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KRIT CHAISURIYAKUL : STUDY ON INFLUENCE OF HEATING AND COOLING
TEMPERATURE IN INJECTION MOLDING TO EFFECT ON GLOSSY OF PLASTIC
INJECTION PARTS. ADVISOR : WIROJ THASANA, 160 PP.

Injection molding process is one of the most extensively used for
manufacturing plastic processes due to high productivity, high efficiency and also the
manufacturing of the net shape or complex design parts. In general, the finished
plastic parts are growing trend towards using in automotive parts, electronic
appliances and require more direct appearance surfaces. Nowadays, plastic injection
parts do not need to be painted or coated with the manufacturing processes and
weld marks on the surface parts must be completely eliminated. The objective of
the research is to study the effect of gloss in plastic parts. The study has been
applied the parameters as injection temperature, cavity temperature and injection
holding speed. Using ABS (Acrylonitrile Butadiene Styrene) materials and design of
experiment by Response Surface Methodology (RSM) combined with Central
Composite Design (CCD) to independent temperature variables. The results of study
was estimated the maximum optimized of gloss surface were the parameter values
of injection temperature at 223.18 °C, cavity temperature at 76.82 °C and injection

holding speed 166.82 mm/sec, respectively, on the 95% confidence interval.
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®-L ‘ Detector

MEASUREMENT OF SPECULAR REFLECTION
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2.6.2 M3eanuuugunsanealndn (Central Composite Design, CCD)

@ [ a [ 1 % @
nseanuuuldunsanaulndaiduniseaniuunisnaasilasuusszaueanidu 3
seaulunAaziunisuslaidu -1, 0, 1 eRiasAnwluinlsdasyanes uwnunazusuim

LUsNEAN w1 lUIUASULUUTRLUUT1a0uinyalsoatfy (Full Factorial Model) w3ola

'
= Y = %

o & v & o vo 1 & & 3
VDY NYNNURA 3n feEe FeanAnwIALUI e 3 dauUs asldiiedaisdu 3°= 27

e

Y =

' Y £ v v 4 o ' v = Y v v
29819 DIANYIRULUST 4 A7 ﬁm@\ﬂfﬁ 3 = 81 AIBYNN LALWINMNBINITANE 5 @?LLUiﬁ@]aﬂfﬁ

a 5 U 1 o % 1 1 o a
NEU 3 = 243 9819 WUIN9VBINITNARDIUINNINT LT ausan I sALELNS UL

AN IINTWMIAAsIIaIN1IHER NTNenTTlTIndAlganeNneIu neeenvestynii

9

| [

1798190151989 UIUNINTIL U YAININ LY LEDNUIAIBE 1IN BUNENIIENITNARDIT

v '
I £ =

Jndusinduiielilddeyaifisanananisnaaetadwuuiiaemiadanlaazdenading

ANMUEUNUSVRIILUITEN (Main Effect) mnudunusiineitasny (Interaction Effect) way
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Ansduiuduuuidsansvidegunuuiiildaulds (Quadratic Terms) Tngldm$nernslaiann
uiuly

dmsumsfnunisesnuuuiundaneulndnlnedfulsdaseimun 3 fuusay
Uszneulume 3 dau liun 1. gaunnveiiea (Factorial Points) Wunsihladeszauass

= . ) ) 3
LLU‘ULLWﬂ’VlaLﬁﬂaLaﬂJ (Two-Level Full Factorial) NqLﬂua'ﬂu%uquaﬂﬂqﬁmﬂaaﬂ (2°= 8

a1 v

fgn9) 2. gaunu (Axial Points) iWun1susuAdwlslafuUsniislunaueiesulsdue &
FurteegiAINa1 (M30A1 0) kg 3. 3NN (Center Points) unsusuAIvesiuUsi
! A Y = ' 2 = o =

AINAY (M30A1 0) AILARIIUN 2-6 lagen O fiB szezanYaunneiealudigninais
wazA1 O = 1.68 fa szazangannuludiganenansvesnIsfinunanun 3 fuds veusas

FUsnmvualiann1san 2.1

]
®

[ ] [ ]
a -a
Factorial Point Axis & Center Point Central Composite Design

U7 2.16 Mmseenuuuduvianeulndndmiudiulsdase 3 fauds

%
LY

dl o U 1 o ! ! = o o a
#1979 2.1 ‘UW‘U’JWUE]W]’J@EJ'NLLaSGﬂLL‘M‘UQ(ﬂ’N‘]VI%UHUR]']U'JUG\’JLLUiE]ﬁiS (8]

Point nN=2|n=3|n=4 | n=5
Factorial points (2") a4 8 16 32
Star points (2n) 4 6 8 10
Cch
Center points(varies) 5 5 6 6
Total 13 19 30 48
Spherical design ( O = \/E ) 1.4 1.73 2 2.24
Choice of & 1
Rotatable design ( O =(Tlf4) ) 1.4 1.68 2 2.38
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3.2 gUnsnluaziA3aelian1sidY

3.2.1 Tsunsuildlunsise

32.2.1.1 Wsunsu Moldex3D R14 wazluswnsy CADoctor @115U3Nae9n1s
Uszanananeseslauis llumefuuikagn1sas195 09 Us A awn ltus (mesh)
3.2.1.2 WWsun3u Minitab drusuduiadayanisaifiuazndonnsniui-

AOUAUDILALLAULATITNIUDIIONURINDUALDS

3.2.2 Janldlusnisey

ianaafn ABS (Acrylonitrile butadiene styrene) ¥esuS®w Thai Toray
Synthetics Company Limited Ltd. #&Lnsm Toyolac 700-314 amauﬁ’ﬁmauﬁmwmaaﬂﬁ
Telun1s39ulaniAIAuRUILLY (Density) 9nsIn15inavesnlanasiinal (Melt mass
flow rate) s¥AUANLITL (Glossiness) inlauseminan gamaiivesuuzhdmsuns
Maoulial (Melt temperature) LLazqmmﬁUam%mm (Ejection temperature) uaz

ANENUANIINIEAINDUS Aawanslupsnem 3.1
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Ql' wAa =3 a d' a o
M1399 3.1 AavanTAvesdananainiildlun1side

AMENTANINIEAN AVl Anfiiaun
ALY Alansu’tms/ 1040
AU (JRless 60° Y8eUIEM Toray) Wasiud 94
ansnslvavesianasuial (220° C) N3U10/117 23
gauniimsasviounelinise BNGHILBIEEE 82
NSMAABULTIUUUYST Alaga’1ums/ 17
AULAULTIFY wngU1ana 54
N3EAFINAIERN Wosidua >10
LuQdaunsana wngUnana 2700
lugaanugang wngUraana 2460
QN HVIABULY NGBS 260 - 220
paungiivantueuy ENGRREITE 96.85
gaumglinanafnude NG GGG 116.85

3.2.3 \p3edinsuavgunsainlglun1sisey

3.2.3.1 \p3esdanaafnydadad mifium (Injection molding machine)

Y99UT Toshiba U EC100S fauanslugudl 3.2 uazansedi 3.2

SUN 3.2 iasesdnnananinilgluniide
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M15°99 3.2 Teyainsasdananainildlunside

38ANT WU Afitviun
WSIUALLRUA A 100
s3uglnAuIs )N x 87 Jadung 460 x 410
YUIALHULIALN) N9 X Taduny 660 x 610
&1(
srasUnuUAun Jadluns 350
PRGN Jaduns 180 ~ 550
LS9N TEVAUTANN )y 3
EER PR Rt NG TR Tadwns 90
Anuaulun1san wnglaaa 158~287
RIIN152A URLLNT /AT 76 ~ 557
As3lunIsan Jadwuns/Au 200 ~ 350

3.2.3.2 LUNUNIANAERANF NS UNAFBUANURAIIUATUNIUABLTIA

(Tensile strength) AnaNtRvasTanildviuwsiRuiifutan S50C uanafsnnsnai 3.3 dmsu
M nuavesiiuialdiem 3l uduuesnianuan

3.2.3.3 wilfuiduidindmiviunumnsgiudiviunaaeuatiay

.

L4 I = . o [ y s Qdy wva £ g ¥ o 1a
AUNIUABLIIA (Tensile strength) dmSuilamasiaza1in AaaudRvesianildviulfiud

\Uuian P20 uansisn1s1eil 3.4

M3NN 3.3 AaaNTANINANLTBULAL NINIENNUBILUNUNAANAAFN

auuil (°0)

AMENTANIINIEATN YUY
20 100 200
1 - = 3
AU ASU/LTURLUAT 7.8 - -
N15UIANNS DU Tf/unsesrwaded. | 42.5 38.5 34.2

ANYANTeUT I | 9a/AlanSuesmiwaidua. | 0.48 - -

9 = ' 3a v 2a a
lugdavesnstaney 10 AU tadiuns/ 210 - -
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M5 3.4 ANANTANNANLTDULAENINIEATNVBIUUTUNBULETY

a

we , auungu (°C)
AMENUANIINIEAIN wui2e
20 200
1 U a 3
AURUILLY NSU/BURLLIAT 7.8 7.75
nsiiANNSeU TR/ URTOIALELTYE. 29 29.5
ANNIANNTBUTUME | Ja/AlanTuesmivagya. - 0.127
U S 1 3Q U ZQ a
lugdaveamstaneuy 10 25U Uadiuns/ 250 200

JUN 3.3 wifiuridananafnuazudiuidudsvilinia @) wazaes (1)

3.2.3.4 A32IPUALDANTLUALN (Temperature Controller Unit) Su
9 9 Y p 9

YDIUIHN Shini Ju STM6090 THhsfuduslimiuieu
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JUN 3.4 1A309AUANRMMQIULTLN Shini STM

3.2.3.5 1A%8sinnuuLe (Gloss meter) 289U3EM SHENZHEN 3NH
TECHNOLOGY CO., LTD. 51 NHG-268

