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Abstract 

This research aims to Test Melt Flow Index Spiral Test according to Standard 

ASTM : D 3123-94. To compare with this Standard the Melt Flow Index Spiral Test 

of HDPE, PP and ABS which determined by the manufacturer was tested in various 

sizes. The test and the results were as follow: 

1.Test the 0.5, 1.0, 1.5 and 2 mm. of HDPE , the results showed that. The Melt Flow of 

0.5,1.0, 1.5 and 2 mm. HDPE has got the statistical significance at 0.05 which different 

from the manufacture. The Melt Flow of all sizes of HDPE have got the statistical 

significance at 0.05 which different from the manufacture. 

2.Test the 0.5, 1.0, 1.5 and 2 mm. of PP, the results revealed that the Melt Flow of three 

sizes of PP i.e. 0.5, 1.0 and 1.5 mm,have got the statistical significance at 0.05 However 

the Melt Flow of 2 mm. PP has got more than the measurement. 

3.The results of testing the 0.5, 1.0, 1.5 and 2 mm. of ABS found that the Melt Flow 

of all sizes have got the the statistical significance at 0.05 that are different from the 

manufacturer 
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'lf1~'1":: 5 IC)f'U91tlJ91';i 9l0~1fl~'il~ (Sprue)lJ';i::n01J!'111nUlfl';i0-3'il~ l'lf l'Um';i'Vf~'il'U11'Vf"1ft'91nft'1111';in 



4 

~ . 
m.h~1'.in~fll'.i11'flfftltJutJtJiI1:Uhl'tJtlfli'hff1l,j~'fI1~rH1mfi1mhHlu fhu1my'il::l.rtu 

fll'Jl1'flfftltJuj~UtJti1utJ 

. ~ 
Q ... ... 

1I1'Vtfll-3 'lfU~lUil'flfll'Jl1'flfftltJ Spiral Test 

'" 1ff~ fl1111'11Ul 

2.0 1.5 1.0 0.8 0.7 
, 

0.6 0.5 0.4 

ABS 170 96 43 27 21 

I 

15 11 7 

·CA
I 

150 84 38 24 18 14 9 6 

EVA 175 98 44 28 21 16 11 7 

SAN 120 68 30 19 15 11 8 5 

PA 150 84 38 24 18 14 9 6 

PC 100 56 25 16 12 9 6 4 

HDPE 225 127 54 34 28 20 14 9 

LDPE 275 155 69 44 34 25 17 11 

PMMA 130 73 33 21 16 12 8 5 

POH 160 84 38 24 18 14 9 4 

PP 250 141 63 40 31 23 16 10 

UPVC 100 54 25 16 12 9 6 4 

fl11Hl-l Hff'fl~rh~'lfiIfll'.i1m'1'lJtl~')'mlff~fl/fl1111'11Ul 1111. 

4.1 f11111(ilrity'IJtl~~'lfiIfll'J'hl''''lJtl~lUnff~fl(Me1t Flow Index) 
~ ~ 

~'lfiIfll'J ''I1(1'IJtl~n(llff~fl'IrU;jU tlgtitJlj,,')V'I1t;lflvd 4 "'tl '~Hri 
"" ..1. fl111l'flU fll'Jil'fl 

2. n(l11ufll'Jii'fl 

3. flW'I1,fJiilufll'Jiifl 
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... tI "" "' ...5. lflQ 1~f,Hf'I'UMIf'l1.,:J01n;)tI 

5.1 !..-q6111filf111lJU~n~1.:J~'I1Unn il1tl'\JtN'Wtllff~n (Melt Flow Index) ~n1l1'U~1I1n~Nil~ 
" ft'IJm1\1~~'UVI~fftl1J1J1~1!1'UU'IJ'IJ Spiral Test ASTM D3123-94 

5.2 t..-qmtJ'U ,j'611tl1'U m1 66mt'IJ'lJU~.w1J'W\1~'Wtl1ff~nUtl~66nH'IJ'IJ Nil~nw cvI'W tllff~n.. 
J '" "'... "''.11 1 'l'l""5.3 !'W616.:J1'IJfflJ'IJ~'Wtllff~n~1t1'U1 lHVlfI!'U ttltl 

. " 
5.4 til61~\1~~'U.:Jl'U!gn~(Micro Injection Machine) 

" 6.1 ~'UVI~tl6.:J!tJ'UH'IJ'IJ Spiral Test ASTM D3123-94 

6.2 ~'UVI~ff6'IJ Spiral Test 6~i.'UU~.w1J'W'1t~A~tl1ft'U l~tI!tI~fJ'U'1t~A,j'l!tJ'UH'IJ'lJInsert 

.. Q 11 4 ~ cr ~v 

7. nq1loQ tflillfl!lU (tnll) m'~fl101JUUlfllltlflfl'UO.,:JlfI'Hfll1lf)tI 

fflllJ~!l'U 

rh~'I1U il1tl'\J6.:J'W tllff~n(Melt Flow Index)~'~1I1nm1V1~tl6.:J '~U~n~l.:J 'il1nrh~~Nil~ nll1'U~ 

. . 

... 1,. ft.- , , tlu , ~ ~ #\ V , .. 0 4. QJ 

8.lJ1~ ItI"Unfllflllf)~ f1',j1J ,"U m1lHtlUl't',j IUll'un1 f)f1tfn1i1Jfl1 clJt1cIJ Ut1~'HUltl.,:JlunU1Nt1m1lf)tI 

'tf1"tl1~lt1,,11 
8.1 Ntldlt111'\J6.:Jm11ifJ~rn~dll1~'~f'IJ 'lh~n6'IJ~';1tJ 

.d Q Q,I .d 91 I ~ tid. Q d .Q J 
l)lJ'lJ11:1 VI VI ff11.:JUlJ 'W 1I'W 'i!~ 'W tllff~nmll1ll1fJ.:J~H( Precision) 1'WlJ'\J 'U 

2) ffl1111tlNil~ Nil~nWcvl'Wtllff~n~mll1!~tI.:J~1.:J'~(Precision) 

3) lJ,)111V1t111!tli~1Jfltllm~ijmllJffl11lJt,j'1j1l1'U!~6.:J .:Jl'U1iv 

4) tl~ m1Q;ty!SfJlIlnm1tlO.:J~~tl6.:JQn(Trial and Error)i.'Um',j'ihu~.w1J't~ 
<V <t tf.j'.ll .:IL":! 

5) tlm~~'lJ1J1~1!1'U !'U1-lm1~~ffll1m1lJUlJ'WlJ'W 11Q;.:J'\J'U 

6) tl~m1til!,j'lH~.wlJ-Wtl~'Wtllff~nfl11lJl~tI-:j~H (Precision)1I1n~1.:Jtl1~ll1fY 

7)~hl'w'Um1'\J6"'~ ffVlll 1J~1Utl~!NtlU 'W1 

8.2 11\'bfJ-ll'U~,.,~tilNtlm11itlhJ1~tl1~ lfJ'I1U 

1) lJ1111V1t11i:ltlffl1111tlff!1-lU~.wlJ-Wtl~'Wtl1ff~n~ijmllJ!~fJ.:J~H (Precision) i~ 

2)lrJ'U~'UH'IJ'IJlH't!nffn1:l1 '~t~tI'UfUtlnh 'tlj~'Uh -l-l1'U ff!HU,j.wlJ-W 

3)'lJ1liVlff!1.:JH~.wlJ-Wffl1111mhNtlm11ifJiln~'Um166nU'IJ'lJU~-wlJ'W1~ 

4)U.:J!ff1lJfftll1J'Um1ffn1:l1'th1itl~1'UH~.w1l-W 

http:tf.j'.ll
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, \"\" .... '" .... ..",_it
9. HNl,!fll1fJUlf'lf)li\lflfl!l,! n;1t.l'H1f)Ni;1fl1n~tlqflq1Jlunn.mJ 

9.1 '1111f1'lHJ hnf:lJ1J'Wl1<Jj'1fl1'5 

9.2 INtlll'Wihnl'.if11'.if1111f1:tJf,!<fIf1111fl"rl:tJU~rhJ'W1vl£l 

9.3 INtlll'Wih..lWEB-SITE RUMTP 

9.41Ntlll'Wihnl'.if11'.i'llfN:tJ1111'l'1t11"t1 

9.5 !Nmt'Wihnl'.if11'.i'Wa1f1~n . 
~.ct 0 ~ ~v .ct 0 ($ " 

10. ltifl111i\11l,!l,!fl1n~tl Hi;1~i;1'fJ1l,!'YI'YI1fl11'Y11i\i;1f)-l/m1J'lJf)~i;1 

"'" e. ...
10.1 fl1'.i!<fI'.itl:tJ~1'\...!U~~fl1'.i1'iW 

'" 66mt1J1Jlm~l;jtl'\...!mJ1J.:jf'\...!~1'\...! 1~t1hhUfl'.i:tJ UNIGRAPHICS 

1tfl'.il~,.yfl1'.i\l~'Wa1f1~n~1t1hhUfl'.i:tJ CAD MOLD I 
+ 

UNIGRAPHICS 

http:n;1t.l'H1f)Ni;1fl1n~tlqflq1Jlunn.mJ
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10.2 m~'U1lAfl1'.iUa~nal'flll-UlAfl1'.i 

. . '" 
"'l 'jI "* '" 'jI ...

1A.f\'fllll'U63Jal1lfltJ1'U6~11~11lJfI 

2.fffllll1'lhumlJfl1'.i66flU'U'UUa~66ml'U'Uu1i~lJ',{~fI'Walff~fl 

2.1.ffflllllu'.iHmlJfl1'.i66mt'U'Uu1i~lJ1i'~fI'Wa1ff~fl 
."" ..'" "" lAI2.266flU'U'UUlJ'WlJ'W\lfl'Walff~fl lJ'.iUmlJ Unigraphics 

~ iI t 4 tI 
2.2.1 Afl'.i ~ ff'.i HUlJ'WlJ'W( Mold Construction) 

o 'jI 

2.2.3 'illlA1lAt'U1(Multi-Cavity molds) 

Q,I 0 I Q 0' 

2.2A 1ff~111UlJ'WlJ'W(Type ofTool Steel) . 
2.2.5 6Umt'U'U'.i~'U'Ul1H1~ (Runner Systems) 

'jI 

2.2.6 '.i~'U'U111WU1(Gate Design) 

. '" 2.2.7 '.i~'U'U11a6WlACMold Cooling) 

2.2.8 '.i~'UUtJafl(Ejection System) 

2.2.9 '.i~'U'U'.i~'U1tJ61fl1f\'lAir Venting) 

j,*naJU'.i~lJ1W 1 t~6lA 

51lA 

51lA 

51lA 

151lA 

linaJu'.i~lJ1W H~~lA 

151lA 

151lA 
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i~n,m.h:::lJ1W 3 ~~tl'Y 

20 1'U 

o ~. 

151'U3.2m f11'jffnU'I'1'U Core 

3.3tJ'j:::ntl'Uun:::f1nu,l-3mJvhj-nuY>l'Wnlff~n 15 1'U 

3.4nlf11'j'Vlflntl-3 \lfl'Wtll ff~n!ttl::: nlf11'j\lfI'Wnlff~n.f11Vi~ff.f111:::,lH,,\ 10 1'U 

3.5 utft'lltJf'UtJl-3ttlinlJ-n ,lH"\un:::~atm~~~!'VIlJl:::fflJ 20 1'U 

'" d ~ 
4. 'Vl~ntl-3llflm'U'lltllqttl 

4.1 'Vl~atl-3tttl:::tJf'Uufi' 
... ld z::t iI

4.2 'Vlfltltl-31u'jV'Ul'VlV'U'lltllqttl1l1nf11nlfltltl-3 

~ .1<11 ~ 
5. 'j1'U'j1lJ'lltllqttl Utl:::u'j'UUnf11'j'Vlfltltl-3 

5.1 tJi''UUfi'f11'j'Vlfltltl-3 

... 0' 
5.3 1~f1'jl:::'HNtln1'j'Vlfltltl-3 

6. ifinlUN'U~NVU'W1 

6.1 iflnlmnff1'j~NVU'W1 

7. ffltJNtlf11'j1ivun:::nV-31'U 

7.1 ffltJNtlf11'j'Vl~tlM 

7.2 'jlV-31'UNtlf11'j1iv 

10 1'U 

'~naJtJ'j:::lJ1W 1 ~~tl'U 

151'U 

151'U 

, ~ntlltJ'j::: lJ1f.lLl.ll~tl'U 

151'U 

151'U 

151'U 

}innlll'j:::lJ1W 1 ~~tl'U 

301'U 

1~J]jl1tJ'j:::'JJ1W 151'U 

10 1'U 

5 1'U 

4 ~ Q 0'0 tI 
'j l'1flJ-3fltl'W'j:::'Um ~'Wtltltlnu'U'U'If'U'Vlfltltl-3Utl::: f11'jtltln!! 'U'U1!m l:::'HlIltltl~ ffill'U f11'jW 

• y 

!ttl:::fffHUlinlJ-n\lfl'Wtllff~n (CAD/CAM/) lflltl~i16f1'j111fftl'U.:v'U~1'U l~un Vernier 

Caliper Utl:::~'U "\ 

http:lJ1f.lLl.ll
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,... 
A,'nnll-1 

'l~tJ~nal1f1Hrn'l 'lh~lJ1W 1 11 

I 

>I ... ..... 
'll'Uflfl'U rn11~tJ 

1 

1. flfll:ll<ii'm.JaUa~ 
"" "'JI
1tfln~'H'llfl:ua 

2. flfll:ll flnifhJ'Hlfl'llJ 

''''' "ua~ flfl flt!1J1JHlJ'WlJ'W 

3. ~1!ii'Ufll1f1'!1>l 
''''' "".UlJ'WlJ'Wll'fl 

4..'VI'flafl>l~'flunl'll 
tl'" 'JI <i 'JI'l1JUfltfl1J'llfl:ua 

5. 'l11J'l1lJ<ii'fllJa ua~ 
" 

tli'1Jtl,>lfll'l'VI'flafl>l 

6.~'fll'hHN'UtfWU'W'; 

7. fI'~tlNa Nafll'l1~tJ 

'lltJ>ll'U 

'l~tJ~nal 1 11 
I I 

2 3 4 5 6 7 8 9 10 11 

"""­

......... 

1'" ~ . . 
illl~tJih6flfiflfll'l1~tJ (~tlfl'lWrn'l1~tJ, lf1HfI'!l~Vf'U!l'U "1a"1) 'l~'lJ!ll'Wl~illl~tJi1~fl>lfll'l!-nlJ!~lJ 

12 

I . 
1.fl'1'll11')j"l!'V1fll'U 1aVfl1':iN~f11fl ~fl>lljmta~!!li-nlJlfHa~ril'Ufl1J~fll'l1')j"1fl1'l -1~tJ lJ'H 11'V1tJ15v 

. 	 . 
ct .f!'!! dlQl d. d! 

L'ltJ1J LfI'lfl>llJfl1'fla~!fltJ'fl ua~fl'U .:') 

2. lJ'Hl1'V1tJ15m'VIfll'U 1 aV'll'll"lJ>lfla1i\Y'lJl flW~1ff1fl'l'llJfflf1'f1{ fllfl1')j"11ff1fl'l 'llJ'Walfl'~fl 

3. fl'lJlf1lJ~f1f1'l'H fl'l 'llJUli-nlJ'W1 'VI V ua~1J~,r'VImfl')j"'U ~!~V1<ii'fl>l 
_I tI ... .., _I <I ... ..,.:io ~I V 'IV ... V 1v ,


~1Jfl'Wfl'n;)U ~1Jfl1Wfl1'1;)U'flm!1J'UAo-a,'m"~)JVfnnl PlUfl 


1. 	 LfI~fl>lfla-J (Lathe Machine) LfI~fl>lfi'fl (Milling Machine) !fI~fl>l!1l1~ (Drilling) !fI~O-J 
!~V'l~''UflalJU''~!~V'l~''U'll1J (Grinding Machine) 

2. 	 !fI~fl>lft'fl6f11'Ul1'~ (CNC Milling machine) !fI~fl>lfla>l6f11'Ul1'~ (CNC Lathe) 

3. 	 !fI~fl>lft'fll"'H~~1tJ''VHh (EDM) . 
<!I... "" 

4. 	 !fI'lfl-Jll'fl'Walfl'f1fl(Injection Machine) 

5. 	 ltl':iUfl'llJflflmt1J1Juli-nlJtf~'fl'W"lf1'~fl Unigraphics 
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11 • .:tmh~,.nru'UMlf1'Hfl1~l;)£1 

~'U'l.htlllW~1,nUfIl'jl')V 312,700 1.J1'tl 

•I. fllV10'UH'tlU 94,790 'UlVl 

, Q,I Cl Q,I 

1.1 fl1~6'UUVlUUfl1l1V 31,270 'UlVl 

1.2 fll~")hal,)a lWitJltyqJ1~7 63,520 1I1V1 

(8 t~6U x 7,940 1I1V1 x I flU) 

. 

• '" !II' <II

IUl~fll ~'1f1'n£l0t.1') 

UM'lftJ0£1 106,000 1.J1'tl 

6,000 'UlVl 
., 

3.2 fl166flU'U1J';tUVI'f'Iff6'U 5,000 'UlVl 
., . 

