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Abstract

This research aims to compare the shrinkage value that limited from manufacturer
with the ASTM D955 Standard Test Method

Comparing the shrinkage values of HDPE 2 — 4 % that limited from manufacturer
are as the following:

1. Comparing the shrinkage of 60 X 60 mm. specimen

The result showed that there aren’t any shrinkage differences among follow the
injection, across the injection and the limited value from the manufacturer.
1.1 Comparing the shrinkage of the specimen with 2 mm. thick

The result showed that the shrinkage between at the point nearby the entrance is
different from at the point further from the entrance and it is also different from the
limited value from the manufacturer.

2. Comparing the shrinkage of 12.7 X 27 mm. specimen
The result showed that there aren’t any shrinkage differences among follow the injection,
across the injection and the limited value from the manufacturer.

2.1 Comparing the shrinkage of the specimen with 3.2 mm. thick

The result showed that there aren’t any shrinkage differences among the point nearby
the entrance, the point further from the entrance and the limited value from the
manufacturer.
3. Comparing the shrinkage of 100 mm. round specimen

The result showed that there aren’t any shrinkage differences among follow the
injection, across the injection and the limited value from the manufacturer.

3.1 Comparing the shrinkage of the specimen with 3.2 mm. thick

The result showed that there aren’t any shrinkage differences among the point nearby
the entrance, the point further from the entrance and the limited value from the

manufacturer.



Comparing the shrinkage values of PET 0.2 - 0.4% that limited from manufacturer
are as the following:
1. Comparing the shrinkage of 60 X 60 mm. specimen

The finding revealed that the shrinkage value of the follow injection is different from
the across injection but it is not different from the limited value from the manufacturer.

1.2 Comparing the shrinkage of the specimen with 2 mm. thick

The finding revealed that the shrinkage value between the point nearby the entrance
and the point further from the entrance are different but the same as the limitation from
the manufacturer.
2. Comparing the shrinkage of 12.7 X 27 mm. specimen

The finding revealed that the shrinkage value of the follow injection is different from
the across injection but the same as the limited value from the manufacturer.

2.1 Comparing the shrinkage of the specimen with 3.2 mm. thick

The result showed that there aren’t any shrinkage differences among follow the
injection, across the injection and the limited value from the manufacturer.
3. Comparing the shrinkage of 100 mm. round specimen

The finding revealed that the shrinkage value of the follow injection is different from
the across injection but it is not different from the limited value from the manufacturer.

3.1 Comparing the shrinkage of the specimen with 3.2 mm. thick

The finding revealed that the shrinkage value of the follow injection, the across

injection and the limited value from the manufacturer are the same.

Both comparing HDPE and PET have statistical significance at 0.05

Asst. Prof. Prasong Kankaew

Researcher
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ABS
Hight impact 0.005-0.007 0.5-0.7
Heat resistant 0.004-0.005 0.4-0.5
Acetal 0.020-0.035 2.0-3.5
Acrylic
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 0.004-0.008 0.4-.08
Cellulos acetate
Hard 0.002-0.005 0.2-0.5
Soft 0.002-0.005 0.2-0.5
Nylon
Type 6-6 0.010-0.025 1.0-2.5
Type 6 0.007-0.015 0.7-1.5
Polyethylene
Low density 0.015-0.035 1.5-3.5
High density 0.015-0.030 1.5-3.0
Polypropylene 0.010-0.030 1.0-3.0
Polystyrene
general purpose 0.002-0.008 0.2-0.8
heat resistant 0.002-0.008 0.2-0.8
pet 0.02-0.04 0.2-0.4
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J/kg K g/cm3
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 0.94-0.965
HIPS 240 20 220 1970 433 1.05-1.08
LDPE 210 30 180 3180 572 0.92
PA 6 250 80 170 3060 520 1.13
PA 11/22 260 60 200 2440 488 1.04/1.02
PA 66 280 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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anuauila
Fiaveawaaan | Anuaula(MN/m’) | wiiaveanaraan ,
(MN/m)
ASA 38.6-61.8 PES 92.6-154.4
ABS 38.6-61.8 PES (lvad1e) 61.8-92.6
BDS 30.9-46.3 PET Amorphous 30.9-38.6
BDS (H119119) 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( lsita5u1159) 30.9-46.3
HIPS 15.4-30.9 PPO-M (13 11159) 61.8-77.2
HIPS (#113119) 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
PAG66 61.8-77.2 pP-H/CO(Me Ina 38.6-54.0
817)

PAll 23.2-30.9 PS(GPPS) 15.4-30.9
PAI2 23.2-30.9 PS(GPPS) (H1141149) 46.3-61.8
PBT 46.3-69.5 PSU 92.6-154.4
PC 46.3-77.2 psu(lviadie) 61.8-92.6
PEBA (In3A11%4) 30.9 PVDF 30.9
PEBA (t1N5A898) 23.-30.9 SAN(M4 Imaen) 38.6-46.3
PEEL 30.9-46.3 SAN(lviade) 46.3-61.8
PEEK (laiteFuiis9) 30.9-61.8 TPU/PUR 7.7-23.2
PEEK (1e/3M115) 61.8-92.6 TPU/PUR 23.2-38.6
PE-HD 23.2-38.6 UPVC 30.9-46.3
PE-HD(114 1+10817) 38.6-54.0 PP 23.2-38.6
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3.2.1 wanaanninnl#lumsda fe warafn HDPE

NN 3.1WaaAn Inno Plus HD1600J



- ¥UAVDINAIAAN : Inno Plus HD1600J

- raviinan : H0208905C

- Fufinda :07.07.2010

- M3 Inad (MFR2.16kg) 112.2g/10min(ASTM D1238)
- AMUHUIUU(Density) : 0.957 g/em’(ASTM D1505)
- BNTINTHAND 0 1.5-3.5%

- guuiuiuW © Min 20-Max 40°C

- gUNYUNABNAZAIBVDINAITAN © Min 190-Max 280°C

- gumpfivanFuay . 75°C

- QuuuUANW 220-40°C

' ]