U7 3.5 1n3esinmnuiulnve UM s 1L ASTM:D523 $u NHG-268

3.2.3.6 \w3psUufindeya (Recorder measurement unit) Qunilkay

AIUANANEVBIUSEN Keyence Ju TR-W1050
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35U 3.6 \nsestuiindeyagumaiivasusliiun Keyence Ju TR-W1050

3.2.3.7 wesluduiaviauis Ind 10 (Type J) amsnnnsgiu IEC 60584

AU 4 YIS

sUt 3.7 wesluduidaviauis nd 1 (Type J)
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3.3.2 N3¥UIUNIURYAN1ARRMIANTUBINTINAI1HITULI

33.2.1 fvunsUiuuMseankuuMInaaaslaeisnsiufnouauessiy
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Line Plot of Mean Gloss
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Normal Probability Plot

(response is Gloss)
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4.3.1 NM39529dUAALUIEANDYIN1SHnAULA

£ v a

nsnsIvdeuAduUsEAnSreInIsindula (R-Sq) Wumilduaniosazuoins
Wasuulasvesiuwlsaudiaunsaesuieldmediuusdassluaunisannes a1nuanis
AipszrianUsyanauesidulsEansiBeanaseiianwingu 0.8914 wineAudn faulsdasy
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AN5197 4.1

AN 4.1 LEAIAIANUSEANTVRINITILATIZILTINADDUUBINURINDUAUD

Term Coef SE Coef T-Value P-Value
Constant 41.83 2.41 17.33 0
MT 57 1.46 3.9 0.004
HEN -8.77 1.46 -6 0
VH 0.29 1.46 0.2 0.848
MT*MT 3.18 1.46 2.17 0.058
HEN*HEN 6.32 1.46 4.32 0.002
VH*VH 0.92 1.46 0.63 0.544
MT*HEN 1.64 1.91 0.86 0.414
MT*VH -0.95 1.91 -0.49 0.633
HEN*VH -1.4 1.91 -0.73 0.481
S = 5.40432, R-Sq = 89.14%, R-Sq (adj) = 78.28%
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Normal Plot of the Standardized Effects
(response is Gloss, a = 0.05)
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ANS199 4.2 WARIANEUUSEANTNITHOUAUDIVAINURINITADUAUDINDAIINL UL VDITVUIY

Source DF Adj SS Adj MS F-Value P-Value
Model 9 2158.1 239.79 8.21 0.002
Linear 3 1496.09 498.7 17.07 0
Square 3 617.61 205.87 7.05 0.01
Interaction 3 44.4 14.8 0.51 0.687
Residual error 9 262.86 29.21

Lack-of-Fit 5 252.65 50.53 19.8 0.06
Pure Error a4 10.21 2.55

Total 18 2420.96

4.4 FUA1INININTAIAIANTIULIVDITUIY
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Gloss = 3,823 -576 MT -30.10HEN + 1.20VH + 0.0318 MT*MT
+ 0.0632 HEN*HEN + 0.0092 VH*VH + 0.0164 MT*HEN - 0.0095 MT*VH =
0.0140 HEN*VH
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AN5199 4.3 P1514USIULTIEUAIAAIALARBUYDITUINUIINFUNITNEINTAILAL AN NS

MInagaud FZAUAMNAULIT ANINEUNTT % Error
(GU) wensad
1 55.09 54.40 -1.26
2 67.41 64.36 -4.53
3 39.64 36.32 -8.39
4 58.07 52.84 -9.01
5 60.80 59.70 -1.82
6 68.90 65.86 -4.41
7 39.29 36.02 -8.33
8 54.38 48.74 -10.38
9 39.19 41.32 5.42
10 53.41 60.39 13.08
11 12.73 74.54 2.48
12 37.65 44.93 19.33
13 39.68 43.96 10.77
14 40.15 44.96 11.98
15 40.32 41.86 3.82
16 43.97 41.86 -4.81
17 40.64 41.86 3.00
18 43.18 41.86 -3.06
19 42.58 41.86 -1.70
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Compare GU between measure and predict
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Surface Plot of Gloss vs HEN, MT
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Contour Plot of Gloss vs VH, MT
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Surface Plot of Gloss vs VH, HEN
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D: 1.000 High 768179 256.8179 166.8179
: Cur [76.8179] [223.1821] [166.8179]
Predict  Low 431821 223.1821 133.1821

Gloss
Maximum
y = 92.8089
d = 1.0000

=i A o o &
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NNMTIFLULIziuli e meaeed 11 SAanasiuingsdigaaiuise
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nseenuUUTigaRuTEIMIaaesi uiisliansnasUlfesstaauintadeniosuyslad
avBwaTidsnaron i ldededideddamsadinmans lun19ifedsasiuayinse
wansALiunselusunsy Minitab R17 ilevenduyszansnismeuaussianiiuiue
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sunsvluniseenuuuBuuLazuifiawaanaain
Funeuusnresnisesnuutlunuiteiisuezannisesnuuuiue Fudutuay

nadoUANLLTMIuAEU T (Tensile strength specimen type 1) @%Sunaaau

w5sia Inedumisiinnirsnefivganansanaaeuinamduials uananugud n.1 Tag

VANN1508NLULIEATRN1TUTEENAlTUlABE19n 99319 SIUTIAUNTEUVDUATOITNS

v
av A o

= a A” 1 1a 4 o w a a a A A b4 <
lglun1snanTua uLLNNALEZIUINNIALATEIRANAERANL D NIAza L sa T UITeld 15
g FadrAgdnegrmilslunisadrauuniuidanalafinyail As N15AIUIUNIAIAILY

INNEFNITAII G191

a

SUN 1.1 MMTUNUAANANERNLUY 2 ATIF NN9IauaEFHN

N13AIUIUUININTUAZUNNTN VDT UIIUAANAERN
MsAInILIATRITuLdanaainidudesiteualunisAanmeu Al
- gilaveananadin Tunisidedldnatadnuszinniediea anuSen Toray Plastic

1NSA 700-314 RN

- AUNLILUEIBINATERN Yeudanarafninsaliazdidinnuvuiuiuegi 1.04
2
g/mm
MIAAMNUTIASURITUIY

USamsil 1 19 mm. x 165 mm. x 5 mm

15,675 mm.’

US1msil 2 3 mm. x 57 mm. x 5 mm.
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= 855 mm.”

Wavan 2 fu = 855 x 2 mm.’
- 1,710 mm.’

ﬁuﬁgmﬂ%mmﬁ 3 = %x 3 mm. x 21.14 mm.
- 31.71 mm.”

U3u1msii 3 - 31.71 mm.” x 5 mm.
- 158.55 mm.”

Viavan 4 G = 158.55 x 4 mm.”
- 634.2 mm.’

UBnstuay - 15,675 mm.” - (1,710 mm.” + 634.2 mm.”)
. 13,330.8 mm.”

o Bnestunuionn 2 3u) = 133308 x2mm. = 26,661.6 mm.’
- 26.66 cm.”
165
21.14, 57 32.86
bl 2

I IS E—— e T e e -t W |
S R76 /

1% '
al

- ] a 2 Qy v o
UM N.2 NUNNITAAYINIATVDITUITUAILFLDY

INNITALINUIUINTTUINIUAIBNITANUIUUSEUUNIEAILD9 ANNLAAzATlNaLALY
AUNISANUIA T USWATY CATIA kANTISAIUINANUSHNIASTUITUMIELUSHATH CATIA T9imanu
WUUEINIT ISz TUNUTAIULAIRL R AT LA 1L1TOA UIUTRLAUA8F LA FEDNAIRIN

Tswasuanlglunismanivinuesduau
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Current selection: ASTM

Product | Graphic | Mechanical | Drafing |

Characteristics Inertia center

Volume{ 26232.103mm3 q Bgmm
Mass: [0.026kg ¥ 28.5mm_
rface:( 0.014m2 Z 2.5mm

Inketia matrix

o 13e-005kgpm2 [ 1.355€-020kgum2 < Okgum2

Iyx] 1.35%e-020kgxm2 A 6.795€-005kgum2 | 2Nge-022kgrm2
I2¢] Okgp [ 2.118e-022kgum2 | 7.797e8Q5kgm2
W

26,232.103 mm.?

JUN 0.3 YSumsvesdununawinainlusunsy CATIA

gns  dmdnvesuau = USUNSTUNU X ANUNUIUUUYBINAERN
HAINMIAWIUANUTUINTTUNUINIUTUNTY CATIA
3 3
26.232 cm.” x 1.04 g/cm.

YIRUNTINVDITUIY (2 TU)

= 27.28 ¢.
AMSAUIUIUSIAT VRIS
U31A5909M1934 1 = (Tx2.5") x (30.5+5+165+5+30.5)
(mxﬁlﬂ @5 mm.) + (g X 2.53 x TT)
= 4,633.86 + 64.45 = 4,699.31
mm.3
U3U1M5U0INITIN 2 = (%x T x 4° X 67) + (TT x 8° x 4)
mm.3
(madsgid) = 1,12259 +804.24 = 1,926.84 mm.”
Y35t (2 i) - (13x 2.5 x 1.5) x 2
= 97.5 mm.3
o USHAsmeiasiassn = 4,669.31 + 1,926.84 + 97.5 mm.’

= 6,773.92 mm.”
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= 6.77 cm.

? X

Current selection : 2 T
Product | Graphic | Mechanical | Mass | Colors | Visualization |
General Center of Gravity
Density:{ 1000kg_m3 x=[82.5mm
[ 28.5mm
Mazs: [5.0074q -\wn‘m
urface:| 0,005m2
ertia Matrix
boc{ 2,014e-006kgm2 -1.927e-006kgom2 Okgrm2
=/ 927e-006kgxm2 1.999e-005kgxm2 Okgrm2
=[ ORgxm2 Okgam2 1.896e-005kgxm2
5 Only mgin body

7,058.486 mm.}

More...|
& Apply| _ Close |

a

a a a a v )
gﬂ‘w A.4 WUNATAAUITUINTVDINIGIIAILAILDY

De

HATINNITAUIUAINUTUIATIN A S IINTUTUNTY CATIA F9lviNaNITATL auNLaiugn

731

H Y] a v 3 3
UIUNFIUVDIN WAL U] 7.058 cm. x 1.04 g/cm.

