nmrfl'lJa'1.J1.JVI!lUnl,nrtlVl ( Tests of Statistical Hypotheses) 

2.5.3.1 f1111Jfflflty'tJfl~tll'i'Yl~fffl1Jff1J1J~!It.!
 

tll'i'Yl~ fffl1Jff1J1J~ ilt.!'Yl1~fffJ91 t~t.!'i:::tU fl1J11i'Yll~ ffi)~~'~' t.! tll'ifi~fft.! 1~11
 . .~ 

fllffi)~nfht.!1w ~ltlfi1fl~1~l!t.!ffl:JJ1'ifJ , ~V'1~ fl~fll'Wl'iliJt~fl{nfht.!1w ~ ltl1.J 'i:::'lflm'~'I1ifl'11 
fi1fl~1~ t~t.! ~It'i l~fl~tll'i'Yl'i l1J11tfl~fl~'crt'VlVh~-Hfl'l1.cr~iifllt'il ~fl'tJfl~ fl1fltll'iVil~lt.! :JJ1tltl11 4 • 

• • JI 

il 'I1ifl '11 ,t.! 'Yl1~1.J a,j~t 'ilfl1 ~ 'llffl:JJ1'ifJ91n~fffl1Jfl1~tll'i',*~lt.!'tJfl~tflifl~'~'Vlrhei-Hflil 

i~'I11J~ ,~ fi~,ft.! m: nltll'i ~1J91'i1~fffl1Jt-Wfl~'lJ1~tfl~fl~t~flfftl't:llfl1~tll'i',*~1t.! ~fl2q!"~'~~ltl 
fi1fl~1 ~ ~:::~fl ~ ~ It.!oU

~ 

t.! ~ flt.! 'tJ fl~ tll'iitf1'i 1::: ..r'Yl1~ ffi)~ U""1~~ ff'i 1.J N" fl fl tl1J1, t.! '"tl't:l W:::'tJ fl~ fI1• 
1.J'i:::'lflm flflff~1.JN"mfl1Jflq1J~~tfl~fl~'crt 'Vlvh~-Hfl.Q ~~'111J~ l~flff1J1J~ ilt.!flfl~flfl111J~ 

, , . • II • 

tn fl1~fl~n1J1.J'i :::'ll'1mnt'ilff~d'tri1t~t.!~~~ 1t.! nil ff1J1J~!lt.!flfl fllt 'il ilfl'tJfl~fl1~tll'i' ,*~1t.! 'tJfl~ 
• • 'JI J1 I J1 

tflifl.:l'~''VlVhei-Hflil:JJ1tltl11 4 il oUt.!91flt.!'tJfl~tl1'i1tm1:::..r'YlHffi1~t.wfl'l11~flff~1.J11ff1J1J~iIt.! il 

t~t.!~ ~~ '11 i fl '1l~::: t~ fltll1tll'i'Yl~fffl1Jff1J1J~ ilt.!'Yll~ ffi)~ .. 
tll'i'Yl~fffl1Jff1J1J~!lt.!'Yll~ffi)~VifflfltyVi~:::tlriTJ't.!1J'Ylil 

~ 

'~un tll'i'Yl~fffl1J 

fI It'il~ fl'tJ fl ~ 1.J 'i::: 'If1m tll'i 'Yl~ fffl1J flld'~ 1:ht.!1.J 'i::: 'll'1 m tll'i 'Yl~ fffl1J N"';1~ 'i::: 'I111~ fll d'~ ff1t.! 

1.J 'i::: 'll'lm tll'i 'Yl ~ fffl1J fI lf1111JU1.J 'i 1.J 'i1t.!'tJ fl.:l1.J 'i::: 'll'1 m U,,::: tll 'i'Yl ~ fffl1J V91 'i1ff1t.! 'i::: '1111 ~ fI1f1111J 
~ 

• I • I • I 1 ... ... ~... 
. . ... ~ ...... 

UlJ 'i lJ 'i1t.!lJ 'i::: 'lflm ~ fltll'i 'yl~ fffl1J ff1J 1J91!1t.!1Jfl111J1 'yl ttl fl1'tJ fl~~ ~ t.! 
~ 

1. tll'ifi~ff1J1J~!lt.!' t.! tll'i'Yl~fffl1J 

2. fl111.1 N~'W"l~ , t.! tll'i'Yl~fffl1Jn'lJ tll'itll'11t.!~ 'i:::fi'lJ l!tlfflflty 

3. ttlW ttl,t.! tll'i tlfl1Ji''lJU'':::tll'i1.J atff1iff1J1J~ilt.! 
~ 

2.5.3.2 oUt.!91flt.! tll'iV1~ fffl'lJ ff1J1J~ ilt.! 
~ ~ ~ 

Q oQ QI QI QlQ 

tll'i 'yl~ fffl'lJ ff1J1J~i It.!ffl:JJ1'ifJ~ltt.! t.!tll'i9111J'tJt.!91flt.! 5 'tJt.!91flt.! ~~t.! 
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~	 ~ 

1.	 ~\lff1J1J~!l'Umn'1~ffVtJfiv Ho ~ntJ HI 1~tJ~\li'U1,j'UV\lffqj~m:mr'H~V 

,rVfl111J~'~ 

f11'H'U ~'j~~tJ'U mhfiwi 'U mn1~ffVtJ2. u 

3.	 tiiVfl~1fff)~i'U m'j 'VI ~ffVtJ ~~'j \I ntJ~m:IW~m'j U'ilflU'il\l'UV\lfilfff)~ ~ 

~V\lm'j'VI~ffVtJ U~~'H1filiflq~ 1~tJm'jttl~~1'jl\1'illflflnU'ilflU'il\l~~Hn'U . .~ 

4.	 fil'U1Wfilfff)~'VI~ffVtJ~11J~~'jfitiivfli'U'u'U~v'UVi 3 . ~. 

5.	 ff1,j~~m'j'VI~ffVtJ 1~tJm'j 'Ulfilfff)~Vifil'U1W1~'U,j'U~v'UVi 4 1,j 
JI. • I 

tmtJtJtVitJtJfitJfiliflq~ i 'U,j'U~v'UVi 3 'H1flfilff~Vifil'U 1W~flV~i 'UtJ~nw 

m'jtJV1Ji'tJ Ho ~'il~~~ff'Ui'iltJV1Ji'u Ho u~Olfilfff)~fil'U1W~flV~i'UtJ~nw 

ol'j,jBtff1i Ho ~'il~~~ff'Ui'il,j~tff1i Ho 

2.5.4 fl11T1~n"8'lJi:J1J1Jgj!nU~rnO'UNi;'IviH'UtHtlm~~fJ2 ,h:al1m ,rl8'1.lTl11'Utllfll11J 

",h,hl'U .	 . 
Q dow' 14 

fll'j 'VI ~ ffV tJ ff1J1J ~ i 1'U tfltJ1fl tJ ~~~ l\1'U V\lfll t~ ~ tJ . 
•	 d. Q,jI dod. I 

U,j'j,j'j1'U cr\ U~~ cr\ 'il~iiff1J1J~!l'U~t1j'U',j'~ 3 UtJtJ t~'Ut~ tJ1fltJmw'VI 'VI'jltJfl1fl111J 

.1 .1 z z <!I
UlJ'jlJ'j1'U cr- I U~~ cr z flV 

.,; <!I 
U'U'UTI 1 Ho: JlI = Jlz 'H'jV Ho: JlI - Jlz = 0 

<!I 

HI: JlI < Jlz 'H'jV H,: JlI - Jlz < 0 ....	 <!I 
U'lJ'UTI 2 Ho: JlI = Jlz 'H'jV Ho: JlI - Jlz = 0 

<!I 

HI: JlI > Jlz 'H'jV HI: JlI - Jlz > 0 
.,; <!I
 

U'U'UTI 3 Ho: JlI = Jlz 'H'jV Ho: JlI - Jlz = 0
 

<!I 

HI: JlI -:;:. Jlz 'H'jV HI: JlI - Jlz -:;:. 0
 

U~fff)~~i.n'Um'j'VI~ffVtJ'il~U~fl~l\1n'U 1~tJmJ\lt1j'U 3 mw fitl
 .	 . 
.:tQ 4 'Q.I' ClI'

mOlTI 1 '1J8q1JVl18fJH'U'Ul~&"'ty (01 "i;'I~ 02 ~ 30) 

i'Umw-u 
~ 

'il~,j'j~1J1Wfilfl111JU,j'j,j'j1'U'Utl\l,j'j~~lmcr\ U~~ cr\ ~1tJml1Ju,j'j,j'j1'U 

'UV\I~1tl~l\1fitl SZI U~~ sZz ~l1J~l~tJ 

ff~~~i.n'Um'j'VI~ffVtJfitl 
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z =Xl - X2 -(PI - P2) 

2 2 
~+2 
nl n2 

. 
tijtltll11'U~7~~tJ'I!m~ltiqj a tJ7tdW1nq91 (tJ7tdWm71JU~ffti Ho) 'Utl-:J 

ff1J1J91il'UUl9ill~~1JUtJtJ ~tl 

utJtJ~ 1 ~~1JUtffti Ho ti'1~1 Z fil'U1wmmj'tl1.!ll~';meh-:J <-Za mn91171-:J 

utJtJ~ 2 ~~1JU~ffti Ho ti'1~1 Z fil'U1W~lmj'm.!ll~1tl~1-:J > Za ~ln91171-:J 

utJtJ~ 3 ~~1JU~ffti Ho lil~l Z fil'U1W~lmj'm.!ll~1tl~1-:J <-Zaf2 

.a, 0 ~ QI I 

117tlfl1 Z fl1'U1W~ln'Utl1qjll 9l1m.m > Z(J.f2 ~ln91171-:J 

. . ...... 4'..,'.. '-2 z-2
fl1WfI 2 t'lltlq'll\JIltlrJH'UU1~n'lfl (01 UD~ OZ < 30) UD~f111tJll U 1 =0' z=u 

.. 
i'Umwi'1m71J7~1l1W~1 0'2 ~~fil'U1W~ln~1 S2 l~fJ 

p 

2 2 
S 2 = (nl -1)SI +(n2 -1)S2 

p 
(nl +n2)-2 

(X1- X 2)-(1I -II)r= ..-1 ..-2 
2 2 

81 82
8p -+­

nl n2 

l~fJ T ~~ijm7u~nu~-:)utJtJ t ~1fJtl-:Jfflfl111Jtrl'Utlff7~tfhtitJ 01 + ~ - 2 

~rttltl111'U~7Z~tJ'I!fJffltiqj a tJ7~1w1nq91 (tJ7tdWm71JUlffti Ho) 'Utl-:J 

ffll1J~il'UUl9ill~~1JUtJtJ ~~t11ijtl'Umw~ 1 ul9im7u~nU~-:J~~t1J~fJ'U~ln z trl'U t 

. . ...... 4'..,'.. , Z4 z 
fl1WfI 3 A'lltlq'll\JIltlrJH'UU1~ADfl (01 ua~ Oz <30) UD~f111tJll 0' 1 -r 0' z 