- mmmm%’@umﬁﬂmmwmﬁaﬂ : 0.092 mm’/s

3.2.2 waaannanlylumsia As warafn PET Resin Grade :N1

NN 3.2 Warafn PET Resin Grade :N1

- FUAVDINAIAAN : PET Resin Grade :N1
- iaviingn 1 2110G003

- uiinaa £ 14/07/2010

- ANUKHUIUU(Density) : 1.450 g/cm’

- BRIINTHAN D 2-4%

- guuiuiuW © Min 80-Max 120°C
- gUNHINABNAZAIBYRINAIAAN © Min 265-Max 290°C
- gamgiansuaugaga . 150°C

- QuuiuURNW . 80-120°C

a 1 a ] {
- quugiuanavesgurgiiasasiduimadazneeen : 2°C

- ﬂTﬁ"Iﬂ?l"lﬂJ%}f)uLﬂaﬂ‘llfNWﬁWﬁaﬂHDPE : 0.082 mm’/s
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Glgl}ﬂylmﬂéf) 2014 Maker = Jetmaster C Serise JIM168-C/ES
- WAFUAUAUINA19YIANTAA (Screw Diameter) : 52 mm
- ANUEIT0UVRIANg AR - 170 rpm
- BATINIAA : 204 cm’/s
- ANUAURATUNIE (Specific Injection Pressure) : 1470kgf/cm2
- shminvesyunuiiamnsofa’ld (Max Shot Weight) 3962 ¢
- FLTHINA (Nozzle Stroke) : 300 mm
Lliﬁﬂﬂ‘ﬁﬁ?aﬂ(Nozzle Contact Force) 16t

- ﬂ’J”I?Jﬁ;ﬂ’J”I?J%}@‘L!ﬂJi’Nﬂiz‘]J@ﬂiﬂ (Cylinder Heating Capacity) : 13.3 kW

7511 Clamping

- uselumstladenunuw (Rlamping Force) : 168T
- izﬂziumﬁlﬂﬂmjﬁmﬁ(Opening Stroke) : 380 mm
- mwawﬂﬂaﬂsﬁmm (Ejector Force) :5.5¢
- 5:8:L§aumawﬂﬂaﬂ§mm (Fjector Stroke) : 100 mm

4 Y
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4 Yy Y f A
ga3 MIUIMUD VoIFUNATDY = UTUNTVOIFUNIU x ANUHUWUUYDINAIFAN

Y
o a2

9
iin voeruau ldnnmsdszuianave11sunsy Cad Mould

oe

UIMUNUOI¥UNY HDPE = 4.85¢g

Yy

UININUeIF U PET = 8.05 g

oe

v ] '
MNN 3.3 Funagounl

y 2
min vesruau ldnnmsdszuianavesTlsunsy Cad Mould

Y
o a2

4
UMD Y99¥UI1U HDPE=6.77g

y 2
UIMUN YBIFUNU PET=11.2 g
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g Y] ay F)
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y 2
1U111INV0I¥UIIU HDPE=23.6¢

WM NY9I¥UIU PET= 39.2¢g

v

Y ]
MNN 3.5 Funaaouns

3.3 mainnzrimanalagldldsunsncAaD Mould

3.3.1U5u1an159a (Shot Weight) HDPE

MW 3.6 3110339 (Shot Weight) HDPE
TunsduamFuaumsiaveunisideuinmanunainnasuueunse10%
dhminveaszuuilon =3.53¢
US11M5AA (Shot Weight) =4.85g +6.77g23.6g +3.53g
=38.75 g+ 10%
=4262g ® 43¢

a1l 1unsesianlFiadeiitSuiainsfa (Shot Weight) HDPE aaua 43 g yu 'l
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3.3.2 YSurunsaa (Shot Weight) PET

MNN 3.7 U501n152a (Shot Weight) PET
TumsmuamySinamsaveanIsdoduINAINNUAAIANABUYBUATOI10%
Wmin vesszuvilou = 8.86g

9 =
wldSinamsia —8.05 g+ 11.2 g+ 39.2g+ 8.86g
= 6731g+10%
=7404g R T5¢g

] 4 = Ad' I~ = = gl/ 1 g
a1 TuaseianldnadedilSurmn1sRa (Shot Weight) aaua 75g 1111l
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34.1 miﬁmammmummmﬁq RUNNERY®3 HDPE

Amorphous Polymer
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NN 3.8 LAAININAITHIVUIAUDIRunner

A I
Wa1@@NHDPE U1 Amorphousi/31Nain 157 (Shot Weight) =43 g
WUIGIGA3.20.UAIWETIRUNNerS51.491NA519AIM TAY0IRunner=5 4. UAMAIOAFactorl.19¢
Y o g’/ 9 a I'd ] ) Y] ~
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a I . . = . 2 J
WAaANPETI U UUSemi Crytallinel/51184n15RA (Shot Weight) @dLA 75g
WUIGIGA3.20.UAWET1IRUNNerS51.M1NA519A1M TAYDIRunner=5 21 U MA 18R Factor]. 1
uleJ o Yy 9 a 7 o s/sly o
92 U119 YDIRuNNer=5.54a991n1 U1 1150053 Cad Mould s 1gHuazlSuun 1vmusaunums
ATNITDAAYUIANIN TAYDIRuNnerdg N5
3.4.2 MIMUIUMIVUIAVDIFIN (Gate)
2 - v 2 o 2 ;
MIMUIVHIVUIAFIIVOIFUNIURDIITUT 90151 Taeeunuiviinye s uauh
(% dy A 9J =
mnganaall Tagiaengiiuuuie

[ 9 Yy '
ﬂﬁNﬁ 3.2 Gﬂi1QllﬁﬂQﬂﬁl‘ﬁEmu11’Tuﬂ"ll®\1“lfu\‘11uﬂ‘]J§L"19111L!,1J1JG]NG]

mamaﬁymm (g) gﬁnmu%@(o mm) gﬁmumffm(mm) EL"ISJHLL‘U‘UH/T?%EHJ
(W x H) (mm)
<9410 2.5-35 0.8 1.0 x 2.0-2.0 x 2.0
119420 3.5-45 0.8 1.5x2.5-25%3.5
21 9440 4.0-5.0 1.0-12 2.0x3.0-25x3.5
41 94 150 45-6.0 1.5-25 2.5x3.0-3.5x4.5
15194 300 45-175 1.5-2.8 2.5%x3.5-35x45

