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TITLE 

ABSTRACT 

: THE DEVELOPMENT OF RUBBER INJECTION MOLD DESIGN USING AN 

EXPERT SYSTEM 
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KEYWORDS : RUBBER MOLD DESIGN I EXPERT SYSTEM I KNOWLEDGE BASE I 

QUALITY FUNCTION DEPLOYMENT 

The aim of this research was to develop the rubber injection mold design using an 

expert system in online including the analysis of the program capability. The program design 

model began by collecting data and interviewing workers who worked in the automotive rubber parts 

industries and rubber mold design section to propose the alternative model of rubber injection mold 

design program by applying the quality function deployment (QFD). The questionnaire was used as a 

tool to evaluate the important order and satisfaction of consumers. From the survey, it can be divided 

into three rubber product groups (i.e., simple rubber product, complex moderate rubber product and 

complex advanced rubber product). The program was tested by 30 skilled workers with on the job 

experience in rubber injection mold design for 3-5 years. It was found that the developed program can 

decrease the average time for spending on the mold design, as follows: 33.33 percent of simple two 

plates rubber injection mold, 42.50 percent of complex moderate three plates rubber injection mold and 

47.92 percent of complex advanced structural three plates. Moreover, the average satisfaction score of 

the rubber injection mold design program from the evaluation of users was 4.43 points from 5 points 

representing 88.67 percent with standard deviation of0.46. 
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v 
'M'Ul 

61 

62 

72 

76 

77 

84 

85 

86 

86 

87 

114 

115 

116 

117 

117 

118 

119 

119 

122 

123 

123 

124 

4.18 m:::111'Wmn\'i~1'W'llt1~ 1 iJrnnrnrlm~11m'.i1~t1m1ii'Wl.l-W'rl11~'il'.iiJ 125 .. ,, 
4.19 m:::111'Wmnli~1'W'llt1~ 1 iJrnnrni 'W Ll.l~~:J1'Wri1'WffU11ff'W'Wfll'.itit1m111rn1ii'Wl.l-W' 126 .. . 
4.20 

4.21 

128 

128 



4.22 

4.23 

4.24 

4.25 

"-' I 

~l'HJWill'W (~10) 
u 

,, ,, 
ci'Tw 1 ih· unrn~1'W f11'Jrll'W1tu m'J-en1nutJtJ:J1'W .,'Jl'Wff111 ·fo:J1'W ci'Tw t11.,<J 

QJ o' cJ) cJ) ~ i '"" o' 
J:-Hl fl'Wli1l'l'W 'IHJ:l..lflfl 11:l..l'J'll tJ.,'Jfl tu 'ff:l..l tJ l'l'lltJ.,'JtJl.,'J 'W f11'J V-elf1 U tJ tJ U:l..l'W:l..l'W 

6,9 qj ~ Q 

Q.I o' cJ) ~ 1 d 
Nfl fl'W 1i1l'l'W 'll-el:l..lfl'J~tltl'W 1'11 flfl!tl'W .. "' 

v 
'tnn 

129 

129 

130 

130 



. 
.cl 

1J'Yl'YI 1 

uri'll1 

tdo~ 'illtlfllJfl'liY\9l{'1o~ 1 'VW~m m~illHl'Utl11 tli;imn~ 11lJJ~m1iYtl' 'UiliJ iJ d ~1ilj" "' "' . 
"' 'l 91,,. • I "' 0 'I 91. I llJ ~I • I .d ' "' ~I 'il ltlfllfl 1 ~ 'YI" tl11 lJ ~mm~ H'1 \9lU1~ 'Vil ! 'YI 111 ~I 'Vlf'f ! 'Vl m11\J 111 ~l'Vlf'f'Vl ff~ OOtlUl~ 1i ';j';jlJ '111\91111 iJ 

fl\Jfl'U'Yl~~'1o~ hmrn~1l'il'iltl'iJm1'V11ff1iJUl~Yi1111~liu iJ 11 UlJ~'il~l'f \9lliJ 1 'l ,r1Yi1~tli;in !~ iJ 'Vltl . "' . 
fllfl'10~tl1 ~I 'Vlf'f y\' 1i""UHYin1tl'11Ul~\J ~'llU'V11i f'flff \91 {'YI"' tl'10~ tl1 ~ !'Vlf'f1 'Vl u hw 'l iJi! • 
Yi.ff. 2555 limmWtl11H~\9l 3.77 i;f1\JllJ\9l'jtll9fiJ (fftntl'iJliUUl~ m~'V111~1tlfl\9l1U'1~ff'YlmW, 

~ ~ 

2555) m1d ~OOtlUl~Yi 111'10~1.h~!'Vlf'fl 'V1Ulim1d~oonli~ iiJ1U'10~l\9ltl~'U IGJf\J i11u1~-il'iJ Ul~ "' . 
1 ~ I ~I 'j) .... I .... I Gt lj) ~I Q QI cl dt ~ ' I ~ 'J) 3' 

UH\J~'U Ul~U'Vl~ !11\J\9l\J U'1~tl11UlJ11lJ im11iJH'1\9lflWctUYiO!YilJlJJ;lfll !'ll\J m:uo '10U1~ 10~1'Vl1 
"' "' q 

~· 91 .Of "' "' "' o' llJ 91 91 "' "' 0 "'"' o' di "I'::! 'l 91 111\J \91\J u'il'il'UiJ H'1\9lfl w C\'Wl~ i ~1'11lJllJ'U'Vl'Ul'Vltl'Utllrn11 ~'ll1\9l'10~lJiJfl umn CJf ~111 mw m1 'll 
q q 

U1~1i11lJ'lll~'liJtJ1~!'Vlf'!UUtl\9lllJV1~1fl'VlH~\9lflW~~~Uff~~'liJ\9l111~~ 1.1 H~\9lflW~U1~~1~ "') ~ 

Q.I 'j) ... I IQ cf\I) '"I 'j) QI 'j) ' .d I Q/ 

CJf'UCJfOiJuliJ nm~ui;i~m ~'U 1\J m1 oonu 'U'UUlJYilJYi m i~CJf'UCJfOiJ!'Vll'Vlf\11 ff1iJ m~'U1\J m10~ 

~ "I ~· • "' o'd 0 "' 'I ~ ~ "I "' "' o' "'"' "I I llJ I "' 91 '1\J 1u Ul~l 11\JUlJYilJYi'Vl!'ttlJl~ffl'YI 1 'U ! 'll ! iJ tl11'1\J 111 H'1\9lflWCV1 Ul~'VllJ11111~ ! lJCJf'UCJfO\J U'1~tl11 
"' "' "' 

oonu'U'UmiVl"vi'Vl1 i~~1uni1u:JVl"vi'llu~tiJu~i:J1ttlJ1~ff"~'il~H~\9l~iJ~1iJ~lifl11lJcli'U~oiJ 
ui;i~mmwmrn~\9l~iJ~1iJ~1iJ1iJmn 1do~'il1niJ1~il'Vl~ml'im1H~\9l iiiiYtl11r<lJo u~lim1'li'~1iJ 
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,J A QJ J 
~~Ul'YIN~~l.flWcrl 

\12552 \12553 \12554 \12555 
' "" OJ ('t'iU1tl : !lJg)~fWIU) 

ti VH.11'Ul'l1 'tt 'U ~ 233,257 290,982 292,963 317,654 

°" o' 
tll~'itl 'ilfl'.i tll'Utl'U\91 22,787 24,262 20,858 21,958 

' mrfll'Hlf1 2,153 2,452 - 1,057 

°" tll~'i~'Ut)~ 23,806 13,101 10,954 10,032 

i ' o' t:i~ mnt1t1'U\91 1,556 1,704 1,016 1,247 

.I 91 
1,422 1,289 1,403 1,018 l'l'U 'j t)~ i 'Vl1 

91 
5,419 4,950 3,765 3,032 'jt)~!'\lll 

' '\llt:Jtll~ 529 636 569 739 

"11tll'll'U 2,457 2,763 1,557 1,513 

& 

tll~tl~ 50,107 46,064 66,054 67,078 

"I 

42,635 49,663 m1.1t:it11~ 67,413 66,381 • 
°" 1,396 8,563 m tl1~t:J'U11.l ti 9,353 5,285 • 

H~\9lnwcnlfa~J1 371 326 260 262 

f111 1,659 2,036 1,961 2,274 

di "I o' 
!'fl'i t:i~1.1 t:imrnl'l'l'l t1 1,706 1,185 650 684 

di 
8,003 tJ'U "l 8,661 7,969 4,838 

ni.i 399,415 458,637 486,745 505,052 

'illfl'f1111.1~t:i~m'i i um'i i ~~ 1u H~\9lnw cn'm~~1-vi1.1~u cl J~ i u 'iU'Ut:i~m'i 'l'l~!! 'Vl'U 1~~ 
~ . 

~'U "l ~i~iu ir'il~ll'U tt~t:i'il~11'.lu i 'WJU'llt:i~m'ivf IPll'W 1H~\9lntu cni mj 1~ml!l'll~~'U ri1ut11~ i u 

t:i\91mttm'i1.1t11'Ut1'U 191'~" m'i 1'ii'1ru1~u1\91t:ia1~'i1~1~ 1 'Vl1 i l\'"ff'~ri1u i u mrn~\9l~'U ri1u t11~1~t:i • u 

11'.lut:i~itt~~uri1'U'it1t1'Ul'i'1-vi1.1~u 1,247 11.1\91'1fli'W~t:iil (irn1tl'ui1lt1t11~ flrni'lf1m'i m~'l'l'i1~ 
!fl'El\9l'i !!'1~~'tt fl'.iW, 2555) ! ~tJ~ 'illflfl'.i ~ 'IJ1'U fll'i~ ~~'U JU tll~"fl'.i 'i 1.llnfll'i H~\9l~"'f1111.l~~tllfl 
!!'1~"'f1111JcH'IJ~tJ'U i 'U f1'.i ~'LI 1'U fll'i Btlfl!! 'IJ'IJ!!"~1Jvl!! '1~ ff 1'U H~1J'UB~ tll~ ~~ln fll'i H~ \91 fl tu en tll~ 
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i i d. 'j) I .a. tld ~ ti .a. CV r/ CV ,:::5. e!$ ''l O OJ d 

rvlfl 'W m.1'Vl1~\Pll'Wf11'HHlflU'U'UUll'VO.J'Vrn\Pl'IJ'W'j rJ(lflflWCVltll~tl~llf11'jf1fl1lltltl 'W'Willfl\Pl ('lfm 
.. .. q 

ulPlm, 2550) m~'U1'Wf11'jH~flmH~m·iti1~ llPlt1i11t11imnfl t1t1flU'U'UH~flfiwcn f11'W1'Wr01'W1'W11Y1 

d. .a. 1..:::r. o'o 1 g/d. 9) ;f 
Q\Pl (Cavity) 'lf'W\Pl'lltl~f11'jtJtJflU'U'UUll'V'lll'V'I mul1'W~'lltl~!'Ull!\Pl (Cavity) 'j~'lJ'U'Vll~!'lll'lltl~'lf'W~l'W 

I d <!! 'l 'j) 'j) ~ Q.I d'l 9) O I .a. r/ 
'j~'lJ'Ul1 J;ltJ!tl'W l1 rnf11'j l1 fl11lJ'j tl'W 'j ~'U'U tli;i\Pl'Jf'W ~ l'W 'j ~ 'U'U 'j ~ 'Ultltllf11f11ftWVI 'lf'VllUll'V'lll'V'I 

q 

tl'j~lJ1W'IJ'Wl\Plf11'jl1\Pl~1 UJ;l~U'U'U!!"Vlll~ (2D Drawing) ~~lfqJl11'\Jtl~f11'jH~flU"Ylll'rl':ij\Pltll~ ~ti 

i"ij~'W ri1'W lJlfl'j ~ l'W f1l'j t1t1flU 'U'U uiiV.ll'rl' l1jt1!flit1~i1t1"lf1t1 'l 'W f1l'j t1t1 mt 'U'UU "fl ll'rl' t11~ui;i~1" ij 
i ti 'j um llGJf1tl 'l 'W fln t1t1flU 'Urntiiflll'rl''l'W f11'j:ij \Plt11~ i \Pltl!l! 'V'll~ '1'11 'l tt,Y'W fl tl'W 'l 'Wm ~'U 1'W f11'j 

tltlflU 'U'U uiiflll'rl'V~ 11.i ! lJ'Wlllfl 'j \ll'WUJ;l~i'IP"I! 'il'W ! d ti~ 'il lflf1l'jtJtJflU'U'UUiiflll'rl':ij \Pl~'W 'j tlt11~~ij 
~ .. 

fl 11 l!ci''U ~ti 'Wm fl fl i1u"Ylll'rl'~ 'W 'j ti t11 ~ 'lfU \Pl g'W ~~tfo 'l tt' !fl\Plfl11ll mm ff ti! 1m1rn~ fi 1 'l '*~1 ti~~ t1 ~ 
.. .. u 

0 de:i. I I a. r/ .a. d. .0. 

'Vl 1fl1 'j 'V1 \Pl ff tl'U f11'j tltl flU 'U 'U 'V1 H\Pl'V'I m\Pl u (l~ m 'j C)ftl lJ u C)flJ Ull'V'lll'V'l 'il lfl fl 1lll H\Pl 'V'I J;l 1\Pl 'V1!fl\Pl'il1flfl1 'j . 
'j) .c::!\I} ldtl = = 
'llt1~i;i'V11llll 'j~ff'Vlnfll'V'I 

"' I ,J 'JJll) "I 'J} 0 "' I = o'd Ji • I 
'illfl!l1 f!HJ;l\Pl~flm1'W U'W 1'Vll~Ufl ! 'IJ t\Pl'Vllfll'j'V'l~'W lfll'j tltlflU 'U'UUll'V'lll'V'IQ \Pl'IJ'W 'j 1J 

q .. 

.<> QJ o' 'J} 'J} d di 'l 'J} I '°' o'd Ji '°' OJ o' 

HJ;lflflWCVltll~\Pl1tl'j~'lJ'U H!'lftl1'lfltll !'V'I ti ! l1m~'U1'\.Jfll'j tltlflU'U'UUll'V'llJ'V'IQ \Pl'IJ'W 'j tlHJ;lfl flW CVltll~ .. u .. 

tlJ'W 1 tlt1v1~'j1\Pl!~1 ~'W~l'W ~ 1 ~ihl'fl11W~fl'j ~fllll~tl~fll'j ijf11 'l '*~1t1~1 ui;i~ijfl11ll HIP"l'V'lm\Pl tl' t1t1 

~ ff\Pl 'j 1lJJ~r~t111'.l'W fll'j fltl'U ff'W t1~l'it1'W i t1rn t1'llt1~i' 1i1 'U1i;i i 'W fll'j ffir 'U ff'W 'W ri ~!ff~ ll 'l tt!fl\Pl fll'j 
q ~ q 

~~'Wlt1flml1m'jlJH~flfiwcnt11~mfl~'W ~~tnlPlu'W1f111ll~IPl'l'Wm'j~~'W1m~'U1'Wm'j'l'l1u"Yl"'rl' 
q 

i 'j) d, 0 ~I 1 t .a. I a. cl d cv t!! I~ J ti .<> °' o' 

\Pltl'j1'lJ'j1lJ'lltl~J;l'Vl'ill!1J'W 'ill fl!! l'!J;l~fll~ "'} tll'Vl!'lf'W tl'W!'Vlm !'Wfl l1 'W ~ fft1t]llt1f1l'j 'll'W~ HJ;lfl flW CVI 

t11~ .u't1lJJ;l'illfl i 'j ~~1'Wt1flffll1mrn fl11ll~t1~fl1'jtrn~11t1'W 1'1l i'Wt1fl ml1m'jlJ !~t1il1miY ~!fl'jl~l'l 
.. q q 

d CV 9)d 'J) I a. ,/ 0 Q.I d. ~ .0. Q.I r/ d 
!tl'W m ~'U1'W fll'j't'l~'W l'j~ 'U'U m 'lft11'lfltll\Pl l'W fl l'j till flU 'U 'U Ull'V'lll'V'I ffll1 'j 'U Q \Pl 'IJ 'W 'j ti HJ;lfl fl w CVI tll~ VI 

.. u .. 

11'.l'Wmfl'j~1mrn~mmrn i~iJfrimi~'il~~ i;i1P"1nm1rn~~m'J'W i'Wmrn~fl ~~ l1P"1t1ff1'Wil1aj'il~ij 

i iJ'jumll"lf1t1'l 'Wm'jt1t1flu 'Urntiiflll'rl'1h~tfl'Vl!!"Ylll'rl':ij\Pl'V'lmff~fl t1v1wif'W I-MOLD ~16*~ 1m)'U 

itl'jumll Solid Works trn~ itl'jumll Mold Wizard ~'l'*n'U itlrnmll NX- Unigraphic 11'.l'W~'W 
Ji I ,1 I 'l 'J} I.<> o'd lq I d Ji i d 
cif ~ i tl'j !!fl 'j ll m i;i 1 'W 'il~ 'lf1tl l1 flU t1 t1mmrntll't'lll'V'I! tl'W 1 tlt1t11~ ff~ \Pl 1mrn ~'j 1m 'j 1'\J 'W \Pl t1V1 

~ '*~ l'W 1"r0111'.J'W~t1~ijfl11ll ~ fl11ll 'lf 1'W ltu i 'W fll'j t1t1fl!! 'U'UU"Yl ll~lllflU fl 
.. .. u 

'l Ji .I "" "' o' ~ "I I I 'J} """"' d Ji d "' "' Ji .I 
1 'W m~'U1'W f11'j'IJ'W'j 1JHJ;lfl flW CV1t1l~'W 'W 1ll1l'il~\Pl1t11n fll'jQ \Pl ml! \Pll1'jtJfll'jtJ\Pl'll'W'j1J .. .. 

tT'Wv~ 11.iij'j ~'UrnM}t11'lf1tul1jt1 i tl'j umll~1 'llPl~"li1t1 'l 'W fll'jtJtJflu 'Urnt"Yl"'rl' ~~J~~t1~t11ff't1 
.. u 
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i 9'<; _I "' o' 91 _"f d • 91 91 ltJ 91.,. 
fll':i 'IJ' rn 'Htfl'HJ 'fl tlll'Vf1!\9lfl':i 'VIV.I~ l'W fll'j tltlfl!! 'IJ'IJ 'il lfl IJty't'i l'Vlfl '111lll'IJ 1~ \91 'W '111 fl !~ lJfll'j 

o' 91d , "' o' "' o ~I 91 91 91 d i 
'j 1'1J';i1lltl~'fl'fl 11lli 'VI Hl'W fll'j ff ~!'fl 'j 1~'11 m'l ~ lJ1'i1~'VilI1J 'W jl 1 'W 'IJ tllqj '1'fl 11ll i !! '1 ~ 'j ~'LI 'LI~! 'IJ'l'.J1'1J'lty 'W 

fl l'j eiei mi u u u:JVI 11-rl'i! ~ ~ 'W i iJ H~ \9l fi w ct1l'.J1~ 'j 111 J~ m111'ja1 ~till~ ei;''W ff1'W ll 1\91'jjl1'W~eieifl11 u u 

B1'W1 iJ rnm iim ~uu rr1;1'.J1'1J'1wnu 1 iJ'j um ii~oi11'.J 1 'W mrneimmu 'V11~ m1l l'.lm~i1'i1~-i11'.Ji11' .. ., .. 
"' '"' "'"' ~ _I "' "' o' "' ~I d fl 1':i TI WI 'W lU u fl!! 'LI 'LI !!lJTI ll'Vl'i! ~ 'IJ 'W 'j 1J H'1\9lflwCV1l'.J1~lJ'fl11llI1J 'W lJ 1 \91'jiJl'Wff~~1mm~'j1~I'j1111 fl .. ~ 

d ~ .c::1 I e:::. r1& I 1 9) e:::. .... I ... I e:::. QJ o' 
l'.J~'IJ'W llH'1\9l eim~'IJ1'W fll'j H'1\9l!!'1~'j~'IJ 'IJ!rl'Hl iJrl'l ff\9l'j CJf ~'IJ'11'.J '11!fl~fll'j!!1J 'j 'j 1J H'1\9l flW CV1!!'1 ~ 

~ .. . ., ., 
ff~l~ll'1flll'.Jl~Till 1111'1n~ll'1fll!Vlll 'VI~!! 'Vl'W fll'j ff ~UUfll'.JH i 'W 'jiJ1\9ltl~'IJ, iJJ~~1~11'j~!'Vlrl' Yi~u cu cu cu q 

~ I e::::,. o'e:! ~ e:::. Q.I o' d I e::::,. c:f'd.:::! 'j} i 9) f f 

I 'Wu~ 'il lfl!!lJTilJTI 'i! ~ 'IJ 'W 'j iJ H'1 \9l fl w CV1l'.Jl~I1J 'Willi TillTI 'Vlll 'fl 11ll \9l u~ fll':i 'Jj' ~ l'W el l'.Jl ~ !! TI'j '11 m l'.J i 'W .. 
.£, d'~ e:::.;f, dd ~ 9) 

U\91"1'1'11 fl'j'j ll'lf'W ff1'W l'.Jl'W 1'.J'W \9l I 'W tl~'il lflm lllW fll 'j H'1 \9l'lf'W ff1'W l'.JH'Vl!Tillll lfl'IJ 'W!l'1~\9l'W 'VI 'W fll':i 
q q 

"' d ~ !lh "' & "' 9) <!! "' ' "' "'"' ~ _ 1 "' "' o' 9) H'1\9l'Vllllfl'IJ'W H1'i1 l'.J'il~ !~!'1Uflm~'IJ1'W TIWl'W lfllrnUfl!! 'IJ'IJ!!llTI llTI'i! ~'IJ'W 'j 1J H'1\9lfl W CV1l'.Jl~~11'.J .. .. 
'j~uu rr1;1'.J1'1J'1tu1 ~ 'W 'IJ eirn'll\911'Wfll'j11l l'.J .. ., 

~ e:S Q.I •ai. o't:t ~ ... I e:::. Q,.I ti 
1.2.1 !Titlfl'fl'lfl!!'1~TIWl'Wlm~U1'W flU tltlfl!!'IJ'IJ!!lJTillTI'i! ~'IJ'W llJ H'1\9lflW CV1 (Rubber .. 

0 "' ~ -1 "' "' o' injection- mold) ff1'11'j'IJfll'j'IJ'\.JiIJH'1\9lflWCV11'.Jl~ 

di "' <;_I ' 'l ' "' o'~ -1 "' "' o' 9' """ 1.2.2 !TitlTIWl'Wl rnrnflrn'IJ'11'.J 1 'W mrneimmrn!llTillTI'IJ'W 'jIJ H'1\9lflW CVJl'.J1~~11'.J11i flU .. 
ii~ (Rubber injection mold) ¢i'11'.J'j~'IJ'IJ~!;l'.J1'lflty 

1 iJrnm11oi11'.Jeieim1 urn1:JV111-rl' mm'j tl '1~!1'111 'W mrnummu 1~11'f111ii mmrn i 'W 

¢i'l'Wfll'j 11~~,r'W flln'lltll i 'j !!'1~'1~1'i''W 'Vl'\.Jfll'j H~\9leJVl~lJt!l'.Jfflfltu q ., 

"' "' ,J ' "' "i -1 9) 'l ' "' "'"' ~ -1 1.4.1 ~ 1'W1 'il l'.J 'W lJ ~TI WI 'W 1 ! 1J 'j !! fl 'j lJ \91 'W !! 'LI 'LI ! 'W fl U U el fl!! 'LI 'IJ!!ll TI lJ TI 'i! ~ 'IJ 'W 'j 1J 
q .. 

e:::. Q.I d' ;f I Ci r/fj} 9Jd b'J rl 
H'1\9l flW CV1 l'.JH!'i! Til~'Jj''\.J ff1'W ! 'W U\91 mttm rn l'.Jl'W 1'.J'W \91~11'.J'j ~'IJ'IJ HI 'Jj'l'.J1'1J'ltu!! 'IJ'IJ UU'W ! '1'\.J q .. ., 

1.4.2 TIWl'W l':i~ 'LI 'LI ~!;l'.J1'lfl ty'IJ 'Wfl nn 1 iJ 'j !!fl 'j lJ PHP Script Language 11'1 ~ 'j ~'LI 'LI 
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'itl I I "' "''°' ~ ti "' <>' o' 1.5.1 1 ·rnm11'lf1t1t1t1mmrn111vn.rvHrn'll'Wl ~H'l~flwctw1.:i 

1.5.2 "lf1t1~fltT~i1 'W fll '.i ti ti mm rnt:J-r! 11.WQ fl t11.:i u ~~fl 1rn ~.:i t1 lfl i 'Wm rnti flt! 'U 'U 

ti '.i ~ iY'U fll '.i w '\J ti.:i iT fl ti ti flu 'U 'U u:J-rl 11vf1 Vi t1.:i ti cl i .:it~ t11 

1.5 .5 tir1ll iY~ 1-:JfffltlfllTifll'.i 1,) tltl'W ! 1'.JtJt! 'W TYll.:J fflfl ty'\J tl.:Jfll'.i~Wl'W ltl '.i ~! 'VlfY 

!'\llfllJflfll'.it!tl~.:itttl'l~'Vll.:Jf,jWfllTI (Quality Function Deployment: QFD) 'Hllltl~.:J 

!'VlfllJ fl~i offi 'W fll'.i ifl l flH ff~H!~tiiflfll'.i11.:Jt!H'W~WJ'W 1 HiJ~fi'W ci-1' fll'.itltlflt! 'U'U fll'.ill.:JUH'W 

ti "'"'"" "''i 91 91 
m~'U1'Wfll'.i u~~m'.i11.:iur-.i'W U'U~mrn~~ 1flt1~t1'Uff'Wt1.:im111~t1.:im'.i'\Jt1.:J~flm 

"' ,;i ti "' tll~1i'.i'.ill'lfl~ (Natural rubber) 'HllltltH ffl'.i '.i~fltl'U'\llN!fllJ cis- 1, 4 polyisoprene 

ifff'ITiti il111t1f ~tl'.i ~flt1'LI~1t1ieJ1 f!womrn ~ mf 'U ti'W t11~ 11'.ltJ ifffl~iifl 1rn Vfl'H citJ ff .:i t11.:i~ii~ 'W 
q q q qJ 

Q.I cl & ~I d ~ Q.I cl~ 
tlHiY.:J!fl'.il~'H (Synthetic rubber) 'Hllltlf:I~ !IJ'Wtll.:J'\ll!flfl~lflfll'.iff~!fl'.il~'H CJfWH 

ff' .:itfl'.i i~M' ~~ii 1m~fJ~ i:Jg11\911 (ii~'W 1i~ti) 1rn~il ~tm i~M' ~lflllti'W t1111t1f 1Vlt1.:i'lfiJ flt~ t11~rl1fl' ty 

t;.:JTilW'lfV t"lf'W TitiilieJ lCJfTI1'W (IIR) fl~ti hTI1'W (CR) 11'.J'W~'W 
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' ct 
1J'Yl'YI 2 

' ' ct ... ..., ct ct 3.1 

'Ylt')'H.QU~~~ll!1'iltJ'Yl!fltJ1'U~H 

2.1.1 EfHfi1'UJ'til~ (Natural Rubber) 

t11~11'.I 'W 1 ~ ~ m fl i' 'lfU \91'11~~~ihnm~1 ~ 'W 'H m mh ~ n l'J ~ 1 ff \OJ g 'Wt :U ii 1 mi m vn ~ 

ff1J1J~fl11lJ Vfl'tt ~'W (Elasticity) fifl 1dfl 1¢i'i' mi H~~ tll~ 'il~ffllJl'.iflrl\91~1 !¢i'mrn.11 Yi1•1rn~mllJt111 . ~ 

1~lJ 1rn~ 1ij flU ~fl t1u1 ~ flflnt11~~ 'ii~ n ~1J fl'W ih iJ ~ 1~1rn~ fl 11lJ ti 111~ lJ 'W fln 'ii 1 n-w t11 ~ii~ iJ fflJ 1J~ 1 ~ 'W 
"'"' 

g'W ci flnmnt1t11~m1 1'lf'W JJf11llJ!l1Utl1 (Strickly) !!ft~fl1llJVl'WYll'W~flm'.i'll\9lff (Abrasion 

resistance> m mm1 t11'.l fl~ti'U m1 CMlJ Hl'U 'Ufl~J 11rn ~ mmrr! ¢1' iif111 lJ mm1 t1 i 'W m1 ~\91 ~\91ti1J1 ff \91 "' . 
g'W !~ i'lfu h11~u?t~~~Vlfl 'Vi'1 ittmm1t1'111t11~ ~iJi'lf"lu~1uiff1mrn !¢1'11mn11mt1 

J1t11~fffl'i11n~u t11~~111'iJ~fl~ffm~f111m1'.ltJJ1t11~fldt¢i'l:U1f1u 6 i'1 ilJ~ 
"' 

fl1llJ'l1U\9llfilJ~'W!~'.il~fl'4fll fl'Ufl~ t11~i~ml1J~1'ilu J 1t11~tJty!fft1ff fll~ 1\9lt1J1t1Nut1rn 1'.lu ri'1'W ci 

1~fl1'.J fl~ tiu iJqi111~~~fl~'Vi' 1m11~lJ m11'.Jfl~tiu m 1,)1J~1?t~ 1iJiuJ1t11~1~m~1Ji' mi 1J ltlN i ttfl~ 

mn~11'.lu'Ufl~m?t1 1¢i'uri !!fllJ imut1 i9f1~t1lJi'?t !vJ~ 1rn~vJflf m"~ 1~~ (1m1ue1 nfllWlfJ?ti'~ii, 
o' I 

2547 ; ~~'hl1i'.i !!GJffltl, 2547) • 

1nfl iJ B m t11ti1J flfl nC1f 1'il'Wuft~1fl1 GJf'W u~ !:U VI u ~ flJ 111' m n\91m11 ~fl lJ ff fll~ 1¢1'~1t1 t11 ~~ u lfl ~ 

fffll~V\9l'ttdu 1¢i'~mm~ti1Jnu i 6*~1'W~flW 'H Jlll~l 1~fl~'i11nf111lJffJ11fflJfl i'W im~ff1'1~ im?tn?t 
q q cu q 

'llfl~t1Nm11~~mm1t1191ni:-1~n !¢J'1dflvl9l'Vi'1 i tt t11~fl~iiliifflJ1J~1 ~~n?t~ iifl11lJV1'WV11'W ~flu 1 ~~~ii 
' .c:!. 'j) ' Q.I .c:!. cl • .&::::), Q.I .c:!. 

fl11lJVl'UVll'Ul'lflnlrn n'lll\9l!!ft~fl1llJl'll'WVll'Ul'lflnl'.i'U\9l\] (lff11Wtl nfllWlfJflH'hl, 254 7) 
~ ~ ~ 

t11~~n1t1n'l11tiJi6*~1ul1~1iJ !!1J1J'111t11~u"~ 111u1J1Jt11~utt ~ 1191t1i'W1tlu 1J1J'l11 cu cu cu cu 
,, ' I 'J/ I J 

0 0 ~ ~ 'j) 'j) ~ • ~ .c:!.~ i 'J} <!! i 'J} <!! "' 
tll~'il~\jn'UllJl!Wn'Wlflfln!~fl!~lJfl11lJ!'UlJ'IJ'U!'UfltlNnfl'U11inl'.iVl'UtllJ 'lf flfl nl'.i 'lf!fl'.ifl~!GJf'U\91'.i 

Yl1ffri'1u nu m1 t1lJt11~u tt ~'Vi'1 !¢1'¢J'1t11Tim1 i ri'nrnfl~C1f~rn~fl'ill~ft~ i 'WJ 1t1Nff\9l!~fl i ttJ 1t1N~1J 
"'~l'J/ ~ I ,I it O<V 'JI"'')} ,£ o'J/'J}'J} 

19111 u'W nfl'W!Wn'lf'W 1~1111~1uflt11~1rn~u1t1 nm 'il\9lflfln\911t1m11\9l\9l1t1?tnn?t~ u?t~m i 11 u 'H ~\911t1 
"' "' 

Cl.I j/~ IQ.I ~ ~ Cl Q.I 

nu '.i lJ fl 1u fJ w Jl 1~ 'IJ fl~ ti N 1111~'IJufl~n1J fl 11lJ1J '.i 'ey'YI 1i 'IJ fl~ t11~ t11~~urnm1n1~'ii1t11911'\J fl~ 
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~ °' ') 91 0 i 91 Q "'> lJ).1111 I °' -1 _I') 91 91 
'Ul'Yi'Wfl iml:'lfll:'lfl11'Ullfl'Vll mn~t!'IJ~!fl'W rn uJmm~fl1Jfll1t!u1'Ju t\Pll'J\91H11~\9lti~1J\Pll'JN\Pl11'J . ~ 

• y 

!fl~ti~1J\Pll'Jl~t!1J1Jffti~~flfl~~flti'W i .fl 'W fl'.i~1J1'Wfl11 H~\91 

2.1.2 tll·UHTll (Compound Rubber) 

.M -1"' 91 i ,91 ~ '"'-" i "-""'91 I °' 'IJ'W1u\Pl fl1lll1ti'Wff~ffll 'W'IJW~fllj 'JJ'~l'W\9llt!\9l llUUI '111 'W flW ffll1J\9l\Pll'Wfl11ll'Vl'W'Vll'W\9ltifl11'1J\Pl 
~ ... q 

a flW 1:1'111J1lfl1111'Vlu mu~mi11Tu flW ffll1J1lfl1lll'Vl'W mu ~tifl 1111~timrn~ 1ti 1 CJf'W ~~~ti~iim1 
~ q q 

j} ..:::::., d.o't .a. Q.ld. <J' I 

\9l'W'Vl'Wfl11Hl:'l\9l (!ff11Wl'J flti1~fll:'lH'l:l, 2547; l'M1fli1t!CJftil'J,2547) 
q q q q 

y 

mrnffll I'll~ fiti m1l'\'1 i li'~1uu1~nti1J'rl'~m1\9111~11ui;i~m1ifliionHffm'li'11 u 
~ 

i ,J 11191 I <l..& <'! "° 91111_1, ,J 11191 ') lil'"',J "° 
'W!'Wtil'Jl~ 1\Pltil'Jl~'V11tl~ (Incorporation) flti ff11!fll.l!'IJ1 !lJ 'W!'Wtil'Jl~ !\Pl'Yill\Pl t\Pll'J !lll.l!'Wtiffl1!flll 

\9lflAl~ti ~'l 'W!fl ~ti~ Hfflliimrn1~ 11w\9l 1 (Distribution) 'Uti~fflj !fli'.i, ui 11' i1'Vlfl1J ~ nw i 'W! d til'Jl~ 
~ q 

d. Q.I ddcti ~ 'j) ~ d .a. ~ 0 

!W~llflU !!l'lfl\911 (Dispersion) '1Jti~ff11 !flll'Vl\Pl 'W!'W til'JN\?111'.J!!Hm ti'W 'Vl!fl\Pl'IJ'W'IJW~'VllfllJHffll 

·19' d. .td. dd "}" Q,l.Qo .a. ~ 
!!l:'l~'Vll '11ff11!flll!'Yll:'ll'W'Wll'IJ'Wl\Pl'V1Wfll:'l~ t\Pll'J!l!'Wl~fflrn1!\9ll.l!ff1ll!!H (Reinforced agent) CJf~ 

11'.lu fflj !fl"'Yi ~fl~ 11~l'l1i11' l'JNijflW fflltl'~~~\9llll~ ti~fln i 'W flU H~\9l'W1J111f U1'11 lfll1 !!l'lfl\911 
q ... 

I I I I j) I 

'IJW~ Hfflll'ilflff~ !Titil:'l\PliJUl'l1 ll'Jl~\9lll'J l'Jl~!fftillf1Wfll'W!!l:'l~fl11ij,j'W\9lti'W fl11l'll~l'W fl~ll'J lf 11 ~l'J 
q ... q 

.cl 0 .,, 

2.1.3 iJT'Hft'IJiJl'H'nJtll.:JNiJ'IJ 

m1mij~!1'.lu 1w o~1J~ 'l 611'~ 1u i u i11111tl'u u 1 ~flti1J IP1'1l'l 
q q 

m1~1 ij'IJ'Wl~!ff'WHl'Wff'Wtlfll:'ll~'IJti~tiWllflU1illfilJti~1 'W 'lfd~ 1.0-10 m 1 mlJ\911 Ul'Jll'l 611'11'.lirnn 
cu q dS cu cu 

!ff~ ll!! 1 ~ i u fJl'lff1'!1m1111'J1~ 1~t11~llf111m1~~u1 ~ fl11ll'Vl'W~tifll1fffl'111 tiui;i~11'.lum1'1f11'JM1 
~'W'VJ'Wfl11 H~\91 i li'uriH~wfiwct1'1'J1~ 

2.1.3.2 ffntlti~ti'Wfll1!~till (Antidegradants) 11'.lu 1:1'11 !flij~!~ll 'l ul'Jl~!~til:'l\Pl 

fl'w11111m11~tillfffll'W'llti~l'JN!~ti~m111nlf11~1'J~N "l i'lfu titin;rnu fl11ll~ti'W 111:1'~!!\Pl\Pl iti iCJfu 

!!1j~titifl! 1'.Ju ffntJti~fl'W fll1 !~till ff fil'W 11lflfll1 !fl\Pl U UITT l'Jlfl1Jtitifl;! 11'W (Antioxidant) !W~ ffn 

tlti~fl'Wfl11!~tillfffll'W1llflfl11!fl\PIUUITTl'Jlfl1J 1ti1 CJf'W (Antioxidant) 
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2.1.3.4 ffllflj~~'W (Activator) ~ti irn1flii~'1'1111tl'1~!~ll1h~~'Yl~fl1'Vrnn 

'1'11\11u'Ut1\ll91'111 -nJi)m rn '1 M'mmrnin~rui)m t111~j1~111~u~ut1lll 6* ~t1 9f \lfl't1t1n tCJflPI' (zno) 

m1~m~ff!~t11n (Stearic Acid) 

2.1.3.5 ffljttth\lili)mt11(Retarder)1~t1fl~tJ\9ljlfl11m11m';i1n~iJi)mt111flii 

"lf1m~m~t1~11fl1rit1u~t11\l'il~11mn~iJi)mt11fl\lliJ fl~mj1n~t11\l\911t1'Uru~~'l'l1mjHffllt11\I 
2.1.3.6 irn\9i·;u1 \I (Accelerator) fflj !flii~1~ll~1t1111mw1~ntl' tltl!~t16lf1t1fl~ 

! T'11ff1'11 i'1Jf11j fl \I liJ tll\I 

0 "' :'I "''I 91 :'1 "' di 1 I 1 2.1.3.7 f11ll~fl'W (Sulphur) !IJ'Ufflj!flll !'lf!IJ'U\911!'lftlll tl\lj~'l111\I ll!flfJfl'lltl\I 

oGJ9' .c:::. ... l.ct<V ~I .dl d.ct ~ d .c:::.3' 
tll\1'1'11 !'11 tll\I !fl~ f11j fl \l';ilJ lJ flfl'l:J W~!IJ'W Hflfl'Utl\I!! 'U\I ff!'H fl tl\l 'YltlW '11 flll'H tl\I ., q ., . . . 

d 'I 91"1 d II) I 'I d II) Id I O <!! 0 '] 91 
2.1.3.8 ff (Pigment) irn 1 '11 ff 'Yl Ill fl~ m ti 1'Wti1\1 'Yl Ill ll H\I 1'Um~11vrn'Yl1 !'11 

.c:::. Q.I ti G)9}lr]3/.:::!<V 3) 3).c:::. 

Hfl\9lflWCVW1\I !'11 !~ffff'W\911llfl11ll\9ltl\lf11j'Utl\lf::JHfl\9l 

2.1.3.9 irn\91'11~llii''U11 (Filler) 11'.lu1'ir~~t1d'1 ujil'Ut1\l!!~\lii'Um~t1'Wfl1m~n 
q <u <u q 

1~m~t11li'1Jil1 \lfJ w ffll'lNi~ 1\1 "1 11 '1m~ tlf11j fl~ ~'W 'tJ u mrn~\91 ~ '16* \I l'W nu mn 

1) 9f~m (Silica) 11'.lumj\91'11~lJ'lfU~ffn1ir1m1H ~\111'.lu~ut1lll6*lu 

tl\91 m11n j j lJf11j H~\91 t11\I u t1m 11i'l tl'il 1m'U:J1~111'.lu irn ~iiii''U11u fl ~ii'U'W 1~ tl'W mm~ nmn 1rlt1 
q q 

1~ll'1'Wt11\lfJWfflllli11~\lf1fl~1\I "1 'il~~~u ut1l!'16*'1 umrn~\91H~\9lnruci1t11\l~iiii' 16lfu ~'Wjt1\11'1'f 1fiw1 

2) u flfl 1Gl1t1llfl 1{ 'l.Jtl!'W \9l (CaC03) l 'ffi 'W mm~ ~'W 'tJ'W iiii'~ 1\ltl'W 'lJH 

"" "' <!! "" 91 "' "' _1 _1 o' d o' di 'l 91 91 "' )f "' 
'lf'W~lJf11j!flfltl'lJH1~1tl!!flrl!CJftlllffl\9ltJ!j\911Jj~lJ1W 1 - 3 !IJtlj!CJf'W\91 !'Vrn '11Hff11!'U1f11J!'Wtltl1\I~ 

~ 9) G) I lJ] ' .c:::. 1 jl .ct d Q.I ::'I Q.I .c:::. & .c:::. 

'U'W tll'U'W 1~t1'Wfl1fl 1 tttu'il~ imirrnu j \l!!\9lt11ll'U'W1~t1'Wfl1flrnf1fl\l'il~!IJ'W fflj\911!\Plllfl\l!ffrnm \I q ., q 

3) ~'W'U11 (Clay) iiii''U11'il'Wtil~\lii'fl1llmmjfllff1m1Ht~tl't1t1~\lil1u 
"'"" '19111)91 I flrll\l'Yl'Wtlll ! 'lf !~!!fl Kaolin !!rl~ China clay 

2.1.3.10 J1lJ'u11'1t1mj~'1'11'lM't1N~ll (Oil, Softener) 11'.lumnnmw1~ntl't1t1 
"" di <!! II) II) 91 I ~ O 'I 91 "" I °' II) 9}.=1~ 
!\9lll!l'lt1fl~fl11ll'l1'W~t11\I !'Hfl 1~\11t1'U'W'Yl1 !'l1fflj!\9lll!!\9l\lm~'il1t1\911 i~~'U'W 

2.1.3.11 fflj!~llmlllmrnrn 'lunn11l~t1'W!!ilfl\llll11\I (Plasticizer) fl~fl11ll 
d .I ~ => '191 d ""~"19/.=1~ 

!!'U\l!IJj1~!l'lllfJWffll'lJ\9lf11j ! 'lf\ll'W'YlfJW '11 .Qll\911 !~~'U'W 

2.1.3.12 ffU!flii~'W "1 (Additives) ~ti fflj!flii~1~mVit1\l!~f1Ut1m~t11li'1JilH 
q 



EPDM 

NR 

EPDM 

NR 

EPDM 

NR 

EPDM 

NR 

EPDM 

NR 

EPDM 

NR 

EPDM 

NR 

EPDM 

NR 
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Injection molding process 

Transfer molding process 

Injection molding process 

Transfer molding process 

Injection molding process 

Transfer molding process 

Injection molding process 

Transfer molding process 

Injection molding process 

Transfer molding process 

Injection molding process 

Transfer molding process 

Injection molding process 

Transfer molding process 

Injection molding process 

Transfer molding process 
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<I 
ffl'ifl'.iW, 2555) 

t11.:ifi1 t'l'lrl' (IIR) 

ttNU1~1l~fl'W (BR) 

t11.:iC)fiJ1fl'W (Silicone) 
'JI 'J/ jJ I 

:lf'Wff1'W'l'l'Wii11J''W tlN 1ti~.:J :lf'Wff1'Wtll'Wfl1fllfl'Hn::::!fl'°1ti.:JU'W 

tll.:J!flll~'W 1vcil~fl'W (EPDM) 

ttl.:Jflnfl h~1'W (CR) 

"""' 2.1.5 flWll'il'UVl'UtHHH q 

filfll'J !~flfll'J l'l~l9i1'1Jti.:Jtll.:J!rn::::filfl1111!!~.:J'Ufl.:JtlN •1rw ~'Ufl.:JtlN!~'W flW ffll'U1l~VI 'ill'JW l!~flf) 'l ~ • 
n1miJ~fi'Wcvltll.:J~19ifl.:Jfll'J !GJf'W HiJ~tlWcvl~'l'l'W!!'J.:Jfl'.i::::!!'l'Jf) 'l'l'WflJlll~fl'W 'l'l'WJ11J''U !~'Wl'i'W 

ff1'W fi l!~flfll'J l'i ~ \911'1J fl.:J tf NJ 'W ! ~'W fi 1~ tl 1111 'l ~'IJ tlltl'IJ'W l~;r'W .:J 1'W~19) fl.:Jf)l'J 

titimmrniii'rlm{'l M'ii 'll'W 1~ 1~ni1'll m~ ;f 'W .:i l'W 'il ~ .:i 1 ~ ti.:i 'ill nm:::: u 1'W m'J~ ~~'W "JiJ Jmrlti t11.:i .. 
"' 'J)<V 'J) "" "' ~ ,,j ,£ d "' 0 'J)d 

i ~'J Uf111m ti'W 'il::::!f1flfll'J'llt11tr~1'1J 'W u n ::::m tiff'W ff fl m:::: 'lJ 1'W fll'J t11.:i 'il:::: W'W ~ 1n .:i m 'l M 11'IJ'W1 ~ 'IJ ti.:i • 
;f 'W .:Jl'Wl'ifln.:ini11~111Pi'1tt i.:iJ'W M 1n liiiim"J 1~tifi1m'J M~l911u~1'il::::l'l1 'l M'!l'i';f 'W .:Jl'W ~ii'll'W lfl!~f1 
ni1'll'W lfl~l'iti.:im"J fiii~tifll'JM fli 1'1J ti.:it11.:iul'i n::::'lfiJ fl 'il:::: iifi1Iii1vi1n 'W M 1tiulfi1\Vi 1~'W'lfu~1~ t11n'W 

~m'il'il::::iifi11~tim'JMfli1~ lii1vi1ntJ~!IPi' ~'Wti~n'l.Jri1'WHiY11l'i1.:i "1 ~'l rin.:i 1 iJ i.:iJ'Wm"Jmfi11~ti 
J 'JJ I 'JI 

"' "' 'JI "' "I 'JI o "' 'JI 'l 'JI ?I "" "I _ I 'l f)l 'J l'i fl~ 1'1J fl.:J tf H 'l'l\J f)~ fl .:J 'W 'W 'il:::: L~ 'il lf)f)l'J 'W 1 tf H 'VI~ fl.:Jf)l'J 'If! lJ 'W 'lf'W .:Jl 'W rn 'VI~ fffl'l.J 'W 

M' ti.:iiJ~'llil f)l'j" ffmi' ufi 1fl 1111!! ~ .:J'IJ fl.:J t11.:iJ 'W 'il::::!~t11.fi'ti.:i num::::'l.J 1'W f)l'Jflflf)!! 'l.J'U!!ii'rlm{'l 'W 

' ~ .... I 3J o o 3' ~ .... I 
ff1'W'llfl.:Jfll'J!nflf1l IJ!! 'l.J'Uf1l'J11.:J!'l.Jl (Cavity) 1rn::::mrn1'W 1w 'ill'W1'W!'l.Jl m'J rntif1lIJ!! 'U'l.Jfll'J11.:J 
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Q.I ~ ·~ ti ~ .... I ~ Q.I " <)" Q.I ·~ ti 
fl1'iTI~'Wlfl'i~'U1'Wfl1'if·rn~mm11TI m~'U1'Wfl1'i'IJ'W'iu~H'l~flWCl'Wl.:J !~tlfl~U11TI11TI 

"' 
d d,. ~ .M "' "' <I 0 'I 91 _1 <!! illu m~'U1'Wfl1'i'Y111f>H'l'Yl.:J'IJ'Wi11r·Hl~flW C¥1U~~'Yll !'11 t1Nfl.:iiu11 rnt11.:i-eyn (Shaping of forming and 

vulcanising) l~tlfllfftlfl1111~fl'WU~~u 'i .:ifl'~t11.:i~t1~1'WfffllTI~~fl'W1'11u~~t11.:i11~ i trn il! u ff fl11~ 

(Plastic state) mt11'W'llt1.:iuii.yj11TI'iiJ11.:i~111~~t1.:im1 m~'U1umrniJ1iiJH~~fiwcnt11.:i 1~t1i1 "l 
11( 11( .di C> <V </ 'I </d d .M -1 91 IC> </ ~ .Ji I 

! 111111 ! iJti.:i H~~flW C¥ltll.:J ! 'W fl~ffl'ttfl'i'i11 tll'Wtl'W~ 'Y111fl1'i 'IJ'W 'j u~1tlU11TI11TI'W 'W 9f .:Jfflmrnu 'U.:J . "' 
11(91~1 -1 11(91 I d .M -le •• •) ,lid 

flflfl !~!u'W 3 u'i~!fl'Yl !~Ufl fl'i~'U1'Wfl1H!~'IJ'Wiu Rubber Injection moldmg fl'i~'U1'Wfl1'ifl.:iQ~ 

" 
(Rubber transfer molding) u~~m~'U1'Wfl1'ifl~ (Rubber compression molding) i.:il'iti iiJi1 .. 

d ~ -· 2.2.1 fl1~'U1Ufll'HlYl'IJUlu (Injection molding process) 

d .M -1 ~I _ 1 -1 "' "' <I 91 I"' <Id 
m ~'U1'W fll'j Q ~ 'IJ'W 'ju tll.:J! U'W m ~'U1'W fll'j u u 'j 'iu H~ ~flW C¥l tll.:J~1tlU11TI11TI 'YI 

"' "' 

I 'j} 'j} 'j} I 

i u ti.:i 111fl'Ylfl<li u ~tiu i1m1'Yl1-:i 1u i1~flElw~!1'.I u fl'~ 1u11~ 191.:i ul'i fl n tl ti'W ! u ti i ff~ t11.:i ! .,Y 1! fl 1 ti.:i~ ~ CJN • • 
'j) 1 ~ ti J., :fl ~ Q.I a' G) 'j) 'j) G] d 1 d d 'j) 

!'IJ1U11TI11TI 11'Wfl'i ~'Yl.:Jflflfl1Jl!u'W H~~flW C¥ltlN 11~\]fl !'11fl111J'ifl'W ! 'W fl'i~'UflflQ ~flfl'W 'Yl\)flQ ~! 'IJ 1 

!Til'llt1.:iuii.yj11TI' 1~t111~i1nnfl1'Ufl11fl~'ilfl1111iu~ ~ fl11m~11ufll'i~~u~~tiw11 flili 'W'Ylfl 
q q <u q 

~ 'I d .M -1 
2.2.1.1 'IJ'W~fl'W 1'Wm~'U1'Wfl1'iQ~'IJ'Wiut11.:i (Rubber injectiom processing) 

m1~~11~i~11~u 111nuii.yj11TI't1mtl~ 1~m!iifl11TIUH'W nm.:i11~t1mwntitin111m!H'W 'U'W 1 ~ t1~m1111~ 
"' "' 

titimmrn~m~111 M'uiifl11TiuHunm.:itl mmrntiti~titifl il'1'i~tifl1111ff~~1fl 1 u mrnti~~u .:i1u 

d .::::. Q.I " d.dl Q.I ,. 0 ~ ~ '1 dt d 'j) 0 

ti ti fl mw 'llfl.:JH~~flW C¥l t11.:i'Ylt1~fl'U 1~11~11~mm111.:i"tfu .:i1u h11~1 u '\JU ~ti'W u mtimnmnvn 

?I ·~ t/Q.1 ,- ~ ~ 9J <-\' GI ct di 31~ dt cv d 
m1u~u11TI11Tit1~ rn11~ u~~i111~u 1~t1ffm 1um~'Utiflu~11~1111wTit11 mutit1l.:J!fl~tiu~1m'Vl "' . 
... I d 'j) di dt ~ Q.I ~ I Q.I d 'j) d 'j) 

umt1m~'Uflflu~ U~111.:J!fl~ti'WlrniiTitifl~!'Wfltll.:JHl'W'tt1Q ~ (Nozzle) !'Uliu~u~1i'tt~1 'W'i~'U'U 

m.:ii.:i (Runner system) Hl'W'i!.,Yl (Gate) 11w.,Y1ril'11!Til'Ufl.:JUiifl11TI!fl~!1'.lu1iJ11.:i~u.:i1u tll.:J11~tlfl 
<u <u <u <u 

'j) 'j} I I J_,dl ~ d.1 I 11 1-=:t, o' 
'11~fl11~1 llfl1111 'i fl 'W flfl'W fl tll.:J 'Yl 1\1.:JflW'11fl11'\J fl .:J tll .:J'IJW~ 'VI H l'W ~ 111"lffl.:J'Yl1.:J ff"lffl.:J 'IJ fl.:J U11TI 11 TI . "' "' 

~ ~ d 'j) d ..:::::. ~ dt d d ~~ d 0 'j) ~ 
~ .:i'lluti.:i 70 t1.:iff1Lnifm9ft1ff fl11mtiu'Vlm~'IJ'W!'W t1.:im111nuHmt1~ff iJumt11'Vlm 111 t11.:if1.:iiiJ11 rn 

t11.:i ff fl 1~miii.yj11TI'11~tl~tiei11u m~i.:im.:iin~m11~m i uinif'lfu 11u ff fl i.:iJ u ~.:inti 1 M'in~mrn.:i1iJ 
q <u q <u 

~i1fl1111fftl1m11tiu~~i1~.:imt11ui.U1uii.yj11,{u~~1'11'1Jt1.:iH~~fiwcn' ~.:imri1H~~fiwcn'11~i111111.:i 
"' 
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2552) 

~ 3} I~ ti 9) ,c:!I 

b) tll~tlfll!~!'Ul!!ll'tUJ'fP1fltl:l..rn 
"' 

c) tlUf'l~'JtJuri'T~fl'J'ttll'Wfltl'lJU~~f-.lil191tlWctl'tt~~mJmHJfl'illfl!!lJVlm{ cu cu q q 
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°' I "" "'"' ~ - I "' ~ - I ~I """" 2.2.1.2 ~fl£! W~'Utl~UlJ'VOJ'Vm fl'IJ'UilJ tll~ m ~'U1'Ufllrn fl'IJ'UilJtll~llJ'U 1'fifl11 

~iJm"JY11~1mf1911 u1.11lmfl~iJ'fl i1uliV41.1vf 11~ilm11.19f'U~t1uu~~n~ud1ul'i1~ "I fit1u~1~mfl 
" . . 

111.l'fl~~tl~ll fllltltlflU 'U'U'J ~'U'U'Yll~ ! 'tt ~'Utl~ tll~t.Wt1itttll~fittflittl'l111.J ~ tl'U i 'Um ~'UtlflQ fl! 'tt ~ 
"' 

1~1i111!1uliV41.1vf uliV41.1vf rn~i1m11iJ1~ 'U'UY11m11.1~ t1umt1 i ui~ t1Y11 i '11' t11~1nf!fll'J m111 irl t1 
"' 

~I , ~ t:ld .c:1 'JJ a Q.I e£ , ~ o' ~ '1 ~I ~~ d d 
! lJ \Pl UlJ't'l lJ'V'I fl 11~ 1J 1~'U'lJfl1~'Yl~'tt1 tlfl'U 'lf'U ~ l'U ti tlfl 1J 1 UlJ 'V'l lJ'V'l'lf'U \Pl 'U ! lJ 'U 1'fi'Yl!'tt1J 1 ~ fflJ'Yl ff \Pl • • 
i:Yrni' 'Um mw mrnill91~\T ~ 1~ t1~111flil1t1'Um1YIN1u ~ iu u~~ iJ1~'U'UYJN 1u ~11'.lmm'U1~'U 'lJ 
fl\91 l'Uml 

~--- Register Ring 

Spure Bushing 

Gate 
Guide Post 

Guide Bush 
Bottom Pate 

'------ Cavity Plate 

i1t1ci1~ i um TI~ 2.3 i1t1ci1~u:JV41.1vf Q \Plt1N!!'U'Ull u 1i~'lftJ\Plfft1~!!H'U 
(Vertical type two plate multi cavity injection mold) u:JV41.1vfiuiiJi:JiJm1~\Pli~iTvlll'l111J~tl'U 
l1'1 t1i11'l1'Ul'l1JtJW 'tt filJ ftl'tt ~ 'Ul'l111J~ tl'U ~ i ttll nuliVl 1.1~ 11~ 1Jl111fl!!~'U ~\PIU:JVllJTI (Press) ~~ ij . . "' 

rJl1mw Yl11'1111J~ tl'U 111fli1tl'liti~ ,Jm l\Pltl\911 ~ ul'iu:JV41.1vf 'lfu fld 11~ i:Jm1.1n flQ \Pl~l'U~nl'l111J 
CJf'U~ti'Ui~ 

TopPlate -

Dowel Pin 
&Bushing 

Cavity Part 

'----------- Flash & Tear 
Trim Gate 

khanitha
Rectangle
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J ..::::i, o'i \q Id ":::::It. ~ Q.J o 9J 
(Vertical type tree plate multi cavity injection mold) Ull'Vlll'Vlh!iu 1lllJm'j\91~~1'1\911'Vll'fl11ll'Hl'W 

'11~fli1fl1Ufl llfltu 11 fl~ -ffrn i'ufl11ll~fl'W ~l M'utiufrwm{ 'ii~ lll'illfH!H'WV~uijVill'Vi' (Press) . . ... 

flumw 'V11f111lJ~flu 'i11ni11fl~fl~1lm 1~f.J\9l'j ~ • 

Fixed Plate 

Spure 
Move Plate 

Spure Bushing 

Runner 

. 
I .ai, G)31G) al dal 

!!H'W (Horizontal type three plate multi cavity injection mold) 'Wf.Jll !'If 1'Wm~u1umrn~f.JN'Vlll 

..::::i, d\J] I d Q.I Ji ~ ef 'j} .c:! lfl 'j) ~ 
mmw mrn'1\9l'VI !lllJlfH!(l~~l'WlJ(lf11:1tu~m 'Vll~! 'Wfl~'illf1'il~'l1 f.J'lJ']j''W ~ l'W tltlf1'illfH'lJ1Q ~ ! ~f.Jlf) ~~ 

Jul u nnQ~r.J1~~1mfl~ tl~Q ~u u 1u tl'W ~~ lijfit1r.J !~i'uf111llUf.lll 1u1 'j ~~1u fJ\9lff1'11m'j ll H~\91 

'j U 11'.l u f1'j~U1'W fl l'j ~! '11ll1~ ff1'11 i' U~'W ~ l'W ~ JJ ID lJ ltu f11 'j H~ \9l ff~!! '1 ~~'W ~ l'W ~JJ fl 11 ll'tt '11 f1'11 '11 fJ ... ... 

;~u~~u ~l'W~JJ'llm~i~n I U'il'W ~~'llm~nm~ n rl'n11 w~ iu11~GJf'u~t1u1rn~fi1f111llflm~1fl~t1u~ 
I 'j} I I 'j/ I 

~1 'j'JlJi~ 1-M1 u~1u'fi~t1~mrnwm'Vl!!'1~f111llffl111ffllt1"1t1~;u ~lu'fi H~\91 m~u1um'jQ ~n • 
f G) J. d J Q.J ,::::! 1 d jl I Q.J jl J..::::i, </ 

'il~!~'W ! 'WI rn~'lltl~fl11ll! 'j 1 fl11ll ff~tll~ !'Wt11ff~ 'il~Q ~ Hl'W m~'lJtlflQ ~! "11ff\911!'lJ1'lltl~Ull'VllJ'Vl . . ... 
_.d I .ai, ~ I d l.ai, o'd 

1 ~ f.J\91 'j ~ m ~u 1'W m'j ! ui;i f.J'W!! U(l~'jU 'j 1~!! (l ~mm~ 'j Uf.Jl~!f)~'lJ'W tlf.JN'j 1~! 'j 1fl 1fJ 1 mm'Vl ll'Vl'VI ... ... . ., . 
ai. G) jl .::::i, d Q.I .t:!I ... r::!: d Q.I Q.I 'j) .c!. 

fJW '11.Qll\l ~ irn~ 1 'lf'j~f.l~nmm'j H'1\9l'Vlff'W!lltl!u'j f.l'lJ! 'Vlf.l'lJf1'lJm~u1u m'j t1~!!'11m~u1u nn'U ~ 

~ "I ?1 ,d,,, ~ 'JI "' 'JI "' <'! "' Ji "' 'i "' I ~ d 
'll'W i u!u'W m ~u 1u m 'j 'Vlll 'VI~ "1 t1 ~ u i;i~ "1 ti! ff m '11 ll tl'W nu m ~u 1u n 1 'j m'U ~ 1 ~ r.Jll ff1'W "1ti~1 u t1 f.ll~ 'VI 

I t 'j} I 

l'lfluih'W'lltl~'jl~ (Runner) !!'1~'jQ~ (Sprue) 1Yfm~ll!Utlf.JN!'1i'1rii11tl'1 !!~~1r.Jnn'fii11tl'1il~ '¥11 ... ... ... 

1 'J/"1 ~ "' d 'JI d 1l] 'JI "' 'JI Ji 0 1 'J/"1 "' "' d 'JI "' ,% 
11mu tlr.JN!'Vlr.J~rnnu tlr.J'VI m i;ii;iu \9111rn GJf ~'il~m '11 lJfl'j'lJ!'Vlr.J~rnnu tlf.l 1 ~ r.Jm~u1u mm ~'W 'ii~ 
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m m~n1Jtll'J~'W 1iJ~'W ·n'W~ihiJ'i1.:.tcif1J~t1'W tt'1t1~t1.:.im11 tt~'W tl1'W ~~\01n1ll'11H~l9lfitu cv111.:.it1 ~ 
~ ~ ~ 

i 'W \911u tttl.:.iti~n1J~ '11mnn lfl~ti'W 1'111 'W'lltu~~iinnnm1:Jrh.1vi 1 'W m~1l1'W nn~ \01£JN11~tin 
~ ~ 

2-'I 'j} ll),. IGI d Q.I <t" ~ ,- d Gt 'j} c;J ~ ~ 'j} \fl G) 
IJtl'Wl'lll !lJ t'Wtl1~1Jtltl'i!\01U1J1Jtll91 t'WlJ\91 t\01£JlJtl1'.i tl1fl11lJ1tl'W (Preheated) !Ul~ll9llJ!'Wtll'll1 iiJ t'W 

,~. 

I 

..; _f.! "' ' 91 "' ~ _1 vnnn1 2.4 !IJW1J!'YW1J~\01!\01'WU~~~\01\01t1£J'llt1.:.tm~1J1'Wtl1'.i'i!\01'll'WlIJ£l1.:.t (John G. Sommer, 2003) 

.. 
' q ~ ~· ilVllVl'U'lltl.:.tfl':i:::'U1'Ufll'.iilVl'll'U'iu . ~ 

Q.I ,£ .d.d IQ.I 'j} ~ .d.d. 