.. 
i'Umwi'1 ~~1J7~1J1W~lml1Ju1J71J71'U'Utl-:J1J7~'lflm0'\ UllZ 0'\ ~1fJmlll 

U1J71J71'U'Utl-:J~1tl~1-:JS2) Ull~ S22 9l11Jtil~tJ 

ff091~i.n 'UnWtl~fftltJ~tl 
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trlVtl1l't'U~':i~~lJlrtnYlfi~ a 1J~nw1f1q'l (1J~nWfI1':i'l.1iitff1i Ho) 'tim 

ff1J1J~il'UU~(l~~'l.1U1J1J~~t'I1ijv'Umw~1 U~fI1m~mt~.:I~~t'l.1~fJ'U~lf1 z trl'U t 

2.5.5 fll'nlAiJ8tJa'1J1J~!nU~rJlfttJ8Vl11flll1JU'lhtJn'U2 tJ1~'lSln1 

fI1':i'YI~ffV1Jff1J1J~il'Ut~fJ1ti1J~91':ilri1'Ufl111Ju'l.1':i'l.1':i1'U'tIm 2 'l.1':i~']j'lm 

'I11JlfJ~.:IfI1':i'YI~ffV1JfI1':il'yhti'U'tIV.:Iml1Ju'l.1':i'l.1':i1'U'tIV.:I 2 'l.1':i~']j'lm 1~m~'Wl~V~l.:1t.:l m':itJlf11':i 
!II • • 

'YI~ffV1Jij1J1i,*tiv'UfI1':i'YI~ffV1Jff1J1J~il'UtnfJ1ti1Jml1JU'lfl~l.:1't1V.:Ifhm~fJ 2 'l.1':i~']j'lm 1~wt'U 
• !II • 

mtlHi'li'YI':i11Jfilfl111Ju'l.1':i'l.1':i1'U'tIV.:I't1.:1 2 'l.1':i~']j'lm U(l~9i1V~l.:1.yj~1Jii'tl'Ul~t~f1 ( 01 U(l~ ~ < 
!II !II 

30) ,r'U ~llrJ'U"'m'YI':il1Jtiv'U'hfilml1Ju'l.1':i'l.1':il'U'tIm't1.:1 2 'l.1':i~']j'lmtvhti'U'I1iv'li ~.:I~~ffl1J1':ifl 

... i" ...... lIJ"""'~ "~ ... ,,.:. ... lIJ"l(lVfI ']j'fffl'l'YI~ffV1J L~\If1'lV.:I ~.:I'U'U~~ffl1J1':ifl i']j'f1111J~ L'U'I11't1V'U'YIlf11':i'YI~ffV1Jff1J1J'lil'U L~ 
!II • 

11f1111JU'l.1':i'l.1':i1'U'tIV.:I't1.:1 2 'l.1':i~']j'lmtvhti'U'I1iv'li tijV~1J9i1V~l.:1't1'Ul~ 01 U(l~ ~ ~1f1 2 

'l.1':i~']j'lmV~l.:1Vff':i~ti'U 1~fJU~(l~'l.1':i~']j'lmiifl1':iu~f1U~.:IU1J1J'l.1f1~~iifilml1Ju'l.1nj':i1'Ulvilti1J 

a\ U(l~ a\ 'l11J"1~1JU~1 tll'11'U~t11' s\ U(l~ s\ tiVfl111Ju'l.1':i'l.1':i1'U'tIV.:I9i1V~l.:1~lf19i1V~l.:1~1J 

'tI'Ul~ 01 U(l~ ~ m1J"l~1J ff1J1J~il'UfI1':i'YI~ffV1J1~fJ..t1''l.1~~ii 3 ~'l.1U1J1J tiv 

..t 2 2'" 2 2
UtJUYll Ho : a I = a 2 'I1':iV Ho : a I / a 2 = 

2 2'" 2 2 
HI: a I < a 2 'I1':iV Ho : a 1/ a 2 < 

..t 2 2'" 2 2
utJtJYl 2 Ho : a I = a 2 'I1':iV Ho : a I / a 2 = 

2 2'" 2 2 
HI: a I > a 2 'I1':iV Ho : a 1/ a 2 > 
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. 
.Q 

H (j'2 / (j'2 =U'lJ'lJ'n 3 0: I 2 

2 .-2'" 2 2
HJ : (j' I '* U 2 ""'HI HO : (j' 1/ (j' 2 '* 

. 
tijfltil""'W~1~~\J'UtnYltiqj a 1J~rJtl.!1tlqfl (1J~rJtl.!tl1nJ~tffti Ho) 'Ufl~ 

ffllll~il'WU~'Cl~~tJU1J1Jtifl 

U'lJl.J~ 1 'il~tJ~tffti Ho ~lf'il F fil'W1tl.!'illtl,rmJ'Cl~'.m~1~ < ft•a 'illtlfl111~ 

U1J1J~ 2 'il~tJ~tffti Ho ~lf'il F fil'W1tl.!'illtl,rfl\j'Cl~1fl~1~ > fa 'illtlfl111~ 

Ul.Jl.J~ 3 'il~tJiitffti Ho Ulf'il F ~llJ1tl.!'illtl,rfl\j'Cl~1fl~1~ < fl .a12 
.a, 0 91 QI'

""1fltll F tlllJ1tl.!'illtl'Ufl\j'Cl fl1flt.m > fa12 'illtlfl111~ 

A ~ ~ 
tllfl fa12 ,..,1l1fJtH fa 12,(nl-l,n2 -1) U'Cl~ f l.a12 ,..,1l1fJtH fi-aI2,(nl-l,n2-I) 

~~t~'Wf'i11tlqfl~1'\.J1J'WU'Cl::f'i11tlqfl~1'\..rch~fllllih~1J'illtlfl111~tl1m'iltlU'il~U1J1Jf fl111~~ ~ 1lJ 

9J QlQlt!'''lJ
filflF-llJ1tl U'Cl::tl11,..,1f'il ii-a12,(nl-l,n2 -1) 'I11'~'illtlfflltl11Uff~~fl111lffll'V'l'WtiflflttJlJ 

.Ii-aI 2 (n -1 n -1), 1 ' 2 



, 
"'" 3'lJ't1't1 

3.1 filth 
II • 

1hi 'U'YI'U ~~ flri110-:j fll'j 4i11iJhi -:j 1h1lm~1~ fl1'j 1~tJ'\IV-:j-:j1h1 1~tJl~ V-:j fll'jfffl~ 1m11J ff11J 1'j f.1 

lh1fll'jVvflll'U'Ulm~fllH"~~'\IV-:j hhllm1JflV1JYi11~V{ CAD/CAM hwiifll'j4i1IiJhI-:j1h11111~ 

1~fll'j1~tJ~11J~1l~ 3.1 

o ... 

3.2 UNUfl1'j~1IU'H1U 

1hifllnl1-:j 1h11~tJl~V-:j fll'j fffl~ 1f1111Jff11J1'jf.11hlfll'jVVflll'U'Ullll~fll'j~~~'\Iv-:j 11l'j IIm1J 

.e:t. G' d oQ QI~ 
f1V1J'rl11~V'j CAD/CAM 1Jll~hlfll'j~lthlhl-:j1h1~NhI 
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~ 

ril'11~'l.JW.:ll'\.J'Ylfl"tl.:l 

l~fJ'I.Jll'l.J'l.J~l1Jll'l.J'l.JH\.J 

Interface File (hhllm1J A) Interface File (hhllm1J B) 

NCCode 

~ 

nflW.:Il'\.J~1V 
.d Q1 "iQ1 lVQ, 

lfl7tl.:lnfltl~ IU1J~ EMCO 

~ 

nflW.:Il'\.J~1V 

lflttl.:lnflt1~i'\.J1T~ HAAS 
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.. 
hJf)1'j1~fJ~.:Jij 

3.2.1.1 fftnl111h Uf)nJ AutoCAD 2002 1~HJ'Yhf)1'jfff)'I!l11~fJ1ti'l.Jf)1'j 1~ 

ltJmmlJ U(1~tl11lJffl1J1'jtl'\ltNltJ'jumlJ 

!lI 
3.2.1.2	 fff)'I!llf)1'j Interface File '\ItN ltJmmlJ AutoCAD 2002 1'\11~ 

I 

ltJmmlJ A U(1~ ltJ'jumlJ B 

3.2.1.3 fff)'I!l1'Y1q'l!l~'\ItJ.:J1tl~tJ.:J~mtl~lu~~ (CNC) U(1~f)1'j1~ltl~tJ.:J~m 

tl~ lu~~ (CNC) 
.. 

3.2.1.4	 fff)'I!ll'1iU~tJUf)1'j Postprocessor File 'illf) ltJmf)'IlJ A U(1~ ltJ'jumlJ B 

3.2.1.5	 fff)'I!ll'Y1q'l!l ~tltJlJ~ 1~~tJf'lf1~1 1U f)1'jtJtJf)U'l.J'l.JU(1~ f)1'j H~~ 
~	 «>«>..1'1 !lI'I «> ....

3.2.1.6	 tlf)'I!llfftl~'YI1 '11 IUf)1'j1'ilfJ 
•	 t. " 

~ tjJ d Q,I 4. 4!1 Q,I.:iil 'I~ Q,I ~ 

3.2.1.7	 fff)'I!l1'\1tJ2J(11f)fJ1f)'l.J1fl'jtJ.:JlJtJ1'J'YI~tJ.:J I'll IUf)1'j1'J'\IU1'J'I1U.:J1U 

3.2.2	 88flU'lJ'lJ~t.I.:nu 

1Uf)1'j1~fJrl''YI1.:J~~fJ1~1,rltJ'jumlJ AutoCAD 2002 1Uf)1'jtJtJf)U'l.J'l.J1tJ~1~ .	 .. 
1Uf)1'j1~fJ1UtJ.:J'illf)111tJmmlJ AutoCAD 2002 l!uiif)1'j1,r.:Jl'\.Jti'\.JtJ~1.:JU'Vl~11(11fJ1u1.:Jf)1'j 

.	 ."" 
f,l~~n11 m 'jlJ 111 ~ H(1'fl~ ~fJ 1~1~tJ f)1~ZtJ (11fJ1'YIfJ1Uf)1'j1~fJ 1UtJ.:J 'illf)f)1'j1~fJtli'.:J ij ~tJ.:J f)1'j'H1 

tl11lJffl1J1'jtl 1Uf)1'jtJtJf)U'l.J'l.JU(1~f)1'jH~~'\ItJ.:JltJmmlJtltJlJ~11~tJf CAD /CAM ~.:J(11fJ1'Y1fJ 
~ d "'!lI :'1 !lI !lI 't!ll .J 'I .... 'I

111'\.J (1 1'J (11fJ'YI ff1fJ.:JllJU(1:::lJ(11fJ1ffUluU 1ff'\.J ~ HU(1~lffU Itl.:J C]f.:J IUf)1'j f)'J.:J1U I'\.J .:Jl'\.J ~~ffl11 m'jlJ 

.:: , 'I ,... .... 'I.... ~.1! !lI 't!ll .J ~ .... 11) !lI d d I I 

UUff1U 111tylJf)1'jf)'J.:J1U 1'\.J(1f)'I!lW~l11U~nU~HU(1~1ffU 1m C]f.:J'YI1.:Jrj1'ilfJ 1'Jm.:J1'HU111'H1J1~Uf) 