4 H g 1 Lg‘ L} 1
MNATTIN LﬁayﬁEmmJumumawmmmmgmawu (6@11&%3\105\120@

Pl v
Wuemeg MnMsinsudenldvuavest anazuazjlsvvestuaiun lulinnw

l
v A U 1

Y 9
[ 1 1 o 1 a 3 1 o
AUNIAT TINNITZOLHNUITOTNUDINTINAMNUIVIFUUN T T ud 1Ay Nz d9Hanon1s Balance
Y ] ] )
Flow #3911 TUMIMHUATUIAUDINIIG (Gate) ADINITUUNDVLIAD VAN 0aAvUIAaUND 13
a < ay a da! Y [ a o g’/ dy 9 1
N1 UM TANANVITUIIHNATUNS BN U IuN1TIveRs et 1Y TSNS uCad Mouldwaelunism
YA UILE2 3151990901991 (Gate)Ms Balance Flow Mg aru
o a ra 4
3.4.3 MIMUIUMILTITAUNNUN
A 1a IsAq Y 9 = A [ 1a Jq Y 1 o 1Ay a 1
usataudnunnlyszasqnniisanena Snwminuwlvegludurustlaaiinluszving
Y

@ a v 4 a YR o [ f a
GU'L!GIf]'L!ﬂTihl’Vi'ﬁ@]'JSU’ENWaTﬁ@]ﬂ’l"iaﬁ)lll,l,a3ﬂﬂ@?ﬂlﬂﬂ!ﬁﬂWﬁWﬁﬂﬂqﬂﬂQg]}ﬂﬂﬁﬂ'l‘iﬂ'lu’)mﬁ'lﬂﬂﬁlﬁﬂﬂﬂ

1A 7~ ° ! v (Y
winui lgmuan ldanaianuauvesiag



Tumsnaaesldiniosl6sThilog

M990 3.3 M5 naaenInuau luCavity

P e I 3N 5 ML T i L ST e e ] ko som® )
i e crainary
P s L=]
H IS =D o =1
2 AN 3200 5 ©
L 300 o oo
Wi hdl WO 530 O oGO O
Bofc Pwve =250 - 0o
” > 2560 - 0O
L (4 =250 -3 15 O
P A= 3 5O ©= O o
P oA~ -1 OO S O
| o =) =2 OO oo
P MMM A 5O = oo
P o - OO s ©
e pe i s = | w
" aE T Moo
BT = m o
PPS 4 0o
P ES A 0o
TP X 3250 S5 o
L o =3 3 O © o
”aAlL A OO oo
"TE 1 -2 OO O o
L Lo = «% ¥ OO
U peiyme a0 OO
---------- - 5O o 3o o0
o =
o -1
L -1
AxP
3 R < )

4 a 1a 4
Lﬁfl F = usadausnun (T)
A A 2 2
A= NUNRWUDIFUU  (cm)
[ Y Aa J 2
P= mmﬂum&ﬂuﬁumtmwuw (kg /em’)
VAo o Y ' <
1000 = m‘nmmmwﬂﬁﬁmmﬂu T

1939 HDPENY lanusaulucacitymumistg A1 la = 350 kg / om’

_ 127.97x350
1000

4478 T

A A 9
159lanaeans

= 1A 4 A 1 o a
UsUauunNHAITINAIANUaeangNANDN 10 %

= 44.78 X1.1
=4926T
inapailFdeaitiussdudlauifiuiliitouniiso T yu'l S e a8
195aq PET18A W59 luCacitymuatsng i1 16 = 500kg / em’
usailafideans 2.1 87 <al0,
1000
= 6398T

a 1a A o a
lLiQ‘]JﬂLL?JW?JWﬂ')ﬁLW?Jﬂ1ﬂ313Jﬂa@ﬂﬂfﬁnﬂlﬂllaﬂ 10 %

142.52 X1.1

7038 T

) v v Y
10309 1Fdoaniussnutaminu litesni17o T vu T ldaula
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3.4.3 mamuaanlelumsnasidu ( Cooling time )JHDPE

il Tk:nzSTzal{ (%Z; H (3.5)

{ =] . .
T, =namlslunmsvasdu ( Cooling time )
Y 1
S =ANUNUIVRIFUIIU AAFAIUNUUIGA = 3.2 mm

Uszansmmmainnudoumasnaiadn HDPE = 0.092 mm’/s

o
Il

~N
Il

QUUANHABNINAIVRINAIEAN = 190 °C

Y
gamgiilumsaasuniueensinuidiui = 75 °C

N
Il

a @ 1A 4
BUNJUAUILNNUN = 250C

1= BammP . fa lo0ecasec )]
7'[2X0.092mm2/s T75°C-25°C

=11.37In 4.20

T =16.2s

k
. QY 1T s
.nailslumsvias@UHDPE ~16s

o QY =] - .

MIAIUINNAN S IUMTHadi ( Cooling time )PET

H (] I
T,  =nmildlumsuasdn ( Cooling time )
S = ANUMUIURIT LY ﬂ@muwﬁmﬁﬂ 3.2 mm

a

=1lszans ﬂ'lWﬂTiu"Iﬂ’J"liJi@u!ﬂﬁﬂWﬁ1ﬁ@]ﬂ PET = 0.082 mm’/s

C. =quwgiivasumalvoanaldin =275 °C
¢ =qangilumsleasuaiuesnainuiiud = 855 °c
0 =quugiimiumifui = 35°C
;= Bommf 4 (275°C—35°C)]
T2X0.082mm2/s ¢\ 85°C-35°C

=1.28In4.8
=12.8x1.5=20.07 s

. Aq Y <]
S nan g lunsvaslduPET20.00 s

o o ¥ ]
3.4.4 MINUIUKINUIUUIIDDIYU

y 2 ]
lumseanuunlgzrmasulagu.y
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ﬂﬂ"lﬁ 39 memmﬂguma@wu