3.3 fll';U~tJuli';hJrr U'flttfl~6~:W61fi'f'l 70,000 'UlVl 

3.4 fllV1'f'1ff6'U 14,000 'UlVl 

5,000 'UlVl 

6,000 'UlVl 

• OJ 

3. fllltJp.) 96,275 1.J1'tl 

~ 1 lq rI 
3.1 "llUff1UUlll'UJl'f{Mold Base) 87,275 'UlVl 

3.41ff~VI'f'Iff6'U 5,000 'UlVl 

t Q,I 0 Q,I 

3.5 fl11ff~fflUfH1U 4,000 'UlVl . ...,{

4. fIlfl1.nrucn 1J1'tl 

-'lilJ 
., 

5. filtJ1Dl~tUtfi.nfl(fll1htJ'JttJl fllhl,h) 15,6351J1'tl 

• ~!II " , ...
111£1 ~'HHn'Ht.ll£1.:tlt.1 t.l0V1~15% 

.. ..
.., ... 
'ntl'tl.:ttJU 312,700 1.J1'tl 

f 

o c:s " , ~ tV 4 f 1!II",
12.NtttJll~llUtttfll1tli>ltlfll'U0.:tfl1~11l£l'tlfllAl11l::; A~'U 

12.1 ri~tfflll 1..r!ft~fIl'Jfi'f'lfl'uU'flt fll'j 11lN'fI~'~1I1flfll'j l'h~lUl,)a'tJl-N~lU lUf1 fflY1fl'j'JlI 

12.2 ff~1~VlH!~0fllUfl'j::;'U1Ufll'jmfll~"llilfll'J 'YI'fI'lJtI~l'f'fllff~fl~!-nU'ill-3 (Melt Flow Index) 

12.3 mllltillY1111a ,-nU ~Nn~uli~llrr"'f'Il'f'fllff~n~tltlnu'U'U ,-nUnl'J'WVlIUl flnmnl'ffll'JNn~ 
~ IV 4' ~ 

N'fI~flWIfIl'f'fllff~n 

12.4 'fI'f'I.,rtlN'f'Il'f'fll'f'1lufIl 'J tltIn!! 'U'UNnmlWcfll'f mff~mmtfIl'J tltIflu'U'Uuli~lIrr" 'f'Il'ftt1ff~n 

12.5 ri~tfflll1..r~tJ'J::; ntl'UfIl'Jwl'11~11'J 011lu ~~fflYi fl'j'J1I!iJ1Y1111a u~~'ii\Hl'U~1-nh~mrt1~ 
12.6 1~uuYilllf~l.nll fll'j '111ft l~"llilfIl'J'YI'fI'IJ tI~'VWlff~n(Melt Flow Index} 



, 
"" 11,","2 

y 	 • 

ri1-tll1lmflNaUa~'l'lq1:l~.yhhflty"IJtN 1fl'j~fll'j1<UfJ 

2.1 fl111I1;hflW"IJO~~GJfilfll'j 'l1a"IJO~'rjil1ff~fl(Melt Flow Index)
OJ 

y 

2.4 l1"mflWcfllufll'jOOflU'IJ1J~hNll1\l~'rjalff~fl 

2.5 	ff:t.j'U~"IJO~'rjalff~fl 


'JI.l 'JI d "" '" '" 
2.6 fl1llJll'IJ O~ I9IlIlflfJ1fl'IJ fll'jll ~'rja1ffl9l fl 

A '" "" 2.7 tfl'j o~ll~'rjalffl9lfl 

2.8 11"fl1ufll'jooflu'IJ'lJulinm{\l~'rjil1ff~fl 

1'JI '" "12.9 fll'j GJfflOlJ'rj1LI9IO'j U~ll1fJl9lffll1m'jlJ 

2.1 mlmhflty"IJO~~GJfilfl1'j 'l1a"IJO~'rjalff~fl(Melt Flow Index) 
y y 

~GJfilfl1'j il1a"IJO~'rjalff~mrll~1I0dt1'IJi1il<umnrflOd 4 .uO '~ufi 

'" '" 1. mllJ~lIfll'jll~ 

2. nil11ufll'j\l~ 

3. fJWl1lJmllfll'j\l~ 
.!I '" 4. fl1llJl1U~"IJO~'rjalffl9lfl 

2.2 fl1llJdlflty"IJO~fll'j11~~1"IJO~'rjalff~fl(Shrinkage) 
y y 

fl1'j11~~1"IJO~'rjalff~fllYlI~Uodt1'IJi1il <UfJl1"flod 3 .uO i~Ufl 
• 	 y 

1. fl1llJ~U fl1'j\l~U'Ii 0'1mmnlJfl11lJ~1I111fll'j \l \9Iu'li(hrq;,,~u 'tilhrfll'jl1\91~1a\9la" 
'" 'JI 'JI ",,J '" "" 'JI I I d

2. nal111fll'jll~ illl1lfl1'11L1il11u fll'jll~1I1U"IJU'rjil1ffl9lflil~11~\9I1110fJa" UI9IOfJ1" h fl 

y 	 • y 

3. f,lwl1lJiiulinm{ 0'1111flf,lWl1lJiiulinm{q;"~1I ildh1,",fll'j11~~1tnlJlJlfl~1I U~il~lh 

1 iJ~ ..o:t4 d 9J ,9J 4 t 4 o'd; «) jI QI 9J f A 

l1GJfU"11llJN1'l'lff1fJ tlTHlfl 'I1fJW'H lJlJUlJ'rjlJ'rj'l'l\9ll il~'YI11'H fll'j'H\9I1911110fJM UI9I61il il~Lfl\91 fll'j 
• y 

'H~~1'H""fll'j\l~ Post Shrinkage i~lUO"illflmtl111~1I"11i 61ilil~O"'litgu~1a,, 1~fJtll'rjl~ 
" , JJ f 	 " t 

~1I"ll1Vl'H1I1 ~~t!lItjjOtlO\9l00fl ill flnlJ,{ U~Tth 'lIU'Ii'lll'l1l1Vl61il il~'li1t1a~ fll'j 'H~~1i~ 
QI 4 4Q.t 4 14 rI 

fll'j'H~19I1- ~lJL'jfJ1Ua~'rjfl~fl1llJLvW"IJtNUlJ'rjlJ'rj (Mold shrinkage Taper and Tolerances) 
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mlfiTI.ntlH~u1tilJml'H~,r1 (Shrinkage Calculations) 'YHl1~~flmWlJ~\lflg~l.,rl111 
I I 'JI I 

1'U fllJ 1~1 ~i''U djijla'U,r1€l~ 'il~ll ~~,r1!1€l~ 'H~,r1 yh 1M'~'U ~1'U n 1~ihJ'U l~lg flfl11'lJ'U l~'lJij~ 
I 'JI I 'JI 'JI I I 

mlfl1Jl-fnyh11' ~~,r'UdjijijijmllJlJ~'U ~1'U'lJij~1l1lfllJ...r'illmllJlJ~'U ~l'Untll'H 'U~1M' 'il~~ij~lfllJ 
'JI • 'JI I 


I Q,I Q,I QI c:t. "I9I9I.:!t 91l1] 1 jill] 91 c:t. d. 91 c:t. c:t. , 


fI1ij~11ml'H~~1'lJij~1~~'b''U~1'U !1~1U!~ij!!fl!'lJ 'H !~'lJ'Ul~'b''U~l'U'YIQfl~ij~ ~€ll~~fl'b''U~~l~ 

ti'U 'il~ lj ti~ l1ml 'H~,r1~!I~Mh~ ti'U ~~ ~11J11f1~ijlJfI1lJ'Hlij'H ll1U€l~lijU~1 ~'illfllJ111'Y1 ~Ni;~ 
I I 'JI I 

~m~~fl ~~1l~~~111'U~111~n 1 rhti~11ml'H~,r1ntll'H'U~ 111'U~111~ih11'Ufhn1~'illflml 

'YI~ €l ij~'lJij~lJ111'YI N'Ni;~ ~ €l1 ~~flm U1~liij'U1'lJ1 'U ml'Y1 ~€l ij~~ tll'H 'U ~ll,j ti~ 11 m 1 'H~,r1'lJij ~ .. 
~€l1~~mrlmh1111'*1 'U 1H~l'U~ljliij'U 1'lJ1 'U m1Ni;~~!I~fl,jl~ijijfl1 11rhti~11ml'H~,r1n'il~ 

. " 
ll~fl,jl~ 111~1U l~ij'U 1'lJlmhii1~!!ti ~w'HlJij'lJij~m~lJijflg~ ~W'H lJij'lJij~111g~ ~W'H lJij'lJij~ 

" !Ill fllJ...r 111 'U ~'U ~~,r'U ~ij ij flll lJlJllll fllJ ...r~~fl11 'il~11'U Vimilti~ l1ml 'H~,r1'lJij~ ~ €l1~~ fl 'H €l ij lJ 
, " " I I

n1~ 'illflmnJ111llfllJ...r;i'U 'YI~€lij~g ~ 1'U11 ~~l'U'l'Jflfll~nljlijm~ 1l€l~1111 UlJlnulJrhn 1~tilJ 

~111~~1~'illfllH~l'U~Ni;~~€ll~~fl rhti~11ml'H~,r1~11'UVifl1'U h~~1'U'il~ljfl111Jlh~ij{)ij1~ 
" 1J1flfl1111€l~~llJllmh1111,*ijijfllllJlJ1'Ufll~,jij1111~ 

" . 
mu1'U ~'U ~1'U1~ U1ti'Unnl'illfl~ m~~fl'b'U~I~U1ti'U fll'il 'il~ lfi~ ml'H ~,r11'Ull,j€l~ ~~1ll 

" " . 
I vhti'Ul1 ~ii Ii1ij~ 'illflml'H~,r11'U!I'U 1'lJ 'U l'Utiun r1'Y11~ m 1 1 'H €l'lJij ~ ~ €l1~~ fl 'il~ ll~ fl,j 1~ tilJ flll 'H ~ 

." 
,r11'U nr1'Y11~n,r~illfltilJnr1'Y11~ml1'H€l'lJij~~€ll~~fl mh1~ijml 'H~,r11'Unr1'Y11~ml1 'H €l'il~lj 

." . 
ml'H~,r1lJlflfl';h1'Unr1'Y1Hn,r~illfltilJml1 'H€l'lJij~~ €ll~~fl (~~m~n 2.1) 1l€l~ml'H~,r1'lJij~ 
"1 I" " 
~'U ~1'U ~1'U n 'H'U l'il~1J1flfl11~1'U n1J1~ l1~iil~ 11~ti~11ml 'H~,r1'lJij~~ €ll~~fl 'il~ 111'U ri'~ ~1'U 

" I~U~l ~tilJ'lJ'Ul~fl11lJ'H'U l'lJij~~'U~l'U 

Tx> y 

1 
x 

I-y--t 

" x = ml'H~,r11'Unr1'Y11~,r~illfltilJml1'H€l 

y = ml'H~,r11'Unr1'Y11~ml1'H€l 

iI1'n~ 2-1 ml'H~,r11-dij~'illflnr1'Y11~ml1 'H€l'lJij~~€ll~~fl'H€lijlJ 
" " fl11 'H~,r1'lJij~~'U ~1'U!11'Uflll'H~,r1~llJ1111J1~1~ij lfi~ ml'H~,r111~'lJ'U 1~~l'U fl1H 

91 "" ,~1'UU1111€l~~1'Ufl11lJ'H'U1'Hlijfl11lJtl~ ~~,r'U'lJ'Ul~,jl~"l lmhii 'il~ ~ij~lfllJrhti~nml'H~,r11 1 

'l'Jfl~l'U ti~11ml'H~,r1'lJij~~€l1~~fl'il::tll'H'U~I11'U "ij€li;llJ~l / ij€li;llJ~l" (.Q1 / .Q1) 'Hlij 
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.et rllJJ ~dd:!Q.t 

116~~1tlfl'U 2 1'fif16 

". 	 " 
1. 	 ril'U 1ill'lil'lJ'U 1~~1~ '1 'lJ6~HU"'ll-W~lflU'U'U~'U ~l'Unfil'1i'U~1,",lfftln6'U1WU'UU1fl 

" " U~1ri 1 'U 1ill 'Ii1rllD~11fl11 'Ii ~~1 'ill flU 'U ~~tll1111111!,rl~1tlO'U1i1'U 'lJt!1~'lJ6~~'U ff1'U UU..,ll-W 
" 	 ,'jJ, 

2. 1t!'U'Umfl~tril'U1 ill 'Ii1'lJ'Ul~'Ii~~1'i11fl'lJ'U l~nfil'1i'U~1'UH'U'U~'U,n'U lI(;jtl"'ll'lJ'Ul~ 
"" 	 " 'Ii~~1111'U u'U'U~'U ~1'U ~1 flU'U ~~ril'U1W'lil'lJ'U 1~'lJ6~~'U ff1'U1I~"'ll-W1 'Uflltl'li n~ 

" 	 " fl11ril'U1ill't1~ff6~11i~~flril1 1,",N(;jIt~fl~HO'Ulgfl,r6tl ~~~1mh~~61tJil 

"lra~'lJ6~1ff'l 
OJ OJ 

6~11fl11'1i~~1 

" " 1l.1lI11.11(ihl'u1) 

OJ OJ 

6~11fl11'1i~~1 

(%) 

ABS 

Hight impact 0.005-0.007 0.5-0.7 

Heat resistant 

Acrylic 

0.004-0.005 0.4-0.5 

Easy flow 0.002-0.007 0.2-0.7 

General purpose 0.002-0.009 0.2-0.9 

Heat resistant 0.003-0.010 0.3-1.0 

High impact 

Nylon 

0.004-0.008 0.4-.08 

Type 6-6 0.010-0.025 1.0-2.5 

Type 6 

Polyethylene 

0.007-0.015 0.7-1.5 

Low density 0.015-0.035 1.5-3.5 

High density 0.015-0.030 1.5-3.0 

Polypropylene 

Polystyrene 

0.010-0.030 1.0-3.0 

general purpose 0.002-0.008 0.2-0.8 

heat resistant 0.002-0.008 0.2-0.8 
., . 

'tumU'Hfl :D~11fl11'1i~~1rll,r6tJ1~dl'1ii''U~'U~1'Unijf11111'lit!1= 17.78iJ(;jtilll~1 'li16,r6tlfl'1l 
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2.2.1 ftn~fll1JJA~a'UMi'U.nu (Component Tolerances) VUl~fl1TlJt~6~Uff~.:.l1'U 
" t • "" jI 

i'U.:.l1'U ~hj1'1i1l~ Uff~.:.lu~rwu.:.liiti~fl11:UIN6Iffafll'i1,*.:.l1'U'U6.:.li'Uff1'UU'U Ifilu'U lI~flTi 1l~ 
QI Q,I rI Q,I ... .1 II,tA d d jI :P .:!t 
ff:U'W'U1ifl'UllnfH~6l6'U ~ 'VI!flU1'lJ6.:.l'fl1U fl6 

(1) fll1JJH'Umh'U6.:jm'j'H~~l t1~nfl1l11~~1'lJ6.:.l'Wmff~fI~fh11'U~111'U~u6'U6.:.l 
jI JI I' • 

ul..r'VI~Nil~u'U 1~1l1f1Na'U6.:.li'U.:.l1'U'VI~a6.:.lmU1~!~6'U1'lJn ti1'l1'U ~uuYn~ u~1 'U m.:.lUa,j~!U6 
• >I >I 

111:JJ1' '*1 'U 11.:.l.:.ll'UNil~ t1~11f11l11~~1n!n~;j'U1li1~;jm)gft'U'U'Ul~!!atlU'VI1.:.l11,r1~~'U6.:.l 
" jI 'JI r , jI iI 

';'U.:.l1'U!";lU'U II~V.:.l;j'U6gft'Ufffll1!:'U6.:.l!fl76.:.li1~'Wa1ff~fln1'*1'U'Uw!:U'U111U fi'.:.lU'Ut1~11f11l11~ 
• • >I 

~1'nti111'U~111'U~l1HfI1l11~~1nln~;j'U1l1.:.l~.:.liifhU~fI~Hti'U 

QQ"f Jt <V ~ ~ d .c9 d d ~ d4 .: • 
(3) 'WtWlfll1JJANa'Ua.:j.:j1'Ufl~I'ila'U ff.:.l'VIfl1ntaflfH6f1Ul!:fI1l11'U.:.lflfl6 '1fUff1'U'U6.:.l 

>I >I 

uliii:JJ'w1l!:'t11111111'U'U l~QfI~6.:.l~1:uti1'l1'U~U'Umt'ti11~U1f1 ~.:.lU'U~.:.l ~1!1'J'U~6.:.l01'I1'U~iift~ 
, , " " 

fl11:u!Nmh11fu.:.l1'U~~!ii6'U 1 ~~1U Iff 6 1lf'1iUYhUliii:u.w Nil~1$'U ff1'U'U6.:.lllliii:u'W111~lu;j'U 

<V '" .1 'JI 'JI 11 ..'" ~ 0 '" "" .A.l '" .£, I ... " 'JI "" d1'l11U!!yJfH~6ll'\1 a1'U1'U 1 i 1'fnu 11i11'U.:.lmfl'Ufl6 fI1l IN61'U 61ff~'lJ6.:.l'l1'U ff1'UU:U 'W:u'W111l'\1a6 
,t jI ," " 


:JJ1 fin 'l~!'vhn \1!:,hi~ ~1ui1iihu61huliii:u.wi1~;j'U'VI~a6.:.li1~ lIa~~l1'iJff6'U'U'U1~'U6.:.l';'U.:.l1'U 


'JI :!1111 .1'" '1~'JI "'''' 'JI IIJ'JI .1'" '1
!!a11l~ffl:U1laUfi L'Uua~lJl'U!!~.:.l 11 !~'lJ'U1~'WfI~~1:U~6.:.lfl1l t~ Ua~lJl'UU~.:.l ~UfI1la~'U'Ul~ 

'JI" " 'JI 

ti16 1 a11!: 66f11l1f1i'U ff1'Uuliii:u.w lltm:;.yhil1~lU fl11f11l'W6fH~:uru61a11!:'U'U i'Uff1'Uuliii:u.w 
"t I I 

';'U ff1'Uuuii:u.wff1'U n!1'J'U~1~1176ff1'Ufl6{11::: 'til1lfii'U'U1~ i ~n'l~I";lnlldhi~ ua:;.yh 
"t "J 
1$'U ff1'Uuliii:u.w ff1'U nl1'J'U ~1Iiiu1176ff1'U!fl1 'lfii'U'U1~la fln'l~!";1nll:.yhi~f11U1'U iift~nu6:U 

, , " , I " 

,,n~ infI1l11i1.:.ln1 '*ft'U 1 'U 'U1.:.lflf.:.l i linnfI1l !ii:U~~11f11111~~1niifil:JJ1f1tiui'Uff1'U~1~Uat 
, t" • " ,

lii:ut1~nfl1111~~1niifh,r6utiU1$'Uff1'U~1Iiiu'U6.:.l!!liii:u.w 1'Umwni'U.:.l1'Un1111u1~'lnii~~11 

fI1111~~1~.:.l !'l1'U 1'Wiln'U'I1i1~fl11:U11'U1utl'U~.:.l (High-density Polythene) ~.:.lA1'J'U1ff~~iifl1111~ 
• >I 

~11'U!!'U1'U'U1'U tiunff'VI HfI11 i 11 a'U6.:.l'W a lff~flU~fI~H ti'UfI1111~~11'U nff'VI1.:.l'n~.:.lU1f1 ti'U nff 

m.:.lfl11'11a'Ua.:.l'Wa1ff~fI ~.:.l~1!1'J'U 1):~6.:.l1~6f1''*iiti~fl11:U!~6~'W61'\1:JJ1: 111f1~'U .:.l1'Uiifl11:U 
, ., I " 

!ilU.:.l'U'U1~~.:.l!!a!: 1~Ulu'W1:iin1~1U1ff~iiiit1~11f11111~~1~.:.l 1'l1'U i'Ua6'U 1l::~6.:.l!N61U61ff~ 

'U6.:.li'U ff1'U!!li ii:u.w1 If:U1f1 ~'l~!~61lfff1:JJ11aui'm!~.:.l i~m'.:.l1l1f1 fI11'V1 ~a6.:.lii~ 1176'VI ~a6.:.lii~ 
1~UfI1llhl1'J'U!!liii:u.wu'U'UO:U!'Wlffi'U !~Ul!!'U'U~1U ~ !~6'V1~ff6Umfi1~~11f11111~~1~Uil1l1.:.l 

~ti~fl11:U!~6d111i'm1'U~~!ii6'U!~6ff~1.:.l~'Uff1'U'U6.:.l!!uii:u.w'U6.:.l!t~a::'U1..r'VI11:: 
• "t t 

!t~fI~l.:.lti'U U~i~U'l11iud111fui'U.:.l1'Uiiiiiiti~fl11:u!N6"± 0.150 iJafulJ~l (± 0.006") 1176 

:JJ1f1f1':h 1l:::!a6f11,*iift~fl11:U!~6d111fm1'U~~!ii6'U!'ti1ftU ±.. 0.05 iJa5!:U~1 (:t.. 0.002") ff1'U 

http:nff'VI1.:.l'n~.:.lU
http:ftn~fll1JJA~a'UMi'U.nu


15 
"I I 'JI r 

1JlJ l~iflJ·nlJViij.wn~f111:utNUUfl'lJ frhii 'il::1f.wn~f111:u!NU1JU~~llJ~~t<6UlJni1 n'lJ ..± 0.012 
" 'JI "1 

iJai)A:U~'.i (+ 0.0005") fh.wn~fI11:UtNUViflrl1:u1ii'l:hlJ:UlOUV:U1fn'lJiflJ~llJViij1JlJ1~ 'hhfilJ 300 

", " 'I " 
iJai)A:U~'.i 02") d1l1i''lJiflJ~llJViij1JlJ1~ l~fr:hiiijuvhu~u{fllJ '1 Viij6't1n'ffa~U1JlJ1~1JU~iflJ~llJ . " . 
1~m'il'Vf1~:anV1n'lJfl'j'j:u11illJfll'.iit~'ffa1ff~fl ib1,rfln ~i)~iflJ~ llJViij.wn~HfI'lJf)'jdh,~V1fl llJ 

UU.w:uW1JlJ 1~ llftUfl1'.i1J V1V~11JU~UU.w:uW!11U~'il1fl 
u 

~ iI ~ ~ct .at ~ 

flW'MtJ:U'MU.:i'illJtHflWlUJ:U tlJ1JW::'il~'ffmff~fl 

~1mhu'lflJ HU.w:uW1JlJ1~Vn 508 iJai)t:U\9l'.i (20") n1~1V1ff~mgflU!fia - lmtrlv:u ~ij 
~ . " 