= 7.34 g.
ﬁﬂ%ﬁﬂi?ﬂ%@ﬂ%ﬂﬂ’m‘ﬁﬂﬁmﬂ = 2728 + 7.34 ¢
= 34.62 <.

ANSATUIUIUIAVDILUNUNDANANFRAN
PHIINNDDNRUUTUINUS HUSDULEY NI UADIAIUIUNIVU AVBILUANN NNz E
NgnLieann lianenaztunaun1IHEn naNN1ToRNRUULININAANAIARNIEADINTIVEOY

A ANURIITILarATlNseTisausulAllorTosdnneEawiiuiReiY 9N FUMUE



FHEHEHE

P

L

S 5 2 5 1

.I AAARAL;

SUTN 1.5 MIAUIUVUIAVDIULNLND19BINUAMUNINUALAIILY1IVBITUIIU

BRiiilne

JUT 1.6 NMIAUIUIUIAVDILLTUND19BINUANUNUIVEITUIU

anansaesulemLlaeg e wale Al

(%
a

971

L AD SEELUI9TEMINNUBUTDIMUALN (31NN1TDBNBUUILHINAUANUNI1IVDILHY

N3EaBUNUlAYIiU 130 mm.)
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B flg AIINENIANLUINNOUTOIUURNA

m A9 S¥8LUINANVDULINNNIUIUAY L

n A9 SLYLUINNVOULLRNNIUIUAU B

| A9 ANUETLNUILILAY L @uew 2 1R vuinninsUsana 60 mm.)

b Ao AMUENTULULILRY B (S??m'miaugLﬁﬂﬁqaaqﬁmmaﬂﬁzmm 190 mm.)
y A® mmqﬂwaaﬁum%mm (Fuamumun 5 mm.)

b fia AuduRAsTBIaNaRn (anaRnUsssneTioa fvualildaminu 3.2
kg./mm.z)

E Ao lugdanisBaviguvosvan (widninsn S50C Amualiildrindu 21,000
kg./mm.z)

h A9 A IUAUILUANNES

8, o szezlisaves b (neviluiuualilaslaldiiu 0.05 mm.)

S, Ao szezlnadives | Inevhluiuualifaslalaidiv 0.05 mm.)
AN150ATUIUTLYTINNIINVBULLRUANIUIUAY L LAY 889199 1nYULNNNAYLIY

fiu B lemnuans fadl

e n =

EEySb EEySI

1NNISAUINIE LA

3/1 3.2 x 190°

m = =
32 21,000 x5 x 0.05
= 167.70 mm.
5 |l 3.2 x 605
n —

32 21,000 x 5 x 0.05
= 2456 mm.

PNFUAMUVUILATIUTUIAANNENVBLINITRAN@RNWIIAY b + 2n

6

ANNENIVDILLUNUN = 190 + 2 x 24.56 mm.

239.12 mm.

A UUINANUNINVBILUANNRANAE@RNVIAU | + 2m
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ﬂ’J’]ﬂJﬂ’?’N‘*UENLLlIIﬁiJﬁ 60 + 2 x 167.70 mm.

395.40 mm.

[

PAIINTY LS1ANNNTOAIUIUVNVUIAAMUAU LN RNN A Tasatiansaalull

Y

h _
NNTANUINIL LA
) 3[1 3.2 x 130°
B 32 21,000 x 395.40 x 0.05
= 35.36 mm.

N13A1NAAZIATUIAAIUNTIN 817 WAZAIIURUITANIZANINN VI UTHA?
Tumsusdidelanmunvunalilnginineewindnteeiiedenindensdidauazeny
nsldanuvsusifnndanaain waeniiduawauifniasanalududalyasfiuu

LSIUALU AL WA VUINVDILATDIRANAERAN
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ANSATUIULIIUALUNUN AL VUINLATDIRANANEAN
FuNUBANANARNTIEeNLULTIS LAY 2 AR sUsuazauaduifuns fdagui n.7
a@w%amLUuwmamﬂUs“mmamaa TnermualiausululnsawuununIsesIuaIaLile

T¥FunALs DALl RsTiLag AN aUAAS asaaNaNERn

AT N.1 LERIAIIIANAUAALEZAMNUAUTUINIILUUVDIWAERNTYTIAA 1)

wavoINaasn ANAUARA ANAUlUINT LU
(Plastic type) (nn./aa’.) (nn./aa)
(Injection pressure) (Cavity pressure)
nodlo?iau (Polyethylene, PE) 600 -1,400 230 - 320
wodlns#au (Polypropylene, PP) 600 -1,400 220 - 320
wedliflamaslsn (Polyvinyl choride, 1,000 - 1,500 280 -290
PVQ)
wedals3u (Polystryrene, PS) 700 - 1,700 260 - 320
WedAsUBLUA (Polycarbonate, PC) 800 - 1,500 270 - 300
pzaslalulasaalasu-Ommladu- 700 - 1,500 330 - 440
(Acrylonitrile-butadien-stylene,
ABS)
wodlalua (Polyamide. PA) 800 — 1,500 240 - 450
165
B -
S :F
: N _\2%\1\ I
o, TS S S S 6%%5; AN
NN

v I.
=

SU

i

=

gL H

v,

.7 ﬂ’]WMU’mﬂLLﬂﬂﬂWHV]Q’]EJ‘UENLLJj N
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AINNTN
algituitanevestuau (2 cavity) = (13,305 mm.” /5 mm.) x 2
= 5323 mm.’
= 5323 cm.”
ﬁuﬁm%aqmﬁmazgﬁﬁ = [(23 +7.5+165+7.5+23) x 5] + [ 2 x (2.5 x
13)]
- 1,130 + 65 mm.”
- 1,195 mm.”
- 1.195 cm.’
suTianeiaae = 532341195 cm.

- 50.425 cm.

Tun1529Na1@RN3 95192 NASAUNNUNRSNINUAVBITUIY LHBI9INTUINUTNS
20NUUUIHININFINIEINA VU IT MU TR e ndudesiansanluniseiuiuiiong
1AL UALURUNN AL DAL IVARURUWALDA 25% LNOANNUADANUVDILATIIINTLAL

AN IMNYDITUNURANIERAN AUANNITANUES

_FI
1

1.25 PA projected

1.25 x 385 x 54.425 k.

26,192 ks. = 26 Ton

° & o = a =3 i o
Eﬂﬁﬂﬂ?iﬂﬂu’lmﬂ’ﬁLa@ﬂisﬁsﬂuﬁlﬂLﬂi@ﬂwaqﬁmﬂmuq@Uﬁglnm 26 WUGUHVL‘U ATAITUAU

TulnsewuunuddeildentdianUszinnielealagsnadaanmsnennuuy Wesainliaiuise

'
=

FapmuiunaenIwaIn1san e luruziinilaladsdnludeddanadslugag

&

wuzi AazLiuliinANEINIT0T0LATEIRANAERNUDNBIUAUR N 5TivuIALTITaLLNLT

WNENBNUNISEBNWUUMLALN
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MsAuanlunIsTasLEuY

£
a o d&[,i/

Tunsewanailunisnasiuazfesruindsgunsweuny Tunuideily

1%
a 1

FUINUVAFOULUUMNULTEU FalinsAnaiaa1ina1afiniaouinaudinmiguauuasyn

NaNaeBuU IneelgnInisAuIn Al

§ e
1 2 Aa & 1 a S 8 TM TW
namaaluiiunuuuwiuiey  t=——In (S (———
T aeff s Tg— TW
[GI t. A wallunswdedu
S A9 AIUVUIVBITUIIUY (RINNITOBNRUUVTUIIUNU 5
adwns)

derf FD ORTIMTUNINTEAWANNTOUTRIMANERN (Thermal

diffusivity, mmz/s)

<
o))}

9 QUUNINAARNVADILAR?

a

PunNIUanTUINY

o
o))}
®

Ty fo  gouuiindauaifium
U

- 52 8 (240 -60
azlA t, In
3.1420.17 3.142 \ 95 -60

14.92 [n@e)

21.31 sec. =~ 21 sec.

[ [

g nsvansawinainasdull a1u1salduanduaueesnannualiuils wian

Y

Va o {

USEAUMInivedyite nudINIseeniuunIsdmie TavinunuInIvuIntunuiileniai

Y

v
a

navandunuiunudanarainiileniavineenainiu inligiuwazduauwenidluile
Uaanindauazlnsawuunuanu iws1zaninan1aziiganinalsiuanunaiafingslaiudesy
=

aiv (metling core) Fnduanuglisndudedldnaivaoidunuiuduninfiotuany el

Y ¢ UMY = & 9 ] &
%UGWULL“UW}’JIWWQOWUQ’M @Qiﬁ@jmalﬂu

f Fa = e s? 4 (Ty— T
L’JaﬁﬁaaLEJuV]i]‘ﬂﬂ\iﬂaNGUUQWULLUULLNUL?EJ‘U tc = In|l-(——
T“aeff T \Tg— Ty

>, S HTUTE 0 e

3.1420.17 3.14 \ 95 — 60
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14.92 [n(6.54)

28.05 sec. =~ 28 sec.