""	 I • 

f)1'jth1J11~Uf)1'j1~fJtli'.:Jij (11fJ'flih1J11~1 Uf)1'j1~fJ11ff'J.:J~.:JZtJ'fl 3.2 

01£.101:101	 O1£JilDnli)n 

nJ~ 3.2 "'f)'I!lW~'jtJ(11fJ1'VlfJ~1~1'\.Jf)1'j1~fJ 
Q	 Q 
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" " 'il~l~'\.r;h~tJl1,:) 3 5fl1:lW~H\.J 'l!'\.J'il~ijfl111JfJ1flUll~41VU~fl9il.:)ti'\.Jm)flLtJ hw . .. 
QI ~ ... llI:ild. 'lC:I.a lI:i' 191 91 .::t. I

11lvm~ 'il':) 'il~ t1J '\.J '.i u'Yll 'IJ V'\.J.:) 1V'Yl ff~ 1'\.J tI.:) 'illfl1J ff1'\.J fl.:)'\.J tlV 111 V~ tlfl 'il tlfl 'il~1Jfl111J Vlfl1J1 flfl11 .. . 
11lvm ~~.:) t'Vl '.i l~ijl j{.:)1J lflfl'"hYi 1'1 ..r~tI,:) '1 ~l1fl1:l ~Ull~l'Ylflijfl '1 '\.Jfll'.i '1 ~1 tJ'.i Ufl'.i1J AutoCAD 

'.1 QI .1 iI ~ ~ '" '" '" I 1iI 0 ~lt iI , iI QI

1Jlflfl11'.ium~ 'il':) Ull~'.ium'IJtflll 'YlV'\.J'\.J1Jfl111JVlfl'Yl ff~l'Vl'.il~1J ff1'\.J fl.:)1J lfl'illt1J '\.J~ tI.:) 'll''Ylfl'l:l ~.... . 
'l I 'l ill ~ '" iI'" QI 'l iI ~ 
1'\.J fll'.i tll'\.JU 'lJ'lJ':)l'\.Jl111~fll'.i 1'Jf tJ m m1J AutoCAD 1Jlfl C)f':)ffl1'1"l9J'Yl'YlHflW~fj1'ilV1'll''Yl':) 3 

Q,I ".t:::l Q,I J d I gJ " 91 GI ci" 9161 .t:::l QI t •.::t 
llfl1:lW~':)1'\.J 1'\.J.:)1'\.J 1'ilV'\.J fl1'Vl'.il~11~tI.:)fll'.i l'I"lllfl1:lW~':)1'\.J'Yll 'Jf 1'\.J':)1'\.J1'ilV'\.J'\.J1Jfl111JmflUll~':)lV 

'1'\.Jfll'.it;jV'\.JU'lJ'lJ~1V ltJ'.iUm1Jfltl1J-W11~tI{ (AutoCAD 2002) U~fl9il.:)ti'\.JtltlflLtJ 

3.2.3 ""l'\ltl'UUl.J1Jg)l~Ul.Jl.J.:Il'U 

GJ I ~ t:f g,l.Q.QI klilo 0 91r d 
1'\.J ff1'\.J'lJtI.:)'IJ'\.J ~tI'\.J'\.J'Yll':) Fn'ilV l~fll'l"l'\.J~ 'ill'\.J 1'\.Jf.I'.i 11J'Yl~ fftl'lJ ttl '\.J ~1'\.J1'\.J 10.. .. 

" fl'\.J 1~V'~'Yilfll'.iUtJ.:)'j~~'lJ'lJtI.:)~i11J'Yl~fftl'lJ tltIfl1~'\.J 2 mi1J ~.:)U 
gld "'J/ d g,I Q flo 

3.2.3.1 fjt'JfV1'll'lty 1'\.J~l'\.Jfll'.i t'IJV'\.J U'lJ'lJ~1Vfltl1J'Vl1t~tI'.i 'ill'\.J 1'\.J 5 fl'\.J l~v 
o QI.t:::l' gJ~ Q,lt:f 

fll'l"l '\.J ~ fJ Wff1J 'lJ ~ 'IJ tI.:) fl q 1J fjt'JfV1'Jflty~.:)'\.J 

",gJ " o 6IsJld 91 .t::l lI:i .ell 

- 'Yll':)l'\.J 1'\.J~1'\.Jt'IJV'\.JU'lJ'lJ~1fffltl1J'Vl1t~tI'.i '\.J ~1'\.J':)1'\.Jt'IJV'\.JU'lJ'lJ'll''\.Jff1'\.J 

tfl~tI':)flll'l"l~tlu1iVj1J~l~v'1~ltJ'.iUfl'.i1J AutoCAD 2002 'I"l~tlntl{4'\.J~ff':)fl';hL1JU'tlVfl';h3 11.. 
iI ~ Ilq" 0 ,,'" ,,~ ..'" 

- m'l"llfll1J l~'Yll':)l'\.J'Yll':)~l'\.Jt'IJV'\.JU'lJ'lJ'il~~tI.:)tlJ'\.JtI1'ill'.iV'Ylfftl'\.Jfll'.i 

t;jV'\.JU'lJ'lJ~1VltJ'.ium1Jfltl1J-W1t~tI{~1VAutoCAD2002 'I"l~tlntl{4'\.J~\1'':)fl';h'1iU'tlVfl';h5 iJ 

3.2.3.2 ~~ij~'\.J!1'\.J'1'\.Jfll'.it;jV'\.JU'lJ'lJ~1fJfltl1JVj1t~tI{~1'\.J1'\.J5 fl'\.J 1~ml1'1"l'\.J~ 
QlCl ,g).:i ,1 Q,I J 

fJW ff1J'lJ~ 'IJ tI.:) flq1J fj1J'Vl'\.J! 1'\.J ~':)'\.J 

- t~'\.J'l!flfffl1:l1~ f-h'\.Jfll'.ifffl1:l1 '1JU'tlVfl11'1"l~.:)mflt~ V'\.J '1 '\.J1'Jflfll'.i 

t~V'\.JU'lJ'lJ~1Vfltl1JVj1t~tI{~1Vl1.hUfl'.i1J AutoCAD 2002 'I"l~tlntl{4'\.J~ff':)fl';h.. 
t4"1g,1g,1l 0 'J/ g,lClQl.c9lq"~ g,I,QI 

t1JtI 1~ fj'.i11J'Yl~fftl'lJfl'.i'lJ ~11J 'ill'\.J1'\.JU1l1 'Yll.:)fj1 'ilV'il':) l~~.:) '.i'l"l ff'IJ tI.:)fj'.i 11J 

'Yl~fftl'lJ~'\.J t~tI ,..rtfi~fl111Jff~~1tl '1'\.J':)1'\.J1~fJ l~fJ'.iiffuff~.:)~.:)~tI LtJif 

x-x-x-xxx-x 
QI '" ,.!j 1· 1 "''l "QI• 'I"llltl'Yl 1 'I"l1J1Vtl.:) u'.iUfl'.i1J'Yll'll'fl~':)l'\.J 

• 'I"l5tl~ 2 'I"l1J1Vfl.:) tfl~tI':)~fl'.i~'1,*ti~':)l'\.J 
cv,d .c9 ... 1 g,I.

• 'I"lllfl'Yl 3 'I"l1J1Vtl.:) U'.i~Ul'Yl'IJtI.:)fj'.i11J'Yl~fftl'lJ 

Qld .di 4 gIl 

• 'I"lllfl'Yl 4 'I"l1J1Vtl.:) 'll'tI'lJtI':)f.I'.i11J'Yl~fftl'lJ.. 
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.1'" I!>I' 0'" !>I 1-1
~lJ'Vl 3.3 ~':I.. ~'j11J'Vlfl"H)'U'tIW:::'Vl1nl'H'tIflUU'U'Ufl1fllJ'jum1J AutoCAD 2002 

~l1m",1J~ 3.3 1~'Uvi1fl~1.:J'j1Jri1fl'tlm~i11J'Vlflfffl'U'tIW:::'t11m'jl~flUU'U'U~1fl 
'" '" 

l1Jmm1J AutoCAD 2002 lf1fl't11m'j'Vlflftfl.:J~ flW:::1fY1m'j1Jff1ff~11Jm1'Vlfl1't1'm'Vlfll'Ulft~ 
Q,I d9/' d _I d d ~" !iJAQ,I iJ 0 

'j 1'J11J.:J fl ft '11 ft.:J "J1n'Vl~'j11J'Vl fI fffl'Ul'tI flU ~ lJ~ltIU'Um1U 1ff'j "Jl'jfl'U";J flflUft1 'Vl1.:J ~1'il fl~fl.:J'Vl1m'j 

.1'" !>II ....1 I !>I !>I ... 0 

~'j 1"J fffl 'U'tI'U1f1 'tim ~lJ'Vl ~'j 11J'Vlfl fffl'Ul'tI fl'U 'tI'U11 Qn~fl.:Jfl'j'Ufl1'U~'j.:J ~l1J'VlU'U'U.:J 1'Um'l1'U fI 

... "1' oJ "...., "11'0 !>I.I' .1'" !>I I
'H'jfl ~1J C)f.:J'Vl1.:JflW:::~1"Jfl ~~1'Vl1m'j~'j1"Jfffl'Ufl111JQn~fl.:J'tIfl.:J~lJlm:::'tI'U1f1~1.:J '1 'tIfl.:J~lJ'Vl~'j11J 

~ ,....1 ... ~ 
'Vl.:J 2 nq1Jl't1fl'U'tI'U~11JU'U'U.:J1U'VlUfffl.:J l'Ufl1flNU1n 
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. " . 
f11111 QfI~~.:j '\J~.:j ~ 1.Hi ~~ 111 'VI ~ ff~'Uii f11111 til f1ty1'U.:Il 'U1 ~flU 111 ~.:I 'il1f111'111 fI 

~ 1.J'\J ~.:I ~~ 111 'VI ~ ff~'U ii'\J'U 1~ ~~ 'Vl ~ 1~ \llf1~H 'U'U.:Il'U tl1'H 'U ~ \I:: ri.:j H~ 1lf'fh~ 1~\11 f1f11';i 9l';i1 \I ff~ 'U 

." " 
'\J'U 1~ ~~ 1 1.J\llf1fifltu::~1~fltl1'H'U~ ~.:I-U'Uf1tu::~1~fl~.:j~~.:jVilf11';i91';i 1\1ff~'U'\J'U 1~'\J~.:j~1.J";.:I 3 

9l111H'U'U.:jl'UL~ ~ 1~1lf'Lfi~fl1111 ~~'Vl ~1~ 

3.2.4 ihfll'j Interface File 

" " " 'Ii'U91~'UULrl'UfI1';i'l111'YM\llf111.J';iumll AutoCAD 2002 ";.:1 30 1vJ"''\J~.:j~~111 

'VI~ff~'U~1~Vilf11';i91';i1\1ff~'UUft'1111Vilf11';i Interface File L.,rlril1.J';iLimll A ~1'U1'U 30 1vJ",.. 
o llJ tI I ~"o GI"

U~:: l1.J';iumll B \ll'U1'U 30 ~vJ~ 1'UfI1';i Interface File U91~:: l1.J';iumll'U'U\I::91~.:j'VIlf11fl ~91 
. " " 

L1~'U 1 '\J L~fl1tl''U ii'li'U91 ~'Umij~'Utl''U \11 f1-u'UVi lf11 ';i 91 ';i1\1 ff~'Umll1f:lfl~~.:j'\J~.:j'\J'Ul~U~::mll1 . .. 