3.5 msdaeamsnanlaldsunsy Cad Mold
3.5.1 MUl AU
Ao Hanaadn HDPE
- Melt Temperature = 180°C
- Mold Temperature = 25°C
- Eject Temperature 75°C
- Cooling Time =8s
-Density23°C = 0.94 g/cm’

531N 5Aa (Shot Weight) =43 ¢

Filirg Time [£] | ,703 Fiecommended Frocess Temperaiuies [5C]
Presuie-Contrallzd Filing [7] 330 Malenid Melt whall Ejpation
et Terpsrue <0 [ ® fress  oon  mow mim
e A A nm
Ejection Temperguie [sC] ’7?5 - - .
™ Packing Diration 2] |_
[ 5+w Irput [
m Input

Defult load | Oppons | ey |

o | e | BE. B OEEOEE-

MW 3.10 waaadaenldamaiineiaiee lumsRaHDPE
352 lasmnnimesidanaiadn PET
- Melt Temperature = 280°C
- Mold Temperature = 70°C
- Eject Temperature 175°C
-Density23°C  =1.56 g/em’

511217390 (Shot Weight) Adua 71g
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Filing Time [&] ‘ [k} Fecommended Fracess Temperatuies [5C]
Pressuie-Contralled Filing [7] 930 Maleid Helt Wall Epstion

R GEMF 270300 20120 00150 -
Mel Temperaturs [4C] =)

Ejsction Temperatuie [5C]
I~ Packing Irut
5w Durdiion [s]

FC+BE-GF 250 220 70. 50 20120
I~ Injaction Comprastion Input | FCGF 790- 325 80-115 100- 140
FEGF 220 360 4070 60120
Defult | Lload | Opions | ey | FEHD 20 0 - & £0- 110
FELD 190 - 270 10- 60 E0-110
ok | Cancel | Prme 210+ 250 4n- g0 To-10

FHP 270- 330 30- 70 a0-150 T

MWN 3.12 ANUAY (Pressure )1 19AAHDPE

NMINUATIERAMNAY (Pressure )N 1FRAAHDPEAD924.7115

WA 3.13 UaAAd ANUAY (Pressure YN 1FAAPET

a % o Aq Y A s
INNITAATISHAITUAU (Pressure )ﬂﬁlgﬁﬂﬂPETﬂ’GSOTZU'ﬁ

AN 3.14 taad anus 21U sAaHDPE

Aa 4 <3 = A a =1
%1ﬂﬂ15’3lﬂi1$1’iﬂ’)1nli’.lsluﬂﬁﬂﬂHDPEﬂ’t]5821.8111I:’J‘LITVI



y < =
.ﬂW‘Iﬁ 3.15 uee ﬂ’J'IZJLS’)Gl‘L!ﬂ'IiﬂﬂPET

a 4 I = A a =
mﬂﬂ1i’)&ﬂi1$‘1’iﬂ’l1m5’ﬂufﬂiﬂﬂPETﬂﬂSSZl.81111:’J‘Ll"I‘VI.

H Y
MNA 3.16 UFA QUNYY ( Temperature )W UIUDIFUIUHDPE

a d a @ 2
VINNITUNTICHYUNHY ( Temperature )W UIVDIFUINUHDPE 25 °C

v Y
MNA 3.17 UAAIANUAUNINUANEINTRATUNA T ANIFAA

a 4 a @ 2
VINNTUATISURUNHY ( Temperature )N UIVOIFUIUPET ﬁﬂll() °C
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4 <
ﬂW‘Iﬁ 3.18LEANNINLIIHDPE
a d 3 A a 2 2 @ 2 = A
‘t]'lﬂﬂ'li’JLﬂi'lz‘Hﬁ'lll'liﬂLl’dﬂQﬂ’JﬁJli’J‘VILﬂﬂ"Uuiuﬂmﬂuﬂﬂuﬁﬂﬂuﬂﬁﬂﬂ Iﬂﬂ(g]i]'lﬂllﬂll’dﬂﬂﬂh

< a ~
ﬂ’J'IZJLi’JZjQQ’mJiS’JJ'Im 0.2929UMN

{ <
ﬂ'l‘W‘ﬁ 3.20 LEANAIULIIPET
a L4 S dAa X 2 @ 2 = Aa
‘t]'lﬂﬂ'li’JLﬂS'lgﬁﬁ'm'liﬂLl’dﬂQﬂ’JTJJli’Wllﬂﬂ"lluﬁlu"]fuxi'mﬂ\m’dﬂﬂuﬂﬁﬂﬂ Iﬂﬂ(g]i]'lﬂlmll’di]ﬂﬂll

< a =
mmgiaqqqﬂﬂizmm 0.2979UN

AN 3.21 LAAITUINTNTHAAD ( Volume Shrinkage )JHDPE
a ~A < Y = v A A o Y A =Y @ 1 A
AsannInmwi 3.21 sz ldnfSinasmsnadauiefisunuudatiantsuasmsvadiaiulnain
a & o I 2 a a
VInaruulszuaio- 18 % nhudusuinialunsfeyuause  Iaewaraan HDPE 923

133195151 AA2 2 — 4 %
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2 3.22 a5 AsNsHaAa ( Volume Shrinkage )PET

a A <3 Y = o A = o Y A = o 1 A
WANTUIRINNINNT 3.22 fl]$Lﬁuvlﬂ']'lﬂiiﬂﬂiﬂ'liﬂﬂ@')lm'ﬂl‘ﬂﬂﬂﬂul!ﬁ?uﬂ'lﬂii]'miﬂ'ﬁﬂﬂﬂ']ﬁ']uiﬂiyﬂ

a £ 2 o <3| a £ a a =
mnm%mmﬂ’i:mez- 12.56 % ‘tN‘Ll'IlI'IL']J‘L!LL‘N'JW'NGluﬂ'liﬂﬂ"lqu'lufﬂiq Iﬂﬂ‘Wﬂ'lﬁﬁﬂ PET agy