1i':IJ'l.h~ff't1nfll'.i1JV1V~1!UU~'il1flfl11:U~UlJ!l'hn'lJ 0.0000121 • C 'M1fl1JW::~~!<6UlJ1ilJ~U W 

flW'MtJiJ,ru~!'Yhn'lJ 20· C ua::u1,ul.nlJ~llJit~'ffmff~fl~flW'MtJiJ1JU.:iUu.w:UWt'Yhn'lJ 70· C 'il:: 

.t::l Q,I fA tI • G.I Q Q G.I QJ M:.'!\ Q •"" . 
:Ufll'.i1JV1V\9I11JU~H:U'ff:U'fft't11fl'lJ 508 x (70-20) x 0.000012 = 0.3048 :uaat:U\9l'.i ~~lJlJ'l$lJ~llJ't1f11 

.wn~f111:UA~UUfl'lJ '1 fll'.i1JV1V~11J fHuu.w:uwllJ1Jw:: 1 f~llJ fh~lJUi4flt\9lu{~d1fltyU '.i:: fll'.i'Md~ 

jI" ". 
~~UlJ llJfll '.in 1iflJ ff 1lJ1Ju.:J!AU .w:u wit ~'ffma'~fl d1 'M i''lJ 'iflJ.:J llJViij .wn~ fI11:U!N 

t 

mtfI 'lJ 'M 1U 

" . 
iflJ.:J llJ111~1V'ff a 1 ff ~flVi' U 't1 '.i1m;1a~ '.i 1fl1'.i 'M~~1 

ff1lJ1JU.:JUU.w:uW~A~lJ~htijv flU ff1lJlli'1 'il::ti1l1lJ~1JlJ1~'il1fl~lJ'M1U~llJrlH1JU.:Jlli'1 

U a::1111 ,rij1JlJ l~!g fl'f!~1JU.:JTl1.wn~fl11:u!~u~ti1 'MlJ~ 
I 1:11 'jI 

ff1lJ1JU.:Juu.w:uwViA~lJ~1~fiu ff1lJflU{ mrflflU{ (Core pin) Vi1ilJ~UfI1vllJ1Ju.:J'iflJ.:J1lJ 

!'lflJ ~'il::ti1l1lJ~1JlJ1~'il1fl~11f1lJ 'M1U ~llJ~U~~~n'lJUNlJV~ ua::n11,rij1JlJ1~ l\91q~1JU.:JTl1.wn~ 
Ad. 

f111:U!~U't1fll'M lJ~ 

... '" .!2.3 fl11U8flHlIlINilflflWCf'I 
. . " 

llJ fll'.iUU flU'lJ'lJtnV1nll~i)\9I.tiw tt1'ffa 1a'~fl 'il::~U.:Jfl1.u~il.:J~1UU'.i ~ llJ1lJ:U1flVifl1'il'il::!fi~1ilJ 

1~V'Ufl1'ilfl1~'M:U1V '~rl1.:J'M,r1 H!a':UU ~1mh.:J !'lflJ Tl1f111:UU~.:J!tH1JU.:J1a'~'ffa1ff~fl'lfU~ 

!'t1u{l:1J!C)f't1~'t1lJ!tHf)'j::t!'t1flt!.:J (High Impact Thermoset) ~!a'~:Ufl11:UU~~UH~1Vlvu~1 
,. ~ 111 ... 1 .c:t., d A ~gJ J 1JJ tc\ t/QI f lfI d t 

vn !~V't11 t1J'il:::Ufl1f111:UU1J.:JUHt!.:J !:utl !'lffl1'.i1JlJ~U~1VU:U'ff:U'ffU~ Utl1.:J !'.ifl\9l1:Ufl1f111:U 

el e1 111~ ~ .d ::'I "" IjJ ,J " t/<vIQ ,!!1J~UHlJtl1'ila~a.:J t;J:u1flfH 50 % 'M1fltUaVlJl1JlJ !'lffll'.i1JlJ~U~1V!!:U'ff:U'ffU~ff.:J (Transfer 

" " " or Plunger Mold) 11.:Jii!'ff'.i1::';huu.w:uWa~ff.:J'il::1111'M'VU~1it fl1Jl~ Ha~vu:u1,r,vu~11i'lJ '1 1'Ma 

http:l\91q~1JU.:JTl1.wn
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d 'JJ , Q,I' d I 

fl11lJU'IHU1-3~ llJfl11lJ'H'U 1'UOU011N'U -3ff1'U'Yl'H'U llJ10 011 

---"-"'- .. 
"­_............... 


I / • 
I. ; I--____ 

y-, - . ~eldQ;: ;::.­ I.' 
I 

, 
• 

... D' . ..~-
, '"10 ... _____ ... " 

Flow oround holes tlow o1qote 

( ~'> 
 ,~ 
FlOw Qfound ribs I, 

~ . 
2.3.2 fl11000U1J1JN'l!-3;1'U ''Il'U 1 1fii'IJ'U Wlfl11lJ'H'U l1flii ua~ lJlJt6u-3iimlJ1~ ff1l1~Wfl11 

• 'j/ I 'ill. , 

'Haf1taU~;$'U~ l'Uiiiifl11lJ11'U1'IJ0-3 N'l!~;1'U~l'Uiiu~ n~h-3n'U 11~Oiifl11lJ11'U 1 ~hl fflh ttl' lJ 0 1'W11~ ~~ 

iI $I $I • " • 

(Sinks) Ua~tnflfl11lJtfl1Ufl (Strain) 1'U;1'U-31'U 11~ihiTonlnfl11lJ'H'Ul'IJ0~N'l!-3;1'U-31'Uiiu~mh~ 

n'U'til 11ftn<flm1tg'U~1~U~n~h~n'U d1'UNa11fln<flm1'H<fl~1 (Shrinkage) ~u~nfil~n'U'lJO-3N'l!~ 
~ :# .d <V ~ ". ~ ..iI<V 

"l$'U '11'U '11'U'H'U~n1JN'U'I"l$'U ~1'Uo O<fl l'U 'H'U-3 

J • 'JJ t 

ill'Wil2-3 Ufffl-3m111amaU'Im1000U1J1J;1'U~1'Uiiiifl11lJ11'Ulhkl'iln'U 
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. 	 " 
tl1'j tl tltlU'U'U N;~ fiw en'VI a1ff~ tl ~1!rJ'U 'il~~tl~~ 'il1'j W 1 il~ tl1'j 'H~~1 cg~ 'il~ ij tl1 'j 'H ~~1!fi~;j 'U 

" 2 fli'~¢hmi'U 

2.4.1 tl1'j 'H~~1fl f~u 'j tl !rJ'Utl1'j'H~~1~lfi~~'U1'U'\Jw~~Vla1ff~tl 'HatllJ\ltlvh1..rlg'U~1a~ 
1~tI'j~'U'Umimg'U11 tltl11tl1'j'H~~i'1''Ul!li~lJvt' (Mold Shinkage) 

I tI , Y 	 t 

2.4.2 tl1'j'H~~1mtlm;~ lrJ'Utl1'j'H~~1'nlfi~;j'UmtllH;~-t;i'U~1'U\Itl~'Uua~'il1tluli~lJvt' cg~ 

ij'lf1~!1a1!fi~tl1'j'H~~1'~'U1'Uil~ 24 i11lJ~ 
tI!J1 	 t J t 

~~t!'U1'Utl1'jtltltlu'U'Ui'U~1'Ufl1'j ih'H'U~fh~ti~fl11lJ!NO1..rtl~l~'H1tllJ1tl-t;ll~!vi1-t;'il:fh1~ 
9J Q d A 9J 1.It 44J 4': 'jJ (V1'Utl1'j00tll!'U'U'il::;~0~VI'il1':iW1iH'jOUL"IfOlJ ua:'jOULff'Utl1'j ma'Vlltl~'\J'U'U'UN1"1f'U~1'U~1t1 N'U~ 

" f'" ,
i'U~1'Ufl1'j00tlU 'U'U1tf'H'U1 iji'flij !!a::l!lJIOtl~-t;mlJ1:fflJ 'Hatlmatl~i'U~1'U-t;ijfl11lJ'H'U1lli 

ff~llfflJO!VI'j1:01'il'il:fh1..r!fi~tl1'jlrl'tl1 tlT:dj~,:joua: tl1m~ tl!l1 tl1'j ~'U'H10'j 0 tlt!lJ tl1'jlfi~ 
fl11lJlfl1 tJ~ (Strain) 1'U~'U ~l'UI.aOn1tlfl11lJ'H'U l'\JO~Nt!~;'U~l'U ~u~tl~h~ti'U 11: IrJ'UNa 1 ..rlfi~ 
tl1'j'H~~1 

2.5 i.T'lnm'UO~fH"li.T~fl 

tll'jl~lJ~1l::;fi1N;~fiwen'U'j::tl1'j1!'jtl~'il~~o~ifio m!1~tl1'j1,*~l'U'\JO~N;~fiwen'!~ml1lJ1 

~1l1 'jW l!ilOtl1 '*1ffIfJ 1..r \Itl ~O~ n O'U ~1l: ~~ff'U1llfi1N;~fiw en'~1t1V1a1 ff~ tlU \'1'U1a 'H:fl1'j 

~1l1'jW1il~fJw	fflJ'l1~'\J O~VIa1ff~mfftlno'U 

... .:, 1. I.A d 1 d 'JI• Id .... 'JI d , 
- Vla1ff~ tl\'11 	1JIlJOI1J'jtI'U l\'1tJ'Utl'U a'H::ua1'il~lJfl11lJ!I'\J~UH'U tltJtl11 

- fJW fflJ'l1~'\JO~Vla1ff~tlll~!ugtJ'U1UlrltlfJw'HjJiiq;~~'U Vla1ff~tll~tJ,.t1'U'il~\'1'Ufl11lJ 
'JI 1lJ 'JI.I o.A....: d ... 
'jtl'U t~1J'j:lJ1W 60-70 C llJtlfJW'HjJlJq;~'\J'Ufl11lJU'\J~!!H'\Jo~Vla1ff~tl'il:a~a~ 

... 19JGJ 	 ~ d 0 1 'JI ....... 

- Vla1ff~tlll: 	 ~'j'UNam~\'1'U'illtlfl11lJ"IfWHll:\'11 'HfJWfflJ'U~'UHU'j::;tl1'j'\Jo~ 

- Vla1ff~mugtl'Uuua~'u 


- VI alff~tlll::;fi1Uafi1mti'Uff1':ilflij 


.... 	 ... "'1. 'JI2.5.1 atl'l:lW::;\'1Htl1t1mVl'\Jtl~Vla1ff~tl\'1 "If 

HDPE fJWfflJ'l1~,.t11u 
'JI 1lJ 'JId 1'J1 1'JIdd "" 0 - \'1'Ufl11lJ'jtl'U t~~ ffllJ'jil "If~1'U ~~\'1fJW'HjJlJ 60-80 C 

- \'1'U~Otl1':iUU'jlU~1t1fl11lJftl'U mutn \'1'U~m!'j~~~ UHm~U\'1tl Ua~\'1H~1~ lliij 

#~lrJ'U~'I:I~tlrrH 
" . 	 " 

- ~1!';'ftlhfl-t;fJW'HjJii 120 °c 1li~~cglJih 

http:Vla1ff~tll~tJ,.t1
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..
"I1'Ui'\'\l6.!i 

'" 'Vnntl'~fl 

.. 
~WlfiJlI 

lfi16l1 °c 

.. 
~Wl1iJlI 

uliT411'n ° C 

"'''' ~WlfiJlI'YI 

U~fl~l.!i°C 

. 
31

fl111116'U 

~ltl'n~ 

Jlkg.K 

31 '"fl111110'U'YI 

l~tmJ Jig 

. 
fl1111 

•If'U1U'U'U 

glcm
3 

ABS 240 60 180 2050 369 1.07 

AS/AAS 260 60 200 2010 402 1.07 

CA 210 50 160 1700 272 1.26-1.30 

CAB 210 50 160 1700 272 1.15-1.21 

CP-CAP 210 50 160 1700 272 1.18-1.23 

FEP 350 220 130 1600 240 2.12 

HDPE 240 20 220 3640 801 i 0.94-0.965 

HIPS 240 20 220 1970 433 1.05-1.08 

LDPE 210 30 180 3180 572 0.92 

PA6 250 80 170 3060 520 1.13 

PA 11122 260 60 200 2440 488 1.04/1.02 

PA66 280 80 200 3075 615 1.15 

PC 300 90 210 1750 368 1.21 

PEEK 370 165 205 1340 275 1.3 

PES 360 150 210 1150 242 1.37 

PET 240 60 180 1570 283 1.29-1.4 

PMMA 240 60 180 1900 342 1.18 

POM 205 90 115 3000 345 1.41 

PP 240 50 190 2790 670 0.9 

PPO 280 80 200 2170 434 -
PPS 320 135 185 2080 385 -
PS 220 20 200 1970 394 1.01-1.09 
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"" Q 

'lfUV>l"'~N'Wl'!l't1'~fl 
... n 2f1111JV>lU V>l(MN/m) 

Q "" 
'lfUV>l"'tN'Wl'!l't1'~fl 

f1111J~UnV>l 

(MN/m
2 

) 

ASA 38.6-61.8 PES 92.6-154.4 

ABS 38.6-61.8 PES (1'Hl'!~ltJ) 61.8-92.6 

BDS 30.9-46.3 PET Amorphous 30.9-38.6 

BDS (HU~1J1~) 46.3-61.8 PET Crystalline 61.8-92.6 

CA 15.4-30.9 PMMA 30.9-61.8 

CAB 15.3-30.9 POM-H 46.3-77.2 

CAP 15.3-30.9 POM-CO 46.3-77.2 

FEP 77.2 pPO-M(hit'iY~1JU'j ~) 30.9-46.3 

HIPS 15.4-30.9 PPO-M (t't1'~1JUH) 61.8-77.2 

HIPS (HU~1J1~) 38.6-54.0 PPS 30.9-46.3 

PPVC 23.2-38.6 PP-H 23.2-38.6 

PA6 61.8-77.2 PP-CO 23.2-38.6 

PA66 61.8-77.2 PP-WCO(VI1~1'Hl'! 

tJl1) 

38.6-54.0 

PAll 23.2-30.9 PS(GPPS) 15.4-30.9 

PA12 23.2-30.9 PS(GPPS) (HU~1Jl~) 46.3-61.8 

PBT 46.3-69.5 PSU 92.6-154.4 

PC 46.3-77.2 PSu(1'Hl'!41tJ) 61.8-92.6 
d 

PEBA (lmV>lU"'~) 30.9 PVDF 30.9 

PEBA (lmV>l6flU) 23.-30.9 SAN('¥Il~1'Hl'!tJl1) 38.6-46.3 

PEEK thll't1'~1JUH) 30.9-61.8 TPUIPUR 7.7-23.2 

PEEK (t'iY~1JUH) 61.8-92.6 TPUIPUR 23.2-38.6 

PE-HD 23.2-38.6 UPVC 30.9-46.3 

PE-HD('YI1~1'Hl'!tJ11) 38.6-54.0 PP 23.2-38.6 
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"J! " ..; OJ .. ...2.6 fllltllnJO~~'Utf)tllft1Jfl11;Ul'Wali;l~ft 

,~~':nn.J1{J'II{)'Hl\.1~~'WlIlff~fl Injection Molding (1M) lih)Nii~Nii~t1tucti'~ijlll'h~i1J~{)\.I 
" " 	 '" !!1I~ tl1 ',iN ii~~ 1\.1 1\.1lJ1 fl 1\.I tl11~ ~U~lI~fl 1''1 tl11<U\.I11l'W1I lff~ fl i ~U'II1J 1\.1 tl11 ~ ~U\.I'tl~ l-H' 

"" .d!'lt ~ <!I,J !'It ..,. '" ...,. ~.: 
1'4 1I 1 ff ~ ft 'VI tlJ \.I I11 ~ 11 1 () N'I C)! 'I () 1" ,,~m \.I! 'VI 0 1 ! 11 1'4 1I 1 ff ~ ft (Thermoplasttc) t'VI () 1 ! 11 IC)! ~ ~ 'I 

(Thermosetting) UlI~ 6111ffi~11I{)1 (Elastomer) 

~.t::'Sa 	 Q 

2.6.1 	 m11111ill~'WlI1ff~fl 

.... ,J !'It ~ <!I 'I d • i-IQ

'WlIlff~ flc)!'1{)1"'\l~m\.l!1I~111{)N'I !\.I m1{Jt~1I (Hopper) 'il:::\ltllflllU111\.1 0\.1 'HlfU ff'l 1J 

a.o31 JI 	 ~.d I "4 :Q.I'3J " • o<t91 Q 

{J'I ~ 1\.1 11 \.11'11 {)'1fl 1::: 1J Ofl ~1J c)!'1l1UN\.I fl11111 0\.1 11 1 {)'U 111\.11{)'U 1111 0 ~ '\l~ 'VI 1 ! 11 1'4 1I 1 ff~ fl 
" . 	 . 

11 1I01l t'H 1I1 	 m;'1 ,l1flU\.I 'il~lfl il{)\.1 Ifla U111 'U {)'U 1ri'~'U'W 1I1ff~fl ~1'U ':h~~ i 1I1,r lu,j-rim{9f'lil~ o~ 
• Q tI • d ,~ fjJ~ t:S c:& 	 i SI'I0 	 QI 

ulI'WlI'Wmww\.l {){JH~'\l:::'VI1111')$\.1 '11\.1ttJ\.IUll:::U'II'I~1 ffll1nOO{)~OOfl'\llflU1J1J ~ !\.I1~U~t1111 
'j/ I 	 , 'j/ 

6'U ~'U 9f'1'11tu~ n'W 1I lff~flU~'1~1ti0\.11iI~ u,j-ri11 oW'\l::: vhfl 1111l! \.Iltla {J 111 'U o\.l'Wf {)lI-n'lO () {J 11 ~'1 
. 	 " 

1~{)11l1{)lI'WlI1ff~fl i 1ril111'1Jfll1ii~fl!'1~0 ill 

2.6.2 1~Q~1Jril11!1J'Il'U~~'W,nff~fl 
Q.J ,~'" Q. o.d Q 

1ff~ 3 mlll'W\.I!l\.1 'VIffllJ110\.ll111ll~'11'U'WlIlff~ft 

2.6.2.1 t'VI{)111l'W1I1ff~fl ijfltuffll,j~~lh i 11 11 1I{)1It'H1I1 ua'111aoulri'U~'1~1 V'I 

ffllJ110111fl~1JlIl1111{)lIi~6fl !'If'U 1'Waffi~1'U (PS), 1'Wam11J{)!'U~ (PC), i'Wal'W1i'W1\.1 CPP) 

2.6.2.2 1'VI{)1illlc)!~ ijfltuffll,j~~lll i 1111 1I{)1I t'H1I 1 Ull:::":::U~'1~1i~ulI~ii1Ul'V11 '1lflij 

~vh1ri'!ii~ i m '1fffl'1U1J1J$HU11 (Molecular Crosslinking) m{Jl~fl'VIi'W1I'II{)'1fl1111f{)'U ~ 
..: ,J 

t'WlI'II'U Ull~ il.iffl11110111fl~1JlJ11111{)1It'H1I1 i~6tl1'lf\.l ~11tJ!1~\.I{UF), rJl\.liifl !1~'U(PE) 
d ,. 	 .. • ., .. A 0 i- I 0 'I SI ~ "',.