QfI~~.:j'\J~.:j~1.J~Vilf11';i Interface File 11.Jv.:j 11.Jmm11 A 1m:: l1.J';iumll B flflflfnfrl.:j 

. 
Lij~Vilf11';im1\1ff~'Ufl1111QfI~~.:jLm::'\J'Ul~WN '1 '\J~.:j.:jl'UUft'1 ~.:I1.J~lliifl1';i 

. " " 
CAM ~1fll1.J';iumll A u~: l1.J';iumll B L1~'U1'\J1'UfI1';iVil CAM -U'U ;f'U.:jl'U1~fl1tl''U\I:1<M' 

L~~'U 1'\JL~fl1tl''U'VIfI~'U91~'U 1'U~'U91~'Url'\I: 1~ 1vJ"'.:jl'Unmf.:j'H1J~ 60 1vJ"'.:jl'U • 

'j'lJ'VI 3.4 Uff~.:jfl1'Vl Simulate '\J~.:Il1.J';ium1J A U~: B.. 

, 
3.2.6 'filfll'jUtJ~.:J'j,rtyfiUY.:J ( Postprocessor) 

~'U91~'Url'Lrl'Ufln'l111vJ",~1~Vilf11';i CAM uft'1..r.:j\l1f111.J';iumll A u~: 

l1.Jmmll B 1I1Vilf11';i Postprocessor L~~1lf'1vJ",~1~Vilf11';i CAM Uft'1,!'U ri.:j.,rm.l~~~f1111Lrl'U 
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I , , " 

NC Code t~v.yhl11J1'Yi1t111ti~H\.J 1~fJ'j)~'Yi1t111 Postprocessor NC Code .yjL~'j)lfl";.:l 2 

hhum1Jt"ltfl~V.:lti~v~ hl~~ 

. . Q,I"... 14 0 'JJ 4 QI QI.e:t. 

~lJ'YI 3.5 'YI1t111 Postprocessor File t\lltmV.:l'j)mv~ &'\.J1J~ 

. ;, 

~1J~ 3.6 Uff~.:l Tool paths \lV.:l hhum1J AU"~ B 

• IV

3.2.7 Vl'i1'iJfftlll m,"1,"1I'i'i'YI~"tl~ NC Code 

'111 NC Code ~L~'j)lflt111 Postprocessor 'j)lfll1Jmm1J A U"~ B U;i"~~fllltu~ 

.:l1'\.J1J1~1d'j)ffV'l.JU,,~'Yi1t111U'l.J~1'\.J1'\.J'l.Jn";~\lV.:l NC Code t~fl'l111J1tmfl'l.Jt.yjfl'l.Jti'\.J 
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G) .e.G' d gJtQ,QI lq JJ4 G) JJQI a " 
~'lJf)1'j'HJtJ'lJ'Yll~fltll::j:o.I1'HJ AflllHln ~'l1T'''f1'Yltl~ml:ltl~ 'I./'lJlf1 60 X 60 X 12 nun 

~ .
 
trJ'lJ 1't1'fJ~1 '*1'lJ f)1'j1,]tJ djtl~'illn11'Ylt:J~m iit:J~t rJ'lJ ll:lM ::~1.rt 'lJ~1'lJ'Y11~~1'lJ 1fl'1m'j1.l1J1n~ r{f1 

1l:lM::Mrl~1'lJhvnn 1l:lM::~'1ihhM~n 
~ 'I ~ '" ~ ~ JI.... ... 'I JI'" 'I JI "'.... ..l 
ll]f~ ~ 'lJ'I./'lJ fl tl'lJlfl'j tJ1.I'l1'lJ~ 1'lJ'lJ'U fl tl~flfl'Yltl~ml:l tl~ 1M 1.1'1./ 'U lf1 lf1l:l tfltJ~ n1J 'I./'lJ lf1'Yl 

~tl~f)1'j~~~l.J~ 3.4 .... ~tl1.l~Ul11.Jnfl1,r1~'I./'lJlf1 3.8'Yltl~miitl~~~f11't1'~'ilU~1 ~~nfJw::~~~l.J~ 
" . .. ~ 

'ill nt!'lJ ~~ U11 1.J l11 f)1 'InfI ~1tJlfl7tl~,]m~fll 'lJ i1~1 ,r~'I./ 'lJlf1fll1.1 l1fhM 'lJ f1~~ ~ 1.J l1 3.9 ll]f~ 

'Yltl~miitl~~l11f)1'jnfl1,r~'I./'lJlf1fll1.1~til'VI'lJfI ~~nfJw::~~'jl.J~ 3.1 0 
~ 

• r I " " 

'illn~l.Jl1 3.4 njtl~'illn'Ylt:J~miitl~l11~1'lJ~1'lJ1,]tJ~~1'lJ1'lJ120 ~'lJ ~~t!'lJ~1~tJ 
"QI 4 JJ Jt a QI" GlQ'I '" JI 0 1 QJ a 'I 9I.cl 
flfl~flfl'Yltl~ml:ltl~f11tJlmt:J~tl:ltl(IU1J1JUfl t'lJ1.I~1 ~M f1m1Jfl11.1'i11'lJ1'lJ f1tJflfl'Yltl~ml:ltl~ tM1.I 

'I JI'" ... ..lo ,JI
'I./'lJlf1 ~nl:llfltJ~n1J'Ylf)1M'lJfI 1 
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'illtlpJ~ 3.9 l~'U~t1~m:th""Hi~'Y1fJ-:j1'HilfJ-:j~')mf1~fJ-:jti~vfll'U ~~l~fJ 1..r'~fllll~'U 1~~ 
til'11'U~flfJ 60 x 60 x12 mm'~"';<"""'" . <.','. 
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3.2.9	 tl~.:ilU~1£11fl~ij.:i~fl'i6(7}Tu~ 

~rtfl"'lfl1':i Postprocessor File L,rl1fl~fl.:)n~~911'U2J'~u~"J ~':)"'lfl1':in~':)l'U1~rJ 
, , tI tI,	 ttl t 

~flifl.:)n~~911'U2J'~Hii~i'Ufl1':i1~rJfli'.:)ij fifl ~fl1fl':) EMCO ~1'U"J'U 60 ;f'U U~~ ~flifl':) HAAS i'U 
II' I 1 tI jI 

VF - 3 ~1'U"J'U 60;f'U i'U'Uw~Vi"'lfll':in~\l~"'lfl1':i\l~,j'UVim"J~lVii~i'Um':in~;f'U':)l'UU~~~:Jf'U 

ll"JrJ 
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'" i .J- fWl hlUhI'J 2 UflhlflH (2 Y2 - D) 

- m11J~fl~n~Zl'l1tJfit:l 0.5 mm 

- 11li,*ff1':i'l1rlt:ll~hli hlm':in~'11h1 . ~ ~ 

- lfl1t:l'lijt:l~~ 1 ~'Ji,*n~~hI'I1h1 5 ~hI 

A i" G '" _51 •- lmt:l'l EMCO 'lfm11Jl':i'J':it:l'lJ 2000 rpm t:l~':i1lJt:lhl 36 mrn / mm 

- tfl~t:l'l HAAS i,*m11Jl~'J':it:l'lJ 5600 rpm tl~':i1ilt:lhl 81 mrn / min 

- lfl~t:l'lijt:l~~~i,* fit:l Flat Endmill HSS C08% 2 fl1J~~ '\Jhl1~ 2 mrn 
~ I ,~ 

1~ tJm':in~'11 hiij'Vl1'1fltu~~itJ1AHlfl1t:l'l n~ tl~ 1hi ~~ 'l1 flffmhl Vi~'1~t:l 1tJ ij 

tfl~t:l'ln~tl~lh1~~ EMCO 'llflfltu~1fl''Jm':i1Jfl'lff~! 1J'I111'VltJ1l:itJ 

lVlfllhi lZlli':i1'lf1J'IflZl'Y'l':i~hlm 

- tfl~t:l'ln~tl~ 1hI~~ HAAS 1h1 VF - 3 'llfl 'lJ1,r'Vl 19h1 lJ tghl Vhlt~t:l! 

.. ~ 

~tJVi 3.13 lfl1t:l'ln~tl~ 1hI~~'\Jtu~';lm':in~';hI'I1h1 

, 
3.2.10 f1'il'Ua8tJU~~lA"'U1A~t1fH)A 

tJ I If. 

m':i1~'\Jhl1~'\Jt:l'l';hI'I1h1Vi';lm':in~tff~'lU~TUhli,*lfl1t:l'lCoordinateMeasuring . . ~ 

Machine (CMM) i hlm':im'J'lfft:l1JUZl~1~'\Jhl1~ tijt:l'l'llfl'l1h1Vin~t:lt:lfl1J1,rhll~hlm':in~~11J 
tJJ GI ~ .a 4 QI d QI Q,I dQ,l tJJ 

Zllmffhl (Contour) ~'1h1h1tfl':it:l'l1Jt:l'J~'Vlm1l1~fl1Jm':im'J'lfft:l1JUZl~'J~'\Jhl1~ '11h1'Vlfl~~11JZl1mffhl 

(Contour) ~fit:l tfl~t:l'l Coordinate Measuring Machine (CMM) ~'1Uff~'1ihl~tJ~ 3.14 
.J ~ ~ ~. G 

CJf'l 'hi '11h11itJfl1'I ij ~1itJ 1~u 1~hI'I1h1 Yi,;1m':i n~lffnU~'J 111';1 m':i1~'\JhI 1~ 

~'Jmfl~t:l'l Coordinate Measuring Machine (CMM) U1J1J11lff1JHff ~,rt:l Mahr 1h1 MarVision 

.ci d 0 Q,I ~ tJllC:ll Q,I \11 tJJ 0 SlQJ J!' tI 
MS 222 CJf'l 'l~'Vl'Vl1 m':i'J~ '\JhI 1~ hihi 'Vl1'1fl tu~ ~'J'l tJ 1~ m'l1h1~ i 'I1'J~m 'Y'll~'\JhI 1~ lffhl ~1h1 fl'hI tJflZl1'1. .. .. 
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, 1~ .a 0 _I" ..... .d ~ ~ 0 ~ ~ I .d... !I 1-1
ff1'\.J f1.:Jl'YH)'\.JllJl1lJ·HJ1.H'VItJ1JmJ'U'\.J1~'V1 ~~ml1'\.J~ n 11'U'\.Jl~'VIfl~mtJ NC Code 'UtN lJ'JumlJ 

A l1~tlltJ'JumlJ B ij'U'\.Jl~U~fl~l.:J'tJ'illfl'U'\.Jl~~fhmJ~lJlfl,rtltJLyjtJ.:Jl~ 

~tJ~ 3.14 lf1~tl.:J Coordinate Measuring Machine (CMM) mJ1J'"h:Y1Jr~'ff 

I I I I tI 

11J.., 3.15 'UW::lf1~tl.:J CMM nlZ;.:JtJi'1.Hlff.:JloWtl'" 'iI::1~'U'\.Jl~tM'\.J.:Jl'\.J 
JJ
 

~d. QI d. QI d.
 