< 2

azituled1a1ma 0L 8 UNYANINANTUIIUAZE1IUIUNTLIAME DLEUTIRITUIY

AIELIBIIN FAILNLIVDINITNIAINTBUNINNINANT UL INAN NIRRT B9

1% v
a

FuaudanurununIuvinluslen1anaiin melting core Maanasiduwiniuiaziinun

'
a

897U L‘Wi’]%ﬂ%ﬁuLi’ﬁﬂﬂ’]iLﬁ@ﬂi%L’]ﬂ’]%d@LQUﬁmmﬁgﬁmLﬁ@afﬂL’Jﬁ?ﬂ’]iﬁdﬁ@]LLﬁ%ﬁ’]M?iﬂUﬁ@

De

Funuleegiauannie

v v '
v aa o

lun153dea53 Larlunisvaeduasiidiuasuulatluniugamvgdniivue

1893 nANYIBNTNATBINITUANUAL UANNTBUTNII NYUNHVBINAARNVABUVAT LAy

gaumgliwaifiud Jaduen Ty wazen Ty, auaau il lunisiuiaesendmegiganizen

=

NNNANNVBINITBBALUUNITNARB UYL (RN NVBINAIEANNARILAIN 240 °C Uaz

FUNQRUNAUNN 60 °c) AIMFUTINIAINITVADIEUTBITUNUTIDBNLUUIINATATLIUT T

ANSEIIN9 20 - 40 A9

nsAuIunandauTeuluuinanZanasdn

Mnaunsi 2 luunil 2 wansaunisanganuFousEnineaLieuaINNAIARn
vasumafisewlituufuiduiussunsndaduieiluudes Tndnsvesnisin ilelsls
g Eiin WandaTouingusifissiviuidndanusouilazdesioanainusifin Tu
aunnsfinanmlaimunligumgianuifuifiiiasidssihusadudas i insvesnis
30 nanfe gampiiusifiniazdagaviedacudazlitusutuluszuy wansdsaunis

[

ANuag el

Qm+Qc =0

Wandauseuvemaainvasumal aunsaeuluzuluuaun1saIua1e Al
), = 1073[C, (Ty — Te) + ilp2
Qm . [ p\IM E lm]pzx

logit  Cp Ae ArAnuiouduwy dwmduwanafinedioaaveyit 1,423 J/kg.oC
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. 2 % a ° Y] a = |
Ly AD ANTDULNUDINANERNN d1TUNaIannaUDEIzayNUTENU 600
kJ/kg

P Ap AULILUUARUIRAITEINAERAN dvsunanainedioanly

Wiy 1.04 g/cm3

X Ao S2uNsenIagUEnaIegraeIdu 9INN15eRNLUIAY 10 mm

S Ao MINRUITOITUIIU INAITEBARUULYINAY 5 mm

Ty o 2uVivia@svaITaINaaRn AMruaAINaIwesUITewiiy 250
°C

Ty Ao gaumgivantunu dmsunarainiedieanldiviniu 95 °C

wlf  Qm = 1073 [1,423(250 — 95) + 600 ]x 1.04 x Zx10
- 5,752 98

Wandaufeuvesimvaeduiiduiusiuna ansaleulusuwuvaunsla Al

) = 10-3 (2 1 S ST
Q=10 (2tf+t0+2t°)( 10-3and kstSe) (Tw = Te)

laen  tp Ao Lamldlunisda Auuawingu 3.5 sec
t. Ao namldlunmsnaofu mvuaminiu 25 sec

t, Ao namlglunisiUalauiiun Avuaindu 5 sec

o 4

a A9 AEUUSLENSNNSONENANNSDU

d #e Lé’umuquéﬂmwmgwdwﬁu INNNFODNLUUMNNY 10 mm.

& v

ke fio A1nnsinAusauveawifiun Jeyalulusunsy Molded3D fviun
Winfiu 25,000 W/m.oC

o)

? ma’l’mszﬁwﬁ‘ﬁuaqgﬂmmﬁﬂﬁmgmaLﬁu

a ra & 1 a ! @ % Y]
8 PUNNULUNNNNDUNIUIADIYU ﬁ’)‘UﬂMIMﬂQVILVHﬂ‘U 50 °C

&g
o)

Ao aamglinldlunisvaedu AMvualivindu 30 °C

dmsudvsnaveshunisgraedulunisihanuiouaunsadeuluaunisdusy

ansvesgunsmthdngndedu (Shape factor, S,) bl
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2T

2x sinh(2my/x)
ln[ td ]
2T

Azl Se = lrl[2)(10 sinh(2m20/10)
TX10

6.2832

2.6881
= 2.34

AnsuAndulszansnisanemainuiau (Heat transfer coefficient) vaauinuaaLiiu

~ o &
dAuInLVYU ANU

31395 1 0.8
d Re

o 31.395

e = n 10,000°8

= 4,975.77

WathunAmuandndainusauvasiivasiiu azla

Q - 102(Z+25+5)(

1 -1 1
103x 4,975.77 x 10 25,000 x 2.34

)~1(50 — 30)

1073x 29.25 x 0.1583 x58,434.33 x 20

- 54142 98
MnaumsaunanInLseuaziuliinandanufouiitguiiaias e
5,752 9@ wAnsngAuSeuiarfeshesnanudfiuilyingu 5,414.2 34 FendngaanuTouan
dhazannnieenidndes enadewnnoamglvesudfiusifiiuddedduniamuand
lallgmunnlaenss nmadunduuuandiiuiaisiuniilndidsfunisesniuy
Tuwsiagnsmnaeaiielintsmuauguugiiluisas T dnsasiuardmarenmnmiunuudas

a v PN
ﬂ'ﬁﬂ@u@ﬂmﬁ:‘ﬂ

[
av A

dmsunsdwaaldndmnuseulunuideiilunisimuinaiussanansusuie
Uumadrmnsdneslunis@alilaaasesgumgiudiiniluudaz IdnsuaguSuarmeuidy

a < 2/ o U a a
ALANUBYFHINRIUITURANIN
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Funeunsairautfiaridanaain
y&anildinsfnuniseenuuuisifsniuassrusndoyainanfidndunud Tu

funousiolufte i anunTusumaiieanuuuld vseauedasildvhnmsnisulssuiudan

wiifuidwdndsiaiesiiovesiesufiAnisuasinunUssnaufufuisifinindnaud

ponuuuld fagusuans

JUN 1.8 wiiuianaradinildlun1side (Assembly mode)

aaa

Tud1uY9In15UNAURAIUUSTENBUVDILUNUNAANAERNIZLAAIATNANUNAN

aa

20NWUUMTUTWNTUDDALUUAILTR N151%9797 CATIA V.5 R16 leagazesurgeanidu 3 diu

lauA duninviediun (Clamping side) d@uwsasiLAfou?l (Moveable side) Hazizuy

Y

Uan®ue1u (Ejector system) s1eaztdunvastudiunngsluazasulilundazdiuiazningis

Tunaewuan @

sUAIUUUAELTUNITUTZNRUBIALRN NS oUA NS URAAILUN LWL T AULAT 0920

Y

wanadin drugudalduananiswentudsulunwinuielaiunsadladsniseeniuulaedis
S X 4

FALAuaUY 99217 UlA I LURNRN 2D ARUULTULLRNNTZUU 2 1WAy Tn15L97123999be Y
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LavanRenasAuAIIA LarluiNundwdsvdsauisadsusduuuiuaulunisia

WAARN I WAIUVDITUINIUNAFOUANULINTF IR L61

SUN 0.9 wiiiudanaradinililun1side (Explode mode)
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FunaunsUsENaULIRNY

nsUsznevwsifinsiazesunelududseneuilsuifinsiduogiui (Clamping side)
fow wdissUszneusyuulaniusuy  (Ejector  system) musieuifindruiadoud
(Moveable side)

Funeuit 1 Usznoulnsys (Guide bush) 1un 25-60 1 4 Fudfuusfasivan

Funouit 2 vhnsUsEneUIRuWBWEsT (Core insert) iWhfuwsifinsingn (Core
olate) Tneldlesa (d16 D20) vunun 8 Fuasluluwifinsingn Tnoszdnsy Teldlilesadnden
vioRnnisiudensiinadessuumanyuisuveslvaluwifius anifugasesdeuifissidie
sDuarduansda M10-30 avsn 6 0l

Funoudl 3 Uszneuwruwaifiusiuy (Clamping plate) Whiuwsuusifiaiudnlngan

58AUUIA M16-35 7191un 6 A

Locating ring

Sprue bushing

Clamping plate

Core plate

Core insert

JUN .10 Tumaumsusenauwliiusidiuediuf (Clamping side)
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Jupaud 4 Usznauunmiudigud (Locating ring) Wniuwsuliiuivulagansdn

VAN M6-14 Y13v131m 2 99
Tupauil 5 Usznaulaanuide (Sprue bushing) LUIAUWAIUUIAUIHIULAY

Y

wifiuiuulagansdauuin M5-10 N9vA 2 90

WeUsznounwuAtuneui 1 -5 uadaglansnimiuans  azlauwiiiuidiuediun

(Clamping side)

gﬂ‘ﬁl n.11 LL@Jﬁuﬁ?i’JuagjﬁJUﬁ (Clamping side)

lugudeluisazdssnousyuulantunuiieluussneufuslfiuidauadeui

Fumeuil 6 Usznaundunszila (Ejector pin) 119 4-150 $117u 3 FuuazUIA 6-
150 §1u9u 4 Tunazuriadundu (Return pin) YuM 25-120 972U 4 Fudmunuuiisimun
Liffuwsiunseyiauu (Ejector retainer plate) mugusnuans

Funoudl 7 Ussnauusunseisdns (Ejector plate) iifunsiunssiisuu Tnsdadn
URIEANFUUIA M8-25 91U 8 90

Fupaud 8 UsznevanaUsaiundu (Return Spring) AfuuvierunauiTuatuan

1a9UTENOUIIUIY 4 TU
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Return Spring

Ejector pin

Ejector retainer plate

Return pin

Ejector plate

5UN n.12 Jumaun1susenauszuulanduanu (Ejector system)