1. ll11Jl:::tl1J'lf'W.:.tl'W'Vlllfl11ll"lf1J"lftl'WU'1:::'lf'U.:.tl'W'Vlll '"" "' 1. '.i lfllUll'Vlll'YH!'V'l.:.tlJlf) 

ri'nllw:::rn.:.i 

' "' 0 l1'W1£J'Vlfl1 

'1~1~1 (Vancanization) 

" "" ' 'l' "' _, '19' 5. 11.:.t'lf'W'ffTU !'1l1:::'1'11J:::u'.i:::tlti1J ~Wltl 
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. .. 
di cl di -· 2.2.2 tn~'U1Utll'Hl~'ilYl'UUJu (Transfer molding process) 
& .c:! ~ d 0 9) .c:! d 

fl 'j ~ 1J 1'U fl 1 'j fl ·rn fl 'll'Wl ti l.l m ~ 1J 1'U fl 1'j'YI1~l'Ufl~1 ti~ fl~1Ju ~~fl 'j ~ 1J fl flu fl 'YI 

3) IG) Q.I I ~ a' ")"" d fJ} d Q.I d ~ I d 9) I Q.I 9) I .c:i, ti 
ff'j l~fltl ! 'U\91 'J!!lJ'WlJ'W ! fl tllJ '11 'U l'Ylflfl Q fl!'U fltll~ Hl'U 'j 'U 'U lfl rn fl! 'U lff\911! 1Jl'Ufl~UlJ'Vl lJ'Vl .. .. .. 

~ ') .Ji "' .I -' I"'> o' 
2.2.2.1 'U'Ul9lfl'U 1'Um~1J'J'\.Jfll'jmQfl'll'UlIJ (Transfer processing) Ul.l'Wl.l'Vl\Jfl 

1ilfl lflmfl~fl'U~'W~fll.l!!H'UVfluijfil.lvf 11w1~~ti~ !ijf-i1um'j'LimJ'fl~~ 1 'Wmi~~fl (Pot) 1 'W mw 'llfl~ 

H~l9lfitu cyJtll~~fl! '11 ~fl'il~tl l~'U ~l'U!'H ~fl L tJ11~~\9f 111f 1 lilfll'jiJfl!lijfilJ.W11~~flfl~'Jtl!! 'j ~\Pf u 'ill fl 
I ,e9 I oC\ a' ~ 'j) d IG) 9) Q.I ~ \J] I Q.I .c:! 

UH'Utlfl!!lJ'WlJ'W'Yl~fffl~fll'U l fl tltll~'Ylfl~ ! 'U'H l.lfl'Wfl 'il ~\!fl fl fl 'il'U! 'Ufl tll~ !'11 ~Hl'Ul911l'U fl (Sprue) 

Ii] "' ~ "'> _,, .I ' Ii] ~ "' ~ Ii]_, I ~ 
1rn~ m~~~19111rn'ilmflfl'jIJ'jl~'ll'U t11~1rn~mmfl'1Jl~ff1'U 'il~ 1 mrnu19111rnflflfl rnl911l.lrn~riu .. 

I o' 0 

fl ti H ffl.l \j 'j tu 191ll.l'jfl1J fl U 'YI 1 ~ l'U 

"' I "'> o'di "' .I - ' I "'> o'di "' 
2.2.2.2 ~fl'l:ltu~'Ufl~UlJ'WlJ'Wfl~Qfl'lJ'U'jlJ (Rubber transfer mold) UlJ'WlJ'Wfl~Qfl .. 

111J1Juu 1~~'lfUflfffl~uf-iu 'il~t1'j~flci1J~1m1f-im1"VilJ.W 2 uf-i'U ~~1n f1Hff~1~u"Vil.l.W~ i"cir1J~fl'U 
1.ffl 'U m~1J 1'U fl U ~'U 'jtJ H~l9lfi tu cyJ~lh tl'Yl'j ~ !! 1J1J ~ ltl l fltlff1'U lJ lfl'il ~ l .ff 1 ~flH~l9l~'U ~ l'U ~ i'.J .. .. 
,.. F- ~ l.IJ I Q.I ?1 I I ~ c/ Q.I I~ t/~ 
IJ'j lJ ltu flU H~\91 !l.ll.l lfl'U fl fl l'j fl fl fl!! 1J1J 'il~ !IJ'U fll'j Hffl.l Hffl'U 'j~'l11H!!lJ'WlJ'Vl flfl!!~~UlJ'WlJ'W'U'U 

itlafl 1flt1ilri1utl'j~flfl1J~1~ "1 l'i~ufffl~l'UmTI~ 2.1 

Flash Pad 

Gate 

Cavity Part 
~--- BottomPlate 

~----- Flash&Tear Gate 

l .c:::). o'& .c:! ~ I d. .c:! O 9) '3) d 

UlJ 'W lJ TI fl~ Q fl 'lf'U fl ff 1lJUH'U'YIlJfl1'jflflfl!!1J 1J 'il 1'U1'U ! 1J 1'11~1ti!1J 1 Q fl 

uijfil.lvfl 'Wltl!iji'.Jfll'j~fl~~i1l11f111l.l~fl'U (Heater control) !~flGJf1tl 1-H'fl111J~ fl'Uflltl 1 uuijfil.l.W 

~ Q.I .::::::::i, 0 Q.I 9) d 'J} I I~ ,/ .Qr. ~ 
'tt'jCJ\911fl11JfJWJtu '11 JJl.l (Temperature controller) ffl'l1'j1J'j~1J1Jfl 111J'jfl'U'YI l 11 Ufl!!lJ'WlJ'W'lf'U fl'U 'il~ 

l.Jl'illfl!!H'UVflUijfil.l.W (Press) ~flflfl!!1J1J lfltl~~'ljfl (Heater) O'lJ!!H'UVflUijfil.l.W (Top plate) 'tt~fl 

l'*f.1tlmwl11fl11l.l~fl'U'il1fli1m~fl~1lm lflt1\91H \Pl~ufffl~lumw~ 2.8 



Top Plate ----. 

Sprue --ii 

Cavitypart --~-~ 

BottomPlate --~ 
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r--------- Pot 

~----- Flash&Tear Gate 

Cl.I ~ Q.I " d1 ~ 'j) ~ &t::t & 
2.2.2.3 (lfl1HU~~Hl\9lflW'l'ltJN'YlHl'Ufll'.i'IJ'U'.i1.J~l1tl11ifll'Hl·H~~ fl'.i~1J1'Ufll'Hl.:J ., 

.d~I~ d I .d l Q.I lf)'j}&,::'1 
u ~!u'U 11ifll'.i'Yl'.i 11Hfll'il~!~'U'Ufl.:Jm~1J1'U fll'.iu ~U(l~f111ll.:Jltl'Ufl.:Jfl'.i~1J1'U fll'.ifl~!fll 11 GJf .:J!u'U 

q 

~ d O Q.I ~ ~ d'j} O I .d 'j) • .t:!{ 

11i fll'.i'Yl mm~ ff1'11 '.i1J fll'.i 'IJ'U~ 1.J'lf'U .:Jl'U 'Yl\91 fl.:J fll'.i \911!!'11 'U .:J'Yl \Jfl l'lfl.:J (Exact positionmg) '11 rn 

~fl.:Jfll'.i!~flll~~n1J h11~~!1.1'.i1~u\9lfl~1t1 i'lf'W m~ irtfl.:J'il1mill.Wm~'ihi~nfo~.:Jfflm'.it1nnmml"I' 

i~ ~.:Jlifll'.i'.i~rnt1mml"l'~J'Wflui'Wull.Wm"l1~~ t11.:J'il~i11(1Hl'W'.iQ~ 1~t1illin~m'.iJ'W'Ufl.:Jmml"I' ., ., 

'IJW ~ i 11(1~1Hl'U!.,j'1iiJrl.:J!1f l'Ufl.:J ull.W1.1'Vi 'il 'U !flfl ! 1'J'U '.i iJ 11.:J fl'.i ~ 1J 1'U fl 1'.i ~.:J Q fl~ .:J ii 'il fl!~ hi~ 
., q 

m i'1 flni1nm'.i rJfl~'U '.i iJm 1.11~n11;''U .:J l'U ~lif11rn91'11~fl'W!rn~liiJ'1mw fll'.i Hftl'l 1 'W '.i~~i1J~1 ., 
.ei.d 'j).d~ d. 'j) ~ 'l 'j)a1& lr)' 'j) •tqd 

m ~1J1'U fll'.i fl.:Ju ~ 'il ~l'lfl.:Jm 'U fl til.:J'Yl 'il~\91 fl .:J !\911.1 tl .:J hi 111.1 fl'V'I flGJf .:J 'il ~ m mn'U '.i ! 'Ill fltll .:J 1 rn\9111.1 
QJ 

! rt fl .:J 'il 1n 1 'W '.i ~11 iH fll'.i rJfl u (l~ Q fl tJH ! .,j' 1~! U' 1uf-i'Wull.W1.1'Vi 'IJ fl.:J~ 1! U' 1J.:J ~fl.:J iJ '.i ~ fl1J ii fl fl~ 
o 'l 31.,. ,I d 111 31 ., 31 ~I "' "' G 31 di ., 

l'l(lflflnm m '111H'Ufltl1.:J'Yl !'11(l(l'Uflflfl'illfl\9l1!1Jl!u'Wm1J (Flash) !'V'ltl.:Jrnfl'Ufltl 'il.:Jmm~fl1Jfll'.i 

u11'J'.i1.J;''W.:Jl'U~li'.iiJ11.:J91'1J~fl'U 'tt~fl~fl.:Jfll'.i 1-H'fl'W! ff11'l (Insert) 11.:Jflu1 m\'iu ml .:J~uii u fl'U ill ., ., ., 

lim'.i !fl~fl'U ~11 'W 'IJW~~limrnflull.Wm1l'milfl'U m~1J1'U fll'.irlfl rlrn f 11m ~1J1'U fll'.i ~.:JQ ~ 'il~ 1.ff 

m .:J.:Jl'Ufl'U rlrnf 11m'.i!~llt1l.:J(l.:J i'Wmf fl'vimfit1.:Jf1f .:J!~t11hi1l1i1'l'W~fl.:JYi111mt1f1f .:J 1m'.)fl "1 iU'1 
'JI t ii I 

'U flfl'illflUrJ.:Jli'.ifl1Jfl1.:Jl'U Vi~'W ii'l fl.:J 'ill fl 1.ff n(ll 1 'W m'.ilim.rnt11.:JU flt1ni1m~111'U fll'.irJ~ !'V'l'.il~li 

m'.i cl .:J foi1'Uf1111.1~fl'W flU1.:J'.i1fl!~1iiJ~t11.:J1 'W'lltu~n~i~id flt11.:J~11rl'flvinf-i1'U '.iQ ~ i iJri.:J~1iU'1 irn~ ., 
• " " .% " i.U fl.:J 'il1ni1li fll'.i !~1.1 i.W fltll.:J(l .:J 11 rl' fl'vimfi tJ.:Jfl f .:J !~t11rlrn f 1Jfll'.i 'IJ'U '.i iJ til.:Jflf .:J(l ~ 11(l1mU'1Yi11-tt' ., 

1 'JI t 1 I 

!Ufl.:J'illflm~1J1'U m'.iu 'l ~flw 11fliil1~1ni1m~111'U fll'.iQ ~ ~.:Jli r-rn 'l M''l .ff i 1m 1 'Wm'.i Hftl'lVit111'U l'W q ., 



" " 1. m1v:u;m1u !~~w !'fl'.i1~1~1v:u;u hrnj 

2. i 6*'.i~v~nm~u ium~'lJ1'Wfl1'.ie:J'lJm~ itt' 
fl~'.i1h1~mn~ilfl ., q 

3. m~i~e:i:un'lJ 1'1tt~L~fli11rn~mm'.im1~ 
1'1'11~ ,~~l(J 

,::::! ..::::! 'J) I 

4. :UVl~!ilV'WeJVfl11 

1i';i';i:U~1 

2.2.3 fl1~'1.J1Ufll~B~~UJU (Compression molding process) 
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fl '.i ~ 'lJ 1'W fl 1'.i fl~~ 'W '.i U I 1'.J 'W n fl 1 '.i II U '.i '.i UH~~ fi tu en'~ 1V II~ Vi :uv1~In111nll'1~~1 V ., ., 

~ l;l~ i 'W fl'.i ~'lJ 1'W fl1 '.i~fl~11lll ffl'tt i''lJ H~ ~ fi tu crl'm~ mh~ n fll '.i fl ~~'W '.i U tl~ fl~! 1'.Ju n~~ ~ff~ II '1 ~ 
q ., q 

iji oH'e:i~i uih'iltl''W nm'.ifl~~'W'.iu11'.Jum~'lJ1'Wfl1'.ifl~~u~1wn~~5~ !~v'i1m'.i1hrnfl (Cure or 
qJ q qj q 

1 'l ~ ~ ., 0 'l ~ "' :'1 • I I ~ • I ~ 
vacanization) ~Vfll'.i t 'lffl11:1J'.ieJ'Wll'1~11'.i ~~'W 'Vl1 m Vl~!fl~! u'W '.i u'.il~'fl'.ieJ:Ufll'.ifl~'.i u~l:Ull 'lJ'lJ!'lJl ., ., 

~vl1~u !rle:ifl~!il~'il 'il~v'i1m'.i !ll~11~Vi:uv1rvlmie:i~'l11~u ~l'W e:ie:iflm ~~111;1~~ i um TI~ 2.1 o 
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~ 'l "'~ .I '"" o' 2.2.3.1 'IJ'U\91V'U 1'Um~1J'J'Ufll':iV~'ll'Ulu (Compression processing) !!l.Jl'llJl'l\]f1 

!ll~ 1~mf1~V'U~l'lfauuHuv~u"riu.Wu~~l'l1vJvf u (Preform) 'il~tintl1 ! tJ1H~~1!TI1 'l umw'llv~ 
"' 

.Clt, Q.I rl .d.& Q.I 1 'J} ,£ 1 Gt ~ ~ 0 ~I I A ,J Q,I 9) 
~rn\9lfltUCfll'.Jl~'Yll'.J~f11J ~'11~ 'il~\91V~11~'1f'U ~l'U ~'11~ ! 'U'IJ'U\91V'U 'U 'Yllfll'j u~UlJl'llJl'IU~~v~~11'.J 

m ~iu 'illf1UH'Uv~u"riu.WJ~irn~~1u 1~ l'.ll'l1vJvfo'il~ I 11~ I tJ'l u ~1!TI1!!ft~!fl~!1'.luitJi H;'U~l'U 

'il u m~lf-:i m-:i !fl~ fll':i 1~m I mCJriu vrl1-:iff:1J1J':iW 1911mv11mn1 Hl'U 
"' 

QI IA r/Q.1~ ... I IA c/Q.1 
2.2.3.2 ~f1lJW~'IJV'IUlJl'llJl'IV~'IJ'Ulu (Rubber compression mold) UlJl'llJl'IV~ 

!1'.l'U'lfU~'IJV'IU"rllJ-W'~iifl11lJci1'1JcUvu tl' Vl'.J~ff~ 'l u 1J'j 'j~lU"rllJ-W'~ 'l ~'l 'U fll'j~'U 'jtJl'.Jl'l;'l'ffllJl'j tl 
q "' 

'l~~fi11;u-:i1u 1~m!"riu.W'il~ii 2 uHmrn~ihutJn:nv11'llv-:i;mhu~1-:i "1 'l~':i~1111m':i'lMf111u 
~vu 'illmf1iv-:i5~ 1~1'.J\9l':i -:i!vtv'Vi1 'l-tt' l'.IHffn11~v !~1 m -:il1'~1-:i~f1-:i':itJ!vtv 'l M'!~~i!l191fiwct1~~v-:im':i 

q "' 

Mold Cavity 

Land -------< 

Mold Cavity 

- Bottom Plate 
t..::=~~~=-=~=-=~=.'2=-==-=~~m.:c:~ 

.....__ ___ Overflow Groove 
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.d ?1 °' I I"' o' °' .d'l !IJ'l °' ~ -1 
'illf1fll'Vn1 2.11 !1J'Wl'l1tltll~!!lJ'Vl:IJ'rHJ~'YI t"lf t'Wfn~U1'Wf11'Jtl~'ll'WJIJ 

t11~ 'lltu~~uliTillTI1il~11~ 1dil'lt1~ut1H'1~1mU'11rn~arlmU'1il~t11~n11~1n~m'J l '11'11'11m1111~'\Jti~ . ~ 

1U'1 l11i111~~ill'lfitucnt11~~~t1~m'J i1mh~uliTillTifl~"lfU~ffti~UH'W (Two plate mold) ~i1~1u1u 

! U' 1~! U' 1 ~ f1El tu~ 'IJ ti~uli TillTI fl~ tlH l'llll 1'WJ11lii11n n ~~ J-~ i1l'l 1fl 11ll ~ tl'W (Heater) 111tii1 

fl1Uf.JWJW'111Jil (Temperature controller) 1~tifl11ll~tl'W~1M'unuliTillTI'il~m'illm!H'WV~!!li-WllTI 

~~i1t1l1mwl'11fl11ll~t1u mni11flit1~~m 1~til'l'J ~ • 
°' "' ., o' .d I ~ -1 !I} """ °' °' ~ 

2.2.3.3 '1f1EJW~~'11'lfltl!ct'ltl1H'IH1'Wf11'J'IJ'WJIJ~1tl11if11'Jtl~ fn~U1'Wf11'Jtl~'IJ'W 

'J lJ1 ~'W n~ 1 ~fl'W tl~l~f11'1~'IJ11 ~ ij lJ 'J ~ ff'YI ll fl l'Vl !! "~ lJ'J ~ '11rl~!'11ll1~ rll '11 f U ID lJ ltl! f11'J~il1'1 'J ~ ~ U 
~ 

' ., ' 

1'11 (Low volume) !l111ua~m'J~ill'l'J~~unm~ (Medium volume) 1rn~mm~nu~u~1uYli1~nEJw~ 

'IJ'Wl~imy (Bulky parts) 11'1t1;''W~l'W~TYnn 11~1nu (Gaskets) tll~fl'WGMll (Seals) 1rn~1m1'Wfl'WGMll 

(O-rings) 'J1llt11a~;'u~1u~i1fi1iff~~i1'J1m~~1rn~;'u~1u~~t1~m'Jf!11m1~~'1Jt1~tb~~~mn "l 
'I ... ~ ll]lo Q !I} ,,.,J o ., l/] 'l I .,J. 

(Extreme hardness) rnm~u1umrn~'IJ'W'Jl1 tll'il1!1l'Wl'ltl~ll!'Wtltll~ffl'11'JUf1l'J t'H" 'W"lftl~1~ 
~ 

' ., 
(Runner) t1~1~m~u1um'J~~11'1t11mhM~n (Pot) t1~1~m~u1um'Jn~~~ u~11~ioMmmw1ut1 

;f .c:! I Gt 9} f Ci) I I~ cld QI d 1 'jl Gt 9) 'jl d 'j} 9} .c:! 

'W 'il~llfll t "lf'illtl t'Wff1'W'IJtl~!!lll'llll'l'YllJ'J~'l1 tl~'YI 'Q'~ !!l'll'ltl~ t "If!! H~l'W!'\Jllll!f1tl1'1Jtl~!!'1~1'1tl~llf11'J 

11'! 1 tllll'l1vfof mitiu ~ 'il~ i11m11~ 1ui11U'1uliTI llTI~~1 fft111m 'J 1lJJ~111 ~ l'W ~tiw 11 flil~ ~1ni1 . ~ 
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d _f.! Cl I 'J/ °' .M -1 
VlllH'fl 2.6 !1J'H.11J!'Yltl1Hl~!~'UU-a~'il~IPl'tH'.J'Utl'lfn~1J1'WnTHl~'IJ'U11Jtll'I (John G. Sommer,2003) . . .. 

.. " 
' Q.I 4 iJ v ..., ~ tJ 

'ilVl!Vl't.!'IJO'lfl1~'l.Jl't.!fl110Vl'IJ't.!1 'ilVIVIOE.l'IJO~fl1~'l.Jl't.!fl110Vl'IJ't.!1 
q ~ q ~ 

dl,9}1 i A IA,/ 
1. :il'fll 'lf'illtl um1t1t1mmmrn~i:·rnAu:1.J'V'l:1.J'V'I 'l 'J/ 'l iJ"' 'J} I 1. 'lfnmmu um11 -at1'Wt1Nt'IJ1-t1t1mt1Prn~ ... t 
"" 0 "" 'YI A 1 'YI iJ' ~ flH 

" . " 
2. 1~t1~nmm1iJf1Jl'l.:.iuliV.:1.JTI'liff'uvh'l..r 2. lJVA11f111 H~A~ ~hJ~t1t1ffJ1m':1.Jt1trn~iJV'A11 

iJ1~·rHi~nm 'l umrn~A 
A .d9J I d did 

f111H-aA'Yl'Utltlf111f111'il~U-a~n.:.t'il~ 

.M iJ "" "' "'"'"" ~ " . 
3. ffl:il11tl'IJ'U1 H-aAflWct'l'Yl:ilfl11:1.JU'IJ'IUH 3. ilimm~rl1tt f 1J:Jfu.:.11urn.:.i'lfiJ~liiJ1iJ~1.:.i .. .. 

" 'J} 

'Yl'U 'Yll'U ff .:.imm~rlrnf 1J:Jf'U 'll'U'IJ'U 1~ 'l mu "' C)f 1J C)f tJ 'U .. " 
d Q.I ~ ,£ 9) & QJ "' "" 4. mrl"1nffl0Jtll.:.tm-at1'Yl.:.t'Wt1t1 'il.:.tmm~n1J 4. f111Jf1:1.J'IJ'Wl~trn~-am1w~'Ut1.:.tmmrn~ • . 

flWfll'V'l'Utl'IH~\?UlWct'l1~t1ln 1'ff\O.}filJ11'fllU'V'l.:.t (Expensive compounds) • 
,£ ' 1 d 131 'j) ~ ' 

" . 
5. 11.:.t'lf'W ff1'W -a'tt~'YI 'ii~ 'lftll'ltlll'lf'U ff1'U s. ilimm~n1J:Jfu.:.11uliiJmrncif1J~t1u1rn~iJ 

iJ1~nt11J ,~~ltl 1 'J} d f11 'I ff11 'l'Y11Jl'I 

'l 
.M -1 "" °' o' 'J} "" d t I 

'Um~ 1J 1'U f111'IJ'Wl1J H-a A fl w ct'] tll 'I 'ii ~A tl'I ! n~ 'ii 1n mm t1nu 1J 1J 'VI mm~ ffll A 'I UA 

m ~ 1J 1'W m rn ti mt 1J 1J H~ A.fl w ct1 (Product design) m rn ti mm rntlifi :1.JTI~ 'lf 1 ti 'l u nn ~ 'W l t1 

(Rubber mold design) t~t1.:.t'i11nm1t1t1mmm1lifi:1.JTI~~'il~Yh'l..r1n~H~Arl'wctf~~ljtJ1~ff'Vl~fll'V'I 

trn~'lf1t1-a~wi'Wl'.j'W mrn~A i.:.iJ 'W nt1'U t1t1mmmtllTI:1.JTit11.:.t ~l!~'W ~l9f t1.:.t'Vl111Jl1H~Afi w ctltll.:.t~ 
. " 'j) o A 'j} 'l <!! 'l9) A A ll]'JJ I d. ... I A A 

tltlf1!t1J1J 'il~Atl 'l'\fl 1mrn-aA~ 1t1m ~1J1'U f111 ~ !'V'ltl 'tt ffl:l.JUtl H-aA'lf'W'll'U ! ~tltll'l:illJ 1~ ff'Vl1i fll'W 

.CS Y A .d ~ Q.I I d d 'l ,!f "" 

trn~:ilA'W lJ'W m1 H-aA'YIAl 'ii 1m 'tt l?J H-a ~.:in-a 11m:1.J 11 mwm llu iJ 1 ~ t~'W u m1 rnt1 nm ~1J 1u n 11 H-a A 

" i~i.:iu 
v v "" 

2.3.1 Vll't.!Vl't.!'fl't.!flllNt'IVI 
q 

~I 1 0 Q.I .d d 9) A 9) 0 A ,/ 'j) A 

!1J'U ff1'Wfflflill'Ylff~'YI 'il~Atl'l'V'l 'ilUW 1 !'V'l11~A tl'l'\fllf1111!f11 l~'tt A'U '\fl'U f111 H-a A " . . 
'Ut1.:.tl'11H~Afiw ctf t1H~.:.t 'ii~ 'l-*'l u nn n1tt 'W ~1lfl1 'l u m1 t1t1mt1J1J!!llVf :1.JTI'll'U ~~ 1.:.1 "1 u-a ~ 'IJ 1t1 

A Q.I ,/ Q.I ~ 'J} A d A ~ A & d Q.I O Q.I Jr 'J) 

H-aAflW ct1 ~.:.t'W u A'W 'Yl'W m1H-aA'Yltn~'IJ'W'ii1nm ~1J 1u n 11H-aA'ii.:.i11lu U'il 'ii t1fflf1 rut u t1.:.t:1.J 1'ii1 nA u 'VI u . " . 
f111 H~Aff .:.tH-am~'Yl1J~tlf111:1.Jtl~1tl~ 'l u nWW\?JJ'WlH~Arl'wctl' trn~ti.:.iiJd1u ~1 'l '*~ltl'Utl.:.t'V'l'U n.:.tl'U ~ 

f111JfJ:iltf11t1.:.iim 'l u m~1J 1u m1 H~A ~.:.1~1'l-*~1m~t11<U't1.:.tn1J'Vin11~tt1 t1tflit1.:.i im ~f 1J~~'lft11J 
~1 'l-*~1t1t111.:.if n1111f1it1.:.iim1rn~~iJmw'lum1H~A i'lfu uli-YillTI' tflit1.:.it~t1:1.J tt1mf11t1.:.iim~'l '11' 
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"" .,, 2.3.2 'tiU~,,tlntT~UH 
" 

Q.C\ Q.I d.t::t f c:i. I t;j ~ 
flWl:UJ1Jl'l'Ut1~1ff~'Vll.fl'ltim~u1um1Hi;i1P1 !'lf'W m1J.J!!'U~ m1J.Jl'i'W~ fl11'Vl'W!!H • • . ~ 

~~ fll'l11fl11 l l'il;'l t>WfliJl unn~~ !Utl~'illnlff~!!~l;'l~'lftA~'il~ff ~Hi;i~tim~U1'Wfl11 H~l'li~l'il.f~ . ~ . 
l I "" o' 0 "' ~ "I 'j) "" """''1 'j) I 

nn1~ um~U1'Wfl11tltlfl!!UU!!lJTilJTiffll11U'U'WllJ'il~l'ltl~TI'ilUW1fJWfflJUl'l !'WlJn "l ~l'W !'lf'W 
~ 

~ti~ l i'fl11J.J~umv l u u:UViJ.Jvi1Yii1 l'i ~ fl1ll.f l'i 'Wl'U ti~u:UViJ.Jvifl 1111'.lu1Yi i 1 l'i ~ti' i l i'iff~ 'lftA ~ u 
1 ~V~1 l tJu~1v1~~'V\'1m1 Hffl.1!!~1iifl1ll.f l1U~~l'il~ l i'num~U1'W fl11~ ~~'WltJ ff1'W fl1ll.f l'i U~ 

l 'j) "' 'j) "" II] I 'j) II]" I I "' 'j) "" o'GJ 'j) 
~~tll'il'il~ 'lfm~U'J'Wfllrn~ !TI1l~l'ltl~1JnUtltlfl!!UU1~UU'Vll~ !l'ii;'IHl'U!'Ul rn~l'l1!Ul't'l1J'W !l'i 

mm~fflJ 

C). Q.I d'd.d Q.I 3J ,£ dt:::1 Q.I d 
m ~U'J'W fl11 tltlfl!!UU Hi;'ll'l flW CVl'Vl 1Jfl 111JCJfUCJftl'U!! i;'l~'lf'W ~ l'W 'VllJ H'W ~Ul~ 'il~lJ 

1Jrum l u m1~u 1tJ'elu1~ti~m'il1n~t1~ li'm11J~'W l um1~u 1tJ~mmfi v~'t'lti~ 'il~'V\'1ltt'm~1 l'il;'l l~ " ~ ~ 

Q 'j/"> o' ,J ~ <!I l'j) <'1 Ji,,, I ,£ .d 
11P11J!UlTI1JTI m~u1umrnuuum1'Uu1tJm~'il~mtin 'lfm~u1umH!~ 1rn~m'i!~ ff1'W'lf'W~l'W'Vl 

~ . ~ ~ 
d CV 9J 0 d Q.I ~ 19) Q.I d C'.!. 

1Jfl 111JCJfUCJfti'W l'l l!!l;'l~lJ H'W ~l'i u l'il~rn tin 'lfm ~u1u nu ti~ u tin'il1nu 'U'W l~'Uti~'lf'W ~ iuu i;i~ 

J1m!n'Uti~~u~1un11'.lu~~il1fity J-~6m~u1um1m'il'il~1tJ~vuutJi;i~!~1P11J.Jmmwm1H~l'l 1~v 
IC'.!. o' I ~ 19) C'.!. I ~ 

fl11tltlfl!!UU!!1J't'l1JTI'lf1V!Titl l'ifl11Hi;'ll'l~W'U'W 

2.3.4 ~mflw.mn1um·n.iilfl 
" 

'JI e£ C). 0 

nu 1'111 'ilfft>U~ iu flWfl l'W 'U ti~ 'lf'W ~ iu 'ii in m~ u 1u m 1 Hl;'l l'l m J.JU tl'Vl 1n u • 
c:i. r/ ll] 3) Q.I \I] 9) I 9) .... I I ~ ll) Id. o c:i. c:i. ~ d I 

11m1~mrn~1P111'ilfftiu i~ 2 i;imiw~ i~1m ~l'W1IJ11~ flt> ilJJ.Jl'lll'i'W!fl~'U'W rnvmu 1timm1~ 
~ 

"'"",J d'J) 'j) ,£"' 'j) 

rnvm l11tlU~!UV1 Vl~l'llV !U'Wl'l'W 1rn~ttJ~l'W'U'Wl~'Utl~'lf'W~l'W flt> fl1ll.fn11~ fl111Jff~ fl'JllJ 
~ 

m1 'il~~t1~1Yi1nu l1'1timlitiunu'Vlnflf ~ l u m1H~l'l 1~v~11 tJu~1~u ~1u~H1u m~u1u m1~ ~~u • 
I I I I 

.. I ..c:S dd 0 ~ l 'j) "' "' l C). ,.. I Q.I 

lIJ'il~lJfJWfllTI'Vl~!!i;'l~ffm!fflJtl !'Wtl~'illn 'lf!fl1tl~'ilm 'WflllHi;'ll'l !~Vl'lH ff1'Wm~U1'Wf111tl~'il~ 
"j/ I I t 

l tt' fJWfl rn 'Uti~;u ~ iu ui;i~fl1rnffl111 ff11 ffntltivni1 1 ~m 'i!'Wl~ t1~1~ e!~m~ u1unn 'el~ il'n 'il~in~ 

flW ff1J1f~ !;~ni;i 'U fl~ lff~ VH'W tin'il lf1'ii~!1'.J 'W Hl;'l 'il lfln U tltlnffl'l1 VH!! ~'JV~ . . ~ 

d 9) Q.I ~ l ' .c::::,, C).~ C). ~ ~ 
mv1'Uti~num~u1u m1 'U'Wl tJ u ff1'W 'Uti~m1 m~tJum v1mtiffi;i~ ( Crossling) fltlfl1Wlfti1J 1v~ 

'i 'j) l .I .d 'j) "' .,,.,,; 'j) d "' .d 0 "' ,,\ 

'Utl~ i flHff1l~flW 'W!'W tlVl~ 'il~!flV1'Utl~nUt>Wl'i fllJ'Vltlnl'lti~m m~fflJ!U'W lJ'il'ilV'Vlfflfltll !'W fl~ 'illn 
Q cu cu tJ 
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'1'11i11'1il~iJBmrmn.1\!·nu i,nf u 'il~'Yl11i1m~111u m1Q ~'il~'l'i1i11'inJ111i1~~fi~'llfl~~wnu11~~~1u 
~ .:::sd ..:!i ~ .::::! Q.I 0 Cl.I 

m~111um1'1Ju1i1~'l'nrn l'fl~~~m flfl m~111umrn~l!~1rn~fl~ l'llllm~11 " . 

~ d ~ d 
H~l'l'Yl'ffll l! 'ffll fl!!~~ 11~!11 

2.3.7 ~1ummwm1Nil~ 

m lllW fill' H~l'l~!'ttlll~'ffll 'il~if ~ H~ a~~'U lJ'U tlll' H~l'l ~fl'ttU 1ll a lmlllW fill' 

H~l'llj'IJ'U 1~~1 mrn~'Yl'U!flifl~jjmbu i u fill H~ l'l t ~wi l! 'Yll~fl rh~ t~ m ~111u m1 Q ~~lj ~1 i '*~1u • 

d. Q.I Q.I f ..<::::). o'd 'j) I O Q.I 

! fl) fl~ 'ii m !W~l'l1!!ll'Ylll'Yl'Yl'U fl Uf1111'1lll~1~1J 

inTu 'illfi~ mh111111~ 11:1'1mH1'ff1iJ H~ 1~1'1llll"IUNfil11m urn-Yi urn~fl1l11 iJ 

Vl'illl W lfill flfl fill 1J1J!!lJVl 11 'Yf~ ! 'ttll l~ 'ffll tl1J fill Til~ l'U!!~~fl 1111~ fl~ tlll' i 'Um ~1J 1'U tll 1 H~ I'!~ 

if~ H~m~'Yl1J~flfil i rn~dlt-y111 i u~1u~1~ "l 'tt~~'illfii~iYu i 'ii iu tlll'flflf1!!1J1J111JV!mfu~~~'lfi!~ 

i 'J/ "' i _f.'! "' ~ _1 "" "' o' 'JI '"" o' d m 'lf~l'U ~~!!ff~~ 'Utll1!U)lJ1J!'Ylll1Jm~1J1'Utll)'IJ'U)UH~l'l.flWct'llll~~1(J!!lf'Ylll'Yl l'lll'WYI 2.7 
" 
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" 'IJ'UWlfl1llJhHy'IJt:1'1~1.Hl'U *** ** 
** *** 
** *** 

~ 0 

fl1ll.ll 'j 1'1Jt:J'l'j t:l1Jfll'j 'l'll'll'U ** *** 
** *** 
** *** 
** *** 
** *** 
** *** 

*** ** 
** *** 
*** ** 
*** ** 

*** ** 
*** ** 

" 
tff1'lf.ll'lll'l 1um~111u fll'i *** ** 

" flWfll'Vl'IJt:l'l~lHl'U . ** *** " ffl.I 1111 m 'I fHl'IJ t:J'I ~m iu ** *** 
** *** 

*** ** 
** *** 
** *** 
** *** 

'11mm'l1~: * = tl'm.1 ** = 111umn~ *** = mn~ff~ • • 
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d _pq'J/• .M _1 'j} """' "'.M -1~1 
'illflm'iH'Yl 2.7 ffllJlHlffglJ !\Pl11m~ 1J 1'W fll'i 'U'Wl lJ t11-:i \Pl1tl11i fllH! \Pl'U'WlIJ!lJ'W 

nfll'i~ff11Jl'itlH~\9l;'W-:il'W~l'ifl11:1J~,:jtllflU'tldjCJ1uGJf'fl'Wl~~~ff\Pl!!'tl~ffl:IJ1rnH~\9l;'W-:i1'Wl~'W • • 
1 I 'J} 'JI 

11~mw-rim fl~ 'W 'Yl'W 1 u fll'i H~ 191\911 url'1lfl11 u fll'i flflflU urnt:JTI:IJtl 'il~ij 'i lfl lff -:imfl u~lf-:iu . ., 
d.~ dcv ~~ dg1 1 olr]3' 1 ~, 

m ~u 1u mm \Pl'U'W 111 flt1-:imm1tiH'tl\9l'll''W-:i1u 'Yl\9lfl-:i fll'ifl11:1JU:IJ u t11 1\Plff-:ifl11m ~ u 1u m 1 H'tl \9l u ., ., 

1l1!!1J1Jg'W i-:itT'W!~fl,:j'iJlfl 1ufl\9lfflmrn~\Pl~'W'il1t11-:i1 'W;'Wff1'Wtll'Wtl'Ul9i'~fl,:jfll'j H~\9lnW en t11-:i~ij ., . ., 
' 0 el d Q.I jJ I 31 d ~ ,,.I ~ I 

fl11ll U:IJ'W t11im ~'M'W -:i 1ullfl11:1J9fU 9ffl u fl fl'W 'll 1-:i :1J lfl fl 1~u1u fln u \Pl'IJ u 1 IJ t1H 'ii -:ii 'H m~ ffll\91 fl ., 

m~u1u fll'i H~IPl;'W ri1uirn~m ~u 1u m1~ \Pl ~'W 111m-:i5-:i'IJ 1\Pl H'i ~t11'J11UJ i 'W fll'i fl flflU u u u:J TI :1J 'Vi'~ ., ., " 

I ~ o'd. d 0 Q.I d. 'J) ~ ~ di .c::::! I ~ o'.c! 
fll'iflflfl!!UU!!:IJ'W:IJ'V'IU \Plff ,:jfflfl UJ'Yl 'il~\9lfl,:j'W'iJl'iW 1 flfl !:IJ fl:IJfll'iflflflU UUU:IJl"l:IJ'W Q \Pl 

" 
Ju 'il~~fl-:ifi 'ill'i w l~'il\Pl!~fl:IJ 1t1-:ifl'W'1Jfl,:jfl,:jfll1'i~flfl1J ~1-:j "l J'-:i'H :IJ\Pl 1 u fllHlH1'WU'tl~fl11Jfl:IJ • • 
irufi:1J'Vi'11Plt1i1 ltlu~1 lum1il1~t1u;u-:i1u I l1'i11m~:1JJu 'il~~fl-:if11i'l-:i~-:ifl11m~u I 111~~-:i'il~~fl-:i 
\Pl~-:i1l1'W1'W'Ufl-:i H'tlm~'YIU'llfl-:iff1'W Hff:IJ'Ufl-:it11-:i~ l 'H'tl l 111 'W"lffl-:i'i~'il~!.u'1u:Jti:1Jtl (Sprue bush) ., ., 

' ' 'J} 'J} 

u'tl ~\91 'tlfl\Pl'Yll-:it~u 'Ufl-:i t11-:imt11u1fl'1 fl-:i~ \Pl t11-:i\9l'tlfl\Pl 'ii u-rirw flt11-:i I 'H m .u'1!111 u uliTilltl i-:itl' u i u 

I~ a'd.a a'~ a' 
fll'i fl fl fl!! UU!!:IJ'W:IJ'W'Yl\Pl (! ffflff'i 'i fl 1'W tll-:iflfl'tl, 2549) ., 

0 Q.I .:::::i. ~ ).<:::), rl 9) 0 d 9' d. 
ffl'H 'i um~ u 1u m1-w 'ill'i w 1m fl fl m ~ u 1u fl 11 fl fl flu u u u:1Jv. lll"l 'ii~ \9l fl -:i 'YI 1m 1i1 :1J \91 'W 'YI 

1flifl-:ii'mriflui11~mflifl-:i~IPll11~111'YlllPl ~-:itflifl-:i~IPlmmrnuij-:i!~1~u 2 l11~m'Yl ¥ifl uu1~-:i 
tm~uu 1'W fl'W t~fl-:i 'illfl'il~~fl-:ifi'ilnw 11 u flll tillPluliTilltlflflfl tflifl-:i~tillPluliTillYli 'W!!'W 1u fl'W 'ii~ 

!~im t1u 1 IPlt1~1rlfl'IJW~~u:Jti:1J'Vi'1illPlflflfl 11:Jfi:1J'Vi''il~twfl'il1flnu !~~ 1t11 \Plt1J mu fl'llfl-:ii1lf urn~ 

M1fl'il~ 1 '*fl" tflfl'l9l 1 u:1J1Jl um1iwflflflfl'illflnu11Plt1fl11mw1 u m1m~fl'W~~u'tl-:i ilrni'uuliTilltl~ • 
til\Pl 1uuu1~-:i 11Plt111fl~ 'il~~1mdflt11-:i 1111'W"lffl-:i'Yl1-:i~1~fl:1J~fln'W1.u'1!111 u H1'1Jfl-:i'il1'Yl1 -:i;u -:i1u 11Pl t1 ., 

'il~1.u'1!11-wunu~~-:iflm-:i'llfl-:iu:Jti:1J...l u'tl~u:JTI:1Jtl~til\Pl l uuu1u fl'W 11Plt1l1fl~'il~~1md flt11-:iH1'Wt .u'1 

, 111 'W.iffl-:i'Yll-:i~1t1Hl'W'YIH, 'H'tl~,:j 'il~ff~l-:i~'W 'il~i1Pln'W~fl1-:i'IJfl,:j!!liTilltl 11Plt11'Wfll'iTI'ill'iW1~ 
'j} 1 "" '"" "'1 l'j/ ,,j "' .M ,.,, fl11ll \9lfl-:im1 'W m~u 1u fll rn'tl \9ltm ~ fll'i fl fl mt u u !!:IJ'W :IJ'W \Pl t1 'H 'U'W 1\Pl'Ufl-:it fl rn-:iu \Pl 'IJ'W fl ti flu ., ,, 

i1'ili't1~1-:i "l i-:iil (lffflff'i'ifl iut11-:if!'fJ'tl, 2549) 



(1) mm\Ol'.iUCl~'IJ'Wl~'lleNfl~flU'.i~m11Jit..1m'.iff~l~ 

(2) ~1t..11t..1'1Jei~mH~1rwi t..1 m'.ieieinu1J1J i uul'li;i~flf ~ 
(3) 'Um~~t..1~'1Jei~~u~1umvium.irh.1rf 
(4) tll'.iQ~l'l~fltll'.iff~riwm111it..1'llei~1deim~~il1'1mviuu:UTI11rf 
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~ ~~l'i'ei~TI'ill'.itu 1it..1n1'.ieiein111J1J11:UTI11rf ;iei fl1111~'1Jt1~1 d eiv1~n1v i uiuYJ'.i ~~t..1 ~1t..1 
(shot capacity) m~it..1it..1mrn~ 1rn~m~it..1it..1fll'.iQ~'Ut1~1fliei~11'm tl!) it..1mrneimmrn1:UTI11rf 

r-rn~in~ 'il1m1 'i ~iu i u fll'jQ ~ ui;i~~u~ ti1'1Jei~u:UTI11rl''.i111n1J"Jf ei~ YJ Ni l'l '1 tl' eivn11u 'i ~iii~ 'llei ~ 
u:UVi:wrl'mn iff~~'il~u1111ff~1~u:UV411rl'JuiM1t..1d1firumn it..1m'.ieieit1111Jrn1:UTI11rl'Q~~'W'.iUV1~ 

q u ~ 

~~Jt..1'il~l'11ii1'1n~ flash U1J1Jflff'.i~ l'l~fl flash i1J~l'lll~'Ut1~H1u:UV411rf ~~'il~l'i'ei~ff~l~'illtl!l'l~tl 
~!!~~HH'Vlt..1l'leiuHit..1it..1tll'iQ~~~i~fl1111it..1U'.i~mw 137-206 MN/m2 (20,000 - 30,000 lbf/in2) 

' ' ' 'J/ 

nnil~i1rw ei~ 'illtlfl1111~eiuui;i~u 'i ~fin~ff1t..11J1 nwti1.viu'i~tl1Jnt..1 iT u 'il~~ei~!1 V1J ffu 'Vlnt..1 1rn~ 

u'.i~tl~~m~l'htTt..1'il~~ei~l'11it..11J1nwti1rn1J °l ti1iuYJH~t..1~1u "lfei~m~il'li;i "lfei~m~1,Y11rn~ 
"lfei~'VlN ~1mrn~~ei~l'\'1 i M'~t..1 ~ff~~ lvui;i~rnvl'leitTt..1ut..11.JffU YJnt..111mil~u:UV411rl' i~Ju tll'.i 

~ ' ~ 

eieinu 1Jrn1:UV411rf Q ~ drn 11.J vww t..1 d1fityfi 'ii~~ ei~ f11u ~~~iJ 'ii 11 vi~-W 
~ 

(1) tll'.ifl11Jflllt1Wl'!fiiJmit..1m'.il'\'1~1t..1ueivfli'~ 200- 300 °c 
q q cu cu 

~I ,K 
(2) tll'.i!1Jt..1'llei~mi;i1'1Jei~1t..1eim~ 

(3) m'.i1u~vt..1uui;i~ tfl'.i~ff~l~'llei~mm'llei~m~ 1~v'.i1~1~1 

1rlm1:UTI11rf l1fl1111fot..11nuni1 200 °c u:UTI11rl'il~1n~m'.i'llmvi1ii1'11m'.i1fl~eit..1i1~ 
'j/ ' ' 'j/ I 1 I 

m l'\'1 t i1'~1ul'lil~l911~ G1 -W i:Ui¢i'1011m1t..111~11~~ i:U1~t..1-vi~ei~m'.i imht..1'i11fl~eit..1fit ~l'l:w~m~n i t..1 
~ I • 

tll'.iU1'.iei~ !fliei~iU'1JeJfltl (Ejectors) 'il~l'i'ei~l'\'1 i M11fl1111l'lt..!l ~11 uiU'~'IJ1Ntll'.i !fl~flt..! 'Ufl~U:UTI:w~ 

it..1m'iil~fl1'.i~'il~unl'll iM'iln~ei~ iumw~ 1:Ui¢i''llt..1l~'llei~u:UTI11rf101111,Yeinrnu~m'il 'il~l'\'1t11' 
~ 

in~ fl11J~t.J ei~Nmn i¢i' mi~m ~n i t..1 tll'.i nrnt..1 ~'i~ v~m'.i l'\'11~t..1u 'Yi~!1 v~1~ ei~'il~l'\'1t11' ~1u l1 ii~ 
~lo 'j)~ .l:!i IQ.II Q.I Q.J ~ & 'j} 'j) 

t..!t..! !!lit..! {Jl !!'1~\0lfl~ .... 'ill'iW lil~fl 1111!!\0l tl\011~ tlt..! 'lffl~tll'.i 'IJ {Jl V\Ol 1'Ufl~1\0lil'Vl~ ff ti~CJf~ 'il~\Olfl~ ff'.i l~ 
q 

• d 31 .j • • i 31"'- .j .Ji "'- 31 i ~I "' , d o 
'lffl~'Vlff'.il~'Ut..!'.i~l'l1l~U'Vl~ l'l!'.i{J1'1J'W CJf~fll'il'il~ff\U!ff{J!!t..!1!fft..! t..!tll'.ilJ~\011 U'Vl~!l'ICltltlll'lt..!~ 

~ u 
~ ~ 

'.i~v~i11l1mTt..! 'il~iY111ei~'.it11Ji1~1u eiv1~ 'ii~ i l1 m,Y1 i ui t..1 "lfei~ inm'.i i u m'.inrn u ~~1u till~ 'il~l'l 1 
I I t 'j/ 

tll'.i n1l'! u~fiff~11mu ~l11111~1u 'll 11'1Jei~u~i;i~~u 1rn ~l'11nn ~1n~m'.i 'llv1vi Ml'l 11~ i 1Jt u VJ ff 
q 

~ d 
'VlNtll'.i !flClflt..!'Vl 

'lfU~'llei~m~n~i~'il~~ei~~n11 !~vun~i1 i u~i~l'lm:UV411rl'Q~~u'.iuv1~ 1"lfu l1fl1111 
~ 

d 31 d 31 ltJ 31 "" • di ~I "' "" "'- o i 31 d d ~ 
!I'll~ \Olfl~tll'.i!l1'1tltl'11 !'.iff'Wll (Stamless steel) ! .... fllJfl~tl'Wff'Wll lltll'.i'Vll l'l!!'IJ~!!Cl~!l'ICltl'W'W 



: 
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1~t1ml'l1~ l t..1~'W ~ff':u Hffnrn d ew1.:i l t..1nn1~:u~ u 'llfl.:im ~nn 111.:i1u 'llfl.:!~'W ~ ff':u Hff nu m.:iJ 'W 

f!11~11~v\'1m1 .u~ l tt]jf!11:ulf u 111~ff .:i !!f;l~f!11v\'1 l u "lf~u"-Yi:uvi'll fln~uum.:i 111 mrn~~1!!H'W "' . 
"I !JI .., 'I !JI.., .Ji 0 'I !JI """'I II] "".M 'I I II] 
u'J~fllJ~1tlfll'J'll~ t'tt:U'W111cif.:!11~'1'11 t'ttf'ltUff:UlJ\91 t'Wfll'J t'ttf;l~'ll'W t'W"lffl.:!'Vll.:!fll'J t'ttf;I • 

1 v v ' '"' .! 2.4.1 m1 '1Ul111J18'U!Afl!!il't'OJ'W (Mold Heating) 

l u m1 l ttf111:u~flt..1uriufrYi:uvi!~t1~11iJu~111~1~flnl1l1mum1l1!1vJ{(J1!~t1111 
'I !JI !JI ~I I "' I !JI 'I 'I !JI !JI .Ji .Id .., 

'll~f;l1~ mm1mfl'W!u'W!!H'W11'Jfl!!UlJ!!'l'Mf111:U'Jfl'W i'Wfll'J mm1mfl'W cir.:i11~!uf;lt1'W1llfll'lf;l.:!.:!l'W 

II] !J/ d <V !J/ d <> .M I "I 'I !J/ !J/ I I"" o'dei ~ d !J/ 
i vJ.Yh1llmrn.:i.:i1u f!11:urnt..1 11'ty111'1'1 !fl~'ll 'W Ufl t1 'l f'lflfll 'J m f!11:u1 fl'W umi:ul'l:Ul'l'l'l:Ul'l'W 'l'ln11.:i 

!!f;l~fll'Jl'l 1 l MflW11 nilf'l.:i~l 'W fll'jff .:iriwf111:U~fl'W l tturiu"-Yi:uvi !fl~fl.:j i 1tlfl11:U ~fl'W ~ n~~ 1\Pll:U . "' 
.I 'I ,,£ d 0 'I !JI"" .I !JI d "" I II] !JI 

~u'l'lHmtl i'W"lf'W.:!l'Wfflm'Jfl'l'l11~'1'11 imn~u'J~~!!f;l~fl11mfl'W'l'llJ'J!1Wl'l1.:! 'l i~ fll'J'J~lJ1tlf'l11:U 

~flu mm1t1f;l~flw11nil~H1u1urT.:iH1'llfl.:iu"-Yi:uvi~11~111f;IH1u 1 u!!"-Yi:uvi . "' 
nn l tt fl 1rn ~ fl'W 1~t1m~uff1vJ{(J11~tlf'l1rnfi'1u'l'll'W11~ flfll nl 1u n~ 11~ 111 

1mri.:ii1t1lttnu~1i'uiJ1~mw 1.22 w/cm3 (20 w/in3
) "lj~!'l'lfl{!:ufl'iJ1uf;I (Thermocouple) ~.:111~ 

~I .., d'I !JI ""'I '.:'I '.:'I d'I !JI !JI I '"" o' 0 'I !JI 
!u'W\911'1'1 i"lff11UfJ:U~W11JJ:U i'Wfll'J!u~!!f;l~u~ 'll~f;l1~'1'1 mf!11:urnufl~rnu 'l !!:Ul'l:Ul'l11~'1'l1 m 

f111:u~ fl'W ~ iit1f'l.:i~!!f;I~ 11~~flt1 'l iit1f111:u~ fl'W u flt1f;l .:i 1rn~~~m1iw1 vJ1~flrlfl.:inu m1 trt1:11~t1 

Ju l'l11mtl .:i~1n~11~1f1~nu!!"-Yi:uvf ~ijf!11:um1 nn iwf11rn~fl'W 1~t1l 1l~1mf1'1'1~11~111f'l~'W 
.d I ~ d'.d .d ~ el I & 9) CJ) 

f!11:ut1 lu1ml'l:Ul'l'l'l:Uf!11:uu1.:i (11t..11ff.:iff~u1~mw 7.6 cir:u. 11'Jfl 3 u1 l'lfl11u.:i~1'W) f111:urnt..1 "' . 
I~ t/~ \J] lo d I 'j) CJ} I 3} CJ} 

mt1 l uu:ul'l:Ul'l'W'W i:u11111lu l~t111~111t1m1mflt..1 l~t1l "lf!!H'WU'J~nu l 11f111mfl'W!! 'l'l'W 

' " 1161 t.c:. t! 
2.4.2 'Ufl'l'tlH &'t'itu'lll &'UA!il'Wil'W (Sprue) 

:'1 .d .d & .d Q.J CJ) Q.J d 0 & .d 

! U'W ~ 'Yl ! 'j tl1 (Taper) C)f .:i 11 ~:u (;I flll w ~ 'l'l N ! 'll 1 !!f;I ~fl fl fl11f;j.:j111fl! ffH 1.:i 11'Jfll'j'l'l1.:1 l'W C)f .:i lJ N 'l'l ! 'j 1 
' ~ ~ 

mmrnVi11~flflmmu'lffl.:i'l'l1.:i1'li'1 l ttl'l'J .:inu~1 I l'l1.:i'llfl.:iit..1.:i1u1~rnt1 ~imn u i;lnllw~iu.:i1m~t11 
"' 

2.4.3 m1eemmuolie.:i·m.:ii't'i'1 (Runner Design) 

1~t1..f11 u!!~1mrnflmm u 'lffl.:i'l'l1.:ii.:i Ju 11~fl flfl!!lJ rn1'.lu 'l'l'J .:i flf;l:U~ .:i 'il~v\' 1 l tt 

~ w~flm1111 (;I'll fl.:iid flm.:i1rn~~1 t1~ flm11 u~ t1t..1Ylrr'l'l1.:i u~ 'il~v\'1 l -tt' fi' u 'l'l 'W 'll fl .:inn 'Vi' 1u" -Yi :uvi ff .:i ~ u . "' 
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Q.I ~ ''°' ~d Q.I ~ 
(Hot runner system) ~-n.!'Wf11'HHlflt!1J1J!!1.Jl'UJ'rlll~lfl'I J;lf11JW~'\Jfl'l!'Wfltll'I (Compound rubber) 

. " . 
, u 'lffl'l'Yll'll'l!!lJ'lJ~fl'W 1 f1Hff~l'ltl1'111~!fl~f11'j ri~l'11nu '\Jfl'IM1'11 cif h.ui;i fHlflltl, 'WI i'1fltll'l!Ufl1~u • 

9) .d 'Gt 0 '61 ~ d ~ lr) ' ~ .J 
f11lll'ifl'W (Cross links) 1m~'Vlfl~ i'Wm~'lJ1'Wf11'i'Yll'll'W!!\9l i'W'i~'lJ'lJ'VlH1'1W'W'W'W11~ ill!fl~'\J'W 

" " inTu l 'W f11'iW 11 uw u ~ti~ 'VlH 'i~ 111Hi 1~ ~ 11'Wa'li1;u 'I l'W ~ fl'I i1nu 

. " " 
flflflt!lJ'lJfim m~ ffll 1 ~ t1un~<U''W f11'j l '11 J;l '\J fl'I! i'1flrll'l11~ l '11J;lflflf1111f1i1~ ~ !.,rl l ul 'W 'lffl'l'Yll'I ~ 1tJ 

t11'1N1m.,r11 ul u6lffl'lm'l I 11mm~N1u6lffl'lm'lI11m.,r11 ul u m'l1.,r1ui;i~11~ ! 11 i;i N1m.,r11 ui uim'lJ 

:ff u 'll'W m t1 l u u:W-W m.;· 

'lffl'l'VlH ! 11 i;ii1~n1l w~ 1 ilu 'lffl'lflltl l u u:W-W11ri'1 ~t111~ I ~f rn if fltlH 111noMfl'l 'Vl l'I 

~ltl~~~iJ''WVnm'I 'lffl'l'Yll'l l '11mfu11~~fl'IW111'iW 1a'lll 'W 1u ~fl~'ifl'lJ "l 'lffl'l'Vll'l l 'l1J;1~fl'lflflflt!1J'lJ 
l M'i1'i ~ tl~'Yll'I ~u1m~\9l'i 'I fl'lJ'i u 'V1 'i 'l:ff u 'llU mt1luu:W-W11TI'111n ~ff~ 1~fl~11 ~1 ii um 'i i;i ~ '\J fl'I! ff ti 111n .. . 
1dflt1l'I t MU fltl~ff~ ~'111~'V\'1 t M'i~t1~11mnn~~1dflt1H!.,r11 ul uu:W-W11ri'Ju ~'WJ;l'I , 'W f11'i!~flf1 • 

I llJ dd t 'j) d 61 'J/ 9) Q.I I l.r) lr) & I d 9) Q.I 

'l1fl'l'Yll'I m J;l'Vl~u u 11~\9lfl'lmm~ ffll'Vl 11~ i 'l1'11 'Wl\9l~ 'tlfl'l'l1fl'l'Yll'I nrnu 'lJ'lJ mu CJf '111~!! 'lJ'I 111 u '11 'Wl\91 ~ 

~m ~till 1 ilu 'Vl'i 'I ni;i 11ui;i~f1 ~ n'lni;i11 l um 'i ! 11i;iJu11~~ fl'l l 11i;i Nl'W 1~t1~1t1ui;i~~111111~l'i'fl'lvl 1 • 
iiluuu 11 ~'l!~flJ;1~f11111iu~mmfft1 I u i'IJu m'iflflflt!1J'lJGJffl'l'Y11'1 l '11mf u mm'iti~ 11~ l 6*ff11m'i .. " 

l 'Wf1U'lht1i~1~t1l6*f!w ffll1J'1l'\Jfl'lf11'i i '11J;l ffll f11'i Poiseuille's ff1'11 i''lJm'i l '11m! 'lJ'lJ'i11H1 tl'lJ • 
(Laminar) 

p = 8Lµy 
rrr4 

L = f111llt111'\Jfl'l~fl 
I <!f II] 

µ = mf1111111u~'\Jfl'lf11'i mi;i 

v = mml'l'if11'il'11J;l 

(2.1) 

f11 'i i '11 J;l '\J fl 'I 111111 \91 'i '\J fl 'I '\J fl 'I i '11 i;i !! 'lJ 'lJ iJ 11 \9l ! U ti 11 (Newtonian) 11 ~ ! ii U 

Bl'l'i 1ri1u 'tlfl'lnl~'I ~'\Jfl'I f fl'i1'tl fl'I~ fl'11 ~ fllf u ~'11u11'1~'\J fl'I~ fl 1~ti~11~ !:Wi1nn 1 vi11~u '\J fl'I f fl'i1 

'\Jfl'ltt1~~ (Nozzle) 'lffl'l'Vll'l l'11J;l!!J;l~GJffl'l'Vll'l!.,rl ~'I 11~'111~1'\Jfl'lf111ll!!\9lf1~1'1 l 'W fl\9l'ilff1'Wf11'i 

" i '!1J;l'\Jfl'lt1HH1u1.,r1 i ul u i1;'W 'll'W 
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fl111Ji'W~\TtlJ!ffrJ t 'Litt'1Bf111lJ~l'W 'Yll'W'UB<Jf11':i tlHl'il~!fl~~u1nw ·mu "1 viB 

Ji Ill_ I "' I Ji ?1 ''1. I "' I ?1 d 9) 'I 9) 
C]f<J 'ii~ 'U 'W l'W tlJ nu 'YIB C)f <J 'ii ~Ill 'W nJl?lllJff ~ ff1'W 'UB<J fl 11 lJ rl11 'il~! ll'W !'tt \Pj ~H'l 'YI 'ii~ l?l B<JB Bf1!!1JU t 'tt 

'lfB<J'Yll<J t m'l~ijf111l.lmTW BV~ff~1vi1~'il~11'.l'W t tJ t~ f111l.li'W ~ 1 rt u m':iQ ~'il~fftlHffrJ t tJ1~ri !:Jij 
q ~ u 

tJ'j ~ lrJ'lftJ ffl'tt i' u'lfB<J'Yll<J~ rJ11!Hl~UflU fl111Ji'W'UB<J!fli B<JQ ~ij,rBfll'tt hi~ 1 ~W~fl111Ji'W~'1~rl<J 

'UW~~ t 'ttf;l t 111 'W'lfB<J'Yll<J t 'tt'1!!~1 '*fl111Ji'W ff <Jff~'UB<J!fliB<J 1 'W f11'jQ ~rll<J! ,rl t 'Lil 'W ~1uii~l.lvi'urr1 
~ q 

rJ'<J !iimm':it1~'il~'lf'W~m <Ji'W~mrnffri t tJJ u i<JtT 'W ~<Jf11':i~'il~utll 'U 1'Wm':i1~1.l'U'W 1~'UB<J!~'W Hl'W 
~ u 

<f I "I I "I 9} I-=> <f 9) -=> ~ d1 ,,M 
fl''Wrlf1'11<J'lffl<J'Yll<J t 'tt'1U'1~'lffl<J'Yll<J !'tt '1!'U1UlJ'V'llJ'V'I U'1~'il~l?lfl<J'V'l 'ill':iW ltl<J'U'Wl~'YI 'tttu'Uh! 
~ u 

l jJ ,, I 

fflJf11'jfif1ri11mifo 1 'W 'jlrJf;l~!flrJ~'UB<J'liV<J'Yll<J t 'tt i;iu 'W ffllJl'jtJfi'il~U 1 t 'Lil '*1~ 
. " 

nu'UV<J t tti;ifi tii1'lf'UB<J tttm11JU'WV'WiJ111?11uri'W (Non-newtonian) ~1BV1<Jf111lJ'ttU~'UV<JVNU'W 
~ I Q.I Q.I t!t, '1 O t!t, ~ ~ I Q.I Cl.I t!t, <!!I QI 

'ii~ 'U'W flrlf1U fll?}'j 1f11'j m B'WUl?l 'W f11'j f11'tt'W ~ fl111J'tt hi ~'U B<J m <J 'W 'W 'ii~ 'U'W flrlf1U fll?} 'j 1m B'W 'tt 'j Bfl\?l 'j 1 
~ ~ 

'JI " " ' 

m':i t tti;iu'Wrn<J i<Ju'W 1 'Wm~u1'Wm"JQ ~m<J m':i 1 '*ffl.lm':iu'W 'il~ijf1111Jti<Jri1nfi'il~i11t111 u'Jf1<J 
q 

fJW'tt1Jil~~vri "1 !~l.l~'W 'il~'Yi11ti'f111lJ'ttU~'UV<Jm<JtT'W\T<J~'W f1111Ji'W~~Bri "1 i;i~i;i<J1'W'lfV<J'Yll<J 
t 'tt'1 !Hl~!1'.J'Uf11':irllf1~fflJf11':inUm~U1'W f11'j t 'tt'1UUU1l'Wib'W 

~ 1VVH'UB<J'V'lt)~ m ':i l.lf11':i t 'tt'1'Ufl<JVH~!1'.J h!U UU 'W VU iJ 1 ll?l! u VU (Non-

.Ji ·19)9)1~ ,J,,,,M "I ""1"' ~ "I d ')I 
newtonian) CJf<J'il~'Yll 'tt!'Ul 'iltl<Jfffll'V'l'Yl!f1~'U'W'Ufl<J !'tt'1'W1 l?l!'Wrl'W'W'W'il~ !'tt'1UUlJ!':irJUfllrJ th!'Ylfl 

1
9) °' <Vd,,M 019)°' I 1 "I d,,M "I 

irn~ 'lff111lJ~'Wl?lllJ'tt'1<J!'V'llJ'Uh! 25% 'il~'Yll 'ttBl?l':ilff1'W 'Wm':i mm'V'll.l'U'W 25% 'UV<Jm':i mmmu 

'Wfl'WtJ1 ll?l!UrJ'W (Non-newtonian) tT'W'il~'Yi11..1'-5m1m':it'ttm~m1'.J'W 40- 50% 
I 

I '°' !ii 2.4.4 'lf0<J'nH1<J':i0l! (Hot runner) 

1 1 
9) 9) 1 ~ 1 I d, 9J 1 w llJ_ I 9) 

'Wf11':i 'ttfl11lJHl'WUf1!'WflrJN (Compound) h!'lffl<J'Yll<J1<J':ifl'W ~rl'Yl1 nJU'11'il~ 
jJ jJ 1 jJ I 

Vl<Jr11<Jri1'Wu vvn 1 tJiijmff~ 'ilm~u1'W m':i u~u 1<Jnm'il~'Yi11..1'1n~nn~~'UB<J1fl'£J :Jf'W ri1<Jfi1?11m1rr1 

f-.lffl.lnrndvri1<J~1,r1m 1ttii1 'Wm':i f-.l~l?lf'lf <J~V t tJm£Ji''Wri1<J~~~1,r1 t 'Li'lfB<Jm<Ji<J~V'W 'il~11'.lu,rB 
d _ f.! °' o 19)-=> d 9) 1 I ~ .J d "I_ I I ~ 1 

rnm11WU'ttf;lf1 "1 !'V'l':il~'il~'Yll 'tt!f1~f11'j!ffrll?l'W'l'Jh! 'W\J'1fll'UB<J!'Wflrll<J'Yl!ffrl tlJUl?l'il~!!f1 t'U ~rJf11'j 
jJ f I 'jJ I 

n11l~1uBm<Jfi~~vtivBn t 'LinB'Wfi 'il~'Yi1m':i f-.l~l?lf'li' <J~B t tJ 1 'W ':i~UU'YI l<Ji<Jmm':imill rirnfi vu t~ 
~ 

num':i ~ wJ 11 'W vivtJ "J~tJ11~ rinn t 'tt '1'U v<JJ 1~mn "1 'ii~ t 11i;imri1'Wvivmfn~<Jij'U'W1~ l tt aj 

! ill vu t ~ nu'lfV<J'Yll<J t 'tt m,rl ui;i~viB'tt tl'n~!~f1f;l<JlJ1~ 'ii~~ w 1..1' nu U~f;l ~ Ul'W! ill rim Yi vu t ~nu 'Yll<J 

i<Jtttl'n (Primary runner) U'1~U'ilf1~lrJtiJ1?111Jvifl':iflU "1 !~fl~'il~~w1-tt'Ul'W!!~'1~'tttl'<J'Ufl<J'Yll<Ji<J 

':iB<J (Secondary runner) 1rn~viB'YIN1-unri1'Wu1millrirnfiriut~nu'lfv<J'Yll<J!,r1(Gates)11'.lurl'1iu 
I I !)/ d QI lq !)I 1 I I ~ d'd d ~ d 

l?lBm 'MB<J'Yll<J!'Ul'Yl'Li"JU t~ (Adjustable gates) 'WUl?l'1~UlJ'V'llJ'V'lu~'YIBflf1!!1JUh!'W'il~lJf11Hlflf1UUU 

B'Limwffrnf'll.lm':i 1tti;i'Uv<Jm<J~'il~1,r11 'Lil u"J'Li'Yl'j <Ji'u<J1'W1ill rirnffijB'WnvnJ1~ffrnf'llJm'j 1 tt i;i 
q q cu q 
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,, . 
~,.-d Q.J '1 d QJCj) •o& CJ) o 

'W tl'W 'W 1 1191! 'W tl'W (Non-newtonian) 111:1 nm':i 111:111~lJfl11 ll CJf'U CJftl'W mn n 11'W1 9f .:.i 11~l'ltl.:.l'Yl1 nn 

t1t1nu'U'U'lft1.:.im.:.i~.:.i~cif'U~t1'W n11 1~mZ1 '1 u11~t1t1mm'U'lft1.:.im.:.i~.:.i~m1w~1.:.in'1ll11~ti1 fi1.:.i ~.:.i 11~ 

/:i'----l> SE CON DA RY 
RUNNERS 

11'1 au'J ~ ir .:.ifl''l u ni'it1 tin!! 'U'U'!f ti.:.i'Yl 1.:.1'1111:1!f7ti~11~'Yi' 1 'l ,r! d ti t11.:.i '1111:1 ! ~i '1 u'l 'W • 
'JU'Yl'i .:.i;f'W.:.ll'W 'tl'fl.:.IU~~ll...;'Q ~ i u ~n11w~~Vl~ tilltlmf7ti~ 11~'Yi' 1 'l ,r!d t1t11.:.1J unirm1~~mljt1'W tl'W .. 