1~fll'J~'J1'i1fftl1Jlm::1~'U'\.Jl~lJ~.:J'\.J 

JJ. • 
d. .c:.. d..::I" QI 

• l'UtJ'\.J Part Program 'Utl.:J'Il''\.J'VI.:J1'\.J'VI~tl.:Jm'J1~'U'\.J1~ 

" .• ... "1""• '\.Jl'1l''\.J.:Jl'\.JlJl11.:J'VI ~::.:Jl'\.J 

.... " !I,. .a'l!l.a 
• Ultlfl1:/lJ'Utl.:JtM'\.J.:Jl'\.J~1tJ ltJ'JumlJ Marsoft Vision 3 D l'Yitl ~l1lmtl.:J 

~!I ~ 
CMM ~(l.:Jf111lJml.:JUll::mllJtJl1'Utl.:J'Il''\.J.:Jl'\.J 

" 
• tJi'1J'J::'\.Jl1J (Plane) 'Utl.:JtM'\.J.:Jl'\.J ~1tJ l1J'JumlJ MarsoftVision 3D 
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• l11 f1l'jtJ fuu~~ U~t1W~~~1~ '1 ~~fl~n1'j1~' M'i1tl1111U\9ln~H~'JtJ 

ltJ'jumll Marsoft Vision 3D 

• A'~'M'ttl~fl~ CMM Run Part Program ~'~l11m'jt~tJ'W'~U~1 

• tn fl ttl ~fl ~ 1~"''W 1~ tl 'jUl'J n~~ u'"1 l11 f1l 'j'l1'W Vi mim..!,,' ~i 'Wttl~ fl ~ 

. " 
~'lHi 3.16 l11m'jt~fln~1l"'fl~;'W~1'W~1tJltJ'jUmll Marsoft Vision 3D 

. " 
~tJVi 3.17 l11nnm'jtJfu'j~'W1U (Plane) "'fl~;'W~l'W ~1tJ 1tJ'jumll Marsoft Vision 3D 
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Q)r/J6 -

.. (DllIl3 
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. ~ 

ttJn 3.19 Uff~~~lU'Ht1~~~1~~'.i·H)tH)1J"'Ul~"t!~~'U~1'Un~ 

_I'::!'" ... J'iI
3.2.11 11J'nJtn'ntll.JUa~1Ifl11~'t'Ieutl'Ja 

'""~',m~'U'VI1~t111t;'H &~fJ1ifSrlffi\!ll'VI ~'U'U 1Jl'HlmmllfJ"t!~'Ut!\!ll U1l1'UlfllmllfJ'VI ~~1J1'Y11 

trlt! '~~Hlfll'.i'VI~HIt!~1'U~1'U1~fJ fit! nlll~Lfl~t!~~fl'.i1,*1 'U fll'.in~HU ,,'U 1~~ 

.t~l~~~'li~ lHi1:i~tbl1'U1J'.i~~"t!~ NC Code 'YI1~flW::~1~fJ~~,.hHllfll'.i'VI~1lt!~~flri111J11'U 
'" 