WloUsznaumuduneud 6-8 @iazliszuuiantunumugdall Tudiuselas

Pszuulanduauiluusenaun AUk RLNEIWAA BUT
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g‘d‘ﬁ n.13 szuuUantiuanu (Ejector system)

o
Y

Junaudl 9 MN1TUTENOURIRUNBWAESY (Cavity  insert) Wfunfinsindn
(Cavity plate) Tngldlass (d16 D20) vivun 8 Tuashuluuwsifuringn TneseinssTolililes
dademiedanisiudsasinadossvunismyuiisuresinaluulfind andugasosse
uifasighearsuazduansda M10-30 siavua 6 90l

Funeuil 10 vn1seaaulndiiu (Guide pin) Yuaa 25-120 S1uaw 4 TRy

v A

wiuransusfetuiulnauylutuneui 1

o '
[ =

Tupau 11 1anggarun 16-140 913U 6 Ju Feeidiuuvieses (Spacer bar)
NIE0IT LAz LNULIALNAS (Bottom plate)
Funaun 12 ¥15zUUUanTuUNUIenautaslutumaun 8 1USENBUMNTENIN

L9599 19889979
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Cavity insert

Cavity plate

Guide pin \

Eye bolt

Spacer bar

Bottom plate

SUN .14 Tunaun1sUsENauLLRLNaIUAaaUN (Moveable side)

Y

o
o

Jupoudl 13 diiunudnivsznauludunsui 10 Uszneuiu lagaiulnss
FUIMUWMINITD I ULNTEYaTITIIRUNGY UasTuBawiuanguuIn 16-140 994U 6 90
JUADUN 14 Usznauneuniliun (Eye bolt) 1u1a M16 LUAULKULNNNAREN

P9ADITN ANSUTANDENWURLNLABLATUEN

4' v A Y v o v

Fupoudl 15 Usznouwsifaidiundoufiuasuifissidueg fuiiddefudensy
on suwidlndfunarlndyy sudduilausifuiiudiunouaaie

Feusznaunsfissiynudiuddeiuud fanunsoudfinifndadrfuniesds
wanaRniitendntunuld ludaunianuan v ageduisssaziBonludiuauiauaznming

DU NATLDYAVDILARLIUAIUDNASIN TS
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JUT .16 wifuidandouiivszneuiaseauysal
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159 0.1 UansUayan13 NV NNAUIUAN UL
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1381 (Aui) P1 P2 P3 P4
1 54.5 56.4 55 57.8
2 54.4 56.35 54.8 57.7
3 54.3 56.35 54.7 57.6
4 54.25 56.2 54.55 57.45
5 54.15 56.1 54.4 57.35
6 54.05 56.05 54.3 57.25
7 53.95 56.25 54.15 57.15
8 53.85 56.35 54.05 57
9 53.75 56.3 53.9 56.9
10 53.65 56.15 53.8 56.75
11 53.15 55.8 53.65 56.65
12 52.4 55.65 53.55 56.5
13 51.9 55.55 53.4 56.35
14 51.55 55.55 53.2 56.2
15 51.35 55.95 53 56
16 51.6 555 52.75 55.8
17 51.8 55.45 52.5 55.65
18 51.85 54.9 52.3 55.45
19 51.9 54.95 52.1 55.3
20 52.5 54.75 52.3 55.7
21 53.3 55.1 53.55 56.4




15199 0.1 Uanstoyan13InguMINAWMUs ULLLTL (s9)
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1381 (3ui) P1 P2 P3 P4
22 53.9 55.6 54.45 56.95
23 54.25 56.05 55.05 57.35
24 54.5 56.45 55.35 57.65
25 54.6 56.6 55.5 57.8
26 54.65 56.7 55.6 57.9
27 54.65 56.85 55.55 57.9
28 54.65 56.85 55.4 57.9
29 54.6 56.8 55.25 57.85
30 54.5 56.7 55.1 57.75
31 54.4 56.5 54.95 57.6
32 54.3 56.55 54.8 57.5
33 54.2 56.5 54.65 57.4
34 54.1 56.25 54.5 57.25
35 54 56.25 54.35 57.15
36 53.9 56.2 54.25 57
37 53.8 56.2 54.1 56.9
38 53.7 56.35 54 56.8
39 53.65 56.25 53.9 56.7
40 53.55 56.2 53.75 56.6
a1 53.45 56.2 53.65 56.45
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1381 (3ui) P1 P2 P3 P4
42 53.1 55.6 53.5 56.35
43 523 55.65 53.4 56.2
a4 51.75 55.35 53.25 56.1
45 51.4 55.45 53.1 55.95
46 51.15 55.45 52.85 55.8
a7 51.35 55.65 52.6 55.6
48 51.6 55.35 52.4 55.4
49 51.65 55.1 52.15 55.2
50 51.7 54.95 51.95 55.05
51 52.2 54.85 52.05 55.35
52 53.05 55 53.2 56.1
53 53.65 55.3 54.2 56.65
54 54.05 55.75 54.8 57.1
55 54.3 56.25 55.15 57.4
56 54.4 56.55 55.35 57.55
57 54.45 56.7 55.4 57.65
58 54.5 56.8 55.35 57.7
59 54.5 56.8 55.25 57.7
60 54.45 56.75 55.1 57.65
61 54.4 56.7 54.95 57.55




15199 0.1 Uanstoyan1sIngumINAWUse UL (d9)
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1381 (3ui) P1 P2 P3 P4
62 54.35 56.6 54.8 57.45
63 54.25 56.6 54.65 57.35
64 54.15 56.5 54.5 57.25
65 54.05 56.4 54.35 57.1
66 53.95 56.3 54.2 57
67 53.9 56.2 54.1 56.9
68 53.75 56.25 53.95 56.75
69 53.7 56.15 53.85 56.65
70 53.6 56.1 53.75 56.55
71 535 56.05 53.6 56.45
72 53.4 56.05 53.5 56.35
73 53.1 55.9 53.4 56.2
74 52.3 55.6 53.25 56.1
75 51.7 55.4 53.1 55.95
76 51.3 55.3 52.95 55.8
77 51.05 55.1 52.7 55.65
78 51.25 55.5 52.5 55.45
79 51.45 55.35 52.25 55.25
80 51.55 55.2 52.05 55.1
81 51.55 55 51.85 54.9




15199 0.1 Uanstoyan1sIngumINAWUse UL (d9)
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1381 (3ui) P1 P2 P3 P4
82 52.05 54.8 51.85 55.15
83 52.8 54.9 52.85 55.8
84 53.45 55.25 53.95 56.4
85 53.9 55.8 54.65 56.9
86 54.15 56.1 55 57.2
87 54.3 56.4 55.2 57.4
88 54.35 56.5 55.3 57.5
89 54.4 56.55 55.25 57.55
90 54.35 56.5 55.15 57.55
91 54.3 56.45 55 57.5
92 54.25 56.45 54.85 57.45
93 54.15 56.5 54.7 57.35
94 54.05 56.45 54.55 57.25
95 53.95 56.3 54.4 57.1
96 53.85 56.35 54.25 57
97 53.75 56.35 54.1 56.9
98 53.65 56.2 54 56.75
99 53.55 56.2 53.85 56.65
100 53.45 56.1 53.75 56.55
101 53.35 56.05 53.6 56.45




15199 0.1 Uanstoyan1sIngumINAWUse UL (d9)
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1381 (3ui) P1 P2 P3 P4
102 53.3 56.05 53.5 56.3
103 53.2 55.9 53.4 56.2
104 52.9 55.8 53.25 56.1
105 52.1 55.2 53.15 55.95
106 51.55 55.05 53 55.8
107 51.15 54.95 52.85 55.7
108 50.85 55.65 52.6 55.55
109 50.95 55.3 52.3 55.25
110 51.2 55.05 52.1 55.1
111 51.35 55 51.95 54.95
112 51.4 54.85 51.75 54.8
113 51.8 54.7 51.65 55
114 52.7 54.85 52.65 55.65
115 53.35 55.35 53.75 56.3
116 53.8 55.75 54.45 56.75
117 54.05 56 54.85 57.05
118 54.2 56.25 55.05 57.25
119 54.25 56.45 55.15 57.35
120 54.3 56.55 55.15 57.4
121 54.25 56.6 55.05 57.45




15199 0.1 Uanstoyan1sIngumINAWUse UL (d9)
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1381 (3ui) P1 P2 P3 P4
122 54.2 56.6 54.9 57.4
123 54.05 56.45 54.65 57.25
124 53.95 56.4 54.5 57.15
125 53.85 56.35 54.35 57.05
126 53.75 56.3 54.2 56.95
127 53.65 56.2 54.05 56.8
128 53.55 56.15 53.9 56.7
129 53.55 56.15 53.85 56.65
130 53.45 56.1 53.7 56.55
131 53.3 56.05 53.55 56.35
132 53.2 56 53.4 56.25
133 53.2 56 53.35 56.2
134 53.1 55.8 53.25 56.1
135 52.8 55.3 53.1 55.9
136 52.05 55 52.95 55.8
137 51.4 55.05 52.85 55.65
138 51 54.95 52.65 55.5
139 50.75 54.95 52.5 55.4
140 50.5 54.8 52.25 55.25
141 50.35 54.6 52.05 55.05




15199 0.1 Uanstoyan1sIngumINAWUse UL (d9)
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1381 (3ui) P1 P2 P3 P4
142 50.65 54.35 51.8 54.85
143 50.85 55 51.6 54.7
144 50.95 55 51.45 54.5
145 51.05 54.8 51.25 54.4
146 51.7 54.55 51.45 54.8
147 52.55 54.9 527 55.55
148 53.15 55.4 53.65 56.1
149 535 55.6 54.2 56.45
150 53.75 55.7 54.5 56.75
151 53.85 55.9 54.7 56.9
152 53.95 56.15 54.75 57
153 54.05 56.25 54.75 57.15
154 54 56.25 54.65 57.15
155 53.9 56.2 54.45 57.05
156 53.85 56.2 54.3 57
157 53.85 56.15 54.25 56.95
158 53.75 56.25 54.1 56.85
159 53.6 56.15 53.9 56.7
160 535 56.2 53.75 56.6
161 53.45 56.2 53.7 56.55