131195015197 0.2 — 0.4 %

H a Qy 2 ! <
MNN 3.23 meﬁﬂqm‘HQ3J"UEN“B‘LNmﬂmmﬂﬂa’ﬂmu(Cooling )Llél'JHDPE
{ a S W 2 (% [~ 2 1
NNNINA - 3.24 Llﬁﬂ\iQﬂ!Wﬁuﬂ']ilﬂu@n“l]ﬂ\jaﬁu\i']uﬁaﬂﬂ'ﬁaﬂ MIIUAIVDIFUIIU DY

o AQ W {
aiane Ingganiidualgagan 25 °C

4 a 2 o ]
ﬂ'lWﬁ 3.24 Llﬁﬂ\iﬁ\?'qfm’iﬂ“1J‘l|'E']\1%uﬂTuﬁﬁﬂ%’lﬂWﬁﬂlﬂutlé}?PET

{ a I~ 2 @ 3 o 2 1
%’]ﬂﬂ'IWﬁ 3.24 llﬁﬂ\‘]@ﬂlﬁﬁuﬂ'lilﬂu@q"“a\ﬂfuq']uwa\jﬂ'ﬁaﬂ NITYUAIUVDIY LN BYN

° AQ o §
auane lngganiilaualgagan 110 °C
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H Y
MNA 3.25 HEANMTINANITUANIVDIFUINU(Sink Mark) HDPE

v 3 19
M 3.27 uaaeamsinanose1mA(Air Trap) IBUUHDPE
A Y I 1 a g 1 1T Aa Qy 6”/
NNNNN3.27 naasidmiunezmavudulvgius nayurazyadasgavesruay azunly

9 1a d=R o 9 ) B A Y a ) Y ~
NITATNHUNWHNIININITE I Air vien L‘W'E]Gl.‘ﬁlﬂﬂ Air Trap UB8NgA

3 < 1A
MW 3.28 naasliiiuauna Air Trap PET
A Y I 1 a :3 U 1A 2 g
1NNINN3.28 uaaslimunszmavuau Inguinayutazyalatsgavoruau aztiuly

9 1a d=R o 9 . . A Y a . 9 A
MIATNUNADHIININTATN Air vien 1o 1910 Air Trap UDINGA
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A ¥y 3 = a a 92 £ Y q9 1
A1NNINN3.28 uﬁﬂﬂmwumnmaﬂWammmﬂuwmm%ummmﬂaﬂ%mm"lﬂ Gl“]SL’Jan)Q

3417141.024-47.26 7 (HDPE)

A Yy I K = a 9 2 2 9 [l [
NINN3.29 uﬁmclﬂmuﬂmamﬂwmﬁmﬂwwuam%ufch1'imJawuqm”lfv’ﬂ%nmagizmn

1.126-50.2743U1(PET)

~ Y I 1 ‘Qy A 4 o 1 =
1NNINN3.29 Lmﬂﬂﬂmmwmmnmmaummﬂmmﬂﬂimflumiﬂﬂ HDPE

~ Y 2 v 2 =\ d o o J a2
NNN3.30 !Lﬁﬂ\ﬂ‘ﬂ!‘WL!'J”IGD”L!\‘]”Il!llﬂ’ﬂilﬁﬂﬁi‘liiltlﬂﬁ\ﬁnﬂ‘llTlJﬂ”IGhJﬂ"Iiﬂﬂ PET
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o o [ 2 1 1A 4
353 miﬂmumumuazmgmmmmﬂlawumuiuuuwuw

o o ] qy [ v Ta =) ra o d” =1 9
111m'iﬂmummmmzmgmuwawumummGlmmwuwm IﬂﬁllmWﬂJWﬂjﬂuﬁ]%N 311

Y Y
aa a [ Y S

= 4 ' J 1A P A A 2 ' a ad 9
PIVEUOUITTADYNINUA 1 %uiﬂﬂ%aq“lummmwuwmﬂaauw 3 ¥U Iﬂﬂﬂlu1@“ﬁﬂﬁﬂulﬁﬁﬁﬁ]$ﬁl‘]§

U

Y
=<

wsoanavugiih 18

3’/ Vv Ta iy Aa o v Y .:
3.6 TuadUMITNMINNNRanaafndHSUIFTUTUNaTeU
9 1aU1AD4 Insert 11A239111 Mould Base 11 1151054 Mould Wizard 9011 19 11n13214
° ] ay 4 o ra I'4 o ] ay a 4
AN UIVDIFTUINUNO AU UAVUIAVDILUNLN  ADITAA W UIVDITUNIUAIUAITUATISHUD
1 a 4 o Y Qy [ d' oA o 9
Tdsunsuee7n5124ms lnada ( Cad Mould) TaeldszezvosFuniuduuasnuunigaminla
9’ 1

! 9 o R & o ' = o 1 [ Qy o '
GluﬂﬁiNu‘UUﬁE]\iﬂﬁNﬂ\WﬂLmudﬂﬁﬂﬂ Insert mlmuwmﬁaﬂﬂawmm AT UIUDII UV

S 9 Ay o 9 o X, 9 9 1A Jda Y
LﬂuﬂﬂﬂlW@ﬂ@\iﬂ‘Llﬂ’]il"l]']33‘5]59uﬂUSU‘L!‘VI'lcl,ﬂﬂ'liﬁi'N!HJWNW!ﬁf_ﬁ’ﬂﬂ]lﬂ

Ta ¢y t:
UHNNNRATUNATDD

M 3.31 mndsenou Mould

d' 1a Y ﬁl dl
MNN 3.32 UAAILUUNUNAIUIATDUN

"o

e wam ¢ .d\'-\u\ " - - 0’9} d|
NN 3.33 LAALNANNAIUDYNUN
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MIMHUAR LUV Cavity
% o o ] v < 9y =K ~ [
HAINNMTMHUAA LM UIVDITE VU a0IEULEIVI00NUVUTE VY Core NHIR 11 Tuitriu

o & o & ' ' o
Plate Suiludosldadnadaogamunrndaniian

NA 3.34 LEAIAUHUITZUY Core HDPE

MNN 3.35 LAAIFUNATOUHDPE

PN 3.36 LAAIAMNUITZUY Core PET

— A

' v
anﬁ 3.37 UAANBUNATDUPET

[ [

Tumseenuvuuiiuiaadmsuldlunisnaaoudieszuy CAD/ICAM/ICAE  goasinldidonls

ra = A A 9 o X ra L A A o dy
HUWUNRALUY Two Plate Mould ganaoemuslumseenuu LU NUWRANAEAN AT
U 2 A o Y <L ? [ P
1Lgd5eruaui hldnsilassuauiuhldog
o o 1 2 1a o
2.m1/iuﬂmzmmﬂ1531Q%uQ1u1uLLuwuw§ﬂgzuu Two Plate (11U Framaly Mould

o o 1 1 1 ra o . . 4 o 1 Qy { U
3.ﬂﬁ’iuﬂﬁnuﬂuﬂLE‘STJULL‘]NE‘T’JNLLMWMW ( Parting Line) Lﬁﬂiﬁ}ﬂﬁﬂﬁﬂlﬂu\i‘ll’f)\i%uﬂu‘ﬁ uwm&’umu