" "0 ~ If,. 0" d,,, ~ I d J! " 0' d dill" 0 

fll'.i ttJi fJ1Jtn fJ1J l~fJ~ 'ill flU 'U 11U1JU ll::'VI~fftl1Jfil'V1HffO~t~t!ttJi fJ1JtnfJ1Jn'U 1 'U ~1'U ~ H G"] 

~~~t!'tJij
~ 

3.2.11.1 ~1'U1'U1J'.i'.i't1~ NC Code . ~. 

tijt!'~ Hll fll'.i 'VI~1lt!~ 1 'U ~1'U ij u~1~~filfll'.i m ~ fJ~l'U 1'U 1J'.i '.i't1~ NC 

Code "t!~ ltJ'.iUfl'.i1J A Ull:: ltJ'.iUfl'.i1J B ~~'lhfilmgfJ"t!~ NC Code "tl~U~ll::ttJU~ll::ltJ'.iufl'.i1J 

1J1filfll'.itmfJ1JtnfJ1Jt~t!'Hl~1'U1'U1J'.i'.i't1~"t!~ NC Code ~filfll'.i Postprocessor 'illflltJ'.iUfl'.i1J 

1~ij ~ l'U1'UUt!fJfl':h n'U 

3.2.11.2 nm~tfl~t!~1,*n~~1'U 

1'UHllfll'.i'VI~lltl~rl'1 ,*m't'l1::nlll~tfl~t!~~fl'.i HAAS 1'*1'U fl1'.i n~~l'U 

'il::'lhnlll~'~'illflfll'.i1,* NC Code 'illflltJ'.iUfl'.i1J A tm:: ltJ'.iUfl'.i1J B 1J1mgfJU~1t11nlll~'~1J1 

tm fJ1J tn fJ1J n'U Ull:: 'VI ~ fffl1J fi1'VI1~ ffO ~ 



~t-~::!.rtrntl!-rtL~H ~nM.L~~rtL~ ~~~!.LUt-Q(\'t:H~ 

t-Ofl.L!.LtQM1LrtUQQ~1 Lt~rtQ(\,n.~~!.LULlA.N!. t~mrt~rtQ(\'M.::L!.Y1t!.LU~H~t Qrt1 /;> ,.. 1611tf> 16l 
w 

/;> 16 161' ... 16"',.. • 

rJ~~.tllmHrttD Z1"Z·£ 

~g~t-LLtL~I1Q~~Lt::~nn~I1J)~m~~Rrt~iJ.::~~n~Ln(\,t-Q(\,~~tlR~Lttt}tn 

• ~1 ~tLt~Ln(\'t-QI\.LY~~tl1t~mrt~Ln(\,~t!.LU~H~1 Qrt1 ~l!. OZ ~rtM.t-Lt~Ln(\'~t!.LULLt!.LUt-Q~ 
"l/tIOF' IF''' "lit" t1) : t1) 0 " 

Lt~iJ.rtt-Jb f' po If' nLt-::nHW~ £ ~rtlHLtt-Q~~Lt!.Lun1.rtiJl.L::l!.~l!.t!.LUM.L t1); "t1)b' 

t-!.l!.~1 ~tLtt-Y1M.t~~nuM.LHn~1~Ln(\, ~(5btt1)F''' Ip 1(5 £'ll'Z'£ 

L£
 



.:;. f. 

, 
q 

'U'YI'YI 4 

o ..., 

4.1 m\'!l'U'lJ"i"i't1~d\Ja~ NC Code 

1'\.Jm'.i1~fJ 1~t:l~ l1Jmm1Jm'.ifYmJ1ml1Jffl1Jl'.iCll'\.Jm'.it:lt:lnU'l..J'lHl",,~m'.i~il91l.lt:l~

tlt:l1J-n1191t:lfCAD / CAM 'V11~m~fJ'~1~11Jmm1Jtlt:l1J-n1191t:lf'lf1fJl'\.Jm'.it:lt:lnU'l..Jl.Ju",,~m'.i~il91.. 
(CAD / CAM)~1'\.J1'\.J 211Jmm1J ~~lrlm'hm'.i Post Processor t:lt:ln1J1I~'\.J NC Code l~t:ll.'h 

t "I_I'" 1 1".9 ...... 1 ......d" .6 "I"NC Code '\.J'\.J L1Jn~~l'\.J ~fJ '1ntl'.it:l~n~t:l1P'l '\.J1JlP'lfJl'1t:l EMCO u",,~ HAASC)f~ L~~""m'.i'YI~""t:l~ 

, , 
~ ,q 0 "'" q 

UN'U.fJ:JJU"A~tl11f1afJ."a~il1 ....n ....n.J11't1A NC Code 't1 

'11011 Postprocessor il101'lhu01:JJ CAD / CAM 

200 

150 r---~---'_._----_.-

I III "bJosLLnosll A
100 I. "bJosLLnosll B

L_.__ ._ .. _~ 

50 

o 
Gl £) n"'l el n Li.'I'l.I Ul1'1:VItl 

'i10 1U 

~1J~ 4.1 1l~'\.JtJijuff~~fhm~tJl.lt:l~~1'\.J1'\.J1.J'.i'.i't1~ NC Code ~fhm'.i Postprocessor \lln 

l1J'.ium1J CAD / CAM 



39 

, 
V111Hn 4.1 ~l'UTU'I.J'j'j";~'\JtI\I NC Code '\JtI\I~tJ~.yhm~ Post Processor ~nn ltJ~unnJ A 

11"~ hJmmlJ B 

tll'U1'U1.J"S"nlR'Il6.:1 NC Code 

Post 1l1nlthllnnl A Post 1l1nlthllnnl B 

72 148 27 76 175 28 

72 148 27 76 159 28 

72 148 28 76 159 28 

77 147 28 75 159 29 . 

72 148 27 76 159 24 

72 148 28 92 195 28 

72 147 26 76 159 24 

72 148 27 75 158 27 

71 148 28 76 159 28 

72 148 27 75 162 27 
-
X,4= 82.5 XB=89.6 

SD,4=50.5696 SDB=58.1511 

~. ~ 

1. 9i\lfflJlJ~!l'U\ll'Ui~tJlWtl'Y1~fftl'I.JmllJutJ~tJ~l'U'\JtI\I.,j'm.!"";\1 2 n~lJ 

2 2 
Ho:a1 =0'2 

Z 2 
Hl:a1 ::paz 

2. ~~~'I.J,rtJffltiqj a = 0.05 

Fo= 0.7562 ( til'UltIJ ) 

0.476 ( liJ~Wll~l\l )F 0.025 .29,29 = 2.100 , F 0.975 ,29,29 
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F 0975 2929 = 0.476 F 0.025,29,29 = 2.100 

F 0.975,29,29 0.476 < FO =0.7562 < F 0.025,29,29 = 2.100 

~,	 ~ 

~,:j'U'U~.:j '~tJfilff1i Ho ir'Ufifl~lfl111JUtJ'jtJn'U'UfW,rmo!"l'ri.:j 2 tl~1J '~ijfl111J 
I Q,I' d Q,I' QI 0 Q,I' 

U~tl~l.:jtl'UVI'j:::~l'lJ'Utlfflflqj 0.05 

~	 . , 
Q,I' Q QQI 4 I d 

4. ~.:jff1J1J~jl'U.:jl'U1'ilm'WflVl~fffl'Uflll\UW 

Ho :PI =P2
 

HI: PI "* P2
 

5. 'j:::~'Uirmhfiqj a = 0.05
 

6.ffa~~'f''Utll'jVl~fffl'Ufifl
 

Yl -Yz 

to= ~l 
Sp -+­

nl nz 

to = -0,5046	 ( fll'U1W ) 

( ltl~~l'jl.:j )t 0.025 ,58 = 2.002 
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-t 0.025 .58 = -2.002 < to =-0.5046 < t 0.025 .58 2.002 

oJ. • 

~,:jir'\.J~,:j '1iiJ~tff1i Hoir'\.JtiV~1'\.J1'\.J'lJ'j'jr1~'\lfN NC Code .yj'~'illflfl1'j Post 'j~,·dl,:j 

liJ'juflnJ A U~~ liJ'jum1J B t'\.J,:jl'\.J~flfIW~t~f.J1n'\.J '1iiitl111JU~fl~1,:jn'\.J ~'j~~'lJirf.J~hri\y 0.05 

4.2 ni;11~ltl~8.:J~fl1,,nUfll1fi'~.:J1U 

''\.Jfl1'jn~,:jl'\.Jl~f.Ji-Nttl~v,:jim 2 ~,rv tiVttl~v,:jn~v~ l'\.J~~,rv HASS u~~ttl~V,:jti~ 

V~ l'\.J~~,rv EMCO U~~ liJmm1JtlV1J~1t~V{'lf1f.Jt'\.Jfl1'jVVflU'lJ'lJU~~fl1Hl~~ CAD / CAM 

,},,}1'\.J1'\.J 2 liJ'jum1J tiv liJmm1J A u~~ liJ'jum1J B cit,:jn~l~ttl~v,:jimi~n~,:jl'\.Jii~,:j;i' 

, . , 
-=!& .. ~ • """ 11/'"

llNltf;PllIll'~N l,) lH IilC1Ul1lfl"HH on" HAAS dJl'flfN nl 

500
 
450
 
400
 

~ 350 
5 300c lI'\tJ'mnal A 
)! 250 

lI'\tJmnnJ B "1:;: 200 
~ 150
t'" 

- 100
 

50
 
o
 

Liil'ULfh'1 'I'1tJ 
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• I I • I 

.q .:::t.:!l Q.a Q,I 'l"QI
911":iH'JI 4.2 f11HU'Hn'Yltfl'Hl'lLdCll'YHfI'Hl'l'ilm HAAS l'lffWIHU 

..\ <v mSlu At
Ifl"H)'1~n":i I1tnn 'I1n~.,J1'U ('U1n) 

hhllnUI A 

4.232.42 6.43 2.31 

4.22 2.352.43 6.45 

2.342.43 6.45 4.23 

2.44 7.01 4.23 2.35 

HAAS 2.342.47 6.47 4.23 

4.27·2.47 6.47 2.34 

2.342.47 6.43 4.22 

2.43 4.23 2.346.43 

2.43 6.43 4.23 2.34 

2.43 4.23 2.346.43 

XA=4.3913
 

SDA=1.6919
 

l1.hlln":itl B 

7.07 

6.45 

6.59 

7.18 

6.57 

6.59 

6.59 

7.01 

7.01 

6.59 

-
Xs=4.4443 

SDs = 1.8504 

4.29 

4.2 

4.17 

4.24 

4.23 

4.24 

4.23 

4.23 

4.23 

4.23 

~. ~ 

1. ~'H"1J1J~Jl'Ul~tl'Yl~fftl1Jfl111JU,j'j,jn'U~tl'l,j'fl\!C1l1.,J 2 mj1J 

2 2 
HO:O'I =0'2 

2 2 
Hl:O'I "*0'2 

2. 'j::~1J'UfJfflflty a = 0.05 

3. ffCl~~t,* t'Ut11'j'Yl~fftl1Jfltl 
2 2

81 1.6919 2.8625 
FO=2= 2­

82 1.8504 3.4239 

= 0.836 ( fil'U1tu ) 

F 0.025 ,29,29 2.100 ,F 0.975,29,29 = 0.476 
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F O.97S ,29.29 = 0.476 F 0.02S ,29,29 = 2.100 

F 0.975,29,29 =0.476 < FO =0.836 < F 0.025,29,29 = 2.10 

II. r I 

~~,ru~~':u1Jfi~(;11i HO uufitJfhml1m1J':i1J':i1U'U~~nlll.yj~f1~~~~m HAAS t~ 
~ ~ , 

fi~~U~lU'j)lf1l1~ 2 l1J':iumll ':Uijmll1U~f1~l~fiu.yj':i~~'U,rtJfflt1ty 0.05 
JI 

4. ~~(;11111~~lU~lU1~tJ 

Ho:JLl =JL2 

HI: JLl '# JL2 

_ (30-1)2.8625+(30-1)3.4239 

(30+30)-2 

2
Sp =3.1432 

Sp =1.7729 
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4.3913-4.4443 -0.053 
to = ­

I.7729~ I + I 0,4577 

30 30 

to = -0.1157 (finnOl ) 

2.002 ( ttl~wl1'n~ )t 0,025.58 

-t 0.025,58 = -2.002 < to =-0.1157 < t 0.025,58 = 2.002 

II ,. I " I 

~·ru'U~~ i1ilJUtffli Ho'I1'Utimhn~iill~fl~n~lVi'l ~'l 'Um'iti~~'U~l'U~fl~~fl~fl~ ~m 
. " 

HAAS 'i::lf'h~1lJmm:IJ A U~:: 1lJ'ium:IJ B tiimi~~'U~l'Unm:lOl::t~lIdti'U i1iijfldl:IJU~f)~H 
, 

QlQ QlQlOQl 

f)'U'V1'i::~U'UlIfflfl~0.05 
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.A ..., ms/u IIICllmt).31)n'i run 'lfn~~ll.! (l.!1'YI) 

l1.hllnnl A hhllnnl B 

6.13 15.27 9.19 6.11 15.38 11.19 

6.09 14.28 8.21 6.09 15.41 9.55 

6.11 15.43 9.22 6.17 15.36 10.02 

6.10 16.26 11.42 6.07 16.24 10.02 

EMCO 6.12 15.42 9.45 6.13 15.43 10.56 

6.01 15.42 10.43 6.10 15.34 10.11 

6.23 15.53 10.06 6.27 15.37 10.06 

6.07 15.41 10.05 6.34 16.11 10.08 

6.12 15.42 11.41 6.03 16.25 10.29 

6.12 15.42 10.06 6.13 16.09 10.13 

X,f= 10.482 Xs = 10.681 

SD,f= 3.9193 SDs = 3.9961 

~. ~ 

1. 9i'H"lJlJ9i!1'Wl-WV'YI~ffV'I..Jtl11lJutl':itl':i1'W'\Jm.,rm.lCll1~ 2 n~lJ 

2 2 
HO:O"I =0"2 