15199 0.1 Uanstoyan1sIngumINAWUse UL (d9)
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1381 (3ui) P1 P2 P3 P4
162 53.35 56.05 53.55 56.4
163 53.25 55.95 53.45 56.3
164 53.2 55.85 53.35 56.2
165 53.1 55.8 53.2 56.1
166 53 55.8 53.1 55.95
167 52.85 55.7 52.95 55.8
168 525 55.2 52.85 55.7
169 51.7 55.15 52.7 55.55
170 51.15 55.05 52.6 55.45
171 50.75 54.95 52.4 55.3
172 50.5 54.5 52.15 55.1
173 50.8 54.75 51.95 54.95
174 51 54.6 51.7 54.75
175 51.15 54.5 51.55 50.65
176 51.15 54.4 51.35 54.45
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No. D1 D2 Mean No. D1 D2 Mean
1.1 51.0 55.6 533 3.1 379 ar.4 a2.7
1.2 46.8 60.7 53.8 3.2 28.5 37.1 32.8
1.3 54.3 62.4 58.4 3.3 39.4 53.6 46.5
1.4 45.3 51.1 48.2 3.4 28.2 41.8 35.0
1.5 53.8 53.7 53.8 3.5 35.6 ar.4 41.5
1.6 56.4 56.6 56.5 3.6 29.2 38.2 33.7
1.7 54.0 61.7 57.9 3.7 32.1 49.0 40.6
1.8 55.3 55.0 55.2 3.8 35.7 49.0 42.4
1.9 56.7 62.6 59.7 3.9 38.2 49.9 a4.1
1.10 55.1 53.8 54.5 3.10 30.0 aa.7 37.4
Average 52.9 57.3 55.1 Average 33.5 45.8 39.6
21 81.3 522 66.8 4.1 63.6 46.0 54.8
2.2 76.6 71.8 74.2 4.2 61.5 61.3 61.4
23 78.5 523 65.4 4.3 64.6 40.8 52.7
24 79.9 65.5 72.7 4.4 65.5 62.6 64.1
25 80.6 42.1 61.4 4.5 65.2 a7.8 56.5
2.6 79.0 53.0 66.0 4.6 53.8 62.8 58.3
2.7 81.3 70.8 76.1 4.7 60.2 65.8 63.0
2.8 77.5 45.9 61.7 4.8 65.6 48.3 57.0
29 78.4 68.1 73.3 4.9 52.0 65.6 58.8
2.10 75.9 37.6 56.8 4.10 63.9 44.6 543
Average 78.9 55.9 67.4 Average 61.6 54.6 58.1
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No. D1 D2 Mean No. D1 D2 Mean
5.1 59.4 61.5 60.5 7.1 29.4 45.3 374
5.2 61.0 52.0 56.5 7.2 36.0 39.8 37.9
5.3 75.1 64.9 70.0 7.3 29.5 45.1 37.3
5.4 61.4 64.9 63.2 7.4 34.9 42.0 38.5
5.5 61.7 56.7 59.2 7.5 30.7 ar.5 39.1
5.6 52.9 59.1 56.0 7.6 374 41.0 39.2
5.7 63.0 65.7 64.4 7.7 40.6 ar.1 43.9
5.8 63.1 66.5 64.8 7.8 27.9 43.5 35.7
5.9 58.4 60.0 59.2 7.9 41.6 53.2 ar.4
5.10 54.0 54.8 54.4 7.10 29.0 ad.4 36.7
Average 61.0 60.6 60.8 Average 33.7 44.9 39.3
6.1 77.6 67.6 72.6 8.1 56.1 49.6 L2k
6.2 75.7 48.6 62.2 8.2 55.7 42.3 49.0
6.3 7.7 48.6 63.2 8.3 40.2 66.0 53.1
6.4 77.4 69.5 73.5 8.4 53.9 523 R
6.5 78.6 49.7 64.2 8.5 67.6 ar.9 57.8
6.6 76.3 67.9 72.1 8.6 53.0 62.5 57.8
6.7 81.3 73.8 77.6 8.7 55.3 67.0 61.2
6.8 77.2 a7.5 62.4 8.8 61.4 49.6 55.5
6.9 82.4 75.1 78.8 8.9 48.1 49.5 48.8
6.10 78.2 47.3 62.8 8.10 53.2 56.5 54.9
Average 78.2 59.6 68.9 Average 54.5 54.3 54.4
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No. D1 D2 Mean No. D1 D2 Mean
9.1 18.4 32.1 253 11.1 72.9 73.3 73.1
9.2 24.1 34.2 29.2 11.2 84.7 85.0 84.9
9.3 43.6 53.8 48.7 11.3 68.9 78.5 73.7
9.4 44.1 48.9 46.5 114 80.4 63.7 72.1
9.5 39.1 26.5 32.8 11.5 81.7 63.8 72.8
9.6 43.7 42.8 43.3 11.6 72.2 72.3 72.3
9.7 30.5 43.4 37.0 11.7 69.6 58.4 64.0
9.8 22.4 37.9 30.2 11.8 80.2 54.9 67.6
9.9 48.7 53.6 51.2 11.9 76.4 72.8 74.6
9.10 47.5 48.6 48.1 11.10 82.8 62.2 72.5
Average 36.2 42.2 39.2 Average 77.0 68.5 12.7
10.1 76.5 52.0 64.3 12.1 32.7 36.9 34.8
10.2 67.5 44.4 56.0 12.2 35.8 43.8 39.8
10.3 41.5 46.3 43.9 12.3 36.1 35.2 35.7
10.4 49.3 56.3 52.8 12.4 35.7 41.2 38.5
10.5 63.3 455 54.4 12.5 33.3 43.5 38.4
10.6 75.8 40.3 58.1 12.6 42.1 39.4 40.8
10.7 50.4 49.8 50.1 12.7 41.8 374 39.6
10.8 56.0 36.3 46.2 12.8 39.1 34.8 37.0
10.9 54.7 43.8 49.3 12.9 45.9 35.6 40.8
10.10 72.9 45.6 59.3 12.10 34.0 36.1 oy |
Average 60.8 46.0 53.4 Average 37.7 38.4 38.0
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No. D1 D2 Mean No. D1 D2 Mean
13.1 43.8 az2.7 433 15.1 a2.1 37.7 39.9
13.2 49.2 az2.7 46.0 15.2 45.3 28.3 36.8
13.3 42.5 48.6 45.6 15.3 a1.0 39.4 40.2
13.4 46.6 17.8 32.2 154 44.0 24.3 34.2
13.5 4a4.4 35.0 39.7 15.5 4a4.4 40.5 42.5
13.6 a1.7 34.1 37.9 15.6 64.2 ar.7 56.0
13.7 46.8 39.4 43.1 15.7 65.0 30.3 ar.7
13.8 40.5 20.8 30.7 15.8 38.2 22.5 30.4
13.9 46.5 32.2 39.4 15.9 46.3 271.7 37.0
13.10 39.3 39.1 39.2 15.10 48.4 29.1 38.8
Average 441 35.2 39.7 Average 47.9 32.8 40.3
14.1 46.1 33.2 39.7 16.1 42.5 16.3 29.4
14.2 43.9 30.3 37.1 16.2 58.7 49.4 54.1
14.3 51.3 38.1 aa.7 16.3 57.0 42.0 49.5
14.4 45.0 36.5 40.8 16.4 43.2 43.8 43.5
14.5 38.7 34.5 36.6 16.5 51.1 44.0 a7.6
14.6 43.2 35.2 39.2 16.6 34.8 39.9 37.4
14.7 42.2 28.9 35.6 16.7 a3.7 45.6 aa.7
14.8 43.8 40.5 42.2 16.8 45.5 35.2 40.4
14.9 46.8 44.9 45.9 16.9 35.7 ar.4 41.6
14.10 48.0 32.0 40.0 16.10 54.5 49.2 1Sy
Average 44.9 35.4 40.2 Average 46.7 41.3 44.0
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No. D1 D2 Mean No. D1 D2 Mean
17.1 35.0 30.3 32.7 19.1 55.7 38.4 ar.1
17.2 46.1 45.0 45.6 19.2 44.7 71.1 57.9
17.3 43.2 40.9 42.1 19.3 49.8 45.5 47.7
17.4 47.5 54.0 50.8 19.4 44.9 24.5 34.7
17.5 40.8 28.5 34.7 19.5 48.6 26.0 37.3
17.6 43.8 39.4 41.6 19.6 as.7 41.6 437
17.7 28.0 36.8 32.4 19.7 44.8 16.3 30.6
17.8 53.5 57.0 55.3 19.8 47.2 33.8 40.5
17.9 AZEY 28.7 36.0 19.9 47.2 47.1 47.2
17.10 44.0 27.1 35.6 19.10 48.5 30.3 39.4
Average 42.5 38.8 40.6 Average a7.7 37.5 42.6
18.1 46.6 16.4 31.5
18.2 52.4 42.9 ar.7
18.3 55.2 48.0 51.6
18.4 59.7 44.3 52.0
18.5 52.7 271.2 40.0
18.6 50.3 32.3 41.3
18.7 43.5 29.5 36.5
18.8 44.8 52.3 48.6
18.9 43.1 29.1 36.1
18.10 46.1 47.2 46.7
Average 49.4 36.9 43.2
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[tern Value Unit
Cooling method General j-
Initial Mold Temperature 50 aC
Air Temperature 25 o
Eject Temperature a5 o
Zooling Time 25 SEC
Mold-Open Time 5 SEC
Mold preheat . Sefting

| Cooling Channel/Heating Rod...| | Mold Metal Material... |
ﬁnld Insert Initial Temperzture...| |Pa't Insert (nitial Temperature

Eject Criteria | | Estimate Cooling Time__.
Filling setting

Stroke time : | 0.317816 sec

| Flow rate profile (3)... _|
| Injection pressure profile (1)... |

VP switch-over
By volume(%) filled | a8 %

Packing setting

Packing time : sec

| Packing pressure refers to end of filling pressure _V|

F‘;cking_pressure pruﬁlgﬁ}... :I

Melt Temperature oC |

Maold Temperature ‘50 aC
_

| Advanced S_etting___ |




Setting method : Machine mode 1 (by profile)

In this mode, users can't set the injection time directly.
The injection time is determined by flow rate profile and
packing time settings.