I 'I I d'I !i/ !i/ 'I '1 'I !i/ o'._, '1 
l'.!n "l ir1u 1'W"Jf1.:.inm'Yl mfl11mt1u !'Wmrntim!'U'U':i~'U'Um.:.i 111:1111ffll~'1t1n'W'tlt1.:.im':i 111:1'\Jti.:.i 

!d t1t11.:.1J 'W! ~ u ~ t1n111 u ~~ rl1fi ruu1:1~! ~ u 11'1 au ':i ~ iY .:.i fl' 11 ~ n 'l u n n ti ti nu 'U 'U 'i ~'U 'U'!f ti.:.i 'Yl 1.:.1! ~1 1 ~ t1 " . . ,, ,, 
nti.:.ifl'u'i~nti'UB'W "l !'!fu fJW 11.Qlitl''W 11~nr-J'1m~'Yl'U~t1viq~m':illm'i '1111:l'tlt1.:.1!i'1 t1t11.:.i 

2.4.5 vo.:.iriHi'mmumuu (Cold Runner) 

'lfti.:.im.:.i '111'1U'U'U!g'W (Cold runner) m':irilm'Ylfl11ll~'fl'W'U'fl.:.lf11':i '111'1~'fl.:.lf11':i 'l ,r 

m'i '1111:1'\Jtl.:.l'flW 11 fllimt1 'l ufiti'tl ti.:.! 'lfti.:.im.:.i '1111:1U'U'U!g'W 'tl'fl.:.IUH'W 'lft1.:.im.:.i '1111:l!g'W (Cold runner) . .. . ,, . 
~ .:.i 11~fl 1'Ufl lJ t1w 11flli'tlt1.:.ii1a ~'lfti.:.im.:.i '1111:1u'Urngmrn~i1! i'1t1t11.:.1ur-luQu1u ':i ~ 1111.:.i t1w11flli\9\'1 

q q q,i q qJ 

tl'rn!r-lu ~nt1w 11 flliir .:.i~.:.i 11~nmr 1~'Yi' 1 t ,r 'lft1.:.im'i ri1m'Ylfl 111J ~tiu U' t1t1~iY~ 'j~11 i1.:.i iYti.:.i ur-lu u1:1~ 
q q,i q,i q 

'lfti.:.im.:.irn'U "l i1a~ 'l u'lft1.:.i'Yl1.:.i '111mmrng'W ~.:.111~'Yi'1'l,rfl111J~t1uri1m'Yl'1111,r111a ~tl't1t1~~~ 

1~t1~UH'Wfl11ll~ti'Wff .:.111~ '1~i''Ufl11ll~ ti'W 1~ t1'lf~ t ,r fl11ll~ti'W 11~~! ~t1ll~t1tl'm~mif t1t11.:.1~11~ .. . . 
'1 

!i/._, !i/ '1 I '1 !i/._, !i/ "" ~ d !i/ I 

~':i'Ufl11llrn'WU'1~ lJ ~':i'Ufl11llrn'W (Uncured-cured material) 11~!f1~'\J'W'Ylil'W~l'W'1H'Utl.:.I 

111a~ ~.:.iuiY~.:.i'lumvi~ 2.14 



; 

Dowel Pin 
& Bushing 

Cavity Part 

...__ ______ Flash & Tear 
Trim Gate 
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'QW'HtJilif~u:Jvh.1~rn11 "l ~~'lftM'Ylv1imu,Y1u~mh~i'Jnml.ll'Wm'J1u~u:JVl"~fld1n1~1~1\911 

-r~flW 'H fl iJ 'ii~ i:J-CT1m'Jt1 l'l';i1'ilfffl1JflW 'H fllJl'lfl'W ff~~ ltl, l(fldHu:J'W rll i~J 'W flW 'H fl ilff~..r1 ti~~ 
q cu q cu q q cuq 

fll'H'W~ l ttt~'Wfltu'H fllJ'trn~id flt11~ ! m~u,Y1!111 'Uu:JV!l.l~ u~~fll'H'W~ l tt~1nnt11ri11l.l~fl'W'llfl~ . .. 

if 'ii~ tl'llfl~ 'lffl~'Yll~ i 'H m ,Y1~ri 1'JVl 'ii l'J w 1tl~ 'U'W 1~~1~n~ rrl t1nrn~ 'il~'l'i' 1 i '11'1 d fl 

\J] j/ lfJ lf] PI ..:::! QI d d d d I ll] I O d jl I ~ d 

t11 ~ 1'Hm'lJ1 1 iJ 1~1~1 t1u~~ "~ n11w~'Yl111 'W 'J ~m t11J'Yl u 'W 'W fl'W u~~ 1mrn 11 'W l'l fl~l'ltl!!l'l ~ 'lf'W ~ l'W fltl 

mr~ 'i11mff~ 'il~'W m ~111'W m'J l 'W m'J fl fl mi 1111'lffl~'Y11~ ! 'H m,Y1J'Uri1'J 'ii~ i:Ji iJ~ H~m~'Y111n11 

9' ,£ 'I '"' o' 9' 9' ... 'I 11] 9' llJ.l'I l'lfl~tl1'J'llfl~'J11'YIH'll''W~1'W 1'W!!lJ't'll.IVrn~~'il~l'lfl~fffl~fl~fl~tl1J'J~t1~11~1 !'Wtll'J mm'U1 rn rn .. 
11:JVI"~ 'lffl~'Yll~ i 'Hm,Y1ri1'J~'il~~ri11m,Yl.lu~~~'t'lfl!'Vlt1~~i'rn1'J ~'llfl~tdflt11~ l 'W fll'J ! 'H~~~'il~'l'f 1 

l ttm'J i 'Hm,Y1 i iJl 'Uu:JVl"~J'Wri~~1rn~'J1~1~ 1u~~ 'il~~~n11w~11'.l'UuH'W rn~ "l ~~m rt fl~ u~~1~ 
fl111J!!~~!! ';i ~ t:J't'lfl!'Vlt1~'il~l'11 l tt1d fltll~~!,f 1 i iJ~~tl'hl W~~!1'.J'U ~~'H~fl!~'W nfl'W ~~ 'il~l'11 l tt!I( H~ 
H~l'l 1:J~l'Wm~1J1'Wtl1'J H~l'l Y1u1i~'llfl~'lffl~'YIH i 'Hm,Y1!~enf1111'11~1'11 l tt~~'W~'Hu1\91~ 
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'1 
I ~ o'd. ~ O G) 3) I '1 3) .c! d d I O 

eHJfH!1J1J'Yll~ 'IHl'llfl~!!ll'VnJl'll! ~f.llHJ 'U 'il~'Yll i l'i<Jj'fl~'YIN Yi i:U'lllll'll'U l~'Ylnlf1f1fl'Utnl~'Vllf11'.i 

" 'Yl~"fl~'il1 ~u~1fiflrJ'llrJ1t1'll'Ul~'llfl~ifl~'YIN '1 Yi i;u.,r1\91111'fl11mY111 l~ffll ~~iru ifl~m~ '1 Yi m.,rl'llfl~ 

I"" o' "" ~ ')) "" "'"" .Ji '1 ~ d ')) '1· I i "I u11'Vl11vm 1J1Ju ~ u u 'il ~\91fl~11mrnflnu1J 1J 'YI~ CJf ~ n n 'Im 'll fl~ tu fl rJ l~ 'YI 'il ~ 1 'll l JJ m rJ u i JJ 'VI H 

~u ~1uJu 'il~11'.Jum1'1vrn1~rJf11'.i~ ~1.,r1u 1J1J~mrt fl~ 1~£11 u m1 !~fln'lffl~'Vll~ '1 Yi"'llfl~u~'rl11~~ ~ 
" . 

rJNU'U'il~TI'il11un'1~ ~~irn~~iuml'I~ 2.15 

.. ~ 

._ .... HGll•rOtnl 

Maul4 CIWllr Mould cavity 

Sectlan ·xx· 
Fen~ 

Sedlon"YY' 

'"" .! 2.4. 7 UU'U'l.ltl~Ull'Wit'W (Mold layout) 

....... _ 

• Round 

"-'•pol 

!! 1J 1J'll fl~!!~Ylll.WJ 'U 'il~~ fl~Yl 'ill '.i w l~~f) l'.ifl flf1!! 'lJ 'Uffl'11 ~ 'U'.i iJ'YI '.i ~ ~'U ~ l'U, 'U 
"' 

1..:::::i, o' G)jl rJJ Jt. .::.!t QJ Q,I ~ 
!!ll'Vlll'Vl (Cavities) 'lj~ !'11'fl1lllrn'U (Heaters system) !'flrn~llfl1~'.i~~1J~Wl'i.fJll (Thermocouples) 

~l!!l'IU~'llfl~ dowels u'U1'U (Insulation) 'lfti~'Vll~~ltlf.11~ (Sprue) 'lfti~m~'1'11" (Runner way) 'lffl~ 
j} fj} I I G) d 

'Yll~!'lll (Gates) 'lj~f1'.i~l'J~elelf1 (Ejectors) <Jj'fl~i'lll (Air vents) <Jj'fl~ !'Uf11'.iuf1'lll~ (Fear off grooves) 

!nl~'.i~1J'Ufftlltulf1lfl' (Vacuum attachments) 
"'"" 
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-• d: .. • .... 
2.4.8 UU'U,,tl'IJU'fl'a'l'lf'U'll'U.fllmum.J'VO.J'W (Cavity layout) 

i/ t i/ I 

u 1J1J'IJ-CM'.i iJ~u ~l'U fi~tl' u 'il~l'i'o~~'ill'.itu 11~am'Yi1~ mil~~~ ~l'U 1u 'IJ o~ '.il1'Vl '.i ~ 
~ ~ 

~u ~luma'l um.i~:w~ !'Yl'.i 1~ 'il~l'i':w~1 'l umn1~'Vl'U~~ 'il~l'i'o~mfl~ff~!'Yil~'il~v\'1 i~ma 'l um.i~:w~ • • • 
& 'J) .C:t, 9 I .C:t, o'd 'J) d .. I ~ ~ jl 9 ll] 
CJf ~ 'il~\?l O~'Yl 'il 1'.i tu 1 i 'U fll'.i 0 Ofl!!lJlJ!!lJ'YllJ'Yl'Yl!'ttlJl~ ff:Wtl'1 ~\?lO~lJlJ '.i~ff'Vl 1i fll'Yl~ 1 ti i 'U fll'.i !'11 '1 'IJ O~ 

t11~!,r1 i iJ'l uiiJ'Vl'.i ~'\Jo~~u ~l'UflltJ 'l um.i~:w~J u l'i'o~ fll'.i i ttm,r1 i iJ'l uu~"~~u ~ 1u Ju 'l unm 

~luttil ~~1~ 61 l'i'o~!'Yi1nu V1?1'.i1nn i tt "l'i'o~!'Yi1nu 1 ~(J'il~l'i'o~v\'1m'.if1111fl:wff:w~" tl'IJo~m'.i i tt'1 • • 
I "' 

tl\?1'1~'.i01J'IJO~fllrn~ 

2.4.9 'aU'fl'a'l;1U~l'U.fllE.11umJf'h.J~ (Part cavities) .. 
'.il1'Yl'.i ~~u ~ 1um£J 'l u t1l.i~:w~ 'il~ t1 ff~~ 'l '11'! ~ u '.i iJ ~ 1~ '1Jo~\911rd o t11~~~ 'il~rl1fl'tu 
~ ~ u 

rlrn i'11fl11:wY1u 'YI 1u ~ om'.i !fl~ m1:wiu ~~ti" ~fl 11:w t1 l'i'u ~!fl~ ~u tt rl'~ 'il lfl~! do £JN i tt" ! ,r 1i11t1" ~ 
01 mff~fl~mtJ'l u t1l.i~:w~ nm~ il.i ffJ 1! ff:WO'IJO~fll'.i i M'1! ,rl'IJO~ !d 0£J1~ ~!,rl i iJ'l ut1l.i~:w~ 

"' ' "' 
mm'.itiv\'1 'li1'f'-lu~·lrn~iiJ'VIH~'U~1mn~~~ Yield point CM~f111:wttuTw 'il~ il.i'Ylo!YitJ~ 'l um'.i!~:W 

!~:u!d 0£J1~111£J 'l u l91'1!!l.i~:w~J u 'il~ 11011' :W'.i iJ 'Yl'.i ~~u ~l'U odf111:wttu l~'Ylo! Yi tJ~J u 'il~l'i'o~ 'VI u 191 o . ~ ~ 

fl11:wttm~1ff~od~ o.875 d'1 ~~'il~t1u~ih'li1''l6*nrn!l.i~:w~\91111u i1t1l.i~:w~ . ~ 

"' ' ' iT u 'il~l'i'o~nfl11:wY1u mu t1'1~'Ylu ~ fl~1u 1u '.ifllJ 'l u m'.iv\'1~1u fiff ~CM~ 'il~l'i'fl~nm'.i u n ~i' n1111?11:w 
~ . 

'.i~tJ~nm~rlrnu ~!rn~fl~fll1'.i~flfl1Jf111:wrl1fl'tygu 61 i~t1ri iiJt11111'lufll'.i11~'\J fl~l11'VIHfl1£J 'l u 
l.C:t. ti el .d 9 ;f 9 la& rl 

tllJ'YllJ'Yl (Cavity layout) !!'1~'Yl'U'Ylfl1£J t'Wl11'VIH'\Jfl~'lf'U~l'U t'UtllJ'YllJ'Yl (Cavity spacing) 'l'Ufl1'.i11~ 
Q.I ;f G) I .C:t. ti I ll] 'J} .d llJ 'J}<!!f 9) .d q 9) Q.I d 

il1t11J1J'IJ0~1?11'lf'U ~l'U i mm'Yl:W'Ylt1'1~'lffl~'Yll~ t'l1 '11?1o~mrn'1'YI 'il~ i~flfll?l fl~fll'.i'YI 'il~ m fl11:w~u'YI 
' "' 

m ~ 'il w\911~ fl'U ,rHfl ~fi 1~£Jm ~TI1\?lllJ'll11~ ntJTI'U f:i1'1Jfl~t1l.i~:w~11'1!1w '.i fl tJ~fl'IJ fl~ t1l.i~:w~ 
a.1.db]•ll]9' d ~'J) .d oq'J) 1.a:i. o'cJ .a:i. <2.1 Q.I .d 

(Parting line) fl1'.ifl'.i~'ill£J\?11'YI tlJ i~iiJ lJ!!'U1 t'UlJ'Yl'il~'Yll t'VitllJ'YllJ'YllJfl1'.i!iJ~l?l1flflfl'illflfl'W'YI 
.C:t. I & O G) 'J) .C:t. ,c:9 .d.a:i. llJ 'j) I .C:t. Q.I ~ d 'j) 

lJ'.intu'.ifltJ\?lOCJf~'il~'Yll imfl~fll'.iffflM'.ifl'YIHd i~ !'lf'W !fl~fll'.ilJ'W111'1J'W !U'U\?l'U 
I 

QJ ~Vo te:ir. J 
2.4.10 1tf~'fl t'lf'fllU'l.J'W'l.J'W 

~ 9 'J) Q.I .d 0 '.C:t, o'd. ~ 'J) 0 ~ & .C:t, de! ' 
fll'.i rn fl fl i 'lf1ff~'YI 'il~:w l'YI 1t1:w'Yl :W'Yl'i! ~ u u 'il~l?l fl~mu ~ti~~~ 1m1 \?I 'VI :w mnn11 

I a:t. r/ Q.I I a:t. o'& d & G) I .C:t. o'e! ~ O <)' ~ ll] & d 

t1:W'Yl:W'Ylfl~!rn~t1:w'Yl:w'Ylfl~'i!~cif~ i mm'Yl:W'Yl'i! ~uu 'il~tiflflltt'W~ i~m~ou i 'IJ'llfl~mrn11Jfl:W CJf ~ 'il~:w 
~ . 

fl11:wiu~m fl tu tt nii~iY ~t1'1~m1:w~'IJfl~ iCJf!~'1m'.iv\'1~1u ~~!iflu i 'IJi~n~nd 1l~v11 'l '11'!n~v1?1'.i1 cu q cu cu 

iYfltt'.ifl~~~ 1~m'i!'Yl1~~~1flq1?1'1Jfl~'IJfl1Jt1l.i~:w~~m!~fllJ~flfl'W (Parting line) i~Ju'l'Wfll'.i!i'lflfl 
m ~fl~'il~tl 1mv\'1t1l.ifl:w~Ju 'il~l'i'o~nflwm'Yl~ff ~~~'il~v\'1 'l i1'!fl~ f111:wl'i':w~1 'l u m'.i'1~'Ylu 'l u m'.i 

q cu q q 
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~ ~ . 'I '"' <f "' ,M .I '"' <f 
fl11l.l!fl'U\9lflfll~ (Residual stress) t 'U!lll'VUJ'VHI~ !fl~ 'illflflll" 'U'U l"IJ'U tl~!!ll'Wll'W 

"' 
~ 'j} d ~ ~ gJ I~ ct' <!!t d g} 

'ttl"t1m~'U1'U mn11~fl11lll"tl'U'Yl!fl~'ll'U \9ltl'U 1n l~l!ll'Wll'W 'tt l" tlfll'J 111 mmu iJci~ 1m~ff'J1~mt11 'W 

d I "' d "' 'i' 'I "' "' ~ ~ I ,M .I '"' <( 
'Utl~!'HClfl l'lf'U fll'j'j~!tl'U 'ttltlfll'J tm~tl t'Ufl1ill'lJ'eMflU!fl~fl11l.l!fl'U\9lflfll~fltl'U'lJ'U'JlJ!!l.J'Wll'W ... 
~ .d ~ .t:\ I ~ f~ r/ t ~ ~ d 
fltl fll'Jl'Wll'U'U'Utl~tltl!'ttfll.Jtltll~ff~'Utl~'lf'U!!l.J'Wll'W !'lf'U flU!'lftll.J flU'lJ'U'JlJ !!Cl~fll'J'lf'U!!'U~ 

q QI QI QJ q 

(Hardenning) 1'WmW'lltl~fl11lli'U~!fl~'illflfl11ll~tl'U (Thermal stress) ~~'il~'Vi'1iM'fl11ll!!~~l!H 
• 1d • I II]. I d ~ & 0 'I ~ I ~ ~ ,M 
!IJCltl'U!!IJCl~ rn!Clfl'UtltlC)l'~'il~'Yll t'ttfllfl11l.l!fl'Ufl'Jlfl (Yield strength) l'Wl.J'U'U 

"""' d"""' d .,~ ~ ~ ,% d d 
11ifll'j Subharmonic stress !tl'U11ifl1'J'Yl'il~'Yl1 'ttfl11l.l!fl'U\9lflfll~'UCl~Cl~ !'HClfl'Vl 

Gt r;1 o • ~ tld. ~ 'j} ~ d d ... I .d ... I ... I d d ~ 
i 'lf'Yl l!!ll'W ll'Wl! ~ t11~ 'U 'U \9lt1~ fll'j 1 'U t1m Clfl'Yl ff~m~uci~ lJ 'J 1 fl''illflff ~lJ cit1ll1J'U i 'W1'Ulci fl 'l 'Yl 1 'U t1 

d I ~ ~ .d I 'j} I~ rid I & ~ I 

m Clfl (Porosity) l!Cl~fl11ll'Ufl'Wrn~ tl'U 'l C)l'~ 'il~ll HC1\9ltlfl1l" ff'J l~!!ll'Wll'W! tl'U t1t11~mfl C)l'~ 'il~'U'U ti~ 

tl'Ufll'J!~tlfl!'tt~fl~i-M'H~\91 
G d I O 'l ~ G ~ ,M • lllJ ~ I G I & ~ i ~ 

!'HClfl'YlHl'Ufl1~'U1'Ufll'J'Vl1 t'tt!!'lJ~'U'U'il~'lJ'U'JlJ !~tllflfl11!'HClfltltl'U C)l'~'il~\9l'eN 'lf ... 
I~ d1 dd1 0G19}d~ ~ 'j) 

nmmflfl11fl1'J'll'UJ iJm Clfltltl'U lJ'J ~mru 28% m Clfl'Vl Hl'U m~'U 1'U fll'J'Yl 1 1 'tt u 'U~'U 'U 'il~'Utlll i 'lf 

ff~ 1~mj~m.f ~ ~ l'W l" 1~ 'il~ i M'fl11l.l'Yl'U 'Yll'U ~ff~ i 'Wm~ 'U1'U m'i ff~ 1~i'U11 'il'ilU'Ul!Cl~fln iJ ·foiJ'J ~ "' . . 
d~ I Q.11 & d Id G) ~ dd 

fltl!m'Wm Clfl'U 'U !l\9lfl\911~ 'il lflffll t1flt1'U C)j' ~ 'il~llfl 11l.lt11flmflfl11 fa till fl11lltllfl 1 'Um 'i 'll 'U 'J iJ m ci fl'Yl . ... 
0 G) 'j} 0 1-Q t1& 'j) Q.I 0 d d 0 'j) ·~ ct'<\ gJ 

'U1 m t 'lf'Vll !lll'W ll 'W C)j' ~ \91 t1 ~ m rnfl'hl ill~ 'il 11'W1~ 'lJ t1 ~ m ci fl 'Vl 'il ~ mmff'J 1~ !!ll'W ll'W i ~ tl\91t1~fll'Jfl11 l.l 

J'Ufl~!!Cl~~1t1i'Ufl1'J !~t1l.J1J'J~ffl'Ul'tt~fl ~~m~fl NAK 55 flltl'Ufl~llf.}ill ~fl'hltl!~~~tl~fll'J'lltl~ 
d 

!'HClfl 4140 !!Cl~ P20 

m ~fl'U H'll'U ~ ffll.Jl'j tltJ lll 1 ~l'U m 'j lJ n 'Vl l~fl 11l.J~ tl'U! ~tliJ~ 'U iJ'j ~fill ffll'lWI • • 
& o 'l ~ G ~ ,M I ~ ,M G ~ "' "' "' ,;j "1.1 i <> 
C)l'~'il~'Yll ! 'ttfl11ll!!'U~!'Wll'U'U !!\9lfl1'J !'Wl.J'U'U 'Utl~fl11l.J!! 'U~'U 'U 'il~lfl~'illfl'U l" !1tl!H1ClflCl~ rnflltl 'U H1 

'Ut1~11li~llvi ~~'il~~tl~fll'Jfl11ll!!~~~ij~fl£Jtl!~fl~~1'Vi1 'l tl'U\9lcit1~ i'WlJm~i'U'lltl~fl11ll~fl fl11ll 

d 1~ ct'~ I Gt 'j} ~ ~ d Gt I~ r/ I d oQo ~ & 0 

!!'U~ff ~'\Jtl~lll.J'Wl.J'W'U'U 'il~'lf1tl t'tt'lJ'j !dill 'W'U'Ylflltl t 'U'Utl~l!ll'Wll'W 'il~'Yl'U \9ltlll 'j ~fl~'Vl!fl~'U'U C)j'~'il~'Yll 
"' 

'j} ~ Q.I ~ & ~ 0 I~ r/ .d O ~ e:S dd 
1 'H !fl~'j tltll.J'U 111'U'U C)j'~ 'il~ !fl~ 'il lflfll'j'Yll~ l'U 'Utl~!!l.J'Wll'W ltltlfl~'Yl 'il~ 'Yll!fl~fl111Jfffl'tt 'Jtl'YJl.J'jtl ti 

tl''U 111J 'U ci'1'Umfl 'il~!fl~'U1 nru ~~~ 1~ 'U 'Jt1t1fl~'llt1~'U 1 nru ~'U ~ 'l l~'U ~~1flq1911 milifim·i~ i -M' 

ii ' ' ii ' 

m~m:itJ'U i'W fll'J'Vi'l~'Uci'1'U!!li~l.J'fi i'WflWn'il~Cl~'J t1t1lf 'U 11Tnlfl~ 'illflfll'j fl~U 'U 'il~~lfltyl.Jlfl ~~ 
O 'l ~ 'l ~ I "' <( ~ ,M I 'l I ~ 'l ~ "' G 'l O I "' <fd 

'il~'Yll t 'tt tlltlflU t 'lf ~ l'U!!l.J'Wl.J'W'U 'U ff ~'U'U ff1'U t 'tt ill!! Cl 1'il~ t 'lf'lf'U ~'U tl~!'tt Clfl ! 'U fll'j 'Yll!!l.J'Wl.J'Wl! ~ . ... ., 
& ?1 I O Q.I 

\9111J American National Standards Institule (ANSI) C)l'~ffll.Jl'Jtl!!tlfl!IJ'UflClllffl'tt'J'Ufll'Jtltlfll!'U'U • 
" uli~ll'W1~i~il 
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0 Q.I Q.I I~ d'.d '3) 

(1) 4140 mi~ 4130 Alloy steel ff1'111ll\911U1J'VOJ'Y'l'Yl\9ltl~tll':i"fl111J'Yl'W'Vll'W 

(2) 420, S45C mi~ PIO Tool steel rlrni'llJU'VIH'\ltl~~'W~l'WlumH~m{ 
" (3) H13 Hot rolled steel rlrni'11i1i'W;'W~l'Wtltltl (Ejectors) 

llJ. '3) g}Q.1 O I I.II!:\ d' '3) I~ o' <V I 9 d d' 
!l'Hlltl~'il~ 'il1'11'W 1mrn~m\911il 1'W'Utl~U1J'Y'l1J'Y'l!trl~tl11ff1HU1J'Y'l1J'Y'l \911tltl1~ ! 'Wt'l1 ~tlfl11lltl'W .. .. 
mm111~'il~mfonzj1Juum1'.lu 3 nzjll i~mi 

(1) tl~1J~iimf 11uuJ1 (Low carbon) iimf11uu i"lfl'W 0.35% • 
I .dd d' ... I d d' & 

(2) mJ1.l'Vl1Jfl11lltl'WIJ1'Wtlm~ (Medium carbon) 1Jfl11lltl'W 0.35% t1~ 0.5% 
I d.c:i d' d r/ .f!!i 

(3) tliJ1.l'Yl1Jfl11lltl'W\J'~ (High carbon) 1Jfl11lltl'W 0.5 t1~ 1.0% 

Q.J ~ "' I I i I ~ o'd ~ "' I ~ Q.I d' '3) 
~~ u u fflll 11t1ff1IJ11 um~ 111u mm e:im1111J111J'Y'l1J'Y'lu ~'IJ u 1 IJ ~~l'lflW C}'1 t1H'il~ \91 u~ . .. 

ufrVim{ nn i-H'fl111J~e:iu11nu"'Vill~ 'lfu~m~ i 11~'1Je:i~t11~1'1i'1 i uu"'Vill~ oiu~m~i~~uu oie:i~m~ 

i 11~u 11rn~u 111J11'\Jt1~u"'Vi1J~ 'lfe:i~~1Jmt1i uu"'Vill~ ~~ 'il~d ~~~~e:imrnum111rn1"V!1J~ 
1 ~t1i1 i uu~1m1 uumm11u"'Vill~~ ~t11~'1Ju~ r.ru1~nu11m1iumfltil'lmttm11.l i u u 1 ~1 'VlrYi 'Yl t1 .. . 

u"'Vill'Y'l1 ui oN~1u 1 ~t111 rl'nm1 i u m1uunu1111u"'Vill~'il~~u~ ~~ttrl' nmrnu nu 1111 ~\!n~u~ ~~ 

mm111mufl11llff'll'W'u.fiium~111um1uum11111u"'Vill~ i~uiY~~ium'Y'l~ 2.16 • 
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Details of mold design 
General items: size of order, costs, delivery dates 

·- Part: geometry, materail, apperance, 
Tolerances, strenght & other properties 

Machine data: 

I 
- Number of cavities :::1 
::1 - I - -~ 

Cavity layout :: ::: 
::: -::: . 

I -- Number of parting - -~ 

lines -~ 
I 

Dimentions of cavity, -- rough 

I - :: - Sprue & Runner - ~ -~ , 
~ 

I - -:: Gates : - , -
I - -- , 

Cooling system - -::::. - -
I - -- Mechanical design 

, 

- -~ 

- -- , 
I . 

Exact activity - -- : - dimensions - , - -- I - , 
Ejector system -::: : - , -. 

Leader & alignment -.::. 
system 

-
::: Venting 
. 

I 

Mounting options 

.d QI Q.I cl '~ ti 
.fll't't'fl 2.16 fl11lJ"1'lJ'Vl'U1i'Ufl-:Jfll'HlflflU1J1JUlJ'VOJ'Vl (Jonas R,1978) 
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v..; 
2.5 'j~'lJ'lJN!'Uf.11'1flf,\J 

... u 

'j ~uu ~1;t11'lf1w1ilu ffl"u1ve:tt1'1J u~1f ww1tl 'j~~'hl ~ 'l <H'l11t1 'l u fll'j ff'j tltt1f11\9le:tU'tt'1 v 
cu u u u dl9 q 

!Int 'IJ1J t\J'tt 1m 'V'l l~~l'W ~~ nn un1f tu'tt 1 'l u el~\9l~el~ ellfftl~!;tl1'lflt\J~!ilmrn 11rJ!'Yi1Ju ul'i'l u u u cu u q 

1f 'il 'iltl''W!llff1111HlU lfl11ll~~ t~ 'illf1tl'j ~ ffUfllHU 'UV~ ~!;t11'lfltu 'YI~ e:t'illf1~n11111nu t fl 'W 
q cu cu u 

1 tlrnm1mm.1Vi11\9lei{ ~~ t1ni1'j~1Ju~1;t11'lf1tu ~~ 1 tlrnnnn~uu ~1;t11'!f1wd 'il~aitl iN'jtl'IJe:t~ 
cu u cu u cu 

31d II] ~ 31 l'l - 'd I I - ' ,,; 0 II]_, c:J II] ~ 31 
fl11l.IJ'Vl !~!'YIU~ !'WJu'Vl~ltl\9lelfll'jlJ'j~lJ1J;Jf-HU'V'IU'Wl !1J!f11J L1 !'Wilh!fl11l.IJ (Knowledge Base) 

!;'I v..; 
2.5.1 fl1UUu'U'lll'IJ8~'j~'lJ'lJ~t'Uf.11'Ulty (Expert System) 

trleitJ fl.fl'.1963 uni;i (Newell) t~l'llflllff'Wflll!~V'l11Tifll'jeJeJf1!!1J1J'j~1JU 
31_<>f 0 ., "' .. .M ., ~ 31 

mrnnutu'ttl (Problem Solving System) ffllf'j1Jfl'eJlJ'V'l1!\9lel'j'IJ'W 'ttM'illf1'WU\91U!!1J1J'j~1JU 

31 d <9 31 .M I -;;'I II] 31 "' 31 d .M I ., "' ., 'l 31 
Ht'lftl1'lfltu'il~tlf1ff'jl~'IJ'W ~rnmu fl.ff. 1975 1~!f1~'j~1JUHt'lW1'lfltu'll'We:tt11~mn 'Wf11'iltl 'ttfl1llJ 
cu u cu cu u 

'l 31 31 ., "' 31 
ff'W ! 'il~l'W 'VlH~l'W 'j ~U1Jfl11l.IJ (Knowledge) 'V'l\Pll'W l'Vl t]'hl f;j'UU~f1U !! ff~~fl11l.IJ (Knowledge 

Representation) ui;i~rl'IPll'W l!fl~ u~iju~ 'lf1t1 'l u fll'j !! ff~~ fldllJ f 

jJ 0 ~ d 
2.5.1.l fl11l.IJfl11lJ'lfl'Wlty'tt 'jeJfldllJ!'lftl1'lflty (Expertise) 

1) fl111.1f m11.1'111mty'tt~e:tfl111n;t11'!f1ty ljfl111.1tt111t1~ni1~ 1~t1mn 

'il~ttfo 'lut~e:t~fl1llJtlU~ 'l u~1utTu "l 'lle:t~~!;t11'lflty ~~ell'iltll'We:t~rlfl11l.lf t~t11nu~1'W ~ t~'illf1 
~ l/]31 I <!! -' o'31d <V <VC>'ll/]31 

mrnnuurn 1~'illf1fll'jeJl'W lf'jeJeJl'illJ1'illf1u'j~ffUflllW ~!'lftl1'1flty (Experts) lJf1'il~\9l~ffu 'ii 1~ 

~ni1~~ 1:Jljri11m;t11'1flty (Non expert) !!J;l~fll'j~!ll'il~rn 1'11' ~:Jljfl1llJ!;t11'lfltytT'W ~~fflJ 
_, .. "' 31 ,,; 'l 31,,. "' "' ., 31 d 'I -"' ., 31 'l 31 
u'j~ffunnw ui;i~t'jtl'Wlt'V'le:t 1'ttlJfl111.1mm'jm'Vlt1rnflt1~nuHt'lft11'Jf1tu !'Wu'il'ilU'W Vl'il\9le:t~ 'lf 

cu cu u q 

-;;'I <!! II] I "' 31 ~ • I II] 31 "' I c:l 11] 31 ,,; I 31 
!JJ;ll'Wl'W'ttJ;lltllJ lf'jeJ !lJffllJl'jf:l!'jtlh!J!!J;J~Hf1H'W !~!'Vltl1J!'Vllf1 !~ !Uel~'illf1fl11lJ!!\9lf1\91H~l'W 

• v 
Q.I '"J) d. I Q.I jJ d.~ 0 ~I 9) d. 

fl1llJffllJl'jf:lm m~UflflJ;l !!J;l~'Vlf11J~ (Skill) !l!'V'll~~l'W'Vl!!\91 f1\9ll~f1U ~1tl!'tt\9l'W 'ii~ 'ill!1J'U\9lel~lJfll'j 
q q 

Q.I d jJ 0 '.Jld ~ Q.I 31.d 
'ii~! f11Jfl 'JllJ'jfl'JllJ"lfl'W lt\J 'illf1H! "lftl16lflt\J t'V'lel'V'll'JJ 'W l'j ~uu HI 'lftld'lflt\J 

cu u cu u cu u 

2) ~!;tl1'lflty (Experts) ljfl111.1m1.1nt1~ni1ui;i~\9f~ilu'l'il t~1~1ni1~~ 
i:Jljfl11lJ!;tl1'1flty (Non experts) 

'J)d~ 1.d Q.I d 
2.5.1.2 'IJU!'Vl'il'il'j ~1Jl~Vtll~!f1tl1f11Jfl1llJ!"lftl1'lflty (Expertise) 

1) fl1llJ!;tl1'lflty (Expertise) 'il~ff1.1rl'uilnum'j'li'ff~i!tytyll~iu~~ 

ul'ini:J1ft1.1v ttlihwfouHfl'W (flu~ljff~i!tyty1~ lJ'n'il~ljm11.11;t116lf1ty: mmrn1~ IQ t~) 
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d Q.I Q,I cl Q.I Q.I cl 9) 0 

2) fl11ll!'lftl1'lflty (Expertise) '\J~fflJ'VfW1ifl'IJfl'IJtJ'lflfl11lJJ'ill'WTW:l.Jlfl 

31,d II] 31 "' 31 31 31 0 ~ 
3) fjl'lfV1'lflty (Experts) !l'l'illflfll'.il'.iV'WJ fl1'.ifl'Wfl11 '\Jlflfl11:1Jffl!H 

cl lj) 31 d Q.I d 
4) tJ'lflfl11lJJ'\Jfl'lfjl'lfV1'lflty (Expert knowledge) 'il~fflm'.ifl'ill'l!fl'IJ 

u1ttl'Hll'lfl1'.i mi~~vn 16*.:i1u 1~l'lu~~l'i'u.:im1 
31,d 31 "'931 0 11]31 

5) fj!'lfV1'lflty (Experts) \91tJ'lffllJ1'.itl!'.iVfl !'lffl11lJ'lfl'Wlty'\JtJ'l\91'W !l'I 

9).d ~ dd 9) .d 0 

2.5.1.3 fjl'lfV1'lflty (Experts) flt! 1Jflfftl'VllJfl11lJJfl11ll!'lfV1'lflty fl11lJ'lfl'Wlty 

9) ~I ct ~ ' 31.d ~ 31.d 
mm~l'll'W tll'\J!u'Wfl'W "'] !l'IV1 (Individual) 'Y!'.itlfl~lJfjl'lfV1'lflty (Group) fJWfflJ'IJ\91'\Jfl'lfjl'lfV1'lflty 

j) 

"' ., "' :IJl'l'l'W 

2) r:Thinm1rn;V1'lflty (Non experts) '\J~n~l'W1'W:l.Jlflflil~!;V1'lflty 

~1Vffl'lri1u 1 ~u 100 'il~1-ttui1~1u1uH'1;v1'Jf1wiiuuvmn i.:iJu~.:i~111'.lu'il~l'i'u.:inm1i'l'l1~u 
<u " 

o' 31 31,d 11]31• ,,f •ollJ.i'l31GJ31"".I "i' o'1 
tJ'lflfl11lJ'.i'\JtJ'lf-.ll'lfV1'lfltu !Jt!Vl'lfl'l'Vl'W()l1'.i !'Vltlfl'.i~'illV!!rl~lf-.IV!!'Vl'.i'Wl !U ~'lf !'Y!!fll'lu'.i~ !V'lf'W\91tl 

<u <u " 

' ~ :II :11.:f 
2.5.2 Afl1\iil1H'U0'11~'U'UN!'lfEJ1'lflflJ ... ., 

"i' 31 31,d "i' ~ 31 
!fl'.i'lff'.il'l'.i~'IJ'Ufjl'IW1'lflty (Expert Systems) !l'IV'Vl'Wil'Wtl'.i~fltJ'IJl'l1V 5 ff1'W 

~.:i 11'1vi11 tltti;lnm1~mnu'\Jun~uuH'1;v1'lf1w 'il~11'.lumn11u.:ifl'fl11:1J~m 16*1'11'1nl'ltl1~1v'lfu 
dB cu u cu 

:l.Jlfl~'W !~tJff~l'lfnllJ l~!lli V'IJ 1 'W!:}f '11i'.ifl'\J ~.:in'ff1'Wtl'.i~fltJ'IJ~'W iil'W'\Jtl'l'.i~'IJ'IJH'l;V1'lf~tu ~.:irl 
q "'9 <u u 

9) 0 ~ d 
(1) fl11lJJfl11lJ'lfl'Wlty'Yl'.itJfl11lJ!'lfV1'lflty (Expertise) 

(2) 11lnnriw 1 uu f111:1J~ 'ill fl H'1;v1'lf1tu m'il11 vni111'.lu nu ri .:i ~l'W u.:ifl'fl11:1J~ 
<u cu tJ <u 

(Transferring Experts) 

(3) fl1'.iff1tlm1:1J (Inferencing) 

31 
(4) fll'.iff'.il'lfltj (Rules) 

(5) fl1HJn'IJ1Vfl11lJ (Explanation capability) ~fl m11'11'm~H'tl 
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User poses problem ~ ___. r---+ ~ 

User Inference Knowledge 

User receives results 
Interface engme base 

~ +--- ~ 

. " . 
.OS 1 91 <!I 91"1 

.fll'Vft1 2.17 flHff'Hn'fWiil'U'IJB.:J';i~'IJ1Jf·H'Jftl1'1fl'ill (Pedersen,Ken,1989) .. ., " 

. " . j} d d 1q f Q.I I I I d ll) Ill] 9) t:9, j/ 

'j~'IJ'IJH!'lftl1'1fl'illtll'il'il~:i.J L:l.Jfl'j'IJ'YJ.:J 5 ff1'U !!\9lff1'U'Yl'lll\Pl L:l.J L~ flt! iil'Ufl11:1.J';i c:u . u "'9 qJ 

~ 'J) d I ... I 31.d d Q.I '1 
!! ~~!fl 'j B.:J B'U lJ l'U fl1l:i.J'l1 m mm~ '11'U l'YI 'IJB.:J ff1'U u 'j~ flB'IJ'll B.:J 'j~ 'LI 'LI HI 'lff.J1'1fl'ill:i.J~ .:i 'U . ., " 

91 91 <!I 91 ?1 • d 
2.5.2.1 ~l'U'lltllq!~fl11:i.Ji (Knowledge Base) flt! ';i~'IJ'IJ~l'Ufl11:i.Ji!u'Uff1'U'\ll 

d 91d "I 91 0 .,, <!I <!I "I" j"9 91 d d ?1 .. Ji "' 91 
!fl'!Jfl11:i.Ji'YI L~'illfl\9ll';il '11'U.:JffB rnflffl';i'11';itl11';iffl';i ';i1:i.J rntl.:J~!'lff.J1'1fltlJ'Yl!u'U:i.J'lfl::lf.J CJf.:J:i.Jfl11:i.Ji 

m m~~1u i u ffl'lll i~m'llm~ nuuuu'llt1.:ifl11:i.Jn u ;y1um1:i.J~ 'il~timnu 111 u ';iU!!'IJ'IJ~1'1i'1 l 'il~lf.I cu c:u da c:u cu cu . . " 
Q,I Q,I o' Q.I .... I t:9. 9) e:t e:!i 3/d .... I 9' 

1rn~ff:i.J'Vl'U1ifl'IJ!u~Bfl'IJB.:J';i~'IJ'IJ~!'lff.J1'1fltlJ (Expert System Shell) CJf.:J~l'U fl11:i.Ji'U 'il~u';i ~flB'IJ~1f.J 

91 "" <!I 91d ?1 91 d "" 
(1) iil'Uf111mfftl\9l (Static Database) flt! iil'Uf111m'\ll!u'U'IJB!'\ll'il'ilH 

eta qJ 11\9 c:u 

"" d 'i l"I "I '"' .Id .I 91 i i di 91 91d ttrnfltJVl'Lin~ti~ 'U urnm:i.J L:i.J:i.Jfll';i!u~f.J'U!!u~.:i'lltilqj~ ~ ci 'U'lltu~'YI 'lf.:Jl'U';i~'IJ'IJ~!'lff.11'1fltlJ 

tiv 'il'Wfli1'ild'im'jutii'll 1urnflrn ., 
~ "" • <!I 91 91 

(2) ~l'Uf11l:i.J~ L~'Ul:i.Jfl (Dynamic Database) flt! jll'U'llBlq!~fl11:i.J~'IJB.:J 

91 d "" " 1d " I "I 91 91 i 1· I 0 I 'IJB!'Yl'il'ilH ffl:i.JUtl!u~f.J'U!!uM L~\9ll:i.J\9lB.:Jfll'j 'U'IJW~ U';i!!fl'j:i.J'Yll.:Jl'UBf.J ., 

2.5.2.2 fl~ lflfll';ilU'ilQf.J (Inference Engine) ~ti ff1'Ufll';i~l~ti.:im~'IJ1'Ufll';i 
"" "'1 i 9191 d~I 91 • I .,, 91 d "' d.,. 'i 91 • I 

fl11:i.Jflfl'IJB.:J:i.Jl;lElf.J flf.J 'lf'UBlq!~'YluB'U!'lll:i.JlU';i~:i.J1~fl'IJfltj'llB!'Yl'il 'i)'j .:J'Yl:i.JB~ 'U 'j~'IJ'IJ 1rn1ff1uH~ 

11'.lu'li'mii'il'il1.:i i tt:lJ~.:i 'il~tiflu 1mu tidm ~.:i1u m.:i d1u ~fl~tinum ~.:i1u fl~ 1 flfll'jii'.i 'ilQf.J~it1firu cu c:u qJ cu v 

mmrnmh 1~11'.l'U';i~'IJ'!Jfl~ lfl 1~ 2 U';i~!fl'\11 1~wi fl~ lflfll';ilU'ilQtl!!'IJ'IJVB'Ufl~'IJ (Backward 