2 2 
H1:0"1 *0"2 

2. ':i~i'I..J'I!mYltifl! a = 0.05 

3. ffo9i~t,* t'Wm':i'YI~ffv'l..Jfiv 
2 2 

81 3.9193 15.3609 
FO =2= 2 

15.968882 3.9961 

= 0.9619 (til'W1W) 

F 0.025 .29,29 2.10 , F 0.975.29,29 = 0.476 
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F 0.975.29.29 = 0.476 F 0.025.29.29 = 2.10 

F 0.975,29,29 = 0.476 < FO = 0.9619 < F 0.025,29,29 2.10 

II r 1 I 

~.nr'U~.:j'1itJULff1i Ho ,r'Ufitlfhfl'mJUtJ'jtJ'jd'U'Utl.:jn~l.yjLfl~tl.:j~m EMCO i~ 
V V • 

n~~'U.:jl'U~lf)n.:j 2 ltJmm:IJ '1i~fldl:IJU~f)~l.:jn'U.yj'j~~1J,rm;ilflqJ0.05 

V 

4. ~.:jff:IJ:IJ~Jl'U.:j1'U1~[J 

Ho :J.ll = J.l2 

HI: J.ll '* J.l2 
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2 2 
2 (nl -1)SI +(n2 -1)S2 

Sp - ----=------==--------==----=­
(nl +n2 )-2
 

_ (30-1)15.3069+(30-1)15.9688
 

(30+30)-2
 

2
Sp =15.6378
 

Sp =3.9544
 

10.482 -10.681 - 0.199 
to = ­

3.9544~ 1 + 1 1.0210 

30 30 

to = -0.1949 ( fll'W1tu ) 

2.002t 0.025.58 

- t 0.02S,S8 = -2.002 < to =-0.1949 < t 0.02S,S8 = 2.002 

" '" " I

~,nr'W~.:J lhhJ~tffti HO'I!'Wfifl~hm i'iV'Ufl.:JnftlVit-n'WfI1·H;~:)f'W.:Jl'W'Ufl·:Ufl~fl.:J,jm 
. " 

EMCO ~~'I11H hhumlJ A Uft~ hhumlJ B t~flti~:)f'U.:Jl'U~tl1:ltu~t~V1ti'U lhjiifl11lJU~tl~H . 
Qld QlQlOQl 

tl'U'Yl~~~'IJ'UVfflfltl.J0.05 
u 
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ii' J ''iii
4.3 "Ul~AaUN1Ut1UtltlaHa1U afl-:J 

f11':i'YI~HH"HnJlJ~!1'Uf11':i1~e.J ltv~ f11':iffmnmllJffllJ1':it:ll'Uf11':iVVfHl'U'U1H\~f11':i~~19I 

'Uv~ TUmmlJflVlJ~'HI9IV{ CAD-CAM lfl'~'t1li~~lf1,~.,yVlJ"f11':i1~'U'Ul~I-tV'U~1'Uff'U6ml1~ri1'U.. .. 
" " ".

mf1f11':iti~;r'U~l'Un~ 3 limlW~~l'U 'UV~ hhllmlJn~ 2 1l~1lJT.11f11':il~~e.J UllJ1't11filf111lJ~1~ 
," 0' dllJ 91 91 .o!i 191 I :II IlJ ..0 

'llf1f11~'Ue.J lH\~'Ulf11'Y11~~wme.J 1000 I~V 't1't1'U1e.JllJ'U ~lJfl':iV'U lH\~~11'U'Uf11':i'YI~ffV'U .. .... ...II 
fflJlJl9I!l'U~~'U 

(!;: 12-tc 10 
,::: 

II , 
(!;: 8 • W.:ll'IJYinfl~lnIf: 

"11"11= ..; ...6 
(!;: ~f1'HN~m EMCO 

II , 

--
~"4

2 
;: 111 w·n'IJYinfl~ln 

.4 ... - ~f1'H)~~m HAAS 
I~- 0 

A B A B
 

, ,II 

~'llii 4.3 U~'UfJiiffl'll~"f11':i1~'U'Ul~;;i'~~1f1f11':i1~'U'Ul~;f'U~1'U 
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... · , · lSI ..11 QJQQI 4
P1'1HfI 4.4 ~l'n'lHt1~WlJiI'I'U'Wl1l0 ff1'W tH 'YIfl1l'l1'Wfl1fJ1fl'IiI'I\lfn HAAS 

, , I JI 

'" 
.., NOflH"e-3"U1Yi 0 tr1U fl" ( f.lm )

Ifl1t>-3l1n1 
l1.hllnUIA l1.hunnl B 

-4.86 -46.67 3.66 -61.63 

-28.97 -47.41 -36.49 -184.73 

-47.15 88.49 102.35 58.71 

-36.65 -53.76 -15.08 -95.82 

-24.77 -30.79 -24.91 -71.64 
HAAS 

-14.08 48.12 -20.62 41.85 

-26.19 -44.71 -18.47 -16.23 

-201.58 -253.84 -314.93 -133.19 

-1.52 -322.32 -30.38 -16.91 

-113.4 -89.1 -89.8 -78.48 

XA = -62.558 X8 = -50.137 

SDA = 96.7432 SDB = 89.7985 

w. w 

1. ~'1ffllll~il'lJt"-;6'Y11lfft!.'Ufl11llUtJnJ':n'W~t!'1~t!\!t1'Yi'l 2 mill 

2 2 
Ho : 0"\ =0"2 

2 2 
HI: 0"\ =t 0"2 

2. 'j::~'U'umht1ty a = 0.05 

3. ffii~~i,* i'Wfl1'I'YI1lffil'Uflt! 

2 2 
_ SI _ 96.7432 9359.2467 

Fa -2- 2 
S2 89.7985 8063.7706 

1.16 (fil'W1W) 

F 0.025.19.19 2.532 ,F 0975 .19.19 = 0.395 ( til1l~nl'1 ) 
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F 0.975.19.19 = 0.395 F 0.025,19.19 = 2.532 

F 0.975,19,19 =0.395 < FO =1.16 < F 0.015,19,19 2.532 

tJ • 

~{Iir'U~{1 11JtJfilff1i HO ir'UfltlfilfldllJ HtJ'itJn'U'UmHll~H'U'Ul~HtV'U~h'U 
• I II II 

tl''UVnllHff1'U lfl'{Ii11fl~tl{l~m HAAS 'loNtifl~'U{ll'U'i11nl1{1 2 ltJmmlJ 11JijfldllJU'ln~l{lti'Ui1 

'i~~'I..Iirmhti'qJ 0.05 

tJ 

4. ~{IfflJlJ915Il'U{ll'U1~tJ 

Ho:111 =112 

Hl:I1I*112 

I 
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_ (20-1)9359.2467+(20-1)8063.7706 

(20+20)-2 

2 
Sp = 8711.5086 

Sp =93.3354 

- 62.558 - (-50.137) -12.421 

'0 = 93.3354~ 1 + 1 - 29.5152 

20 20 

to = -0.4208 ( f11'U1W ) 

2.0251t 0.025.38 

- t 0.015,38 = -2.0251 < to =-0.4208 < t 0.015.38 2.0251 

JI •• 

i~t1'U~~ '1JtJfilffli HO lJ'Uflflf111'11 ~tl'IJtN~HI9iW:i~ ..dNl~'U~1'Ut;J'U6mn~'lJtN 
• JI • 

ff1'U i~~fhfi~\llflfl1':itl~~'U~1'U~1tJ1f1~fl~~m HAAS ':i~'I1':h~itJmm1J A Ull~ itJmm1J B ,1Jij .
 
1 QI.c:I QlQlOQl 

fi111JU91fl911~fl'U'VI ':i~~'U'U tlfflf1qJ 0.05 
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... .... N1Uh.:l"M"-UUl 0 th-ulfl'..:l ( J.!rn) 
Itl1f)..:lilfl1 

hhllflnl A 11.hllflnl B 

-17.9 -68.92 4.32 -29.68 

24.15 -4.38 26.44 -2.44 

13.83 -19.02 5.92 18.5 

-50.16 3.18 -105.2 27.09 

-84.18 -191.82 24.99 -155.2 
EMCO 

-28.02 -166.31 -35.02 -150.2 

-83.18 -19.22 -10.54 -17.62 

-89.45 -112.81 -90.37 -119.Q3 

-13.67 -57.02 -40.72 -101.79 

-14.7 -79.7 -28.72 -130.7 

XA = -52.965 XB = -45.4985 

SDA = 57.5799 SDB = 62.2226 

~, ~ 

1. 9i..:l~1J1J9i!1'UI.yjV'Vl~H"V1Jt1111Jm}:nJ':i1'U"lV..:l,rV2q!t'1l1..:l 2 fl~1J 

2 2 
Ho:O'l =0'2 

2 2 
Hl:O'l *0'2 

2. ':i~~1J'wtJ~hfity a = 0.05 

3.~a9i~'f'Ufll':i'Vl~~V1J~V 
2 2 

SI 57.5799 3315.4448 

Fo=2= 2 
3871.6519S2 62.2226 

= 0.8563 (fll'U1W) 

F 0.025.19,19 = 2.532 , F 0.975,19,19 = 0.395 ( ItJ~~l':il..:l ) 
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F O.97S .19.19 = 0.395 F O.02S .19.19 = 2.532 

F 0.975,19,19 = 0.395 < FO = 0.8563 < F 0.015,19,19 2.532 

~.:jJtJ~.:j '~tJ~Aff1i HO JtJfit:l~lmll1UtJ':itJ':i1tJ'lJt:l.:j~Hl~1.:j'IJtJl~1~tJ~ltJ 

tTtJ6ml1.:jff1tJ lfl'.:j~lfl~t:l.:j~m EMCO '-Nn~~tJ.:jltJ'illfli.:j 2 ltJ':iumll '~ijfl1111U~fl~1.:jntJ~ 

':i~~1JuenYlfiw 0.05.. 

JI 

4. ~.:jffllll~iltJ.:jltJ1~eJ 

Ho :PI =P2 

HI: PI '*P2 
5. ':i~$1JUeJfflfity a = 0.05 
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_ (20-1)3315.4448+(20-1)3871.6519 

(20+20)-2 

2 
Sp = 3593.5483
 

Sp =59.9462
 

- 52.9650 -(-45.4985) -7.4665
 

10= . ~1
 18.9566
59.9462 -+­

20 20 

to = -0.3938 (~1'W1W ) 

2.0251t 0.025,38 

- t 0.025,38 = -2.0251 < to =-0.3938 < t 0.025,38 = 2.0251 

., .. 
~r:Jif'W~~ i:Jt1~l~1i HO if'W fivfil1~ ~fJ'\JV~ ~H'l19i 1~'i~'" ';h~l d'w·h'Wtr'W6ml1~'\J~N . ., , 

ri1'W 1l'i'~Vilfi~~lflfl1'ifi~;'U~1'W~1mfliv~~m EMCO 'i~W;h~ 1t1mm1J Aml~ 1t1mm1J Bi:J 
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"" 'l.J 'YI 'YI 5 

UltJf-U"fll'~'YI~af).:Iua~ilf)&uuf)UU~ 

5.1 rinh 

~lfl~'~ihfll'j'YI~HH).:I','U~l'\.J~H .., ~nH1'\.J1~m~n.:l fll'jfffl1:l1fl11lJffl2J1HI ''\.Jfll'j 

~	 ~ G' Y : tl ~ ... 1
nnflU'U'UUn~fllHH'I91~n.:l1lJmmlJflnlJ"'1!91n'j CAD-CAM Un1'\.J'\.J ''\.J'U'YI'\.J~~!1J'\.Jfll'jff~lJ~n 

.	 . " 
fll'j'YI~ nn.:l' '\.J ~1'\.J~1.:1 .., .yj '~111fll'j'YI~nn.:l' lJm~/1',h~nfll'j'YI~ntl.:l.yj '~ir'\.J!~'\.J n~l.:1' 'j 'j1lJil.:l 

". . 
ilfl!'I11Un~~lJ ff'j 'jfl' '\.JfllHl1.:11'\.J1~U Un~.,rmff'\.J nU'\.J~~l.:1 '1 !Vln.yj~~U1.:11'\.J1~Ui1' lJ";IJlJ'\.J1 

~n'lJ 

5.2 N1'Im'jn~1'Ia,:j 

5.2.1	 timl~tl'U8-3\il'U1'U1J11,"~ NC Code ~fhm1 Postprocessor mfll,hufl1'IJ 

~ 1fl~nfll 'j'YI ~ n n.:lun~'YI~ ffn'U .,rnlJn~ 1U1~fll'j'YI1.:1 ffil~ Uff~.:I-j1 ~ 1'\.J1'\.J 'U 'j n1'~ ..
 
NC Code ~ Post 'IrJfl1lJmmlJ A un~~1'\.J1'\.J'U'j'j't1~~ Post ~lfl1lJ'jumlJ B ~lfl.:l1'\.J~ih;;fl1:IW~ 

"	 . " 
~lJU1J1J!~U1n'\.Jir'\.J ii~1'\.J1'\.J'U'j'j't1~.yj'~U91fl~l.:1n'\.J't1.:1 2 1lJmmlJ 

" 1,humlJ B ''\.J.:I1'\.J~m:IW~!~U1n'\.J ij~n~.:Ii1 
" .

n~;f'\.J.:I1'\.J~1mfl~m~m HASS i~nn1i'\.Jfll'jn~.:I1'\.J~lflfll'j CAM ~1U 

llJmmlJ A un~ llJmmlJ B i'\.J.:I1'\.J~m:IW~!~U1n'\.J '~nn1'~U91fl~l.:1n'\.J 