2.6.2.3 {)1I1ff !~!11{)1 (ftqlltJ1'1ff'l!ml~11) !lJ{)'Ul 1J1111{)1It'H1I1Ull~'VI1 !'Ht!'II'1~1 !~{J 

m11111lJlImi \.I!C)!i'U (Vulcanisation) ~'1!~\.I1I~ii1tJ1'V11'1!fl)j~vh1ri'!ii~ lflHfffl'1U1J1J$l'1U11 . . " 
(Molecular Crosslinking) m{Jl'" fl'VIi'W1I'II{)'1fl1111fo'Ulil'WlI<U'U ttll:::i,jffllJ110111fl~1JlIl 

1111{)1It'H1I1i~ 

2.6.3 'Wl11ih~{)1~rilrllY l'U fl11ii~'WlIlff~fl 
Q,I.d ~ QI 0 .as Q 3J <=191 0 

1111'1" lfl'VI t11'V1';i l1J fl'l11 1I flfl 1 ';i'VI 1'1 l'U 'II{)'1fll '.ill ~'WlIlff~flU1I1 t ':il fl~{)'1l1 1'V11fl1111 

rjI ~ Q tid d Y GJ .d ~ 3J Jt d llJ" ~ d QI JI .dQ.t

!'111 ! '\l fl1J 1'4 n ll1!~On1tfl{J I'll () 'I ! \.I '11'U II ~'W 1I lff~ fl~ 1U 11'4 ()'VI '\l::: I ~U niJru11 1 'VI c)!1Jc)!{)\.I 'VI{) n 
" 

Q ~ <.V t I Q tI, 11] I " ,4, GI Q.f .c:4 
!fl ~'II\.1 'ill fl tl1 '.ill '.i 1J~'1 fll'W 1 '.i 111 I~ () 1 ~ 1'1 "1 III \l fl ~ ()'1 11 '.i () ill!11 11 1~ ffll fl1J 1I fl1J tu ~ '11\.1 C)! 'I 

'W111:iJ!~{)1~1'1"l ~t~{J1,r0'l l'U '11'U ii ~ 1'4 1I 1ff~ fl Ull~)j fl'VI i'WlI~O!111 lfl1nlI'll 'U ~1I{)~ '\l'U fltu fll'W 

" " 'II0'l~\.I'Il\.1U\.I)j{)g~1un\.l 4 milll11tY"l fi{) 



21 

Q Q IQ rI. 

2.6.3.1 f1WlUl1l (Vlm~~fUlHI1 U1IVl1lVl) 

Cl: lei 0 
2.6.3.2 &1€11 (f1~ V1 11€10W'U U€l~"Hll·H11'j111.:J1'U) 

" 2.6.3.3 fl11lJ~'U (~~ ih ~1'Ufl1'jtlOtl'UO.:Jtflatl111'U6'Utt€l~ ''Uuli-WlJ.w) 

, d "" ~ 1 "A 4 A '" .d..s '" 4 .... "'" 'U m ~1J1'U fll'jfl ~Vl€ll ~\9lflll~lJ'j~ fl61J~1mfl'j 6.:JlJ61t€l~lfl'jO.:Jll ml1" lflty flO UlJ't'tlJVlfl ~ 

Ad... '" ... _'I" \Ii ~ I, • 4'" , " '" 
U€l~lfl'j6.:JfI~Vl{;ll~\9lfUlJ~Vl€ll~\9lflll~\lfl1JO'UI'Ul w 'Um1t1~fll~.:J 11'j6fl1'U~.:J\l~'t'tl 1111l~ 

't't€ll~~fUfI~O'U~Nl'U m~1J 6 mi.:J' uV.:Juli-WlJ.wl ~tlNl'U "hrilm11l!O'U 'ri-"...r't't{;ll~;t fl11 €I 611 Nl'U 

~UIu.tJ'n'~flill\4;j 
c:l ., A d 

iIl't'ifl2-4 U~~.:J~1'U\9lWl 'UO.:Jlfl'jO.:JfI~ 

" .
ll~€I~nr.:JU€l~'U'Ul~'UO.:J! Ili-WlJ.w~~fi ~1111'jtl~1JV~ft1J'l,(~iI~-liI ~llli-WlJVl1~ 

" t f • • " I 

';6.:J1116fifi'~~1JV~!lli -WlJ.w\l~6~'j::1111.:JUN'UV~Uli-W1l.wfi6~ ft1Jfiu€I::!flilo'Ufi 'UO.:J lfl16.:J~ ~ 

't't{;ll~;t fl U€l~O~'j~1111.:J!Vl€ll'i'i 1!~6'U..r.:J''UU'U1'j~~1JU€l~U'U1i.:J'Uo.:J!fI~6.:J't'tm~~fl'U'Ul~m111fl1'1.:J 
."" "1 , 0 A, '"0 9J

U{;l~ml11t111'UO.:JU1l 't't1l't't \9ltl~\l~\lflfl111'U~~ 1t1'j~tI~111.:J'UO.:JI't't€ll'U 11{;lO'U 'UU'U1'j::~1J ('j~tI~ a) U€l~ 

"" .''UU'U1~.:J ('j~f.I:: b) \9l1lJi.h~1J 'UOfl\llfli1V.:J~O.:J-W\l1'JWlii.:J'j~tI:"';1.:J'U6.:J~fllU€I:'U'Ul~'U6.:J~fllfi'~,j'U 
;dl 'Q tid 9J Q.I A.d ~ d iI d dJ'. I f.c!\ d'd 'Q.I
f.I~l!lJVllJ't'tfl~!'Ulfl1Jlm6.:JfI~'t'tm~\9lfl6fl~1t1 C)I'.:J''Ul1'UflO'j~f.I~ cl !m~ c2 ''U~1'U'UO.:JUlJ't'tlJ't'i116gfl1J 
.d. • iI Cl A d .C!\ d Q.I Q,f tI • d ~ .ci ~ 
11\l~ogl11.:J~1'U'l,(~f1~'UO.:Jlm6.:JfI~Vl€ll~\9lfl\l~1Il1J.:Jfl1Ji!('UtI'Uo'l!mO.:JfI~'t't€ll~\9lfl (d) C)I'.:J~OOfll!1J1J 

,~d"d IJJ , 9J Q.I It'd d d QI rI~.dQ.I QJ Q.I 

UlJ't'tlJ't't fI ~1l::\9l0.:JOOflU1J1J 11 U111'U1J'Ifl1Ji!('Utl1I 'U'U 1~11 VlO~ fl1J'U'U1~'U6.:Jl1J '1f11Jt"j'U f.I 'U lVlOfl11lJ 

'" , Q.I d I":::' Ii 
'j1~1'j1 'U fll'j ll1JtI~HlJVl 1I't't 

http:uV.:Juli-WlJ.wl
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a :::: 
. " 

b ':i~tr.;l.y,.;J'UtI.;JlfH;m.hlatl'Whm'W 1i.;J 


cl ':i~tr.;lil.;J'UtI.;J,Ufl'1'Wll'W1':i~~IJ 


" 
C ':i~fJ~lil.;J'UtI.;JlUfll1'Wu'W1i.;Jz 

jlt tI CVQ.l '" 

d 'U'Wl~!U'Wfll'WfJ'WUmm'UtI.;J1IJ.;Jt'1IJfJ'WU 

== ':i~u~li l.;J'UtI.;J, 'lh~fltlIJll'l"lfl':i~~.;J1'WU'W1':i~~IJ 
" ':i~u~li l.;J'UtI.;Jl'1h~fltlIJ!l'I"lfl':i~~.;J1'Wu'W1i.;J 

I I~ cI 

'U'Wl~t'111lJfJ11'UtI.;J!lfl'WUlJl'IlJl'I 

tV ~ I~ Je:t. " 
2.8 '1U'IfltflWC)1 mlll'if) flflU1J1JUlITtllVHl PITt 0'"flfl 

m.H~m{ii~uIJIJ 2 uri'W ( Two Plate Injection Mould) trJ'WmJTllJ-WUIJ1J41U"1~1-Nfla~ 
i'W.;J 1'W ~,j ':i 1ff1l1fl 'i tI.;J If~tlU 1 ~fl:H W~ 'Uti .;JUllVllJ-WUIJ IJ rl'1l~ lj1ff''W UU.;J 'tid 'W UllTllJ -Wt'WU.;J 1ff''W 1fi U1 

". " 
lf~tllj'1itl.;Jd]~ffllf~IJ,jlJ~~'W.;Jl'WUfl'Wl1.;JU"~Ufl'Wlii~trifJ.;J'1itl.;JlfifJ1n11ir'W ~.;JUU~.;J~.;Jl,j 

. 
q fQ tI , 

.tllTt'J1 2-5 uU~.;Jml'l'UtI.;JUlJl'IlJl'IUIJIJ 2 Ufl'W 

d ... ''''' ';d ,.ok 'I if"" '" 
1l1flflll'lVl 2-5 UU~H"fl:HW~'UtI.;JUlJl'IlJl'I\l~UIJ1J UtI.;JUfl'W 1l]t.;J tltIflUIJIJ ! lflJl!'U1U1J1Jl'U lJ 

t I ," 

(Pinpoint Gate) fi~~(3)!jjtll'llJ1U~ fllf" tllJ'lflJt,rl!~lJ 6lJll'l ':i ui''Wmh~! rJ'W 6''W ':h ff'W ~~ 

'U IJ1'W III ':i ii ~UllVllJ-Wll~t~tI'W!il~ tItI fl~llJU 'W 1"flff':i (4) d1'W'UtI.;JullTllJvf~1'W'U111l~ tI~fl ~IJ~ 
, ,~ tliJ gJ .A ~ ~ L'!), 'Q,I I tI 1 '''''.;

!!"~U1'W 'UtI.;JUlJl'IlJl'I~l'Wll]tlfJ'iI~mtl'W !1J~tI tI fl"lf'W .;Jl'W ll~fI~ tI~flIJU1'W t'1t1':i (5) 'W UlJl'IlJl'I (7) 1l~ 
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'thdlui6,n:Unt1t!111:J1 1 ~~ltntll~~~Htl'UtltJl'tJtH1I"t)filU~ (8) 'til1..run'Ulu~ (6) \ln~~66n 
"" A ...... A ='I A ...... A • ILl ""AI AI,nn1l"6nlll~(8) t1l6Ull'rfll'rft"6'UllJ~66n t1l6Ull'rfll'rft"6'U~6 m t'rf"l~'U1J"~ (10) ll~lJ:;'YI:; 

tltJl'rf"lm~1'}'~'tJ6~lflt6~U~'rfmff~nYh1..rHN'Uti~\9l111,,~ (1) ~'U66ml"~ ff"n~'Uun'UlU~(13) ~ 
., .. 

ll~ ~'Uun'U lU~(6) 1..r'Ul~66nll1 ni6~1~U'I11'U11tJ1 'rf f611~ tl1J'~'U·:n'U 1'U ')~'111~ fiu:UVfllvi'la6'U 

tl~ ff§n~'U mltJ(2)C\f~1I 'j~ n6tJ6dtitJUN'Uti~\9l111"~ 11 "lt1ff"fl~'U fl"tJ ll~ 11~ 'YI~ tltJuN'Um.iVfllvi' 

~1'U~6dtltJ~u"~~'U1..rUN'Uti~\9l111"~ (11) ff"fl1l,,~ (1) U"~ff"fl~lAUfl'U1U~ (13) fl"tJ111iJ~ 

. 
2.8.1 6111'rf'jff.ulA (Impression) 

U:UVfllvi'U~I~'UU:UVfllvi'~1I'j~fl6tJ~lA lllfl~'U'fh'U\9h~ ~ 'I1"lt1~'Uln~l~lA1'rf'j ~mtl1lA ~ 
11 tlfl'h "6111'rf'iffi'lA" ~C\f~lif6'rfmff~flll~\lflU ~1.u1i1Il!"~ !glA~1"~1~~'1N1'U'rfmff~fl~ii11l'i1~ 

• • jJ jJ JI 

ntij6'UtltJ6111'rf'jff.ulA 611I'rf"ff.u'Uln~;jlA 11lflm'i1l'j~fl6tJ1flAti1lA'tJ6~H:UVfllvi' 21f'U fl6 

(1) nj'l ( cavity) C\f~I~'UU:UVfllvi'~1IiitlYh1..rln~lrJ'U11l';h~mtl'U6n~'U . ., 
(2) fl61 (core) l~lAti1lA'tJ6~H:UVfllvi'~1~fiih1..rln~lrJ'U11liH.mtl1lA'tJ6~;rlA~1'U 
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2.8.3 r.. 
H · 

0 ., . 1~~1illJ;o.~Q .,.ihlJ 1J1I';lJlUjh~,;' I~"1HW',l1ii0 11.0~~~11. ~ ,.,ou."O,ii, 
l71J'i.1U", ~111'111i1.'1>l'ori,.,hii. 11i-:i,llJ0nuii».,vnl', ";00'"jjl1h~V111 lliUI1.,V"HI,j', 

~fl11J ,i.if•• 
91 
,;,1»'".'l1iioI1M~1»01Ufl'~fI1.od1~Qfl>l'D' II••~uI4o~.DOll,I,j',,;0'tJ 

2.8.4 Il'lll 

,illJ'~'~"~."~mfll'i. 1flv ••ii~1J1fllgO..1I0.u,h.llJ, "'1IJtJ.'Vilfl,j'H~"., 
..: <I .!\ I <V 'JI':- .,\ ~ 0" ~td <I .:- <I ,1~fH)::t'l161J~6n11!1J1lJlJ!tI-3 !l19J't191tNl1l m1J'll'ln~H(ln., 'U'Unt.... ~1~11 

., , 
,- ~fJ~nlJmj""n61'U'lJeNtavrmllY~nmlJ1lJBmrfHri1-J 
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(n) 

.nTW~ 2.9 Un'~HflTVn::1J1Jtl"~ 

... 'I jII '" 
2.8.6 fIl'll"tlfl &'lfrt"ln'~fl 

~ ~ 

lHlmmucvfllAfIl'l liitlfll-N1n'~"l$n~l~ulAii,j'mlufl~~.:Ji1 ~::~tl.:Jullhu,,::!iitlfll-N1n'~ 
'jI 'j) t <jJ 0 ~ 0 Q.I ,A A" d. 'jIilt \lfl~ tl.:J 1J HflH~::~ tl.:J'YI1 fIl 'l 'YI~n' tl1J 'I1'l tl'YI1~1tl£J1.:J1'rttl'YI~n'tl1J !'rt tl'l11'11 tl\t" 'YIUlAlA tl lA ~ tl.:J 

fhi!.:Jf:i.:JfJW n'1J'U~'IItl.:J1n'~i ~m i1'rt1::tltiH~.:Jf.l1fJfIl'l1 -N.:J 1lA fJW n'lJ1i~~'YIlA ~tln'fI11:: f.l1f1lfl fI11lJ 
, " 

'YIlA~tlf.lW'l1lJiJ'J:.:Jt1~U"~"lt1~ fI11lJ!tllA~11hhJfhfl11lJ~llA'YI1Ut:;;tl'l1 11.1"11r1 tlgfll£J1Y11.:J 

I!t jI oidldl , a <C\ 

tfllJ ~::~tl.:JmlA.:Jtl.:JfI11lJUlAlAtllAU"::"l$lA~'II'fN'rt"1n'~fl 

.... ,l 
2.8.7 NU.:JU"~'rtU (Wall and Base) 

fl11lJ 'I1lA 1NU.:J'II tl.:J~U.:J1lA il ~'rt til n'~ fl hi1~tl ~~ 'h~lA.:J 1U J lA iifl11lJ II ~.:JII 'l.:J 

~ llJ ~tl.:JfIl'l '111tl1lit!~1~V.:JtltiHI~£J1U~ti.:J~U tl~ti1J'l ::£I:: YIl.:J lUfIl'l 1'11" ~.:JJ1'rt"1n'~fl~tl.:J1'11" 

• f q c{ 'jI,d tli ~ d~i 31 ~ 4 .oC::Ii ~ 41='t 
N1lAUlJ'rtlJ'rt~1V llAtl.:J~lm'YItl'l lJ'rttl1n'~fl'YIlJ fI'l.:Jn''lHmU'l~m£I1J!fltl1J'l'lfl''l$lA~ lI::lJfIl'l 'I1~m 

, 'j) <V. tV J 'Q.t ~ bt ~ d~ 
fltlU'II1.:JlJ1fl U"~'IIlA 1~'IItl.:JfIl'l'l1~~1 ,,:: U~fl~HflU'IIlA tlgfl1J'YIfl'YI1.:JfIl'l m" 1I"::'rt"ln'~fl'YIlJ 

1fI'l.:Jn'~1.:J1liltlu'l::liiV1Jiifll'l'l1~~1Utlvwhu,,::niltiulul'jflnfll'jflYll.:J ~.:JJu llAfll'ltltlflU1J1J 

tV 'jI 9J ~ d 'j/ Q,I"4'.).

NU.:J~llA'IIHU"~'rtU 'iH~tl.:J'rt~l'lW1UVflfllAlut!~,,::; n'1lA 

!II Q a.t! 
2.8.8 fIl'lf'l.:JtllAln''l~ (Inserts) 
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• d • 
2.8.9 'j~lJlJ'Ha6W'\..l (Coolmg System) 

QI Q ~" .es t::. a~ :C::Ii IjJ 4 "" 1IJ d
'HaOm'J'YIH1'\..l!lJ6~~'\..l'IJ6~m'J'U~nalff~OOfl6 nalff~m6'\..l1l~QO'U~U'IJ1 !u ua::W'\..l 

~1mh~'j1~t~11l'\..lii~~m'H!J:iJ~nalff~OU~~~'l6Ul,u~tJ~n6~1l~fl,:j~u11,:j6:IJ1n'jff;r'\..l'~'~ 
~ ~ a 

;r'\..l,:jl'\..l~QO~'\..lUa~6601l1mulfhl'w ~,:jl1'\..lt1m'H!J:iJ'lJtHuti~tlli'~,:j!;j'\..l"hwilt1ty 1'\..l6,:j111oijm'J 

Q.! QI .=t ~ C\ 111 CIt. C\ t/d'jJ 1''' Ll 91 
fl1lJf.Jtl1tlllmm'J'U~nalff~o nalff~O'Ha6t11l~ !'Haff::~10 !'\..lUtlntlnm6'\..l !t~1l::~6,:j !"!fnal 

~ . 
t'\..lOl'J!~'\..l~1'IJ6,:jnalff~O'Ha6t1'\..l1'\..lO';h;r'\..l,:j1'\..l1l::U~,:j~1t~tJ,:jn6fill::~'\..lua~6601l1outi~tln'~ 

, ,,,, , 

'ti1ii,:j~h'\..l~i1~1 'lJ6,:j 6t1tff'Jffi'\..l ~.:jl1'\..lll~~fNm~~fill~.yhhruti~tlli'ffltl1'Jf.)'ri l.:jl'\..l 1~Na~fi€f~ . ~ 
4 0 0 ,d

f111H'fI 2-4 Uff~.:jm'Jm'H'\..l~'IJ'\..l1~'lJ6.:j~'\..l1'Ha6W'\..l 

.;: 
fl11t1'H'\..l1'IJ 6,:j"!f'\..l.:jl'\..l (nun) 

2 

4 

5I 

2.8.1 0 ,U'YI'J,:j'l1Ul~~'lJ6.:j,i.:j 

o : I d
'IJ'\..l1~ 'lJ6~~'\..l1'Ha6!tJ'\..l (nun) 

8-10 

10-12 

12-15 
~--

,U'YIH'HU1~~'lJ6~,i.:j~t.n'\..luti~tlli' 1~tJUO~1l~Lil60H' 1t'\..l 4 I1lJlJ fi6 

1) UlJlJoati 

2) UlJlJ~m~tJtlfl1.:j'H\! 