chaining method) fl~lflfll';iltJ'ilQtl!!'IJ'IJ!~'U'11Ul (Forward chaining method) 
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2.5.2.3 ri1'Wtlfimrin11rjt'* (User Interface) ri1'Wtlfimrinrnfl'*11'.l'Wri1'W~ 

~~~fl~flffnn11rj1'*111'11'.l'W ! tlmiN1111i'W 1~ vm1 u ff~~ fH'l~'tttl' 111 fl ~~ri1'W tlfimrinrnfl '* 

"' "" 'I 31 "' lnl~\91fl1J (Question-answer) 'tt'ifl:i.Jl:i.JtJ 1mirnfl (Menu-driven) 

2) ff1'W11V~l'Wf-Hl (Report) ff1'W11V~l'Wf-H'lfll'ilflflfl:JJ1 i 'Wltl'lf flff1tl 

'lfm,F1~11ffn mwlltlm~ 'tt~fl'lfm,F1ri~~fl!tlr1'~1~1111t'W "1 ~~fll~fl~n'W ~l'*'lfm,i~~L~'illfl 
31,d ~I "" 

1~1J1Jf;;!l'lftl'J']j'lqjlIJ'Wfl'Wl',fYl (Input) 

2.5.2.4 flU!lff1~'ttlf111llf (Knowledge Acquisition) ~fl flllllff1~'ttlf111llf 
~I 31 31 .d 31 'I ~ 'ltl 31 d Ji liJ 31 "' "' •"' 
IIJ'Wfl11fl'W'ttl'llfl:JJ~'Yl\91fl~fll11']j' 1'W 1 rnflrn1~1J1Jf-.ll']j'tJ'J']j'ltu CJf~fll'il'il~ i~m'illfl'tt'W~fffl fl:i.Jfl 

cu cu u cu . . " ~ 'J)d. d.d. 0 G) 'J) Q,J <)" ~ 9} 

'ilV~l'W !flflffl'i'tt'iflf;;Jl']j'tJ'J']j'lty'Ylllfl11lJ']j'l'Wlty !'Wll'll'W~f111:1.Jl'W'W !~V1ft'1mf111:1.Jl (Knowledge 

d 'J) 0 'J) I ;f 0 ~ G) 'J) 'GI d ~ G) 'J)Gt 
Engineering) 'il~l1l'Wf;;!'Wlf111llll'ttm'Wm~11'U'Wfll'i !'ttfl~ 1'Wltl!!1J1J'Yll'tt:JJ1~ffll!~fl 1']j' !'W'i~1J1J 

l I I I 
Q.J ~ d. I 'J)d. 'J)d. ~ I ~ 

m 1~\PlJ'W11rn ~ rn fl fl 'YI m 'll fl~ u 'tt ~~fl 11:i.Jl'Yl1'ttm~ff:i.J'ii1 fl f;;JI ']j'tJ 'J']j'l qi 'tt 1fl'il1m1 'tt M fl 'W "1 

4''W\91fl'W~ 2 1tl'Wm1'V\'1m1rn'lf 11'il1rn~mr'W mfl~ 1w~~1flti~'llfl~'Lity'tt 1 

f111llff:i.J~'W '61~'tt 11~f111:JJ~~11~~~f111:i.J~~mv 1 'W'llfl1H'll\9111tum'tt ~fl ~~N'1~ti'J']j'ltu !~1~v11v~ 
u ~ u 

4''W\91fl'W~ 3 1tl'Um111~ tf1Hff~N'llfl~f111llff':i.J~'Wn'llfl~u~~~f111:JJ~~ 
11~~~ff'J'WUflti~1~ "1 1 lf flri1'W'itl'llfl~1 m ~ff~Nf111:i.Jffll~'Wn'llfl~'lf fl:i.J~flVNmm~fflll~flt11 ! ti 

~ ~ ~ 

31 d 
f-.l!']j'tJ'J']j'ltlJ 
~ u 

" . 
'\i'W\91fl'Wli 5 11'.l'U fll'j'YJ~fffl1Jfl111Jtlfl~fl~ 'tt lfl !litlfl~fl~~'il~tllfl~lJ, ti 

~ ~ 
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Identification - Requirements 
~ 

Conceptualization - Concepts 

... 

"' c 
0 
-~ 

Structure '3 
Formalization - 8 ~ .... 

t8 
(!) 

~ 

"' c 
CI: ·;:;; 
(!) 

"O 
(!) 

~ 

Implementation - Rules 
~ 

"' c 
(!) 

8 
(!) 

c 
t;:: 
(!) 

~ 

Testing . . . .. r -,. 

"" 'JI "" 'JI :'1 'JI I 'JI 
m 'flu 'fl m1uff1-:i11rn1rn 1 1ff1m 'fl 11lJ 111~ 1 IJ'W ~m tJYl ti~ 'fl 11lJ11rn ~ 

qJ qJ QJ QJ . . " 
~lrlfl-:!'VH)~fnHlf11'.i ufi'lf ty'tt llJl l ii 'W 1~1J1J~!;tl1'1flty C)},:im-:i'fli'-:iiff1fn 'fl1lllf fl1111l~ hi'l 'lf 
'J}d 'I ~ <f1 o ~ 'J/ "1 "" 'I 'J/ 'Jld llJ 'JI~ I "1 

~1'!ft11'!f1ty iuiftymuu ") 11-:i11111Ju19rn-:im'Yl'fl'W'fl 1umrnff1-:imm1lli111n~1'!ft11'!f1ty 1~11lutit1i-:i~ 
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<!!{ ~ J' 91d d 'j} & .cl 

1) fll'j'lJ'j'H.m.J rH:l 11ifllHHH'lft11'lfltu'il~!U'WH'Ufi tlltlflnltlft~!fltl~ 
.. u .. 

' "' ' 1 9) -"' "' 'I ... 9) ... 'I 9) "' <!! 9'"'\J] 9) 0 

'lltM 'f1H'ff':i1~!!'1~1Jty'l11'Yl'ff'W !'il'W'W "'] 'f1'11tlf1'Ufll':i'Ufitlltl !'W'l1fl~!':itl'W'H':ifl'f111:1.Ji'Vl !~'illfWll':il 

"' 1ni!ij~m11n~ ~fl 1Yn'il~11'.lumrnnif ty111 'l m;~'YltJEJQmnni111'.lu 'il~ ~ 'l u'Vl1~iJuu1l 
Q.I ~ J'L:.I. 'j} d j) j/ ~ j) 

2) fll':i'ff ~m\91 11ifll':i'W 1rr1nrn11m 'il~11Ju H!Hl~'ll'W \9lfl'W mrnnif tu111 cu cu cu u 

'il~ ~'ll fl~ ~!;tl1'lflty nd ijiJ 'j ~ ttl'lfU mnrlrn i' u1rr1m'f111:J.JJ'l 'Wfll':i 'ff~ N 'j~'lJ'lJ ~!;tl1'lflty 1 tt'ij 

"' 9J_"f I O "> 9J_"f \J] 9) 9) 9) d 
':i 1 tlft ~t fl ti~ 'lJ fl~ nu u n lJ ty111 fl t11~ ':i fl'Li 'fl fl'Li 11ft~'il1 ftfl ni q \91n':i':i:J.Jn1 ':i u n lJ ty111 t ~'fl ft 1 t1 ~1 'lftl1'lf1 ty 

'il~~ 

' ' I Clo <!!I, l I ..:! O j} .cl Clo 

2.5.2.5 'ff1'W fl li'U ltlH ft'H rn'ff1'W ':i 1 ti~ l'W (Explanation) 'ff1'W 'YI 'Vll'H 'W 1'Vlfl1i 'Ultl 

"' ' ' .cl Q.I Cl.Clo Q.I 9 G) j} 'j) d ~ G) j/ O - ~ .cl I O 

':iltlft~!fltlfl'llfl~'ll 'W \9lfl'W fll':i 1'W 'il'iW ! 'W fll':i ! 'lf':i ~ 'U'U H! 'lftl1'lfltu!l'rn ! '11'flllJ'jf)fJ1 'il ~ :J.J 'ff1'W fll'W 1tl 
.. u 

'f111:1.J'ff~~1f1 'l um':ifln'Ultl nm':i !rn~Ju \9lfl'W mrnnL 'llif ty1111rlmjt 6*~fl~f11'j 11'.lu rllfln'Ulm~'W "l 
vrn1~1 'l 'il ri1uflnmt1~1Yn'V'lu 'l u':i~uuH'1;t11'lf1tu !~ufi 

.. u 

1) flnmt111119JHft 'il1nm':i~r:floM'm:J.Ji1 "lllt:J.J" (Why) n'il~flnmt1 
I O \J] 9) 9) d "> ~ ~ 9) ~ 9) "" d J'\J] 9) ~ d 

!'11\9.)Hft11 'Yl1 t:J.J\9lfl~fll:J.J'llfl!'Yl'il'ilH'W'W "'] 'illf1~ t'lf '111f1~ t'lf'ff~'fftlf1'il~fll:J.J'W !~l'Jf1'flH'Vl':i~'lJ'Ufll:J.J 

'j} d Clo 1 ~& d .q ' ~ d .q ~ 
'llfl!'Vl 'il'il':i ~!!\9lft~m ~GJf~':i~'lJ'Uf1'il~flli'Ult1t'l1\91Hft!!\9lft~'fl':i ~\911:J.J'f111:1.J!U'W 'il':i ~ 1 'W'llW~'W'W 

q 

"' ' ' 
2) flnmt1'1lu \9lfl'W Vim'llfl~rl1\9lfl'Li 1]jmft oM'':i ~uum:J.Ji1 "r\' 1\9lflum 1 ~ .. 

•lt) ~ ~ 9 0 •lt) d ~ .c!id 0 ~ 
fltlN t':i" 'H':ifl "11if11':i t'Wf11':i'111'fll\9lfl'UfltlN t':i" (How) ':i~'U'Uf1'il~flli'Ultlfl~'Vl:J.Jl'llfl~'fll\9lfl'U'H':ifl 

nm':i i 'Wfll':i'l11rl1\9lfl'U 'lumrnnmt1a~~:J.Jl'llfl~rll\9lfl'U rllfll:J.J How 'il~ 1 oM't~n\9imrlfl11il~'illf1~ 
\J]9Jo 9) I \J] d 9Jd "> "'1 9) \J] I I 

!~'fll\9lfl'U!!ft1fltll~1rn\911m~'U'UH!'lftl'1'lfltu'il':i~ "'] fll'il'il~:l.J 'flH'ff':il~'llfl~':i~'lJ'lJ t:J.Jm'Li'Vlf1'ff1'W 
.. u q 

~ .cl I ~ .d Clo ~ .cl dlt) 'j} I I _d O Q.I d 'j} .cl 'jJ o ,d'l ,di 

'H':ifl fll'il'il~:J.J'ff1'Wfl'W "l !'V'l:J.J!\91:1..J'll'Wmflnn 1~ !!\9l'ff1'W'Vl'ffl'fltu'Vl'il~\9lfl~:J.J trn~\9lfl~mu~m1unu 
u 

' Q.I jl.cl ~ I 9) I II] .c::i,.q Q.I 

flflnt1urnrn~'V'l\9JJ'Wl':i~ uu m 'lftl1'lfltu'flfl 'ff1'W ;i 1u 'fl 11m u ft~'ff1'W nft 1 mu 'il'iW cu u "'9 cu 
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2.6 fHlfJ'YIHfll'.mfl'1'1lifty'Hl (Search Strategy) 

o' !Jl_"f !JI .Ji 11) !JI I e'1 d 

search) U'1~fHlfJ'Yl1ifll'H!flIJtu'ttlt!'WTYll\lfl11\I (Breadth first search) GJf\l'il~ !\Plfl'111fN'ilfJ'1~!tlfJ\Pl 
q u ,, 

i'l~flltJu 
.! v_ot <'1 

2.6.1 flt'lfJ'Ylfifll'lHfluty'HlggirrnNt'lfl (Depth-first Search) 
,, 

flnfi'utt1r\'w1fl1J l mm 1'YIN~flU 'il~~11 uu m1 I tJiM~hmntJ l\PltJffl'i1'il I tJ ., 
'I d °" I 11) !J/ O <!! !J/ 11) 111) !J/ 0 oJ !J/ .M !J/ 0 l!J _ l'I 'I I 

!'W'Yll\l!\Plf.l1fl'Wflfl'W'il'W !\Plflll?lfl1J 'tt'ifltll !ll !\Plflll?lfl1Jfl'il~f.lfl'W'U'Wlflt!'11 'ffl'i1'il'1\I !lJ !'W'Vll\I !'ttll 
,, ' ' 

vl11'lfuuitJ1~flfJ "l 'il'Wt~r\'wrn1J uff\Pl\li\l~tJVi 2.19 

d ~jl d31 ~ ~ d 0 jl ,: 

'illflfllYl'YI 2.19 ffllll\9111lm11wV1\9lfl\lfllrnfl F GJf \l!U'W m\91 fl1J'U fl\! mrn'W'ttl'W 
q 

o' '31 ~ 0 .i::::i j) 'j} d ~ QJ ~ 
fl'1tJ'YI1i m1 u fli1tu'tt1u 'W 1'Yll\1'1n'il~\Pl11'W'Wfl11fl'W'tt111J rn llltJ\9lllf U 'W 1'1flfl''i 1 \Pl tJlf 'U'W \91 fl'W \Pl\l 'W q u ., 

2.6.1.1 i~mru~ l'tt'W\Pl A (Node A) (l'tt'W\Pl1i11~u) 

2.6.1.2 'illfl l'tt'W\Pl A 'il~ttJ~1tt'W\Pl~1fli11tt'W\Pl A l911urn ~fl l'tt'W\Pl B mitlu 

d'JmmtJ u~1\9l11'ili111'.lur\'1\9lfl1J'tt~fl !:J 

2.6.1.3 ~l l'tt'W\Pl B t:Jl'lfr\'1\9lfl1J n'il~!i°iflfl l'tt'W\Pl~~lflll l'tt'W\Pl B \911urn ~fl 

l 'tt'W\Pl D mi1'.lm1'.lrnmtJu~1\9l11'il\Pli111'.lmh\9lfl1J'tt~fl i:J ., 

2.6.1.4 ~1 l 'tt'W\Pl D !:Jl GJfrll\9lfl1J U~l 'tt'W\Pl D i1'.lu l 'tt'U\PliJmtJff\PlU'1~fll'j'i)~ 
q 

ti°iflfl l'tt'W\Pl~~lflll l'tt'W\Pl D i:JiJu~1 n'il~rYfl'W~'WliJ~l'tt'W\Pl B U~1!i°iflfl l'tt'W\Pl~~lflll l'tt'W\Pl B 

l911tl'\PlmV11\l'U11ijfl ~fl l'tt'W\Pl E mi1'.lui1'.htt11w u~1\9l11'il1P1i111'.lur\'1\9lfl1J'tt~fl !:J ., 
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<JJ 1 1IJ 'i ' o '1 :'I 'i . I d <JJ "" 2.6.1.5 m 'tt'W~ E !lJ 'lfflWlffU U\91 'tt'W~ E !U'W i'tt'W~umt11:1WVl'il~tltl'Wflrl1J • 
.% 11) i ' 'J) 1 d ~ ' 1 d 'J) '1 d ~ ' "" 'll'W iu1M'W~ B 'ttlJ uri1m 'tt'W~'Vll'l1n11 'tt'W~ B mitlmilrnmt1 u\91 'tt'W~'Vll'lln111m.rn B t'ltl 

j/ I I I I I 

1 1 
11) 'J) "I ""' o'l!J.1 'J) i °" d 1 "I 11) ld1 d O Id 

'tt'W~ D Uri~ 'tt'W~ E !~flfl!rltlfl!!rl~'Vfil'il'W WU'11 'W'll'W\91tl'W'VlHl'WlJl !l.Jtl !lJlJ '11'W~'Vl\91lfl11'Vl .. .. 
'l <JJ d <JJ "" ,% 1IJ. I "" 'i d ,% 1IJ. I"' ~ & "" 1 <JJ "" 1 d ~ 

'il~ 'tt'Vl~'iltl'U fl'il~tltl'Wflrl'U'll'W rntl~ i'tt'W~'Vl~~'ll'W rntlfl'll'W'tt'W~ f'ltl 'tt'W~ A ur11rnt1n 'tt'W~'Vl\911 

ni1 t'tt'W~ A i1tl'~m ~tit 'tt'W~ c md'Jrnmt1 u~1\91'J1'ilfft1'U~i1ir1ur\'1\9lt1'U'tt~t1 iii 

2.6.1.6 rl'11Mu~ c iiii'lfr\'1\9lt1'U ~'il~!~t1n 1Mu~~J111 c i1urn ~ti 1Mu~ F 

mir1mtlrnmmrn~\91'J1'ilfft11Jrll\9lt1'Uflfl (iu~d'illJiJ~11 F ~mtl1Mmt1) i~r\'1\9lt1'U F 

2.6.1.7 fflJlJ~ F iiii'lfr\'1\9lt11J ~'il~!~tlfl t'tt'W~ G lJl\91'J1'ilfft11Jflfl mn t'tt'U~ G 

r1 v_., v 
2.6.2 flt'lf,ffl1ifll'H!flu~'ttlA!UlrlHfllH (Breadth-first Search) 

m1~umr\'1\9lt1'U i uuu1n-~1~J u 'il~iim1~1iiJ u i u ~itl rnmt11~t1m11:1111'il i u 

'l u 'Vlfl!ff'W 'Vil~ i u1~~1Jgnfiri~4'u mn iiii~r\'1\91 t11J~'il~'f:Y111'ilg mM i Ufln'ttrt ~4'u 'l 'W'Vlfl!ff'W 'Vil~ • • ,, ' ' 
d .c:! 0 ' .c:! 111 ... lllJ 'J/.c!t 11] 'J} 0 .a 'J} QI .d. 

t1n 'il~lJfll'J'Vll!'lf'W'W rn 1~!'Jt1t1 ci 'il'W 1~m\9lt1'U'tt'Jt1'ttlJ~'llm.iri uir~~~~fll'Vl'Vl 2.20 

'illflfll'Vl~ 2.20 fflJiJ~itlrn mt1~l9i't1~m1~t1 F ~~ir1ur\'1\9lt1'U'llt1~m1~u '111d • 
o' 31 .... <f 'J} o ~ 3' ~I <-}"' .c! ~ QI ..J' 

flrl~'VlTifll'JUf1uty'l11U'W1'Vll~fl11~'il~~l!'W'Wfllrn'U'l11!u1'11mt1\91llJU'W1~flff'J 1~t1lJ'lJ'W\9lt1'W~~'W 

2.6.2.l iiiJ9i''W~t'tt'W~ A (t'tt'U~HiiJ9i''U) 

2.6.2.2 'illfl t'tt'W~ A 'il~!~t1n t'tt'W~~J1n11 t'tt'W~ A i1mn~t1 t'tt'W~ B mirJu 

itlrnmt1 l'ln'il~11ir1ur\'1\9lt1'U'tt~t1 iii .. 
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2.6.2.3 ti'l l'tt'U\91 B 1irl'lff1wrn1J n'il~!~tlfl l'tt'U\9ll'U1~irn~V1tl'Utl1J l'tt'U\91 B 

l911d'\9lm ~'el l'tt'U\91 c i1'.luithm.1w l'l'J1'il~r:i1i1'.luf1wrn11'tt1tl 11-i 

2.6.2.4 ti'i 1'ttu\9l c 1ii1'lff11l'l'el1J~~tl~flnirn~ 111u\9llu1~irn~v1nun111'Hu\9l 
31 d o ,,. <; d ~ "' .Ji "' "' ,,. 'i !:'I ~I 

c mJ\91!!'11 fl'il~'Yl1m1rntlfl ttt'U\9l'Yll'11'1~mtlfltt'U~'J~\9l1J 1911urnfltl ttt'U\91 D m!IJ'U!IJl'ttmmrn~ 

1'111'ilfftltJ11i1i1'.luf111'ltl1Jtt1tl 11-i 
"' 

2.6.2.5 ti'i 1 tt'U\91 D 11.il 'lff111'1tl1J n'il~!~tlfl l tt'U11 l u1~irn~£J1tl'Utl1J l 'tt'U\9l D 

l911d'\9lm ~'el 1 ttu\91 E i1'.lmtl1mnmrn~l'l'J1'ilfftltJ\9li1i1'.luf11191tltJtt1tl 11-i 
"' 

2.6.2.6 ti'i ltt'U\91 E 1ii1'lff11l'ltl1J n'il~!~tlfl ltt'U\9ll'U1~irn~V1tl'Utl1J ltt'U\91 E 

"' <; !:'I ~I o "'1 31 !:'I ~I llJ 31 o ,,. 
1911 !'Vl'U\91 F !IJ'U!IJ1'ttl.IWU'1~1'1'J1'ilfftl1J'Vllflll'l'el1J (ffl.ll.11'1 'VI F !IJ'U!IJ1tt1;J1V) !\9lfll\9l'el1Jfl'el F 

2.6.2.7 ffl.ll.l~'ttlfl F 1ii1'lff111'1tl1J n'il~!~tlfl l'tt'U\9ll'U1~irn~V1tl'Utl1J l'tt'U\91 F 

l911d'\9lm ~'el 111u\9l G m19111'ilff'el1J~fli1i1'.luf11191'e)11tt1'el1ii 'ttlfl G 1ii1'lff111'1tl1Jn'il~ttv\9l!~'el~'il1fl • 

2.7 fll~UiJ~-3fl1UJJ (Knowledge Representation) 

'I 31."f 31 d 31 311 ,,j ~ !:'I o 
!'UfllrnflIJty'ttl'U'eJ~'J~1J1Jf~j!°lW1'lflty 'J~1J1Jl'l'el~fllrn11l.IJ 'U!'J'el~'U'U "l !IJ'U'ill'U1'U 

mm~ ml 11 iJiiJ 'ii li' vtt 1f11\91 tllJ tt1tl.,j''elff'JiJ1'1 ll.l ~~'el~ m 1~1vfl'11flm1 iiJ 'ii li' v 'lJ tln ~ 1J 1J • 
' ., ' 

~i;v1'lf1ru info f111"n u ill'Wfl1rn~'il~~tl~i111-tt' tldl u 111fifl'11fl1iJ 'illi'm1rnum111111 oH11~ 
qJ t.I cu "'9 <u cu cu 

"I "19) ll] ~~ Q.I I Q.I Q.I ~ 9 ~ , j}~ 9) 'j) ~ 9 9) 
IJ'j~Qfl\91 'lfU'1~fl'1 !fl1'U'il'iW\91N "l fl'U \9l~'U'U !'Ufll'J!'1'elfl 'lf11ifll'j!!il\9l~fl11l.IJ'il~l'l'el~W'elfl !'VI 

Q.J ll) ~~ Q.J d9 9'')" 9) 0 & & r1:d Q.I iJ 
mm~ffl.lflrn1uu'1~fl'11fl1'U'il'iW'Yl 1'lf 111v'il~l'ltl~mu~mmw.CVJ'W'Ujll'U \9l~'W 

(1) ~1£J1'Ufll'Jl'l'J1'il~U'1~!Wfl!W~ (Transparency) 

(2) fl11l.li\9l!'il'U (Explicitness) 1'Wfll'H!ff\9l~fl11l.lf 

(3) fl11l.1!1'.l'U1i'Jrn'lf1~ (Naturalness) l'lll.l~fl'hlW.~'Utl~!!l'i'1~UT.llm 
" 

(4) fl1rniiiJ1~il'Yl~flWl (Efficiency) ii1m~il~l~~mmrnuff\9l~fl11l.l~~~tl~fll'j 
"' 

~I I ' b] 9) Q.I d I ~ ~ Q.I tq 9) 9) 

(5) !Wfl!IJ'Ufl'Jl.IV'eJV "l !\91 (Modularity) ffl:JJ1'Jfl'il\9l!fl1J'eJ£JNlJ'elffl~'illflfl'U !\91 fl11l.IJ 

t\9lfftf11iJuij~i1'.lu 2 1~i11 ~'el 
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911 "' & "" 91d ltJ 91 91 "" "" (5.1) ffJl:IJl 'W'.i~~'lHlfl (Deep Knowledge) flt! w:11:1JrYJ 1~m111fl'11ti'lt'.it1'W '11'.itl 

1911'.il ~'1t1'.lu11rl'flfll'j'YJH'Ylt]ll~~l'I "l '11°1tiflt)tfltuctl~ i1Pi'f 'lJfll'jVl~11tl'uir 1 t1'.lu fl11:1Jf ~iim \9J HI! i "* 
i "' o' I I "' "' "'" ltJ "' o' ~I 91 'Wfl1'.it11i'lJWt'111Pjfl1'.itu\911'1 61 t'lf'W flt)'Utl'l'W1\91'W flt)'Yll'lt'Yltl'.i !:IJ !~'Wl:IJflff !1J'W\91'W 

911 "' "' "' "" ~I 91 91 d ltJ 91 (5.2) fl11:1Jl 'W'.i~~'lJmmu (Shallow Knowledge) flt! tIJ'W'UtllqJI!fl11:1Jl'YI i~m 

o' .a ' j/d d o' 9) ..:::::i, ,x d Q.I ' ~ 
111flU'.i~ff'lJfl1'.itu'l1'.itifl1'.i'lJtifl!Il1111flH'Yl:IJU'.i~ff'lJfl1'.itu fl11:1J';i'lf'W ~'W 11~tll'W\911'1f1t1Il~'IJ'W \91ti'W 1 u 

~ ~ 

rl o' ' Q.I 91,J .c:! ' 9)9) ~.J'll]3J o' 
m~m'.itut'l1\91fl1'.i tu 'lJl'ltitll'I 1 ~t1mfft1fl11m 'Yltflti:Umflti'W mrn ff~'lfl11:urn1t111i'W i~U'.i~tifl\91 

q cu cu q 

t I I t "' "' 191 & "" 1 d Q.I .a ..:::::i, ~ .c::9 tm mrn ff~'II!flll tu~m Til~\911m '1f CJf 'l:Umrn 11flU 11'1 u '.iW-n~rnti~'lltin\91Q'11'.i tiff 'I 'llti'lff '1'11'W 'I 

"' "" I "' ltJ _ 1 _,I - I 91 I 91 .Ji I 91 I 

UI!~tl'li'lJW'.iWI!~ttltl~\91tl 61 fl'W !lJ tTI'.i:IJ11~lJ'.i~fltl'lJ~1tl'lftJ'lfl11:1Jl (Slots) CJf'l'lftl'lfl11:1Jl'lJ1'1'1ftl'I 

m1111~'lJn~tvlrn ii'mti 1'Wflfliu11rt'l11°1e:i11-nw "l .ffu ~e:iu "l nu i ut~m1'.lum'.iuff~'l'.iWil~tflti~ 
~e:i "l tl'uiuflfl~i\Pi' 

_,1 ?I "' o'_ 1 91 'l & 91 d "' _ I d 
t 11'.im lJ'W m '.i 11~e:i 'I fl lJ '.i ~fl e:i'lJ 'll ti'! fl 11m 1 ~ timrn e:i 'I t1'I'IJe:it'YI1111 '.i 'IIJ '.i ~m 'YI 'YI t1 fl 

~ ~ 

ff:IJ~~~urie:iu (Default) 'llti'IU~-n~1\91Q'11°1mt~-n~mlPJfl1'.iWi'lflci11mu-a'1 i'ltTutvJrn~'lt1'.lu 
""'l 91 91 "'i91 0 o'• o'ltJ91• 

tff:IJtl'W ! flHff'.il'l'Utl'l'UtllqJII 'YI 'MU 'Yl'W fl1'.i111'1 tl'lff fllTifll'.itu \911'1 61 \911:1Jfl1'.ifll~fl1'.itu !1fltl'W fll';i 

91') i 91 0 <!! lfJ 91 dJ 91 I i ~ 91 Uff~l'lfl11:1J';i !~ti 'lftvl'.i:IJ11~mmrn'l11fll\91tl'lJ'l1';itJ'l11t'l1\91HII !~ tl'IU:IJ11 'W'lJl'lflH'Utl:IJI!tll1111~ 
~ . ~ 

ii' e:i ti i u 1~mvi'.i:u11~t~e:ifl111.U e:i ff'.i u ~ t 1'.l u i u i IPi' m fl~ ff~ m:u .U e:i :u -n ~ii mi inTu flu ff~ H 
q q cu cu 

0 Ji 91 91 i 911 91"" "' ?1 "' d & ltJ 91 0 

U'lJ'lJ111Iltl'l'U'W:IJ111~\91tl'lff'.i1'1 '11 flI!tfltl'lfl'lJfffl1Tifl11:1JtlJ'U11H:IJlfl'Ylff~ 11'111~ !~flWltl'lJUI!~fll';i • . . "' 
mm\9IH-nfit1fl~e:i'li.i1t~e:iile:i m'.itrn~'lfl11:un~t11'lf'tvlrnu mm'Jt1i~u~'lfl11:u~e:ie:irn1'.lmhui1Pi' 

q cu cu cu 

~1rn~fll'.it~m~:um1:uf m~'V\'1 il?i'~w i~iiH-nfl'.i~'Yl'lJ~tifl 11:uf tn1:u1fltl' fl u~~ei'lii.Ue:ir01t1~ 1 mie:i'I 

i 
91 _,I I <!! 91 0 <U <!! o' d "'1 91 91 ?1 d 

fll'.i 'lft11 rn e:iti fl ti fll'.i ff'.i NU 'lJ'lJ 11Hltl'l1\91tt'l1 mm \91 fll '.i tu \911:1J 'Yim~ m'.itu 11 t1 fl\91 ti'ltrn~tlJ u 'YI cu q q cu 

"> I 

f111:1Jfl~'Utl'IU\91Il~fl'W 

2. 7.2 flTUttl'~-3fl1UJJT~tJlifVl11fl~ (Logic) 

91') ~I """" d 1 1 911 
fll'j u ff~ '!fl 11:1J 'j ! ~ tl\91 ';i';i fl~ t lJ 'W 11i fll 'j 'Yltfllttfl 'IJ ti 'I fll'j u ff ~'I fl 11 :IJ 'j 'W ffl'U 1 

~ ~ 

-"' - I "' o' d 1 91 "' _ 1 91 "'- I ,I I 1 IJtyqjllJ'.i~~ll! (Artificial Intelligent) \91'.irn~'YI 'lffl'WlJ'.i~fltl'lJ~1tltl'lfllJ'.i~fltl'lJTI'W!l'W\91N 61 'W 

91<!1 "' _1 'l "' o' 
mrnff~'lfl11:1Jl flt! tlfl'IJ'.i~ (Alphabet) lJ'.i~ !tlfl\91'.i';ifl~ (Format language) 'WTI11'W (Expression) 
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!!f'l~flt]1U'iltl'ti (Inference rule) Vfl'IJ'.i~'il~ti~'1:uil1'1Jt1.:ifi1fl.:i~ (Constant) t'lf'W ~'IJ11 'Ultl~l ~1!!11'.i 

(Variable) t'lfu ~ fl'W .Yhni'u (Function) uf'l~fll'.i!!fffl.:immw t'lfu J'nnrn m.:iihu 

d "''j/' 'j/ """1J'd "' "' """' 'j/ o' 'j/ m.:i~nn~ 'il~mu 1f!11mrnfffl.:if11u1i 1flt11num11:1.Jfl'Wfl'U11ifll'.i i 6lffltJ!flW ~ i u mrn fffl.:if111:1.Ji 
~ ' 

u~ fll'.i u ff fl.:if111:1.J n fl ti i 6*~'.i '.i n~u ihlum i~.:imn i u fll'.i tVim~:J.Jmu1 n mj 
<u u q cu 

2.7.3 m·mtWl.:ifl11llJl~m1~n~mwcfi (Rule) 

9) 9J ~ J' 'i ' 'J) "' fll'.ittfffl.:jfl11:1.Jif!1t111i'U 'il~fl~ ui11'1Jti.:i IF-AND-THEN-ELSE !6lf'U m 13..iiJ 

m~uffivl~11:1.Ju ivi~1 ii.ii~~fl 1fl1fl.:ivfltl1t11~'il~ff~1i''YI ii.i~~ itlu~u fll'.i 1mfl.:ifl11:1.J~~di 6* 
"' I f l 'j} 

mn i 'W'.i~'U'U~t;t116lf1ty 1flt1l'i1 i11 CJ1.:i'i1~iJihu11'.i~flflUi.:i.W 
' O o 9) .c::S. I I 'j) Q.I I 

2.7.3.l fl11:1.J'ill (Memory) 'Yll11'Ul'Ylff.:i~n'Wfl11:1.Jl !!ff~.:ifJWC!flEJW~~l.:i ci 'Ufl.:i 

1~Q~.:ifl~iui11.u'm~'il'il1.:i (facts) ittnunti 111'.iini'u 

'i.I "' ~ .I 'JJ ' "' ' "' 2.7.3.2 flt) rn'.iflfl6lf'U (Production Rules) 1J'.i~flfl'U~1tl 2 ff1'U flfl ff1'U!!'.ifl11'.ifl 

' 'JI "' ~I ,,j llJ ~ 'JI "" o''JJ d "" 
ff1'U9fltl:l.Jfl'il~tll'U !.:)fl'U ! 'IJ 9f .:)'il~~fl.:)'V'lff'il'U 'Uflt'YI 'ii 'ilH 

"' 
4 I 0 d Q.I ;f 

11'.iflff1'W m~'Yllfll'.i (Action) il11mU'llfl.:ifltJ'il~11lu~.:iu 

t1'1 iiflui'IJ A !!Cl~ iiflui'IJ B irn~ tiflui'IJ c 

u~1 .u'flff'.i11 A !!Cl~ .u'flff'.i11 B trn~ .u'mn11 c • • • 
"' 11 '.i fl 

t1'1 iiflui'IJ A !!Cl~ iiflui'IJ B irn~ iiflui'IJ c 

2. 7 .3.3 ~1~fl11:1.J 11 lilt! (Interpreter) ¥ifl l'lmtl' l~i 'U fll'.i !! 11f'lfl11:1.J11 lfltl11~ fl 

~f111miflu i 'IJ~l.:i ci 'YIN~1t1i'.ifl'Ufl.:iflt] i M'mm'.iti.Uu~ (Match) fl'Ufllfl1l:J.J'il1.:i i 'Wfl1llJ~l~JJfl~ 
~ ' ' 

nu~fl1rn11mt1111m19JHC1U 'il~~fl.:im~l'llfl~~f'lfl~nm ti'ifl.:i 'illflfll'.i l'11.:i1u'Ufl.:inti 111'.iimf'u 

(Production rules) 'il~l'll ittfl1llJ~l~'il~~l lflumJ1t1f11llJ~l!l1~t1'W!!l1C1.:i i 11~f'lfl~t1'11 ~.:ifll'.i111 
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I 

' 

,, ,, ,, 
i~U'W'illflflWrn'lm'Jt1flljmt1<li'W\91'ffWl'i1~ "l 1~i~u 

(1) 'il'Uri.u'm.rn (Match) !um~'U1'Wfll'J'il'Ufl'lrn~.u'm.rn ~1~fl111111mt1'il~'il'Uri 
cu cu cu cu cu 

u'1 ~t m t1rn fi t1rni fl'U 1 'lJ tu ri1u ~1t1i'1 fl'll fl~ flfJ n'U fl 1rn jt u f11rn ~ 1~ i1 fl~ t ~ fltt 1mm \9J u '1~Vi ~'ilu 
91 cl "" ,,j "' ~ "" ,,j "' 91 "' 91 I ~I cl cl 91 "' 91 I ~I "" cl "" o' 
'llfl!'Yl'il'ilH'llfl~!~fl'U !'ll'U'U "l 'Yl'1~!~fl'U I'll m !~fll!IJ'Ut'Yl'ilfl'il~'tt~~ m !~fll!IJ'U'ilHfl'il~'Vl~'il'U 

ii flu 1 'lll'ifl hJ 1~t1m'J 'il'Uri.u'fl11'1tm]Viff'ilu\91111Ju\91fl'U1~11'i1u1~ri1f11111'i1~ ~fl'J'U'Ylmiflu 1 'lJ 
cu cu cu q 

ll)1d91.,, 91 'l 'l I °'' 
(2) fll'J tfl'1tfl'1tl'llfl'lJ~tW~ (Conflict resolution) t'W'J~'U'U !'11tufl'J~'U1'Wfll'J'il'Ufl 

" "' 
'j) Q.I .c:::i Q.I 1\r) 'j) 1 Ji .a. 3) Q.I 'j) ~ I ..:!! lb] .d? 
'llflll'1'llfl~\911\91fl111111 mt1 'ii~ mmrn 'il'Ufl 1~11 mt1fl cir~ 'il~tfl~'llfl'll~!W~'ll'W 11'il~rnflflfl mu ti~ 'ii~ cu cu cu cu 

o Q.I 'JJ o cv :'I 31 
\911ll'11~'U'llfllqj'1 !!'1~\911ll'11~'U'llfl'U!'ll\91 tIJ'U\91'U 

(3) m~l'i'lfll'J (Action) ¥ifl \9111Jff1'W'Yll~'ll11i'1fl'llfl~flf;)~1~~'Ufll'JVl~'ilUtrn~ 
"' "' 91 cl "' 91 I 911 'l 91 ~I """" d 0 91 'l "' 91 I d "" 
fl~rnflmrn1'il~mu 1~11 mrnff~~fl11lll ~ti 1'lfflfJ'il~!IJ'W11i'Yl'Yllfl1111t'll1i'il1~~1t1mr~u'1~ll 

"""' 91_<f 91 di "' 91_<f "''l "' "" 91 -1 ,,j "' 
11i fll'J !tfllJ tu'tt lfl '11tlfl rl ~fl'U fll'J It flIJtll'tt l'lJ fl~ll 'U El ti ! 'U '1 fl El U!~ fll'J'Vl 'ill'J U! l'll flff'j lJ 'illflt~fl'U ! 'lJ 

Cl u q q 

1t'1~mm'Jt1i111 tJt '*n'Un'11nm'Jiu'il'ii'm1'U'U 1tJ.u'1~11 u1 u'1~tt'U'UV'flun~'U 1~ mrnff~~fl1111~ 
"' 

~ ,x 'j) .c:::s ~ 0 31 q ll] jl' G) 'j) G) .a..a. Q.I tq ~ 'j) d ' lr) 31 ~ .a. 
11i'U 'llfl~ flfl 'Yllfl111Jt'll1 !'ii !~~ltl !'11t'l119Jf-rn t'Ufll'J1'U'il'iW !~~ tttlfl'llfllq!'1!1l'Uff1'U "l !~ t'Vlllt\9111 

91 'l 9111) 91 I I II) cl ,% °' cl 91 O °' 'l ,,j 
'llfllq!'1 t'Wjl'Wfl11lll !~ff~~1flt!\91fltlH t'Jfl\9111J 'J~'U'U'Wtl~ll'llfl'illfl~ t'Wt'Jfl~'llfl~'ll'Wl~'llfl~ 

ill'Wfl1111~ 111m~ u '11u fl1111~'ll'W 1~ t 11ui 'ii~~ fl~ 1 '.ff m1mmn t um'J fi'u1111Jru1111rn~iu 'il'ii't11 tJ 
dl9 cu <JS cu t.I u ,, 

°' I 

\91111 'll'U \91fl'UU\91 '1~ flfJ 
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l u fl 11rl'\PJJu11:::: u u 1; t11 ~1 ty ij fl 11llfi~1~t11nuiie:i'lfl1£1111i;i::::1 fl i e:i 'l li e:i ~ 111P1fll9i1'l'ti1 fl 

uu1fi~tri1 ~ lrn1m_h::::m1 t~tl'l'tllflV'tl~tl'umm (Language) 1u1::::1111~1;t11~1ty'tl::::11mt1~'l 
jJ I I j/ .., "''I :i!'I 3) 3}e! .., .., di 

fll'hll~'W\f'l High level programming language l1 &~ &'Wfl1'.iff'.il'l'.i::::1111~t~t11~1ty ~'l'W'W'tl'lfflmrn 

ff7tl1~11tflit1'llie:i~l.ff'lum1-W'1PJJm1::::1111~t;t11~1tyuij'le:ie:im1'.lu 2 ~iJ~IPl'lrl 
" 2.8.1 High level programming language 11'1e:imm 1tlrnmm]u~p !olf'W mm Prolog, 

Pascal, FORTRAN, Lisp, C, C++ irn:::: Visual Basic 11'.lul'i'u 11'.lumm~'ll::::l'i'e:i'l!~tl'W 1tlrnmll!tl'l 

.,j 'I 3) ~' - J "I 3) .d di "I di di "I .d 'I 3), 3) 
1we:i imuu1uJ;Jt1fl'llt1n::::11rn-11~t11~1w1rn::::1flrn'lllt1 ttllltltl'l 1mt1'lllt1l1 &~ umrnff~'lfl11ll'.i 

~ u ~ 

1lfn111 ::::11 u ff1 ;t11~1w Ju fi e:Jfl 1£11~ 11'.l u ci-1u ~ 1-Nium1ff~1 'l! fl i t1'l 1it1~'l mm rn u ff~ 'l'.i:::: \Pl u 
~ u 

CJfe:ivJl'11n1e:ie:iflm11'.lmTu1P1e:i'W IPl'l!!ff~'l 1 umw~ 2.22 

(Expert System) 

(Expert System Shell) 

,, 
f11'hl1'l'fum 1'1fu c, C++, Prolog 

~ 

(High Level Language) 

(Machine Language) 

(Central Processing Unit) 



; 
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~1frn1vi~ 2.22 uff~.:J'.i~UuCJrnvJl91'wJ{~ih~i1wh.:i "l ~l~l'Wm'.i'l'f~'Wl'.i~uu 
- I"" :11.d 1 d ~ 'I :II "" :II :lld'l :II !1J'1iltl'llfl.:JH!'lfll1'M1Ul ~()Ml !!l:l~!Vl'Wfll'lfl'M'WbM !'Wtl1'.iff'.i1.:Jflflfl1Ell C f11'.iff'.i1.:J!!l:l~fl111J'.itl 'M 

ClJ " cu ClJ 

!li~fltl'.i~UUH!;(J1'l$1Ul!1'.i'W!flifl.:iijfl !'l1'W Ml ~lmT'Wnl.U!flifl~"fl l'Wmrnff~.:Jfl1Ul~ !~B!!ff~~ 
~ u ~ 

fl11:i.J~ ~.:i'.i~uu 1 li'.ium:1..1~dhrl.Uiflifl.:iijfl l 'Wm'.iuff~.:if111:1..1~ 1~tJl~~m1tJtl'Vl!fll1111rr1m 
~ ~ ~ 

'I_ I • d _ I "" ?I ,,\ "" 'I :ii nol :ii .d 
2.8.2 mrnnrnffl!'.i~'.ilJ flB !lJ'W!fl'.ifl.:J:i.Jfl !'Wtll'.iff'.il~!TI'.i:l.J'llfl.:J'.i~UUH!'M(J1'l$1Ul!!l:l~ 

~ ~ u 

m'.i'.i1:1..1n'W'.i~td1~ni;i inm'.i\9l~iY'W 1~ irn~ri1'W~i1'.i'WuQmflnurrt~ ~~ 1 U'.i ummhi~~~url1t1i'u 
' Q.I ~d I ... (~ 

f11'.il'l~'W1'.i~llllfj!'MtJ1'Mlty !'M'W Exsys Corvid ,VP-Expert, Level 5 Object !!'1~ EMYCIN !11'1Btl 

1 :II "'"" "' :II fl '.i .:Jff'.i 1.:J'Vl:i.Jfl 11:1.JCJfUCJffl'W 

-1"" :11.d 
2.8.2.1 !11'1Btl'.i~Ullfj!'MtJ1'Mlty (Expert System Shell) 

!U~Btl'.i~1111~!;tJ1'Mlty (Expert System Shell) $lfl hlrnm:1..1~l.ul'Wm'.i 

'tf IPll'W 1'.i ~11uH'i ;tJ1'M1rum'Wntl'.i ~ff .:if1°~ m:1..11'.i m11i1'1''.i ~ tJnl91'l .Un11;; l'W f111:1..1~'VI1.:i ~ l'W l ~n i ~ ~ 1 :1..1 
ClJ u q, d\9 ClJ 

:ii "" ?I "" -1"" "" 'I :ii :ii 111- I :ii "' d ?I 
fl11:1.J~fl.:Jf11'.i flfl !1J'W!ff:i.Jfl'W!11'1fltl'Y1'.iflfll'M'W~ !'Y1!'.illl'.i'.i~fl11:1.J~l:l.:J rn !!'11:1.J'Wtl~~tll:lW!lJ'W 

31d 31 t L1 Q.I "i ... I 31d ... I !i.I 1.1J ~~ Q.I 

'.i~1111fj!'M(J1'Mlty'Vl1.:J~l'W'W'W "] !'W~1 nJ'.i!!tl'.i1J'.i~1111fj!'MtJ1'Mlty~~lJ'.i~tlfl11~1(J tll:l Ltl1'W~1W 

ri1'Wm'.i1'Qmfln11rj1~ ui;i~~~t11'W1tJf111:1..1ff~~1n l'Wm'.iBn111tJ ri1'WJil'Wf111:1..1j ~~iwnflfln i 1 
' ' ,, 

'Wfln itlrnm:1..1 mm'.it1'1~irn~i'Vl:1..1 mm'.irntl~tJ'Wutli;i.:iuOl'U 1~~1:1..11'1'fl.:im'.i 1~tJJil'Wfl11:1..1j-W\1n 
Q bJ ~ llf _.f </ .Ji I :llbJ nol "'I lll_.I </ .Ji c! 'I :iJ ,,\ 'Jo I O .d 

!tlll n t'W ml:lt1'W~!Wn~1.:it11n JI1'Wfl11:1.Jl rnl:l i~ ml:l'Yl'W.:J~~\)tl!'.itJtl i'M!:i.Jfl mrnm:i.J'Vll.:Jl'Wm:i.J'VI 

~:II :II "' 'I .d 
H L'M~B~tll'.i ~~!!ff~.:J !'Wflll'l'VI 2.23 
~ 

/' 'I 

I EXPERT SYSTEM SHELL I 
Inference 

Knowledge Knowledge 
Mechanism 

Expert - Reasoning .... Explanation .... User Acquistion Base Facts User Interface 

with Subsystem 
Sub system Heuristics 

Uncertainty 

\.. ./ 
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~ Q.I 9'.d ~I 3'dt 
'l u '\J 'U I'! fl 'U fll 'j 'VH'.IJ 'Un~ 'U 1HH ']HJ 'J'lfl ill 11 ~I lJ 'U fl n II 'CT~~ fl 'JUJ 'j I 'U fl~ 11 lfl 'j ~ 'U 'U 

.. u .. 

9).d d 1 ~ ti .C!o & ~ 'l Q.I 31,d ,eQ 

m'lft11'lf1t1.111lu 1.Jrnm:imm.J'V'l1!1'1 fl'j'lf'U ~11u ~ '\J'U l'lfl'U u fll'j'V'l~'Ul'j~'lJ'UH!'lft11'lf1t1.111~fflm'jt1 
cu v cu u 

Vi111rnA 1 'lm1u1m~1~t11fi'Unww~u1iiJ'j11m:1.Jflfl:1.JTI11l'!fl{J11111~ ~~m1111~ij'IYfl111'ln~1~ 'l u 
v • 

"" 91 II] 91 "' "' 'l "' 91,. 'jltll:'l~!fltl~'Ul~ Giarratano 1rn~ Joseph C (1994) i~fl1i'Ultl'\J'Ul'lfl'U 'Ufll'j'V'l~'Ul'j~'lJ'Uf:;!!'lftl'J'lflty 

1~flfll'j'V'11w'lfri'i~m11h1~u 6 ,f'Ul'Jflui~~ 

Feasibility Analysis 

i 
Rapid Prototype 

! 
Refined System 

i 
Field Testable 

i 
Commercial Quality 

i 
Maintenance & Evalution 

d gJ ""'l Q.I 31,d . 
.fll'Vtrl 2.24 ifl'j~'ff'jl~fll:'IQ'Vl1i 'Ufll'j'V'l~'Ul'jg;'lJ'lJf:;!!'lftl'J'lflty (Giarratano, Joseph C, 1994) 
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"" <>' ~I llJ, I llJ 'JJ <'! ~I <'! ."I 
2.9.l f1111!fl11~'ttfl11ll!u'W !U !~(Feasibility anlysis) flfl !u'WflUnlflfluty'ttl 

d'J) Q.I 3Jd ~ ~ 0 QI d'JJ 9) 

(Domain) 'Yl\91fl-:J fl1111 ~'W \Pll'W n ~ 'IJ mH 'lH'.n'lflill'lJ 'Wm 11:1J'Yl-:J fllrnl'tt 'W ~" fl'hl w~ ~ l'W 'Yl \91fl ~ nn '111 
"' " 

1~'1.J'IJ 'Yi'1 (Task) t'lf'W !~'W 1~'1.J'IJ 'lf 1t11141111't1111fl!~'W1 ~'IJ'IJ '!f1cMl'W 'IJ ~'11Ufll1 !~'W ~~if qi111~ 11~ 

iJ1m~IPll'WltT'W fl11 !~'Wlf ill'tt 1~ llitllfl!fl'W l iJ'lJW~!~ tl1n'W n tiifl 11 !~'W if ru111~!~t11'ii'fl~n'IJ fflllill 
" " " 

ilTwnmn '1 fl11t~'Wlf qim~ !iinnmrnfil 'lJ 111flnmrnfil 'lJ'l 'Wif 11~tl''W !iirrit1~'Wfl n'Uflut'U\91 

~lti~ t~fl'W ! 'lJ~l~ '1 'lJfl~if qi111~fl~ !ii11l~t1m11l'1-:iufltl'Wfl ~1;j}t11'lf1ty~11~ 'l tt m1:1Jf~fl~'W~fl:1J~ 
I 'j} I 'j} dd 'j} d 'l 'l 

11~tlltl'Yl fl~fldl:IJ 1 !!'1~ fl11\911111 fffl'IJ11\91 fl~fl111 ~'IJ'IJ'Yl:IJ fl11:1Jfl f)\91fl~:IJ1fl!'W ti~ ~ !'W 11~ 'W ~l'W 
"' "' 

'IJ 1~ 111 ~ !fl'\11n!iinfl11:1J ~ 11~'W~11~~fl~nfl11:1J fl n~ fl~ J~ 11 :IJ~ 
"' 

2.9.2 fl11flflfl!!lJ'IJ lflHff~N'lJfl~fl11:1Jf (Conceptual design) fl11flflfl!!lJ'IJ lflHff~l~ 
I 'JI 1 I 3'9 'j} d ,. QI QI 'j} .d .<::::), 'j} & ..:::i, & 'j} 0 Q.I 

'lJfl-:Jf111m 1'W1~'1J'IJH!'lft11'Jf1ru 1 ~t1mrwm H!'lft11'Jf1ruu'1~1fl'1mm1:1J1 CJf ~ 11~'W 1111w 1fl~'lJfl111n~ 
<u cu u <u u <u 

1m~1~fl'W ! 'lJ~1~ '1 ~H'i 'Wnnuti'tf qi111 H'1~'Wn~ !~111n,f 'W \91fl'W d 11~111!11'1 i''l mT'W \91fl'W m1~~ 
m1:1J~~~1~'W,f 'W\9lfl'W~fl Ill 

"' 
2.9.3 fl11~~fl11:1Jf (Knowledge acquisition) ,f 'W\91fl'Wfl11~~fl11:1Jfdi~'W,f 'W\91fl'W~ 

il1fiqimn 1~t111~'Yi'1m111'1J11:1Jf111:1Jf 111n~1;j}t11'Jf1ty111nmwffnm 111fl111nl9\'1111'Jf1m1~1~ '1 
'JJ • ~I o 'JJd 11] 'JJ 

2.9.4 fl11!!ff~~fl11:1Ji (Knowledge representation) !u'Wfl11'Wlfl11:1Ji'Yl11'1J11:1J:IJ1 !~ 

u" ~ 1l 1:1J 11l ~111!! 'IJ 'IJ fl 11 ! ! 'Yl'W ri lfl 11:1J~~ ! 'l1 :IJ l~ff:IJ 
"' "' 

.I "" 'J}d ~I .I "" I 'J}d 
2.9.5 fl11u1~!:1J'W1~'1J'IJ H!'lftl1'lflill (Validation) !u'W fl11u1~!:1J'W 1U~'IJ'IJH!'lft11'lflill 

cu u <u u 

mmrn'Yi'l~l'W l~H'1\911:1J~fll~'tt:IJ1tl!fll l i'111fl tii flU! ff:1Jllilfl11'Yi'1~1'W'lJfl~1~'1J'IJ rr1;j}t11'lflill~11~ . "' " 
0 ~ ~ ~ d 'j} 0 ~ 'j} Q.I 

'W 1:1J11l 1 ~!:IJ'W H'1 i 'W 'lJ 'W \91 fl'W 'W fll 111U'Wfl11:1J fl fl\91 fl~ 'lJfl~ fl 1\91 fl 'IJ 111flfl1~'IJ1'W n11'l11111 \91 H'1fl'W11 ~ "' . . " . 
1l 1m~~f\'1\91fl'IJ'W fln111ni1 m11l1~1il'W H'1fl111m~'Yi'1 i ml'n11w~ni'N '1 1 ~ t1:1J fl~Ylfll'W 11:1J 'l 'W nn 

2.9.6 mrnfil'lJ i~uiJ'1~!m~iJi''IJiJ1~,YmqJ'11~'1J'IJ~!;j}t11'lflqj (Technology transfer 

~ ,% ~I "' , I 'JJ d di 'l 'JJ "' o II] 'l 'JJ'l and maintenance) 'lJ'W\91 fl'W'W! u'W fl11~~U u'1~ 1~'1.J 'IJ f;!!'lftl1'lflqj!'Wfl m 'tt:IJl~f)'IJfl11'W 1 ! iJ 'lf 'W 

1i1n11u'1~fl\9lffrnmrn 1~'1J'IJrr1;t11'Jf1ru~fl~mm1m1nl'lJ i~uiJ"~ lli''!JllH 111m~rn~:1Jm1:1J~ 
q q <u u q <u 



,,..; d ?1 .... ""' • 
1. 'Vlflll'Vl'Wrll'lftl1'lflill'Vllu'WlJ'W'lH.JllleJlJ'WlHJ !lJ 

'U " q q 

mmH1 'hf fl1fleiu i~'W'lf1.:inmtT'W 

31.d d d ti 

f.;Jt'lft11'lf1i1J'Vltil'Wmf1w 

~ ' 
3. rlflfll'Jflflff'W 1 'ill!~fl::;ni' .:i'ildjm1lJ1litNfl'J .:i 

d 31 31,d 
5. ffllJl'Jt11nm1m1lJf11llJi'illnf.;j!'lftl1'lfli1Jl'ltlltl 'l 

fl'WlJl '1 i'l'W~l'W f11llJf l~tl1tl'W 

1. mm'Jt1~'il::;f1'r1.:i1mji~'Wnf11u'W'J1fl1~1 ~1v 

fll'Jrlf!flein hhunrn 

'1 1.:::I ~ d ~ .J (IJ 31,d d d ti 
8. lJ lJ fll'J fllJ'Vl m 'illf1fl "1'W nu r11 '!ft11'!f1ru'V11 U'W lJ'W'trn 

~ u ' 

_I c! 1v v..l 
2 .10 fll 'j 1J 'j::: tlfll11fl 1"J 'If \11 'U 'j::: 'IJ 'IJ N & 'If £1l'lf1 flJ 

q .. u 
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9" 31.d 2'1 91 'ii .::s ,. I .::!! QI 

4. "1ell,Jf1f11llJi'VlueJ'Wl "11'il::;flei.:ilJiuu UU!l'llJeJ'W nu 

~i'Wri11lJf~Hei~rvi1tT'W 

-1 ~.d <'I L!I ., .d ~.d 'I~ .Ji 
u 'j !::!fll'l 'IJ fl.:J'j::: lJ lJ f-l! GJHJ 1'lfltu 'il!:: ti~ fl fl\91 llJ f;l fll:I tu::: .:J l'W fl 'j::: lJ lJ f-l! 'lft11'lfltufl fl fl fl fl!! lJ lJ lJ 1 ! 'If .:J l'W CJ1.:J cu u cu u cu 

" m.i.:Jflflfl i~~.:Ji'.1 

2.10.1 'j!::lJlJflllJfJll (Controlling System) ~fl fll'j 1'*'j!::lJ1JflfllJ~l!\91fli'!~fltl'.:Jfium'j 
" " 'VlHl'W'IJfl.:JffTWU'j!::flfllJlJl.:J~'U 'H~flll.:J'j :::uui tt!fl~fllHll.:Jl'U fl\91 l 'Ull1lfldN'!fltyu m~ !GJf'U 
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!i!llJ !ii "' ~I i !ii o o Ji 
2.10.2 1~1J1JU fl t 'lJ 'lJ fl Hfl'fHllfl (Debugging System) ! lJ'W fl U l'I fllU 'W ~'W l!'fl fl fll 1 

~ . 
Utlt 'U.u' fl Nfl'VHllfl i ,r fl fl~fl~ 1~1J1JU fll 'il 'ii~ i oH'i 'W fll11 ~ rnm ci~.Yhn'llfl~'fl 1llJ v~ tllfl l'l1 fl'fl1llJ "' . . 
Nfl'Vl mflu n~ 'ii imf 'W 'il~nm'W flu 'W TYi i~utl'i!tyl'l l!~ flUtll 'll'fl 11lJ Nfl'Vln lflm ci itT 'W 

~I !ii .d <U!i/o 
2.10.3 1~1J1JflflflU1J1J (Designing System) !u'Wflll111J11lJ'Ufllqj'1!fltl1fl1J'Uflflll'l'Wfl 

I "'> °' o' .d i 1 ... °' !iJ "'> °' o' ~ ~ i !iJ 1 o'G) !iJ \911~ "l 'Ufl~Hn\9lflWctl'Yl!1lff'U 'ii fltl!u'Vll~!'Vlfl'Vl\9ll'Wlff1l~Hn\9lflWctl'W'W'U'WlJl 'lf'l.h~ tl'lf'W tl'l\91H 

\91 llJ .u'fl ~in fl l'I 1 fl11t1n~1flt1fl~ Ht oH'n m 'W fl 
"' 

2.10.4 1~1J1JlU'ilQtl (Diagnosis System) iTiu1~1J1J~ii'ium11u'iltl't11ftym~1~ "l 

!~fll'l l.u' flff1u11n ffl!l'l\9llJl'illflfl~ l 1 1 ~1J1JlU 'i)Q fJ'il~U\9lfl~l~ 'ii lfl1~1J1JUtll 'U .u'flNfl'Vln lfl\911 ~ ~ • • 
l~ l~tlll'l'W fl1Jflfl'Yll~Utll 'U~\Jfl~fl~ !oM'W fll11U 'ilQfJ h'fl\9lllJfllflU fll11U 'ilQ t11f tyl'll'Yll~ 

!f11ll!fflff\91{ m11u'iltl't1.u'fl1Jfl'Vl-ifl~'Ufl~!'flifl~1lflrnn~1~ "l iTI'W~'W 
Q.J ~I Q.I Q.I I Jr 

2.10.5 1~1J1J\9111'il'il1J (Monitoring System) !u'W1~1J1J\9111'ilnfllJW~fftytylW\9lfl!'Wfl~ 

i~fl-ff ~f11i$iflul'l1flm1~flff'Wi 'ii ifl "l irlflnmm1Hf'IUfl~'llfl~ff'tyty1w~ 1~f 1J ii'W mrn1mJmrn~ 

i ttfllU'W~tJlfll1U~llil~1'W'Ufl~ 1 H~l'W l vJ~1'Vl'1~~l'WU1!'fl~fJ{ 
I <'I ':'II ~I i !ii ... I 

2.10.6 1~1J1J'JnfJfffl'Wl'l1flHflfl1Jrn (Instruction System) !u'Wfll1 'lf~l'W!'Vlfl'lf1fJfffl'W 

M1fl1Jflfl1Jrnm~'flflllfi1i\9l fl{ M1 fl'lf1t1 i u m1 ~ t1u ~i~t11n1Jmm1'Ufl~ 11'flun~m1tlfl~n'W foll i 
"' 

dCJ} ~I CJ} di ~I "'i ,x 
ill 'W \91 'W 1~1J1J'W 'ii ~'lf1mmi!ru l'l l! 1fl~'fl11lJ tJfl l'I tJ'W 'll fl~ fln tJ'Yl 1i um 1 fffl'W mm rnfffl'W \911lJ'Vl u 

u • • 

rJld 3./d I O Jr o' d CJ) ~ 
! l'W'fl1llJi'Yl ~! 1 tJ'U U\91'1 ~'fl 'W 'W llJl!'Vlflff fl l'W fll1W fll1 !1 fJ'Wi 'W 'U "l 

~ a' CJ) .d 'J}Q.I d 
2.10. 7 1~1J1Jfll11!'fl1l~l'IHn'illfl'Ufllqj'1 (Interpretation System) !flfJ1'Ufl~fl1Jfll1 !fl1J 

!ii Pl !ii I !ii ' 0 "' .. !ii "I 0 i !ii .. 
111J 11lJ'Ufl1.Jn u fl'W! 'lll\911~ "l un1mm111 'fl1 l~ l'I Hn 'Ufl~'U fl1.J nmu u n'fl 11lJl'I m tJ'Yl i l'I -crmu flU w 

°' ~ I "' .. !ii I "' .. !ii " I ~I !ii 
'lffl!'il'W'U'W i 'lf'W m11m11~l'l 'U fl1.J n'll nm fl~ 'Yll~ 'Ylm1 m 11!'fl 11~l'I Hn'Yl Nfl l'W u1 ~'lf1m !u'W \91 'W 

d jJ Q.J ~ ~ 
2.10.8 1~1J1J1l~UH'W (Planning System) 'il~!flfJ1'Ufl~fl1J!'Yl'fl'W'flfll11l~UH'W GJf~fll1 

2.10.9 1~1J1J'Vlmmw (Prediction System) !TI'Wfll1'fllfll'lmml'l\9lfl11Wi'Wfl'Wl'fl\9lflVl~ • 
.d !ii °' i!i!!i! Pl !ii Ji cl <'I .,.,,; cl !ii 

'lfltllu mfl 'il~!fltJ1'Ufl~fl1Jfll1 'lf'UfllJnufl'W!'UllJl!'Vlfln~'fl1rnmut1~m\9lm1w'Yl'il~!tlu 1 Utfl l u 
u "' • 

I .. !ii "' ~I !ii 
fl'Wl'fl\91 !'lf'U fll1'VlfJlfl1Wfllfllff'illfl'UfllJnfl1J !1J'W\9l'U 

"' 
1 o ~I 1 ;f 

2.10.10 1~1J1JGJffllJ1Jl1 ~ (Repair System) !u'Wff1'W'UfJltl'Ufl~1~1J1J Debugging 1~1J1J'W 
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2.11 mriilrim~m..Jtl~'t'iUl~'t1HfJWill'W (Quality Function Deployment: QFD) 

. 
~ -• " .::i 2.11.1 fl1UJ't'i1.JlfJ'U8~!'t1flU flfll ~ UlJtl~'t'i'l.fl 't1't1H fJWill'W 

!'Ylflu flmrn1.fo~11u 1~ 'Yll~flum1TI 1~u in nu~'lf1ri i u m1'tf~mfl wm'l"l'llt1~ • • 
i 'J/ CV & i 'j) Q.I ~ 'j) 'j)lq I 

mrnt1nu1111 11 ~Hf111fl11:1.J'Y'M't'ltl 1l'lltl~nnm 11n~111nuu11:;;11 un~f111:1.J~ t1~m1'llt1~nf1fll i Uff .. .. .. 
d'.J 1'11 lJW i 'W fl11 tltlf1!!1J1J! rn:tl'i' 1 i tt!fl ~fl11:1.J! ~mf 'W i 'W fl Wfll't'I ~ l'W'Yl 1~! vJ ff fl11 H~ ~ • 

2.11.2.2 1vit1'lf1rin~if t1J'Hl~l~ "] ~!fl~~'Wi'W,Y'W~tl'Wfllrnt1m!1111H~~fiw ctl 

i~ i111:t1~u 1 :t ri:tnn1~i ~ u m1t1t1nu1111 19i'u 'Yl'W ~i ~ u m1t1t1m11111 n~1:t~11f111:1.J iJ,ju ii u tl'W • 
ium1t1t1m111111rn:t~'W "1 

2.11.2.3 1vit1'lf1ri i ttfl11'l'f ~'W1H~~fi'Wctl~l!U'W t ui 'WVlff'Yll~~tlf1\9i't1~ .. 

~ 'j) .e::t .... 1.c:::.. Q,I Q.I o' Q.I 'j) i d 'JI 'JI 
I 'W ti~ 111f1~ tl~:l.Jfl11IJ {] fflJ't'l'W 1i f111\1f1fll 'W f111!f111111111:1.Jfl11:1.J ~ti~ fl11 'U ti~ \1f1fl1 

2.1I.2.1 1vit1ittm1l'l1~ 1u'Ut1~ Hl ri~ 1~ "1 i u 11~1I'Yl1 ~u i ui u Virrm~1~ ri1nu 

1~mu't'll:tHWH~~ Hwmrnm~ 1rn:tH1rii~mun:t11lri 1~ul9i'u 

2.11.3 .fru~rnu1unn1h QFD 
~ ~ 

'1J'u~t1uium1l'11 QFD ij~~u~t1 ('t'l~ffm ~l!fll:t, 2552) 

o 'JI • 'J/211 dll]'Jlo ll]'J/'J/ 
2.11.3.1 m1m1111f111:1.J~t1~m1'llt1~mJ:1.J\1f1fll!IJl'H:1.J1£J'Yl i~m11u~ nun1 

Un:tfl11ff1111lfl11:1.J.W~'t'ltl i11 i 'Wl'i1H~~fi'Wctl!~lJ 
.c:::.. " 'j) 'j) 0 Q.I 

2.11.3.2 m 111'fl11:t11fl11:1.J~t1~n11'llt1~nnfl1un:tn11n111u~1:t~11 .. 
0 Q.I 'j) 'j) 

fl 11:1.J m 'fl ru 'll t1~fl11:1.J~t1~m1'llti~nnfl1 u .. 

2.11.3.3 l'i'lfl11ff~l~~U1~ HOQ imh'W'lltl~ WHATs 1~rim1ioff!'YlflUfl'Yl1~ 

1rr1mrn1'1i11m'lf1ri ~ti Brainstorming irn:t Affinity diagram 

2.11.3.4 '1:1'~1~~111~ Product Planning Matrix 'H~tl HOQ iw:h'W'lltl~ HOWs 

;~!~'W!'Ylf1Ufl~ioffium:t111'Wfl11H~~ (Technical Response) 
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2.11.3.6 ff~1-:i\91111-:i~1~rr:i'lYt1-:iti1Jfl11H~\91 i'lf'W 'lYmi'1ti~ i'Wfllrn~\91 

2.1 i.3.7 'l'11fl1111m1~11'1mt1rn'Vit11J 1~t11'11fl11nm'W~u'W1m-:i i mnn11-:i1'W 

~ .::::i. Q.I o' 
'YI 1tlfl11tltlfl!! 1J1J H'1 \91fl W ~ 

2.11.3.8 nm 'W ~u 'W 1't11'1 i 'W fl11Ui'rnJ1 'I 'YI~ tltltlfl!!1J 1J H~\91.tf tu cn'i m.iu~ 1 

' 
2.11.4 '!Umm110..:imfluflm·mu~..:i'Hu1finHflwm-w (QFD) 

~ q 

~ o' ..:::::,. Q.I o' . d! 

2.11.4.1 UJ\911fl9ffl1111'1UH'WH'1\91flW~ (Product Planmng Matrix '111tl HOQ) 

2.11.4.2 !:IJ\911ni'fllrntiflU1J1J (Design Deployment Matrix) 

2.11.4.3 !ll\911ni'fl1111'1UH'Wfll~1J1'Wfl11 (Process Planning Matrix) 

2.11.4.4 !ll\911ni'fl1111'1UH'WUij'lWlfllrn~\91 (Production Operation Planning) 

Process 
Cliancteristics 

!I A-3 Operation 

11 Process A-4 

Planning 

Part 

Requirements 

m-w~ 2.2s iu111Jrn'Ylf1Ufl QFD u1J1J 4 i'Vlff 

.::::i. ti .::::i. Q.I ti ~ 

2.11.4.1 UJ\911fl9ffl1111'1UH'WH'1\91flW~ (Product Planning Matrix '111tl HOQ) 

!ll\911flCJ1'fl1111'1UH'WH~\91.tftucn' (HOQ) 'Yl~ti.Jl'WUli'lfJWflll'l ~'l!rl'W 

"" .. .,9 "' ' 1 !:'I "' 'J) ""1 'J) d i 'J) UJ\911fl9f9f'l!1tlfl11\91111'1fJWflll'l ~tl!IJ'W!fft1'1111fl~1J1 flfl (Voice of Customer) \91tl'lfl11'Vl11~ 'YI 

'W'IPlJ'WlH~\91.tf tu cn'i ti'm 'l\911llfl11lll'i'ti-:ifl11'Utl'IN1J1 lflfl ~-:iih1t1'1~!~t1~i-:iml'l~ 2.26 ~fl I ud~ti .. 



.-

-

I. 

" "~1 fl111Jfl~~flll~~~~Ul fifl 

(Customer Needs: WHATs) 

5. 
d ..;. 

fl111Jlfltl1!'\HJ~ 

1'1.l'l'lHl'l'lflUfl 

(Technical Correlations) 

(Technical Response: HOWs) 

4. 

(Relationships: WHATS vs. HOWs) 

6. mli'f11mornliou-ff11nou~m~ 

l'l'lfliifl (Technical Benchmarks) 
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2. 

(Planning Matrix) 

2) ihw~ 2 !ll\91'1ncifm111\l!!H'W (Planning Matrix) l~'Wff1'W~oM1tl 

lf"o 
r- a;i: c cs: 

a§ ,,,. 
G:;; i? 

;\~ v-
,,,. 

q1ro -~ ;:;:: 
ri ;\i. r-

lf"o ...;i: r- r-r ,,,. c ,,,. ;\;:;:: 
cs: ~ ;i: .,._ ~ ,,,. 

i? -;:i lf"o 
~ ~ r-
i? I? I? ;:i c ~ ~ a1ro a• ~ ~ 

,,,. 
ac;: ;::: ;::: -;:i ~ 

;;:) lf"o i? r- ,,,. ,,,. r- r- -~?= ·1e 'llji:: 'llji:: ri c ;;:) 

ri ri ri ;:;:: r- r- a~ r- r- r- r- lf"o i? 
r r r 

~ a~ ~ r-
cs: cs: cs: f?O o(CO 

. 
cl "" o' 

.fll'Wfl 2.27 llJ\911f1CJff11111\ll!H'W 
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g'W !~ ul9i~tNmm1t1Vi1m1mfi1rl1i1J'llei-:im1h1'J1wwn1~~1t1 

- fl1lllfi'l'VHJ1'il'llfl'l~1J1lrn1 (Customer Satisfaction) ~1J11flfl 

~\9li1Hi°il9lfiw~~iimii 'Wif 'il'ilU'W fflllnttVil'll'W L~\911 'l\9llllfl1lll~fl'lfl11'llfl'I H1J11flfl L~!l'i1 l\91 
~ . ~ 

119lt1Un~i'Wm1rl111'il~flll~'il~!!U'lfltimtl'W1~i1J !'Jf'W vrni'il 1~irnMmn mu1'Wnm'I J1 J1mn 
~ ~ ~ 

!tl'W~'W 'il1mf 'W 'il~Vi1mrnu~-:J1~irntlmhrn'll!~tim1l11!uf11'W1wl9it11 u 

- m1llfi'lrrni'ili'Wmrn~'l'll'W 'l'imtJ~-:J m1!mt1rn-vit11J1~'tti1-:J 

Hi°il9lfiw ~fiu ~'lfl1J Hi°il9lfiw ~~n1tl'-:JV! 'i111w lt1d ~'I 'ii~ i .ffn u rl111'il~t1ll ~'ii lfl H1J 11m11 \PltJ'il~!! u 'I 
cu cu cu cu 

t1t1 n! ll'W 1~i1J! 'lf'W !~ t11fi 'W n1J~ t1fl 11 llfi'l'Vl t1 i 'ii '\Jt1'1 H1J11flfl 'ii lnJ 'W 'ii~ Vi ln 11 !! u~ '11~i1J ! ti 'W 
~ 

\911rn'\J!~t1m1l11 !uf11'W1wl>'it1 !u 

Hi°il9lfiw~1 'W if 'ii ~U'Wfl1JHi°il9lfiw ~~'il~t1t1f1!!1J1J i 'tt:J !~ti i M't~\9llll!1'.l1'ttlllt1~11'1L1 i'ltT'Wn11 

11'1!1'.lmmtJ'il~ri 'IH~m~'Vl1Jt1d1-:Jt-:Jl9it1m1f11'W1w i 'W rl1iml'\91 tu 

°' " I °' " I ~I " I:! "' °' I 2'1 - tl\911 lfl11 u11Ju1 'I 'il~!u'W fl11 !u1 tl1J!'Vltl1J fl'W 1~'l'i 1l'l!ul'l'imtl 

'llt1'IHi°il9lfiw~~~t1-:Jm1 'il~~~'Wl !mt1rn-vit11Jn1Jfl11mnmrn i 'Wif 'il'ilU'W~mmrnVi1 !~ i'IJ'W • 
j) I t ~ ll) j)Q j) .c! ~ fj} d 0 9) ~ ")" ~ 'J} 9} .c! 

'lltllq!~\911'1"lmm'W'il~'l'ilm1\9lf1\9lt1'lll'Vl'W!l'Wm'il1f1'\Jt1lq!~'Vlb1'111'ilm'il1m~1J11flflGJf'l'lltllq!~\9lt1-:Jll 

fl1lll~~!~tJ\91 !W~fl1llltt n~t1'l'llt1'l~t1ll~ 'ii~! ll'W ~ -:J~iifl11llrl1fitt1t1 d1'1t-:Jl9it1f111mnmrn i 'W 
~ ~ u 

(2.2) 

- ~\91'\Jltl 'l'illltl~'I fl1lllff1"11fl i'Wfl11'\JltJHi°il9lfiW~ 

- rl1i1J~'llt1'lm1iM'J1mJ'n m1f11'W1wrl1i1J'llt1'lm1i..1'J1m!n 

J'W 'il~!!U-:J!tl'Wrl1i1J~ (Rank) 'llt1'lm1l..1'J1wwmill~'Wu~~rl1i1J~J1m!nm\911!1'W i'IJ'W~-:J 
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x 100% (2.4) 

3) ff1tJ~ 3 !'VlfllJfl~Ulllli6* (Technical Response) ~ti 11'.JW'VlflUfl~ 
G) 'JJ 'J) "' "' o' 'J) "' .Ji 'J) "'"i "i 
! 'M\9ltl1H1'Utl'lff'Jlll\9ltl'ltll'J'Utl'l~H'l\9lflW ct'1'Vll'l~ltJ!'VlfltJfl CJf'llll1llfWl1J'J !flfl !~CJ\9l'J 'l!tl'I .. 

I d. Q.I QI,/ I !jlQ.1 ~ QI o'o 
4) ff1tJ'Vl 4 fl1lllffll'f'ltJ1i (Relationships) fH:Jll~'f'll'JltJl~H'l\91flWct'1'Vll 

tll'J 'J 11J'J11Jfl 1lllfill~tJ £ 'J~ '11 il'I~ 'I~ ~U 1 lflfl~ tl'ltll'J !! '1~l'f1!! 'VltJ i;j' f11l W~! Q 'f'll~'Vll'lfl Wfll'f'I 
.. q 

.Cl Q.I Q.I rl 'j} 

1J fl 11llffll'f'ItJ1i tJ ti CJ 

i1fl11:1Jil:1J~u.fitJ1unm.:i 

5) ff1tJ~ 5 fl1lll!~CJ1!~tl'litJ'Vll'l!'VlflUfl (Technical Correlations) 

~ti 11'.luri1u'Ut1'l'tti;i.:im1!1w11'i.:ifJWfll'f'I ~.:i11~1~CJ11~t1.:itirn'Vlf1Ufl~1.:i "1~'111mi6*1~t1.:i111m1'.lu 

. 
.::I, QJ Q.I c/ Q.I I I Q.I Q.I I 

.fll'W'YI 2.28 fl1lllffll'f'ltJ1i\911tlCJl'l'J~'l111'1\911!!'VltJ'1f11lW~!Q'f'll~\911'1 "1 
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QJ QJ • iUUtlfl'UW fl11ll'lUJUJ 
" 
./ ./ iirmm~'YllJ1'W'Yll<JlJ1flt1ci1,:nY<J 

"' 
./ iii:-rnm~'YllJ 1 '\..! 'Yll<JlJ1fl 

I I , '"' 'lftl'J11'J "" rrn m ~ 'Y1 lJ 

x ii i:-nm 'j ~ 'Y1lJ1 '\..! 'Y1 W'11J 

xx ii H'1m ~ 'YllJ 1 '\..! 'Yll'J '11Jticil<Jff 'J 
"' 

6) ri1'W~ 6 fln1~1mt1rnnt11Jffl.J'j'jfl'\..!~'YlH!'l'lflUfl (Technical 

~I -1 d , "" l 1IJ !ii"' !ii !ii ""l Benchmarks) ! u '\..! Ul ~ !~'\..! '\..! 'Yll'J! 'Ylfl'\..! fl ~ tlfll'j ! ~ l lJ H'1 m ~ 'Y1 lJ 11lflfl11ll\Pltl'Jfll'j 'U tl<J ~lJ l fl fl 

1~t1ii 3 ff1'\..! ~ti rlii1Jfl11l.Jfflflty'Utl'Jfl11l.Jffl.J~'\..!n fllll~1mt1rnnt11Jffmrn'\..!~fllrnoU<J'll'\..!!!'1~ 

"" o' 
2.11.4.2 !l.J\PlrnGlffll'jtJtJfl!!lJlJ (Design Deployment Matrix) 

v v 

11'.l'W 'llu \PltJ'U u 'j fl'U ti<Jfln u 11'1<J flu t1t1m1 lJlJ l1'1tJfll'ju11'1 <J~'U ri1u 

(Parts Deployment) 11~ rl1mrn U<J H~IPlfiw ~t1t1m1'.lu 'j ~ lJlJ cit1t1 l'i ~<J 111mf m1'.lu ~'U ri1ucit1t1 !~ti 
fflllnmwmw~ ~fl'l:I w~iu 'V'l l~'UtJ<J~'U ri1u ;<J11'.lu ~fl'l:IW~rn 'V'll~~ rl1fl'ru1 u flnt1t1m1 lJlJ 

" 
Q.I .eX ~~ QI .=::t, .C!'J) 

'1 fl'l:I W~! um~! l'i '1l'U11~'j1l.Jtl 'J 11i fll'j 1~ !!'1~'YlfY'Yl H'Utl'Jfl 11l.J~~1tl 

Q.I ~ 9) d Q.I 

l'i '1<J 111fl'U u 11~\PltJ<Jl.Jfll'j iJ'j ~mw H'1m ~'YllJ'U eM '1fl'l:I w~m 'V'll~ 'll ti<J 

!!~'1~~'U ff1'U, 'U fll'j 1~~l'U t1<Jl'i' 1u 'Yl'U ~ fl'l:I W~! u 'V'll~'Yl HflWfll'V'l ;'J, ~" 1111fl1Y l'U !! 11 'JflWfl l'V'l • • 
111mTu ~fllflU fll'U 1W rlli1Jfl11llffl.J~'U n'll tl'J f-1'1'j1l.J fl 11llffl.J~'U n ;'J~l~ ,~ 11~! 1'.J 'U ~ <J ~ 
'llrnfl~tiu 1 M'nllH~WJ'Ul'Yl 'jltJ11~u ri1u 1~1rn~~fl11w~m'V'l1~ 1~11'.lu ~ <J~rl1fl'ru~ff~111flfl1rn "' " . 

'j/ 1 I I 'j/ 

~ ti'J fll'j 'Utl'J H'11 ~ lflfl i<Jt! u ~'J 11'.lu iY <Jnn" H'~WJmm'j 11~~ WJ'U 1ir <Ju ritiu 
"' "' 

"" o' 
2.11.4.3 !l.J\PlrnGlffll'j11'J!!H'Ufl'J~lJ1'Ufll'j (Process Planning Matrix) 

v v 

'llu \PltJ'U u11'.l u fln i11fl w fflllJ'1! 'll ti <J m~ lJ 1u fl ll l'i 1tif'l1'j1i:J !\Pl ti 1 'll ti<J • 
I ' 

m~lJ1'Ufll'j (Process Characteristics I Process Parameters) nrl1fl'rui1t1<J\Pllm~ilJ~lfl11llfflflUln 
" " 

11) !ii "" o' _ 1 ~I I !ii 
1~ll111 lfl!ll\Pl 'j fl Glffll 'j 1H uriu fl 'j ~lJ 1u fl nm u u '1<J 1 u'U HH'U fl n fl 11Jfll.l m ~1J1'U fl l'j 11\Pl '1 ~ 'U ti 'U ti <J • 

v • • 

fJW fflllJ'1!'Ut1<Jm~111u fll'j l1'1t1'llu1P1t1unm'jiJo11'1l<J1u CM'J 11~Vi 111'jw 1a<Jur1u<J1uiJ111111 <Jn~ti<J 

~iiuufln nm'jmlJflll nmrnl111fftilJ H'i'11i'.i~'lft11J !!'1~~11uumrnrium'jmlJflll~1¢ilum'j . "' . 
9J d~I ~ 9J .c:::! .dQ.I 

ff'j HUH'U mrn11JfJllm ~1J1'Ufll'j mummt1 flt! ml'i lfll.l!!H'U mrn11JfJllm~ 111u mn1'lf~11J'U 

!ii I , !ii "" o' d 0 "' 11) !ii ~I 11) - I !ii 0 

U'1111~mri'1 l'i'V'llllll!l'lm'llt1<Jm~111u mn'lfflfltyfflll n tlfl11JfJll 1~ !!'1~!u'U mmll'lltlflll'i u ~ 
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0 ai. dlfl 9JG) ai. ti ~ 
'ill flfl11 \911! 'U 'U fl11~ UJ !!H'U fl1rn11Jfj1J'YI ! \91 ! 'U !l.J~ 'jflC)ffll'j 1VJ!!H'U fl 11JfJllm~ 1J1'U fll'j'U 'il~ \!fl 

'111m\Ol11iJ'Ufl11TI~'UliJf m_h 'IH~~Jltl! cn\?iu i iJ • 

Cl.I ~ od gJ ~ ti ..i!l .IC\& .ct 

'IHH'illfl'U'U'il~l.Jfl1HOH~11H!l.J~1fl9f 'lnfl !!H'UfllJCJf'llJ .. 
Q,I o'~ gJ • 9) 9)ai. 9) ~ 
1~QiJ1~ff'lfl fill ~fl'lfl11'il~111J11l.JHJ;lm~Y11J~1-:i ci 'illflmlll~u-:im1'1JB'lfj1J11flfl hrn1mrn~-:i 

. " 
fiiYil9i'u-:im1 'tt~um1iJ~1J1lm11?i1-:i ci i u m1l11 i 'tt1~mllfl11l.Jl9i'u-:im1m ~itTu 

'll'Wl1i£J~!~£J1.u'u-:in1Jfll'j l <M'!'YlfllJflfl11!!11J;l'l'tttl' l~'Yll'lfJWfll'Vl ( QFD) i~ih! fll'MlflU 

~v11m1ffflllllPi-:itl 'Vl'lfl'm 1'111m~ (2552) i~Yi'1m1i1mn1i t1-:im1TI'~mH~~rl'w en! 191£J i <M'n1flu fl 

mrniJJ;l-:i'tttl' l~'Yll'lfJWfll'Vl (QFD) mill ffmfl: 1 H'll'U H~rn!~'U iCJ i"fl\91!! ~'I 'Vl1JllflUflflfl!!1J1J 

!rn ~Til'JJ'U 1 H~~ Jltl! ctl!!~'U iCJ i" fl\91!! ~'lfl11!if'U11 fl'! fl ti! ffl.J1J1J'YI H fl1 CJ.fll'Vl 'IJ fl'I H~~Jltl! cni 'U ~ l'U • 
fl 111.J~ £J1J'll u -:i H1'tt tl' 1 fl 111.J ffJ 11ffllfl'Yll'I~1u fl 111.J 'tt u 1 irn~ 'il lfl m1 '111 HJ;l ~'Vl 'Ii 'll fl'I m 1 i <M'l'YI flu fl 

mrniJJ;l-:i'ttif l~'Yll'lfJWfll'Vl (QFD) iiJTI'~'WlH~~fiwcn 'Vl1Jl1 Yi'1 i lf H~~Jltl!ctl!!H'W iCJi"fl\91!!~'1 

'tt ~'I fl11Til'JJ'U1" flt\! ffl.J1J1J'YI Hfl1£Jfll'Vl~~~'U i 'U ii 'lfl11l.Jl9i'fl'I flU rr1J ~ lflfl l \91£J"fi1 fl1 Hl\91 fffl1J . .. 

.::::i. Cl.I ti 'j) 

'Ufl'IHJ;l~flt\!C)lf;l\Olf;l'I 1fl£JJ;l~ 91.5 

Matzler !rn~ Hinterhuber (1998) !ff'Utlfl11\j1Wlfl111~'ttl1'1 Kano's Model fl1J QFD 

l\91£J i 'W 'I l'W 111' CJ i~"fl111J11 £J1£J~'IJ'W ~ fl'W fl11 i <M'ifli u-:iijul?i 1-:i ci ud1-:i1~u1 ~1Jrnrn~l9ium Shen, 

Tan irn~ Xie (2000) ifoi~lff'Wflfl111J1Wlfl111im1TI'~mH~~rl'wcn l\91£Jfl11i<M' Kano's Model .. 
'"' "i "'"'.I o',,\"' "'"' o'9'J/?i 1'LI 'JI 'Jl'l'J/ 

!rn~ QFD !'M'Ufl'U !\91£Jl.J1~QU1~ff'lfl!'l"lfl'Vl~'U1Hf;l~fltl!C)l !'tt!U'U !U~ll.Jfl11l.J~fl'lfl11'\Jfl'l~flfll m 

~ .Ji 'J) e!il 'J) "' 'J) ~ ~"' lq'J/ """' 'J) e!il 
l.Jlfl'IJ'U 9f 'lfl11!'\Jlfl'lfl11l.J~fl'lfl11 !m ~fl 11l.Jfll\91 'tt1'1'\J fl'lf;lflfll'U 'U H1'il£J !\Ol!ff'U fl11ifl11 !'IJ1fl'l l\91£J .. .. 
i 'JI .I .,. "' o'<; i 'JI "' "i ~"' tq 'J/ 

'Mlu!!1J1J'Ufl'I Kano's Model !rn~fll'jflflfl!!1J1JHJ;l~fltl!C)l 1\91£J 'M'ttf;lflfl11'\Jfl'I QFD 1\91£Jfj1'il£J !\91 

"""' !ff'Wfl11ifl11\j1Wlfl11'\Jtl'I Kano's Model irn~ QFD 

Baba Md Deras (2009) i~!ff'Wflfl11111~~rn1i<M'mrniJJ;l-:i'tttl'1~'Yll'lfJWfll'Vl QFD !~fl 

fffl1'l 1~ fl1'l w ~ flW fl l'Vl fl n 1J ~fl 11~-ff1fi w11J;l~m11191iJ1 ~ iY'YI ~fl l'Vl 1\91CJt1uflu1J1J fffl1J fl 1 l.J ~ 
• u 

fl fl fl!! 1J1Jl.Jl! ~fl1~ 1Jfltjll'llfl'I ~ mr1i'Ufl11f1J fllrnfl1Ji'1J ua 1fl lflU ff~NoLJl'U fJWfll'Vl HOQ U 1 

'j) 'j) 'j) 0 ai. 0 Cl.I 

fl 111.J ~ fl'I fl 11'llt1'IJ;lflfl111J;l~'IJufl1'ttu\91'Vl1-:i 1 'Vl flu fl fl nu fl flu 1J 1J m 'tt 11J u 1J 1J ff fl1J fl 11.J u J;l ~ 1~1J .. . 
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'V'l ll llJ!~ ei! ~'W '1 !~ei-J'~Ul ~ ff'Yltl fll'V'l '\J tl~fJWfllVHlU 1'11'1J~ fll'j 'ii~!~ 'W l~ llflU 'l oH'rnriiJ flflU 

uu'1~t1U'1~'YlNfJWfll'V'I (QFD) iilurnriiJri~l'*1 um'j11~uH'Wfll'j~~mH~~fiw ct1i~ei1'11'~Hn1J 
9) 9) d 'l 1 ~ -1d 9) 9) :'1 "' "' "' o' 

fl111l~tl~fll'j'\J'eJ~'1flflUJ1fl'Ylff~ i ~ti 6lf ! 'W fll'j !1J'1tl'W fl111l~tl~fll'j'\J'e)~(lflfllll1!1J'W ~1H'1~flW 9'l 
~ . ~ 

'JI • 'JI ' 'j} 

eid1~iilmJ'u~eiuu'1~iilu'j~1J1J 1 u ~iu11lm1ei~ui i'lei~ 'il1milu fll'jTI~'W 1H~~fiw cti''l t1" ~nTu fll'j 

9) d 1 9) :'1 9) 9) d "' 9) 
111rnriiJrimrn U'1~tl'Wl'Yl'Yll~f1Wfll'V'I QFD m 6lf'il~!lJ'W fll'j ff'jl~~uu 1J1J'Yl~Hfl1Jfl11l.l~ei~nu • 

. . 
~QJ .c:t .c:t v 

2.12 -:nin;u.1'tlitUJl'llO~ 

!ffflff'j 'jfl 1ut11~fin" (2549) fffl'tl 11! 'i11lt11 u fll'jtJeimmrni"Vi"Tirlmi'11m~111u fll'j 
~ 

Q~~'WlUH~~fiw ctlt1l~U'1~fffl'tl11! 'il1l't1~1~ '1 1 umrneinu1111u"Vil1TIQ ~ t11~ l~un 1'ff~~'l 6*'1'11 

u"Vi"TI nu 1'11'ri1111~eiuuriu"Vi"TI <Mei~m~ !t1m'tY1 lumjfillTI iei~m~i~~eiu 'j~1111iei~m~ 

i mumrn~'W '\Jei~u"VillTI lU'YlH'\Jei~~u~1umt11 uu"VillTI 6lfei~'1llfllt11 uu"Vil1TIU'1~H'1m ~'Yl1J 
~ 

'\lei~ H'u'j~nei11nu 1 'Wfll'j mrnu 1111u"Vl"TI' U'uid ei~m'il 1nfiu'j~fl ei11 fll'j mt11 u u 'j~rnrYtT u rl'~ 'l 6* 
~ ~ 

- I "'1 1 91 
"' 1 .Ji ' 1 91 

"' -"1' lJ'j~ff1JflUW 'Wfll'j'e)'e)flU1J1J U(l~ <]ffll'j(l'e)~f-l~(l'e)~\jfl 'Wfll'j'e)'e)flU1J1J C)f~'iJ~mH'1 mfl~lJqjtll 

fllJ H~~tlW ctll 'W ~1'Wf1Wfll'V'IU'1~m ~1J1'W flU H~~!rleitJ 1U"Vlm'l1ul6*~ l'W ~~~1'W11lt1~~flci11 l~ • 

~ 0 & ti 31.d Q.I 

"ljm u~m (2551) 'Yllfll'jfffl'tl1U'1~ 'j 11J'j'Jl.f ei~riri11l.ll mt11n11m~111umrneinu 1111 

U"Vll.ITI u~ ffltl 11J~'Wl U H~~fi W ctltll~ 'illflU ti ci~fl11l.I ! ! ; ~ 'Ylt]'tl~ 'l u !tlflffl'j 16lflfll'j U '1~U ti ci ~ 
ri11llf!;~ug111i'illflfftll'WU'j~fltl1JflU~~1!iJ'W~'jfl'iJ!~t11n11m'jmlflH1J1JU'1~H~~U"VllJTI ~~ 

f11lt1 i~i11ri11l.l f~~nci11lJ 1il ~im1~M'i~einm u ~iiluu u 1u i)tl'~~iilu" 1~ 'j jI 1u rlm 1'11nu 

·~ t1 ~ d •~ rl'JJ QI !ii ... 'I 
'e)'e)flU1J1J UlJ'V'llJ'V'I U(l~! 'W 'e)~ 'illflfll'j 'Ylm ~1J1'W fll'j 'e)'e)flU 1J1JUlJ'V'llJ'V'I~ 'e)~ mfftl'\J 'e)lJ(l 'ill fl ti "1tlN1tl 

~ 

0 1 j} ~ I <J) ~ .... I dt 1 3/b] 'J) Ji 'j} d 0 d & ~ ~ 
'Yl1 mn~ri11l.I '116lf1 'illfl'\J'W ~ eiu fll'jlJ'j ~mu~ 1m'V'lei t1 1 ~mCJf ~'\J tll.f '1'Yl 'ill!ll'W 'il~m~u u 1ri~ 1 u 

~ 

fll'j u U(l~fl'j~1J1'W fll'j'e)'e)flU1J1JU"TilJTI~ ,~ 1l'~lhilu lJl~'jij l'W 1 '11' eidl 'W 'jU'\Jt1~v:r~n'lfufim£Ji1t1 .. ~ ~ 

1 'W flU'l'lNl'W (Application Programming Interface, API) ~~~~~fl~1J'WCJfti't'll?i'u 1!6lf1t1'l 'W flU 

. ~ d Q.I .J ~ dt QI 'j} 

fltlflU1J1J Sohd Works Software 2006 CJf~'j~1J1J API 'Yltlfl'V'l~'Wl'\J'Wlll'W'il~!6lffllJ 1t1~fl1Jill'W'\JfllJ'1 
~ .. ~ 

91 "' 9J d "' •19' :'I 1'1_19' ~ 
~1'W1ff~tlNU'1~111'W'\JfllJ(l!fl'jfl~'ilm 'Yll tlm~1J1'Wfll'jflflflU1J1J!lJ'W !lJ~1tlfldllJff~~1fllJlfl'\J'W . .. ~ 

1'u'lft1 ~mni1~ff' (2550) l~TI~'WlH~~tlWctl'\Jti~ 1H~l'WH~~t11~U~'WU'1ti~fit11~t1ij 
~ 

Q.I .... I t1dt & ~ Q.I r1 di o Q.I ..::). Q.I c1i 'ii 
1~tllJ'j~ff ~fl!'V'I flfffl'tllfll~1J1'W fll'j'Yll~flWfll'V'l'\Jfl~ H'1~flW 9'l U'1~!'V'lfl'Yllfll'j'V'l\PJJ'W 1H'1~flW 9'1 'l ti • • 

• 9) 9'') 19'"' _, 91,d 9) _, 

~H~flfl11lJ~fl~fll'j'\Jfl~~flm ! ~ti 'lH'Ylfl'Wflfll'j UlJ(l~tl'Wl'Yl'Yll~fJWfll'V'I QFD ~1tlfllrn lJ'1~fl11lJ 
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~ ! ~f 1J m'J~\9JJ hi 1 l l'l:Jtl lifln ! ii~ VU!! ilft.:l'Vl N~ lh! 1'\9lt1~1J~ l 6*111fl V1.:l1i 'J rn 'lfl~ ! 1'.J hi rJ1.:lff.:l!fl'J1~ tt 
q 

(Nitrile Butadiene Rubber, NBR) 1rn~limrnin.1m"J1flli ffnhf'.ff 1il111J1J ft1~ftW !W~ffffh!~ 
~ 

ff1V.:lll.l!!ft~MmflMmV'llh! 

o & .& ... ~ Q.I GJ ..::1 ~ ... I ~ Q.I o' d o 
J. A. Lindsay (1999) mm"Jfl'fl1fltl.:lu1111V 1um~1J1h!fll'Ju~'llhl1uHft\91JlWCVW1.:l'Vl'Vl1 

l 11'1n~ Hft~tifl 1111 mm '.ff vi.:iu~m ~1J1u fll'j ti ti flu 1J1J H~\91.flw CVJ"'! ii 11 u ~.:im"J i.:i ri1'Wn1iJ1\91 tif l u "' .. 
d .a cv c:i, .t::::i. I c:i. d Q.ldl 

mm ~'IJ t1.:i1fl'Jti.:i11 m !! ft~tl'Vl1i'Wft'llti.:i ff1h! Hffl.I !! ft~ m 'J !\9111!\91 l.I (Additives) 1J N \911'VI ff .:i Hft m ~'VI 1J 

~t1mrnmi'1~mv l m1f 1u:JY411vf ~'V\'1l11'1n~"Jt1v\9\'rniJl u~u ~lu ~\'! ~ ~.:i !~lim"Jt1 n~1J1J1J~l'ln 
1i~m"J~lh!fltum'W ISO 9001 m 16*1um"J1.yt11i1"J~iY'Vl1i m'W l u mn11~ 1u 1rn~'V\'1m"Ji1m 1~tt ~lu 

q 

0 & d Q.I QI lj) 31~ ~ 
Yuzana Khin (2000) 'Vllm'J fl'fl1fl!flV1fl1Jfll'J'W\9llh!lff'J 1~'J~1J 1J~lh! fl11111 !'Wtl!'f'ltlfl 

'll'tJ ~ 1rn~ m ~ 1J 1u m "J H~ \9l'IJ ti~uHu fl ~111rn ~!!HU 'VJ tiv~ rlrn i' 1J m"J 1J 'J 'J ~.fl w cnu 1J1J ~~M ~u 'J ~ 1J1J 

illUfl1111~ fl'u tl11'.lu 111~ft~.:i1nm1 vm1 v~~11ffn~11'.lu g1~ff~fl rl1Mi'1Jfln 1~t1fl'll'iJ ~'llti.:i .. "' "' 
I ~ .. <!I "" !ll."f I !ll J, 11]" I 

!!Hh!nftl.l!fttiflm ~1J1h!m'J Hft\9l!!ft~m'J !!flutl.Jl'll'lltl.:l!!\91 ft~m~1J1h!fll'J flf;J!!ft~~lh! fl11111'Vl1 1 u . ,, 
GJ3'o Q.I t:!t ..:::::i. a1 j) 3/d. ..::1 Q,I 3J .... It:!! 

11~ 1 'lfff1M'J1JflH rnt1fl'll'h!~'llt1~1ff~ \9lh!!!1J1J'lltin~1J1J H!'ll'V1'll'ltuh! 11~'W\9llh! 1ff'Jl~!ufttim~1J1J 
q "' .. 

!lid ~ !ll 'I ~.I o d .I ~ . 1 . 4 
H!'ll'V1'll'ltll'llh!l.11~1Vm'J I'll' rn'J!!flrnffl!'J11'Ju EXSYS Pro1ess1ona Vers10n .0 "' .. "' 

. ,, 
I d I I c:i. ..:::::i. 

!! ft~ ff1h! Hffl.l'Utl~ VN'Vlff .:l Hft m ~ 'Vl 1J \9ltlfl 'J ~ 1J1h! m'J Hft \9l'll'h! .:l lh! 

C.K. Mok et al. (2001) 'V\'1m"Ji1lv 1~v'V\'1m'J'J11J'J1l.ltl~flfl11l.l~!~V1tl1Jm~1J1h!fll'J 
"' 

tit! flu 1J1J u:J-Yl m{\'! ~ 'W ft 1 ff~ mi ft~ ff~ 1.:i 11'.l u 111~ft1~ ti fll 'J tit! mi 1J 1J u:JY411vf 'W ft 1 ff~ fl Hlh! 'J ~ 1J 1J 
"' 

Internet m1i~'V\'111'.lu 1ilrnmmhv ~mmrn'lf1vlli'~1u~1umrnt1mmrn1:JY411vfff~~1mrn~ 
d ~ !J} l !J} I l/] o' di d °' "" I 

nfl! 'J 1'1Jh! 'J~1J1J ill hi 'll till ftffll.I n t1 1\91\91 t11J mu 'Vl 1~ 'J ~1J1Jtitiu rn u cir~ 'J ~ 1J1J'Vl'W\9JJU 11 'J Vfl11 .. "' 

IKMOULD nfln~t11m l 6*'V\'1lM!fl~fl11m1fl!~1 .J.:i l hi ,f h!\9ltlh! mrntifl!!1JU!rn~fll'jfllh!1V 
fl1111ff~~1fl l u flnnrn u ~m\91"J~1u mm t1m11J1J~.:i 11~1.yt11fl11111~ 1 l u fll'J ti t1m11Jrn1:J~11vf \'! ~ 

""11]~ ~ 
'Wmff\9lfl !~~l.llfl'llh! 

<Ii d., ""~ ""] 
A. Tolga Bozdana et al. (2002) fl'fl1fl!flV1fl1Jm~1J1Umrn~'llh!'Wmff\9lfl i~Vm'J 
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ttf;'l~fln t~flfl!fl iB~~ ~'V'I mff~fl~m lJ l~ffm 1:1.J~~'f ff~trn~m':i t~flfl1ff~~t tt m~ fflJ fll':i 1i' t11 ~ 
'J} o' 'J} ,,j 'J} 'J} 'J} ~ dq 'J/Gj 'J}d 

':i 111':i 1:1.J 'll fl\J J;'I fl~flfl 11:1.J it 'V'I fl ff':i l~ ':i ~ 1111 i l'W 'll fl\J J;'I fl 11:1.J i ':i 1lJ'Yl ~fl~ 'l'l 1 '11 1u':i~1m ~t 'l1t11'111tytrn ~ 

.- fl'j t:J111 fl 'j ~ ff~1~ 'Ufl~tt~J;'l~vr~fii'u ~ ~ lt ~u 'l u fl l':i t .ff~1utt J;'I~ 1 :i.J ~J;'l'IJf)~ 'j ~11111~t1wroiu111'1.J.fl1111 
"' fl f;'lffu (Lisp Programming Language) 

e!l '..::::i, d'e:! ~ 0 

J.Y.H. Fuh et al. (2003) fffl£1lfll~111'1.Jfll'jf)flfl!t111JttlJ'V'llJ'V'l'i!~'V'lmff\91fl!rn~fll'Vi'W~ 

'"' o' 'J} 0 ... 1 'I 'J} "" 1-1 -1 o' ':i ~ 1111 fl n fl fl mm rntlJ'V'l lJ 'V'I u J;'l 1'Yl 1fll':i'V'Iroi'W1 ~ti 1 'l1fl n t 'IJ tl'U u ':i um lJ u ':i ~ ~fl\91 (Application 

Programming Interface, API) 11'U':i~11111iJrnmlJfflt~1:1iiJ Solid Works 1999 1llflNJ;'lfll':iWroJ'Wl 

1-1 ' 'I '"' "'"" d ~ 'I Ul Ufl'jlJ'J11tl ! 'W flU fl fl fl!! 111JttlJ'V'llJ'V'llJ fl 11:1.J ff~~ 1m 1~t 'j 1'1J'U u J;'I~ ffllJlHIJ;'i~t'JJ;'ll ! 'U fll'j 

l.q c(lrl 'J) dt .:::::. d'db] 9) 'j) 0 J., 
fl fl fltt 1111UlJ'V'llJ'V'I t~ 1:1 lfltfl ':if!~ flfl lJ'V'l 1t\91 fl ':i 'Y1 ! ~ff':iH~~ fl lff ~'IJ fl~ (Application Programming 

Interface, API) 

1.f19'o d' 31dd 'j) Q.I 

M. Cemal Cakir et al. (2005) !~'Yllflll':i111':i1lJfl~flfl1llJl'Yltfltl1'1Jfl~fl11fll~111'Ufll':i 

iJ i]lli1~1u 'l u fln N~\91uij~lJWtt J;'l~fll':i flflfltt 1111m1i l11mi' ~'Y\' lt~'U 1 iJ':i ummht1'l u m':i'Y\' Hl'W 

. . " .di d.Q.I d. • 1 g.q' 0 lJ]~ 'j) 'j) 

CJf n~1111'1'l'V'I roimt ':i tlfl11 Die-EX ~tl'W 1'11'1.J ff1'WlJl\91 ':i i1 l'W'W llJl':i 111':i1lJ n 1 'W ill'U 'IJfllJ J;'lfl 11:1.J':i 
drS OS CU CU 

1
-1 0 'I 'J} 0 d ~ "" ... 0 'J} 'J} 1-1 

'llfl~ urnm:i.Jm rn fll':i 'YlHl'U ff~~1m 1~t ':i1'1J'W lJfll':i 1l~'Yll':i ~1111ill'U 'll fllJJ;'l~1tl u':i um :1.Jm111 
"" "' 

... o' 'J/1 'I 'J} 'J} d ... 
DELPHI Visual programming UJ;'l~1J~fll':ifl~flfl1llJl ~ti !'11':i~1111~t'l1tl1'11lty Uff~~NJ;'!fll':i'V'lrol'Wl 

11'W':i~1111'Liij11~fll'j Window System 

& "' 'l '"' "'"" ~ Chia-Feng Juang et al. (2006) fffl11lfll~111'Wfllrn111fJlJ'QWYIJJll.flltl 'Ut!lJ'VUJ'V'l'i!~'IJ'W 
'J} I I I 

iiJt11~ fll':i1i't1u 1~tff'Ufll'i1fl111fJllll'l-M't~'Wmlnfll':ifi~t1flll Takagi-Sugeno--Kang (TSK) 9$~ 
~I "' "" ' ~I "' 1 'JI tu'Wfll':i'V'lrol'Wltflrn'llltl!!1111 Type recurrent fuzzy network (TRFN) tu'l.JJ;'lfl£1W~'Ufl~ flHff':il~ 

u 1111flfl'U 1 m1trn ~fln 11 tl'U ~ trt fl~ 1:1lflfl11:1.J ffllJlHl 'l u flU t1 tl'W ~~ijiJ ':i~ff'l'l n .fll'V'l'llfl~ TRFN 
"' "' 

':i iJ tt 1111fll':i fl fl fl!! 11111'11fl 111fllJ ~ 1 a 'l 'J1'fl U fl l'Vi 'U ~ fi 1 Nfl ~'U 1 ~ [J\91 ':i ~ ~tfl~ ~'W 'l u ':i ~ 1111 TRFN "' . 
~'J} llJ•od 'J} <'1 'J}~ 'J} o ll)'J/<'1 

N !'lf~l'W !lJ1lltU'U\91fJ~lJfl1lmt1Jfl~\91'W 'j~lJlJfll'jf1111fllJ TRFN ffllJ1HlflflflU111Jtrn~'Yll~l'U !~~ 
"' "' . 
'llfl~ TRFN iJ':i~flfl11~1amiHflfl11rnflfl'U 1 mf ffl'Vi f 11fll':i ~au~ ':i~11111 flHff~ N!!J;'!~'V'll':ililtl91fJ! 

"' 
'llfl~ttij~lJW~ ~tll~ fll':iWro!'WU~1111'1Jfl~ TRFN 1:1~~ au ~'V'll':i liltl91fl! ff1'Wtt ~ ~t~'UNmrt fl~lJ11llfl 

"' 
flUiJ ·fo Ju \91fl'W nmrnrn~fl°l a~ 'l u fll'j t1[J'l.J~U1111flfl'W1mJtrn~1:1 ~~ lt tJ 'U flU t ~fl iJ f 1Jtt~~ NJ;'! 

"' 
dt ~ d' 0 ~ d.i:::1.J ~ 

t 'U f)~lJl 1Jlfl'V'IUllJt\91fJ'j 'Ufl~ TRFN 1:1~ ffllJl'jtllJ'j'jf;'I f--JJ;'lfll'j~ lt'W 'U ~l'W mm 111fllJ'l'l~'IJ'W 'IJ'U \91fl'W • • 
ln flll 't .ff ~l'U ~ ~l[J trlfl'Yl~J;'lfl~ iJij11~UJ;'l~fll'j t ID arnfi [JlJfl11 ':i~1111iJ ':i~t.fl'Yl~'W ~ !! ff~~ 'l ttt'11 'U ~ ~ 

11'j~il'l'lnm'V'lm':i'Y\'1~1u'IJB~l'i1m11f111 • 
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llJ 'j} 0 rl 31d d 'J) Q.I 

C.K. Mok et al. (2008) !~'Vllfll'j'j'JlJ'j1lJtl~'fl'fl11llJ'Yl!flll1'\Jtl~fllJfl'J~lJ1UflU 

ti ti mi uu 11"-W11vf ~ ~vrn1ir~ fl m 'ii ~'Vi'111'.lu 1iJ'jum11'lf1ll~ ffllJl'j t1'lf1ll i 11' ~lu ~lu fll'j ti ti mi uu 

I "" .. d ~ 1 "' ... 0 'JI 'JI 1- I 
!!ll'Wll'Wff~~1mrn~l1~!'j1'\JU ~lllJfll'j'il~'VlljlU'tltl~~~1ll urnflrn Microsoft Access 2000 

... .. 'J/1 'I 'JI ')Id 'JI 1-1 
u~~'il~fll'jtJ~'fl'fl11llJ ~ll !'lfl~UU~!'IW1'lflty (Expert system) ~1ll u'j!!flrn JESS 4.4 !!ff~~i:-rn 

il1'~"*~1llflU!:Ullu 111rnm11iJ'j~f.lfll'i'~1ll 111rnm11 Solid Works 2003 1~ll~"*m11nt1 l"* 
~ q ~ 

111rnflrni~fl~11i:-i1um~'j~uu~urnt1f 1i1\9l t~ 'Vi'1i111 "*~1u !~ir~~1mrn~'j1~1~1 

Hak Soo Mok et al. (2011) !~'Vi'1mn1'Ul1ll~tlll~ iumrntifl!!lJ'UU~~fln'W'wimm'j 
~ 

I di 'j}~ 'j} 11) I d d 0 Q.I 'J) d Q.I 'j} ~ 
~lll mull~! 'lf~lUtll'il !lJ'Vl'jllJfl~'j~!'lJll'U'\Jtl~fll'j~~'Vl~!'UllU ffl'tt 'j'lJjlU 'tltl~~'VIG)flJG)ftJtJ G)f ~'j~'lJ'U 

!~·fofln'W'wiu1'lJtJ'j~'lJ'UiJ{]-ITT!fln Windows XP !;tlll~tl!~ln'U (Application Programming 

Interface,API) 'tltl~ 1 iJrnmmh1hJ'Li!~~'WlW 6lHJ CAD/CAM/CAE irn~mrntiflU'UlJ 1GJfti'li'u 
,, 

iJ'j~fltilJ~1ll 3 'lflA~'tlti~ 111~~ ~ti 111~~ri1um\9IH·1u~uri1u 111~m1f.lfll'j 1rn~ 111~~fln~~ cu cu <"9 cu cu 

'j~'lJ'UlJl\91'j'\llU fll'j'W'wim 111~~ ium11ri1m1'.luiJ'j~ 1ll'lfu-ffrni'm!fltitim!'U'U~'il~u1m l "*~1u !~ .. ~ . ,, 
mh~iiiJ'j~ff'Vln m'W'tt~ ti'Lii'rn'Li~llu ~u ri1u lJl\91'j.ilU11~~'ti1flmrn~ 'Vl~!lillm ~1 t "*~1u i:-i1u GUI 

1~llHlU1 ll~~~ iifll'j'W'l'JJ u l~U!! ~~fll'j 'ii ~'tt 111~ 'Yi "'\Jtl~~u ri1u lJ l\9l'j '\l lU 'tltl~ 'j ~'U'Ufl flu 1111 l "* cu cu ~ cu 

~ 61 'J) d GI I~ " 1 '~ rl ~ I I-=:. rl ~ 0 llJ" IGI 9) 
!'Wti mi1'.lum\9l'jjlU itJfll'jflflflU'U'UUll'Wll'W !'lfU !lU!!ll'Wll'WU~~'lfUff1UUll'Wll'W GJf~\]flUl rn i61J' 

nu 'U111'VI ~u!~ti\9lirrnmrn ~ln~ ;~~rn~!~i'ummrn~~~tiH~'Wm~tumrntiflu'Urnrn~nm 
q q 

111 'JI& "'d'l 'JI ,,\ ... 
Yuan Guo et al. (2012) !~fl'fl'l:llflrnA'VI !'lf!'tt\911'1~ (CBR) !'WtltltlflU'lJlJ'j~'lJlJffU'UffUU 

q • 

flni~iYu i 'il!~tifft!'Uiruu i u mrnt1flU'Urn1"-W11vf~ ~ ;~titiflu 'U'U 1~mu ~ii'f11111mm~ir111 u • 
'I 'JI "" -1"" """ 1 'JI ''I -1 'I 'JI "1& fll'j i61J'~1u161J'~uQ'U\9lfll'j flntitiflU'UlJ 'flHff'jH'\Jti~'j~'lJ'Uti~ iUJu!!'U'U'llti~fll'j i61J'~1Uflrnmmn 

i u flni~iYu i 'tl11'.lu ~ ~-ff1fiui-ffrn i'ufln~~'f11111~~61J'lU1'i! m~'tltJ~'j~'lJ'U i Ufln m!'U iru u fln 
ti cu ti q 

titiflu'Urn~tiun'! 'tliJui111u~~t1iJirn 'fl i Ufln'Li'j~llfll'i'i "*~1u i u mrntiflu 'U'U~1f.l'j ~'UlJ CBR 'tlti~ 
.. q q 

,, ,, . 
u~~flniYtl''Uiruumrnt1mmrn1"-W11vf~~ i~t!u ~lu 1'illlu !~'j1lJ!'Vl'fl 1 u h'tHit "*i ufln'W'wiu1 

q 

1 
'JI 'JI 1 ~I "1& """" 'l I 1 ... _1 

'j~'lJlJ ~(lfll'jff'jl~'tltlll~'UU ~!lJU!uUfl'JWfl'fl'.lfl '\llU11ifllrntiflU'U'U !'ttll ~(lfll'j'j)~'ju!!lJ'U 
~ .. ~ 
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I 

U1J1Hfll 

" Luis M. Torres-Trevino et al. (2013) ~l'Wii'tii11~ihnHff'lHH!'W1'Yll~'l'Wfll'.i~\9JJ'Wl 

';j ~1J1J~!;tl1'l11tuU1J1J, ~1J~~ !~ti! ff'W tlU 'W TYi N 't 'W fll'.il1i'1JJ'~m'.i 1ih1Prn{.Um.Hrnlflfll'.ifltlflU 1J1J 
<u " <u 

<;- !JI o ., ""I !JI d 'I !ll'l !JI 
fll'.i'Yl~~ ti~ !~tlfll'.iff'.i N~\91'.ifl1H11'W 1W 'ii lflffllfllHl~tltlfftl~Til!rn~!lJ\911! 'V'ltl ! 'l1 'W fll'.i ff'.iN 

U1J1J~l~tl~'Yll~flW\9lf11ff\91{ '.ilJU1J1J~~\9JJ'Wl~ '*~l'WffllJl';jfl 't '*~l'W ,~~ti't '*ffil~'t 'W fll';j\9l';j 1'ilfftl1J 
<u <u 