1Ta 4 2 ' I 1
UUNUN Taguenyudiveondudiu Core LIaig Cavity
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v
a

TumeumsaauRuidanaafnd mSulF iU Unaaey
9 1a o I 1 A
AI5000NUUVE 1N NNNRNUW 2 U AD
ra I ) Y] Qy 9 g 1 A 9 é’
3.6.1 YAUUNUHDAT T UFUNATOUYTENDUABFUTIUNTT VUL O
n) 1HIULIAUAUE (Locating Ring)
v) 1Jaonga (Spure Bush)
TR ra 7Y To A
f) UHUBAUNNUNAIUBIA DN (Front Plate)
) LAY Cavity Plate
9) Insert Cavity HDPE
R) Insert Cavity PET
9
%) LNUTDIAIG (Cavity Plate)
%) UNUBAAEN1/an (Ejecter Plate)
1) uHuAUUaa (Ejecter Return Plate)
L= % .
) uWugaaanilan (Ejecter Plate)
9) 113594 (Spacer Block)

L= 1ra d Y d‘ d‘
9) UNUIAUUNUNAUIADDUN (Back Plate)

v
3.6.2 FUAIUNIATFIY
) 1a111 (Guide Pin)
v) Yaoni1viia A (Guide Bush Type A)
) AanAUNAaY (Return Pin)
3) ganauilaa (Ejector Pin)
v =R =
) AANAWNUINA (Spure Puller)
g A o
3.6.3 VUADUNTATIUNUNW
o ra oa & Y \ .
1. MMsoonuUULNNNNRAFUNATOD 22811511051 Unigraphics
v
- WIUNNFUNULAE MY UAYLIAIN 1511051 Unigraphics
P 1
- NP UNUNAVIUINAHUAVYUIA Mould Base U949 Futaba AL 1198 AHAULNANIINITIN
Y 1ra
Fuavas iAW
- AEULU LAY M UAVINALAZAUY Y0 3d U TE AR ULLRUW

) 9 v
2. a5 TsunsuCamio U a1y

i
° 3 Y

- 1hya1d G-code Ner319'13 Save agusiu

o o 4

v ' ! Y '
- thyamds v fasu Format 1didhnumnses CNC wiounaud lu code119d 19 agud
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<3 3 [
VDNTUANULIITOU AINULIINA
o 9y 1 A A . A 9
- U1 G-code LNFINTDY CNC uaztaan File N1131 Save 10101
¥ A Y ¥ A o o 1 ¢ o 7 A Ao ' ¢
- mmiaﬂwwmumzmqm Iﬂﬂ'ﬂ3‘]Jﬂ1f.fuEI"UEN\‘HHLL'@$uWﬁuﬂﬂl@ﬂLﬂﬁ@ﬂﬂﬂ%lﬂU\?ﬂuﬂ

' o & A A g o Y (A aa an Y A o
"ll'E]\NTL!Mlﬂﬁlﬁaluﬂ'lﬁﬂl'iuﬂﬂﬁﬂﬁuﬂ'ﬁﬂﬂ\ﬂﬂllﬁ?ﬂﬂﬂ@]@ﬂlﬂ‘ﬁﬂ'l'ﬁclélflﬂi’f)\ﬁulﬁiﬁ]

MUHIUTIAUFUE (Locating Ring)

(2 4

NA 3.38 LAAININUWINLIAVAUE (Locating Ring)

U

A

o & K ) = ) v
- u’llfﬁaﬂﬂﬂ’]lﬂ@]120.5X163J.3J3J’]“Uu§ﬂﬂ')ﬁllﬂ§f]ﬂ [N 6lcl’il’l,g’]"lﬂﬂl'l@120 x154.4

- g Im3eloaaudnnuilasngfa (Spure Bush)

"o

1 @ ] 1a 3
- Ahuguazzgdourunde) M61/szno1 Locating Ringtnunrudaui iuiauogiy

QU

T (Front Plate)

V) ﬂaaﬂgfﬁﬂ (Spure Bush)

M 3.39 uaannilaongRa (Spure Bush)
° < Y ]
- dhimanuuanau Tad2x60 MAUFUAI0AT 09 nAe 1 Idu11a40 x55 Ruevilaong

AA=361.4 AUUVLMAUA

u

=3 ra <Y (Y] d‘
A1) LN UYALUNUNATUDYNUN (Front Plate)

i
| |
MW 3.40 UAAININ Front Plate
- TUMANYLIA 300.2x400.2x2511 13 UA81AT 04 Milling 197 1dvia

300x400x25
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Y o 2 Y v A 9 ] .
- ﬂamguazngmgﬂaaﬂwu Ml4LWf]GlGD"]J'i$ﬂE]‘]JLLWH Cavity Plate
- auguezz§iunaer M61sznou Locating Ring
9 = 4 A '
-mmguazimumgmmﬂ161J.mwe°lﬁSpure Bush

' Ty & =~ .
Q)LmulmmmﬂaﬂuﬂCawty Plate

MNN 3.41 LEAININ Cavity Plate

o g 2 ) A s o ¥
- HUHANVUIR 250.2X400.2X30.21|Wuqﬁ;ﬂﬂ?ﬂlﬂiﬂ\‘] Mllhng 1W‘1ﬂmu1ﬂ250x400x30