" .

n~.;r'\.J.:I1'\.J~1mfl~n.:l~m EMCO i~nn1''\.Jfll'jn~.:I1'\.J~lflfll'j CAM ~1U 

llJmmlJ A un:: 1lJ'jumlJ B ''\.J.:I1'\.J~fl1:IW~!~U1n'\.J ',*nn1'~U91fl~Hn'\.J 
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5.2.3	 A1I'n~t1'U8""Ul~m~mnm·ri'~~"UJAfl~8" Coordinate Measuring Machine 

(CMM) 

ifj/	 "Q4 .et.Q ~ ~ I 

~l1n~~m':i'tWI~f).:Il~~~'t1~""f)'IJ'Uf)1J~~1tJ11im':i't11.:1""f1~ 'U~l1'U'U'Ul~l1:Y'U~l'U.. 
tr'U6n~l.:1'Uf).:I1:h'U Ifl.:l 1~tJ1mtJ'IJ1'YitJ'lJi'Ud1'U~~~l.:1'Uf).:Ilff'UH1'Utr'U6n~n,h'U Ifl.:l OfitJ'lJti'IJ 

I 11', .•	 , 
I . <tJ fj/ ~ Q.clQ,l" 4 Q,I	 a QI 

m= 0) ~llm':i1~'U'Ul~~1[Jlmf).:ICMM 'Uf).:I']f'U.:I1'U't1n~~1tJ1mtm)m HAAS lm~lmf).:I~m 
1/ 

EMCO ~lnm':i CAM ~1tJ itJmm1J A Ull~ ithum1J B i'U.:Il'Ulim:IW~1~tJ1ti'U ij~ll~.:Ii1 
1/ , 

;f'U.:Il'Uti~~1tJ1fl~f).:I~m HASS ~lnm':i CAM ~1tJ l'lhUn':i1J A Ull~ ithum1J 

B hNl'U~m:IW~1~tJ1ti'U ij'U'Ul~~1l~l.:1'Uf).:Ilff'UH1'UfY'U6nlll.:1d1'U Ifl.:l 11iu~n~l.:1ti'U.. 
1/ • 

;f'U.:Il'Uti~~1tJ1fl~f).:I~n':i EMCO ~lnm':i CAM ~1tJ l'lhUn':i1J A Ull~ ithum1J 

B i'U.:Il'Ulim:IW~1~tJ1ti'U ij'U'Ul~~1l~l.:1'Uf).:Ilff'UH1'UfY'U6nm.:ld1'U Ifl.:l 11iu~mh.:lti'U.. 

5.2.4	 f.TltJNam1f1~a8" 

~ln~ll'Uf).:Im':i't1~~f).:I~l'U~H '11~f)ltJ~ tJ'IJ1YitJ'lJfl111J""11J1':ifl i 'Umn;Hl'U 

U'IJ'lJllltJ1ff'U 2 fi9j 'Uf).:IltJ':iUm1Jflf)1J~11~f){ CAD/CAM ':i~·w:h.:lltJ':iUm1J 2ItJ':iUm1J flf) 

ItJmm1J A Ull~ ItJ':iUm1J B lrlmh1J1fhm':i CAM lm~ti~~1tJ1fl~f).:I~mn1l6~ I'U~~ (CNC 
I II ,	 , d , 

MILLING) 2 lfl7f).:I i'U~'U.:Il'UYiijlin~W~1~tJ1ti'\.J U~~tl1tJi~1~f)'U1'Umijf)'Uti'U ~~m'U11 
1/ , 

fl111J""11Jl':ifl 'Uf).:IltJ':iUm1Jflf)1J~11~f){ CAD/CAM 'ti.:l 2ItJmm1JYii~u'Vl~'HllltJti'Uf)~i'U 
•	 • 1/ 

1.:1m':i~~""1'Hm':i1J'ti11tJ u~ihlm'Uf).:I Software Yiu~n~l.:1ti'U1J1mj'U ijfl111J""11Jl':ifl i'Un1':i~ii~ 
1/. • 

;f'U.:Il'U Yi11iu~n~Hti'U Yi':i~~'IJ'umhtiw 
u 

0.05 

ill 
5.3 dllflUJUflUU::: 

1/	 1/ 

i'UmnilJJJ'Ul.:11'Ui~tJi1i'U fli'.:I~f)1 tJfld':iijm':i1h1tJ't1~llf).:Ii~tJi 'Um':iti~.:Il'Ul~'U~n~w~ 

3 1J~ l~f)ltJ~ tJ'IJ1VitJ'lJfl111J""11J1':iflmf)'IJflll1J't1n~1'U Ull~""f)~fl~f).:Itimrn~W~.:Il'U~~.:I fh i,r 

~~m':ii~tJ1~'U~l~f)ilf)1Jlnt.:l~'U 
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d f f JClI.c:I fI 4 -'=' 0':,J 0 Q,I.Q 0' 
Nfl.')j'l~ 91'i::fl1'ifJ~. IntH'UUUIOUltl'UCU. V'UJ'YiflH't1 3. fll:JI't1'Yi1J'H1'WfI'j : ffl'Wfl'Yi1J'Yi ff.ff.'t1., 

2543 

o ff.Cll Q J' -=­
m'Wltl 't1fl.:ltlff'W. Infll'UUUlfltllJfOIPltl'l'ti'UltltlflUUuua::NaPi (CAD / CAM Technology) 

fl1.:11't1'Yi1J't1l'WfI'j : ff1Jlf11Jff.:llffi1J' 't1rJ~~'W,2542 .
• """"ttl 0'" 4", l!'m'Wltl 'VI fl.:l tlff'W . fI~rytlUa:::011Id11t1'U I 1Ufl11J CNC ql111U011tllU~SJlfl1tl~;)fl1fla~llti 

~ J d d ~ 
f1tllJ'W1IPltl1 (Computer Numerical Control). fl1.:11't1'Yi1J'Hl'WfI'j : clHflfl~lfI')j''W, 2544 

GI .cIJClI cI OJ4.cl11 OJ dQl..1 
ffqj~l 'Wl1J. 11t1'UldlltI'UUUU AutoCAD flUlJtltll1('W tlUU Workshop. 'W'W'VI1J'i : fl'W 111'Yi'iff, 

2544 

Q 4 d 0' A.e::t, a tV.Q, .Q, J d Q 

Nfl.1ifl1Ifl rJl 1J~'iffl'j'jfl. D't1V1D'1111Ulfllfl111JUa:::lfltl1f11D'Pl1. fl1.:11'V1'Yi1J't1l'W fI'j : fj'WrJN~91 

~1'ili1rJ'W ffm,j'l.U'VIfll'W I~V'Yi'i:::tlfl1Jlfl~l'Yi'i:::'WmA'HUfl, 2544 . . 
Iflflt'Utau CNC 011ttl1ufl11JUa:::011,,r~1'Ui:i111rUlfl1tl~nii~ua:::ltl1f)~fl~fl'j1Jff.:llffi1J 

fJ 9Iffl 'Hfl'j'i1J 
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1l1tlN'Ulfl 

.
"" . "" 11'lJ'lJlla~~iJ~Ui.'l::"'Ul~f1f11nl11~"'Ul~ 

I'L p, - 1'lJ'r'lJ10~m11~mn'lJ1~f1 Mahr S.A.E. Co.,Ltd. 

10nal11'lJ10~tll1111~t1~911~"0~ltl~0~fl~8911'Usm 
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lItdilllf!.tlOI1\,.1ulnf}nw~1'n::uf\' 
st-tl"lI1l""",:u,.,mue CHA-001 , 
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uilin Mahr S.A.E. Co.•Ltd. 'Vf)i'1J1f)~·h'tn.flf1~tH Marvision MS 222 lUflT~1""1 
~ . 

'V'U '.,.Id''UNU.lt:fu6mn ~lla:;'Vu,.,. i'fJihi'1lJ1;;~'V tJ'IitJ-3,lJYl~ at) ~ .1nlloJl.liY-Ji~i" __tnlat11lJ 

fl1UU'Tu:U1Jl-ly.m1.1!.~f)H1J]JUl);:Dl1f1nWUtHl11'lJml12JfJt)1I~').lflEl~Ll~AW.cAM} 'llJ')\.J 120 

;?Ulli-3 ifltlntln::;&6m1'V1Hlftttl~ihf1um1iA'UUlfl i1A~rl' 

Machine Name Marvision 

Model MS222 

Made in Gennany 

Resolution 0.5 V-m 

Uncertainty 3.9+UlOO 11m 

Measuring Range Single sensor Both sensors 

X 250mm 200mm 

y 200mm 200mm 

Z 200mm 200mm 

Max.travel speed IS0mmls 

Max. load on glass plate 10 kg 

Weight 260 kg incl. electronic cabinet 

@a~
 
ftWtR"(S.EAr /,p-----~15. 05. 2549 ",~. 8ervIaI Dept. /' .. 

nlfJl"IfU 

Mal..· S.E.A. Cu.• Ltd. 
':l() KP"" T:~\"'~~r,J((' f"!(H>rJ<':U1W~) H\1.Hdnghdri_Hu;(,h.v.,·wg,~Ht'JH~:k~~ktfn.:Ofd: 6h2-';f7)O:~U !·i.P:. f'(~>·71 'J'in:;.::,
 

\1l1la~'~i" R<"IlI"'~<'nl "lh C ..nln'
 
'.,0 ! hl ni-o~.'k ".~, [\;:-;dt )avang "t.:'1i{I .h~:;i , ;,:'i·..un..' (nnlHh,,;r~':t' Sqllaf{". f): O.1-7W77?f160 L!~: {L~~ ""8T7.--f~.Hr
 
lo.,"':lJi) Ldd'n P.i': K'W,'~(~):V Pt.~t;,dit:J~:.' lH\-~t ~,:hrH::'f"r
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Machine Inspection Report
 
and
 

State-Of-The-Art Ball Bar Test
 

Model: Haas VF-3
 
Serial No. 42575
 

Iv h~~/,' 1~/01 

[!!f:!!'2J 
1M to III Dn'IIMOtI....TD. 
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ISO 230-4:1996(E) Circular Deviation 
VF3D-42575-1 
Operator. AN Ma(tH"~; Quick check 
Date: 2005-1ul-26 05:20:53 InstrumePL QCI0 tJallbtlr 

Circular Deviation (CW) +y 
Valve 8.0lJm 

Test Parameters 

Raoius 150.0DOOrnm 

Sample rate 35.714Hz 

Feedrate 12:70.0mmimin 

Run direction CW 

Plane under test XY 

Test poSition 

Start lI09le O· 
End angle O· 

Ollershoot angle 180· ~ 
I i I 

I ~._: 
! . 

, 

_----__L-_- i J :_.;_....I ' . .j, ; ,--.•.•...; ; 

I 

I 
I 

-~.t--

t
······f·­

[QJRun 2 10.0 lim/dill 

I'" 1/v"1'-O /.;:;;4 '7 

[!!'!!'2J 
1M TO 1M 1HTUMOLD co..tTD. 
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Bal/bar diagnostics table 
VF30-42575-1 
Operator: AN 
Date: 2oo5')ul-26 05:20:53 

Error Magnitude 

Backlash X • -3.0 
Backlash Y .. -0.1 

Reversal spikes X H.8 

Reversal spikes Y ~3.2 

Lateral play X .0.9 

Lateral play Y ~·0.6 

Cyclic error X 1'0.3 
Cyclic error Y 1'0.4 
Servo mismatch -0.03 ms 

SQuareness 1.71Jm/m 
Straightness X 2.21Jm 
Straightness V -3.1 ~in 

SCaling mismatch 2.71Jm 
Cyclic pitch X 8.0000 mm 
Cyclic pitch Y 25.4000mm 

SCaling error X 196.6 ppm 

scaling error Y 187.8 ppm 

Calculated feedrate 1267.8 mm/min 

-55.8 um 

Centre offset Y 3.31Jm 
Positional tolerance 163.4 11m 

Best fit radius 150.0288 mm 
Circularity 9.61Jm 

Test Parameters 

Radius lS0.0000mm 

Feedrate 1270.0mm/min 

Start/End/Overshoot 0% ./180° 
Run sequence CCW CW 

Test position 

Sample rate 35.714H2 

RENISHt\\\l.J; 

Machin!::; QUick ct\eck 
Instrument: QC10 t,~ilbar 

Independent Ranking 
circularity 

c -1.7 I'm 3.0 I'm (15%) (2) 

.. -a.7I1m 0.7 IJm (4%) (7) 

c 2.21Jm 2.2 IJm (11%) (3) 

... 0.0 11m 3.2 IJm (16%) (1) 

c -0.3 IJm 0.5 IJm (3%) (11) 

.. 0.2i1m 0.31Jm (2%) (12) 

-l-0.6IJm O.61Jm (3%) (10) 

.J-0.7IJm 0.7 IJm (3%) (9) 

0.7 IJm (4%) (6) 

0.31Jm (1%) (B) 

l.llJm (6%) (6) 

L5IJm (8%) (4) 

1.3 IJm (7%) (S) 

to 1/t00 /6.;;/4 7
 

EN-EM-EN I 

NIItO NEUIIOH NlJM(RJ(
 

EM TO IN DfTIDOIJ) co..LTD.
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