~~~1~ "l u~~m'.ii!fl'.il~ttH~'illflffllfll'.i ~~1119JJ'Wlfll'.i 't 'Wfll'.i~\9JJmi11u 1J1J 'l um'.ir\'1u 1w ~ 't '*1 u 
"I _,; -1 .J !JI ~ -1 °' °' <I !Ji I "I 

mrn~tt '.itl!'V'lll i uU1J1J'Yl ff'.il~'ll'W \91 lll iuu 1J 1J ffllfll'.itl ~ti tltiffty~flEJWU 1J1H 1J\91 l !'l1'W fll'.i rn tlfl 

. " 
iff~ 't um~1J1'Wfll'.iHi'll'l fll'.i!~t1fl'l1U~'llt1~1fl'1t1~i'm ~~uu 'illflfll'.i~\9.IJ'Wl l lJ'.iuflrnmmrnff'.ilJ • • 

fll'.i 111~ ti mi 11~~'tunm1 u fo ~ m rn i!J191 ~ ij ~ t1 ffll tl'~'Yl N fl~ 'I.I t1 ~ fll '.i 'Y1 ~ fft11J til~ 'tu flu 1 i' ti 'ii~ 
_F,! "" 'i' 'i' "" "' ~ ~ "' ., ~ _1 "" ~ _1 'i' 

!U'.i tl1J!'YW1Jfftl~!'Ylfl ! 'W rntifll'.iH~\9l'll'W'V'lW\ll'Wfltlfl'.i~1J1'W fll'.ifl~'ll'W '.iuU~~fll';jQ ~'ll'W'.iu !~ tJ 
~ <u <u 

i/ 'JI I r 

'ii~ li ~ '11 llltl'll tl~fll ';j ii' tifli' ~U! i1t1 u ff~~ i:-rn u ~~ 11 ';j ~ !il'W 'I.I tl1J !'ll\9lfltl! ff:l.J u~ 'Y1 N fl~ 'I.I ti~ tiN'¥i ij • • • 
~WfflllliJ~U\9lfl~l~rl'W 1rlt1 l~i'1JB'Ylll'V'l~'illfl!'Ylfl l'W l ~~fll'.i Hi'll'l~'t '*i'Wfll'.i Hi!J\91U~~fl11ll!t\9lfl~l~ 
d ~ ~ ~ ~ 
'Yltll'il!fl~'ll'W1J'W'V'l'Wjl'W'lltl~fll';j'YJ~fft11Jffll1J\9l'Yll~fl~ 

K. Kyas et al. (2013) !ff'Wtl~l'Wii'ti~!~tJ1.u't1~'t'Wfll'.ii!fl'.il~M'Yll~fltlll'W11\9lt1{•1ht1 

'Yll~~1uimmrn~'t '*i u t1\9lfflttm '.i m~ t111'.lm 'Ylflil fl 't 'Wflnl1i'1Jl1'.i ~m~1J1'Wfll'.i Hi'l\91 1J'Ylfl1111rl • • 
Gj !Ji <> <f o Gj I "" ~ -1 ~ "' 
! 'l1fll'.i1!fl'.i 1~'11!rn~fll'.ifll'W1W ! 'W '.i ~'1111~ fl'.i~1J 1'W fll'.i Q ~'ll'W '.i u tll~ 'll'W \9ltl'W fl'.i ~1J 1'W fll'.iQ ~ tll~ 

<u 

~ ~ ·~ t1 ~ 61 d ~ .. I ~ Ill ti 
!fl '.i tl~Q ~ mrnt1flU 1J1H!ll'V'l ll'V'l!rn~ '.i t11J fll'.i H~\91 1 'Wm ~1J1'W mm ~'ll'W '.iu H~\9lfltl! 0vw1~ 

<u 

" . . 
Mumtaz Ipek et al. (2013) ~l'Wii'tiul~~\9JJ'Wl'.i~1J1J~!;tl1'l11ty't'Wfll'.i!~tlfl1'ff10J'¥i 

mm~ff11'tum'.it1t1mm1JHi'll'lfiwcnu~~m'.il1i'1Jl11 ~~1m..il'lmttm'.ill~1~ "l 't um'.i 1~t1fl i '*1ff10J ij 

fll'.i~IPll'W 1'.i ~1J1J'tl ~ri''l1'u ~fflfl ty 't 'W "!f 1~ fll '.i t1t1m rn 1J u ~ ~ m ~ 1J 1u fll'.i Hi!l mf ~ tt 11 ~ ~ ~ ~ 11 ~ tlfl~ lli 
\jfll'i't1~'llt1~1'ff10J~:!Tfl'il~Ul l lJ~'.ilfll~!t'V'l~lllfl!t~~ 't 'W~ iJ'~'il~ff ~ml 't 'W fll'.i Hi!J\91 Hi'll'lfiW en ~~Juu fl 
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flt) flu 1J 1J ~ eN 'j ~ 1J u ft~!~ fl fl 1 ff~~! 'tt m ~ ffl.J ! rn ~ 1 ff~~ iJ VT 'Jn i''W tl1ni'1-:J 1'W~m'V'l1~!'ii1~'ii'J!v1fl1 M 
q q q 

i IP1' r--imi w6 ~ ~ fl'J m'J u ft~ mm rnfl 1u fl 1.1Yi116*~ w 1,r~1~ ff~ u 'Vl fl 111.1tl mnu11.1 ~'ii~ unif w'tt 1m 'J 
q q " 

'j} I I 'j) I 

.c!I a QI 9J ~ CJJ,:::1 <!9. .Qi ~ d ~d ' QJ .c:1. 

rn flflll)ffl1ff~~1U11i fll'j'IJ fl'J 'j~ uu m 'lfU1"lfltu! 'V'lflfll 'j Hft \?l 11i fll'j 'W fl w ffl.JU\?l 'VlU\?l fl\?11.:J fl'W 1J fll'j 
q qJ fJ q 

\?l 'J1'il ffflU 1 u U~ft ~~'W ihmh'tt f Utll'J ! ~flfl1ff~ Ul'W U'W 191' ! 'lfu fl 111.J mm'J ti 'Vl'W ~fl!! H m ~ u 'Vl fl 

fl111.1mmrn 1um'J~'WliJ 'Vl'Wl'iflm'Jn~flifl'Wtrn~'J1m~1 ~.:J 16*1umrnBl?l~'W.:Jl'W 1'1fu mrnBl?l 

"' 3) o' ~ 3) .d 3) J 'i "' 'i 31.d 
fl'W6li'W'tt'Wl'JtlU'W\?l 'illfl'W'W'Ufl1.Jft'Vl'J11J'J11.J'il~tlflff'j1.:J'IJ'W !~UflWVlWl'Wl ! iJrnmm ~uu N!6liU1"lfltu 

qJ qJ cu u 

16*1ff~'V'lflB!1.lfl{1um~u1umrnBl?l 1'1fu PP (Polypropylene), HDPE (rni1~'Wfl111.J'tt'W1UU'W~.:J) 

1rn~ PMMA (mfl1rnl?l) GFRPs (un1'V'lmff~mff11.11u) 1rn~ CFRPs (m{ufluivlmfl{1ff11.1m.:J) 

'V'l U i1iJ 1 ff~~~ ~ff~ drn f u ~'W ri1 'W drn f u HB l?ltl'W "11'W 'tt tl' 11~umm'Jt11 ~ flfl i IP1' 'ii lfl 11 l'W ,r fl1.l ft 
q q di9 qJ 

fl111.1 ~ u ft ~111,rfl1.lft'Vl1.:Jl'i'1uflw ff1.1u1! i 1116*.:J1'W 1um~u1u tll'J HB\?l 'tt ~ flm ~u 1u tll'J flfltl!! uu 
.. .. q 

31 "" o' .d1 31 d di ~ o "' "' J . I "" "' o' di ?1 "" ~ 1 Ufl fll.J'V'l 1!\?l fl'J 'Vl "11! 1J 'W ! fl 'J fl'J 1J fl ff l'tt 'J Ufl\?l m 'tt m 'J 1J tll 'Jl! ~ 'IJ 'W 'Ju Hft\?l flW Cl'l Ul'J ! 'V'I fl! u 'WI 'Vl fl'W fl 
q .. 

'l .I"' .I 'l J .I """' ,% 'l 31 d 'i 
!'W fll'Ju'JUu'J .:Jm~U1'W fll'jflflflU uu ! 'W m~U1'Wtll'J'IJ'W 'j uUl'J 'Jl'W 1'ilU'WU ff~.:J ! 'tt!'tt'W !~Utll'J 

q .. 

"" o' 0 'l I "' J .I 'i 'l 3) "" o' 
1!fl'Jl~'tttll'J fll'W 1W !'W'J~'tt11.:Jm~U1'Wtll'Jl! ~'U'WluUl'JUft~fll'j Uff~.:J !~U ! "11tll'J1!fl'Jl~'tttll'J 

f11u 1w1vlfliJ f uiJ1 .:Jm ~u1u tll'J Q ~ ~'Wl iJ u1.:J 1 ~u~~~ .:J 'ttlllU'tt ~fl'IJ fl.:J tll'J 1,J u~ 'il~il 11 ff'W fl ¥i fl 
fl111.JU\?lfl~1 'J 'j ~'tt i1.:J Hftm ~'VlU~fl'Vl q~m 'j 1.J~ iii !~U1tl1Jfl\?l 'j ltll 'Ji 'tt ft 'IJ fl'J Ul'J 1 u 'iffl.:J'\111.:Jtll 'J 

i 'tt ft fl'J \911 NB \?l fiw en ~ 'J 1um~u1'W fl n Q ~ UHlT fltl fl'Vl 1J i1ffl'ttf1J 'j iJ 'Vl H ! 'j 'IJ lflW mrn~ fll 'j .. .. 
iJ'J~1.11ftr--imiflu i 'Um 'Vll~tll'J 1vi1.1~'W'llfl.:Ji•1ru 'Ufl.:J'Vlq~m rn~iJ m'J i 'tt ft iiifl.:J~1rn~'V\'11 Min~m'J 
!~1.Jfl\?l'j 1tll'Jli1.Jfffl'Ufl'JU1.:J!~ fl'J'illflfll'j m ~ 'illUfl 111.J'tt i'l ~~!fl~~'W~ HtJ .:J'iffl.:J'Vl Ntll'J i 'tt ft inf 'W 

q 

' ' ll)9'o C\Q.ldd 'j} 1 "' 
V. Naranje and S. Kumar (2014) !~'Wl!ff'Wfl'Jl'W1'ilU'Vl!tlU1'1Jfl'J 'Wtll'J'V'IWl'Wl'J~UU 

!1'Wfl111.lf Knowledge Base System (KBS) drnfumrnflflUU1Jfl\?l l'W1.11i'llfl.:JU:U~m~'1um'J~1.l 
J . l'i 0 "' ,£ ' 'i 'l 31 "" """' .or • I "" o' 
'U'Wlu !ft'tt~m'tt'JU"11'Wff1'W Axisymmetric KBS !~U 1"11flt)tll'JHft\?l\?111.111itll'J'Ufl.:Jutytylu'J~~'l:I~ 

(AI) ~.:Jt1flil 1m 16*drnf u fln~wi 'Wl'llfl.:J 'J ~uu~il 11 ff'W fl 1~ um'J~WJ 'W n~uu il'i'iJmn 1u'J 11.1 .. ,, 
Uft~,J~1i'lflM11uri1ul'i1.:J G'l i1'mu1u 27 11.1~ft ul'ift~ 11.1~ft'llfl.:J'J~UU'il~'Vl1m'J~wiml'1'1um1:11 I ., ., 

' "" I ~3' "' J 'i '13' 'i.I Auto LISP Uft~ff1'W\?l~\?lflH !"lf tlfl'VlWJ'Wl'IJ'W !~U !"l1fl11:11 Visual Basic 6.0 trn~ !U'JUtl'Jl.J .. .. 
' ,, 

AutoCAD Software 'J~uufii111ff'WfliJfl111.1mmrn 1um'J'Vl1.:Jl'W 1~Ufl\?l l 'W1.11l'li.:J'tt1.l~ fl'iltl'J'Jl.J 

QJ I .Qi o''JI .J I .Qi .Qi el 1 d.J _& 

'tt ft fl'IJ fl'Jtll'J fl fl fl!! UU U1.J'Vl1.J'Vli11.J'IJ'W 'J iJ l ft 'tt ~ ! "11'W tll'J iJ 'J ~ 11.J'W 1'Wtll'JHft\?l6li'W ff 1'W 'Vl 'IJ 'W 'J iJ ft fl tll'J .. .. 
~ .c!I ~ I I~ ,/ e!!i 'j} 

flfl flu u u 'IJ fl.:J 1m u 'J iJ u urnrn ~ tll 'J 1 N ur--iu 'IJ 'W \?l fl'W tll 'J rn fl fl'IJ fl.:J "11'W ff 1'W u1.1'Vl1.1'Vl'J11.1t1.:Jtll'Jff'J1-:J .. 
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.. 
lr)9Jo -=rt.Q.ldd jl 'l .,, 

Antonino Fiannaca et al. (2014) !flU1lff'l.Hl'l1U'HH.J'Yl!fH.11'Ufl~ Ufl1'J'Y'IWJU1'J~1J1J 

~1 ~v1'1f1tu !~fl 'l .ff rlrn f 1Jfl1'J fftl' 1JffU u m'J191flffU 'l 111rn~1~fl!~l.lfl1rn111imh 'l u fll'J'Ylfl't'l ti~ 1 fl v "' " . . ., 
mrntim!1J1J 11.h uml.I 'lu Mmv lfl!l.IU lflrJm 'V'll~tiu1~v~.Uu \91flU 'l um~1J1umrntim11J1Jfl1'J 

j/ I 'j) 'j/ I 

'Ylfl-nti~ 'l u.Uu\9ltiu~1~ "l 11~1i'1t1~111fl.Uu \91tiu 'llti~'J~1Jrn Mci1u !iil~\P w 1m'J uu 1m~ili11'.lu 'J ~1J1J 
"' I _, .,, 0 .,, "'-I = o' <;-.I o' 0 'l 9''1 I 

'ti rn ff1U lJ 'J~flfl1J ffu 1Jff~ u ffl'tl 'J1J ti~ f!IJ'J ~fltirn1rn rn-n11rn~ fll'J mm 'If 'ti lJ '11fl H-nm ~'Yl1J 
., . 

i~ flci 111J'Ylfl 11 l.I u !~'1111ffu ti ff mil \91 vm 'J lJ fll'J 'rl'wiu n~ 1J1J ~1;v1'1f1tuu 1J 1J I g1J1 fl 1 fl vii 
"' " 

111u fl11l.I~ u-n~~ u ;i-1u rlrnf 1J fll'J ti ti flu 1J1J 'J ~1J1J ~1;v1'lf1tu~iifl11l.lml.I 1 'J ti 'l u fll 'J fftl' 1J ffu u fl n oa cu oa <u u q 

iJ I I 1 
Q.I O Q.I Q.I 0 t!f. d A 9) A d. d 

1lflfl1'J ffl'tl 'J1Jfl1'J'Ylfl't'lfl~ U't'l~fl1'J'V'IWJU1'J~1J1J fll'tl U fl'V'IU 'Yl'Yl1~fl11lJflfl fll'JflHfl~'Yl!'tl m~ fflJ 'Yl . ., . 
tin 1J1£Jfft11U~'Ufl~i1tu'YI1~1£Jn fl l'J 'lJ fl~lJlJ l.lti~ili ! !\91fl~1~nuiu!1't'l 1!~ £J1nU ,]' U \91flUiiifln1J 1 rJU 't'l ~ " . 

t o A cl 
'lJ fl~'UU \91 flU fll'J 'Yl 1~1U 'Yl 1~1'Yl £llf1'1ff \91 'J 

9) d di ?1 I -"' - ' = o' <;' 9) ~!'lfrl1'lf1tyC)f~!lJU ffl'UWflrl'Ufl~'J~1J1JIJtyty1IJ'J~fl'l:lj1 (Artificial Intelligence) ! fl'J ~ff'J l~'Ufl~'J ~1J1J 

91d _I:! "' 9) "' 9) "' 91d _, <; "''l .,, 
H!'lfrl1'lf1tll ! lJ'J £J1Jl'Ylrl1J'U flfl!!'t'l~'U fl! ffrJ'Ufl~'J ~1J1J H!'lftl1'lf1tll !!'t'l~ lJ'J ~ W'll'U U fll'J'V'IWJ 'Wl'J~1J1J cu u cu u 

9) d 'l I A o'd. ~ ... I A Q.I cl ~ ~ 'l .,, 9) m 'lf£J1'lf1tu u fll'J ti ti flu 1J1J!!l.l'V'l l.I vrn fl 'UU 'J lJ H't'l\91flW <l1 t11 ~ 'll u \91 tiu 'V'IU 111 u u fll'J'Y'I wiu lff'J 1~ cu u cu 6,9 

I ' I 3) 
j/d. t!f. t!f. O Q.I Q.I 9) 9)d. Q.I Q.I I A Q.I CJ} 

'J~1J1J H!'lfrl1'll'1tll !fl'J fl~l.lflffl'tl 'J 1J'Y'IWJU lff'J 1~ 'J ~1J1JH! 'll'£J1'll'1tu 'J 1lJ 'Yl~\911fl£Jl~fl1'J 111rl'Yl1~fl1U cu u cu u 

'J~1J1J~1~m1'll'1tuu-n~m ~1J1um'Jtitimmrn1frwm(~ fl~u 'Juv1~ ~u~ !iiii1 U'J um mhv'l u m'J 
"' " "' ., . ., 

ti ti mm rn 1 frw m.f1 fl v 191 'J ~ i ~ '11 u 11 1 fl .u' ti lJ -n iii 'Vi 1 m 'J iiY fl m m m rn '111.u' ti lJ -n m 11'.J u .Wu 111 u 'l u fll 'J 
"' "' .. 

.,, <; - I 9) d 9) di I 'l I = "'"' ~ - I 
'Y'lwimmrntim!1J1J rn rnmm~1J1J H!'ll'£J1'lf1tu\91U u 1J1J l'V'lfl'll'1£J u mrntimmrnm'Y'll.l'Y'l'il fl'UU 'J lJ 

"' " "' 
£Jl~U1J1Jfltiul-ntl' 1rn~1~mti~frn1u1 !tl'1'Uti~'J~1J1Jfl1rn~\9ll!1J1J E-Manufacturing 'luti'Wlfl\91 ~ 

'lf1vfftl' 1J ffu u fl n H~\91u-n ~ m ~ 1J 1u fl l'J ti fl flu 1J 1J ~ ~ 'Vi1'ltt'm~1J 1u fl n 'l u fll 'J ti ti mi 1J 1J iifl 11l.I • 
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'ff~~ 1fH!f'1~ffUJ l'HH! n'1'lli1ty'H11 ll f11HHHH! uu l~\9HHJ~! 1m (l~fl1UJ H~'Vrnl~ 1 ll ~lll flU 

'tl'tlfl!!UU (!~! 1m 1 ll mrn'tlm1uuu:i.iri:uvi'u(l~ m~u 1ll fll'.i ~i'il'l ~nf ll~.:i '1~'.i1U'.i1ll!! (l~ffflm 
fl1llJffllJ1'.ifl'lJ'tJ'l t tJ '.i !! m lJ!~ nnw ')j'61 ll ~rn 'li''tl lJ(l fll'.i '()'()fl!! uumJri:u~~ m.11.:i !! (I ~fll'.i'i'tl'l f U 

'U 

Software Data 

Software Rubber Knowledge 
Program Rubber Plastics Cooling 

Part system 
Online Learning Copyright 

Properties Data Data 
Data KBS 

Software Software 

Autodesk * * * Mold Flow 

CAD * * * * MOLD 

Mold * * * Wizard 

IM OLD * * * Program 

Solid work * * Design 

Solid work * * Simulation 

Solid work * * * Plastics 

1 ~ t1\9l H ~lll~ll ri1ll mm~1ll 'll'tl .:imJri:uvi't11.:i '.i~umnll 'li''tlll(lfl11:uf 1i'tl.:it11.:i '.i~UU~ll ri1llt11.:i 
"" di9 <u cu 

~ £ I '1 o' :JI 
ll1\91Hnll 1 ll 'tl \9l ffl'Hm'.ill tllll till l'l!!(l~'lJ'll ff1ll '.i~uu 1 tJ'.i !! m:u u uu 'tl 'tlll (I '.i~ uu~ lll 'll'tllJ(l 

di9 q di9 cu 

fl 11lJ f ~.:i ! i'Jll 1 tJ'.i !! fl'.i lJ !! uum 1 tJ '.i !! fl '.ill !! (!~ ! 1'lll 1 tJ '.i !! fl'.i lJ ffl'H f 1J fl l'.i (~till n ll fll'.i '()'()fl!! uu 
'U 'U 

mJri:uvi'~ ~t1N 1~t1\9l'.i .:i 1w~1~ 'tl'l'illfl 1 tJrnmm~.:imw 'lJ'6ihhi'i'llff'Yli1rn~'li''tl~1n~ 1llfll'.i1 i'.:i1ll 

!!(l~lJ'.ilfll!!l'l.:i'l'i11lfol'lm'Hm'.i:u'lllll~flm.:i1rn~'llt11~a'tl:u (SME) 1'1i'1~.:i 1 tJrnm:u '1~t11mrn~'l'i1 
q 

111fl1'.i~~ll1fl1'.ifl'.i~u1llfl1'.i'()'()fl11uu11 ii Vi :u vi'\'!~~ ll '.i tJ ~ i'i \9l n w crl' ti 1.:i ~ 1n~'()a'lll1.:i 11 flu ~ .:i rl 1111 
'U 'U 

'lll~ n n~~ll l'tl 191 ffl'H m '.i :u u tJ '.i '.i tJ ~i'i \9l fiw crl' t11.:i~ cT.:i ~llfl i t11 ll tJ '.i ~!'YI rr 
q 'U 



. 
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e'1 91 ~I 91 d "' I "" "'"" .M - I fl'fl£J l'U m.J riuri~ I IJ u fll'j 'j'JlJ 'j 1:u m1m 1mnnum ~u 1u fll'j t1t1 mi uu um'l mm \91 'U u 'j IJ 
~ ~ ~ 

rn~ 1191£Jfl1'j1~unu'j1:um1:uj''il1mt1nm'j U'Ylf111:u 1,nJ~tft1 ~iu11imrn~rnmnrn11:u.f ~1~ri1-«t1~ 
I I ~ Q.I 0 c::f 'j) jl .d i I ~ o'.c! ~ 

'illfllllrn~ I'll~ "l !Yltl'il\9l'Yl1!1l'W! l'W fl 11:u J 11-n~l~Uur:;WlW1'lflty 'WflUtltlfllllJlJl!:uW:U'Vl'i! \9l'U'W iiJ 

0 "' "" .M "" "' .. .,j i91d .,j "Ii 0 91 i £Jl~ffl'tt'jlJf)'j~lJ1'WflU'i!\9l'U'W'j11f·rn\9lflWCVW1~ !Wt! 'lf11lu1mt1~:Utl 'Wfllrn'W~'WlUrl~Ufllftum 'W 
~ " 

I "" o'<=! .M "" "' o' d .,j <!! i '!II "' d .,j 
fll'jtJtJflll lJlJl!:UW:UW'i! \9l'U'WJ iJ Hrl\PlflW CVWl~Url~ 1 llu !fl 'j ti~ :u ti 'W flu Hfl tllJ 'j :u 'Vl 'W fl~ l 'Wu ri ~111 'W irn 

.di d 'j) A. 'j) .d d .d ;i!q ' ~ o'.:::t ~ 
fl'flm'Yl q£J{J'Ufll.J mu tl~IPl'W 'Yl mri1'U ti~ 'Yl i 'If 1 u mrnt1m1 urnm'Vl:U'Vl'i! \91 'U'W iiJ VN 

91 91,,j "' "" .M _, "" "' .. 
3.1.1 'j'JlJ'j 1:U'Utl:Urlfl11mlfl£J1fllJf)'j~lJ1'Wfllrn\91'U'W'jIJ Hrl\PlflW CVWl~ 

~ ~ ~ 

'j) Q,J ~ ~Q.I 31dt_ 
3.1.2 'j'JlJ'j1:Ufl11:UJ'illfl'tt'W~fftl u'Ylm1:u ~l'W1'il£J 1rn~rnflffl'jfl'Jl:UJt1'W "l 

3.2.2 ffflmnflu'W\Pllu11 iJrnm:u~~11rlui u~1u11iri ~~ 1f'IHff~l~'il~iJ'j~fltiu i iJ 

91 I "I I 91 91 91 i 911- I I 

\911£1 2 ff1'W flt! ff1'W'UtJ~'j~lJlJfll'jff'jl~!l'W'Ut11.Jrl'Yll~fl11:UJ'il~ 'If IJrnm:u My SQL ff1'W'Utl~ 

fll'j 1~t1:ul'it1tiu'j~lJU~\911'it1tiu~ .u~1u 119lrii .Um'j-W\Pllu u~uuuumm 1iJ'j11m:u PHP Script 

.,j 1 "' "' .. 91 911 i 91 Language l'lftl:U £J~fl1l:Uff:UW'W1i'Ut1~il'W'Ut11.Jrlll-n~fll'jtJ'4:ul'Wfl11:Ul \91£1 'If Web server 
Q.I o' 'j) 31.d 

ff:Ufl1£1Wfl1l:wl'illflHl'lf£J1'lfltu 

3.2.2.1 

3.2.2.2 

3.2.2.4 

3.2.2.5 

~ ~ " 
'j) ~ 91d QJ d ~ ~ Q.I " 

ff'j 1~ 1uti'tt1m1:u 'j mri1flum ~ u 1u fl 1rn \9l'U u 'j iJ Hrl\91 fl w '11 rn~ 
~ ~ 

91 91 "' ~ 91 
\9J'j'J'ilfft11Jfl 11:Utlfl\91 ti~ 'Utl~fl11:U 'j II ri~iJ 'j lJlJ'j ~! 'W tl'tt lfl11:U 'j 

~ ~ q ~ 
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., ., 
.ct Q,I Q,I d~ 

Function Deployment: QFD) ll'IJ'W\9lfl'W\Pl.;J'W'flfl 

<=I I _I cl'IV 
3.3.1 flll!Vl'U.l'l.Jfl11fl0Ufl11IJ'.i~F,(fll1U'l1 QFD 

'ti' 1m1ff'11m1:1w n~11~m:imm11miTi m.f~ \Plf.IN n~1111.;i.;i1u~~~\9l!~f.l1ti11~\9lffll'lm111~ \Pl~uiiJ 
f.11.;J m1~nri11H'ffu i 'ii ium1BBmm11miTI11ri' 1lJu1'11!!'l'l'Wf1ri11rrl6*.;i1u 

q qJ q cu 

I <V !J/ 'j ') !J/ !J/ "1 !J/ I 'J <V !J/ ,,j 
f1~1lfJtlHlf1llW~'fl11ll\9lfl.;Jfl11 &\Plf.I &"JH!~'Wfll'V'l\9l'W UJ (Tree Diagram) :1Jl'lf1f.I &'Wfl11'il\Pl'Ufllqjn !'V'lfl 

I :1'1JI _'f <V "'> o'd <V .M 
'lf1mm 1'UIJtym'fl1111iY11ffu !!n~!f1\Plfll'V'l'V'l'il'W'l'l'lf\Pl!'il'W:IJ1f1'\J'W 

3.3.1.3 '1'1P1'ti°1!! 1111iYB11m11 1 \Pl mi 'ii n i tt'ti11nri11 ~flflmmrn1liw11w~ \Pl f.11.;J nri11 . ~ . 
11 .;i.;i1u ~~~\9l!~f.l1ti11fl\9lffll'lm111~1P1~u1iJrJ1.;i 1rn~nri11H'iYu i 'iii umrnflm!'U11Hliw11ri' 11Plf.lvl1 

q qJ q cu 

m1dmmrn 'ii 1~ 'O.;i ~1u1u 30 'lf\Pl iJ1~1ilu 'fl~!! uu 'f11111rl1f'lru 1~Brln1'il1~i11'fl1111fi1P11llu'Ufl.;J . . " 

nri11rrl6*.;i1u i1Bdiu1~f111i1P111P1rJi6*m19111d1uffmn s 1~i11 . ~ ~ 

..::::i. rl 0 Q,I IJ) 

3.3.1.4 1!1'1'.il~l'l 'fl~!!'W 'W'fl1Ulffl'flty'Ufl.;J!!1111fffl11tllll 'illf1'fl11ll\9lfl.;Jfl11'1Jfl.;j 

nri11rrl6*.;i1u ~.;i1lJum19111d1uffmn s 1~i11 Y1~.;i'il1ntTuf'l1u1w'fl~!!'WU'fl1111rl1f'lru 11P1f.liY1iJ11Ju 
q cu " q 

Geomeric Mean = ml NlxN2xN3x ... xNn (3.1) 

N 

I, 2, 3 .... n 
0 !JI 

'ill'W1'W'Ufllln 
~ 

_1 •'Iv"" _1 v...i 
3.3.2 flll1Jl~F,(flVIA'l1!'flflUflflll!UJt1.;J'ttUlfl't1HfJWill'W (QFD) 

11Ju n 1111'fl11~tt'fl 1111~ B.;i nn 'U ei.;i n~ 11~6* .;i1u ~ i~ 'ii 1n~ 11'Q~f.lrn'IJ'flru191'\J fl .;i 
,,j i !JI ~I i 'i - I !JI !JI d 

!!'U11fffl11flll.l !'V'lfl 'lf!IJ'W!! u 1m.;i u mrnflm! 1111 rn rnml.l\9l'W!!1111'UB.;i1~1111~1'lff.11'lfltu i u nn 
~ " 
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o-=::t.fl c:rt.Q.Jc/ ~9) I 

3.3.2.1 !lJl'l'Hl"lffll'j11~!!H'Wf-l~l'lflWct'J (Product Planning) Vl'jfltJl'U!!'H~f.)WfllW 

_"( "' 'j) "' 'j) 'j) "' ' ~ 'j) (House of Quality: HOQ) 11'iHltl!'lllflflfl11lJl'lfl~fll'j'l.JeJ~~fl'fl1Vlrnmp.1f;;! !'M~l'W (Customer Needs) 

i~i:-i~'1'wnfifll'YlfllJfl~IPi'fl~fll'j (Technical Requirement) ~l'lfl'Ul:l'Wfl~~flfl1UJIPi'fl~fll'j'\Jfl~rV6*~1'W 

3.3.2.2 !lJl'l°1flcHfllrnU~~fllrnflfl!!'U'U (Design Development or Deployment) 

! 1'.J 'W iJ ll 'iJ tJ ! ~ 1 fl fl !'VI fl lJ fl~ \Pi' fl~ fl U i ~ f-1 ~ '1' W n ~fl~ fl fl 1 VI 'W ~'II fl~ ff 1 'WU 'j:::: fl fl 'U ~fl tJ (Part 

Characteristics) 

"" o' ~I _"f "' 'JJ "' 3.3.2.3 !lJl'l'Hl"lfflU1N!!f-l'Wm~'U1'Wfll'j (Process Planning) !IJ'WIJlllltl!'lll flfl 

9) 0 I .... I I "19' QJ d'~ ~ d' 
'llflfllVl'W~'llfl~l:l1'W11'j::::flfl'UtlfltJ (Part Characteristics) !~f-l~~W1i flfl WU1lJ!\9lfl'j'lJfl~m :t:'U 1'Wfll'j 

(Process Parameter) 

3.3.2.4 !lJl'l°1flCJffll'j1N!!f-l'WU5'U1imrni'll'l (Production Operations Planning) 

~I _"f "' 'JJ "' "" o' l!) 'JJ "' o' "' !IJ'WIJlllltl!'\11 flfl WU1lJ!\9lfl'j'lJfl~m::::'U1'WflU (Process Parameter) !~f-l~~W1i flfl m::::'U1'WflU 

UU'U1i~l'W (Process Name) ~l'lfl'Ul:l'Wfl~~flfl11lJIPi'fl~fll'j'\Jfl~r!16*nu 

f d I O 'j) 'j) 'l 'j) ,,j "' o' 'j) 'j) 

l:l1'W'YI 1 l:l1'W'W1!'111fl11m (Knowledge Acquisition) 'l1!Wflm1m1::::V1m1mlllfl'Uflll~ ... ... ... 
~ l l .c:::t j/ I I I 9Jd j} 

Vl'jfl !'Ylfl 1 u rntim'j l:l'W!'Ylff!rn::::'j::::'lJ'U'llfl~ ~'ll11l:ln lllfl!!'H ~~l'l N c:i 1rn:::: lllflf;;!! 'l1ti1'l11ty~1u flU 

I Clt. Clt. cs'.c:::t ~ ~ Q.I d' i j/ d Cl.I ~ 9J O 'j} f d 
flflfl!!'U'U!!lJWllWllWu ~'IJ'W'jUf-l~l'lflW ct'JtJl~'j11Jm'llflll~'YIU'j'lJU'j ~ lllflf-1 1 'l1 u l!'lllff'j:t:'lJ'UU~:t:!fl'U 

<u cu q qJ cu 

i1l'W,!1'Wfl11llf (Knowledge Base) !~flUl itl'l'l11um'juniJtyV11 'luflnflflfl!!'U'U'l 'Wflf ~~fl itl 1~v 
l 9) 9JJ'lq '),} \l) ~ 3) Q.I Cl.I I jJ 

tflHl:llN'llfl~,!1'Wfl11llJ'W !~flflfl!!'U'U t1 !Vl'jfl~'j'lJfl'Ul:l1'Wfl'4lll'Wfl11llJ (Knowledge inference 

engine) 'luri1ua~it1 

ff1'W~ 2 ff1'Wfl'4lll'Wfl11llf (Knowledge Inference Engine) ~fl 1tJrnmlJflfllJW1!1'lflf 

& .d 9J 0 9}'j) ·~ d' 9J 
"lf ~W tJ ltlllJ 'YI ll:t: fl 'W VI lfl 1\91 B'U ll lfl,! l'W fl 1 llJ J ~ l'W fl 1 l fl Bfl U 'U'U!!lJWlJW U ~:::: ll lfl fl 11 lJ \91 ti~ fl l'j 'lJ fl~ 

~j/ &1113} 9) 'l l dt ~QI .do<V.d 
f;;l !'11 (User Preferences) "lf~ !~l:t:1J!'llllJ1 'U'j:t:'lJ'U !~tl'Yll:l1'WB'4lll'W'Wl1l'Wl:l1'W'Yll:llflty'Yl~~'llB~ 
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'j} l ~ rl <V CV fl G) J f 

1~1J1wrn~ m1 i ~eim111m 1~11 ri1111'ff11rru li 'lleM ~.n1 m ~'Yl1J i u mm fl mmrni~n~ ff1u 11 n~fll '.i 

flflfl!!1J1J~\)nl'i'fl~ 1~fli11mu fl'Yll~!~fln~mm~'ffll 1umrnflmi1J1J~U ihumJ'Wm~'~m11nti 16* 

~1Ul~111~ 
I ~ ~ ~ 

~~ff1U'l.h~flfl1Jll~ 2 ff1UU 'fflll1'.itlflll1JleJflciNn~!flel~ i~~fl iuu 
1 31 'j} .d 0 Q.I I~ o",:::i ef ... I ~ Q.1 rl 

3 .4. I i ri 1~'ff'.i1~ 'IJ fl~ 1 ~1J1J r11'1m1'lf1rum1111Jflfl mi 1J rnm'Y'l ll'Y'l u ~ 'IJ u 1 u rin ~fl w CV1 e11~ 
~ u ~ 

mmrnmhflflmilu 5 ff1U ~fl 1~1J1Jil1u.Ufl11nri1111~ ff1u~1'1f'1um1~~ri1111~nn tn1u11tl'ei 
d8 <u cu cu 

~ 
~:?: • <> ~ ' 'I "'""' .. ,., . ' 
' ' ' :le ~:~"f·4t;· ::::..' :~ 
""'"" ~ ,~~ 

;,.,~;_t_ \ "',.- ,;- • -
~d 
~1 'IHJ1'b'lty 

11!l:;rnnm1i'b'1nu 

~··································· ......................................................................................... ·····················~ 

: QI QI o' v : ~ 
I fl111Jll'1Jl'i'U1i'IHl~'IHll,Jll 

1

•

1 
_ .. ~ 

= , I il'l'1fllfl111lf 

u1uJ1~f1111lf 1nn~"li'~1'U 

'll'til,jlllllfl~.,i'~l'U .--------+•+-J, 
Web browser 

nfllltltlflUUU 

. """"•ml""""" 
.................................................................................................................................................... : 
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i i ACTIO:'i J\IOLDS 
DESICN 

r+ MOLD BASE >=======< 

r--+[ COOUXGDESIGS ) ( DESIC~ J , 
- Mold Structurt 

( Coohg R*s J ['.:::::====='.'.) j':--Lln-tr_M .... old--< 

[ J 
Mold COlllpmlHI 

Componrat I 
. _ · Early Return 

[~=C=oola=n=t Llne==ID=~) ( ~[II~ ) 1'>==ee=.=rlng=Ac=tlo=n==:: 

[L._ __ Qt_n __ J ( QtlT } {'----Qt_'.rr-~) 

Side Action 

Side aad Lifter 

RU;\":\"ER DESIGN 

I !\tOLD BASE DESJG~ 

GATESDE~G 

COOLIXG DESJG~ 

EIECTIO:S DESIG:'i 

~--------.-;, ( CLASSROOM DESIG~ ) 

•( ... = J 1 -~- I 

J 
( Dn1p Rnlnr ) 

( Tttlllllc1llDnlg1 
. [ Rollil&Melll ] 

(.___o_nT _ _,J i QIDT j 
.... 