WizgileVinand M14 8a3znang uiu Front 11ag Cavity Plate 1610
- zg laaami

- ng“l?'r Spure Bush tla¢ Reamer
- O EEAT LAY

) Insert Cavity HDPE

MNN 3.42 uaaINNInsert Cavity HDPE

MW 3.43 1dAINIMM3IU31 Cavity Plate HDPE

Y

° < 2 Y A L oy v 9 o &
HURanIUIA 51]1“@320.2)(150.2X30.211']‘U‘H§1]ﬂ'38lﬂ§@\1 Mllhng Glﬂllﬂ‘llu']ﬂ:iz()xl50X30W5@1]ﬂ‘]_l‘llu§ﬂ

Cavity HDPE



) Insert Cavity PET

MNN 3.44 LAAINNInsert Cavity PET

450 -2 ¢ I

"

NN 3.45 LAAININNTT

Y

2 -, .

VU3 Insert Cavity PET

o g 2 v 4 Nis v

HUNANUIA Y11A320.2x150.2x30.2013U51A281A3 09 Milling 19 140110320x150x30

Yy o X .
WIeNAUAUFCavity PET

Y
%) LNUTDIN1IN (Cacity Plate)

]

v 9
MW 3.46 UAAININUNUIBIA1IA (Cacity Plate) 101U

v ~9] :
MW 3.47 UFAINNUAUTBIAIA (Cacity Plate)¥i1udd
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o & 2 v A i wy ¥ Yy o A
HUNANVUIRA ﬂlu1@400.2x250.2x60.2uWugﬂﬂamﬂim Mllhng Glﬁulﬂ“llu'lﬂ40()x250x60w5ﬁ]llﬂ‘]J"’U‘L!

Y q 9q 9 A ' . .
gUi 1% 1dv11a320x150x301We1d Insert Cavity PETH@gInsert Cavity HDPE

1 Qé’ . Y o 1 ch' .
%.15LNOULHUTDIAIA (Cavity Plate)tNNULHUAIN( Insert Cavity)

v Y
MNA 3.48 LEAINNUTZNOULNUTOIAIA (Cavity Plate )21nsuu

v 9
NN 3.49 LAAININ LAUATIA( Insert Cavity)

) NI 04 (Spacer Block)

WA 3.50 11d@AININ Spacer Block
- uranuuIa 400.2x90.2x4811Ms UM eA5 9 Milling 197 141110400x90x48

d' YR T Y ] Qtﬂy .
- ngma%amzmn Bottom Plate N1 YsznoUnus89n13n (Cavity Plate)

1) uWuBadanian (Ejecter Plate)

WA 3.51 LFAININ Ejector Plate

Y !
- Y UMANYLIA 400.2x150.2x200111M15V131R81A509 Milling



197 Idu11a 400x150 x20

- 1230 INE8IMBTATZHIN Ejector Retainer plate N1 Ejector Plate

a1) uHuAUUaa (Ejecter Return Plate)

PN 3.52 LAAININ Ejector Retainer Plate
o o 2 P A . wy
- UnanIUIA 400.2x150.2x1501¥1M3IUFUAI01AT 09 Milling 1947 14
VYUIA 400x150x15
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Y
1. 1WSeUNeuMsnaf VeI TUNATOUYUIAG0X60 W,

Sum of

Squares df Mean Square F Sig.
Between Groups 024 13 002 1.014 455
Within Groups 084 46 002
Total 108 59
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1.1nﬁamﬁsmmiwm’Jsuawumaamm%omom.mﬂumﬁmwuﬂmﬂ@wa@

Sum of
Squares df Mean Square F Sig.
VAR00001 — Between 015 1 015 1.573 215
Groups
Within 544 58 009
Groups
Total 559 59
VAR00002  Between 000 1 .000 047 829
Groups
Within 534 58 009
Groups
Total 535 59
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Sum of
VARO0000 Squares df Mean Square F Sig.
Between Groups 555280822
248774000
.003 15 .000 000000000 .000
0.000
Within Groups 000 44 000
Total 003 59
A A 2 ~ o " W ' A o 9
NANITNATDI ﬂﬁamimmmwmmawmmumimmum@mﬂuswmqimmgiﬂamum
nugaiegrInmMudiedliiedfy.0s
= % Qy (% J d' o Y a
1.3158uNeuMs AR IVIFUNATOUATNN U 2 HUNUMNMUUAINHHAH
Sum of
Squares df Mean Square F Sig.
VAROD00T — Between 000 5 000 2.558 038
Groups
Within Groups 002 54 000
Total 003 59
VARO0002 - Between 001 5 .000 2.781 026
Groups
Within Groups 003 54 000
Total 003 59
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ADNTIINADDN ﬂ"IiaﬂL%’ENﬂ’JTEJWLHEU’OQGHIN”I‘L!ﬁﬂﬁﬁﬂ@nlmﬂ@nﬂﬂui%ﬁ'J”I\i@ﬂﬁﬂgclﬂéjﬂ"lﬂl"lsh

Y

VYANOGHIININMIUTAZUANANIINATNMAUANINANAA DG 19T
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Y
21058 UNIUNMTHAAIVDITUNATBVYUIA 12.7x127 1.

[

Ued1A9y.05

Sum of

Squares df Mean Square F Sig.
Between Groups .065 28 .002 1.209 304
Within Groups 057 30 .002
Total 122 58
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Sum of

Squares df Mean Square Sig.
Between Groups 000 8 .000 .562 .804
Within Groups 001 51 .000
Total .001 59
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Sum of
Squares df Mean Square Sig.
Between Groups 014 2 .007 714 494
Within Groups 545 56 010
Total 559 58
HANMINABDY INLANANIINAINMHUANINANAA
- = 2
2.31150UNIUNMIHARIVOIFUNATOUAIINHUL 3.2 Wil
Sum of
Squares df Mean Square F Sig.
Between Groups .000 12 .000 1.077 400
Within Groups 001 47 000
Total 001 59
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2.4 f5eUNeUMINARIVDIFUNATOUUUIA 3.2 NN.ﬂUﬂ1ﬁﬂ1ﬁuﬂ%1ﬂﬁNﬁﬁ

Sum of

Squares df Mean Square F Sig.
Between Groups 000 1 000 1515 223
Within Groups 003 58 000
Total 003 59

) P ]
AANITNADDY ﬂﬁiﬂﬁmmmwuwawmmﬁmimm"luLmﬂmmuizmwﬁﬂﬁagiﬂﬁ

madnuganeginnnmaduas liuanaenumnmimuannguan
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3.050UNIUMTHAAIVOIFUNATOLVUIA NTUNANVUIA 100 1.