Process File -| 020218_1

Mesh File -| ASTM D638_62. mfe

Material File -| ABS_Toyolac700-314_1 mtr

Machine Settings

TOSHIBA - EC100 i2A cc v View...

[Filling] [

Stroke time (sec) 0.317816 _;‘

Melt Temperature (oC) 250

Mold Temperature (oC) 50 ) *

Maximum injection pressure (MP... | 220 |

Injection volume (cm*3) 45907 |

[Packing] |

Packing Time (sec) 3

Maximum packing pressure (MPa) | 220

[Cooling] |

Cooling Time (sec) 25 ]

Mold-Open Time (sec) 5

Eject Temperature (oC) a5

Air Temperature (oC) 25

[Miscellaneous]

Cycle time (sec) 33.3178 e

Mesh file ASTH DE38_32.mfe— !
. |

148



149

Drrinmt attinan | EillinaDanlbina Cattiman | Cnnlina Sattinas O cnmnnn- |

Type: | Injection Velocity (%) vs. Ram Pasition (mm) ~| Section No.: - @ O
Consider barrel compression for solver calculation.
Profile type
100.00 ® Stepwise
90.00 O Polyline
80.00 _
g Stroke time -
> 70.00
o 0.317816 | sec
S 60.00 —
= 50.00 Injecting volume :
P 45907 cme3
S 40.00
_E 30.00 |
= :
= 20.00 I
10.00
0.00
57.08 5137 4566 39.96 34.25 2854 2283 1712 1142 571 Q.00 Profile Advisor
Ram Position [mm) I: |
Capture...
Section Section-1 Section-2 Section-3 ‘ ‘
Ram Position (mmy}) 57.0807 455219 4 555 0
Injection Velocity (%) 30 70.38 45.9 45.9
ncel

Max. pressure = 220.00 MPa, Max. flow rate = 203.00 cm*3/sec

||||]|_.! an pressure profile ».)*(_|I

Type: |Packing Pressure (%) vs. Time (sec) ~ | Section Mo.: E
Profile type
el @ Stepwise
20.00 O Polyline
g 80.00
w 70.00
2 60.00
it
& 50.00
E’i 40.00
&5 3000
=
& 2000
10.00
0.00
000 030 060 090 120 150 180 210 240 270 3.00 Profile Advisor
Time [sec) C—lapture___
Section Secion-1 | Section-2 |Section-3 ‘
Time (sec) 0 18 24 3
Packing Pressure (%) 627097 627097 501677 40.1342 -
| Cancel
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Abstract. Injection molding process is one of the most extensively used for manufacturing
plastic processes due to high productivity, high efficiency and also the manufacturing of the net
shape or complex design parts. In general, the finished plastic parts are a growing trend
towards using in automotive part, electronic appliance and require more direct appearance
surfaces. Nowadays, plastic injection parts do not need to be painted or coated for the
manufacturing processes and weld marks on the surface parts must be completely eliminated.
The objective of this study is to focus on the effect of gloss in plastic part using ABS
(Acrylonitrile Butadiene Styrene) materials and design of experiment by using Response
Surface Methodology (RSM) to independent temperature variables. This research represents
the optimize efficiency of the thermal factor in molding effect to gloss parameter on plastic
injection parts and provides the estimate of the parameter related to high-temperature behavior
in molding before injection process. The result of experiments have been obtained the
measuring point of cavity temperature at 70 °C, the injection temperature at 240 °C, and
injection speed 120 mm/sec on the 95% confidence interval.

Keywords: Injection molding, Heating and cooling, Gloss, Response surface methodology

1. Introduction

At the present, plastics manufacturing by using injection molding machines have been used in
widespread. Especially, the production of plastic parts such as automotive parts or electronic
component parts etc [1]. The parts have been designed the accuracy of control processes shows a
surface appearance and color tones, which are the focus on value-added and manufacture reduction.
To improve mold ability and physical properties of the plastic material have used in various injection
molding processes directly. By the way, the main manufacturing process can be reduced or replaced
by previous processes from a good design earlier. Workpieces or parts does not have the effect on
other influence in the painting and assembly processes. As more indirect benefits result will not invest
about new booth paint and reduce lead time, which in many methods in order to protect inherent
defects on final products to anti-scratch proof and eliminate waste.

The injection molding processes include filling, packing, cooling and ejecting processes, generally,
cooling stage takes up more than half of cycle time. Therefore, mold temperature has a significant
effect on a molding cycle and productivity, but low mold temperature may be melted a plastics not
well, and do not fulfill in impression and usually means lower quality in conventional injection
molding (CIM) process. In the CIM, mold temperature is kept at constant during cycle time although
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in the fact it fluctuates in the relatively small range of temperature due to the quality of injection parts.
In manufacturing commonly used the continuous cooling method by circulating coolant in cooling
channel, in order to target better quality and high productivity, mold temperature must be lower than
the transition temperature of plastic material [2-3].

In real manufacturing, plastic injection mold mostly uses the simulation to predict the finished
injection parts. Finite element method (FEM) has been applied the analysis of injection processes in
order to reduce the machine setting time [4-5]. Shih-Chih, Ni et al. [6] have proposed the control of
bending of the plastic injection parts. The principle of mold temperature based on experimental design.
For this reason, a new technology in injection molding has been required to commercial. Rapid heat
cycle molding (RHCM) technology has developed and attached in the near future. The difference
between CIM and RHCM processes is mold temperature control ability. The constant temperature was
controlled in each injection cycle by heating and cooling, which has been applied in the last century.
In RHCM process, the cavity mold temperature heated up higher than thermal deflection temperature
of plastic about 10 °C before melt plastic filling, and then cooling mold down quickly when packing
stage is completed to eject parts. Higher temperature molding situation, frozen layer in RHCM process
gives the result to melt flow resistance can be reduced, but CIM process that frozen layer can be
completely eliminated. From this reason, injection pressure and clamping force parameter required of
injection machine are decreased. On other properties of melt plastic when filling stage can be reduced
weld line on part surface significantly by increase mold temperature. Meanwhile, several types of
research in a literature using RHCM molding process demonstrates rapid heating and take more
effectively lengthen the melt flow path [7-8], improve the part surface appearance in automotive and
electronic component parts [9].

In RHCM process benefits on increasing productivity and shorten cycle time are necessary. The
heating method mainly uses in industries to achieve this purpose include induction heating, infrared
heating, gas-assisted heating and convection heating using hot fluids such as oil, water or steam [10-
11]. However, the parameter not yet clear about appropriate parameter to predict the deflection
problem. Sivaraos et al. [12] have proposed to a comparison about experimental design between
Taguchi method and Respond surface methodology (RSM), the results show RSM are more clearly
predicted and significant of all combinations of interactions and squared terms.

A corresponding RHCM process designed and constructed by FEM analyses and experiment to
evaluate thermal stress analysis also performed to evaluate thermal stress distribution in cavity
molding proposed to alleviate the thermal stress. Finally, the surface appearance quality of plastic part
on RHCM process was improved gloss surface compared with more benefits directly. Therefore, the
objective of the present research is to propose the optimize efficiency of the thermal factor in molding
effect to gloss parameter on plastic injection parts.

2. Mold Structure and Principle of Heating Technology

2.1 Mold and parameter design

Figure 1 illustrates the typical molding structure for developed heating technology with the hot oil
convection heating method. The heating channel is installed in cavity plate due to injection parts
appearance shown on this side only when the temperatures of the cavity side are elevated to preset
mold temperature controller unit will turn off to stop heating, and then the mold is closed for melt
plastic filling. Finishing injection part as shown in figure 2.

The plastic material used for the parts is acrylonitrile butadiene styrene (ABS) typed resin Toyolac
grade 700 - 314 supplied from Toray Plastics. It has the density of 1.04 g/cm’ and mass flow rate of 23
g/10min. Before injection processes dying ABS material of 80°C for 4 hours and feed to the barrel.
The recommended processing parameter setting in table 1. All parameters carried on injection molding
machine using Toshiba Machine model EC100S with I2A Barrel type, this model specification on

maximum clamping force 100 tons.



Table 1. Processing parameter in injection experimental.

Processing parameter Typical value
Injection temperature (°C) 200 - 240
Mold temperature (°C) 50-90
Injection speed (mm/sec) 100 - 140
Ejection temperature (°C) 95
Injection filling time (sec) 0.5
Packing time (sec) 8
Injection pressure (Mpa) 140
Cooling time (sec) 30-45

Figure 1. Injection molding design with the
hot oil heating.

Figure 2. Structure of plastic injection part. Figure 3. Thermocouples channel
design on cavity molding.

2.2 Thermal response and gloss measurement design

As shown in figure 3 identifiers ‘P1°, ‘P2°, ‘P3” and ‘P4’ are four positions on cavity side for
measuring temperature responses. Using thermocouples type J in research due to the short range of
temperature measuring and well responsibility. The used material of cavity plate is a type of plastic
mold steel, typed S50C, supplied by Taikin standard mold base Co., Ltd., Thailand.

Point measurement of gloss on injection parts was set to close corners of injection parts, totals 4
point same thermocouples measurement points. Cause of this research focuses on thermal design
effect on plastic injection parts. In value added product surface research gloss appearance on the
surface measured by gloss unit (GU) with gloss level measurement method. It is also compatible with
the standard ASTM D523 using a portable gloss-meter model NHG268 supplies from Shenzhen 3nh
technology Co., Ltd., China. The planning of DOE and data analysis was carried out using the
statistical software package of Minitab 17.

