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ABSTRACT

This research aims to study the effects of cooling system and operating conditions on part
qualities from multi-cavity mold for injection molding process. The suitability of the cooling
system and the effects of operating conditions on part qualities were analyzed by Moldflow®
program. Simulation of injection by Moldflow® program were done at these conditions:
(i) volumetric flow rate of cooling water at Reynold number 1,000 5,000 10,000 and 15,000;
(ii) temperature of cooling water at 10 °C 25 °C and 40 °C; (i) polymer melt flow rate at 2.8 6.0
and 13.0 g/10 min. The study found that the appropriate cooling system should have uniformly
dispersed cooling tube around the mold. The more distance between cooling tube and cavity
surface, the greater the part shrinkage. The less the distance, the greater the part deflection.
Regarding the operating conditions of cooling system, it was found that increasing of volumetric
flow rate of cooling water enhanced the part qualities (less shrinkage and deflection), but the
injection pressure was increased. When the temperature of cooling water was decreased, the part
qualities were improved, but the injection pressure was increased. The change of melt flow rate of
polymer (MFR) also effected to manufacturing process. The appropriate MFR was 2.8 g/10 min
for this particular mold. The percentage difference between the cooling time from Moldflow®

program and equation was 14.15%.
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2.8 1sunsu CAD saz CAM
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2.8.2 NITUIUNISOBAUUUALY CAD (CAD Process)
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3) Msasazlseidiuna (Design review & evaluation)
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2.9 ﬂqyﬁﬁ'ﬂﬂzﬁmﬁu Finite Elements Analysis (FEA){9]
Msinsierlaseadiedio3s FEA wldStutaiuaeendiudiudes q Seanlua
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element) uazluudaziefiudszidonloaduunzfusunsenaiiulnseadisvesiuey

(Element mesh) ﬁauam‘lugﬂﬁ 2.32
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2.12 MIvenIULNazNIs AN ILHAET1I5UN T Moldflow® (4]

MIAATIZH INSUUY (Cavity) uazoendszneuni q Ameadostunsiaadian
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HTeesflouGouauiiusmedion

6) mmaaumjﬂams"lwacffymﬁamﬂuﬁ"lmgémaxﬁ1mﬁms1zﬁﬂmﬁmﬁamn
ABUNITING I

7) m3d1aeens Ina (Flow simulation) MyTins1z¥inig Tnadesnisiavesuvufignin
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8) WSmsnlugu (Control Volume) fowasnwe/Sinasiiganana1eves element 7
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ﬂ?mmﬂ'Juqn?jyuagiﬁumms%umuﬂﬁ"lwa (ANUNUIVDY Element 1azdns1n135 11a)
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1) augansina (Flow balance) uazﬁﬁmams'lna%anmmsacﬁuﬁuqaﬂdnﬁe
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mad (Gate) AnumnvesiiemanisIna uasuierensssths Faeraalugaldi 2.34 (1)

2) é"mwdmﬁ"wiaiwmmu (Runner/Cavity ratio) n1588nLULIHe IiRamsannI1y
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3) iemans Ivaly lufiemaRoats (Uni-directional flow) Wana@nfinasumainas
Tnaldlufrmadersudonidanis naniasse aunsodsvdgalansusudumuanmadh
J ~ 1 9/ [ d'

FI9 199 INanBaNAALAZITUNIINS Tva Auteraslugii 2.34 (3)

4) MINAVIVBIAIAW (Pressure gradient) JUuVMTRNT WM BRANSATEIE
LY o ' d‘ 9/ Y = Yt (a d'o' d‘ a o Y
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5) aUAMRDY (Shear stress) AMIAUIRDUSE 'nmmsmumiuaummnﬂqmwa
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7) M3 Inadeundy (Underflow) innduneusumsiduaiioms Imanufuuaziia
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8) A luuiueu (Hesitation) mmmmuwm‘wNmmamnﬂﬁwms"lﬂmwﬂma*
uShamsndeufinuaz s mmmmmu'lﬂmeums"lﬁaﬁﬂﬂ‘mﬂﬂflumnmwun M
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2.13 fulsvesTagideenslidysunsi:Moldflow®

FulsveaTaqiideensluTusunsy Moldflow® (15197t 2.2) figade lalil

1) A1nsihaauien (Thermal conductivity ; Wy °C) uerasmmsthanuiouvesiag

é o o d
FlFlumsdmnumahanuouvesiaglumanasuman
\ o . ! -3 Y A
2) snaudoudume (Specific heat ; Jkg/°C) uansmnnuiousumzuostag Fal4ly

MIAUIUMINADUNAIVDI IR

q

3) MANUMUUNNYBLIHGMABNINGY (Melt density ; kg/m’) LAAANINMU LUV
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4) guungiian¥uain (Ejection temperature ; °C). HAaguNgil piifaadunueenn i
=Y ¢ & ° EY o v Qy
W i Tl 1F lumssmnamnainisudeduvesiuay