Sum of

Squares df Mean Square F Sig.
Between Groups 129 23 .006 .955 537
Within Groups 212 36 006
Total 341 59
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3. 11T oUNIUNMIHAAIVDITUNATOVULIA TUNANUVUIA 100 UL,

= o 1 Ao Y a
L']_ﬁﬂﬂmﬂﬂﬂﬂﬂ”mﬂ"mu@il”IﬂF;IJNEW]

Sum of
Squares df Mean Square F Sig.
VARO00001 Between 007 1 .007 1.148 .288
Groups
Within Groups 334 58 .006
Total 341 59
VARO00002 Between 000 1 000 016 .899
Groups
Within Groups 379 58 .007
Total 379 59
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3.20F8UNIUNMTHAAIVDITUNATOUANUK UL 3,203,

Sum of

Squares df Mean Square F Sig.
Between Groups .000 2 .000 1.147 325
Within Groups 008 57 1000
Total .009 59
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Sum of Mean
Squares df Square F Sig.
VAR00001 Between 077 14 006 942 524
Groups
Within 263 45 006
Groups
Total 341 59
VAR00002  Between 088 14 .006 974 494
Groups
Within 291 45 006
Groups
Total 379 59
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Y
1. U uMINAAIUIFTUNATOUUUIN 60x60 W),

Sum of
VARO00001 Squares df Mean Square F Sig.
Between Groups 016 14 001 007
Within Groups 019 44 000
Total 035 58
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Sum of
Squares df Mean Square F Sig.
VARO00001 Between 004 4 001 1.968 112
Groups
Within Groups 031 55 .001
Total 036 59
VARO00002 Between 002 4 000 328 .858
Groups
Within Groups 069 55 .001
Total 070 59
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1.2058UNeUMINAAIVOITUNATDUYUIA ANUHUT 2 Y.

Sum of

Squares df Mean Square F Sig.
Between Groups .001 8 .000 3.967 .001
Within Groups 002 51 000
Total 003 59
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1301580 NgUMINAAIVOIFUNATOVUUIA ANTUHUT 2 3J3J.ﬂ‘1Jﬂ1ﬁﬂ1ﬁu@iﬂﬂl%§}Wﬁﬂ

Sum of

Squares df Mean Square F Sig.
Between Groups .000 1 .000 1.865 77
Within Groups 003 58 1000
Total 003 59
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2. 1SoUNIUNMTHARIVDITUNATOUYUIA ANUTUT 12.7x127 W,

Sum of

Squares df Mean Square F Sig.
Between Groups 310 19 016 19.988 000
Within Groups 033 40 001
Total 343 59
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Y ! { [ a
2.1 L‘]J%EJ‘]JLﬁﬂﬂﬂ"liﬁﬂ@]?ﬂlﬁ]\iﬁlfuﬂﬂﬁﬂﬁﬂlH"Iﬂﬂ’J”IiJEJTJ12.7 3J3J.ﬂ‘]Jﬂ1ﬁﬂ”l‘Viuﬂ§]1ﬂﬁi}Wa@

Sum of
VARO Squares df Mean Square F Sig.
Between Groups 000 11 .000 723 711
Within Groups 001 48 .000
Total .001 59
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Y 1
2.2 f5UNeUMINARIUVITUNATOUVUUIAAINEG1I127 uu.mumﬁmwummé’wam

Sum of

Squares df Mean Square F Sig.
Between Groups 569 2 285 1.612 208
Within Groups 10.061 57 177
Total 10.630 59

HANMINABY MIRAMAANIIMIAa luuanaesnInanMvuaIngnan

Y
2.3 15UNeUMINARIVITUNATOUUUIA ANUHU 3.2 U

Sum of

Squares df Mean Square F Sig.
Between Groups 1.245 11 113 579 .836
Within Groups 9.385 48 196
Total 10.630 59
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Y 1 1 o a
2.4 f5eUNUMINARIVITUNATOUVIUIA ANNHU 3.2 uuﬂum‘ﬁmwmmﬂé’mm

Sum of

Squares df Mean Square F Sig.
Between Groups .000 1 .000 1.246 269
Within Groups 020 58 1000
Total 021 59
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70

Sum of

Squares df Mean Square F Sig.
Between Groups 005 7 001 2.521 026
Within Groups 015 52 000
Total 021 59
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Y H
3.1 fSeUNeUNM T HAR IVBITUNATDUVUIA \‘lﬂmﬁll"lliﬂﬂ1001J1Jﬂ‘UﬂTﬁﬂ1ﬁuﬂ%1ﬂé}Nﬁﬁ

Sum of
Squares df Mean Square F Sig.
VARO00001 Between 000 1 000 042 .838
Groups
Within Groups 021 58 .000
Total 021 59
VARO00002 Between 000 1 000 143 706
Groups
Within Groups 024 58 .000
Total .024 59
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Y
3.20058UNIUNTHAAIVDITUNATDUAUANUKUI3Z. 213

Sum of

Squares df Mean Square F Sig.
Between Groups 006 10 .001 .952 496
Within Groups 030 49 001
Total 036 59
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Sum of
Squares df Mean Square F Sig.
VARO00001 Between 000 1 .000 .364 .549
Groups
Within Groups 036 58 .001
Total 036 59
VARO00002 Between 000 1 000 857 .358
Groups
Within Groups 007 58 .000
Total .007 59
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- QUUHUVOIUUNUN (Mold temperature)
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- A71UL5IRA (Injection pressure time)
- ANUAURAALY (Holding pressure)

3 o
- ANNIaUYan (Ejector speed)
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