2.3 Design of experiments (DOE)

The method of defining and investigating all conditions in experiments involving multiple factors
in known as Design of experiments (DOE). According to DOE are widely used in many factors
examples Full-factorial design, Taguchi method and Response surface methodology to performing an
experiment, varying the levels of all factors simultaneously rather than one, allows for interactions
between the factors.
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2.3.1. Response surface methodology (RSM)

Response surface methodology can be described as s technique on complex calculation processes.
To approach a suitable experimental design that integrated all of the independent variables and set
equations on the theoretical value of an output [13]. In RSM can predict response result by the
regression equation. First order use for linear surface and second order use nonlinear or curved
surface, shown as in equation (1) and (2) respectively.

k
i=By+ ) fi+e (1)
i=1

k k k&
y=p4 +Zﬂ1x,- +Zﬂiixi2+22ﬂ,jx1xj +& (2)
i=1 i=1

i=l j=I

2.3.2 Central Composite Design (CCD)

Response surface methodology comprised of several methods to design the experimental
procedures and one of them is Central Composite Design (CCD). Optimization carried out with CCD
can allow screening of a broad range of parameters as well as the role of each factor [14]. In addition,
CCD is also able to evaluate a single variable or the cumulative effect of the variables on the response.
Although this ability is shared with the other types of experimental design such as full factorial and
partial factorial method, it differs in a way that the experimental runs are reduced.

In figure 4 shows CCD components including factorial points, Axis points and center point using 3
variables factor mold cavity temperature (MT), injection temperature (HEN) and injection speed (VI).
The combination with center point 5 points, which used totals all of 19 experiments. The researcher
using 3 factors on rotatable design choose a = 1.68 and —a = -1.68 for axis points

Table 2 shows experimental design and levels design on chosen parameter 3 factors and 5 levels on
CCD. Each experiment produced injection parts total 5 pieces and before next experiment ejects
plastic parts 10 shots for equilibrium thermal system and condition in molding frequently.

a a

®
a -
] | @
® el —0 9«
7
7 «®
[ ]
-a -a
Factorial Point Axis & Center Point Central Composite Design

Figure 4. Central Composite Design (CCD) design for three factors.

Table 2. Experimental design parameters and levels.

Level
Parameter Code - -1 0 1 a
Cavity temperature (°C) MT 532 60 70 80 86.8
Injection temperature (°C) ~ HEN 203.2 210 220 230 236.8

Injection speed ( mm/sec ) VI 103.2 110 120 130 136.8




3. Experimental Evaluation of Thermal Response

3.1 Experimental analysis data

Using design DOE by surface response method, the influence of independent variables was
investigated. And in combination with CCD measure at point P1-P4 by gloss-meter with ASTM D523
standard on measurement angle 60°, using statistic model for calculating average data 3 times per
measurement point. The result of gloss unit of the experiment as shown in Table 3.

Table 3. Experimental result using Central Composite Design for three factors.
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Central Run/Trail Cavity Injection Injection speed ~ Gloss Unit
Composite design No. temperature (°C) temperature (°C)  (mm/sec) (GU)
1 60 210 110 85.26
2 80 210 110 89.11
3 60 230 110 91.68
Factoria AR 4 80 230 110 90.24
5 60 210 130 83.55
6 80 210 130 89.62
i 60 230 130 92.74
8 80 230 130 91.85
9 332 220 120 89.05
10 86.8 220 120 90.80
Meeroint 11 70 203.2 120 85.58
12 70 236.8 120 93.29
13 70 220 103.2 88.07
14 70 220 136.8 91.08
15 70 220 120 90.62
16 70 220 120 92.02
Center point 17 70 220 120 91.94
18 70 220 120 92.07
19 70 220 120 91.75
3.2 Data analysis

The statistical software package “Minitab 17" was used to analyze data results obtained from the
experiments. Using 95% confidence interval (a = 0.05), A normal probability plot shown in figure 5 is
used to relative magnitude and statistical significance. In the figure, points do not fall close to straight
line (red point) usually signal factors with the significant effects. And figure 6 shown Pareto chart
confirm the result displayed in figure 5 all of three factors have passed the reference line at 2.26 and
factor of injection temperature (HEN) having the largest effect on gloss surface. On remaining
parameter mold cavity temperature (MT) and injection speed (VI) was followed effects by
respectively.
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Normal Plot of the Standardized Effects
(response is Gloss, a = 0.05)
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Figure 5. Normal probability plot response
Pareto Chart of the Standardized Effects
(response is Gloss, a = 0.05)
Term 2.26
" Factor Name
B A M
[} HEN
AB c
BB
cc
A
AA
C
BC
AC
0 2 4 6 8 10 12 14
Standardized Effect

Figure 6. Pareto chart response on gloss unit

From Table 4, the results can produce more evidence to support the influence of three factors
which matter on surface appearance or gloss unit. Using 95% confidence interval, the p-value found
for MT, HEN, and VI is less than 0.05. This three factors can be indicated on the main effect term on
gloss appearance. In addition, the square term is significant for all factors but interaction term is not
clearly relation on injection speed. Only on injection temperature could be influenced on interaction
term.



Table 4. Estimated effects and coefficients for response surface methodology on gloss.

Source DF Adj SS Adj MS F-Value P-Value
MT | 8.147 8.1471 16.86 0.003
HEN | 74.707 74.7073 154.64 0
VI | 3.121 3.1211 6.46 0.032
MT*MT 1 6.241 6.241 12.92 0.006
HEN*HEN | 9.849 9.8436 20.39 0.001
VI*VI 1 8.754 8.7536 18.12 0.002
MT*HEN 1 18.743 18.7425 38.8 0
MT*VI 1 0.963 0.9626 1.99 0.192
HEN*VI | 1.867 1.8673 3.87 0.081
Lack-of-Fit - 2.88 0.576 1.57 0.341
Pure Error 4 1.468 0.3669

Total 18 131.186
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The result of mathematical on RSM can be created as contour plot on figure 7 and surface plot in
figure 8, both plots hold the value of VI at the center point of CCD. In that figure HEN become more

is better on gloss appearance but on manufacturing ABS material can be used in the range of 200 -
240 °C, if temperature more than 240 °C effect opposite properties on gloss appearance may be dull
surface. On MT parameter having effect followed by data analysis was chosen the level at 0.5 on
experiments about 70 - 75 °C to best condition for mold temperature control.

HEN

4

05 00
MT

Contour Plot of Gloss vs HEN, MT

Gloss
™ < 800
W 800 - 825
825 - 850
850 - 875
B 875 - 900
W 900 - 925
. > 925

Hold Values
Vi o

Figure 7. Contour plot of gloss unit on nozzle temperature and cavity temperature.
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Surface Plot of Gloss vs HEN, MT

95 |

90 |

85 |
Gloss

80 |

Figure 8. Surface plot of gloss unit on nozzle temperature and cavity temperature.

3.3 Mathematical modeling

For the experiment on gloss unit can predict equation to find the best condition, analyzed data
output on R-square value is 96.69% total reliability can predicted equation on gloss unit. And
reasonable data can check by lack of fit data shown in table 4, p-values is 0.341 more than 0.05 so that
gloss unit equation can write in equation (3)

Gloss unit=91.691 + 0.772 MT + 2.339 HEN + 0.478 VI - 0.676 MT*MT - 0.849 HEN*HEN -
0.801 VI*VI - 1.531 MT*HEN + 0.347 MT*VI + 0.483 HEN*VI (3)

3.4 Appearance of injection experimental

Appearance surface of ABS injection parts on gloss shown in figure 9, in the left part produced on
low-temperature molding affected gloss surface part to opaque or not shine. The heater on molding
temperature unit control cavity temperature equilibriums on each cycle can be produced gloss surface
to be shiny and make more valuable on parts. In the experiment, comparison molding temperature
between 40°C and 70°C respectively.

Figure 9. Comparison between ABS cover part on normal condition (left) and high heating processes
(right).
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4. Conclusion

In the present research study, the surface appearance of parts will be added value and more benefits
on plastic injection parts. Heating molding by hot oil and water impingement cooling is developed to
control the temperature of each cycle to constant. First cavity surface molding must be polished and
shiny on proposed. Moreover, the injection parameter having the effect to gloss appearance on
confidence interval. Base on the results, the following conclusions are obtained.

Parameter on thermal response was chosen on molding temperature and injection temperature. The
result of independent variables on gloss surface is clearly confirmed by mathematics software has
shown that injection temperature at end nozzle has the largest effect on gloss. The parameter of mold
cavity temperature and injection speed was followed effects by respectively. The proposed method
provides optimise value data using cavity temperature 70 °C the injection temperature 240 °C, and
injection speed 120 mm/sec on 95% confidence interval.

However, this research setting center point of injection temperature (HEN) at 220 °C cause of
normal melt temperature of ABS plastic is 200 — 240 °C. If adjust range of CCD upward on setting
parameter it possible to make higher gloss appearance surface. So that concerned to cavity temperature
when melt plastic was injected into cavity molding should be freezing or cooling stage behaviour on
melt plastic to rigid plastic. The upper side of axis point of cavity temperature (MT) level is higher
more than efficient rate of heating transfer out from melten plastic by cooling fluid. Due to cooling
time too long in each cycle can be effect on shrinkage in finishing parts and gloss appearance could be

reduce. And injection speed (VI) parameter make the high pressure in molding during injection cycle

could be heat temperature up inside cavity but this parameter on previous research have too long can
effect on warpage parts cause of gloss unit measure on parts will reduce too.

The future work will focus on designing and fabricating on RHCM technology with developed
technology and proposed on new cavity insert for complicated shapes, and optimizing the another
parameter to improve the heating and cooling efficiency, scratch proof and strength on plastic parts.
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