( Run«Type J 

( Rnaaer Damrtrn } 

( Rau rr Gllldellae } 

( Balaawl Ruutr ) 

>===CLASS=ll=Ol.D=R=OO=~=DESJG=_=~===:, - ·~~'' MOLD DESIGN DATA 1 ~ [.,__GA._n:s __ o_ts_•_c_s_J [ CHI Shill Wei ] 

::===:;;;;;;;: 
) MATERIAL DATA BASE 

REPORT AXUVSJS 

QllT 

( Edi:rGatr J 

( FaaGatr J 
Cakulatr l\lold DHlll [ J 

Pia Catt . 

['--__ Qt_n _ __,J ( RlngC1tr J 

( MATERIALDATA l ( SpmCatr l 
] 

( SubGate J 
( RabbfrDJta 
~· ===~] [ FlullGatt ] I Cooing Data _ 

, __ __,) [ QllT l L QUIT . 

Ramnrr Arra 

::===1 
Cold Sprue . 

QUIT 
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CL.I 'J) 31d, d 'J) 'J) .::::! CL.I 'J) 

l'I n -:i 'il 1fHY'JN'j~1J 1J H! 'lW1 'b'l w ! ff'j 'il !! n 1 'il~ \91~MlJfl1'j1\Plfl 1 llJ fl fl\91 fl-:j 'II fl-:j 'j ~ 1J 1J 
"' u "' 

N!;tl1'b'1W hwmn111deil'l 1 l u'l tt ~!;tl1'b'1W'tllfll'JU'J~!lJU !~fl!!nl 'll!rn~u11JU'J-:j!d fll'l 1 i tt cu u cu u q . . " 
'J) 'J) 'J) .c::::t 'i CL.I d..c! ' ~ .I!::! 9) 'J) \! fl\9lfl-:i!!n~!l'lll 1~ fflltt 1Hn'llfl-:i rj! 'b't11'b'1tyei~ u 1 ~\011J'Vl\Pl!! ff\01 n11 u fll'l lll mllll \! fl\91 ei-:i 

9""' "' "' ?1 ,,; <!I 'l YJ) 1 'l YJ) 0 

m 'iltimrwu 1J1J fffl1Jmm um fl rn-:illei u mn 11J'J 11J'll fllln \Pl t1 i 'lfmmmi 1J1Jll1\9l 'J 1 
"' "' 

' l ' d CL.I ct 'J) CL.I ~ ff1UU'J~lJ1Wfl1 (Rating Scale) !!1J-:i1tJu 5 'J~\011J 1JflU°ll'lfl~!!UU'J11J!!1J1JflU\9lrn1fl'b'U (Interval 

" 
Scale) i-:iu 

<'1 d 

4 fl~!!UU l'lllltltt-:i \Pl 

3 ri~uuu Mmva-:i 1.hunm-:i 

2 fl~!!UU l'llJltla-:i vrn t 6* 

1 fl~!!UU l'llJ1t1a-:i fl1'JUi'mJ1-:i 

" 1 \Pl tlflll'I u \P)fll 'j mfo~ 1'1Jfl-:jfl 111Jl'l 1J 1tl\9l 11J 'lf1-:if1~!! u u \Of-:iu 

5.00-4.50 !!ff\Pl-:ii1 1~\Pl1Jri11llf1\011llu'llei-:i~1;t11'b'1tyei~iu1~1'11J~mn 

4.49-3.50 !!ff\Pl-:ii1 1~\Pf 1Jmlllfl\Pl!ttU'llfl-:iN'1;t11'b'1weiti'l u1~1'11J~ 
"' u "' 

3.49-2.50 !!ff\Pl-:ii1 1~\Pl1Jmlllfl\Pl!MU'llfl-:iN'1;t11'b'1weiti'lu1~\Plm.hunm-:i 
"' u "' 

I CL.I ~ d jl d ''l CV 'l YJ} 
2.49-1.50 !!ff\01-:j'Jl 'J~\011J'fl111Jfl\Pl!l'IU'IJfl-:jH!'b'tl1'b'1Wfltl U'J~\011J'VW 'b' 

"' u "' 

1.49-1.00 !!ff\Pl-:ii1 1~1'11Jmlllfl\Pl!ttU'llfl-:i~1;t11'lf1weiti'lu1~\Pl1Jm1u1'1Ju1-:i cu u cu q .. .. .. 
, QJ cl jJ ~QJ (:fj/ QJ.c:f, 

3.5.1 U'UUVIBUfll'l!fl1J'l11J'l1'1.J'UB'IJ~iJ'UUVIBUfll'l!fl1J'UB'iJ~Vl·:iU 
~ ~ 

" 
3.5.1.1 m11l\Pl'Vl1u1J1Jffmrn1ll 1 \Plt1ijl'\9lt1u1~ir-:ifl'l'l-:iu 

q . " 
3.5.1.2 1Tieiu1~1iJuri11llt1nl9iei-:iun~fl11ll!l'llll~ffll 'l mueim'llei-:i111u.u'eilln "' ~ "' 

,,; 'I YJ) <'1 "" YJJ.d 'I '""' "'"' ~ 
3.5.1.3 n'lfl A l'l 'VJ'J11Jfl-:jfl 111Jfl\Pl'IJfl-:j fj!'b'tl1'b'lt1J t U fl1'Jflflfl!!1J 1J!!lJ'l"llJ'l"l'i! \Pl'IJU 

,,; 'l YJJ <'1 YJJ ,,; :'I 'l .I"' .I ~ 
3.5.1.4 !'l"lfl l'l'VJ'J11Jfl-:j'IJfl!ffUfl!!U~!'l"lfl!uU!!U1'VJN Ufl1'Ju'J1JUH!!fl A'll 

q 

0 I j} .d. CL.I~ CL.I .cg '3J d 0 dQJ ~ d. QI 

\911!! l'I u-:i l'I u 1'Vlfl111J'j1J H\01 'b'fl1J 'j~ \Pl 1J fl1 'j fl' fl fl l!! n~l'I u l'VJ fll 'j 'VI H 1u'VI'j1J H\01 'b'fl1J! fltl 1fl 1J 

fl'J~1J1Ufl1'Jflflfl!!1J1J 
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'LI "' "' I ,r I ~ 
(2) 1111unrnllm111fl'H1J1fl 'H 1q1 'llfl-:J! u fl'Hlfltll-:J\] fll?lfl-:J uri~mm~ff ll 

" . 
(3) 1 t11umllijm1,J'fl~ t1-:i1uflmfl~N~mi'1fl-:i 

(4) 1tJrnmllmm1tl 1~1?1flunurr1~-:i1uuuuliul1 
"' 

(6) 1t111mrn1?1Hmllmllll'i'fl-:im1~t1u~1'l6*-:i1u 
"' 

(7) 1 t11unrnmm1rn~llffnt1mwm1~ t1'W ~1m1 'l ~-:i1u 
"' 

~ 'j) 0 'j) ' ~ a'~, 'j) QI 31.Jt 
(8) H ! 'Jf-:Jl'W 1l~!!'W~'Wlil'W m1m 'l 'Wfl11flflfl!! 1J1J!!1JW1JW'W 'HfllJHfl'W cu cll9 cu cu 

3.5.2 .fruvmu1um1i'vi'ri11m111nmt:1UJHil~~-:.11m11tr0'Ut:1UJ 

,)fl l'l 1!! 1J 1J fffl 1J tllll 1911ll'IYflfl1'H 'W fl!! ri ~ rl 1 fl1 HY-:J !!lJ 1J fffl 1J tllll 'l MN! ~ti 1'Jf1 UI 
"' " 

~ I "" "'"' .M - I ~ ')' ')' "' <'I "" o' 0 

'Vll-:J~l'W fll'jflflfl!! 1J lJ!!lJWlJW'i! fl'IJ'Wi11 tll-:J!! ri~ 'YlNfll'W!'Ylfl ! 'W ! rltltll-:J'H rnwflrl!llfl1111J 11l'W1'W 
' 'jJ 'jJ 'jJ I 

' ~ ... I ~ ,=s r;JJQl'l 'j) !V ~ fJJ d. 
30 'Vll'W !Wfl111~!1J'W!'Wfl'H lfl 111J1'Yl-:J 'W fll'Wfl111Jtlfll?lfl-:J!'ttlll~ffll'Ufl-:J!'W fl'Hl !!rl~'Ufl!ff'Wfl!!'W ~'Yl 

"' "' 
l'i' eM rl1 nutJ i' utJ 1 -:i !~fl 'l 6*11'.lu!! u 1m-:i 'l u m1 tJi' utJ 1-:i i 1u <tY flllrl fl 1rn ~ 1rn~fl11llffll1J1 w 'IJ fl-:J 

q q cll9 cu cu cu 

1 t11Hmll 

. . 
... I ~ 'j) I 'j) 0 ~ 'j) 1 'l ' d 9)d. 0 

111~!1J'W'W fltlfl11 3.50 1l~l?lfl-:J'Vllfl11!!fl ! 'IJ'Ufl1JflW1fl-:J 'W ff1'W'YlH!"lW1'Jf1Ul!!'W~'W1 
"' " 

ff1V Hrl fl111,J't1!!rl~ ,)fll'l11'Yl tll'W W'W .fl 11lflfl11 ~l!U 'W-:Jl'W 1,) ti!! ri~ rl lfl 11 flfl fl!! 1J 1J 1~1J 1J 

~ ,,j 'I I <> "'"' .M <> "' o' di ~ ~ 
fjl 'lftf 1'Jflty t 'W fll 1flflfl!!1J lJ!!ll W 1J Wu fl '1J 'W i tJ Hrl 191 fl W C}"J tll-:J !W fl 'l 'H ffl ll 11tl!!flt'IJ1J' ty'H 1'l'Wfll1 

flflfl!!UlJ!!:i.iWllW~ fl~'W itJ H~l?lntu ctltlN~rJ-:J !:Jij tflifl-:ilifl 'l 'Wfl11flflfl!!1JU~i'fl! 1l'W 1 fltl'H ~flfl11 
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lrJ o' 'J} 'J} 'J} , I~ tJ' ~ I G) mrw 1 '1 'W 'VfHJ 11 'U fl m 'W fl t1 'W :t t1 m: m :m ml ty 111 'W m rn fl mm rn tll 'Vl 11 m rn :t GJf mr-m 111 ~ 1 j} l 'W 1 'W 

m1flflfH!1J1H!~TI11w~ ~HJH 1rlfl11'.l'W1.h:t t£JGJfui 'W nu fl fl mi 1J1J i 'Wfllflfl~ m11m111flflm11J1J 
q 



·. 

' ""' 1J't'l't'l 4 

" 
tJN l\PltJJJ11tJCl~!~tl\Plfi-H'lfl11'Yl\PlC!el~ ~~U 

. 
"' 9)"' 

4.2 fi-Hlfl11W\9JJU11~1J1Hj!'lftl'J'lflty 

"' "' - ' o 'l v_or 4.3 HCI '1W 1i 'ill fl fl111J 1~ lJ Tn H'1fl11'1'11~ l'W U fl11!!fl1Jty'Hlfl11elelfl!! 1J1J 

"' 9) ,f 9) 

4.4 fl 111.h~m u fl11lJflfl"1el~ 'llel~!'W mt l'il 1u 'll ell1'1fl11elelfl!!1J1J 
" .. " 

4.5 i:-1C1m1l!TI'~wei 'l 'il 'l u m1 i off! iJrnflrn'lf1t1'l u mrnelflUtJrnuJwm-l~ \PltJN 

"' o' 9) 
4 .1.1.1 'fflJ mmu '1 fl m 

" 
i:-t11lt1 i~ ff'l1fl1£1ii'il1 fl~~ '1'11ttu1~iufl11eltiflu1J 1J uli wl1.W t11 ~ i u 
" " 

tl"1'ffl'Hfl11lJtll'Wtl'W~ !!'1~iff1m 1 u ihu fl11eltlfl!! 1J1JHi1"1firu cntJN1'JlJa~ H!~tl'J'lfltl.l'Vll~~l'W 
q " u 

"' "' o' Planning) fl11elelfl!!1J1JH'1"1.flWC}'J (Product Design) fl111N!!H'Wfl1~1J'J'Wfl11 (Process Planning 

'H 1 el Manufacturing Planning) fl 11 1 H !! HU fl 11J fJ lJ fl 1~1J 1 U fll 1 (Production Planning 'H 1 el 

Production Operations Planning) l\Pltlfl11lJl9i'el~fl11'illfl~rni'1~i~ !1tifl11 ti'titlftl'illfl~flfi'l tt1ti 

..c:t !iJ Q.I ~ o fJ} Q.I ' Q.I .at 'JJ o GI r 

"!fftl~'illfl'1flfll (Voice of Customer)" 'H'1~'illfl'W'W'Wl'llellJ'1\Pl~fl'111lJl'il\Pl!1tl~fleltlfll ~'HlJ (Reword 
" " 

Data) !~el 'ltt'!'!Y1 i'il~ltl!!'1~'ffel\Plfl~el~ ~~'91111~~ 4.1 
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tfftl.:J1llflilfl;)l (Voice of customer) .. !II 0 'I ' 
()6tlfllt'IU.J (Reword Data) 

.. 
i/4. oQJ ~ii 

Vll'l-Ui!6'11TtTl't'i1'1.Jfll111tlill 

~ 

4. iimrnlirnmueimi~1'ilu11r:i~1'1i'1h~1fl 

9)~ .x '1"' 3. 1'1J11N1ueim ~~w 

5. H'.:i1u Mflr:it1~nr:i11rn~11u~tl1t1tym 1utn:i 5. hlrnmlliinn Mflti'l.Jffllll'Hl 111'ri111u~tl11unT:i 

eieiml'l.Ju M eieiml'l.Ju M 

..... 
llll'l'lll'l'I 
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'H ~ ~ 11 lfl J'W U 1,Y fl fl 1UJ ~fl~ 111fltjflfi'1 ~,) IPH1 cM I.)' fll:Jfll l 'H :LJ (Reword 

91 .,, 91 dd .,, 91 'LI 91d 'I 
Data) m11mf1\Pl!!t1flf111ll\9lfl~fll'j 'Yl!fltl1fl1J fll'j ff'j 1~ rnrnmm ~1J1J Ht'JW1'1J'lll.I i 'W flUflflfl!! 1J1J ., " 

u:LJ'rf :1.1vl~ \PltlN 1 \Pltlff'jiJti'fltifll l tt:LJi~J'~~'W 19 ti'fltifll ~~\9llll~~ 4.2 

. 
0 .., «I 

tll~'U'fl 

2 

3 

4 

5 

6 

7 

2 

3 

4 

5 

6 

• 

tltJmh1'Hii (Reworded data) 

" . 1 iJ'j unrnnfll'j ,)\Pl~ tl~!U fl'H lfl VN~ flt u fl~ 

~ ""' I 'I 
!'Wfl'Hl:l.lfl11:1.l'Wlff'W ! 11 

" . 
n fll'j ,r\Pl~ t1~1 u flmt~'W i11~ 1J flci1~ ~flt u fl~ 

" ijflnflnmmu fl'Hl'Jf\P111l'W!nl~!,f 1l11~ltl 

" . 
tUfltt 1fflm'jtu'rf :1.1l'ln£J~ l 'Wfll'j~ ti'W ~~l'Wfllrnflfl!11J1Ju:ti'rf :1.1vi ., 
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"' 'illfll'l111.:J'Vl 
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'JI o 'JI 'JI a...::::! 'Jldr Q.I 

'il 1 flfl fl tJ'fl l'fl 11uI'!fl.:ifl11 'IJ fl.:J ~ fl'fl rn 1fl1 iw.:i 'IJ fl.:J ~fl 'fl l'VI i:-nw fll 1 'fl~ !Wfl 
"' "' 

4.2 1~m~flflll!'Vl1:::'fl11ul'i'fl.:im1~1~t11.Ufl.:in11H~l'lfiw ci-11 ~ t1 i .fi'uHu N'.:iflrim~flll 1t1.:i 
q . ., 

(Affinity Diagram) C)}.:imm1t1i'~'Hll1~'11~1~ i.:iu 

~ 

1 iJ '.i Ufl '.i lJ iJ fl l'.i ,)' ~'11 lJ1~'11 :U 'IJ eJ .:j ! {j e:J'l'l lfl Vl.:Jfl fl~ eJ .:JU i:'I~ ! '11 lJ l~fflJ 
~ ~ 

~ . 
1 iJ'.i umlJiJm'.i 11~~ v-:i1uei'111ei vi-:ifi ei1i'iei-:i 

1iJ'.iUfl'.ilJffllJ1'.ifl MfleJ'IJtl'!JrV~HUU'IJ'IJ't1'Wfi 

1.1 .. "i., ., , ' 
lJ'.iUfl'.ilJffllJl'.ifl!'.itl'Wi ~!'Ill 'iHltJ 

1.1 ., .. ., , ., 
lJ'.iUfl'.ilJfl'.i .:JflllJfnllJfleJ.:Jfll'.i !'.i tl'Wi/fll'.i 'lf-:il'U 

l iJ'.i Ufl'.ilJffllJl'.ifl!.yjlJfffltlfll'Wfll'.i t1tl'U~/fll'.i1 ~.:Jl'U 
~ 

A .o:::t o' I ii 
!'UeJ'l'lllJeJ.:jfiiJ'.i~fleJ'IJtJe:Jtlfi'.i'IJfl1'U 

iJ fll'.i ,)' ~ ~ tl.:J! d e:J'l'l l! ~'U rl 1~ 'IJ eJ £11-:ifi ell~ e:J.:j 

iJm'.i eilimmd eJ'l'l loH~t 'il'WUi:'l~t 'li'11 'il~w 
.. "i., ffllJl'.ifl!W'Ui ~fli:'le:J~!1i:'ll 

~ 

fi'1u1i'ieimrirn~um'.i 1~-:i1u 

liJ'.iUfl'.ilJlJfl1llJ'l.hff'U1'iJ 

1 iJ '.i um lJ iJ ei -:i rliJ'.i ~ fle:J'IJ vei Vfi rnti' 1u 

1iJ'.iuflrn1~-:i1u~1tJui:'l~ff~~1fl 

1iJ'.iuflrnfflm'.imei-:i~u1 iJ'.i uflrnt ;-:imru 'b'vtwi1fi1llJV~'l1 ~u 

1iJ'.iUfl'.ilJlJfll'.i 1~fleJUffllJ1'.ifl 1if r11uu~t111um'.ieieifluuu M 
1iJ'.iuflrnffllJ1'.i m Yi" iJ'.i ~ ff'l'lllil 1w fl 1'.i ei ei flu uuu:Urill'rl' 
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" hHJlJfll'J~'ill'iW1!!£Jfn1£J~~!fl£J~ntrUfll'J~l!U'U~l'U i~{l 

1) ~1'U'fl11l.lfflml"ti'Uti~ 1 'l.Jrnml.l'!f1£Juummrn11.J~l.lvl~ ~£11~ 
'j} A ocv .::::! 3) 

2) ~1'U!'Uffl11ff1'11'j1Jfll'j!'j £J'UJ 

'j} el 0 Q.I 'j} 

3) ~1'U!'Ut1'111ff1'11'j1Jfll'ji"lf~l'U 
Q.I ~ 0 t 'j} 'j} Q.19}lfJ3J 

'11~~'illfl'U'U'UlfHJl.l'fl11l.Jl'ltl~fll'J 1~£Ji"lf!!H'UH~l'l'U tlJ (Tree Diagram) 
1 1 'J} I 

1~u i ,r ~1£J~timl"~'illl"WlfJW i;i'nEJw~ficif1cM'u'Un'U i~11iY~~ i 'Uml'lfi 4.2 

;::i i'lh1mn.Jiim111il1ffui11~mm~vuf1i~.:.1Tu \"' 
-ii=' ~ 

ri "" i'lhunrniinn1i'~'Hm~Y1tj'IJ-ei.:.11il-eiY1wd1.:.i~nl'i'-ei.:.iu1:1~mm~ft11 Ir' r 

s ;::i 

~ 

i'lhum11iim'.i~~1~v.:.1lif-eiY1wd1.:.i~md-ei.:.i Ir' ~~ -;:i 
tr- ri - G::i q;:: - hhunrnmmH1 M~-eiun'lnrl~nuuuu'l'i'UYi Ir' -3 r "' ri ;:i ltJ .. 91L9191 i' r 
lG 5 rnnrnmmrnt'.iVtJ~ ~!'Ill 11.:.11v 
ri 
r c;:: 

i 1.hum1m'.i .:.im11f!11111'i'-ei.:.1m'.i ~ V'U~/m'.i i ~'lltJ \"' ~ 
~ ~ "' ;::r 

iu .i ., .. 91 t 91 r 
O\~ rnnrnmm'.imV111fl'nvm'Vlm'.il'.iVtJ~/m'.i 'lf'll'U 

~ 

°'V-.• 
!U B'HllJfl111JU lff'tJ 111 

;::r ~ d tf I 9} 
;::i !'tJB'H11JB'lflU'.i~nB'IJVBVfl'.i'IJ~1'tJ 

~!:::: 
Ir' 

lJf11'.i~~~irnif B'Hll~tJril~'IJBVl'l~'elldB.:.i r 

fl111JVi'l'VIB i 11 
c;:: 

3~ 
lJf11'.iBll'IJ1Vld' B'HloM~l 11'tJUI1~! ,j'l i 11~1V 91 - - ::;:: -'IJB'II'lfifll r 

"lG 
"' r .. n91 ::;:: ff11Jl'.itll'.ifl'U'.i ~~I'IB~l11:11 

~ "' 
~~ ~ 

..:!t ...::. Q.I , d 313' ·~ .? 

;::r l'tJB'Hlff11Jl'.itll'V11J'Ylfi'tl~ 'tJfil'.il'.iV'tJ'.ifll'tJfil'.iBBfiU'IJ'IJU1JVl1J'VI 
r "' O\~ 

;::r 
i U'.ium11iif11111il1ff'U 111 

r 

iu'.iunrnii-ei.:.iti'u'.i~nBudBvflrnt1'1u "" °'ii=' .,..... 
Ir' 

iu'.iunrni~.:.11u~1mrnrn~~1n r 
c;:: 
;:i 

av-. 
i U'.i unrnmm'.imB .:.iru i u'.i umm~.:.imru 'JHJ~tJ1iim111a~'H ~'U ~ ::;:: -r 

"lG 

iu'.iunrniim'.i M~Bumm'.i~ Mri1uu~i11 ium'.iBBnuuu M r 
::;:: 
~ 

~~ iu1um11m1111~1vl11u'.i~ff'Ylnm'Vlm'.iBBnuuuu:i.iflm{ ;::r 
r 

O\~ 
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"' <JJ 'LI <JJd i '"" _. 4.1.1.3 fll"J'Wl'JJ in 191'1.J 1m11 rn mm ll"J~ 1111 i:-J1'1H.11'lf1tu 'Wm rne:imi 11 'IJ!!ll'Wll'W ., " 

Q.I ... .I a' ti ~ ~ ti di 'J)i Q.I 3' d 
'ln'.IHU~'IJ eJ.:JCJfeJTil91!!1 'J !'lf .:J'Wltu 'lftl 'YI 'lf 'l.J nU'W \9JJ 'l.J U ~1111 HI 'lftl1'lflill ., " 

\OJ u1 l 'W ~ 4.3 11'.l 'W CJfe:ivJ l?l'in f 1:1111'II"Jti~ff1:1.J 1 Hl t11:1J1rl' \9JJ 'W n ~ 1111 Ni ;t11'lf1 ru hw Nrl' \9JJ 'W 1 cu cu u cu 

llJ ' o ~I <JJ "' <JJ "" "'i "' '"' <JJ o "' i <JJ i <JJ <JJ 1:1.J 'II 11u'W191e:i.:i lJ fl11ll "J'Yll.:Jfll'lflfl eJ:IJ'W 1 !191 eJ'J 'W "J~ ~ 11ff .:i !!191:1.J'IJ e:i'IJ1n~ 'W ~ l'W nu 'lf .:Jl'W ~ l'W nu ., ., 

1 ~e:i:1J~e:i1rn~fll"Jff~ N1!" 1'W.Ue:i:1J'lfl 1rn~ ff1'W 1tlrnnrne:ie:inu11rn1J,jw:1J.W1 ;.:i'W1w 'lfeJ \Ol.:i m'W~ 4.4 .. ., ., 

11'.l'W 1 tl"J unrn~ i ~ 'W mrne:immrn1J,j.W:1J-W''Wmff~m1~ij.Ue:in1n~ i 'W m"J i i'.:i1m rt e:i.:i'll 1n 1 tl"J umll 

flneJeJfl!! 1J1J:IJ 1 i off .:Jl'l.J m 'W l~'YI N'\JeJ.:JUfrWll-W''Wmff ~n~.:iij 1 fl'J .:J ff~ H~Ul91n~l.:J 'II lfl!!J,jWll-W'~ ~ tlH ., 

XI' !lll!MimDIJ••I~ 
= r S-_liMt.al_~•Yts 

.... ~-·-~-~ -..J) ....... ~1-.,.. ......... 0lt9tqitnd"1"1< 
"' L s-_._,_ .. _'°°'*'Dl•No_I _ _.,_~ .. 

-+Cneoldlr_t,oe~·Advllnald 
-. ,,_..._c:o..rietftAOD) SiruJOU ......... usedallwtcip-.d"Plr 

-+ p..a1_~JM~tlh...,llo•Sll'llpie(llOd"4'IC 

ofE~ 
',.~ 

.... ~--~·S-.....oin_.-.ct..shixil 
.... .....-.:-- . ·-i ....... ,.._ ............ 

= L looboaJoi _ _,,.,.__..t_tt.:ii • "°-llL•e-~_corai .... ~--~-Mt~ 
-+ J>-4..__..ADDI S.UJOU._..i-t.-_non-OV"°"' 

=I~~-~_._.....,_~ 
~ r S--""tal_ocnNl•Yin 

,:+~~~~-Ml-~ 

11£N 

.._,.._..~beiofe-y.,, ·bo.l!d•DV -\o\lhlllJped~ddJ(ll.l~befat!ll lrdo-lks-t ... ._ 
-JOUbobtllmlhe-1Jpoaloowt.-.d~-n~ 
-YH 

~~s.::=~=~ 
~1-lbdlhl-d•~lhoct.M•h 
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Wdcome to sgstem. cbo.mnoru 

Please St'ltct the. mt' nu you wont to U'><! 

~ ' 

i'luU~'I i~tl11YJriurimrniJn\IMUlfi'Vll'lfJWfll'W QFD miJ1~~nl91'l ~ 
'I i-1 'J) d 'I I"' ,,..,,. ~ . I "' ., ,,.. 
i umnn1m1 u u IJ':i um 111 ~ uu ~1 'lff.11'lflty i u m1weim1 'U'U!!ll"Wll'Wu \Ol'lJui rn·rn~flW ctWl'I!! u u 

mm imf uLY~H iumw~ 4.5 ~'l~'il~ i~ri~11uuri1111i:Y1fl'ty'llt1'li1'il1lf.l~1'I "1 ~ij~i;i~t1ri1111-W'l"Wt1 'l 'ii 
'I ., i-1 'J) d 'I I"' ,,..,,. ~ . I 
i u !! u u fftl'U m11 nnii w ~ 'lJ ti'! "11m1111 ~ u u ~1 'lff.11 'lfl ty i um 1t1t1fluurnrn"W11 "Wu \Ol 'lJ u i" 

~il~.riw ctlf.11'1 mmrnl'\'1 i i1'1n\OliJ1~ if.l'lfui um1 ~ f.l'W!!n~ i u ri1u 'lJt1'lm1'¥\'1'11u ~lumrnt1mmu 

11liV111-W'Q \Olf.11\l!~ll:lJlfl~'W ~\jfll\OJ 11'il~fflll l':ifl~tl'U ff'W tl\l~tlfl11111Vi't1\lflU~!!-ti''ii1 \l'lJtl\I N~ff'W 'l 'ii 
"' 

i u m1t1t1m1 u uu n~irr1m~l'\'1'11u ~ 1u mrnt1m1 urn1liVl11-W'~ \Olf.IHt1ciuti' 1 i \Pl f.lijfl1nr1PJJu 1 
"' ~ 

iiJrnmll~l'W1'W 10 i11~ni'IU Mold Base design, Runner Design, Gate Design, Cooling Design, 

Ejection Design, Action Mold, Classroom Design, Mold Design, Material Data Base, Report 

Analysis 'illflfll':itltlfl!!'U'U i11~ni'lfl~111~t1':it1'1i' 'Ufll':iGJf1f.l!'tt~tlfll':itltlfl!! 'U'U~':i1\0l!~ 1!!n~! '1i'1'l11 

11) 'J} I ~ O a.< "> <'f a.< "' a.< "'1 d 'I 'I "' 'JJ') 'J} I "> ,,..,,. !:'1 'J} 

!\Ol\llf.l'lJ'W ffl'tt':i'U1ff1fl':i'tt':itl'Wfl!W'W 'Wflfffl111Ylff'W !'ii !'Wfll':i!':if.l'W':i !'W\Oll'W!!ll'WllTil!\Olf.11\1 !IJ'W~'W 
"' 

i \Pl f.lri~im u m11 m f.lrnli f.l'U~ i ~ 111m1 uu fft1ummf u i \0) f.lirr1m~1u 
I c:i. o'd. .:::::i. Q.I o' ~ d O 3) 

m1t1t1m1urnmw11wu\Olf.IH!!n~t1t1m1uu~n~fltuct'lf.IHM':it1'Urin1mYJYJl'll'W\Oll'Wflnt1~ffrnm111 
q q 

nn ~il~f.11\l~ff'W i 'ii~ 1u fll':i t1t1m1 urn1liV111-W'Q \Olf.11'1 ~'I tl'niiw~ i iJ 1 unrn ~ i~'rl1m1'W'1PJJ'Wl~'W ij 
ri1u~,f1f.li M'r11uu~tl1 i umrnt1m1 urn1liV111-W' i u ri1u ~1~f.l1nu~u ri1um~1111u ri1u .Ut111n .. "' 

GJ d .:::::i, 1 9} ~ I d l.:::::i, o' I 9} Q..la:t, I .:::::i, 

'lJt1\11ff flYJ 'il~~n~ ff1'W 'lJt111 n'lJ ti'! 1 ~ uuu m n t1wu 1 mw11TI LY1u 'lJ t111n ri w ffll'U ~ 'lJ ti'! f.11'1!!~ n~ 'lf'W \Pl 
q q,i cu q 

d I .C:.. CL1 d 
':i1fl!':i1fl11!flll fl'l~l':il\IYJ 4.3 
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?1 -1"""""' llJ o' - tu'W';i~~UUu{J1J\9lfl1';itltl'W mu 

'If~ hJ~(;'lflla-'l i'Wf11';itltlflU1J1J . .. 

- E - Manufacturing 

1 9) • .q d'l:i 
- 'lJ~(;'lil'W ffJl'lJ~fll';itltlfl!!UlJU'lJ'V'UJ'VH'l, ~ 

tll'I W'.Jfl\9ll'lJ'tJ ';i ~tfl'l'l'IJ tl'I fll';itltlflU UU 

·~ d'.c.!i 
U'lJl'l'lJl'I flt! Component mold design 

simple type, Component mold design 

modurate type, Component mold design 

advanced type. 

1 'j.J '.q rl 
- 'lf~111'W flHilll'IU'lJl'l'lJl'ltlNtm~ ... 
e£ I I .q o' I 

'lf'W'ff'J'WU'lJl'l'lJl'I t'lf'W Mold base , Heater 

. ?1 'J) 
system, msulator type tu'W\9l'W 

- H~l'lfiwcnt11'1'lu~iJuuu 3D Model t~tl 

'l <Miu fll'j i;rtl' u ff'4 u n n ti ti nu uum.iVim( 

- ';iiJH~\9lxlW ctltll'l i 'Wt1\9lffll'!m';illtll'Wtl'W 191' ., . 
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" fJ\9l'ff1'11 mrnt11wm \91 

- 'l!~f11fi.:i 1 unnf\'1u1ruiii'fJmf1~'fJ.:i~ ~ . . 
<!I .,, "' 

!m'fJ.:i\lm'l'lmm~'ffll 

- 'lj~f11fi.:i1um'j"'\11~1'W1'W Cavity~ 

mm~'ffll 1 'Wf11'j"'fJ'fJf1U'U'U 

'"" " 'fJ'fJf1U 1J 'UUll'Wll'W 
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,, . 
'illntl'u'l11fl11ll~t1.:im1\Pl,m~11 miil'A'l'l1!!'U'Ufft1'Ut11ll t~!!n 'lf~fi 1 • 

!! 'U'U fftl'U ml.I _..1mhr1 ty'llt1.:i1l 'il iil C11'i 1-:i "l ~iJ ~,rnl'i t1m1-rl'wi u ii~ tJ rlu1'ii11 u :::IPi'Lifl::: !! u u 

fl11l.ITI.:J'VW i 'il !llul.1Wl'.ilff1Uff !fl~ 5 1:::\Pl'U 1~(Jfll'l1U~!f1W cnmnh:::1iJum1 'l Mfl:::!!UU t~i '* 

'H~fl'lltl.:J~!il!'Yl (Likert Rating Scale) \Pl.:itl (~Ylli tflCl1'.i'.iW, 2554) 

& 
"' & 'l d 5 'HlJWtN '.i:::~'Ufldll.l'VM'V'ltl 'ill.Jlfl'Ylff~ • 

& 
"' & 'l 4 'HlJWfl.:i '.i:::~'Ufl11l.ITI.:J'V'ltl 'ill.llfl 

& 
1:::1Pi'Ufl11l.ITI.:JTitJ i'ilthunm.:i 3 '11l.1Wtl.:J 

& "' & 'l 9) 2 'Hl.Jl(Jfl.:i '.i:::~'Ufldll.ITI.:J'V'ltl 'ilUtlCI 

& "' & 'l 9) 1 'Hl.Jl(Jfl.:i '.i:::~'Ufl11l.ITI.:J'V'ltl 'ilUtlCll.Jlfl 

I d 
4.1.1.4 fll'.i '11lfl1! u ~ (J'i) lfl!! 'U 'U fftl'U ti ll.J 

0 "' d 
(Geometric Mean) (TI.:Jfffl'.i ~l!fll:::, 2552) ~.:Jffl.lfll'.i'Yl 4.1 

Geometric Mean= m/N1xN2xN3x ... xNn (4.1) 

N 

1, 2, 3, ... n 
0 9) 

'il1U1U'lltll.J~ .. 

fi1m~C1~t~'illfl!!'U'Ufft1'Ut11l.l'lj~~ 1 u~:::!!'U'Ufftl'Ut11l.l'lj~~ 2 'il:::'l11!iJ 

mt1n'lul9ll'.il.:J!l.l\9l~flGJi~ 1 f11'.i11.:J!!HUH~l9lfiwcn 11'1t1!1C1flll UlUfJWfllTI (House of Quality: 

HOQ) fi1m~C1fl:::!! UUfl11l.lfflrlty'lltl.:Jfl1'.il91~ffU i 'il i '*11h!!mm:::'U'U~!~W1'lflty 'l Ufll'.itltlfl!!'U'U 

I ~ cle:J :M ,.. J .Qo cv o' ll) o' o G) I 

!!l.l'V'll.l'V'lu ~'\JU~ lJ H~ \9lfl W CVWH!! 'U 'U tltlU ! ~ U 'il:::\)flfl 1'11U ~~.:J t U 'lftl.:J IMP (Importance) !rn::: 

I d "' & 'I 'I "" "' o' "l. I I I "" o'd ~ • I 
fll!U ~ Cl'.i~~'Ufl:::U U U fl 11l.ITI.:J'V'ltl t 'ii ! UH~\9lfl W CVl'Utl.:J !lJ'.i!!fl'.ilJ'lf1Cltltlfl!! 'U'U!!lJ'V'llJTiu ~'\JU '.i lJ .. 
Hill9lfitucnm.:i !f1Wcn~i'lftunuif~fi1m~C1fl:::!!UUfl1ll.lfflrlty (Importance: IMP) !!'U'Ufftl'Utlll.l'lj~ 

~ 1m1tr~fi1'l111-M1911rn'll'YlffUC1l.lfft1.:i~1!!11ti.:i1rn:::u'Li'Ufft1'Ut11l.l'lj~~ 2 'lum1tr~fi1 (Rating) t1'1 

"" 'I 9'."f ~ 9) ~ I 'I 9'."f "' o' ?I 
!flU 0.50 !'HIJ~'IJU 1rn:::t11\9llfl11 0.50 !'HIJ~~.:J (tll.J'.i'.i\91U IJU\911, 2544) 



viTn~~ 4.4 ir1'l.Jf11m~t11~~1J'fl~uuum1J.J-ff1l'lty'llt1~1f 'il1Jt1~1~ '1 ~iii:-11:1~t1w.nJ.J.W~vrn hi 

1 'l.J1 unrn'l11t1ium1t1t1mmuulirlJ.JTIQ1Pw1~ (1 'l.J11mrn nt1u m1~\0JJ'Wl) 

' 

fl1lll~tl.:Jfllj'lltJ.:Jgnf11 (Customer Requirements) 
rl1u1aFJ (IMP) 

3.876 3.88 

3.573 3.57 

3.373 3.37 

3.183 3.18 

3.519 3.52 

3.728 3.73 

3.986 3.99 

3.149 3.15 

3.501 
v . 

!Utltiln0~fi~~~ntlDVtlVfi~D~1U 3.50 

3.220 3.22 

3.322 3.32 

3.354 3.35 

3.207 3.21 

3.945 3.95 

3.661 3.66 

3.576 3.58 

3.675 3.68 

3.740 3.74 

3.323 3.32 

91 

111n191111~~ 4.4 ir1'l.Jf11m ~ t11~~ U'fl~!! u u 'fl 11J.J-ff11'1 ty'llt1~1f mfo~1~ '1 

~ ij Hl:l ~ti 'fl11J.J.W nm i \I 111f1!!1J 1J 'fftl1Jtl1J.JG)!'~ ~ 1 n ti 'W f1U~\OJJ'WU~1J 1J 1 'l.J rn m J.J 'lf1t1 l 'W f11 'J • 
oom1 uuulirlJ.JTIQ ~~'W 1'l.J t11~ ~~f11m ~ tJ'fl 11mhl'lw (IMP) ~!~'W 1f 11'1t1-ff11'lwmn~'ff~1 u m1 cu u u q 

oom1 uu~o 1 'l.Jrnm J.Jmmrn1~J.Jffnt1m'Vlm1 f~ tJ'W ~1m11 .if'~1u 3.99 {]u ~uiro~ 1'l.J11m1 J.Jii .. 
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film ~tlfl~U 'W'W WJ111~1flty'\Jfl~tl11\Vl~ff'W 1 'il!~tl'JfllJ H~\9lnW en' U~~'il~U 1fi1~ t~ ri~~ i 'W 'lffl~ IMP 

(Important) '\Jfl~Tilm.JWfll'W (House of Quality: HOQ) 

vi11H~ 4.5 'ff1l1fi1m~t11~ilJfl~U'W'Wfl1111~1rity'\Jfl~i1'il'1t1~1~ "l ~iiH~~flm111Vi~rrn i'il'illn 

f11'i !ID tllJ!lltllJ 1111 um11'151t1flflf1!!1JlJUli~m{~ ~tll~U~~ 1111 Uf111lflflf1!!1JlJ 

Rating (UVlfll) 

v v 
1'11UJYl0.:lfll':i'll0.:l~flfll 

(Customer Requirements) Rating '"" . 00fl!!1.JUUllfUJfUJH 

(00'W'W'l?lltn) 

y 

1u 0miim1l.lil lff'W 1'ii 3.14 3.85 

3.50 3.75 

3.22 3.85 
y 

iim':i 0~rnmu fftt 16ifFJ111uu1;1~1'1i'111l~l(J 3.31 3.62 

3.37 3.80 

3.29 3.70 

"'' o' 00flllUUlllJfllJfl 



/ 

vi1n~~ 4.5 i;rphi1m~m~i'Ufl~U'U'Uf111:1Jrl1r1t1.J'tlt1~11°'il1it1~N "1 ~i1f·rn~tifl1l:IJ~~'V'lti l'il'illtl 
nu 1m t1rn'i1t1'U 11h um:1J"lf1t1t1t1mm'Uu:J~ uyf:j'! ~t11~1m~ 1 tl·rnnrntitinu'U'U 

Rating (U~fll) 

(Customer Requirements) Rating 

"' "' d (l'll~'VflW'lltl) 

3.47 3.55 

hhunrniit1.:itl'·1.h::mJ1Jtit1rjfl'fl.Jtf1u 3.25 3.65 
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~~~~~~~-+~~~~~~--+~~~~~~ 

1'1.hunrnW.:i1u~1r11 •;"::ff::fl1n 3.45 3.68 

1'1.Jmm11fl'.T1111nrn.:ifo 1'l11umrn~.:imru'llv~'W/ 3.23 4.53 

1'l11um11iim1 M'1e:i1Jmm1t1 lH'f11uu::i11 iu 

m1titinu 1J1J M 
1th um11mm1t11l411'1.J1::il'l'lnmfjm1e:ie:inu 'l.J'l.J 

3.45 3.20 

3.15 3.95 

'illtll91l'n~~ 4.5 i;r1tlfi1m~t11~i'Ufl~U'U'Uf111:1Jrl1r1t1.J'tlt1~11°'il1it1~N "1 ~ 

i1fH'l~t1f111:1J~~'V'lt1 i'il 'il1nnn1mt1rn'i1t1'Un'U 1 tl1um:1Jmwffmfl 1rn~ 1 tlrnm:iJtitinu'Urn~~ 

'V'llW'lHJ U'U'Ufft1'Ut11:1J'lf~~ 2 Y1'Ui1 itlrnm:1Jmwffnm i1fin~i'Ufl~U'U'U!'i!~t1f111:1Jrl1fl'ruut1t1 
q u 

' ., ' 

.yji;y~ i 'UU~il~~l'U i~-W 1"1f'W 1 tlrnm:1Jmmrn1~:1Jfftlt1fll'V'ltll'.ii~t1'U~/m1 i .ff ~1'U ~ti'i1~19l'ti~'W'l'JJ'Ul 
q .. 

1 tl1um:1Ji M'ffll.JlHl i '*~l'U l~m m~ff:IJfl'Utll'.itltltl!! 'U'UUii~:IJvltlN Uil~ffll.J1HH1ti'Un~ .. 
"I 1-1 31 ?1 llJ o' 31 .di ,£ I 

l91ilt1~11m flti 1Jrntl'.i:1Jl91t1~!1J'U '.i~'U'Utiti'U rnmrn~mrntitlU'U'Ufflm'.i tu'tllti~'lf'U ff1'U:IJ1191 '.i'11'U ,,.. 

'tlti~u:J~:1Jvl:j'!~t1Nmi'l1'~1'Ul~mt11m~tl1fi1~!~ifo~i'W°lft1~ IMP (Important) 'tlti~Til'UfJillfll'V'l 

(House of Quality: HOQ) !~ti fl l'U 1ill 'H 1fl1l:IJ fflrl tl.J'tltl~ 1 tl '.i !!tl'.ilJtl'.i W ffmfl U il ~ 1 tl '.i U tl'.i :IJ 

.c::::.. rl ~ Q.I rl 
4.2.1.1 !:IJl91'.itlGJftll'.i11~UH'UHill91flillct'l (Product Planning) 

~ rl ~ Q.I rl ~ ljJ 

!:IJ 191'.itlGJftll'.i11~UH'UHil191 fl ill ct1 '11'.itl'U1 'U fJ ill fll 'V'l (House of Quality: 

?1 _ I 31 31 ?I 31 31 "' l 31 
HOQ) I lJ'U tll'.i II 1J il~fl1l:IJ191tl ~tll'.i 'tJ ti~ ~tlfll l.Jl! lJ'U fl 11:1J fl1l:IJl91tl~ tl1 Hll~~l'UI 'Vlfl 'U fl ~ tl'Ul'U 

., 
fJillfll'V'I (House of Quality: HOQ) ih1t1il~!~t1~i~~t1ttl-W 
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'J) 'J) 'J) <!! 'J) 

1) 'UtllJ~fl1UllPltl~fl1'.i'Utl·H'lfi'fll (Customer Needs) flt! 'UtllJ~fl1Ul 
~ ~ ~ 

'J) 'J) .dll) 'J) "' " 'J) 0 i 'i 'J) i ., " 
1Pltl~fl1'.i'Utl~~f1fll 'Yl !~Hl1f1f11'.i1lfl'.il~'tt'illf1!!1J'Ufftl'l.H11lJ U~TWlm ff 'W'Ul'Wfltufll'V'l 'WfltJ~lJ'W 

~ . 
d 3) 31.a 

Ut:l1'Yl 1 'Yll~~l'WGJflrllJtl 

0 ., cl 

fl~U'W'Wfl11l.Jfflflty 'illf11Pl1'.iWYl 4.4 

'J) 'J) "' <!! 
3) 'Utllqj~fll'.i\Pltl'Uff'Wtl~'YlN~l'WA'Ylfl'Wfl (Technical Requirement) flt! 

'J) 'J) 'J) 0 "' " 'J) 0 'J) "' • 
'U ti lJ ~fl 11 lJ \Pl ti~ f11 '.i 'U ti~~ f1fl1 'il ~ 'W 1lJ11 l fl '.i 1 ~'Vi 'Vi 1 'U ti f11'tt'W~'Yl1~~1 'W l 'Yl fl 'W fl (Technical 

~ ~ 

i -1 "' " ., i .d Requirement) 'WlIJU'U'U'Utl~llJIPl'.if1GJff11'.i1NUH'W ~~Uff~~ 'WIP!l'.il~'Yl 4.7 

0 I ~I l!!t ~ l.r] j) 9) 0 ~ 0 

m'.i fll'tt'W ~fill IJl'tt mri flti ll.l ti 1~'U tim'tt u ~'Yll~A'Ylfl u fl 'il~'Yllf11'.i 

nrnu~fi11tlrnmri (Target Value) ~~l!ff~~i'WIPll'.il~~ 4.6 iM'fi1fl11lJ'ttmrJ'Ut1~ii'ty~m1w~1~ ci 
., 

., cl 

~~'W 

., ., " i & fi11tl1'ttmri~~1l4l.l~~~ ffUI~ f1El tu 'Vim rim 
" 

., ., " i & 
fi 11 tJ l'tt lJW~~~~ ~~~ ffUl~f1Eltu 'Vim rim 

" 

" 
I >I ., ., 

0 & I tJ dal,~ I 9} 

ffUl~f1Eltu 'ttlJWm fill l'ttlJW'YllPl~ 1~t1mrn1 
" ~ 
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fl 11\'J l'IUJltl Movement 

(Technical Requirements) (Targets Value) of Target 

'. 
' 

j i ., "'!!"!" "'"" 19l'Plel'!Jf1'1Ji:-.I !'b'-:JTWU'IJ'IJ'l'l'U'l'l 
"' 

"" '1llJ'1'19' 
'ffl:IJTHU'.it'J'U'.i !fll'\Jl !'1-:Jlt'J 

9 ., llJ ' "' ., 
f11'.i !'b'-:Jl'U !:IJ'll'IJ'IHJ'W 

"' 

j ., 
'\Jel:IJ '1f11'.ielelf1U 'IJ'IJl'l'.i'IJ 

"' 

<!!"' 'l 'l" 'l" 11}'1 ~,.,. "' 
flti llfl1111ff::::1w1n 1'Wfll'.i 1'JMTW!!'fl::::mmrn 1'lf\ll'U 1\Pl\9l'flti1P111m1rn::::'il1fl'W'W 11un11:rn::::1m11P1 

~tinrn u \Pl'Yll\l!l'lfllA fl! 111~'fl'l1 'W \911'.il\l~ 4. 7 !~ti 16*1umn11'W1um1J 1m!nf111uil1l'lty 1rn:::: 

tl'1m1l\Pl~(J\lf111uil1l'lru~1ml'lfliAfl'i11nmn !iJ111utitJ ~\l\91111\l~ 4.8 
" 

0 Q,IQ,I" 13)0 <J) ~Q,I 

4) fll'.i fll'Vl 'W \Plfl 11lJ ffll'l'l 'W 1i '.i:::: '1111\l 'IJ tJ fll'Vl 'W \Pl 'Yl1 \l \Pll 'W! l'1fl'Wflfl1Jfl11 lJ 

<J) j)l.::::t, <VQJ'o'I Q.19 QI i d 
\91tJ\lfll'.i'IJtJ\l'flflfl111lJfl1llJfflJ'l'l'W1itJtl'.i::::\Pl1J !\Pl (Technical Requirement) \Pl\l!!ff\Pl\l 'W\911'.il\ll'l 4.7 

"' "' 

I 

-11\l -

di .::::1 QI QJ rl 'j) 

'Vlllltltl\l lJfl1llJfflJ'l'l'W1i'WtJ(J 

3 11mtJ~\l iifl11utruvru£iJ1unm\l 
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' .c:I .:::ii o' .:::i. Q.I d' 

l'll':iH't'I 4.7 !:IJ~'JflCJffl111H!H-l'Uf-H'l~flWCVI (Product Planning, House of Quality: HOQ) 
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' ' 9) 9) .::::::i. 0 .::::::i. ~ ..:::!. I 

fl11 lJ \WEI~ flll''Vll~ \Pl llJ! 'Vl flt-! fl (Technical Requirement) uri::; fl1'11tJ \Pl 'Vl fl''Vll~ fll 1 !fl 'fl tltJ 'Vl'lJ tl~ fl 1 

Q.I r:JJ d r1 o ~ l .::::::i. r1 ... ~ ..:::! QJ Pl d QJ Q.I 

1::; \Pl rn tJ 111 m ti'Vl ei~ fl mm 11 tJ \Pl 'lJ tJ \Pl ti 1! m 1::; 11!u1 vrn 'Vl t11J 1::; \Pl rn u 111 m ti'Vl 'il::; 'VWJJ tJ 1fl1J fl::; u tJ tJ 

m1iJ.W~vre:i i 'il 'lw:-iill'lfitu~'llei~~u~~ 

I .<:::I. Q.I a' d~ I I I 

Planning Level= Max (fll Rating ~rl\91.flWct'lmWfl'fl'l:ll, fl1 Rating 'lJtl~i;]U'\M) (4.2) 

fi1 Rating 'llei~ hhimrneieimm1Juliwm1m~ i'Yi1n1J 4 

fi1 Rating 'lltJ~ 11.huflrneieimmrniliwm1vrn1b1'~fl i'Yi1n1J 5 

Planning Level i'Yi1n1J 5 

., 
I Q.I I QJ ~ QJ I .:::::!, 

6) fl1 tJ \911 1b1'1 tJ fll 1 TI WI tJ 1 (Improvement Rating) fl tJ tJ \911 1b1'1 tJ tJ 'il ::; 

'lf 1t11,r 'Vl 111J i1 fl 11 'il::; ~ei~ w 'ilnw lfl 11 lJ ~ei ~fln 'l \Pl 1titJ11 ~fl 1\Pltifl11lJ~ ei ~fln ~ 'eJ'19111.ff 1t-1 m1 

• I • .::::::i, Q.I ef .a\~ 

Improvement Rat10 =Planner Level I fl1 Ratmg 'lJtJ~~r;J\91.flWct'lmWfl'fl'l:ll (4.3) 

Planner Level i'Yi1n1J 5 

fi1 Rating 'lJei~ 1 iJ rnflrneieimmrniliwmfo1~ i'Yi1n1J 4 

I Q.I I Q.I ~ 

Improvement Ratio !'Vllfl1J 5/4 !'Vllfl1J 1.25 '111tl 1.3 

., 
lo Q.I OQ.19)0 9) .::::::i, 

7) flltJ1'11tJ flfl11lJ b1'1flty'lJtlfl1'11 tJ \Pl'Vll~\PlltJ!'VlfltJ fl (Important Weight 

of Technical Requirement) 'illfl\91111~~ 4.7 fi1J111'11flfl11lJfflfltu'lJtJ~f111lJ~tJ~fl11r;Jflflldei~ 
" '" '" 
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oQJQJIQJ I Q.I 

m fl ty fl 'Um fl \91'.i1ffTum1wI'llu1 

Important weight of technical requirement= IMP x Improvement Ratio (4.4) 

IMP !rlln'U 3.88 

Improvement Ratio 1r11n'U 1.3 

Important weight of technical requirement= 3.88 x 1.3 = 5.04 

I ~ QJ 0 QJ '"j) 0 .<::::::!. ,/ 

8) fll'U1'11'U flfl 111Jfflfltu'Ufl'l'U flfl1'11 'U ~'Yll'l! 'Vlfl'UflfflJ'U'.itu (Absolute 
u ~ 

0 ' ~ Q.I 0 QJ 'j) 0 .<::::::!. 