5) gaungiiiiaglifinglna (o flow temperature ; °C) ttarnsganaiin g lifinisiva
4
Fah 19 lumsdmammsufeadavesiuam

6) ANUMilA (Viscosity ; Pa.s) Avesgamgiuazanuieowsziitl19lunsfuamen

& o o 1 -~ 9J o d'il 9 =

Anuniaveiag uazsthmanunialdldlumsmanufuiidesldlunseuiunsia

7) USias§ume (VT specific volume ; cm’/g) Awpigaimaiiinzanuduoziir 1y ey,
msAanfinasiunsvesiag ummmw‘lﬂ"lﬂmmmammn"lwmamﬁﬂnaau
maauavumuﬂmaaaﬂﬂwmm‘lﬂumsaﬂ
8) qungiinasumaIveaiag (Melt temperature ; °C) uarAstesgunnIvasumaIves

[
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Taghas 1 lunszuumsia
a 1a J 1 a 1a P
9) QUNQUVBUWNHUN (Mold temperature ; °C) HARINIFIVBIQUNYTVOUNANANIS
I lunszuaumsia
10) ANIAURBUTIYA (Maximum shear stress ; MPa) AR UIRoUgIgaTeq
ar A [l = 1 Y 9 & o 1 t 9/ r-3
et m“lus::mnnsxmumssm"lnﬂ'ai‘lwmﬂ'.nnmumauuﬂ1qam1mmmmumauqaqﬂ
t W . . Y )
11) ABATIANURBUYIGA (Maximum shear rate ; s) uameAdasInNuRougIgadaly

ssninnszuaumsie linsldmdananudeoulisganimsananuiougaga
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A13199 2.2 AR w519 9 veaneda laSuyes DOW Chemical 1ns# Styron 4927 nuoglugu

Yoyavesiagluldsunsy Moldflow ®

Conductivity 0.147 Wmv°C
Specific Heat 2034 J/kg/°C
Melt Density 953.81 kg/m’

Ejection Temperature 99 °c

Processing Condition

Melt Temperature Minimum 210 °C
Melt Temperature Maximum 2500 °C
Melt Temperature Suggested 230 °C
Generic Mold Temperature Minimum 20 °c
Generic Mold Temperature Maximum 70 N§
Generic Mold Temperature Suggested 45 °C
Melt Temperature Absolute Maximum DTANSG
Generic Maximum Shear Stress 0.25 MPa
Generic Maximum Shear Rate 40,000 s’
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na1lunsuded (%) -15.10 -14.51 -9.56 11,77
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qquﬁﬁfuﬁmﬁa‘ﬁmm (%) -37.43 -36.62 -22.91 -28.09
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120

v
a o

MIN A5 A1 q Aildoinmsdaesnisiafigamgiimdeduandie  Tasldszuy

Y

1o A
naswuUuUn §

gamgivenimaeduvidh Cc)
HAaN1INaaed
i 10 25 40
anuauaeluInswuy (%) 34.0500 39.5100 37.8400 35.4100
nalumsudieda (%) 11.7200 8.9900 9.9500 11.3200
qmwgﬁﬁuﬁm%«?;mm (%) 50.7500 17.1700 31.7300 46.1600
qquﬁﬁuﬁawﬁﬁwmm (%) 50.7600 17.1800 31.7600 46.1500
UTinasnisnada (%) 3.8250 3.4860 3.5680 3.7300
MsTineevesFua (%) 0.4513 0.4340 0.4383 0.4469

[ d
=)

' tou i o { ° 13
MIN A-6 TBYATAUUANAINVBIAIAI fldnnms§raesmsfafigumgiimasduudh

L'l

A 9
=3 :’ g ¥ 0
JUALUNKABEUY U (C)
HanN1SNARDY
10 25 40
ANNAUME TU THT WUV (%) 16.04 11.13 3.99
nalumsudada @) 2329 -15.10 -3.41
QUNQNHUAIMINTUNIY (%) -66.17 -37.48 -9.04
YUNQUNUAIMAITUNIU (%) -66.15 -37.43 -9.08
USuasmsmaa (%) -8.86 -6.72 -2.48
MITAIDUDITUIIU (%) -3.83 -2.88 -0.97




121
UseIngvay

ww ifiesd nimdisuey Madieudl 29 nsngiay wet. 2520 fingammauniuns
o o = a o o = LY o 9)
TuseMIANEINGIMARITudia (alignamassy) vinaniiumea Tulagwszsomndudgn
nmsmenszlle Umsfnet 2541 waz lddhdAnudeSyaninomansumtudia a1

P a J a 4 o o
malulagwedwes aszinnmans aniumaluladnszesumndudgammsmanszis

Tidlnsfawi 2542