3) ulJlJ~m~tJtlfll,:j'H\!UU'J 
d 

4) UlJlJ'Hmmwtl 
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c u.lIlJfliU. = O.2.SD 

d­

D,2 O.lt5t'SD 

D/4 0.10 

D/6 O.Ol1D 

, •• 'JJ 'lI I 

U~11~U1111ffniaulJ~~fffJjtl1~~tlUi1UlJ1~ti'U 't1~ ilrrt'jl~ tll'jtl tI~Utl'U 11~fl'j~ ..h 1 ~Ul tl 

'JI .:" '" ....",,"'1 0"" ..: " 'JI '" £It 0 ~ £It .1 <V.I ..:Utl~t'rt'j 1~ ni~NtI'll6'U ~'Ui'll~tl{l11~HI~'I'l1N'U ~'ll6~rN ~ '11 t6U~tlJ'U1:tlJ 10 C)f~!!J'U tll'j U'jUu1~p~ 

It1111 anigUlJ ~~ f ff 1tltll'Uu1111 at'I1~UlJfll~'I1lJ tl~:lJ1~'j 'll 6~ l~~U1111 at'11 ~UlJfl1 ~'I1lJ~~lJ ltl tl11 
I' ,'JI 

tl~lJl~'j'll6~11~U1111tltllJnij'll'Ul~!'Vhti'U tl'j~:lJ1f.U 25% rW6t1~~'IU~tl~1~UUtI~V~fl~'ll'Ul~t~lJ 
111 i1": g d "'I.... 111.1'" t ~ £It d d .1 ~ '" 
n 11~t!1111" ni tlU lJfl H'I1lJ ~~Q tl'rtIPll'U 1 ~ u6tl'll'U 'I1'U~ !!J'Ut!1111 ff!11t1 UlJm ~'I1lJUu 'j C)f ~ ~~ lJ 

'JI I • • 

tl~:lJ1~'jlJltltl'"hU1111tltllJtln::lJ1f.U 14 % !..iTu'U ffl'11f1111~U1111'11tlniaulJ~fi6 11~U1111 

ani gUlJm~'I1lJ ff6~tl'j ~ fl'Utl~tl11ti'U ,r'U!6~ ~~1~~i~ff6~ l1~tl'j ~ tl11ti'U~ 'j -:)ihulhff1'UU~l1lJ .... 
I !II 'lI I 'I 'lI 

ffl'11f1111~U1111U l1~ij.w'Un'l11rl~~tl'j ~:lJ1f.U 52 % 'll 6~11~U1111tltllJnij'll'U1~!~U1ti'U f1~,:r'U'I11tl 
'JI i jJ.e! A.d. fjI d • IV 91 4 GJ 91 eX,t.!j I 0 t~ 0' CfIV t f • 
~ 6~tll'j 'I1lJ'll'U 1~'rt'Ui'l'l1'U l~~i'l!i'lltl'U ~~~6~!'rtlJm D m:lJ1tl'll'U 6tl 6)fl~'YI1!!lJ'rtlJ'rt ff1'U ~ 'I1ty ~~ 

n1tll'j66tlU1111 I~Utll'jn11~~U1111anigUlJm~'I1lJi,rtl'j~tl11ti111~-:)~ij'll'Ul~m1lJtl~HU6Utl11 

3 mm td6~111tl'rttllff~tl'l1t1 6lJ~~Qtlg~I'll tII,j'l'tl~llJl~~!!tI~ 'j~1111il 6'U 'll6~U~ l1lJ ....'rttil ff~tl~ 
t~ OJ' ~ I ~ ci.d d ~ ~ ,d d QI 

6 ~~~ tl11 N1 'll 6 ~ UlJ 'rtlJ'rt'YI W'U f,lf.U '11 fJ lJ 'll 6~ 'rt til ff~ tl'l1 tI 6 lJ ~~ tI~ tI ~6UH'j 1~! 'j 1 U tI~ U'll ~~ 1 . . .. 

'rt tilff~tl'l1 tI6lJn1'11 tI~ llJ:lJ11'I1t1 Nl'U11~ t1f.U fJ'U 6tltll~'ll6 ~'rttIlff~tlliu~~~1U 



29 

~ij~ln~l.h~fll:nrd~'\Iij~fll'j'~li~ltiJiJmuJ~fiijli~ltiJiJflmJtfi~~'U'\llflfll'jlll'jij~r\~~ 
• .J Q,I .dI ..~ fI~ t 0 ~ jI UI f IjJ

1~ fl €IU 2 'j ij~9$~~~!'iW'UiJ'U U~'UUU rlU rl 'tH ffij~U~'U1I€I~ 'U1U11h~ fliJ!"1~1fJfl'U 'j ijfJ~ ij '\l~ ~ ij~ 
~ ~. 

lh~ fliJn'Urlij~iJ!'Ii'U1:r'U '\l~'11,,rlh~ff't1imrl"ij~ll~€1~€I~U€l~hiff1fJ 'Uijfl'\llflilfll'jl~ijfl'~ 

'i'tl't1HI1U'1~~"ij~'ii~'\l~~ij~Vi'\l1'jW10~lifll'j~'U'tI€I~Ufl'Uli~ 

, ."" 0'2.8.11 fll'j'j~mfJmfllft 'UUUrlUrl (Venting) 

, 'JI , • 'JI 

''U'j~'Wh~iill1rl€llff~fl1lf€l!~l~ullViu.n'\l~ !~11'tit!'t1'Uii mfllf'ti1 ijd'1'U r\11~ 0'1ij1fllft 

111ff1U1'j()ijijfl1~'\l~ ..h'1,rln~fll'j6~~1'\l~'l'h'1,rrl€l1ff~fl~ijd'jijiJ"lln~fll'j1m~ i~U~11't1mjViu.n 

PP,PA,PA - GRu€l~HDPE illln'U 0.015 UU. 


PET,ABS,PC l1€1~PMMA 1111n'U 0.03 lUJ. 


."" . .
illn'n 2-12 11 ffiNf11 ':i 't11'lfij~ ':i ~ 'lJ1fJm fll ft 

~ . 
O'l~U«1U ~'11~1111Viu.niiii~'11~ 'U1-:} '1 ~6~ 'j 1fll'j ~~~-:}r\1nlllij-:}'j:; mfJij 1 fllft1 11mrniJ 

't1Hl~l t11n~'lJ1umfllft''tI'~ijdHfimdij-:} lflfJ'liiifll':i6fli1 

Al1H~ 2-5 Uff~~fhm1U~fl"ij-:}'liij-:}mf11ft"fHrlt11ffiifl'lfiJflfi1-:}'1 ~'1lf'rt~ (fi11~1'J1.h:;lJ1W) 

~ 

... 
'2!U ~'\I ij-:}rl€ll ff~fl 

PE 

<!/ , 

r\11U€lfl'\lij-:}'2!ij-:}ij1fl1ft 

0.02 

HDPE 0.01-0.02 

PS 
0.02 

SB 
0.03 

ABS 
---"-~---~ 0.03 

SAN 
0.03 

PET 
0.03 
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2.9 m1,,rmnl'rbAfl641'U-H"'~fli:Jl'Hfl1"nJ (CAD/CAE/CAM) 

ilJl11~1fl1m'.ilJ'IPl'U01'.inWllJlnlfl1lJ 1"vi'tnj'1~lJ 1t1m'il'Wl~~llJflWlffmm'.ilJuli'WlJ'tHitl 

2.9.1 Computer-Aided Design 
~ ~. 

11W1lJ1 O1'.i'U6~ '.i~1J1JfI VlJ'W 11W1V1ilJ~llJV6flU1J1J (CAD) ihn \'Inv, IPl''h!7lJUlJ1~.:JU\9lO1'.i 

nWllJl'.i~1J1Jfl1'.iff!1.:J.01'Wmlnnfl'UlJ\'I6fll'W'1Pl' U\9l CAD 'IPl'U01'.i11W1lJ101'.iVll.:JlVlfl1lJ1"v'l.:J . . ~ 

tl1l'.i~ 'U'U m lnnflll1hJvdHmtl '.i~1J1JfI tllJ Vi1tWltl1i1i ~'(1f1 ilJ.:JllJ tl Utllt'U1J111 tl CAD {hnflfl 

IVlfl1lJ 1t'lv~!~ fltl1l fltllJ'W1tWlu{mlnnfl ~,:u;jlJ01'.iI';fllJ~U'UlJ\'IVfll'W11i:1tl U\9lffllJl'.iO,)tlO1'.i 

... .J jJ -1 J'" ill ,,,. '... ill 'l'.J ill" v..k , ~ "" 
tl1Jfll'WVlffl H'UlJ lJ ~'tW~ ~lJWllU11lJ .:JU"~ "tl'hl t:U~WlllJWI tl.:J011 ~ tlflVlt;j ~ 'lfC)f.:J ff1lJmtl \'I~ t'UlJ 1fl1m 

11ltlfffllUUtl \'I~ i a''l1 VlJ"\9l H'1 WI" tltl\'llJthJ.:Jt'l11~'.i~ 'U1JfI tllJ'W1tWlU{NllJVlH flU m wf 1J'l1tllJ" t 'l11 . . 
111lJfltllJVi1IW1tl{\'I~~tI\9lm,J1v.:Jrrt,ntlflNllJ VIl.:J\'I Ufll'Wfllff' .:Ji1i a'1'l1l' UU 

~ 

\'I~t1utl'l£tl1 'lhumlJ1t1f1 

tllffflC)ftln~l!1{L;jlJ~1,(1U"11lJ1t:U ff1lJ in011fillJ 1t:Ut~U1t11Jtll1'tf tI~1\'1~ Vi \'111 t:U 1O.:J 


0' Jt c:t Q.I 


- WllU11lJ .:J'U~H Dimension IlJVlVlfl'Utl'U GATE 
. 
Q 4 d. Q.I U} 

- VlflVlH'UV.:J Dimension UJVlVlU'Utl1J011 m" 

- uH~'lsNilJ0111JtlmjVilJ" 

CAE ffllJll0hr'l1tll.!"~~lt~lJ~~m)tlu'U'U~V.:J01ll~6'lHm1'l,dl~lJff1lJ'tf16!!:U~lJlf~ 
~ . 

iilO11Ni)WI'I!lJt~lJi1""6 'lil H16i1fhNll....mllU'6(1~'tl1l 

2.9.2 Computer - Aided Engineering (CAE) 

fltllJ'W1LWlV{,(1u'llJ.:JllJ1fl1m'.ilJ (CAE) flvm~1J1lJ~1,ri'16lJVi11916{ua~ Software ~ 
mlJl~fflJ'(1f1' lJ011 VVtlU1J1J hHllJ1fl'1m1lJ Ua~tll1flnnt:UU'.i~ itl'lflr~ll~ ilPl'f'U \'I1tltll1 'l ~ 
CAE '1 lJ tll1 tlVtlLl 'U1JU"~'(1f1ilJ 011flllJ 1t:U U'.i~ tl V'U1Pl'1t1 

- uti'i'Uua~lllgfllJU lltl.:J f'lt:Ut1tl'hlt:U~ i,)' 
9131 tI, '1 ' 

- 'lf1f1 11W1U'I1lJ 0 ill ... i · 0 '" .1' ., 
.~ Wll 'W1VlJVI.:J lJ\'Iltltl~1Jn~, tltl,jlJWlVU011'riHllJUt'l~nal'U 

m~'U1lJ011N~(9J 

- uti'i 'Utl1'.iVtltlU1J1JN~(9J.tit:U eyj' ri6UL~lJ~lJ01'.i N~(9J 

- "tll1t'll'Utll1N~(9J'1,r~1t'l.:J 


2.9.3 Computer - Aided Manufacturing (CAM) 
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1'\.,rf11a·nUOl'.i~a~ Un~Ol'.itH)flU'UtnJfl'il~"'tl~IWmJlflo'UtldlfflJa i~W1Jfl~U~1 
I " . >4 '1Q.f'II .t:::IoQl".e:t 

'lm~11-3'.i~l11HOl'.itltlflU'U'U W;1~0l'.i~n~'U'Ufl11-3lJ1fl 'YIl~'Y\'il~'U'.i'.iq0-3fl1'.in~'lftl~1H~~flm1 

,~~ djl 0 -: 91 ~ lit f !.it ~ 0 d ~0 0 

tlaHI1J'U~nfltl fll'.in~-31'U'Y\~tl~'Y\1'lf1'lftl'U 'H'.itl tlJ 'il1l1J'U~tl-3'Y1l'il1flfl1'.itltlml'U'U'Y\'il~~tl-31J1'Y1l 

1'Ufll'ma~ijfl fi~J'Ul1 n1tl'UlEi'Y\~~M'U1J1I ~t'YIflii fl'\ltl-3fl{)1Jybl~tl{'lf1U1'Ufll'.i ~a~'H7tl~l~Ufl 

O'Ui1"1 11J':h CAM (Computer - Aided Manufacturing) Cl1-3tY1'U1'Hqj'il~tld1'U'i1J'\ltl-3lfl~tl-3.ijm 
~fl1'UfllJfha~1In'\l (NC VtllJ1'il1fl Numerical Control) 

t'YIfli'U ina NC rl' i1'il~,r'U1~'\lU1afi111JlJ1fli~amtl'UflqlJ-31'Ul1matlflflw~1,j11'il~I~'U 
-31'U11~u'Um1'U1J'.i~fla'U~'U1:11'U1'If'Ufll'.i~~ fll'H'il1~ fll'jfl~-3 ~'U~1'U~1~'U i'Il1~I~'Ul1tlfl 

>I • 

1:11'U 1J'j~ fltl'U-W'U!l'U'\ltl-3'j~'U'U NC 'Hltl'j~'U'U~~fl1'j ~1ufi1ff~I<lf-3~1m'U'il~lM1UO'U 3 t'Y1'Ufta 

'I!~fi1~-3 mhufl1'UfllJ l17tl Machine Control Unit (MCU) Un~1:11'Uf(~~lafttllfl~a-3{1tlfln 
'H~afJ1Jmm~'U"1 ~Hm'UfllJfll'j~a~ 

"" .. "" <!\ '" .. ., "" ,.., • ... lIT ,.. 
u 01'U fll'.iW 'ilH'U'Ulma~fltllJ'W11~6'.i Un~U-3ff11J1'jO~'j1'ilfftl'Ut1n1'Y\ 'If 'U0l'j'VI 1-3 1'U 'ilH"l t~ 

'il1fllfl~a-3flalJvht~a{,1m~'U'U CAM 1~a~iJ-3 il1~t)~'rilfll'5fifltU6'U~'U,n'U \l;-3 



, .... 
tJ'YI'YI 3 

~ ~ 

~1lJ11flU,j'l.,jU~flU~l'1"l 1~~'Iu 
~ ~ 

3.1 .,jU~flU f111ffflEl1.:)fU'I1uu"~mjfhJ'YH1~'YH'I1~~fl 

3.2 f111rl1U1W 111~l'1"l~1tf1 1..1 f111flflfltltJtJ 

3.3 f1111Ifl11~,"~1t11 'lhUfl1lJ Cad Mould 
~ ~ 

3.4 .,jU~flUf111flflfltltJtJuli~lJ...r~~'Ym1~~mhI11tJ1~titJ.:)fU'VI~~fltJ 
~ ~ 

3.5 .,jU~flUf111~~l'1Uli~lJ...r~~'Y'Im~~mhM1tI1~titJ.:)fU'VI~~fltJ 

.. ~ 

3.1.1 ufifllJ1~1!lun1~1Ufl11'V1~~fltJf111M~~1~U'I1U~ ~ l~tI!'tJ1 tltJlntltJtitJuli~lJ...r . . 
 ~ 

.,rfllJ" f111M ~~11~!'~fl!'tJ1 tltJln tltJ~lJ,j~'lJfl'l1~~ 111f111 M~~1n tl1MU ~lJ111i';ju fldtitJ'i'tJ iN 
~ . . 

'lJfl'l.:)fU'I1UlJ1flnq~, m1lJ1li~~tJci'tJ~flU'lJfl'luli~lJ...r, Im~l~flU1'lJf111'tJ~,j~'I1U 
~ 

f111 M~~1'lJfl'l1~~U~ "~')j'i1~U~fl~l'1tim;'Il1fl'VI1'1fl111M "u,,~ 'lJ11'1l1fl'VI1'1f1111 M" l1fl 
~ .. 

'VI1'1f111 1M "\1 flll~11'1;jU l'iiUI~ tl1tiU titJ1~tJtJ'lJmi'I1~~nM "fllJm"1U~1 lijfl'Vl1'1flflflii'u fifl 

'j) I..c::t. tI 
!fl1l(gate)lm~I'lJ1UlJ'Y'IlJ'Y'I 

. ~ 
q ~ 

ill'Yt'YI 3-1 'lJU1~fl11lJMU1'lJfl'l')j'U'VI~~fltJ 0.5 lJ.lJ. 
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, y 

IlTWn 3-2 'll'Ul~fl11lJ'M'Ul'll6.:j'ih.j'YI~ff61J O.llJ.lJ. 

, ~~~~~~~~~~~~~~~~~~----------------~,.---- ----.. - -. _. ----if . -. -¥--~~-~-~~~~-

1l1Yii13-3 "Ul"fl11lJliUl1Jtl~~tJt1~fft11J 1.5 lJ.lJ . 

..j 
Vll1Hfl 3-1 

.... 
1ffiil 

ABS 

HDPE 

PP 

2.0 

170 

225 

250 

fl11lJ'M'Ul 

1.5 1.0 0.5 

96 43 11 

127 54 14 

141 63 16 

jI ~ ,jI I jI I • , 

:jf'U'YI~ff61Jn.:jff:jf'UHVlfl~WYifl11lJ'M'U1'll6.:j:jf'U.:j1'U 1~m~lJVifl11lJ'M'UTYi 0.5, 1 ,1.5 U€l~ 2 lJ.lJ.VlllJ 

http:O.llJ.lJ
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. " 

3.1.2 'Oltl'U0'Ut'UrI'I1'U1~flfitiTl1'U~,,r~'U't1~iUHtrl'UumJ Spiral Test ASTM 03123­

94 ~'U't1~ffO'U Spiral Test od''UmjyhJ-w'l!~t~{l1tl'U l~m1l~fI'U'l!~tU'ltrl'UU'U1JInsert ,.w't1~ffO'Utl'U 
'Wft1fffltlO~:u01;qff Uft:;'W111GlfflfttllfffiffLmJ 't1~ffO'U1~flO1'iit~l~lUli~:u-w~'I~O'i'~1I'ium:UCad 

'JI ., ""'". .c:. •"'".". "'" , 'JI<r" I
Mould t'U1:U1'1f1f1 'U01'i11tl'i1:;'H'H1'U'U1~'U0'l't11n'i(runner) U:U'W:U'WU~'Wft1ffrltl 'If !1Jmm:u Mould 

" 4 
Wizard '1f'lV''U tHltl,;101 'i 1~1l'UU'U'U~'U'i1'U~111111'ium:u Unigraphics O1'ifftl'l.,:I1l'lO'UL'Uuftdhy'H1' 'U 

~'U 'i1'U ~'U't1~ff01JO1'i titOtl , ffhijrl'i101'i'H ~~1~\ltl~0'ilrl'U~ 'itf1t1f.lJ:u1tl i:J'fu~hViV'i'H'1~ff~ff1'U 
"." " " " 4'U0'i~'U'I1'U fi ~O'iO1'i t'vh,:r 'U tt~li'lii~ft~001 'i ff1:U 11 'i:; tlO'U~'U 'I1'U,:r'U tl'U';t'Uff1'U O'U ~ tH'1~O1'iihi 11'f 

~ ~jI .: djl d ~di1 odl~c:f4 41 

'i1'W'U 0'l'lf'U 'i1'U'U'U ~1V 'If'U 'I1'U't1r1 0'101'itl11:U t't111'lm 'i( precision)ff 'I't1r10'itl1'U 'ifl'itltl001'i'H~rl1'U0'1 

" " 'W ft1fffl tl(shrinkage) tlO'U O1'i it~Uft:; 'H ~'i 'OltlO1'i it ~lrl 'U mh'i~ :ij'il~,:r'U~O'i';101'i 't1~ ftO'i'Hft1Vtlf'ilt'U'U 

ftO'iH~ftO'i\ltl (Trial and error)Uft:;lfl~tl11:UlilV'H1Vtl'UllliVl:U-Wff 'i'i1'UilirlHrI 1:uti1'H'U~'U1~tl11:U!~oii0 

'il1tl~i('!ilVfhUH!ilv1001ff't11'101'ifl1 

. "" 
ijrl'i101'i i 'Hftfi 1'U0'i'Wft1fffl tlfiti1'H'U~ i 11'U ~ljo'UO'i'U ll1't1 ~~iirl,:r'UL~'il1tl~ft'U0'i~'U'i1'U 