Technical Requirement Importance) fl1rnl'U1tu fl1'U1'11'Uflfl111J m fl ty 'U fl'l 'U flfll '11 'U ~'Yll 'l ! 'Vl fl 'U fl 

ffll'U'.iW filu1tu!~111flff\9l1 
~ ~ 

I~ QJ OQJ 'j}o .<::::::!. r/IQJ 

mm 11 u fl fl 11 lJ m fl tu 'U fl 'l 'U fl m 11 u ~ m-:i 1 'Vl flu fl ff lJ 'U 1 tu i m fl 'U 
u ~ 

'("'1 QJQJt/ 9)0 fj} .<::::!.I 'j) 9) 

£... ( fllfl 11llfflJW'U 'Ii 'Ufl'l'U flfl1'11'U~'Vll'l~1 'U!'Vlfl'U fl \91flfl111J \9lfl'lfl1'.i 'U fl'l~ flfll x Important 

weight of technical requirement) (4.5) 

QJ I O I ~ QJ O QJ j/ 0 .<::::::!. fl 
\911 fl f.I H fl 1'.i fl 1'U1tu'111fl1'U1'11'Uflfl11 lJ ff1 fl ty 'U fl 'l 'U fl fll '11 'U ~ 'Vl H ! 'Vl fl 'U fl ff lJ \J '.i tu (Absolute 

'j) 0 'j) .<::::::!. O ~ I 

Technical Requirement Importance) 'Ufl'l'Uflfl1'11'U~'Yl1'1~1'U!'Vlfl'Ufl1!1'U1'U'IJ''Uff1'U 

.~ QJ gQJ'j)Q .::::t, "' 

mm 11 u fl m 1 ll m fl tu 'U fl m 11 u ~ m-:i m fl u fl ff ll 'U 1 tu 1 'IJ' u 
u ~ 

,l 'JI 

! 'U fl '111 \!fl \91 fl 'I!!~~! '11lJ1 ~ ffll (3.88 x 9) + (3.57 x 3) + (3.52 x 9) + 

(3.32 x 9) + (3.66 x 9) 

140.13 

(3.88 x 3) + (3.37 x 9) + (3.22 x 9) + 

(3.66 x 9) 

103.89 

., 
9) ~1U1'11Uflfflflty 1~mmllrnfill'U (Relative Technique Requirement 

~I I "' I rl d rl I ~ QJ 0 QJ j) 0 .<:::::!. rl 
Importance) ! u 'U fll'.i '1111'11! u fl '.i ! 9f'U \91 'U fl'l fll'U 1'11'Uflfl111J fflfl tu'U fl'l'Ufl fl1'11 'U ~ 'Yll'l !'Vlfl'U fl fflJ 'U '.i tu 

u ~ ., 
~~m1fi1u1tu~1i1rntl'flm1mhfl'tu 1~mmllrnfill'U filu1tu 1~111flff\9l1 

u ~ 
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,,, 
fi1i1mtl'flfl1111ii1rl'ty 1mmflmJifiv1J rvi1n1J 

x 100 (4.6) 
~ I ~ Q.I 0 Q.I 'j) o ~ o' 

Hl:'l':i111'Yl~l'lll~fll'Wll'l'Wflfl1111fflflty'Utl~'Utlfl1'11'W~'Yll~!'Ylfl'Wfl'ffll\J':iW. 

,,, ,,, 
\911eirl1~ m':if11u 1w. mfi1i11mTflfl1111ii1r1ru 1~mm vrnfiv1J'Uei~'li'einm u ~m~ ~luii'i eimfl 1111 

" 

,,, 
fi1i1 mtl' flfl1111ii1rl'ty 1~mm vrnfiv1J (140.13 I 1,531.73) x 100 

9.15 % 

(103.89 I 1,531.43) x 100 

6.78% 

Q.I d 19} ~ ~.cf I 'j)o ~ 
irn:::fl'W 111fl\9ll':i WYl 4. 7 11:::ei£J~l'W 1J'W\9ll':i 1~'11':itl1JNflH!':i £Jfl11 Correlation 'Utlflll'l 'W ~VIN!'l'lfl'W fl .. 

0 
x .c! O.I Q.I c( I Q.I 9) 

11m111"1'11Ylu1i \9l ei flu u ei v 

!:JiJfl 11m'Yllwu i' ~ ei nu I 

-11~-

,,, . 
'11tl'~111flfl1l ff~ H HOQ 111flU'WiJ1'\i'tJfl1 '11 'W ~VI H !VI fl iJ fl'Vl l ~ 111 fl 

!11191'1flCJf!!lflrl m~~~v~ri1~1J\9l111 ri1Jmuflm111ii1fl'ru 111flfi1mfl !umueiv u~1i11.o'ei11i;i ! ul '* 
" .. 

iu QFD !TI'ff~ei!u ~~U'ff~~i'W\9ll':i1~~ 4.8 
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. ., 
"11 '!H TI 4.8 tll 1 i1ti~'11rntrf1rl'1 i rnrrnJ ffl fl' ty ,j' tJ n l'tt 'U ~'YI 1 ~!'VI flu rHll mn f1 i iJ m tl' tJ ti 

.. 
" 0 "" 

0 ., 

'lltlfll'HU~'YIH!flfl'Ufl Ul'HUfl 

11.35 

10.90 

9.15 

8.83 
,, 

1i'1Bmt.i1ft'u1111urm·(fou~ 
"' 

7.80 

7.75 

" ... "" "i 'J). L iJ €J '111L'HliJ ~ fl ·rn.J 7.33 

7.16 

6.78 

6.69 

6.19 

5.90 

4.17 

15 

'illf1\91111~~ 4.81~t1!~.u'm.im.n'il1nm11~~ 4.7 UJ\9l'1ni'm111~uH'U 

H~\9lfi'W en (HOQ) m ,)~f1 t1~rl'1i1J fl~!!'U 'U fl1UJ fflfity t ~ti i .ffd'.Jmj 'ii,) ti~ 'l .ff'l 'U f111~l!U'Um1 

fl11Jflll 'l 'Uf111tltlf1!!'U1J t Urnmll ~ti ihd ffl11!nl~!fl~tl~jjtl i Uf111tltlf1!!'U1J!!iiTill...iQ ~tlH cj}~ 
q 

.u'ti n111'U~'YI1~ !'YlflU fl ~11'.l'U i1'ii1lt1ff1fi rum n~ irn 'l 'Wm rn ti mi 1J 1J fi~ 1 il'U ~ titl~~ 11.35 11 mt1~ ~ 
" q 

'11 "':i "' "" ~I 'JI .,g 1 'JI ~ 'I d 
fl11Jfl1'U ll'Ul'tt'Uf1fl~UU'U fl~!1J'U1titl~~ 9.15 11mt1m iJ1umll\9lti~m11'Uti1111'Umrntim11J1J'YI 

' GI '61 cl d Q.I I!) 'J) ~ ~ cfdll] 'J) 0 9) I 

mmrn'lf1tl L'Uf111tltlf1!!1J1Jtltl L'U!f1WC}'llJ1\911il'U'YltltllJ'j1J L~ C)f~H~tl111!fl11~'11'YI L~'il~Ul!'Ulff .. .. .. 
QFD !Tiff~ 2 ~tJLU 
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"' o' -1 4.3.2.2 !ll\9l'H1ctffll'H!IJ-a~m·nrnm11J1J (Design Development or Deployment) 

itlu tr 11'ilm,r1 fi ei !'YlflUfl~~ei~ m'.i 1~ i:-rnrl'vni fiei ,r einrn 'W ~'Ufl~ rl' fl'hlW~ i:hu 11'.i ~flfl1J tiei ri (Part 

" Characteristics) 1~rii'.hw-a~!flrJ~~~l9iei1tJu fiei 

~ ~ "' ~I 1) fl'".1111 \91 fl~ fll '.i 'YI H ~ l 'W! 'YI fl 'W fl (Technique Requirement) ! lJ 'W Wn 11 

'J) 91 ~ 'J) d lf) 'j) Q.I d 0 Q.I 0 Q.I 0 ::'1 'J) 0 'J) 

\9lfl~fl1'.i'Yll~~l'W!'Ylfl'Wfl11lfl1Jl'WflWfll'V'I 'YI !~11~!W~-al~1Jfl'llll 'fflfltl.l 'Wllll!IJ'W 'Uflll-a'W l! 'Ul (Data . " ., 
0 Q.I .c::i, cld 

Input) 'ffl'tt'.i1J!ll\91'.iflctf'YI 2 

Q.I 0 Q.I 'J) 'J) ~ 

2) ';j ~ ~ 1J fl~!! 'W 'W fl 1111ff1fl'tlJ'Ufl~fl1111 \91fl~fll'.i'YI1 ~ ~ l 'W ! 'YI fl 'W fl 

(Technical Importance Weight) t ~l ~ rlfll '.i iJ 1111'iJ~rl°li1Jfl1111 fflfl 't\j l ~ rlfll '.i ! m rim Yi £J1J fl 1111 

~ei~m'.i'Y11~~1umflufl l u'lf 1uflwm'V'I mutJ-a~ft1~ 1~ tt'eitil 'W'.itJmfl-a 1-5 1~rim'.i1m rirnYiritJ . ., ., 
Q.I I I~ Q.I & d Q.I I 1 ~ Q.I 'J) 'J) d.~ 
ff~ ff1'W fll'Wl'tt'W flfl ~!!'W 'W ctf ~fll'.i !'Y1£J1Jff~ ff1'W fll'W l'tt 'W flfl~U'W 'W fl1111\9lfl~ fll'.i ~l'W 11! 'W fl'tt lU-a~ 

!fliei~liei i 'Wfll'.iflflflU1J1J!!ijVlll.t(~ ~rll~ ijft1J1mJ' flfl~U 'W'Wfl1111fflfl't\j!m rirnYirirntJu 11.35 ~~ 
d ' ll]'J)~ Q.I 0 Q.I d ' 'J) 0 'J) Q.I 

1 tlu fll ff ~ff~ 11~ i~'W l'tt 'W flfl ~u 'W 'W fl 1111 mfl UJ!tl 'W 5 ff1'W 'll eim'tt 'W ~'YIH~ l'W fflmH1rn~'.i1J ., . " 

1 tJ '.i umm~~'V'11w•1H)fohJ1m1flfl~u 'W'Wfl1111rl1fl''t\j1m rimfiritJ~liJ'~itlu 4.17 11~ t~ftlfl~U'W'W 

fl1111rl1fl''t\j1tlu 1 1rn~~1uiJ11 'ilrig'W '1 Uff~~ft1Jrnu flfl~u 'W 'Wfl1111rl1r1''tlJ'llfl~fl1111~ei~m'.i 1~~~ 
' "' \911'.il~'YI 4.9 

Q.I I O I 0 Q.I 'J) 'J) ~ 'J) O 

\911fl£JH fl l'.i fll'W 1W 'tt 1 fl lfl ~ !! 'W 'W fl 1111 'ffl fl 'tlJ'U fl~ fl 1111\91 fl~fl l'.i 'YI l~ ~ l'W ! 'YI fl 'W fl 'U fl~ 'U fl fl l'tt 'W ~ 'Yll ~ 

!'YlfllJflfll'.iflflfl!!1J1J (fo~m-a flfl~1JUI, 2550) . " 
11.35 -4.17 

5-1 

x 

11.35-4.17 

5-1 

x 

11.35 - 11.35 

5-X 

5 

11.35 - 10.90 

5-X 

4.75 

U l,r flfll 'tt 'W ~'YI H!'YI fl U fl!!l'i-a ~ i:h'W ~ t ~ 11 lfl fll'.i ~ l 'W 1W ft 1fl~!!'W'Wfl1111ff lfl Ul'U fl~ 
" 

fl1111~fl~fll'.i'Yll~~l'W!'YlflUfl (IMP) ttJ1d1u\911'.il~~ 4.9 
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.. 
I o OJ 

tllUl't'iUfl 

tllliJtllrl~ 

11.35 5.00 

10.90 4.75 

9.15 3.77 

8.83 3.60 

7.80 3.02 

7.75 2.99 

7.33 2.76 

7.16 2.67 

6.78 2.45 

6.69 2.40 

6.19 2.13 

5.90 1.96 

4.17 1.00 

1llfWl 1'.i 1-:J~ 4.9 ri 1J 1'H tl' tlfl 11ll fflfl ty,r fl fll 'tt'W ~ 'Yll-:J~ 1 'W!'Ylfltl fl~ i ~ 
1lltltl11fll'W1W "W1J11tfl~fl-:Ji1fl i 'Wtll'rnfltl!AU'lH!UTill.W~ m.11-:J ~~! 1'.J'UfotJ(l~ 11.35 fl11llfflflty 

'J) 'J) "' ~I llJ o' "' ~I 'J) o ., 
fl11lll'lfl-:Jtl11'Vl1-:Jm'W!'Ylfl'Wfl 5 1rn~tu'W1~1J1Jflfl'W rn'W fl~tu'W'rnt1(1~ 10.90 fl11llfflf1tyf111ll 

'J) 'J) "' "' 'J) "' ~I 'J) o ., 'J) 
\9lfl-:Jtl11'1'11-:J~l'W!'Ylfl'Wfl 4. 75 trn~11tJ(l~!fltl~fl11Jtl1'Wfl~!u'W 1fltJ(l~ 9 .15 fl11llfflfltyf111ll\9lfl-:Jtl11 

'Yll-:J ~l'W!'VlffU fl 3. 77 ~-:J 11'.l'W fl11llrl1riw i 'W m1flfltl!t1J1J i tt\91 Hl'llll,rflnl'H 'W ~ 1rn~'l11ri 1J rn tl' n .. 



~OVCillClltofTarget 

Technical Requirements 

.l ' , , .. ,, 
l'IHl11TW1ff'U 1J 'UfllllW'UJ 

.l .. ,,, ,,, 
l'Utll11l1U'UJ \HlU 

Targets 

Absolute Requirements 

Relative Requirements 

IMP 

5.00 

4.75 

3.77 

3.60 

3.02 

2.99 

2.76 

2.67 

2.45 

2.40 

2.13 

1.96 

1.00 

103 

t t t t t 
2 3 4 5 

9 9 3 

9 9 3 

9 

9 3 9 3 

9 3 

9 9 

3 

3 3 3 3 

3 

9 3 3 9 9 

9 

133.26 190.26 136.22 70.57 62.04 592.35 

22.50 32.12 23.00 11.91 10.47 100 
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QJ ' u ' f1Wt1fl'l:IW:::'UB.:.it1"JU 'l:::fltl'UE.le>f.l 
q 

' \'J fllt nnm.1 Movement 

( Part Characteristics ) (Targets Value) of Target 

1~ "' n~ ,~ u'W:::tl1uqp·ni'WnTHrnm1'U'U i L mmw l'l~Hl'Ufl'UH 'lf'll'W ~ 
"' ., ., 

I ·~ o' i 2. ~~'WbY1'W:IJ11'1'.iil'W i 'W fl1'.ititim1 'U'U 
"'~ 
lJ 'lf 'W ff TW I !:IJ 'VUJ TI :IJ1 \Pl '.ii 1 'W 

3. 11'.J'W 1 iJrnm11oo'W !riif (Free Software) 1 iJrnmm1'.l'W'.i:::'U'UOO'W lriif i 
~ ~, "' ~ ~ i 4. '1'1'W'IJOlJ!:l'fldllJ'.i 'Wfll'.it!Ofl!!'U'U l.1'1'1'W 'IJOlJ!:l'fl11lJ'.i .. "' "' .. "' "' 

5. mm'.im~o11~01iJrnmm~.:iTI1W'lfV 1~011~on'U 1 iJrnnrn~'W !~ i 

OOfl!l'U'U fi11~'.h11mu~!rul.:i1~11t.:i~ 1rn:::11'.l'W 111'.i!!fl'.ilJOO'WlrlU (Free Software) fi11tlrnmu~!~ 

t.:i1~11t.:i~ 1'11m11~'U Mrl'.:i111mf 'W 1irunwri:::1flu~l'l1'.i1.:i~ 4.10 111l'l~ncif mrnom1'U'UHi!ll'lnw ct1 

1rn:::m'.i1.:i~ 4.11 fi11tlrnmmrn:::m'.i l'fl~O'W t 'l11'1Jo.:id1'Wl1'.i:::norniou !'~ti i <M'i 'W fl1'.ifll'W 1w '111 
., ., . 
0 QI QQI 0 CV.<:::! 0 QI QQJQI ..:::::! 

'Wl'H'W fl'f11111 mmy1rn:::mm11~1'.i u.:imM'W fl'f11111m'flty~.:il'l1'.i1.:i'Vl 4.12 

gi1-aH~ 4.12 m'.i ~ u.:iJ1mJ n'fl1111ii1f1qi 1 ~mm urnl1u'U'IJ0.:i,Yon1M 'W~'Vl1.:i~1'Wm'.ioom1 'U'U 

Hill'lnwctl' 1m1~u.:irl1~'U'fl:::u'W'W1llflmfl I iJt!ou 

t/o ti .i::.,QJG 

'\ltlfllMU~'YIH~l'Ufll'ltltlflUUUf.rtWlilW"t'I 

.. 
llrnun 

32.12 
~ 

ij;u ri1umm! l'U lu fll'J ei einuuu 23.00 

l{J'U L'lhum1rneiuim.l (Free Software) 22.50 

11.91 

10.47 

. ., 
111fl\Pl 1'.i l'l fi 4.12 fll '.i 11U'lU1'11iJ'fl'fl1111 fflfl ty l ~EH m U 'U! ifi U'U'IJ O'l 

,Yonrn'W~m.:i~1'W mrnom1'U'UHi!ll'lfiw ctl' 1~m1u.:irl1~'U'fl:::!!'W'W111nmn I iJt! ou TI'U11 mmrn 

~I '\" - I llJ o' ~ ~I ~ ~ ~, 
23.00 tu'W'.i:::'U'U rnrnnrnoo'W lrl'W (Free Software) 'fl~lu'Wrnuri::: 22.50 il'W'IJO~rl'fl1111J 'Wfll'.i 
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0 Q.I ~ ~I 9J ~ ' '1" .... I ~ ~ r1~ ~I 9J 
elelf1!!1J'LI\9ll'lJm\Ol'LI 'fl\Ol!IJ'U'jtJtl!:l~ 11.91 !!'1~ffl'lJ1'jfH'llel'lJ\9lel rnrnmm'll'll"llW 'lltt 'fl\Ol!IJ'Wrntt'1~ 

10.47 \9ll'lJrl1iu 

.. 
I o OJ 

i'll'Ul'tt'Ufl v v 
i'l111J\'10'lfl11'fll'l~l'Ufl11 

ffJl'IHflflfll 
u 

1 32.12 5.00 

2 
" ii~u .ff 1t.1 'lJl\91'j;!l'U1 t.1 m rnelmt uu 23.00 3.32 

3 !~'U 1tJ'j!!fn'lJelel'Ul'1U (Free Software) 22.50 3.22 

4 ij 1u-O'el'lJ'1'fl11'lJ n 'U f11'j el el fl!! 'U'U 
"" "' "' 

11.91 1.27 

5 10.47 1.00 

.d I~ Q.I OQ.19}0 

'il 1fl\911'j1 Hl 4.13 'fl 1'U1'11'Ufl'fl11'lJff1 'fl ty 'll el tl1 '11 'U \Pl fl U el el Tl!! 'LI 'LI 

"'"' d'.dll]j/ 0 I 'lj/ "'j/'lj/ ll]j/"' ~I j/ 
H'1\9lflWCVll'l !\Ol'illtltll'j'fll'U1W l"l'U11ffl'lJ1Hl !\9l\9lel'Ufl'UH !'ll'll'U !\Pl 'fl\Ol!lJ'Uleltl'1~ 32.12 

"' 
'f111'lJrl1f1rum1'lJIKel.:if11'jl'll'l~l'U!l'l'flU'fl 5 ~el ffl'lJl'jfl 1-H~1uu~tl'11t.1mlelelfl!!'U'Ufl'LI~ 6*.:i1t.1 !~ 

u "' 

t:!i 9} Gt I <C) r/ d 'jl d.;f I ~ d 
'Yirn'llm'ff'Wel~!!'U~ i 'U mrnelfl!!1J1J!!'lJl"l'lJ't'I 1Ut.1\9l'U 'lJ'll'U ff1'U 'lJll'll;!l'U 1 t.1 mrnelmtuu 'fl\Oltllt.1 

j/ O"-' j/ j/ "' ,!j ,!j j/11] 

rnt1'1~ 23.00 'fl11'lJffl'flty'fl11'lJ\9lel'lfllll'll'l\Oll'U!l'lfl'U'fl 3.32 flel ffl'lJUfleleltl!!'U'U'Yilel!!fl !'ll 

~ r/ ;f I I~ rl d ll] r/ 
l"llll'lJ!\9lm'llel'l'll'Uff1'U!!'lJ't'l'lJ'VW1tl1'U 111'j!!flrn !!'1~!U'Ul~'LI'U 111rnflrnelel'U 1'1'U Free Software 

"' ~I j/ o "' j/ j/ "' "' 'l _I 
fl\Ol!lJ'Uleltl'1~ 22.50 fl11'lJfflfl11Jfl11'lJ\9lel'lf11'jl'J1'l\Oll'U!l'lfl'Ufl 3.22 flel 'j~'lJ'U rn'j!!fn'lJfflmrn 

t;el'lJ~ el~l'U 'j ~'U'LI!flj el<li 1t1um l'l el{ n1 \91 t~ 1 ~ 'U IKu '11-a'.:i 'il 1flJ 'U 1-H tl'1fi 1Jrn iT fl'fl 11'lJ rl1f1 ty 

-O'elnmt.1\0lm.:i~1t.1 f11'jelelm1uuHill9lfiwCli' (IMP) 'illfl\9ll'j 1.:i~ 4.13 t\Oltttl' 1!111-ff".:i1 u \9l1'j1.:i~ 4.14 
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;:::l 

!: c 
(;) 
(;) .,. 
' c:: 
(;) 

~;::! 
-~;::: 

;:i ;:i ~ .,. "' .,. 
5 

.,. ,,.... .,. 
"' 5 ;::! c:: ,g .,: .,: (;) :;::: 

. ·C -;:::i -;:::i 
(;) ' .- .- ;:::l le 

8 ' ' ;:::l s: 

~ 
;::! ;::! ;:i: .. (;)• 

,el! 
·~ 

.,. <;::: . .,. 
;::! ' ;::: :;::: 
' c:: 

;::! .,. <>= "'<>= ;::! 

ii ~ ~ 
~., ' ,,....., 

;; ;::! 
;:i ;::! ;:i: 

""' ' ·~ ' ' ~ 
r 

"'~ r <;::: .,. ,,....., v;:i .,. 
' 

,,....., 
·v:;:: ' ' .,. 

c:: 
(G ;::! c:: ' ;::! 

·~ 
;:i: c:: ,,....., s: ,,....., ;::! 

;:i .. ;:i ,,....., 
le 

~ 
"'<F> le ... .. ,,....., .. .,. 

' .,: ·v:;:: ' ' ;:i c:: (;) ;:i ;:i 
:;::: 

' ~;:i ::; ' 
~ 

., ..,. le 
;::: (;) ;:i ;:i 

' ' ' r ,.,. -~Ir> r ;,;: <;::: :;:: !E <;::: 

Movement of Target t + t t t 
Technical Requirements IMP 1 2 3 4 5 

m111rn 1fl'91t1utiufj'1'1i'nu i~ 5.00 1 9 9 

iH1'u ff 1ll 1J1911!lll1ummt1fl111J u 3.32 9 9 

11'1u 1urnflrnt1t1uimf (Free Software) 3.22 9 9 9 9 3 

"lll '11' ti 1J ~fl111J n ll mm ti fl 111J 1J 
~ ~ ~ 

1.27 9 1 9 3 

mmrn1;t111~t11u111m111;f~rt1w'lfa 1.00 3 1 3 

"'<>= 
<>= 

,,.... 
;:i: •"" ;:i 
:;::: le r 

' ·~ 
""!:'.:': •c:: !~ <>= .. ~ <>= "':>::: 

r 
le' ~ 

.,. 
;:i ~ .. 
' 

-~:;:: 

"' ~ 

"'~ "" 
,,.... 

' "' 
,,.... 5 ,,.... . ..,. 

;:i• ;::! ' ;:i "'<>= 
"'~ 

(;) . ..,. ,,.... (;) ~;::: .,. 
;::! ;:::l ;:i 5 ' 

i" 

.,: ..,. 
~ 

;:::l q;:: 
"'<F> .. ·a 

-;:::i ,,....., .,. 
.- ;:::l 

.,. ;::! ;l 
;:::l !: ' ' !: 
!: 

c:: -z 
c .~ ;::! c c ' (;) ..,. ..,. (;) 

(;) (;) (;) ' "'<F> (;) 
(;) .,. .,. 

"' 
,,....., .,. ... ' ... r ... ' .,. c:: .,. 

~ 
.,. c:: 

' "':>::: ' ' "':>::: 
Targets 

;:i ,,....., ;:i (;) ;:i ,,....., 
i;; ' ' "' ' ' •:;:: le s: le •:;:: 

Absolute Requirements 70.29 30.25 48.41 74.98 91.35 315.28 

Relative Requirements 22.29 9.59 15.35 23.78 28.97 100 
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"' " tll!\'.J l'IUJltl 'Vfl'Jlil!\ll8".i'll8.:Jfl'J~'lJ1Ufll".i Movement 

(Process Parameters) (Targets Value) of Target 

1. 1'111lJ!'\1lJl:::ffll l'U fl1111.:IU~'U~Vll'U 1 mm1tiaam1uu 1 ·1.hunrnM~1" i 1'1.hunrn " 0 ~8fll'l'i'IHl 

2. 'Vl~'Vlrnnrn":::rn:n~H'hurn~VJJ'Ul 
'1'111tt'm1 a a nu uu 1 ~.:i1'U M~1v~-eyfl i 11.hunrn 

~ ."9 d.' 'j} QJ ,o::t .d, I 
mm1m a.:i~umrnfit ~.,Ya"" tfftttl'i'W mfo i .. 

3. tmB.:JlJB'Vl 'lf'VIVJJ'UllJl'l1llJ£Jfl'l'i~'U 
t~~1;1Bf\L11;11 

4. 1'11lll!'l'i ll1:::ffll 1'Wm1~VJJ'Ul~1m:::uu 
mm1ti 1~.:i1'UH1'U1:::uuaa'U tl;l'W1M i BB'UhU 

5. l'l11lJmlJ11ti 1'Um1 W.:i1'U 
0 ''j) l..:::t. rl• d t ..i '¥11 'l'ifl11BBfl!L'U'U!!lJ'VllJ'Vl.:11£JU1;1::;11flL11 

illl'l'f.l~mttm1rn'Vlafll1Banuuu 

'illf1\91TH:i~ 4.15 fi1!1'.h1n.11mrn~m·Hfl~D'U i 'tt1'1lD·Hl1'UiJ'.i~mmdm.1 
vnd1 fl1111mm~in1h.1m'.i11.:in~'U~~'U1 hJrnm11 fi1!1'.hm.m.1~.:irvhJ~.:i~ 'Vlrvw1mm1~rn;n~ 

i.n 'Uf11'.i~~m 11hnm11 ~l!tl1'Ylmr.1g.:i?i~g.:i~ ~.:i'il~'¥11i..ri6*.:i1'U 1~~1r.1~mrn~~~m 11hnnrn 

II\ !ii' ~ !ii • °' 'l" !ii dll\ !ii~ II\ !ii °' ~ " !ii. "' 1~.:i1r.1'\J'U~1r.1 m11?11~'LI 1~r.1mmrn'LI'.i'.imil1'Yl11w'Vl 1~\9l.:i!01n'tt?JH1n'U'U1'Yl'U1'.i1r.1?1~rnr.1~ 
q 

\911'.iH~ 4.14 !ll191'1f1cHf1'.i~'U1'Uf11'.i !!'1~\911'.il.:)~ 4.15 ~l!til'ttlllr.l!!ft~f11'.i!fl~D'Ui'Yl1'\J0.:) 
. " " 

-ci'1'U1.J 'j~f10'Udor.1 !~O i 6*i 'Uf11'.ifll'U 1W 'ttltl l'YIU f1fl111Jrl1fl'ty !!?i~tl1m11'~!1 r.1.:itl1'tti! f1fl111J . 
0 QI QI d 

iYlfltlj~.:)\911'.il.:)'Vl 4.16 

28.97 

23.78 

22.29 

15.35 

9.59 
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. ,, 
.el ' 0 QI 0 Q,I 'j) 0 'j) 

Vll'HUl 4.17 'fll'W1'11'Uflf111lllYlflty'll~WUllfll'\1'U~'Vl1-:J~l'Uf1':i ~'U1\Hll'l 

.. 
' 0 QJ 

fll'Un'i'Ufl v 0 v 
'llt:lfll't'i'UYl'YIHYll'Ufl'i~1J1'Ufll'i 

28.97 5.00 

2 23.78 3.93 

3 22.29 3.62 

4 15.35 2.19 

5 9.59 1.00 

. ,, 
,:::! ' 0 Q.I 0 QJ 'j) 0 'j} 

'1lfl\9111UYI 4.17 fll'Ul'\1'Uflf111lllYlfltl.l'\Jllfll'\1'U~'Yll-:Jm'Um~'U1'Ufll'l 
" 

dllJ 'JI O I i i 'JI i ,,j "" 'YI i~'11nm1mu1w V1'U11 f111mnmrn um1 'lf-:Jl'U 'Wfllfl'Q\9llYl'ttm1mVillfll'lllllfltt'U'U fl~ 

., 'JI 11J"'"'?l'J/ .... 'JI 'JI 
Vi~'Ul~l'U'l~'U'Ullll'U nt'U fl~!u'U'l lltl~~ 23. 78 f111'l.lfflf1tyf11111\91ll-:Jfll'l'Yll-:J~l'Ufl'l~'U1'Ufll'l 

rvhn'U 3.93 f11111mm~ir11ium111-:inHum1-W~u11iJrnm11 ~~i1'1u~llt1~~ 22.29 f111m11fl'ty 

f111ll~ll-:Jfll'l'Yll-:J~l'Um~'U1'Ufll'l t'Viln'U 3.62 \91lllrlli'U ~llfflll1Hl'i~'Ul tU1Hfl'lll\9111l . 
Q.I I "I 'j) 'j) 

m~'U1um1~-:in~11 i~\911-:J\911llf11111\91ll-:Jfll'l 

"" .. ?1 ."f ., 'JI "' 
4.3.2.3 !ll\91dflll}ffl1111-!IHH'Uf1':i~'U1'Ufll'l (Process Planning) tu'Uu'1'1tl!'lll fill 

'j) 0 ' _1 ' 'II~ QI rl ~ ~ rl 
'\lllfll'Yi'U~'\lll-:Jff1'Uu'l~flll'Utllltl (Part Characteristics) t~1H~~'rl1i fill 'rll'llll!\91tll'\lll-!lfl'l~'U1'Ufll'l 

"" .. ?1 "" <l'dlq 'JI 
(Process Parameter) !11\911flll)ffll'l11-:JHH'U f11'Uf.l llm ~ 'U 1'U fll'l ! u'U Vi 11111 l\91ll'l 'YI t~ '1 lfl flll 

1tf111~1'1m111-:iuHum~'U1um1 iutll\91~flCJf~ 3 H~~ t~Vi'Ull 't'l111i'it\9lll{'llll-:Jm~'U1'Um1~ij 
0 Q,I d.'j) QJ 'j) 11\9' ' 

f111lllYlfltl.I 11~1tlfl'U 5 '\Ill t~!!fl 
" 
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1) fl11l.lmm~iY"it.1flTn1~!!Ht.1'rl'\,Ollm 1u'mm" 

2) ni'vHnfl'H!'1~!1m~!.rlt.1m1'rl'\,Ollt.111u1uflrn 

4.3.2.4 !lJ191~flcHfll'i11~!!H'WUU'IJ1ifll'iH~191 (Production Operations Planning) 

~I .'1 "' 91 <!! = o' lij 91 "' o' <!! 
!u'Wu'il'iltl!'lll fltl 'Vfl'ill.1!191fl'i'llfl~m~'IJ1'Wfl1'i (Process Parameter) 1~mrnvrn flfl m~'IJ1'Wfl1'i 

ufilli\~l'W (Process Name) ~191fl'IJ'ff'W fl~~flfl11l.ll'f fl~fl1'i'llfl~ rV i'~l'W 1 ~tlfll'iVl 'ill'iill 1'V'll'iliJ!191fl{ 
,, . 

TI'~ s ,rfl 1Vifl11~!!Ht.1!t.1m1ufilli\~1t.1~fl 1u 

. • 0 .., "" 
... tJ"" ...... t'IWl'U'tl 'ftl'Hll!~01'\l0..!Jfl1~'U1Ufll1 fl1~'U1Ufll1 !)'U~..!JlU 

1 fl11lJ! 'tt lJ 1~ ill.I A 'W fll'i 11~!!H'W 'rl'\,Oll'W 1 
~ vJ rl c1d QJ 

m ~'IJ1'W fll'ifffl'mciffl 191!!11 'Vl'il~'V'l\,Oll'Wl 

h.lrnml.l 

2 ni' vw1m !!'1~! 1m~ 1.rl 'W m1'rl'\,Oll t.11 
QI ~ rl o'd QI 

m~'IJ1t.1m1 'il~'ttlciffl 191!!1'i'Vl'il~'V'l\,Oll'Ul 

hlrnflrn 
= "' o' 

m ~'IJ 1'W fll 'i fl fl fl!! 'IJ 'IJ H '1191 fl ill~ 

.a ~ di 'j) QI d ,a I = "' o' 

3 !fl'j fl~lJ fl'Vl 'lf'Vi \,Oll'W 1lJfl11lJtl~'tt tl'W m ~ 'IJ1'W fll'i fl fl fl!! 'IJ'IJ H'1191 fl ill~ • 

, "' 91 = "' o' 

4 fl 11l.l itt m~ ill.I 'W fll'i'Vi\,Oll'W 1~l'W1 ~'IJ'IJ m ~ 'IJ1'W fll'i flBfl!!'IJ 'IJ H'1191fl ill~ 

Bmi1m1 

fl11lJffllJl'jfl i'Wfll'i 1.u~1'W i'W 
= "' o' 

5 m~'IJ 1'W fll'i Bflfl!! 'IJ'IJ H'1191flill ~ 

di 
m ~'IJ1t.1 m1 u1 ~!iJt.1f-1'1m11 i'~1t.1 fllflB191 ffl'tt fl 'i 'i lJ !'ViBfll'i BB fl!! 'IJ'IJ • 

QI QJ r/QJ ... 1~Q.1.t::ll q 'j} QI d lr)g.llG:i I ..::::i, rl 
fl11l.l 'ffl.l'Vi 'W 'Ii fl'IJ m ~ 'IJ1'W m1ufJ'IJ191..:J1t.1 1~ 'Ul~ 'ii~ ff ~!fl191!'tt 'W 1~ 11 1 'W !!191'1~'Vi111l.l !191m 'll fl~ 

m~'IJ1t.1m1m'ilihn~'IJ1'Wfll'i'tt'11t1m~'IJ1t.1m1j1l.lo'W (Bmi'm.f ut.11911, 2544) 'il1flm~'IJ1t.1m1 
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d ' .c! d d, 'J/1 \911'.iN'VI 4.191~HJ'1:W\911'.i1.:!1N!tl"l'Wf111Jflllfl'.i:::1JTWfllrn\9l'l:::m:::1JTWfl1'.i 'il:::lJ'.iltl'l:::W£J~'VI '}j' 'W • ., 
m1m1Jflllm:::tJ1um1 iu'l11.Ut1~1.:i "l ~.:i~t1 !iJu • 

1) mt1rniu1~~'llt1.:im1TI~'W1 tiJ1umll 

2) CJft1rJl91'in{~'il:::'lttTI~m 1iJrnmll 

3) ith11m£J'llt1.:i 1iJ1umll 

4) '.iWfl1'.iTI.:in'lfu'lt1m~Yill 

- f111lJ!'YllJ1:::irni'Wfll'.itltlflH1J1J 

1iJrnnrn 

'JI .~ ..... 
- fl11lJ!'l1lJ l:::'U tl.:ifll'.i 'ff'.i 1-:iTI .:ifl'lf'W fll '.i 

'l6*.:i1u'lu illt]'l~1.:i "l 'llt1.:i1:::1J1J 

'JI !;l1 llJ .. 
- \91tl.:i!IJ'W'.i:::1J1Jtltl'W !'l'W 

- mmrnutii 'll'li't1ll'I t~\9l'lt1~nm ., 
"' 'JI 'l ... "' - ll :u 1u 'I.I till" u m1 'ff'W tJ'ff'W u 11 rn ., ., . 

- PHP Script Language 5.2.6 

'JI 
- ~l'W'lltl:l.J'I MySQL 5.0.27 

- TI~m 1iJrnnrniJ1:::£Jnl91'tJui11JtCJfl91' • 
Adobe Dreamweaver CS3 

"' - '.i1£J'l:::W£J~'lltl.:i 

l'fuutJ1J 1 iJrnnrn 

1iJrnnrn 

- tf1H'ff~N'llt1.:i1:::1J1J mn111iJ16*.:i1u 

'i!l 'W 'Ii' t1 ll" i u n 11 ., ., 

'.i:::1J1J 1iJ1umll 

H'i~£J1'lfltu 'l 'Wfl1'.i ., " 
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11.h1m·n.J 11hwl'n1 1t1f!~1eiiu~~ 
(Customer Requirements) nflunAim Mi:l-iinAii.11 1t1~uu11t11:'1-i1 

3.32 4.22 21.33 

3.25 23.53 -~ 1t1·rnnrnnm1~~n1:1J1~l1~'\lei.:i1-d'mneifi1.:i 
ri '7 ~ 
fro ('"" 

4.25 

§ ~ \")fl,rB.:Jll11Jl~ff1J -s ~~f--~~~~~~~~~~~~~-.~~--41---~~~-+~~~~-+-~~~~--1 
'G; q~ 1t11unrnnm1~~!~v.:i1ueimeifi1.:i~mi'1ei.:i 3.12 4.32 27.78 
~ _§.__1t1_1_1_1n_1_:1J_ff_1:1J_1_1_~_1_,r_~_eiu~nu-~-jt-.j{-.:i-1u_1_1u_u_~-~u~~----<~~2-.1-8~-+-~-4-_6-5~~~~5-3-.1-2~--1 

~ 5f--~~~~~~~~~~~~~~--41---~~~-+~~~~-+-~~~~--1 

~ ~.__1t1_1_1_1n_1_:1J_ff_1_:1J_11_~_~_v_u_f_i_~_~_11_~_~_1v~~~~--t-~-3-.5_1~-+-~-4-.5_3~~~~2_2_.5_2~--1 
is: r.:i 

;I 1t1111nrn~H~1:1Jm1:1J~ei.:im1~vu~11.;/.:i1u 3.12 4.30 
O\~ cu 

1t1rnnrnmm1mfi:1Jff'ntiml'lm111vuf;1.;/.:i1u 3.99 
~ 

1l1eimnfl11mhiru1 ~ 

~ 

nm1eiliuwil1eimi~1~u1rn~1~11~~w 

'"" .. BBflUUUU1Jl'l1Jl'l 

1 t1111nrnnm1 M~eiumm1~ M1h1u~ih 1u 

m1eieimiuuM 

'"" .. BBfll!UUU1Jl'l1Jl'l 

3.14 

3.50 

3.22 

3.31 

3.37 

3.29 

3.47 

3.25 

3.45 

3.23 

3.45 

3.15 

3.28 

4.55 

4.85 

4.20 

4.35 

4.52 

4.83 

4.70 

4.55 

4.47 

4.28 

4.33 

4.65 

4.70 

4.49 

27.44 

12.31 

35.26 

16.67 

25.98 

26.77 

30.23 

30.00 

23.74 

27.29 

19.39 

25.40 

25.81 

32.98 

26.71 
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r 
-~ 
~ ..,. 
(,l"ll s !jl 

(Customer Requirements) 

112 

. 
' -=:I .cS: 61 fl1mat1fl11iir..:ivH1111 

11h11n':iii hh11n':iii 1u0~1eiu~~ 

1~.:ivnw-v~ 1ul'.:i'W'Aim 1u~uu11ua.:i 

4.12 4.22 2.37 

4.20 4.25 1.18 

§ (3: ~rwrn~mm:inJ 
~ ~~1--~~~~~~~~~~~~~~~~-+-~~~~+--~~~--+~~~~--1 

~ a~ 1'Li':illf1'H.lljm:niflCTV~!UeJ'YlleJVl~~eii~ei~ 4.32 4.32 o.oo 
~ -=1--~~~~~~~~~~~~~~---1~~~~--+-~~~~-l-~~~~~ 

µ ;:::i 1'Li':i11nrnmmrn hi''1eiunurrt~nu11uul'lu'¥i 4.25 4.65 8.60 
~ a1--~~~~~~~~~~~~~~--;~~~~---t--~~~~-+-~~~~-; 

~ "-' "' 91'1 ., ., 9 • 
r- ;;::: iurnnrnmmHl!':iV'U~ 1flt'IJ11'il~W 3.53 4.53 22.08 
~ ~l--'l.~,~~~~~~.,~~-,,.~-.,-9-.,~~---1~~~~--+-~~~~-l-~~~~~ 

;? iurnmll'1':i~'11llf111ll'1eJ~m':it':iV'U~l!'lf~l'U 3.80 4.30 11.63 .. ~ 
1-Li'Jllfl':illffllJl':itll~lJfffltlilWlnl':i~V'Uf/1'*~1'U 3.55 

.::!:I .ct ~ I 

Cl'U/lJf11llJVfllW'U . 
1-Li:ilinrniim':i hi''1eiummH1Mri1uu:ih1u 

m'Jeiein11uuM 

3.85 

3.75 

3.85 

3.62 

3.80 

3.70 

3.55 

3.65 

3.68 

4.53 

3.20 

3.95 

3.84 

4.55 21.98 

4.85 20.62 

4.20 10.71 

4.35 11.49 

4.52 19.91 

4.83 21.33 

4.70 21.28 

4.55 21.98 

4.47 18.34 

4.28 14.02 

4.33 -4.62 

4.65 31.18 

4.70 15.96 

4.49 14.21 
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1!1fW11'.i1~ ~ 4.20 fll'.i 1m t11Jl 11tl'Ufl1m ~ tl'fl11llW~'VHl i 1l'lHM'.i:t'lJ 'lJ 

N'1~t11'J11ru h.1 fll'.iflflm!'Urn1lil111vf ~ \9l~'U '.i ti N~\91.tlw ~t11~ nfl'U fll'.iTiwim 1 tlrnm11fi1m ~ t1 3.28 
~ u ~ 

!!'1:t1'Hl~fl1'.iTIWJ'Ul 1 tlrnm11ri1m ~ti 4.49 ~~'11-a'~m'.iTIWJm'Yf 1iM'.i:ti'Ufirn1111w~vrni111~mrlu 

~flt1'1:t 26.711rn:t\91n1~~ 4.21 uir191~m'.i1mt1rnfit1'Ufi1m~t1'fl1111w~vrni11'Ufl~1tlrnm11'.i:t'U'U 

"' "' "'-"' 'J) 'J) '.i :t 'lJ 'lJ iru 'lJ iru u fll '.i fl flfH! 'lJ 'lJ '.i :t 'lJ 'lJ 11'fl'.i1 :t '11 IJ ru'\11 m rn fl mi 'lJ 'lJ '.i :t 'lJ 'lJ ii 1u'Ufl11'1'fl1111 '.i 'U fl~ t11 ~ 
q u "'9 qJ qJ 

9J 9) I d ~ d I d Q.I J' 
'.i :t 'lJ 'Uill'U 'Ufllf (l 'fl 1111'.i '.i :t 'lJ 'lJ '11 (lfl!tl'U C)f ~ '.i ltl'1:t!fltl\91 'Ufl~'.i :t 'U'Utlfltlll 191 ~ 'U .. ~ ~ 

<=I "' 4.2.1 1~'U'U m 1tl·rn::m.JE.11nn.mrn 

'.i:t'lJ'Ufl1'.i'1~'Yl:t11it1uir111;n11:ttl'J:tnfl'lJ~1t1ihucifJt1 2 ihu ;if) 'j~'lJ'lJ 

~'J) 'j 'J) I <V I .,; O 'J) "1'J/ i <V 

~ !'lMl'U !19ltlfll'Jtl'.iflfl'UfJlqj'1ff1'U\911\911~ 'l \911ll'Yl'.i~'U'Ufl1'11'U\91 !!'1:t1l~\91fl~ll~~!!'1~'.i~'U'U 'U'.i~\9l'U 

~ff ~fl'll (Administrator Level) 1rlu Nflfltl\91!!'1mrn~'Yl~!1i tl'U 'Ufl~ffm;mrn~'Yi1m'J fll'\1'W191 'J~i'U 
~ ~ ~ 

'J 'J) 'J 'J) ''J °' .Ji <=I 'J) o "' Gj 'J) I 1 .,j o :'I 
fll'J !'IMl'U !'11fl~ !'W'.i~\9l'U (User Level) CJf~:JJ'Ufl1!1fl\9lfl1'.i !'l1~1'Wfltl1~!'11lll~ff:JJ!'Yll'Yl1!1!1J'W !!'1~fl1'.i 

!! ff\91~ N'1 'li' fl:JJ '1 ffl'\1 ~ 'lJ rTI, off ~1 'W 'J ~'U 'U!!tlfl\911 ll'.i ~ i 'lJ 'U fl~ 'fl 1 l:JJ ffl ft ill!! '1:t'J:ti'lJ'fl11:JJ ffllll rn i 'W fll 'J 
~ ~ u 
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' . 

No 

114 

Start 

Usemame, Password 

Yes 

PHP Script 

Usemame, Password 

Finish 



UMrHrum: 

nm Nome: 

E-JDGil: 

A_, 
Pravtnce: 

Ampbur: 

District: 

Age: 

r 
. --·-------------

r=====1· LostName: =-.--=---=~=----~--j· 

Q.I tj !ii 
4.2.2 "!:::'lJ'lJ'lJU'YlflflT'H'Ul-00fl (Login - Logout) 

115 

Ci J. j/G)j/. lf)31 e::! 0 Q.I 

1:::'U'Ufll'Hln1:::1mJ'U!'VHH'lll A "lf'll'U1:::'U'U !~tltltl!!'U'Ul.lm:::'U1'U fl1H1Nl'U ~-:i 

'I .d ,,j "' 'J/ :'I I d 9:A'J 'J/ 
mrn-:i t'UflWfYl 4.8 m1:::mt1-:i'il1m:::'U'Uflln1-:i'Yl:::1rn.1'Wt'llltrn:::t1t1fl (Login) !IJ'Wb1'1'W!!rn'Yl~ 1'll'-:i1u . ~ 

1:::'U'U~t1-:il'l1mni-:i'Yl:::1ut1ml1t11<tY1i'lf'-:i1u1:::'U'Ui1h ummhv i u mrntinu 'U'U i-:iiT u 1um1rl'wiu1 

1q 'J/ O 'I I 'J/ 'I 'J/ "" ,,j 'I 'J/ 'J/ , 'J/ 1q 'J/ I 

1~'Yl1nnt1t1fl!!'U'U i'Wff1'W'llt1-:i1:::'Urn'll1 i'll'-:il'W'llti-:i'ffm'll'n rvrn mmmrnt'lll 'll'-:i1u 1~-:i1mrn::: 

nrn1:::ffl.ln'Li1:::'U'U i 1hunrn i-:iim~-:i ium'Vl~ 4.9 1rlm<tY11:::'U'U'llt1-:i i 1h unrnu'111:::'U'U'il:::rl1nn 

1'111'ilfft1'U1:::i'Um1 i 'lf'-:il'W'llti-:irft 'lf'1:::'U'U (User Level) 1~t1l'l1m1tluv'Uff'Yl~fln 1 'lf'-:i1um1:::ihu .. 
"' di ?1 I "'" 'J/ <'I ?I "" , 'J/ 1:::'U'U'U'W'Ylfltltlfl (Logout) !IJ'Wff1'W'Yl A'll'tltlfl'illm:::'U'U l11tl!IJ'Wfllltltl!~flfl11 'll'-:il'W1~'U'U !!'ff~-:i 

, 'Wfll'rl~ 4.10 
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Start 

U semame, Password 

.. 0 • 

t't'Hl'l'llfll':i Logm 

No 

Yes 

User Administrator 

Manu User Manu Administrator 

PHP Script 

v .. 9 31 31 31 
'IJ'U 'l'lf1 ! 'Ujl'U'Utllqji:li;j!'Ul 

H~1'U1::uu 

-. 
(_Fin-ish ) 



.lfJllU am not IDgiL aiedcto imib: 8Unt 111111 
l'lease .canmn your ilenlly vii emll: · 
Foruet Password. 

Username 
J 

Home AdmJn B.epon Analysis Bepon All Mold DalllJl Material Database ID Proflle Help 

Welcome to 1111stem. chCllllllCml 

Please Klect the menu you want to use. 

' "" ~ "' ~ .fll 'W fl 4. to '11 irnnr:i ~'Li 'Li fll 'i 'Liu 'Yl n ere:i n 
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. 
4.2.3 

.... <!I .... 
'l:::: 'lJ 'lJ 1l ~ n 1 'l m ennm tTU u fll 'lee flH'U 'lJ 

q 

1::::umi'flm1ffumruw~eim·nrnrn11Juij 3 ri1uh1ui i~mi 1::::uum1i1m1::::..1 
• u 

,£, G) 'j) Q.I j} ~I 
mrnmmuu 1::::uu'lf'Wff1'Wlll\91'.iiil'W 1 umrneirn11Ju 1::::uuii1'W'\JeJllft'Hrn 1:::: UU'\Jflllft'Wl'Hftfl 

di.9 di.9 cu q cu 

1f tu'H 11 u nn t1t1mmu1 u nfo u u ri lfl rn irn ::::ri 1 \9lt1 u 1 fl v ~i u ~ u \91t1um111fl11:::: ..1ri1\91t1u'il1 n 
u .. 

ii 1u .fi' till ft fl'Jlll ~~ -:i tl'u Yin.fi' till ft 1um1 t1 t1nu u u~u ri1u u~'V4ll TI'ul'i ft ::::'JfiJ fl ~ -:i .fi' till ft~ tl' u Yi mf u 
"'9 cu cu cu cu 

'il::::m.i-:iiriu 3 ri1u ~fl ri1uutyM1'1um1t1t1m11Juul'ift::::~uri1u 'li't1mut1::::uu::::'tumrnni'lllfty'H1 

Uft:t:ff1'Wfl11llffll'rl''Wn'\Jt1'l~'Wri1u iiu .fi'mJftf11'.ifltlf1!!1J1J!!~'V4llTI (Mold base design) iriu~u 
91 .d'l91'1 o .I 11)91 • '"" "'"' !!ft:t:'Utl1qlft'Yl !'lf 1'Wfl1'.i'Wllllu'.i:t:ll1ftHft !fl!!f1 f11'.itltlf1!!1J1Jjl'W!!ll'Vlll'Vl\9111J'W (Upper mold base) 

f11'.ieltlf1!!1J1Jjl'W!!~VlllTil'11~1'l (Lower mold base) utym'tumrnt1f1!!1J1Jil'WU~VlllTI U'W1'Yll'l 

1 u mrntfl 'IJUtumuft:t:fl11llffll'rl''W n't 'Wfll'.it1t1f1!11JUl'it1~'Wff1'W g'W !~'W~'W ~'l!!ff~M 'tunrn~ 4.11 
u 

~ rl ~ ' d!V Ji 1 fl v1:::: u u 'il:::: 11fl11:::: 'H UtlJ'H 11 um rn t1m1 u U'lf'W ff1'W 'YI \91 t1-:i nn t1 t1m1 u u m t1 

~ ~I I~ rl jJ oG)3J~'j) 'j) ~ 
!fttlf1'lf'Wff1'W'\Jtl'l!!ll'Vlll'Vli1W 1 uii l'W 'Utlllft 'il:t:'Yll !'H H t 'lf 'll'W '.i :t:UU'Yl'.i 11J'\Jtl!ff'W fl!! 'W::::'il 1m::::U1Jfl'l .. .. .. 
!! 'W1'Yll'lHtfi'UutuM11 u m1t1t1m11Ju i-:iu fffl-:i 1 um'Vl~ 4.12 1rn::::MUl'ilt1!! M1-:iri1u1h::::nt1udt1v 1 u 

u 

Home Admin Report Ano.lysis Report All Mold Design Material Dotabose ID Profile Help 



/ 

·. 

Home Admin RepoctAnaJysis Report.All Mold Design Material Database mProfile Help 

DESIGN 

~nNo.: 

DnlgIL.Name: 

Home: Admin ReportAnolysis Report All Mold Design Material Database: mProftle Help 

DESIGN GROUP 

Oei;igllGroapND ......_._ 
t'11s9a_Gn:A!p_ka1· 
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CJJo' 'j) 3) 3) Q.I •d t::! ..::::! QJllrJtX 
fHHlW 1Hl lflfll'j fll'ifl'W m 'iT l'W 'llflll '1\01 l'W 'HY\01 tlNU '1:i:'i :i:'UUl,rmlW'W 1 \OltllJ'i ltl'1:i: !fltl\01\01.:J\91 fl n.Ju .. ., . 

4.3.1 ~rn rl'mi 'il1nnn ff~ 1-:Jfl 11lJ ff'll'i u £1 u fll'j itfl 1 i:i:tt i1 tul'11'1ht1 l u fll'j t1t1m!'U 'Li 
u 

t1t1m1 'Li 'U~t~ t11~ fl.:JU'1 :i:'Y\'1 n irn .:J 'YI :i:tiJ tl'W 1 ~ i ff'i :i: 'Li 'Li ~rn rl'w £ ~.:J i:-rn fll 'i 1 ~fill tt1.:J 'll fl.:J 'i :i: 'U'U ., 

/ 
11h umlli.:JUffM l u\91nl.:J~ 4.22 ~.:J ~rn~ t~'il:i:t~'W 'ill'W~flll'1lumrnti'i1rul'l1 'l umrnt1m!'Li'U .. ., u 

;'u d1uuii-rlm~·~ \OltlN U'1:i:'il:i:!! ff\01.:Jt~'W l'lif l 'ilfl l u m1 l '15'.:J1m~t1fftl' 'Uff'W u m1i1m1:i:tt i1rum l u 
• u 

mrnt1m!'Li'U i.:Jllff\01.:J l umw~ 4.14 1rn:i:iuu'U'U11t1.:J1u l um'ii1m1:i:tti1tyrn l umrnt1m!'Li'Li 

;fud1uuii-rlm{ i.:Juffl'l.:Jlumw~ 4.15 

.J Q,.I QJ cl ,£ ' f.O::. o' 
vi1·nrn 4.22 fl'JlllfflJW'W li'llfl'Jfll'j flflfl!!'U'U'lf'W ff'J'W!!lJWlJW 

MOLDS BASE DESIGN Mold Bases Upper Mold Plate 

Lower Mold Plate 

Mold Component Locating Ring 

Top Clamp Plate 

Insulator Plate 

Support Plate 

Cavity Steels 

Guided Ejector Pin and Bushing 

Guide Bushing 

Ejector 

Guide 

RUNNER DESIGN Runner Type Full Round Runner 

Half Round Runner 

Trapezoidal Runner 



,/ 
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. ~ 
.c:I Q.I Q.I r/ .-=:t. J 1-=:::t. rl I 

(lll';i1'1'fl 4.22 fl11llffll'V'l'Wli'llel.:Jf11';jffflfl!!lJ1J'lf'IH1'TlH!ll'VOJ'V'I (\9lel) 

RUNNER DESIGN Runner Diameters Diameter design 

Balanced Runner Two Cavity Layout 

Four Cavity Layout 

Six Cavity Layout 

Cold Slug Well Cold Slug Well Design 

Runner Arear Runner Arear design 

Cold Sprue Cold Sprue design 

GATES DESIGN Edge Gate Edge Gate design 

Fan Gate Fan Gate design 

Pin Gate Pin Gate dsign 

Ring Gate Ring Gate design 

Sprue Gate Sprue Gate design 

Sub Gate Sub Gate design 

Flash Gate Flash Gate design 

COOLING DESIGN Cooling Rules Cooling Rules design type I 

Cooling Rules design type II 

Cooling Rules design type III 

Component Water Line Connector 

EJECTION DESIGN Types of Ejector Air Poppets 

Stripper Plate 

CLASSROOM DESIGN Design Standard Venting design 

Cavity design 

Parting line design 

Feed system design 

Detail molding design 

Shinkage design 

.i:9,o ~ 9)'19) 3'0:'1.d 9) o Q,.IQ.lrl 

!11 el'YI lfll rn .:J 'YI~ t1J ti 'lH '111 'lf';i ~ 1J lJ!H't 1 111!u'W'YI11~ \91el.:Jfll'tt'W~fl1111 ffll'V'l 'W li 

I I ~I d9) .d~~ ~ 
';j ~ 111HfHl11'IIel.:i'lf'Wff1'W 'YI \91 el.:J flu el el mi 1J mm~ 11w111 'YI !fl ~'11 'W 'l u flu el elfl!! 1J 1J 1uel.:i111 fl 

• u 
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ll~'Vl:i:! UlJ'W fl11llffll'rl''W n'J:i:'H i1~11 tymul'ill:i:'lflJ ~ ~~mm ~tn:i:1J1'W fll'j 'lHM 1 iJ rnm lJ i~u ff~~ 
"' 1 9:A'I 'J) 'J) 'J) 'J) "" .. _., .,\ "' 

flWl'VI 4.14 ~llH i 'lf~l'W mmrnfl'W 'l11'1Jt1lll1111mn'W 'lltillllfll'J 1tfl'J 1:i:'HIJUJ'l11tl"ltiff'W 1Jff'W'W m1 cu cu <"9 cu u q 

t1t1mm11~Yi1m1-rl'l'l!'W1~1'W 'J:i:1J1J 1 iJrnmlltiti'W im1 i~mrn~ i'Wml"l~ 4.15 Ull:i:U ir~~Hm1'l'W 

11.JU1J1J'JllJ~l'W ~tn1J'J11J'J1ll i rt 'Will'W,rtllllll'll~fldlll~ ~~Uff~~ i 'Wflll"l~ 4.16 cu <"9 cu cu 

Start 

~ Username, Password 

!._____,________ 
No 

Yes 

PHP Script 

i1m-1~liutyll 11 u m-nrnnu uu . ., .. 
lllll'llll'I Report Analysis PHP Script 

Finish 



" 
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-. 

Home Admlo a.port Analysis a.pan All Mold Design Makrial Database ID Pnilile Help 

Report Analysis 

___ , I..._ aase Des>g> ·I 
D<sip_ ___ , (MoO:!!lasesFo •I 

.,..___ __ j B F<x Series Mold ba,;e • I --
Home Admin a.pan Analysis a.pan All Mold Dnign Material Dotal!aa! ID Pnifile Help 

Report A.nalgsU 

.,..__ __ _ 0-,. ........ ,._.. ntlUUVJ.-..... lt i.1'rdavi~ --~-nten 
.,,.. a. U'DMIP'a tnnucu"litm-19111'1 !C-, 
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. ' " 
4.3.2 ~Hltl''Yl'fi 'ii 1fHf11tJ\llle:l'n1 '*h.1 fll'.HHJ fH!1J1J!!:Jw11l'f~ ~ ~'U 1U N~ l'lflW cntJl\l !! 'ff~\l 

"' 
fl1111ff'11viu.fi1~Mi1\l l tl1um11~vil'llm1rn~ 1 tlrn mm~\l'Yl1WGJJ'6 ;\l!!'ff~\lm111ff'11viu.fi'Ut1\lf111 

I y y ~ 

'Yi1\ll'W i'l!! 'ff~\11 umwYi 4.17 m11ril ufli' \IU 1~ firn u~itlu 1J1J'UtJ\l~'W \ll'Wtrlu n~111 my "l ~l!!'W n 

\91111fl111w1n~1u1 u mrnt1nmm iu \l1mrlu 3 nci11 i'lrl nci m1:Jw11vf~ ~Ul\ll! uuirt1\lur-iu t1 ri1\l 
q q 
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-. 

Start 

Username, Password 

1l1'~lilf11'.i Login 

Yes 

Q.I ..:9 " y UUl'lfl 1t1pU'll~\jft PHP Script 

Mold Design 

Module 

'1.:.Jl1~11ium.u'11 i'.:.i1t1 

( __ '"'_,,. ) 
~ O el I I~ ,/ 

illffrl 4.17 fl';i~'U1'U fll'.i'VllHU'Utl~'.i~'U'Utltlfl!!'U'U'b'lHfJ'U!!ll'VUJ'V'l 

Commercial 

Software 
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Select 30 rubber part design 

No 
Create 30 rubber part 

Insert Box & Insert part 

(Commercial Software) 

Yes 

,/ 

Component part design Solidwork Software 

•, 

Yes 

Mold base design 
Select mold base 

Sample 

No 

Mold base design Select mold base .. 
Moderate 

No 

Mold base design 
Select mold base 

Advance 

30 Mold base 

20 Drawing 

Finish 



Create Upper Mold 

Locator gate ring 

Top plate & runner layout 

Cooling plate/runner layout 

Top insulators 

Top mold 

.-------1• .. 1 Select 3D rubber part design 

No 

Component part design 

3D Mold base 

2DDrawing 

Finish 

Create 3 D rubber part 

Insert Box & Insert part 

(Commercial Software) 

Yes 

Interface program 

Assembly & change dimension 

Create Lower Mold 

Lower plate 

Bottom insulator 

Lower mold 

Ejector plate 

Core holder 
Assembly Insert part 
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Item Name Picture Material Quantity 

. 
1 Locator gate ring ' ~ SCM440 1 

Top plate & runner • . .. 
2 ""/ S55C 1 

layout 

Cooling plate & runner 
3 ~ S55C 1 

layout 

-Gypsum 
4 Top insulator ~ 1 

- Bakelite 

~ ... 
5 Top mold -v S55C 1 

: 6 Core holder ' S55C 1 

7 Insert box / SKD61 4 

8 Ejector plate , S55C 2 

~ 9 Lower mold S55C 1 
-

-Gypsum 
10 Bottom insulator ~ 1 

- Bakelite 

4, 

11 Lower plate 
4, 

~ 
S50C 1 
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u1:1~mt11u t:1J~1:111~1h~m1'1J¢i'1m!'LI'IJ'Ut1-:J~u-:i1u (2D Drawing) ii111frn·l~\9lrl'w~1ufJ\91'i'l'Tttmrn 
tlli.Jtli.J 19)' lff1fl1tltlfl!!'IJ'Uffl:IJ1'j tl l i'!lJU \9f 1fl'1-:if5-:i l i.JfllltltlflU'IJ'IJH~\91flW ~'11~tl!!~Vl:IJ'Vl1¢i' \Pl-:i 

mrn-:i 1 Ufll'Vl~ 4.21 u1:1~ l mhu'Uei-:i 11hummT-:i1h~nei'IJ ! iJ¢i'1t11'11mh-:ii:-i~miw ~t11-:i~vl1um':i 

Q • 
"",;. C"• ....:- ... •·"'·~·'>·lf·•~··"""''-1 •..... "-- ... ,.- ..... :; 

~,:..:~----.-·.~-n"••·ll!!"·•••• "a'a" ·.·~--e·---llll!!l!llr l ~ ... - -
~r --.-- • --,,__ 

' ,_.., Jr'-~•••• 
_.... '.# :__...., .... ~--
~- .,,: 

- - ~- _.,.., -- _..._ r- - ! 