't1~ftO'imv'~t10'U L'U~tiTl1'U~t'il'W1~ u~l 'U't11'i11 6Ufltrloii1:U 1 ,f1'U 1H'i1'U~iirlijrl'i1tll'i i 'Hftfi1~ 
Q ,J ~ tbl ilJ , QI iI ~ ,~. QI J , QI A .4<V

!tl~'U 'U !:u !~'U 'U O~tl1J'U 'U l~Uft:;~1I't1H'H 'U1r1~'U0'i'lf'U 'i1'U !'t11'U'U Uri V'i'U 'U O~tl'Uffm1:;'U0'iltl 'iO'lU~ 
• JoI,.., • 

'Wft1fffltlfilf1'U'UQ.I~,:r'U~1V ~'i,:r'U ijrl'i1tll'iL'Hftfi1fiti1'H'U~L 11'U rl1'i1'itll'ii 'Hftfi1tl1Jfhtll'i''Hft~1fi 
QJtt!l Q.ctdl I QI " 
!tl~'U'U 'il 'i'i ,H:Utl1Uri tlrl 1'1 tl'U 

3.1.3 tl11:utf1t1ty'U0'ltll'i i 'Hftfi1'U0'i'Wft1ff~tl(Flow Rat) 


" " 
~'lfiitll'i ''Hft'U0'i'Wft1ff~tl,:r'U;i'Uodtl1Ji1'O~1l'H~tlod 4 ~Oi~Utl 
.., '" 

l.tl11:u~'Utll'iU~ 

2.11ft1''U01'iit~ 


3.~Q.I'Hf.lm'U O1'iit~ 


4 '" 4.tl11:U'H'U~'U0'i'W ft 1ffrltl 

. " 
1. m1:U~'UO1'iit ~t!'Ii ~TI11mVl:utl11:U~'U''UO1'iU ~lt'lil,r~ 'i;i'U ';1',r01'i'H~fi1ft~ft'i 

4 jJ jJ d ~ Q QI jJ "d I d 

2. 11ft 11 'Utll'i'il~ fIl'H1tl1'lfnft11 'Utll'i'il~'U1'U'U'U'Wft1ffrltl'il:;'H~rl1'UOVft'i Uri0 V1'i i'itlrl1:UVO:U:U 

" ,tJ tJ 

3. ~Q.I'Hf.l:ijUliVl:u-W ~l'H1tl~Q.I 'H lJ:ijuliVl:U-W~ 'i;i'U 'il:;';1 ,,r01'i'H~fi11Vl:U:lJ1tl;i'U H~1)~';11,r~'U'i1'U 

iiH1~ff1V ~1'H1tl1f~tu'HlJ:ijU:JVl:U-W~~l 'iJ:;';1',rtll'i'H~fi1'UOVft'i U~61'iJ'iJ:;lfl~tll'i'H~fi1'H~'itll'iU~ 
. i'JI4 ,~ QlU),dQl ~ d QI!A

Post Shrinkage ~1'U0'i'iJ1tlmV 'U'If'U'i1'U 61'iJ'iJ:;V'i !:UW'Url1ft'i 1~m'il'W1~'If'U'i1'U't1'H'U1 ~'i'U'Ul:UOflO~ 
" . . 

OOtl'OltlVl:U-W u"'1ii1L11 u'liii 1l1'Ufi01'O '0:;'li1Vft~01'i'H~fi1L~tll'i'H~fi1 -1J:U{1V1Uft:;-ritl~tl11:UtNO'U0'i 
.'" ".

U:U'W:U'W (Mold shrinkage Taper and tolerances) 

4 '" 4. tl11:U'H'U~'U0'i'Wft1ffrltl 
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" "Hlmmucn1h1fll'i11~;;hlnu 
.. I QJ 4 " .d. 

- 1Jl:::'Htliill'fhlfl 

... .t 1:1/... " - 66tlu'U'Uatl'MW:::11~'lfhl~1h1 'H1Jfl111Ja'1Jf]atl 

- 'Vtala'~tl~lll1J11~hlfll'i~~ fl6 l'fala'~tl HOPEua~PET 

L~66tlH'U'U!la~!~t1h1u'U'U1,r6d1h1~t1 SURFACE !~61111t1Vilfll'i1Ifl'.il~H~1t11t1'.iIltl'.)1JCad Mould 

" 1 iiltlfll'.i 66tlU'U'U1~Vilfll'.i!~ t1h1U'U'U;;hI~lh1~1U1tI '.i Utl'.) 1J Unigrapbics 

3.2 f111fiTlnwfilvil",ih,rh"fll100 tlu'U'U . " 
~6lJa'\J6~'Vtala'~tl1l1~hlfll'.ifhhl1Wfil~W'liM'~il 


'W"ltTfitl~1l1J.n',}'h"fll1~~ A0 'WtlltTfln HDPE 


.... .. 
lI1'Wfl3-5 l'fala'f1tl HOPE 

: HOPE 

: V1160 . ... "" - La'\JflNafl Lot : 0110306045 


- fll'.iL'Ha~1 (Melt Flow IndexI90/2.16) :gllOminI4.8{ASTM 01238) 


- fl111J'HhllUl1'U(Oensity AT 23C ) : g/cm
3
0.957 (ASTM 0792) 


- Ofl'.ilfll'.i'H~~1 : 1.5-3.5 % 


: Min20-Max40oC 

"" .. 
- f,!W'Hf.l1J'Ha61Ja~alu'\J6~l'fala'f1tl : Min 190-Max 280°C 

" - f,!W'Hf.liitlaiil;;hI~lh1 : 75°C 

.Q I 4' d.d" 0 
- f,!W'Hf.l1JUfltlfll~'\J6~f,!W'Hf.l1Ja'1'.i'Ha6Whlfl't'l1~t'\Jlua~fll~66tl : 4 C 

- fhlllfl111J1'6h1m~t1'\J6~l'fala'~tl : 0.092 mm2/s 

http:IndexI90/2.16
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. 
cI "" 0' '" lt1.fI1'W'YI 3-6 f)ll1!f1l1~'Hnl'nl~Hlln mnUJCAE 

Description 
Cadmould 3D-F Version 5.0f 
Mold: 
Name: "spiral-010" 
Surface =4559.99 mm2 

Volume =2304.02 rnm3 

Centroid =5.697 , 0.471 , 2.248 mm 
Mass =2.19 9 

"" .,j 0 1"" cI ~ "" 'WinUVlfl'YI'Uun "!'Ufll'H1Yl flO 'WinUVlfl ABS 

cI "" 
.fI1'W'YI 3-7 "'Hnff~n ABS 

:ABS 

: GA800 


'" "" 
- !~'U'YII'HI~ : 0110408109 

- f)ll''H~~1 (Melt Flow Index220/10) : g/lOmin17.0 (ASTM D1238) 

- f111lJ'HlJ1U11lJ{Density) : 1.05 glcm
3 
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: .5% 

; Min 60-Max 80°C 

~ ~ 

- tlW'H1JlJ1U1 f)lJl;l~ l;llfJ'IItH'Yfl;llfffln : Min220-Max 260°C 

" - ~W'H1JihJl;l~;r'UHI.nl~q~ : 118°C 

• 0 " d 2
- fll'Ulf111lJ'.if)'Uml;lfJ : 0.082 mm /s 

, 
iii 4 .... 1ii1 .
'Uf)I.dQ!fl"lf)~ilFl 'If (Techmcal data) Boy22M 

iii ," '" - 'II'Ul~lff'UN1'Utl'Uvnl;lH'IIf)~ffn1'1l~ (Screw Diameter) : 18mm 


'" '" : 185 rpm 
- fl11lJt'j1'jf)1J'IIf)~ffn1'1l~ 

- ffnlLlD ratio : 22:1 


- fl11lJ~'UU~~ll'Yfl~ (Specific Injection Pressure) : 2587 bar 


""-fI11lJl'j1'" 'It'Uf)1'j'll~ : 1.5 g/s 
" ". 

- l.'h'Hlrn'llf)~;r'U~l'UnfflfflJ1'jf.)U~'~ (Max.Shot Weight) : 18 g 

- 'j~fJ~l11U~ (Nozzle Stroke) : 180 mm . 
- UHn'flnl11U'fl(Nozzle Contact Force) : 4.8 t 

- fl11lJ~fl11lJ~f)'U'IIf)~m~1Jf)nu~ (Cylinder Heating Capacity) : 2.835 kW 

'j~1J1J Clamping 

:::'I '" J ~ " - UH1'Uf)1'j]J'fll;lf)flUlJ'YflJ'Yf (Clamping Force) : 22T 

- 'j~fJ~l'Uf)1'jlil'flulifilJn (Opening Stroke) : 400mm 

" - UH'IIf)~'I[~tJl;l~;r'U~l'U (Ejector Force) : 1.8 t 


<!\ " 

- 'j~V~tl;lf)'U'IIf.l~'I[~tJl;l'fl;r'U~l'U (Ejector Stroke) :80mm 

" " 3.2.1 f)1nh'U1w'll1'H't!n'llf)~;r'U~1'U 

"" " qfl"l m'llm't!n 'IIf)~;r'U'Y\'flfff)1J = tJ;lJlfl'j'llf)~;r'U~l'U x fl11lJ'H'U1ull'U'IIf)~'Yfl;llff~n 

" " 'Ilm't!n 'IIf)~;r'U~1'U'~'llnnl1tJ'j~lJ1l;lNl;l'llf)~ itJmmlJ Cad Mould HDPEO.5lJlJ. 

Mass = 1.86 g 

. 
~ ,~ ~d 

ilTvtn 3-8 U1J1JUlJ'YflJ'Yf'll'fl 
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3.2.1.1 f)11f1T\.A1W111'U'U1fl'Ufl~li~ RUNNER'Ufl~ HDPE 

'l:il:il '" :iI:iI ... '" 'i !P "'"'" 1
L'l11t'U1U1111111 fl'll'U 1fl'YI1>l1'111fl1'U11111 fl ! f13 .51111. l'I1'U'l1'U>l1'U f161111. 

'Wf.'llff~flHDPE1~'UU1J1JAmorphousUl1J1Wf)11nfl (Shot Weight) =10 g 

'" 'Wf.'llff~flABS1~'Utt1J1JSemi CrytallineUl1J1Wfll1nfl (Shot Weight) ~>lU~ 109 

• 	 :iI 
3.2.2 f)11f11'U1W111'11'Ulfl'llfl>l11'U1 (Gate) 

" 	 " tI, 

fl11 rl1'U1W111'11'U lfl1l'l11'11fl>l;'U >l1'U fi'i.l11 W 1 'i.l1flfll11>l1 flvt llv1Jn11thl11r fl'llfl>l;'U>ll'U II 
Q,I 4 ~ .c\e:

m1J1~ff1lfl~'U lflvtf.'lflfl1l'U1U1J1J11fl 

:iI '" :iI d :iI d
11 1 f.'l'll6-3 >l1'U (g) 1t'lllU1J1J11fl(0 mm) 11'111U1J1Jl'1111(mm) 11'111U111Jmf.'lV1I 

(W xH) (mm) 

1.0 x 2.0-2.0 x 2.0 0.8 

1.5 x 2.5-2.5 x3.50.8 

d 
2.0 x 3.0-2.5 x 3.5 21 0-340 4.0 - 5.0 1.0 - 1.2 

d 
2.5 x 3.0- 3.5 x 4.5 410\1 ISO 4.5 -6.0 1.5 - 2.5 

d 
1510>l 300 4.5 -7.5 1.5 -2.8 2.5 x3.5 -3.5x4.5 

I tI if 'JI 

'i.l1flfl1'jl>lljj6111V11n1Jlhl1'lrfl'U6-3;'U>l1'U'U6>lU~f.'l~;'U (6dlWIf1-300>l20g) 
., . 

l11J1{lm'fl 'il1fl f)11fi'il11W 11a flfl ''*'II'U 1fl'll6>llt'l11 '"fl'l:lW~Uf.'l~lU'i1>l'U 6-3;'U >ll'Ull 1liilfl1111 
~ f 4, 0 t ~ =1..::::1 I 0 Q,I.d I , 

ff1l111f11 1111m1~ V~111>l1116'l11>l'U6>lf)1nl-3~lUl1'U -3'11 fl\l'l1'U >l1'U fl1lff1'U fflf1t:y'YI'i.l~ ff >lNf.'l~6f)1 'j Balance 

... t , • 	 :iI:iI ",.A .,:; 4 .A,:il
Flow fl>l'U 'U 'U f)1'j f)111 'Ufl'll'Ulfl'll fl>l 'YI1>l1'11 1 (Gate) ~6>l'W'il11 W 1tNfl'll 'Ulfl 61'ill 'W1I11'j6 f.'lfl'll'U 1flf.'l>l1'W fl 11 

jI" 	 " 

l1f.'l11'U fl11 1~1Il~1I'II6>l;'U>ll'Ulnfl;i'U 'W!fl1l1 n'U' 'U fln i,}{lfl i' 
'JI 

>lijl '*1 U 1 um 11 Cad Mould"lhV1'U fl1'j 111 

'U'Ulfl~lUl1l1>lUf.'l~lU'il>l'll6>l'YI1>l1'l11 (Gate)fl11 Balance Flow ~m1l1~ff1l 
3.2.3 	 fl11f11'U1W111UHUflUlifim, 

U'j >lUflulifill vi~1,*'il~ ~6>l1l1m.wlH 'W fl ~'il~i'fl'tJ 1ulifill vil-H'fldl 'U ~ 11 ml1>lUfl ffil'YIl 'U 1:;l1'lH 
., 	 '" ., 

'lJ'U fI fl'U fl1'j 1 11f.'l~1'11fl>l'Wf.'llff~fll1f.'l611Uf.'l~6fl~1'116\11Ufl'W f.'llff~fl 1~\I~6\1ilfl11f11'U1W 111~>lilm \lUfl 

ulifi11vi~1'*f11'U 1W1111I('ill flri 1f'11111~'U 'U6>l1ff'fl 
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A...,_ ...-O'_ P"_._U;C_ ..... "h• «kg,c;un- ),"<Oo~d 

C--' P".Q1_,.,t,onOtdJ.n,eIrV OUt;..r .,.-,~_._J...,.Dit _1........
..­ _1d4-..... _1.......... 


480!"-".... a80""GO 
... eo2&0H r PIS 860 
1$00400:SAN aoo 
GOO300 400 

300 400 &00R.A.u"'d 

ABS 

."'"_ ... e. PVC 21$0 "'''''0:s "" ° 3&0 4&002&0PP 
2&0 aBO .... ""0PE 

BOO41$0PA-B a&o 
eGO.... 00 1$00PA-BEJ 
700PC 400 BGO 
80003150 &00PMMA 
... 00.... 00 &00PPC 

31S0 600PCM ","'0 
... aoPET ~50 1500 

1500PBT 350 "'GO 
700.... 00 BOOPPS 
700ISOO40OPBS 

.... 150 15 60TPX 380 
1500 700400PSF 

700GOOPAr 400 
.... 00.... 00 BOOPEr 

.... 00 ISOO 700PEBK 
700u po1y_r .... 00 600 

r.1 .... G'r~_ 8<:'0aoo BOO 

ISOO300 .... 00UP 
UP" BOO BOO400~ 

.... 00 BOO0.01" 1500 
.... 00 GOOPI" 300 

Bpalllty GOO GOO400 

- -

AxP 
F= _~_(,3.3) 

1000 
<1\ ~ ,.,. .. 

nJ6 F = UHlJ~U:JJ'}"nJ'W (T) 

4" cS. 4 " 2 
A = 'WlfYlilltl'll6~'lf'U~1'U (em) 

"" i Si"''' 2P = f111:JJ~'UmlJ 'U'II~H!1J1'W:JJ'W (kg I em ) 

1000 = rh~1l1:JJ1'H1nhi'lf'H,.htltll'U T 

ioN1""~ HDPEn'lJ '~fhuH~'Ui'UCaeity~n:JJ~l1H Til~'~ = 350 kg I em
2 

o Ql4, 0 QI QI t/"" " 'Ul'H'U fl'lf'U~l'U 1.86g+'Ul'H'Ufl'll'fHl'U!'U610.33 7g=2.197 g 

UHtI~~~6~fl11 2.197 x 350 = 0.7689 
1000 

= 0.77 T 

!!HtI~Uli.w:JJ"'f111!~:JJTilf111:JJlla6,uiml1m~:JJijfl 10 % 

0.77 X1.l 

0.85 T 

<1\ diiljJ.Jet IC\QI ~ 
!fI16~Y1 'lf~6~Y1:JJU1~~'UtI'fI!!:JJ'W:JJ'W22 T 

ioN1""~ ABS'~TilUH~'Ui'UCacity~1:JJ~111~ Til~',)' = 400kg I em
2 

2.197 x 400 
= 

1000 

= 0.8788 T 

http:1.86g+'Ul'H'Ufl'll'fHl'U!'U610.33


40 

= 0.8788 X 1.1 

== 0.9666 T 

!fl~fl~~1..w~tN~iiU'N~\.ln~tUJfhJ'rl·~hjumlf)'hl.00 T ~\.l hli~'il~l..w~l\.l i~ 
1 \.lfll 'j1'1~"fl~1..w~fl~fl~22T~iifld 

3.2.4 fll'jtil\.l1tIH1"1~loNl\.lfll'jl1clflt~\.l ( Cooling time )HDPE 

Tk = In[ic(~m1wJ] ___.~(3.5)2 S2 
7t X aeff Z- w 

= t1\;11~loNl\.lfll'jl1clfl~~\.l ( Cooling time) 
'" ..Cl\ ~'..::I 

S = fl11lJl1\.l1'Ufl~'I$\.l~1\.l fl~t'I'1\.l1'111\.lltl~ = 2 mm . 
.... 1 Q 4. (I, <JJ :d 2Q 

= u'jtt'l'1'1'fi.l11'V1fll'j\.llmllJ'jfl\.ltiHHJ'VI"lt'1'~fl HOPE == 0.092 mm Is 

= ~Wl1.QiJl1"f)lJl11"1'lJtH'VI"lt'1'~fl = 190 ° C 

Q~ ~ IQ tI 0 
= ~Wl1.QlJ ~\.lfll'jtJ"~'I$\.l~l\.lflflfl'illflUlJ'VIlJ'VI == 75 C 

= ~Wl1.QiJiJrnr~ul.lfhJ,{ == 25°C 

T = (2mmE Inr4 (190°C-25°C)~ 
k 7t2XO.092mm 2/s t1t\750C-250C ~ 

= 11.37ln 4.20 

Tk = 16.2s 

:. t1"l~loNl\.lfll'jl1clflt~\.lHDPE ~16s 

fll'jtil\.l1Wt1"1~loNl\.lfll'jl1clfl!~\.l ( Cooling time )ABS 

..I" ~ • ~ 
Tk = !1\;111'1 t'l$ t\.l fll'jl1 "flW\.l ( Cooling time) 


Q'" Q t .::I. 

S = fl11lJl1\.l1'lJfl~'I$\.l~1\.l fl~t'I'1\.l1'111\.l1tl~ = 2 mm . 

.... 1 Q 4 0 " d Q 2 = u'j~t'I'1'1'fi.l11'V1fll'j\.llfl11lJ'jfl\.ltU"a'VI"lt'1'~fl ABS =0.08 mm Is 

R 
M 

== ~Wl1.QiJl1"fllJl11"1'lJfl~'VI\;I1t'1'~fl == 240 ° C 


'" 
R = ~Wl1.f.lm\.lfll'jtJ,,~;I\.l~l\.lflflfl'illflt!l.l-nlJ,{ = 95°C 
E 

Rw == ~Wl1.f.liJiJmr~ul.l-nlJ,{ == 70°C 


T = (2mmf InrA. (2400C-70°C)~ 

k 7t2XO.08mm2/s t7t \95°C-70°C ~ 


= 5.070ln 8.636 


=5.070x2.15=10.93 s 


:. t1"l~'oNl\.lfll'jl1clfl!~\.l ABS ~ll s 


http:5.070x2.15=10.93
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o 0 :. d 
3.2.5 tll'ifl1'U1Wl11'ill'U1'U'Ul'HJ;HIW'U 

.J. 0 0 : t ~ m'Vtn 3~9 tll'ifl1'U1W'Hl'ill'U1'U'Ul'H€l6W'U 

,,: • d 
l'Utll'i66nUUU'1"11~'Ul'H €l6W'U 1~81l.1l 

3.3 tll'i1Iml::af~1V l1.humll Cad Mould 
t Q o'.~ 0' 

3.3.1 fI1l'il'i11l1~6'iUlll'i1ll'i 


1.'1ffflll'il'niJl~6f!~~l'i€lla'~n HDPE 


- Melt Temperature = 180°C 


- Mold Temperature = 2SoC 


- Eject Temperature 7SoC 


- Cooling Time = 8 s 


3
-Density23°C = 0.94 g/cm

http:1~81l.1l


42 

I f'PGF 
FP-GFFR :1ID. 120 60· 90 

Folirg Till. [tl 	 AeCOllll1l«"lded PrGCe# Ttmpi!I-* [IC[1!fi1 ...... 	 Molt \;101 EjoolionPr8l>JUoe{;ortraliod FiIi'g 1:rQ ~ 
PC 	 2m.J2!) 85·120 90·140 ~ 

14 ott TOI'f1>O''''o.re l~CI 	 FCt1IBS ~-tl. 270 70· 90 80·1211r--m 
FC+#>IlS·GF 	 ~·200 70· 90 80·120 

IUrifonn wd tSlll)el'III..[,C] 	 29).325 80 ·1'15 100·140:!l~~ PC.GF 
FE-GF ~20· 260 40· 70 60·1211 

Ejeelion TernpaaUie '~I ,Mi. 
10· GO r Pil<f<inu DOl.... '.] M-lA ~10· <50 40· 90 110· 110 

'it! 	 ;01£' 	 "'MIr 
~ 

I'M" ~70· 330 30·70 !j()·I!iIlr S +\;1 1i'"fM Ir roM 1'10, ;no 60 ·120 90· 150 
1'Q104.GF 100,220 SO ·120 SO· 150

I 	 8r If'lecll0r, C<'HIPII,IBf'tOn Input f'P 220· 270 20· 90 60·100 
W.f) rn·260 411· 70 63·100 

DeIauA lood Opb. I VOl, FP-FR 180,220 40· 90 SO· 100I 	 I f'P-GB 	 m·260 40· 70 SO· 100 
m·260 40· 70 60·100OK Caru:oI GO· 100 p 

~ 	 '~J ~ 
3.4 	'U'UAtl'Ufl11tltlflU1.J1.JHU't'UJ'W'Wtt1 tlAfl 

tdtl'~'U'U1~'Utl-3 Insert ut\'1i-3th Mould Base i'U i1l'IumlJ Mould Wizard 00fllJ1i~i'Ufll'I11-3 
o • ~ ~ 0 	 I~ tI rjI 4 0 t ~ Q fI 

fl1U11 'U -3'U0-3'It'U -31'Ut 'VtOflll1'U~'U'U l~'UO-3UlJ'VtlJ'Vt fl0-3tJ~fl1U11'U-3 'U0-3'It'U -31 'Ufl1lJ fl1'I 1tfl 'Il~ 11'U 0-3 
., 	 .. 

i 11 'I umlJ·lhtJ1tfl'Il~...rf111'l1a~1 ( Cad Mould) l~tJi,rl~tJ~'UO-3.JftHl'UfflJlJlfl'Iti'U1J1fll1~~nhvhh'~ ., 	 ., 
i'U f11'I ':h-3U'U'U~0-3~hu-30-3f11!mti -3 fll'I V~ Insert fllU11'11-3 'U 0-3 ffafl1l a~.Jf'U-31'U flltm 'I1-3'U 0-31'thml0 

G'jI a_~ ... 'jI ... Joi'jl 'jI '''''''''''' lIf'jl
W'U ~1m'VtOu0-3fl'U f111t lij 1~19f0'U fl'U'U'U't11 l1flllffll-3UlJ'Vt1Jl'UfftJmtJ t~ 

w 	 w, w 
3.5.1 'Il~ullf4lJ.wg ~dll1 l'U.Jf'U 't1 ~ ffO'U1I 'I ~ flO'U~1tJt)1'U rh'U iiff~l-3;j'U lJltO-3 

...... '" fl) U111'U'1J-3fl'Ut['UtJ (Locating Ring) 


'U) 1Iaofl'ig~ (Spure Bush) 

t.o::t ,~fljI 1Q,1.d 

fl) UN'UtI~UlJ'VtlJ'Vt~l'UOgfl'U't1 (Front Plate) 


-3) UN'U Cavity Plate 


lij) Insert Cavity HDPE 


ll) Insert Cavity PET 
., 
'It) ttN'U'I0-3fl11~ (Cavity Plate) 


9f) UN'UV~ffafl1l,,~ (Ejecter Plate) 


http:1'Q104.GF
http:OI'f1>O''''o.re
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OJ) mh.,~tnJ'CI~ (Ejecter Return Plate) 


ty) UFhiv~ffatl1I'C1~ (Ejecter Plate) 


fJ) Un~'HH (Spacer Block) 

1.:!l I~ tl9J .4 d 

!) UN'\.W~UlJ'WlJ'W~lUlfl'CI6U'VI (Back Plate) 

" 
3.5.2 ;1Uff1UlJl~'S!lU 

fl) 1'W'CITlh (Guide Pin) 

'\I) t1'C16flUl'lfU~ A (Guide Bush Type A) 

fl) ffafl~Ufla'U (Return Pin) 

~) ffafl~utI'CI~ (Ejector Pin) 
.., 41 .,. 

'\) ff'CIfl~~UflUl~~ (Spure Puller) 

! iI t.c:. rI 
3.5.3 '\IU~6Ufll'Sff'SHUlJ'WlJ'W 

" 1. iilfll'J66mt'IJ'UHlifjlJ~~~;U'VI~ff6'U ~1fJ lt1'SHfl'JlJ Unigraphics 

" - t;jfJUm'W;U~lUl1'C1:::fhlfU~'\IU1~,\)lfllt1'S11fl'JlJ Unigraphics 
" . 

- Ul;U~lUvh;jfJUlJ1flmU~'\IU1~ Mould Base '\I6~ Futaba U'CI:::11~amJtU:::"'fl'VI1~fll'J1H 
" ;U~lU'CI~iuHlifjlJ~ 

- l;jtJuu'U'UttlifjlJ~U'CI:::flmU~'\IU1~lt'CI:::~1!mti~'\I6~ff1utI'J:::fl6'UltlifjlJ~ 

. , 
o 9/I.t!I a.d iJ 

- Ul G-code !'\Il~lfl'S6~ CNC Am:::t'CItlfl File 'VIt'Jl Save t'\lllJl 

~ A t.1iJ 9J dOl Q,I' t/ 0 tI A..d o rI 
- ~~tfl'J6~ !'H'W'StllJ'VI ,\)::'VI1~lU ~tJtI'J 'UfllfJU fJ'\Itl~~lUU'CI:::Ult;JUtJ'\I6~!fl'J tl~'VI~lUlfU 

I 

~fJUtJ 

'\I 6~~lU1 t11ff1 ufhtf~l~lJ~~!~lJ~Uflnn~~lumhtlnufl~ llJiTi fll'S1~!fl~6nUtff~ '\) 

JI JI 'JI , 

flntl'J::fl6'U!tliVilJ~1wuU~6UU'\):::d1uflntl'J:::fla'U;Uff1ui1~1~ '1 '\I6~ulifjlJ~n1~'\IU1~ 
• 'II JI" 'II f 

~llJn flllfU ~U llJ 11.1 'S::: fl6'U!.ij'1~1fJflU Uafl'\) lfl;U ff1U uli fjlJ ~n~ 22 ;UU~1'\)::ij;1U ff1UlJ l~'S!lU n 
. ", 

'\)::: ~6~U llJ11.1'J:: fl6'UAVilJ tfllJ6 flO~ '\):::1~'I!~I lliVilJ ~~~;U'VI~ ff6'Un fflJ \!'Sw 
" . ,

1u fll'JtI'J:::fl6'U;U ff1U~H '1 uff~~m'WuliVilJ~niilfll'JtI'J:::fl6'U1~ fJ'U!tltJU~1 cti~, um'S 

I 41 iI :it .., .., 41A 

1J'J:::fltl'U,\):::tJ~~1fJfffll M8 U'CI::: Ml2 t'lJU~1'\1UfJ~ 



fiitt4Ut :::L&1 tLUMLtft-~~n ll-€ 
I' • 

mti\/t~l!M/tM/t1tMLtft-~~1t ll-€ lA.M.llf 
Jl F-" ~. ~ 

t~/tm./t Oil t-~/tltlm:::&,,,..," .,. 

itUfit~Ln.1l!na~W1rtL~M/t M/tn::: mm,rw~anL~M/tM/tnn,au::: t flamM/tM/tnt-an.t-~ /tLtW' i 
/'1) "~F f' ", ~I F' ~I ", ~I lpJo' ~I 

t~/tm.~/t SL I l!na~wi~l.M/tM/tnt-an.t-~/tLtW·l 
t;;7 ~ F f' ' bt 

t~/tm.~/t SS l!n,u~a~l.M/tM/tnt-an.t-I:!/tLt.w· I 
tot l;7 'F 1'0' ~ b, 

itt-~~Lnil. /t::& t ~n&t~m au:::tfll!M/tM/tnt-an.~L itn.r 10 p" P F' 1:7 • 

pp 
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""• . ... w 

ill'Wfl 3-15 Ufffl~fl1l'4 cavlty'b''Ui'lflffflU 
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Til 



I 

.o:! 

lJ'fl'fl 4 

... 1.::1 4 lIJ Q,I ~ ""~ ...::i.. 
1. l1J'HI1Jl'YW'Ufll) t11{;l~1'UfH"lfU'VI~jjtl'l.J'l1'U'VI~jjtl'l.J HDPE'VIfl111111'U1 0.5, 1.0, 1.5 1m: 2.011,11 . . 
fll'n~n4-1 

11jj~ fl111111'Ul/11.11. 

I 
2.0 1.5 1.0 0.5 . 

I do 

fll'V1 flll1 'U ~ 225 127 54 14 

. 
fl1'V1~jjtl'l.J 299.32 238.39 116.85 52.26 

" . 
1.1 ltl~tJ1JIiltJ'Ufll)'m'l~1'UtI.(I;'U'VI~jjtl'UHDPE 'U'Ul~fl111111'Ul 0.511.11. n'lJfhilfh11'U~~lfl 

~F-lil~ 

52.26 
1.323 

100 
4.228 

<0.005 

99.9 

99 

95 

90 

80 
.... 70r:::: 
5 60 .. 50 

40l 30 
20 


10 


5 


1 

0.1 

48 50 

. 

Mean 
StDev 
N 

AD 
P-Value 

58 

Probability Plot of HDPE.5 
Normal - 95% Cl 

52 54 56 
HDPE.5 

" . 

IlTrtn 4-1 F-l"fll)'VI~"t1.(1 fll)'11"~1'UtI.(I;'U'VI~jjtl'UHDPE 'U'Ul~fl111111'Ul 0.511.11. lithil 

U~fl~h.(l ~lfl~F-lil~~fi1l1'U~t1tiHih!mf1rrty 0.05 

http:0.511.11
http:0.511.11
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Descriptive Statistics: HDPE.5, C2 

Variable N N* Mean SE Mean StDev Minimum Q1 Median 
HDPE.5 100 0 52.260 0.132 1.323 50.000 51.000 53.000 
C2 100 0 14.000 0.000000000 0.000000000 14.000 14.000 14.000 

Variable Q3 Maximum 
HDPE.5 53.000 54.000 
C2 14.000 14.000 

~ . 
Natl1~'YI~HW,:j tl1~ "l1ai1'IJfN.y'il'YI~ffO'UHDPE 'IJ'ill~fl11lJl1'i11 O.5lJ.lJ. ijfhViu~fl~1,:j1l1fl~Na~ 

~tll11'i1i'10Vl,:jij..rmhtity 0.05 

~ . 

1.2 t1l1(1'Utfi(l'Utl1~'l1ai1'IJo,:j.y'il'YI~ffO'UHDPE 'IJ'ill~fl11lJl1'i11 1.0lJ.lJ. timi1fitll11'i1~1l1fl 

Probability Plot of HDPElmm 
Normal - 95% CI 

~ 
~ 
l. 

99.9 

99 

95 
90 

80 
70 
60 
50 
40 
30 
20 

10 

5 

0.1 "'O"""-----'-""......-"--'1------'-.---'---+-----.--'--.....------'---i-----'-4------'-I---J 

Mean 116.9 
StDev 1.155 
N 100 
AD 3.335 
P-Value <0.005 

112 113 114 115 116 117 118 119 120 121 
HDPElmm 

, " . 
fIlnii 4-2 NaflU'YIi'lao,:j il1~'l1a~1'IJO,:j.y'il'YIi'lffO'UHDPE 'IJ'illi'1f111lJl1'i11 IlJ.lJ. ijfilfi 

U~fl~H1l1flN'Na~~tll11'i1~Odl,:jij..rlHi1tiW 0.05.. " 

Descriptive Statistics: HDPE1 mm, C2 

Variable N N* Mean SE Mean StDev Minimum Ql Median 
HDPE1mm 100 0 116.86 0.115 1.15 115.00 116.00 117.00 
C2 100 0 54.000 0.000000000 0.000000000 54.000 54.000 54.000 

Variable Q3 Maximum 
HDPElmm 118.00 119.00 
C2 54.000 54.000 

" ,.
Natl1~'YI~ao,:j tl1~'l1ai1'IJO,:j.y'il'YI~ffO'U HDPE 'IJ'ill~fl11lJl1'i111lJ.lJ. ijthViU~fl~H1l1flN'Na~ii.. 
o t Q ~ 0 Q.i 

tl111'i1~O(ll,:jlJ'iI(lfflf1ty 0.05 

http:IJ'ill~fl11lJl1'i111lJ.lJ
http:1.0lJ.lJ
http:O.5lJ.lJ
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" . 
1.3 !1nv'UtnV'Ufi1'i'lH'~1'\Jfl-3;tfYl~fffl'UHDPE '\J'Ul~fl111111'\.J1 1.5 11.11. nmhnfhm.J~\llt) 

Probability Plot of HDPE1.5mm 

Normal - 95% Cl 


99.9 

99 

9S 
90 

80 

~ 70 
cu 60 

'" 9J... 40l. 30 
20 

10 
5 

1 

0.1 

Mean 238.4 
StDev 3.247 
N 100 
AD 2.513 
P-Value <0.005 

230 235 240 245 250 
HDPE1.Snn 

. " . 

.fl1Vttl 4-3 N"fi1'i'YI~,UH fi1'i '11"~1'\Jtl-3~'U'YI~fftl'UHDPE '\J'Ul~fl111111'Ul 1.511.1.1. iJ~ln 

U~t)~l-3\llt)~Nil~~n1l'I'U~tltil-3ihrmhflt)l 0.05 

Descriptive Statistics: HDPE1.5mm, C2 

N"fi1'i'YI~"tl~ fi1'i 'ml~1'\Jfl-3;'U'YI~fffl'UHDPE '\J'Ul~fl111111'Ul 1.511.11. iJ~lnU~t)~lHlt)~Nil~ 

Variable N N* Mean SE Mean StDev Minimum Q1 
Median 
HDPEl.5mm 100 0 238.39 0.325 3.25 233.00 236.00 
238.00 
C2 100 0 127.00 0.000000000 0.000000000 127.00 127.00 
127.00 

Variable Q3 Maximum 
HDPE1.5mm 240.00 247.00 
C2 127.00 127.00 

" . 
... 


-40 'dw 0 QJ 

'YIfi111'U~tlm-311'UVfflf1t)l 0.05 

http:1.511.11
http:J'Ul~fl111111'\.J1
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., . 

1.4 LmtJ1H'ntJ1Jtl1':ihYtl\911'IJtI_3';'U'YI~a't11JHDPE 'IJ'Ul~fl11lJ'H'Ul 2 lJ.lJ. n1JfhVitll'H'U~1I1n 

Probability Plot of HDPE2nm 

Normal - 95% CI 


99.9 

99 

95 
90 

.. 80 
70

I: 60 
U 50 
ID ... '10:. 30 

20 

10 

5 

, ., 

O.l'""+--'--'t-.L--1---'----t-'---t---i----"----,r--'---t--'---t-'--T"' 
290 292 294 296 298 300 302 304 306 308 

HDPE2nwn 

Mean 299.3 
StDev 2.112 
N 100 
AD 2.856 
P-Value <0.005 

. 

.fl1'nii 4-4 Ntltl1nl~tltl_3 fll':i ''Htl\911'IJtI_3.;'U'YI~a't11JHDPE 'IJ'Ul~fl11lJ'H'Ul 2lJ.lJ. ii,hVi 

U~n~1_3111n~Nii~~tll'H'U~mh_3iit!tJdlrity 0.05 

Descriptive Statistics: HDPE2mm, C2 

Variable N N* Mean SE Mean StDev Minimum Ql Median 
HDPE2mrn 100 a 299.32 0.211 2.11 295.00 298.00 299.00 
C2 100 0 225.00 0.000000000 0.000000000 225.00 225.00 225.00 

Variable Q3 Maximum 
HDPE2mrn 301.00 303.00 
C2 225.00 225.00 

., .. 
Ntltl1':i'YI~tltl_3 tl1':i''Htl\911'IJtI_3tj'U'YI~a't11JHDPE 'IJ'Ul~fl11lJ'H'Ul 2lJ.lJ. iifhViu~nfil_3'iJlnaNii~Vi.. 
tll'H'U~mh_3iit!tJdlritll.. 0.05 
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" " ,
2. tmtl1J!'YiIJ1Jfl11'11t1fl1'U'O-.1"1f'Ul1f1ff'01J~'Ul1f1ff'01J PP nfl111111'U10.5,1.0,l.St!tI~2.01l.1I . 

.,; 
Al~H't14-2 

,
., 
1ff~ 1'1111111 'U1/11.1I. 

I 

2.0 1.5 1.0 0.5 

... 0 

f1111fl111'Ufi 250 141 63 16 

•f1111f1ff'01J 1Jl0011310 245.7 185.1 68.83 

" 	 . 
2.1 tmtl1Jtntl1Jfl11 il1t1fl1'U'O-.1"1f'U11f1ff'01JPP 'U'U1f1f1111111'Wl O.Sll.lI. nmhn n111'UfI~1 fl~f-Iafl 

Probability Plot of PP .5mm 

Normal - 95% Cl 


99.9 

99 

95 
90 

80 
70~ 60GI 
50 
40t. 

~ 
30 
20 

10 

5 

1 

0.1 

Mean 63.83 
StDev 1.sn 
N 100 
AD 3.681 
P-Value <0.005 

60.0 	 62.5 65.0 67.5 70.0 
PP.Snm 

. 	 " . 
.fl1'Wn 4·5 f-Itl fl1111f1t1'O-.1 flll i 11t1fl1'U'O-.1"1f'U'YIflff'01JPP 'U'U1f1f1111111'U1 0.511.11. ij,hn 

Uflfl';1-.1~lfl~f-liiA~n111'UfI'Oti1-.1ihrtld1flru 0.05 
~ 	 u 

Descriptive Statistics: PP .5mm, C2 

Variable N N* Mean SE Mean StDev Minimum Q1 Median 
PP .5mrn 100 o 63.830 0.158 1.577 62.000 63.000 63.000 
C2 100 o 16.000 0.000000000 0.000000000 16.000 16.000 16.000 

Variable Q3 Maximum 
PP .5mrn 65.000 67.000 

" " 
f-Itlfl11'YIfltl'O-.1 fl11 i 11t1fl1'U'O-.1~'U'YIflff'01JPP 'U'U1f1f1111111'Wl O.Sll.ll. ijfhnuAfl';l-.1~lfl~f-IaAn

~ 

o I CiOlQQJ 

fl111'UfI'Otll,;Jll'UOff1f1ty O.OS 

http:O.Sll.ll
http:0.511.11
http:O.Sll.lI
http:nfl111111'U10.5,1.0,l.St!tI~2.01l.1I
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.. . 