'-"'' . 
·---~ 

·~~-

·-~--·-,- -

I 

'· ..... ·-- -!!!!.!'Z .. - ---.-• -·i • 

.,; "'"' '"" o'91 'LI .,;.., llJ o' 
flTrn1 4.20 i:-11:11:1'Vlli'Ut1-:Jfll':it1t1mm'Liu:1J'Vl:1J'Vl~1t1 rn':iuflrn'Yl'Vl\'.!Jmu'IJ'Ut1eiu 11:1u 

(8B>•""' .... -._,.,,,,_,,,~-"''.O·e'i!Jt€j[ .iiE'Jl'.~9~ J l G:{c;e; 
~ Wit Gow F-*5 i.Wp 

·----------· ------·----.. ·-·--­---·---

ii::-:~~ LJ_J___l_L' ~ ------L..LI' 

""' 1-· -- -· --

d Q.I " ' 0 ~ e::! 
fll'ftfl 4.21 H'i:l'i:l'Vlli'Utl'l'ff1i.J fll':i'Yll!!'IJ'IJ'U tJ-:J')j'i.J-:Jli.Ju ~ tlN 
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file Edit y-._ F~es Tools Help 
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4.3.3 fHHf 'Vln f1U 1 '*11h Uf1'.ilJ~l'W f11'Hll'W 'JW f1l'HHJf1U'IJ'l.J~'W ~l'W!n'l~f11'Hl1'11 'W \91 

'\J'WWl~tlf)~tl~ l 'Uf11'jt)t)f1!!'1.J'l.JHi'l191nWcTilll~~1 '*1 u tl\9lffl'l1f1'.i rntJl'W tJ'W 191' u '1.J'l.Jfll'W 'JW f1l'jtl1'11'W \91 ., . 
'\J'Wl\9l~u~1u~t1n~ti~ i~uir\91~ 1 um'Vl~ 4.23 1 u llJ\91'1~ti ! u~mhu,YtilJ'1'Yl1~~1uflwirlJu1i'tlti~ cu cu cu q 

UH~ 1 '*rll't"li' 'lJ tltlf1!! 'l.J'l.JHi'l191nW cTI'tt~tltA 1,Y tllJ'1 L u1'*1u1 U';i Uf1'.ilJ fltllJ~'J!\91 ti! oH'JtJ'Yl H~ l'W ., 

1ff"Jm'jlJ i~uiY\91~ 1 uml'I~ 4.24 U'1~i11'W,YtilJm~'Limlrnrlm~u~~1rlu,YtilJ'11 'Wm';iffU'l.Jff'W'W 
di9 cu cu q 

mrni'l1911'Wm';it~tim~uuJrnrlm~u~mm~1um'j~\9l~'W';iUHi'l191nwcTI'lll~ i~uirl9l~iu'ju~ 4.25 ., ., 

Home Admln Repon Analysts Repon All Mold Design Materlol D<ltobase ID Profile Help 

calculate Mold ~n 

"'"""""'" ,. 1-; "'"'~'!)'\.·.i-.r,.ralu 

- -
~~~~~~~~-~ 
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OETAJL RUBBER 

RubberNo.: 110 

Nome:: lt<R 55SOO<e 

T!IP<: lt<R 
SUpplitt: I- 1· 

Pl: I 1309292289 36 IP .. P2:151423 5819 I• 

P3: 10891 I !'<:loo I"'• 

TO: 11100 f·c n:l-1s 16 f·c PnlSUR: I<"' ~---~IK!bar 

r:-r·-:-·· 
Tbcrmal...-tg: IL0_2s ___ ~lwtmK df.Tbumaldllfullvtti1:IL0_1J ___ ~lmm2s 

I; --= 11000 f·c Cavtti1wallump<n>tun:Lf16'l~O __ ~f·c 
Flowtronttt1oclty: I<> lmmls 

~:t~· -.:._: 

T!me~loglO(tO): 1-997692752 lmin TempenmncomamtTO:f100000 f-x 

IHctioovelodtyloglD{JtO}: 130 8659116 llfmin"n ActivotloomuggEa: 1264163 S34 IJ/mol 

Onlerat-•: f32331«n I 

Hratafnactkm. H: IL-·<_> ---~I.I/kg Dmslty at roam. tltmpmrtun: IL·<_, ---~lgtc:m3 

' 

d 
ill'rt'fl 4.24 Ht'! ~'t'I niil'W ,r fllrnfl 11:1..J~ 'llfl·rn W ffl.J 1J1J'1Jfl~ tm i 'W fll'j flflflU lJlJ u:i.j~l.J~ ( il'W tli'iJ fJUt'l~ 

d6 '\I '\I q qj 

'W°'l'll'Wlfl\9lffl'ttmrnm~1vw) • 

DETAIL COOLING 

.c::i CV r/ j} ~ I d 
ill'rt'fl 4.25 Ht'lt'll'l1i!l'W'llfl1.Jm~lJ1J'Wl'ttt'lflW'W (www.simcon-wordwide.com) 



. -

131 

Q m.11~ u uu't:Yti~UN'W e:ivN~ltl nri:1JmJVi:1JTIQ ~w1~ 'll'lJ \OJ ml! UN'W 1flH'ff~1~9fuCJ1'e:iu u1u mn~ !rn~ 
q 

nrim1~Vi:1JTIQ 1'11'.Jl~'b'iJ l'l m:1JuNu ~n 1 fl '.i ~'ff~1~u uu9fuCJ1'e:iu 'ff~ 11'1vVI111'.iw 1111mu ~1~ H~\9lfltu ~ 
q ~ ~ . ~ 

!~'Wtt~n iumrne:immuu~Vi11TI°u'fl~~1u1ummwmrn~\9l iuul'i'fl~t~e:iu ~~mm'.it1uij~ !~ i~u 

ii'ie:in i <M'nu H~\9lflw cn'~nfl11119fuCJ1'e:iu u1u nm~ 

4.3.4.3 nri m!~Vl11TI'Q \011'.JN'b'iJ \OJ fflll UN'W ~ u 1flHff~1~ u u u9fuCJ1'e:iu 'ff~ ~ e:i 
q ~ 

1urnm11 1u'.iunrn 
d 

nm'Vl 

"' "' o' 
'.iuuuuu~V111TI' 

I "' "' o' iu~vuuu'f!~ H'fl\9lflWC¥11'.J1~ 'b''J l'.J tl tl fl!! 1J 1J !'b'~'Vlltu'b'l'.J 
~ 

('li'11m) ('li'11m) (%) 

I '"' "'"' fl'fl 11 !!ll'Vlll'Vl Q \011'.Jl~!! 1J 1J 16 
q 

24 33.33 
I I I 

fftl~!!H'W tll'.Jl~~ll'.J 

I '"' "'"' "' fl'fl 11 !!ll'Vl ll'VlQ \01 l'Jl~'b''W \OJ 23 
q 

40 42.50 

I 1 9) fflll!!H'W fl'.i~ff'.il~ 

"' 9) u C}flJC}ftl'U l'Wfl'fll~ 

I '"' "'"' "' fl'flll!!ll'Vlll'VlQ \011'.Jl~ 'b''W \OJ 25 48 47.92 

~ 
q 

m11uNu~n1m~ff~1~ 
"' 9) 

!! 1J lJC}flJttftl'W ff~ 
~ 

v1~ !~e:il'i'1m'.i !m vrnli vu'.i~tt 11~ i 6*1 U'.i u nrn~TI\9JJ'W 1~u <Jf1v i ue:ie:inu uuu~V111TI'Q l'l l'J1~u'fl~ i 6* 

1u'.ium111 ~~'VllW 'll'vrl1tt i' u tie:inu u uu~Vl11~'Vlmff~m ~ 'Wtfli ti~ ij t16lf 11'J i um rnti mt uu ~~ 
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m}vh1~Ql'H.ll'l'lfUl'HYlllu~u 1m -:iff~1-:iGJYucH'fluu1utrnH i 'l111m 'l u nn-e:nimmu 11"1m~~t1 23 

i'11m 'fflllTHHrnnmium1flflf1Uuu!fi' 42.50 1ufl{1ciu~ u1:1~n~lluli~ll~Ql'!t11-:i'lful'!mm1N'W • 

m~u1u nnQ l"I rl111f ufll91m11m1llt11ut1u ~'il1nm111u11lll'l1flv1-:i n N~191nw~ ff1u!fi'i1 • • 
' ~ 

N~l91fiw~Vi'Yl1mrn~191uu-:i!fi'1~u 3 nzjll i-:iu nzjm1li~ll~Ql"lt11-:iuuufffl-:111Nuflv1-:1~1t1 15 

N~191llW~ n~m1li~ll~Ql'Jt11'1'lfUl"l'fflll!!N'W~ii1flHff~1'!GJ1ucH'fl'WU1'Wf1m'I 30 N~191llW~ !!1:1~ • 

N~l91nW~t1HUU'lflflfH~'W 2 ihu ~fl ri1u~ 1 N1:1m1u1~1il'Wfl'Jlllt:1f1~fl'l'llfl'l~fllll:li111~1'llfl'I ., ., 
.,9 ,~ 'J) 'J) 'J) 0 "" 'l ~ "' "" o' 

'j~1J1J9f 'lt:lf1 'lf ! 'Wf11'jff'j1-:Jill'W fl 11lJ'j'\Jfl'l'j~1J1J !!1:1~ f11'j ff'j1-:Jfllfl1i1Jltl 'W f11'j !!f1 ! 'IJ'tt 'jfl'J!fl'j 1~'11 ., ~ ., 
'j) ii~ ~ 'J)CJ 

1fom1 i u m1flflm1uu 11"1t1i'l!'rnnm111ffl'!'l'llfllll:l'W'W i 1u 'll fl'l'i~uu 1flnm111u1fll"l 'l 'W m1ff11-:11911 " ., ~ 

\]f11'i'fl-:imm~fflli'1Uffl"l'I i 'WfllflN'W'Jf1 f1 ff'J'W 'l 'WfllflN'W 1f1 'IJ Uffl"l'IN1:1f11'jU'j~!lJ'Wfl11ll-W1-:i-wfl 'l 'il 

1 U'i!!f11lloM'JtlflflfH!1JU!!li~ll~Ql'Jtl1'1 'tt~flNmf-wn~ tfi''il1m~uu 1 urn nm 11"1tlf11'j 'l 'l1-:11u1~uu 

'il1 'I \9111U'Wf11Hll"I1:1fl'lf111i'l1-:11'W1U1 um llflflfH! 1J1J 191lll,f'W191 fl'W !11:1~ i 'l1mHYll fll'hl Wi 'W f1U 

"" 'J) 11 'J) 'J) 'J) 

4.4.1 Nl:l f1U U 1 ~Ill 'W fl 'Jlll ti f1191 fl'l 'IJ fl'!! 'W fl '111'\J fl'l 1\ll'W fl 'Jlll 1 i 'W f1U ff'j 1'11\l l'W fl 'Jlll 1 cu 6S cu 6.9 cu 



133 

4.37 

4.30 

4.17 

4.33 

4.27 

4.67 

4.73 

4.63 

4.43 
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d "' & 'l d • 9A 'll i· I \llfWll'.il-:J'YI 4.25 '.i~\Pl1Jfl~!l'U't.Jf111:1.J'l'M'l'HJ !\l!'iH'HJ\9ltlN !'ll'-:Jl'U IJrnflrn 
"' 

QI I .::::::i. <Id. 1'1 'j} 0 ... I .::::::i. ' 3) .... I .q ~ 
ff'U 1J ff '4 'U fll '.i ti ti fl !l 1J 1J!!:l.J'Vl :l.J 'l'Hrn t.JH ! \Pl 'YI 1 fll '.i lJ '.i ~ !:1.J 'UN 1'U'.i~1J 1J 8 \Pl l'U fll '.i lJ '.i ~ !:l.J 'U fl ti 

i urnflrniJm1ml1ff'U l \l~tlf11'.i!1 (J'U fo'1~ l i'-:i1u N'1f11'.iU'.i~!iJ'U 4.37 fl~!l'U'U i U'.i !lfl'.i:l.JlJfll'.i:O'\Pl 
"' 

" tt:l.J1\Pl'l'lij'llt1-:i1i'l t1mt1ci1-:iflfl~t1-:J!l'1~!'!1 m~ff:l.JN'1f11'.iU'.i~!iJ'U 4.30 fl~!l'U u i u rnm:1.JiJm'.i:O\Pl~ v-:i 
"' "' " ' 

! i'l tl'11 lt1ci1-:i~ ti! i'l tl-:J N'1f11'.iU'.i ~ !il 'U 4.17 fl~ !!'U 'U i u rnfl rn mm rn i ~ \9ltl1J nrnrl i'-:i1'U!l 1J1J'Vl'U li 
"' 

'll'J ' "" "''l 'll"' 'll..\ • I "" 
1\Tl'Ufl11:1.J'.i !'Uf11'.itltlf1!!1J1J!l:l.J'Vl:l.J'Vl !'l1fl1JNtl'UN'1f11'.ilJ'.i~!:l.J'U 4.63 fl~!l'U'U .. "' "' 

O/o 

87.33 

86.00 

83.33 

86.67 

85.33 

93.33 

94.67 

92.67 

88.67 

QJ I .Q cld.. 11] 31 0 .... I .q 1 'j} "'I ai. ~ 
ff'U 1J ff'U 'U fll '.i tltl fl !l 1J 1J!!:l.J'Vl :l.J 'Vl Q \Pl t.JH ! \Pl 'YI 1 fll '.i lJ '.i ~ !:1.J 'U N1'U'.i~1J 1J 8 \Pl 1 'U fll'.i lJ '.i ~ !:l.J 'U fl ti • 
i urnm:1.JiJfl11:1.Jihirulll~t1m'.i i1vu~1rn~l i'-:i1uN'1f11'.iU'.i~!ilu 87.33 iutl'!i;u\9l' i urnm:1.JiJ 

"' 
QI I eK 1 'j} .q l/d r/i "'1 

fll'.i \l\Pl'l1:1.J1\Pl'l1:1.J'Ut1-:imt1mt1m-:iflfl\9lt1-:J!l'1~!'Yim~ir:1.J N'1f11'.iU'.i~!:l.J'U 86.00 !UtlWlf'U \91 u rnm:1.J:1.J 
"' "' 

m'.i :Om1 v-:iid t1111t1ci1-:i~t1! rt t1-:JN'1f11'.iU '.i~iilu 83 .33 1ut1{i;u 191' i u '.i !!m:i.J mm'.ifl 1~191 t11Jn1J 

rr1 i'-:i1mm1J'Vl'U llN'1f11'.iU'.i~!iJ'U 86.67 iut1{ !;u\9l' i u rnflrnmmrn~ vu n~i ~i l \l~lt.JN'1f11'.i 
"' "' 
u'.i~iilu 85.33 iut1{i;u\9l' i urnm:1.J\91'.i-:J\911:1.Jfl11:1.J~t1-:im'.i ~vu~irn~ l i'-:i1uN'1f11'.iU'.i~!ilu 93.33 

"' 
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• I o' d o' ~ 91 0 91'1 I "" "'i 91 "' 91Ji • I "" 
1 um !9fhl \91 u '1 ~ H 1 'JM lhl 'il ~!!hi ~hi 11\Ylhl fl 11:1J1 him 1 -rrnnu u 'LI!!:IJ'V'l :IJ 'V'l 11 nu Htimrn m 1u1 ~ m hi 

cu <fl.9 cu cu 

• I o' d o' 
92.67 !Utl1!9fhl\91 

S.D. 

0.49 

0.47 

0.38 

0.48 

0.45 

0.48 

0.45 

0.49 

0.46 

'il1n\9ln1.:i~ 4.21 1rn~.:ifi11~t.J'11uhlm\911~1hlm1u1~1iJh1fl11:1J.W.:i'V'lt1 i 'il 

~tifj\ 6*.:i1hl 1 urnmmri!ui1"4 hi m1 t1t1nuurn1~-v!:1Jvl'~ ~t.J1.:i 'Vi'1m1u1~1iJh11 urnm:1JH1h11~uu 

'1
91 II] o' 91 "" 'LI "' I 'l I "' 91 ,91 I .d 

m1 'lf'llhl!!'IJ'!Jtltlhl !'1hl 8 ~lhl flt! rnrnnrn:1Jfl11:1Jhlli1'hl 'il\9ltlf111!1t.Jhl1!!'1~ 'lf'llhlfll!'IJt.J.:J!'IJhl 
"' 

~ . 
m\91111Y1hl1l'i1tl'u 0.49 1 u1 unrnlim1 'il~11:1J1~11~'llt1'l1i'l t1mt1~1.:it1nl'i't1.:iu '1~ 111:iJ1~i1':1Jfi11 u t.J.:J!'!Jhl .. "' "' 

~ . . 
mm ~lhl li1l'i1tl'u 0.4 7 1 u1 um:1Jlim1 'il ~~ t.J.:Jl i'1 t1111il9i't1~1.:i~t11i'lt1.:ifi11u t.J.:Jl'IJ hi m\911~ rn 1 l'i1tl'u 

0.38 1urnm:IJffl:IJl'jtJ11'1'\9lt1'1Jtl'IJ~ ~.:Jlhl!!'IJ'IJihli'ifi11~t.J;j!'IJhl:IJ1\9111\Ylhl!'Viltl'IJ 0.48 1 urnm:IJ "' .. 
"' 9111] 91 91 'l I I .d I "' i· I 91 "' 91 

mm1t11whl11~1'll1 'il.:Jlt.Jfll!'IJt.J'l!'IJhlm\91'.i11Ylhl!'Yllf1'1J 0.45 urnm:1J\91H\911:1Jfl11:1J\9lt1.:im111t.Jh11 
"' .. "' 

'l 'j) I d I Q.I ~ ~ QI ..:::! 'J) ,91 
!!'1~ 'lf.:Jlhlfll!'IJt.J'l!'IJhl:IJl\9111\Ylhl!'Yllf)'IJ 0.48 ! urnnrnmmrn!'V'l:IJfl'f)(Jfll'V'lfll'.i !1 t.Jhl1 !!(l~f)l'j 'lf .. "' 

I d I Q.I ~ 'j) 0 'j}'l '"" ef 
'llhlfll!'IJt.J.:J!'IJhl:IJl\9111\Ylhl!'Yllf1'1J 0.45 !!'1~H !'lf.:Jlhl'il~!!hl~hll1\Ylhlfl11m hlf111tltlf1ll'IJ'IJ!!:IJ'V'l:IJ'V'lt.J1.:J 

"'9 cu <fl.9 cu 

'l M't1u~ghlfi11~t.J.:i1uhl m\91111Y1hl1l'i1tl'u 0.49 "' .. 
i1'1UH'flfl11:1J .W .:J 'V'l ti i 'il ~ lj ~tit U 1!!f11:IJ'lf1 tJ ti ti f1!! 'IJ 'IJ!!~.yj :IJvl~ ~ t.JN ~ti ti f1!! 'IJ 'IJ!l'1 ~ 

• 
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lJ] o' d 'JI , = "'"' 'JI "" 'JI. I <; = 
l'JH !! 'lJ 1HHJ 'W ! r;i 'W \911 ll 'Yl f'HHJfl !! 'lJ 'lJ !!ll 'VOJ 'VHrn l'JH \91 tJ'l f)l) 'VI 'HH.JlJ) ~ fHJ 'lJ fl n ! H '11 'W !Al r;i \91 

~ ~ 

!Al~ \91fiWen1'.JNffl'VI ·fo ;'W ff1'W tJ\91ffl'VIfl11111'.Jl'W 1'.J'W \91'1 ! '1~ H''Vl 1'11U1~ tltlfl!! 'lJ 'lJ!!liVlllvl~ ~!'.I 1 'l l ~!'.I! lJ 'W 
q ~ 

~ ' 

fll)U l!tll'flW ilfl'hlW~i'lflci 11m'YilPll'Wl~'W!!'lJ'lJ 1 u rnm ll 'VI il'l '11flU 'WI ~t.111 urnm11Vi'Yi \Pll'Wl!!~1 
q 

l~!'Jl '*!!'lJ'lJ'!:l'tJ'Uf."llllffl)1'1)~i'lJ'fl11lli1'l'WtJ 1 '11 'W fll) t '*'ll'W 1 u111m11'1511'.JtJtJfl!!'lJ'lJ!!liVlm·f~ ~ 

l'.l1'11~'lJ'UtJtJ'W I m1 i1iimflu ilmfil'.l'l 1~ ~'lr11m11~'fl1111i1'l'WtJ t '1fln t '*'11'W'\JtJ'l 1 urnflrn '11fl 

m1u1~1il'W IAl!:lfll':i l '*'ll'W 1u11mrn~'lr11m1'Yl~r:lil'lfll':i l '*'ll'W '11 'lu r:i~r11m1u1~ 1il'W IAl!:l '1 lflflci11 
q 

'fl~!! 'W 'Wm~ l'.l'fl1111i1'l'W tJ l '1'\Jil'l m, '*1u1um11 '!:l't! 'lJ '!:l''W 'W m1 ililfl!!'U 'lJ uliV111vl'~ ~ 1'.11'1 rvi1ti'U 4.43 
~ q 

d ~ .:'1 .... I rl d cl .c:! I d ' Q.I 

'fl~!!'W'W '11fl'fl~!!'W'W!\91ll 5 'fl~!!'W'W 'fl~!lJ'W 88.67 !lJtJWlf'W\91 !!r:l~ll'fll!'lJl'J'l!'lJ'Wlll\911~1'W!'Yllfl'lJ 0.46 
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tT'lUJ:.mm1~;l~mnrnuu~ .. 

m1TI1PJJ'U l'.i~ 1J1J ~t~m1'lf1w 1 u m1m:imt1Jrnt"VlllWQ ~ H~\9lfiw ct1 rn-:i iHm:iu 1~ ff-:irl' 
~ u q 

,.; ... 'L I I , I "' "'"' ,M - I "' ... .. 
tYIUYl\PJJ'Ul 1 urnm11'!f1t1 'U m1uummrn111Y111Y1u ~'ll'UJ'uffn\9lflW ctitn-:i 1J'U '.i~1J1Jffl'.iff'U!'Ylfftt 1J1J 

uuu t'lif 1-riu 1'11'mm~ffmirn'Ylfl 1ut'lfi~1flum1uumm1J1uiJ11~tl'u 1~m1u1¥l~'llt1-:im1TI1PJJ'Wl 
!II d , I "' "'"' ,M - I "' ... .. 11) !II 0 'l' , !II 

'.i~1J 1J Ht'lft11'lfltll 'U fll';jflflfl!t 1J1J UllYlllYIQ ~ 'll'U '.iu H'l\9lflW ct1 tll-:J !~'YJlfll';jflflfl!t 1J1J !ll ~'l 'lf-:J l'U 
cu " cu cu 

uumtlu ff1u "l tt'l~mm1f:tTI1PJJ'U1tvi11tt~t1'1~ '11u 1u 111~'1!~1.rlu1 '11'1~1J1JUfl1rnti~tt ~umn 
~ff~ !!!'l~111n 111~'li-:in~1111~l111tt'lf1m1ti'iJwtt11 u mrnumm1Jtt"VlllW~ ~~'U 1ut11-:i i-:itlu 

q cu u cu 

!l/d d I , I"' o'd ,M d ... ,M ... ... , !I/ 
'.i ~1J1J Ht'lftl1'lfltll'YI 'lf1 ti 'U fll '.i fl fl fl!! 1J 1J ttllYI ll YI Q ~ 'lJ 'U '.i U tll-:J'VIYI \PJJ 'U l'll 'U fl1J '.i ~ 1J 1J ff'U 1J ff'U 'U fll'.i 'lf cu u cu q 

-:i1utt1J1Jt1t1'W I 'lU ~-:i 1um111it1flf-:id!~iforniJ 111it1~l1'11ttmrnumt1J1Jtt"VlllWQ ~~'UJ"Ut11-:i 
~ u-:i m1 tfl~ u-:i:Uu~'lf1t11 u m1uum11J1J 1-rl u 1flufll'.iff~1-:J 11 l'U .,r u11'lfl1111~'llu"1~ 1J1J 11 'l~ m11 n f:t .. ~ ~ 

~ t1fl 16*-:i1u 1 um1ffU1Jff'Uum1uummrn1".yj11wQ ~t1N'llt1-:tHI 6*-:i1u 1~1J1Jl9it1 I u 
q ~ 

1duV1111J~-:im111mm1f:t'lJt1-:i 1urnm11i1ud1u1l1~nt11Jt1~!11!1-:i ~" ff1u ~ 'l 6*'l um1 

fl 111Jl !'.JM~ fl 'lf1 t111m l ~M iJw Ml~ !fl~~ 'U 111 flfll ';j fl flfl!! 1J rnt"Vl llW trn ~ n fll ';j 11 ~ fll ';j .,r fl ll (l ! ~ t11n 1J 
u ~ 

m1 uti'! 'lliJrutt11 u mrnummrnt"VlllWQ ~t11-:i 1 mf ulf u ;nu 1rn~unn i1m1~tt' 1>rnm~ 'Yl1J'llt1-:t u .. 

0 Q.I j/d. j} d. 3} 1 .c:::i. o'.c:t I ;f I d. Q.I 

ff ll'I ';j 1J H'Yl\91 fl'! fll';j t ';j tl'U rnn tltl mt 1J 1J!!llYI llYI Q ~!'.JN ff1'U 'lf'U ff1'U lll\91'.i11 l'U 'YI ff'U 1J ff'U 'U fll ';j cu cu Cf,9 q 

uumm1J~-:t'Yl~fft11Jn1J~iJ1l1~ff1Jm1w!umrnum11Jrn1".yj11W' 3-5 lJ mmrn-inu1>rnml'-:im1 
~ q 

I .i::::::i. c( ~ I Q.J ~ I I Ct. o'.c!. I I I 

'Yl~'lu-:iuunu1Jrn111Y111Y1'Yl-:ttt11~ 3 mJll ~-:iu m:i11u11Y111Y1u~t11-:itt1J1Jfft1-:tttH'Wt1t11-:i-:i1t1 mmrn 
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~ ~ 0 ~'l '"' .. 'l ~ .... ~,,j 'l -1 ""' <!I 1 
f:;l !"lf\ll'l.Hl:::!!'W:::Ulll'Wfl11lll !'Wfll'Hlflfl!!1JlH!lJ'Y'llJ'Y'I t'HflUf:;Jfl'W !'Wfl11IJ1:::!lJW·Hlfl11lJ'Y'l\l'VW 'ii 

'ill fl~ °*\ll'W1:::UU 

'illflmn1~t'lfl'l'Y'lui1fl1J1mfo i u m1u1:::1ilu~ 1~ 'illflU'il11vJ\I 8 if 'il11v 1~ ~rnfln 
u 1::: iilu fl ~i u 1~iu~iu11fl11'il11Vfl11u 1::: iilu irt fl~ Ht'lfl11U 1:::iiluiu11\0it'!::: 'ti' fl~\11 ~Ht'! fll 1 

~ . ~ 

-1 "> I <V -1 d' ~ d' <V <!I 'l d I 9:.tJ ~ 'l-1 
IJ1:::mu1mflu 88.67 !IJfl1!CJf'W~ 1:::~uf1:::1mt.1fl11ll'Y'l\l'Y'lfl i'ilmt'lv~flf:;l t"lf\ll'W rn111mll1:::uu 

~M}v1"lf1U11vi1nu 4.43 fl:::!!'W'W 1rn:::fl11~v\lmt.1m~1i11t.1fl11ll~\l'Y'lfl 1'ill'imr1°*\11t.11 urnmm~uu cu u "'9 cu 
l I f l 'JI 

~1~m"lf1U1m~mvi1nu 0.46 'il1fli111uuf\'1u1wfl1f111lJ~\l'Y'lfl i'il'llfl'l1:::uufi1n~'il1flHi°*'l1u i'luu 
~ " ~ 

'ill fl 191111 u u ff flu m ll J\I 8 if 'ii 1lv nll nu~ \I ii fl 11llrnll1::: ffll i um n111ui°*u1::: iilu H t'l 

fl11llfflm1tl'llfln~uu1u111mmhvi u mrnflfl!! urni:W~lJTIQ ~Vl\I 'ii 1mmU'ffflUmllumm1J~ 
dllj~ _111J~· ~-"1' 'l~~~ llJ~ "' .. 

Ht'll'l i~mmrnff1IJ 1~1n:::uuff1mrnmt.1fl!!'W1l11\lflU!!flIJUl'Hl i'HH t"lf\ll'W 1~1rn:::Ht'lt'l'Y'lli . " ~ 

~ ?1 d I 'l 
tlfl~fl\1!1J'Wl1'Wl'Y'lfl !'ii 
~ 

v '"""' 5.2.1 'lJ0Ail''t.HH!U~1llflNilfl1111l£1 

5.2.1.1 m1 ittfl1Jrnufl i um1u1:::1iluu1:::iY111imvi'llfl\l t u1imrn1~'il1flm1 

f'l1u 1WU'il11v1 'Wfl11U1:::1ilu Ht'l'llfl\l l urnmlJ i 'W 8 U'il11v ~\Ii MHt'l'illflflUU1:::1il'W'llfl\IHi °*\ll'W 
~ 

1:::uu 1urnmmhvium1flflmmrn1'.W~llTIQ~v1\I ~'I 1~Ht'lm1u1:::1ilurvhnu 88.67 iuflfoiu\91' 

1:::iUfl:::!!'W'Wfl11lJ~\l'Y'lfl i'ilm~v\Oimfl°*\ll'W l urnmll1:::UU~!;V1"lflill 4.43 fl:::!!'W'W 1rn:::iht.1 
~ ~ " 

!~V\1!1J'Wlllmiil'Wfl11lJ~\l'Y'lfl i'iJ\Oimfl °*\ll'W l Urnmll1:::1JU~!;V1"lflillm ~mvi1nu 0.46 'lJfl\IHt'l 
"'9 cu cu " 

flUU1:::1ilu 1~ V11lJ ~\IU'il 11'vi 'W flUflflfl!! uuii1l1u 1'W 'H t'IWU'il 11v~\I ri \IHtl'Vll i 111 fllrnflfl!! uu 

11'.W~lJTIN~'Y'lm~1rn~1f1~m1ll ~i°*11 ~ 
& 9} ~ Q.J ,/ Q.I~ dcr 9) 

5.2.1.2 fl11 fl'fl1fl'lJ fllJ t'lfl11 fl flfl!! UU Ht'!~ .fl W ct1 !! t'l::: fJ W fflJ 1J ~ 'lJ fl \I VH l1 ! "lf 

e:t~ & & ~~I 9J 
m :::U1'W fl11 ~ ~ ! 'Y'l lJ !! t'l :::ff fl fl ltl \I Ht'! fl 1::; l'l U'lJ fl\I ~ ~1 'lJ fl \I Vl\I ! ! t'l::: Vl\I HfflJ !'Y'I fl! lJ 'W ~ l'W 'lJ fllJ t'l 'lJ fl\11::; 1J 1J 

1u111mll 
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_, """ "' _, v .,j 
5.2.2 fll~IJ~~f.ltlVI A'IH'flflUflfll~thJiH'tt't.n'flfll.;JtJWill'W ( QFD) 

5.2.2.1 h.Jm'.i-ffn1'iltfft1~f11111~t1~fl1'.i'Ut1~~ oM'-nu '.i~1J1J hh t1m11~'1f1t1i u 
"' 

I ~ c:f.d 'j} lr) j/Q.1 l ~ ~ 3) '!J} I .d .Jt i 911J] 91 
fll'.i tltlfH! 1J1J!!ll't'llJ't'IQ ~tll~ 'il~\9ltl~ t~'.i1Jfl111J'.i 11111 tl'illflH tl'l'Utlll'1 tltll~~ !'t'ltl 11 t ~1Jl'Utl~fl11ll 

"' "' 
~ti~fll'.i~M mn11 '11t1 tt'1~~ti~t11'1Yti11'1 'il rnti~\91 1"lfu 1h~ff1Jfl1'.iW~H1um'Uti~ H'1;t11'Jf1ru i u m'.i 

"' "' " 
tltlfHt1J1J!!:J~lJW11~tlH~\9lflW ctltlN U'1~fl11lll?i'ti~fl1'.i'Utl~ ~ fllJW~ 1 U rnmll~ 'il~tltlfH!1J1J '.i1ll~~ 

1 u'.i unrn1;~'t'l1w'lfv~i GJ1'i u mrntimm1J i uif 'il'iluu1m~'1Ymi'1n~'Uti~ 1urnnrn1;~'t'l1w'lfv11'.lu~u • 
5.2.2.2 1rtti~'illflf11111~ti~nn i"l1'~1um'ilnm'.i 1u~t1m1u'1~ tm~ 1 urnm11i u 

m'Jtitimm1Ju:J~11wm'il'il~nm'.i'W'\PJJmti~\91'1 ti~nm i~J u fl1'.inm'.i u '.i~~n"1i oM'rYJfl'Wfl QFD i u 

m'.i'W'\PJJu 1'.i~1J1J 1 U'.i unrn i u ~nEJw~~nm'JUi'1JU1 ~ti~1~l>imrtti~ 

5.2.2.3 i hi tlh! lfl\91111 nij fl1'.i U 1•tfolqj'1 'U ti~ !'Ylfl iJ fl QFD t U i GJf'i hi fl1'.i'W'\PJJhi1 
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1.2 l'llU'Vi'U'IIJ'il'il'lJ'U ............................................................................. . 
q 

rl 0 d Q,J .C:-1 
1.2.1 1h::;iY'lJfll'HU fll'J'Yll'll'U!fltl1fl'lJtlN/tltlflU'lJ'lJ ............. IJ 

QI <'I 
1.4 'j::;~'lJfll'jffflEll 

D 'l.J1"Jf D 'l.J1ir D mtytyl\911 D mtytyl 1'Vl D mtytyl!tlfl 

D tw1<1'l.J"J~'j::;1J) .................................................. . 

~ d 0 d & 
1.5 ffl'IJ11"Jfl'Vlfflt'j'iJfll'jfffllll 

~-1 a. "'-1 o' d QI I a. "'°" .I -1 'I ~ 1 ~ 
1.6 ~IJ'J::;t:IJ'UllIJ 'J ::;iY'lJfll'J W!fltl1fl'Ufl'J::; 'lJ 1'U fll'J tltlfltt'lJ'Utt:IJl'l:IJl'll! ~'IJ'U l IJtll'I i 'U ~ l'U l'l'Ul'I 

., 
i-:i~ti 1'l.Jil (l'lti'Uhimnn11 1 .u'ti) 

D mrn~l'l D 1'Vlt11muri::;t1'Urn D t1t1nu'lJ'lJuli~11...l D titimm'Uf<l~l'lfiwcti' 
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D 11lmrn::;rl'1PJJu1 D g'W"l (1'l.J"J~'i::;1J) ................................................................ . 

• .c:! Q.I 31.J Q.I 9) jl Q.I 1 
1.7 'Yll'Um::;~m111:1Jllflt11fl'lJ'J::;'lJ'lJ~l'U'IJtllqjrlfl11:1Jl (Knowledge Based System) 'J::;l'l'lJ \9l 

D 1li~1lnrnt1 D l'ltil~ D 'l.J1unm-:i D ~ D ~mn 
"' 



1.8 l-i1tJf,J'm~1JlJ~!~}r_n'lfltlJ (Expert System) mn'flhl'l11'flili 

D f ,Jn D ilif ,Jn 

D 91 "' 91 
~1h!fl11!1r.llJi . 

(\91'fllH~'V'l1~\91'fllJ~ 1) 

. 
0 .... "" 

irnn.Jfl 

2 

3 

4 

5 

6 

7 

. 
(\91'fllH~'V'l1~\91'fllJ~ 2) 

I 

5 m.nt1fl111111 

I 

4 '11:1Jlllfl111111 

I 

3 '11lllllfl111111 

I 

2 '11:1Jlllfl111111 

I 

'11:1Jlllf1111111 

"' ~mn 

"' ~ 

tJ 1 hl fliH:J 

'V'l'fl'l~ 

tJi'tJtJH • 
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Q,J ·~ o'd 
fll'j 'ff'W 'U'ff'W 'W fll'j 'fl'flflU 'U'U !!l.l'Vn.J'Vm ~Ul~ 

q 

5 4 3 2 1 

2 

3 

4 

5 

6 i th um l.lffll.l 11rnfimJ1 ~ ftYl ~fl Tt'l n 11 ~~nu 'LI rnuJ~ m.f 

7 

31 
'lJ'fl!'ff'W'flU'U::; ..................................................................................................... . 
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fllflNU1fl ~ 

U'U'UU'l~Aiju rt1111.W~rrn 1111 u1uft111A ~ ~'t'flW'Uu~.tf 1t1ilU'Uill;f u fll'lij ijflU'U'U 
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0 QJ 9) .d Gt I ~ cl-=! ~ ... I ~ Q.J rl 
u 1J 1J 'fftl'lJfllll'ffTH '.i 1J f-.l!'lftl1'il'1ill i u m'.i t1t1m1 'lJ'lJ !!ll'Wll'Vm ~'U'W '.ilJ f-.1~ ~mu cvi t11.:i 

"' u "' 

o .: ,% OJ 0 ,M 1 31 31 d 'I I "'> .. ,,. ,M 
fl1'lH!11.:J !! 'lJ'lJ 'fftl1Jfl11J'lffl'W ~fl't11'U'W fl tlf-.ltltlfl!! 'lJ'lJ '.i ~'lJ 1J f-.1! 'lftl1'1f1ill ! 'W fll'.i tit! fl!!'lJ 1J !!ll'W ll'W'i!f'l 'U 'W 

q <u <u u 

'.itJ f-.lil~fiw cnt11.:i !~tJtJ'.i~!li'Wfl 111!~.:J'Wtl 1 ~'Utl.:J '.i ~'lJ'lJ ~!;tl1'1f1ill 1 'W fll'.i tltlfl!!'lJ 'lJ!!".W"vi~ fl tll.:J 
"' "' u 

1flt1m'.i1'*1tJ'.iuflrn'lf1t1t1tlm11J 1J u".W"vi t11.:i1;$.:i'W1w 'il'rJ 

.... -· . 1~fllJ'j~tf.:Jfl'UtHAnJ'Utf8'UflUJ 
q 

1. 1~t1t1'.i~1i'.iuf1111J~.:J'Wt11~1um'.i1i'.:i1u111'.i 11mllt1t1m11Jrn;$.:i'W1w 'lfrJi u m'.i ffU'lJ'ff'l.,j'Wfll'.i 

H'lJ'Utf8'Ufll'IJAAU8.:J88fUUU 3 ~BU 
d 31 ,I 31'1 

~tl'W'YI 1 'Ut11lm1Jt1.:J~'W !'Wfl1'.i~t1rn11J1J'fft1m111l 
"' 

~ t1u ~ 2 .u' t11l~m11l ~flt tt u 1~t11ntJm'.i l '*11h 1mrn1 :J1.:i'W1w 'Ifill u m'.i t1t1m1 tJrn1".W"vi~ fl t11.:i 
"' 

u1t1'111mqi 'YltJ.:Jmfl 

Uflffflmmruru1rnfl mf1i'lf1iffmrnt1~'ffTttfl1'.i 
u u • 
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D o ii D 1 - 3 ii D 4 - 6 ii D 6 - 9 ii D mnn-)1 9 ii 

., & 

1.2 'j~~'lJf)l'jfff)'lfl 

D u1'lf D u1ir D mqiqiw1~ D mqiqi11'Vl D mqiqi1rnn 

D ~'W"'Jc1U'J~'J~1J) .................................................. . 

~ .dod ~ 
1.3 ffl'\111'lfl'Vlffl!'j1Jf11'jfff)'lfl 

91. I "" "'" I o' .d ., I "" "'"' ,f " I i 91 'I 91 1.4 i:-iu 'J ~!l.l'W llu 'J ~ff'U f11'J wmt11nu m ~'U1'W mrnf:lnu 'Li 'Li Ull'VUJ'V'lu ~'\J'W 'J um~ u ~ l'W i ~'Lil~ 
~ ~ 

" ~~19iCJiui1 (\9rnui~mnni11 .u'CJ) 

D m'Ji:-iill'l D 1'Vlmmm't~f:l'U'Jll 

D C1C1nuuuu~Y411~ D f:lf:lnuuui:-iill'lfiwctl' 

D 1itiui;i~~\9llm D ~u"l c1u'J~'J~1J) ................................................. . 

1.5 rhuf im~'Li'U~!;}tl1'lflqj (Expert System) mnf:l'WM~fl i~ 

D ~in D i~~in 
~ ~ 
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4 111-:iunrnmm':io Mfleiunu~~~1uuuu'tiufl 
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rlij~lfl111.U-:11u 1~uu l1hufl111 .. 

165 



166 

USER MANUAL PROGRAM 

THE RUBBER INJECTION MOLD DESIGN USING AN EXPERT SYSTEM 

CONTENTS 

1. PRE-REQUISITION 

2. NEW REGISTRATION 

3. LOGIN 

4. VIEW REPORT ANALYSIS 

5. VIEW REPORT ALL 

6. PRINT REPORT ANALYSIS 

7. PRINT REPORT ALL 

8. COMPONENT PART DESIGN 

9. CALCULATE MOLD DESIGN 
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Design Process No.: Pre-requisition 

"' 31 <!! 31 
Description: f111ll\9ltl~fl11t1HFl\9lh! 

31 'l31 ~ 1'J,l'l ~ llJ.,lo' .,\ 0 0 I 

1. User 'il~\9ltl~ 'lf Internet Explorer 8 '\JU rn h!flUtJJ~ rn'1 Excel tl'ltl'Yl1fl11'fllh!1W'fll'il1fl1~'l.J1J 

" " ' ' ll'~iliilu.,Yt1~1ti~'llt1~;1 Browser flh! "l -Yi i1hn111rn'Vl1i~1~timmrn download IE 8 i~'illfl 
d~ llJ~ 

Microsoft mtu!JJU Windows XP mmrn download t~'YI http://www.microsoft.com/en-us/ 

download/confirmation.aspx?id=43 

2. mw~'loM1~'l.J1J 11.Jrnnrn Google Chrome m1111mtl~ 11.Jrnnrni~rntl U'1~1~'l.J'l.J'il~ Download 

files 111ii'~if1it1~~-M'~1u (User) l~t1U\9l lu111l .. 

Design Process No.: New Registration 

Description: 

91 91 ~ Q.I ~ 9ltf1...1d 
1. fl11!'\JTHU1'iltltl'ltl~llf1H1'111'lffl !'\11 rn'YI www.rubber-molddesign.com 

iJ 
.,\ d 

2. fl~ .11 Register !l'lt!Cl~'Yl~!'l.Jtlh! 

Login 
It you can not login. Ched to m.~ke :5.lfff. tl"iat 

F'leSise confirm your ii:lentrty 'vis email 

Forget Password. 
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UsuNaml: 

Flntllmu: :=========:· lastllmu: ~-------' 
E-mail: -= -= Addras: ,:=========: 
-co: 1 ..... ~ .·)· 
Amphur: 1 ..... ~.1 
DllU!ct: ~ •= l~·J· 
Educatlm: 1.-,.,.,,lltill'l.•J" 
Occupadm: I~ .·I· 
Fldd: I·~ 

Field Description 

User Name 
,,j .d 'J) , 'J) 'J) 

'IHJ'Vl\9l'eNflTi 'IH'Ul Log in 

First Name 

Last Name 

E-mail 

Password 

t!§. Cl.I QJ ' 

Re-Password tl'U tl'U'J'ttbYHTW 

' "" ' Address 'Vltltl .. 
Province 

Amphur 

District 

Age 

Education 

Occupation 

Field 
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di 'JI 'JI 'l'J/o <!!., .Ji~I d'.llll]:!A'I 'J/o 
1. UJflf1'.iflfl'lltllHWIHJtlTU !'t'l'Vllfll'HJ'Uf.l'U E-Mail CJf'l!u'U E-Mail 'Vl!!'il'l !1 !'Ul~1J1J !!fld'Vllflll 

"" 
Gl3) 0 ~~o'.dt~Q.I .dt <C.) .... I 

Login mi~ 1't'l'Vllfll'jflJ;tflr;t'lfl!'t'WfJ'UfJ'U E-Mail !'frn Login 'j~1J1J rnrnnrn 

liulhtnl$rojfflm.nifn www.rubber-molddesign.com roox x 

rubber-molddeslgn.com Wl'lw.rubber-mold .. @ser.-er coolwebsolutron com~ 

tom-? .. 
9:55 AM (27 minutes ago) 

> English... Translate me3sage Turn off for Thai x 

rnru~l\ntl~rrn 1!110Liu!lUmHa:lm111.nfm 
http// v., ....... N rubb2r-mo!ddes1gn com/member-act;ve p~p?r,,, 1:Fp1mchane:kH1&act;ved:::::ASomev~~OkG 

Design Process No.: Login 

Description: 

~t1~0imn'l1i]'!Wi-nt1 'l11~n011~lt1 
'JI 'JI di 'JI I 'j '!'JI dll]'JI l/]'J/ 

1. fll'j!'lll't'l'Ul'ilfl login !'flfl!'lll\Tl~1J1J !~W !'t'lfllflfl user name irn~ password 'VI !~l~'lJ !1\Plfl'U 
., 

ff1Tfl'j\Plfl'U!!lfl 'illflU'Ufl~~lJ login 

Login 
If you can not login Ched t·:i m:::ke sure tf1at 

Please confirm your 1dentrty v:::i email 

For get Password. 

Register 



Home Admin Report Analysis Report All Mold Design Material Database ID Proflle Help 

•-to-.cbamDarn 
Plro.sl! ~the mf!D.o you wont to use . 

. 
------------

= ..__;; 
- --- - - -- - ---

Design Process No.: View Report Analysis 

' Q.I ..c:.. rl 
Description: ff1lHY'U'lHYlfWtll'.itHlfU!'U'U (~'.iltJ~lU1!fl'.il~'tt) 

"I 'JI dr di 'J/l'l_I 
1. ti:HlfUlJU Report Analysis trn1~'Ylff1U'lltl~ Cause Problem Name tl'W!'lll rn~ Cause 

"' "' "' 

Home Adinin Report Analysis Report All Mold Desigc Material Do.ta base ID Profile Help 

Rq>ort Analysis 

Desiign_Nome: 

Oeslgo_Group_Nome: 

OHign_Pnlbkm_H<ID:le 

cause_Problem_Nm!M: 

170 



d 0 ~ d 

Vll'HHl 2 fllfl1i1Jlll'.iW-a~t'eHJ~UJ\1 Report Analysis 

Field Description 

. 
0 ... d 

No. t1ff~·rn1~'U'YI 

... I 

Cause Problem Name t1 ff~~ 'lfflfl m.1 'IJ fl~ mm \91 • • 
d 

Cause '.iW-a~tfllJ~'IJfl~fflt'H\91 • 
d 

Effect '.iW-a~rnll~'llfl~f·rnm~'Yl'U 

• v 

2. fl~~lJ Cause tTifl~'.iW-a~!fllJ~'IJfl~fflt'ttl'J'Ufl~fl~lJUh! ~ tlff~~'ttU11lfli~i'll 

Field 

No. 

Diagnose 

Check 

Repair 

DETAIL CAUSE OF PROBLEM 

Cause DetC1ll No,: 

Design~ :MOLDS BASE DESIGN 
Dalgn_Groap_Name: Top Plate 
Dalgn_Problnn_Name: nitililllllllU Top Plate ~1U'lll Cavltg Da19111111111i111~a1ti11f114 cvr Matnlal '1tlil11n,,aanllu11 «a 
sue • ssoc W'MIUll'MILA1iWW 2SO.SOO 11'11 
Desl911_Cause_Name: Top Plate Dlslgn 

Description 

. 
0 ... d 

im~~m~'U'YI 

"""" ... 
ti ff~~f11'.i1h! 1l~U/fflt'11\91 • 

'j) 

ti ff ~~'Ufllqj-afll'.i \91 '.i111 fffl'U 

t1 ff~~ mrnfii 'IJ.UBll -a .. 
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Deslgn_Name :MOLDS BASE DESIGN 
Deslgn_Group_Name: Top Plate 
Deslgn_Problem_Name: nunnmmu Top Plate ~nnu Cavity Design ~1nn'i1\110L~1tru ~ CVT Materlol \llt'li'tum1annuuu Ila 
SSSC, SSOC w11111u11u111adn1 250-SOO o\'u 
Cause_J>roblem_Name : Top Plate Design 
Effect to 

Field Description 

No. 
0 "' d 

U ff~ ·HI WI 1J l'l 

Design Name 
~ di ~QI 

Uff~'l<tftl Design l'l ~'.i1JfHlfl'.i~l'l1J 

Design Group Name uff~'l~tifl~lJ Design ~1~i'mrnm~l'l1J 

Design Problem Name 
.,; 11 d, 'j)"' 

Uff~'l<tftl tlJYlll'l ~'.i1JH'1fl'.i~l'l1J 

Cause Problem Name u ff~'lfl~ ll'llti'I mm l'l~ 1~i'1J H'1fl '.i ~l'l 1J • • 

172 
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Design Process No.: View Report All 

• " 
Description: -ff 1iuYu rnn..J u flTHrnnu uu ( wnt1~1ul'i~ Vi ll~) . .. 

" . ~ j} Q.I dd 

1. HHJfl!ll'lJ Report All 'i~'Uml~atff~~'iltlfll'i'lltllq!rl Design 'Vl~Vill~'Vlll 

Home Admin R<port Analysis R<port All Mold Design Material Dotobase ID Proftle Help 

Report AH 

. 

,J 31 i 
~11H'fl 5 fl11ll'Villltl'lltl~'lltllq!rl 'W'i~'IJ'U!ll'l.J Report All 

Field Description 

. 
0 "' "' No. Uff~~"1~'1J'Vl 

Design Group 
,,j I 

Uff~~'lftlfl~ll Design 

Design Problem Uff~~;eii!tum 
u 
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Design Process No.: Print Report Analysis 

• Q,I ~ o' C), o' 

Description: ffTlHl'W1Jff'l{Wfll'HlBfHt1J1J ('VOJ'V'l'iltl\ll'W1!1'11l~Yi) 

t:!t j) ~ dd 9) 

1. nrnflUJ\1 Report Analysis mrn~rnfl field 'tJfl field 'YIJJ'UBlqji:l 

Home Admin Report Analysis Report All Mold Design Material Database ID Profile Help 

ReyortAnol!JSis 

PISign_Naiac: 
Dalgq_~_,_... 

~-~-,.._ 

""""_,.,.,...._.... 

i~ClllOt.D5:>€SIGN"' 

:i.•o1ccnesi:-a "" 
•iif·olll".lj~"llil'l.1"1.1~ 

Desjm Name · BASIC MOLDS DESIGN 

Design Problem Nome: oon11uu11u~liuw'i1a1~ ~muil1tl;Hnnu w110H~l;lun111rnn 

llUU llo EPDM/NR i1u1u11;1iillJJlfl1Jlll 4 Cavity 

- Cause Problem Name : B Fix Series Mold base 

Diagnose Thai: l11Hll;H'IO~JlllllUMJJW';om'llllfl~l1flJU:ll'JJriUllltUiltt 

Diagnose Eng: Slructure of the mold must be appropriate to the grip. 

A 4 
'IO.i'llllfllll10~1lll 

Check Eng: Check specimen size W•L •H and size to fit the mold base to bold the injection 

machine size. 
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Design Process No.: Print Report All 

.. 
j) 

Description: ff 1trn"w mn . .i u fll 'HHJ m 1 'U 'U ( ~rn t1.:i 1u i.:i li lJ ~) . "' 

Home Admln Report Analysis Report All Mold Design Material Database ID Profile Help 

Report All 

--- J&>.SJCl.IOl:lSDESIGI'- vi 

Design Name : Molds Base Design 

1 4111ri ,., I .tl dW ~ JI 

Design Problem Name : 800111ltJJ1\llllJ11Ulll'l'lftH <r1muunn11111::mu1 Wiltrnn 1<r1umnlon 

. -llUU ftfl EPDM tnl'l\111l1iift 2 Cavily 

Design Problem Name: eon1111UJ1UUU;iu,.j'i'ltJ\I i°u'11um1uo1'1Wfl EPDM i1u1u1~ iift 2 

Cavity 
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Design Process No.: Component Part Design 

' '"" o' 
Description: ff 1'kl m rn fl m !1J 1J ulJ vrn ~ 

.,Yu~0um1ui]'lffl~1u tJ1~n0'UJl1t1 

1. tilflmlltJ Mold Design tilflfl Sub menu # Component Part Design ffllJl'jtl!ilflflt~l\Oltlfll'j 

Interface n1J 11.Jrnnrn Solid Work 

Home Admin Report Analysis Report All Mold Design Material Database ID Profile: Help 

CompoDl!D.t Port Design 

.,,_ 
:i Ol~MoldDa:1FSmlpiRT'p 
:I 02~Nold O.,..Modcrm.T'ypo: 

..;ii D'JC-..--Mold~~l'VP" 

:'.:.liOtiMDdoue~ 
~ OS:Gatc .... .lwma"Dnign 

~ D6CAl.\DQlpb 

~ffThnDaip 

~ '<::::\ a'.d ~ ,£ "1" ' ~I ... I .a 
2. n'lflflUlJ~lJ~'Yl\91fl·rnlrnlll'lf'U'll'U i\OltlU1J'l!IJ'U 3 IJ'j~!fl'YI flfl Component mold design sample, 

Component mold design moderate, Component mold design advanced ~'l~flflm!1J1Jfl'J'j!ilflfl\9lllJ 
~ . ~ 

ri11llt11n~1t1'Ufl'l~'kl 'l l'kl U'1~ffllJ1'j t11H' rn tJ~ ti'kl 'll'k! 1\01 'll fl'l ~'U ihuuii~ ll-W' 

- Madn -Aaolgsb -AD MoldDalgn -- IDIPnllllc Help 

.,,_ 
~-~ ........... _...Tltl' 
ii•~ .... ~....._,.. 

> "'U!WWCll!FSIDI 

·~ > -'3CQ!IM'iND 8 WU 
> '4mrW16B!lsnru 

·~ • '4-am:!A-QP!.Q!fA.&Pf'IT 

> '4owu•rmnsnnt 

·~ > "'"'lP'"lftS!!PII 
> ·4LQ!lllmHnrn 
> ""lm'l!WM!tl*"Mwnt 
> ~JY*AN'l'ISl.IPIT 
> .(,WWJapwlpWIWl.1!• 8 FPU 
> '4:.:WlQO&ttpwpgnr 
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3. !~tin 1vhl1'W ff1'W'Ufl~ Part Design !'~ti~1'1'1ei~1~m'.i'Vi1 drawing rubber part f1~!~flf1 hlrl'~ 
~ei~mrn~1!il~~1CJ hhunrn~ill~ hJrl' drawing 1~ 

Home Admin Report Analysis Report All Mold Design Material Database m Profile Help 

Component Po.rt Design 

a .... 
:;, OlCcmpomm.NQld Di:sip. .... l)p 

.:l. 02c-p-.Wc1d Dalitfl~f'llll" 

~OJ~WcldDalfl!A.dvmKe;!Tp 

~-.llloldbcmomgr. 
:ID5Gcltl!GDd......._.Dcsip. 

~a.cu,__.,. 

Q0'1PanDeslga 
a :mDra111tn91>eagn 

) ~OMMET DMWJ..'f(j CH OOQR i l!Ol!fQdf 

) ~pMwprtGWQOORpdf 
) ~OIQITTDRAWINGOOOR_!l!!tf 

~lllPon~ 

~Rubl:loer~Jlktw'e 

<V I d 1 111 .. 1 ef ~ 
3.1 \911flCJ1~ 2D Drawing 'YlUff~~ U'.i~lJlJ '.i~lJlJUff~~ m'1 drawing 'UWJl 

. ----------, __ ... ___ _ 
·=~":.==.:=-=-



Home Admln Repon Analysis Report All Mold Design Material Database ID Profile Help 

Compoomt Part Design 

<Jdata 
~ 01c:c.pxm:i.tMgld!Mlfn~1)jpr 

:I 02 Campoomt Maki Dn>p. ........ Tp 

..:..01~MoldDaigll.AdYancMT'gpl' 

:J Ot.MoldllmeDaiijpl 

~ OS:Gotr.-:1.l:la:ioa"DRm,a 

~ Of>CAE&nalgm 

LJ fT7 Pct o.slp 
~ZD~Dnign 

O:,,IDPartDtligll 

> :7Q1Fl,?5"l5Ipf'fl! 

) J';"JHU1l0Sl;P!'­

) '5roum1"W5L"r~­
> ~2Ut..:U1..t;2SU:Pgr 
) ~RCc.q·--OW®-®St.;lfir 
) 5RCj(t.-P.500'?-?1St:lPR"'. 

> •:1tcxr:.sw:;...::·~u:ru 

> ~RC;;.oi J~'JOC -OC5~RI 

4.2 Interface iiJ·nmrn Solid Work Software t~flttfil'll'lltn~~'WHU 

178 

'i d 'l~'i-1 "" "" o'dt ~ ,£ I 

4.3 f1Tlflflfl!!1JU Insert Box i~(Jf11'H'H.lf1 t'll' rn1unrnt'll'~'Y'llW'll'm'Y'lflff1l~'ll''Wff1'W Core 

'"" .. 
ml~ Cavity '\Jfl~Ull'Y'lll'Y'l 

~~'.;'; .• ~~[;'.;:t'·~"·~~·=.-.;::;·.--:~.-:-~~"-~::.~~~;,~t~c~1~·~-=-=~=--=·-::i•=··=·=-.. =-..-='===r="="='·::·1 l~Cil~·~"~4~:ri~1~lil~·~ .. ~a~·r"1!!'"3.5•5.!!l .. !i!!"!!ill:i:!.,,i!!-~lio~·~~~·~U~·~':>~~~-~~5Er +lllll8 • >·~.na:m ,.. ,_,., ft.q'-'11~·'.J·''('·•&·•· rn:r;:""'~!'". 
>~-r~ Ml" . ~:;,;;;;;;,;,;;; -·---· I > 've:mw1•rrr V : b,._, 
t C..:.:U.oafl&Jl.a'U ~ t-A.1........,. 
> ~-aoz.-2l.SUll'U • : ... ,,,_ 
,~-~~ "ll:g.,.,.,, .......... 
I' "1mHJJl'2SS a mt • ~ -l$t :-:.::- e 
• t. • .....,..,,.'", " :-flt ... -
) ~mmo»m,gpn 8 :-l.!;:..,. 
, '-"e-.,..11.?"! Qllll II 

> {;~P'f!?!""PM"l 
t '9r1P'P"P'O'ltt'Wra• 
) 4."SKt'P'msmr A 

·~~~' ~ 
> '"''!!!!=ttz!l!r!f &I 
• ~s;;m e • i;.,.,,,......... t. 
>-C.C'tl'lnmotU.'11.lftT '°' 
> '9..:i1a-:S.Sl..I!!'!! 

> "-nMm?=·'" my 
, ~:pmp!!l..Ql2t 

·~~ 
, '-c;--•llt!lnT 

> ~!__'~""""~~~ 
> "91,..n:•n1qesr 
, .£.::asa>:uunr 
) ~:OOUHUW'll 
) ~Z:ttUMMp!!Pn 
> "'1w-r&?rMCsaex 
) {.,D'1'N'R10YTIT 
, ~ ... QUU!llU 

.~-t.:z..:i-a~ 

.. 
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Design Process No.: Calculate Mold Design 

Description: ff1'Wfl11fll'W1W Mold Design 

,Y'l.!~tlum1tJ!j-mi-nu tJ1~ntJ1.1Jl1t1 
1. t~flfHll'lJ Mold Design t~flfl Sub menu Calculate Mold Design 

Home Admin Report Analysis Report All Mold Design Material Database ID Profile Help 

Calculate Mold Duign 

.,,_ 
> I: ~ir· rn{t1 .. ·r·-·-411 

"' "' o'd 31 "' .,.,J ~ 1 31 0 ~I "' .. ') I 2. nrnn rvhl'V11Plfl'lfl11til~ 1~'U'U'il~ttff~'l 1TIC1'll'W1ll'illfl'W'W '11'Yllfl11tu~ 1rlri 1~t1mrn~~11 Open 

3. 1~'Urnil~1rl'1'lYfl11rii'l1'l1 ttri~ User mmrnl'11m1f11u1w File Excel 1'W1:i:'U'U i'l1'l1ttff~'l 

,_, 

~ ~ ~ 

1--1 D • D 



Design Process No.: Rubber data report 

Description: 

~ . ~ 

1. !ClflfmJlJ Matenal data base UHlf1 Rubber data report 

Home Admin R.eportAno.lgsis Report All Mold Design Material Database ID Profile . 

• Plrose select the menu you want to use. 

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

~ 

t'\11'.i:::'U'U Rubber report 

-·-n...----.:IOmm lw1a••~ ......... :f0t61D> ,_,, 
~P<'Xn<l!lf~--::=:1100tm:ll ~ a.q.,..._,.._.,:[1'11.mm Ii: 

~-== ...... :f7.J9305 - ~---·=17158.90980 ts 
.......... llplCDI: 121104Gt ........ lrallildcm-a&a:l99999.99999 lumal 
Ormtlfrwa• .. : l1.Mt93 I 
Hm<<A.r~ 

=-~=--1 --~~ DamJ•,_,....-.:_I --~1.taa· 
....... u.e.: =175 __ _, .. -.....c.:1_ .. __ ~"' 
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Help 
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Design Process No.: Cooling data report 

Description: 
I 'J} I ~ 

ff TU~ TU '\I UlJ n 'J ~ 1111 '11 n eiw u 

" 
QJ _ .... ..- -· v 'UUVlel'Ufll'JlJ!)tJVIHU 1J'J~fleltJ~1fJ 

1. !~elfl!ll~ Material data base !~elf1 Rubber data report 

Ho,.. Admin Report Analysis ReponAll Mold Design MotmalDatnbase ID Profile Help 

·~~-O!kome-m-sgsrmi~.duuanarn~~~~~-11111111~~~• 

Plertse se.Jttt: tht!!! menu you want to use. -
- -

-----~~ 

<!! lJj o'.d 'J} lJj .. ~ ~ 'I 'J} O "'> lJj o' I 

2. rnein rvJmwrn.:im11tl~ 'J~lJlJ'il~!!ff~.:i 1tin"1'Wlll'illf1'W'W 111mm111l~ 1'tfo 1~cm1rn~~11 Open 

1'1i'1'J~1J1J Cooling report 

·- illtl" •• -.----..-......~~ 
!•hap</1-•b• ...... _..,~?tdd~tm· 

_, _, _, _, 
.,_.,, 

c ~'<> 
g,,.,. pa 
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' ~""' 
~ti 1'kl 'fU fl VI 

~tll'W~Bciif1111ii"w 
'll q 

'Wltl'lfTWltl.J 'YHMlllfl 
u 

23 'l'lqllfllfl:Jj 2522 

I O I~ 0 .c:iQ.I QJ 

16 'H:JJ 3 \9111H'llll'H'U ell!fHHl111\l'H'J~'lf:JJ'l'l'.i 86130 
~ . 

iJ1~mrti!t1tl'l9l1i'lf1::if-w c'lf1'11~ei:JJ!!~~ h'H~!!r-iu) 

1'Ylt1ltl't11'YlfllJfl'J.f:JJ'l'l'.i' '1'1.ft. 2540 

" iJ1~mftut1tl'l9l1i'lf1::if-wi'mY'I ('JfN!'YlflUfl t~'H~) 
~ 

1'Yltiltl'tl!'YlfllJfl'J.f:JJ'l'l'.i' '1'1.ft. 2542 

ei\9l'ffl'ttmrnrt1'ff\911tl'wil\91 c1rt1mrnei\9l'ffl'Hfll'.i) • • 
:JJ'Hli'Ylt11tl'mnlJ:JJtl'wil\91, -w.rt. 2545 

182 

ff11i 11 w 'ff'Uftl'ff \911tl' w cYl\91 ( m::if1eiu 1il' t1m1:JJiJ~ei~ fi ti) . 
:JJ'Hli'Ylt1ltl't1-ey t '\Jllt11i'.i'.illl~'.il'lf, 'l'I. ft. 2557 

'l'l.ft.2548 

1f11m1:JJffl'ff\91'.i:JJ'H1tl'wil\91 (if11mrnei\9l'ffl'Hfl1'.i) . 
:JJ'Hli'Ylt11tl't11J'.im, 'l'l.ft. 2556 

~ 

lli''lftyl~ll~tl'wil\91 (if11mrn~\9l'ffl'Hfll'.i) 

"" "' "" :JJ'H11'Yltl1MeJ1Jml'lf1il'U • 

1mmff1'WH~\91 (Metal Forming), 'l'l.ff. 2546-2548 

Q./ 3) I ~ 

'H1'H'Wlff1'WH~\91 (Metal Forming), 'l'l.ff. 2548-2550 

mi:JJ1J'1ll'Yll'Yltl~\ltl!~tl'Wfllf 'il1n~ :JJ'Hl'lf'U . . ~ 
11'1'Hu1~1t11,J'mrn~lf\Pllm, 'l'l.ff. 2550-i11111tl'u • 

Email: c _ thongmark@hotmail.com 

Email: c _ thongmark@yahoo.com 