2.2nl1fJ'lJlnfJ'lJfll'i"'f€l~1'1l6~"hI'VI~ln)'lJPp 'Ilhll~fl1111'l1h11 1.0 11.11. n'lJfhnfil'HhI~1l1mjN~~ 

Probability Plot of PP lrrm 

Normal - 95% a 


99.9 
Mean 185.1 

SIDev 1.572 


99 N 100 
AD 3.224 
P-Value <0.005 

90 

80 
70~ 60 

~ 50 
40t. 30 
20 

10 
5 

1 

0.1 
180 182 192 

. .. . 
fll'nn 4-6 N€lfll'i'VI~€l6~ m'i''H€l~1'1l6~''hI'VI~lH1'lJPP 'Ilhll~ml11'Hhll I 11.11. ufhn 

u~n~h~1l1n~N~~~fil'HhI~tJdl~U,rfJlhtity 0.05 

Descriptive Statistics: PP 1 mm, C2 

Variable 
PP 1mm 
C2 

N N* 
100 0 
100 0 

Mean 
185.12 
63.000 0

SE Mean 
0.157 

.000000000 0.

StDev 
l. 57 

000000000 

Minimum 
182.00 
63.000 

Q1 
184.00 
63.000 

Median 
185.00 
63.000 

Variable 
PP 1mm 

Q3 
187.00 

Maximum 
187.00 

.. .. 
N€lm'i'VI~€ltJ~ m'i''H€l~1'1l6~''hI'VI~1YtJ'lJPP 'Ilhll~fl1111'l1h11 111.11. ufhnu~n~Hll1n~N~~n 

fil'HhI~mh~u,rm;htity 0.05 

184 186 188 190 
PPlnm 
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" . 
2.3 lmtl1.J1'fitlUOl'i'i If''~1'lltJ~~'U\'I~H'YmJPp 'll'Ulf1fl1111lf'Ul1.511JJ. ti1Jfhntillf'UfI\llf1~NilJll 

Probability Plot of PP1.5mm 
I't:lrmal - 95% a 

99.9 

99 

95 
90 

80.. 70c 605 50.. 
40l. 30 
20 

10 

5 

1 

0.1 

Mean 245.7 
StDev 2.653 
N 100 
AD 2.601 
P-Value <0.005 

235 240 245 250 255 
PP1.Smn 

I " • 

m....fi 4-7 N"Ol'i'\'IfI"tJ~ 0l'i'ilf"~1'lltJ~~'U\'Iflff6UPP 'll'Ulf1fl1111lf'Ul1.511.1I. ijfhn 

Descriptive Statistics: PP 1.5mm, C2 

Variable N N* Mean SE Mean StDev Minimum Q1 Median 
PP1.5mm 100 0 245.70 0.265 2.65 242.00 243.00 245.50 
C2 100 0 141.00 0.000000000 0.000000000 141. 00 141.00 141. 00 

Variable Q3 Maximum 
PP1.5mm 248.00 250.00 
C2 141. 00 141.00 

" .. 
N"Ol'i'\'IfI"tJ~ f1nilf"~1'lltH~'U\'IflfftJUPP 'll'Ulf1fl1111lf'Ul 1.511.11. ijfhnuJllf1wil~1)lf1~NilJlln 

tillf'Ufl6fh~ihrtl~hrlty 0.05 

" .~.-='" 1lJ "'.,. "" 3. hJ'i'tlUL\'ItlUf11'i' tlf"Jll1'lltJ~"If'U\'Iflff6U ABS \'Ifl1111lf'Ul 0.5,1.0,1.5 u,,~ 2.011.11. 

Vll'n3~4-3 

lfff) fl1111lf'Ul/11.11. I 
2.0 1.5 1.0 0.5 . 

I '" 0 170 96 43 11fl1 \'IOllf 'UfI 

I 
213.03 193.31 102.36 26.40f11 \'I fI ff tJU 

i 

http:2.011.11
http:1.511.11
http:ll'Ulf1fl1111lf'Ul1.511.1I
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99.9 

99 

95 
90 

BO 
.... c 70 

60 

~ 50 

t. 40 
30 
20 

10 
5 

1 

0.1 

Probability Plot of ABS.5mm 
Normal - 95% CI 

Mean 26.52 
StDev 1.030 
N 100 
AD 5.042 
P-Value <0.005 

25 	 26 27 28 29 30 31 
ABS.5nm 

. " 	 . 

l 

22 23 24 


iIl'Wn 4-8 Nafll'j'l'l~afl~ fll'j1'HaI9i1'llfl~"lJ'I'l~fffl'IJABS 'lllJl~f111lJ'HlJl O.5lJ.lJ.1ifhYi 

Descriptive Statistics: ABS.5mm, C2 

Variable N N* Mean SE Mean StDev Minimum Ql Median 
ABS.5mm 100 0 26.520 0.103 1. 030 25.000 26.000 26.000 
C2 100 0 11. 000 0.000000000 0.000000000 11.000 11. 000 11.000 

Variable Q3 Maximum 
ABS.5mm 27.000 28.000 
C2 11. 000 11.000 

" 	 .. 
Nafll'j'l'l~afl~ fll'j 1'H aI9i1'llfl~"lJ'I'l~fffl'IJABS'lllJl~f111lJ'H'lJ1 O.5lJ .lJ. 1ifhnu\9lt1~h ~~1t1~Na\9ln 

fi1'HlJ~mh~1iil'Vty,fity 0.05 
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" 
 . 
3.2 tiJl(11.Jtfi(l1.JflTJll1"~1'1lij'l"U'YI~ffij1.JABS 'IlUl~ml1.1'11Ul1.0 1.1.1.1. ilmhfitil'11U~"lfl~N~~ 

99.9 

99 

95 
~ 

so ..., 70c: 60GJ 
U 50... 40l. 30 

20 

10 

5 

1 

0.1 
96 98 

. 


Probability Plot of ABS 1.0 
Normal - 95% eI 

Mean 102.3 
StDev 1.512 
N 100 
AD 3.191 
P-Value <0.005 

100 102 104 106 108 
ABS 1.0 

., . 
lIl....n4-9 N"fl11'Y1~"ij'l fl11''11''~1'1lij'l''U'YI~ffij1.JABS'llUl~m11.1'11Ul 11.1.1.1. ilthfi 

U~fl~H"lflIiN~~~til'11U~tJdl'lil,rmhfiru 0.05
• u 

Descriptive Statistics: ABS 1.0, C2 

variable N N* Mean SE Mean StDev Minimum Q1 Median 
ABS 1.0 100 0 102.34 0.151 1. 51 100.00 101. 00 102.00 
C2 100 0 43.000 0.000000000 0.000000000 43.000 43.000 43.000 

Variable Q3 Maximum 
ABS 1.0 104.00 105.00 
C2 43.000 43.000 

" .. 
N"fl11'Y1~"tJ'l fl11''11''~1'1ltJ'l~U'YI~ffij1.JABS 'IlUl~ml1.1'11Ul11.1.1.I. iithfiu~fl~l'l"lfl~N~~fi 

til'11U~ijdl'lii,rmhtit'\l 0.05 
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99.9 

99 

95 

90 

.. 
C 

B.. 
t. 

eo 
70 
60 
50 
40 
30 
20 

10 

5 

1 

0.1 

Probability Plot of ABS1.5mm 

Normal - 95% CI 


185 

Mean 193.4 
SIDev 2.839 
N 100 
AD 3.293 
P-Value <0.005 

190 195 200 205 
ABS1.5mn 

. " . 
Illftn 4-10 N!;I fll'jl1f1!;1'fH fll'j, Yi!;l~1'IJfl..'j1i'ill1f1fffl'UABS'IJ'illf1f111lJYil!1 1.5lJ.lJ. ilrhii 

Hfltl~l..'lllltl~Niifl~fiT"'ilflflBl..'jihrfH;hrity 0.05 

Descriptive Statistics: ABS1.5mm, C2 

.. 

Variable N N* Mean SE Mean StDev Minimum Q1 Median 
ABS1.5mm 100 0 193.40 0.284 2.84 190.00 190.00 193.00 
C2 100 0 96.000 0.000000000 0.000000000 96.000 96.000 96.000 

Variable Q3 Maximum 
ABS1.5mm 196.00 198.00 
C2 96.000 96.000 

" 
N!;Ifll'j'VIfl!;lfl..'l fll'j, Yi!;l~1'IJfl..'l1itll1f1fffl'UABS'IJ'illf1f111lJYitll l.5lJ.lJ. ljfhiiHfltl~l..'l 'illtl~Niiflii 

fillf'ilflmiHlj\!mflflty 0.05 

http:l.5lJ.lJ
http:1.5lJ.lJ
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" . 
3.4 !mfJ'lJ!i1fJ'lJfll'i'H~~1'UfH~hJl1~ff6'lJABS 'U'\..Il~mll1'H'\..Il 2 11.11. ti'lJfhi1fh'H'\..I~'illtl~N~~ 

Probability Plot of ABS2mm 
Normal - 95% CI 

99.9 ! 
Mean 213.0 
StDev 1.977 

99 N 100 
AD 2.429 

95 P-Value <0.005 
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Description 
Cadmould 3D-F Version 5.0f 
Mold: 
Name: "spiral-010" 
Surface = 4559.99 mm2 

Volume =2304.02 mm3 

Centroid =5.697 , 0.471 , 2.248 mm 
Mass =2.19 9 
Part 1: 
Surface =4559.99 mm2 

Volume =1950.12 mm3 

Centroid = 6.731 , 0.557 , -0.500 mm 
Mass = 1.86 9 
Cold Runner: 
Volume =353.9 mm3 

Centroid =0.000,0.000,17.392 mm 
Mass =0.337 9 
Finite-Element Mesh: 
Total volume of all rod elements = 354 mm3 

3Total volume of all triangular elements = 2041 mm

Element-based volume =2396 mm3 

Total volume of all parts = 1950 mm3 


Total volume of the cold runner = 354 mm3 


Real volume =2304 mm3 


Element-based volume I real volume = 1.0397210508 

Gate Locations: 

1 at 0.000 , 0.000 ,45.000 mm , Surface normal is -0.000 , -0.000 .1.000 

Material: 

Name: "EXXON MOBIL HD 6706" 
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Type: "PE-HD" 
Manufacturer: "EXXON MOBIL CHEMICAL" 
Carreau Parameters: 
P1 =499.98 Pa's 
P2 =0.0075 s 
P3 =0.584 
TO = 216.33 °C 
Ts = -100.19 °C 
Fp =0 Klbar 
Ei =0 Pa's 
Fa =8.86 
Thermal Data: 
Thermal Conductivity =0.211 W/(mK) 
Thermal Diffusivity =0.0859 mm2 /s 
No-Flow Temperature =135°C 

Recommended Process Parameters: 
Melt Temperature =220 °C 
Wall Temperature =40°C 
Ejection Temperature =97.8 °C 
Process Parameters: 
Filling Time =0.285 s 
Pressure-Controlled Filling: 99 %% 
Melt Temperature =220°C 
Wall Temperature =40°C 
Ejection Temperature =97.8 °C 
Flow-Rate/Pressure Input: 

Switch dep. on Level [%%] 

Filling 
1. Level 0: 100.0 Flow Rate [cm3/s]: 8.084 
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53 117 241 301 
53 117 247 299 
53 117 246 298 
50 114 240 303 
53 115 241 300 
50 115 238 302 
54 118 241 300 
51 118 238 301 
50 117 239 300 
54 117 239 302 
52 117 239 301 
53 115 237 298 
53 118 240 303 
54 117 241 300 
54 116 238 303 
50 117 239 302 
50 116 237 298 
53 117 241 298 
52 115 243 300 
53 115 238 299 
52 116 246 301 
51 117 239 298 
54 115 238 299 
52 116 236 301 
50 118 239 300 
52 117 243 298 
52 117 236 300 
52 118 237 301 
52 117 236 302 
53 118 237 298 
50 117 237 301 
52 117 237 298 
52 115 240 297 
53 116 240 298 
51 115 236 298 
53 115 236 303 
53 116 237 301 
54 116 232 298 
54 116 234 297 



HOPE Mat/t I 0.5 1 1.5 2 
50 54 117 235 302 
51 53 119 236 303 
52 53 117 239 297 
53 53 116 233 298 
54 51 118 235 298 
55 53 117 240 297 
56 53 118 235 302 
57 52 117 235 297 
58 52 116 237 297 
59 53 116 240 298 
60 50 116 233 298 
61 53 116 238 297 
62 53 115 239 297 
63 50 117 238 303 
64 54 117 240 300 
65 54 119 240 297 
66 52 118 238 297 
67 54 118 233 298 
68 52 117 238 298 
69 50 117 237 300 
70 53 118 240 298 
71 54 116 237 298 
72 53 116 240 300 
73 52 116 236 298 
74 51 118 238 299 
75 53 118 239 297 
76 50 115 239 302 
77 51 116 233 296 
78 52 118 235 296 
79 51 117 237 297 
80 54 115 233 297 
81 50 116 236 297 
82 53 116 237 298 
83 54 116 236 300 
84 52 118 235 297 
85 52 118 237 298 
86 53 118 237 301 
87 54 119 237 300 
88 51 119 238 297 
89 51 118 237 297 
90 53 116 236 300 
91 50 115 236 298 
92 52 119 239 300 
93 54 118 238 296 
94 53 116 235 297 
95 54 119 236 301 
96 52 118 237 297 
97 50 116 238 297 
98 52 117 237 298 



HOPE MatltlL..--.:;0..;;;:.5~.J---::::.1_....L....-=-1';.;;;.5_L---::.2----1 
99 51 116 238 299 

100 52 117 237 298 



1 
2 
3 
4 
5 
6 
7 
8 
9 

10 
11 
12 
13 
14 
15 
16 
17 
18 
19 
20 
21 
22 
23 
24 
25 
26 
27 
28 
29 
30 
31 
32 
33 
34 
35 
36 
37 
38 
39 
40 
41 
42 
43 
44 
45 
46 
47 
48 

49 

PP Mat/t I 0.5 1 1.5 2 

63 

63 

65 

63 

62 

63 

65 

62 

65 

65 

66 

63 

62 

62 

64 

63 

64 

63 

63 

62 

65 

66 

63 

64 

61 

62 

61 

65 

65 

63 

65 

67 

66 

64 

63 

62 

61 

63 

63 

62 

63 

65 

62 

62 

65 

65 

65 

67 

62 


186 

185 

186 

187 

187 

186 

185 

187 

186 

185 

186 

187 

187 

185 

184 

185 

185 

185 

185 

185 

185 

186 

186 

187 

186 

186 

182 

183 

187 

187 

187 

185 

187 

184 

183 

183 

186 

186 

187 

184 

185 

187 

185 

183 

183 

187 

186 

186 

187 


244 310 

249 310 

249 310 

248 310 

246 310 

250 310 

250 310 

249 310 

245 310 

248 310 

250 310 

250 310 

255 310 

247 310 

252 310 

248 310 

248 310 

245 310 

244 310 

243 310 

247 310 

243 310 

253 310 

250 310 

247 310 

250 310 

246 310 

245 310 

243 310 

246 310 

247 310 

250 310 

250 310 

250 310 

257 310 

257 310 

245 310 

245 310 

246 310 

241 310 

243 310 

244 310 

243 310 

246 310 

245 310 

248 310 

247 310 

243 310 

248 310 




PP Mat/t I 0.5 1 1.5 2 

50 62 185 242 310 

51 63 185 244 310 

52 64 186 248 310 

53 64 185 242 310 

54 63 182 248 310 

55 66 182 245 310 

56 66 187 248 310 

57 64 183 246 310 

58 66 187 248 310 

59 67 185 242 310 

60 63 183 245 310 

61 63 184 248 310 

62 64 187 247 310 

63 62 184 242 310 

64 62 187 247 310 

65 67 187 243 310 

66 65 185 243 310 

67 62 185 248 310 

68 62 187 242 310 

69 67 187 243 310 

70 62 185 244 310 

71 68 184 242 310 

72 63 182 246 310 

73 63 184 243 310 

74 63 186 243 310 

75 62 185 244 310 

76 63 183 243 310 

77 62 186 246 310 

78 64 186 242 310 

79 63 187 249 310 

80 64 184 244 310 

81 67 182 244 310 

82 64 187 246 310 

83 62 185 244 310 

84 63 184 243 310 

85 62 182 243 310 

86 64 184 242 310 

87 64 187 242 310 

88 65 187 242 310 

89 65 185 246 310 

90 64 187 243 310 

91 63 182 243 310 

92 63 184 245 310 

93 66 183 246 310 

94 64 184 243 310 

95 65 183 247 310 

96 68 183 244 310 

97 64 183 246 310 

98 67 184 243 310 




PP Matlt 1....._0_.5_~_1_--,-_1_.5_....a.-_2_--, 
99 63 185 245 310 


100 65 186 243 310 


" 

~ 



1 
2 
3 
4 
5 
6 
7 
8 
9 

10 
11 
12 
13 
14 
15 
16 
17 
18 
19 
20 
21 
22 
23 
24 
25 
26 
27 
28 
29 
30 
31 
32 
33 
34 
35 
36 
37 
38 
39 
40 
41 
42 
43 
44 
45 
46 
47 
48 

ABS Mat/t I 0.5 1 1.5 2 
24 100 190 210 
26 101 192 210 
28 101 191 211 
26 100 194 215 
28 103 194 212 
26 104 192 215 
26 104 190 215 
27 105 190 215 
26 105 190 210 
27 101 195 215 
26 102 193 216 
27 100 190 212 
27 102 192 213 
27 104 190 214 
27 103 191 216 
28 103 190 215 
27 102 192 215 
25 104 194 214 
27 106 190 216 
27 102 193 213 
25 103 190 214 
25 102 190 212 
25 102 195 210 
26 102 192 211 
26 103 194 210 
26 105 194 213 
26 105 194 215 
26 105 190 214 
28 102 195 216 
27 104 193 215 
28 102 192 213 
18 103 190 210 
28 104 191 211 
27 102 190 212 
28 100 190 214 
28 104 195 216 
28 100 194 215 
28 103 191 214 
28 100 198 212 
28 100 190 210 
28 102 191 212 
26 104 198 210 
26 101 191 212 
27 102 195 211 
28 104 190 213 
27 104 191 214 
26 100 190 215 
28 100 192 212 



1.5 .ABS Mat/t I 0.5 1 2 
49 27 102 193 213 
50 28 102 194 214 
51 26 104 196 215 
52 26 102 192 216 
53 28 100 192 214 
54 26 103 195 215 
55 27 102 191 213 
56 28 104 194 215 
57 26 104 195 216 
58 25 104 196 218 
59 26 102 190 213 
60 26 105 193 210 
61 26 100 195 212 
62 26 101 195 214 
63 25 100 195 211 
64 25 102 190 213 
65 26 100 196 216 
66 26 101 197 214 
67 28 101 198 213 
68 27 102 190 215 
69 27 102 192 210 
70 25 103 198 211 
71 25 104 197 213 
72 26 102 190 214 
73 27 104 190 216 
74 27 102 195 210 
75 26 102 190 212 
76 25 101 193 212 
77 28 101 197 211 
78 27 102 198 213 
79 26 101 198 210 
80 26 104 194 210 
81 25 102 190 212 
82 28 100 192 213 
83 27 104 198 214 
84 25 100 197 215 
85 26 104 190 210 
86 25 103 190 213 
87 25 105 196 214 
88 26 104 195 215 
89 27 102 198 216 
90 26 102 197 214 
91 25 101 196 213 
92 26 104 198 212 
93 26 102 197 210 
94 25 104 196 212 
95 26 102 198 210 
96 28 101 195 211 
97 25 102 196 215 



ASS Mat/t 1-'_0_.5_-'--_1_--1-_1_.5_.....1-_2_--1 

98 26 102 197 214 
99 26 102 198 210 

100 27 101 198 212 
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