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Abstract: In this study, molding shrinkage of PPS resin was investigated. Two types of PPS resins with differing glass fiber
and calcium carbonate content were used for this purpose. To observe mold shrinkage, molding conditions based on injec-
tion temperature, injection speed, and the position of the cushion were selected. Circular and rectangular specimens were
used for the study model. Injection molding simulation was performed to predict the filling pattern and mold shrinkage, and
the simulation results were compared with the experimental conclusions. It was observed that the mold shrinkage showed
the highest shrinkage (distributed from 0.05% to 0.32%) dependence on the injection temperature, and the lowest shrinkage
(distributed from 0.05% to 0.31%) dependence on the injection speed. The role of the position of the cushion in mold
shrinkage was difficult to observe. The results of the simulation mostly agreed with the experimental results; however, for
some molding conditions, the mold shrinkage in the simulation was overestimated as compared to that in the experiment.

Keywords: injection molding, mold shrinkage, polyphenylene sulfide (PPS), CAE analysis, molding condition

Introduction

22 AEEFE W REFNARE AR Fa719 2 oE
7HA] TheFEt E°F°ﬂ’\1 EtAEo] AREEIL Q. o3t &
gtrg A B QRE AR Y-S Bl AAtEh AR A3
< E44gt ??sEHE}E "é%‘o] 7hsd Bt ofy e} A% A
2 ot A o)1 wWEA tizF WA & 4= Y= A o] 9t

AEARE 4, B aRa ¥ gA § 4Ry 33
22 FAE et FADA NN = S=9 A7l S8%t
40|31 HeF DA oA Ao 27)¢F Alzte], 28| Y
Zholl A= &9 Al7to] %38}71] g3tk ?

ZTtaE AREAE AES AT =48 T ol A=
EXA L AEBE S EP‘*“F felog JFgAage] TAsHA
g’ AFAE 5 53] Holu AEHS ZI—’F— AU=E A
SHAIA o] At AlEoA 2 EFS op/|T #4tk of
Yt AlFe 23 A Z2AE dol. o= gt A
HES ¢8l LdAol= 98 B JE2HIE A A4
&34 CAE (Computer Aided Engineering)2 &-83%1 1}5}+%]
¢l H o] &gHa gl

Corresponding author E-mail: mylyu@seoultech.ac.kr

2 dFolMe AFEY A A=) 7HF A ¥
WAL ABAY £5S DAL AT AHSE ARE
R =Z /\FQ-E]—‘E £-2]44-3(Glass Fiber) ¥ Calcium Carbonate
(CaCOyE 3 thE = 2|o| =9 PPSo|th. 4% 21 5
A 2&9t /\Pﬁ &, FATS Wkt F R oA AE
+5 DAL AU RS ool 4R 24

St B3t

Experimental and CAE analysis

1. ;=2
H ALofA ARE3E =X &= SK ChemicalA}e] PPSE R 7}
A shrgo] o2 2709 Grade® A4ttt £ A FollA] A

Table 1. PPS Used in This Study

Resin Grade Supplier Composition
. PPS
PPS1 E1040G SK Chemical + Glass Fiber 40%
PPS

PPS2 ES5060G SK Chemical + Glass Fiber 35%

+ Calcium Carbonate 30%
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Figure 1. Shear viscosity curves of (a) PPS1 and (b) PPS2.

231 PPS1- E1040G, PPS2= E5060Go|th. Table 12 %= 2=
Ae) WA T BRE HolF k. Figwre 12 5 AR
O] AGAEE HoEt) 8-8]48-9} Calcium CarbonateS §
S PPS27F S2)4 9 BHiet PPSIo] w]s) WESL 2
=

& 4 glet.

N

u

21 AH o 2 FE

B dFE AR A AYT CAES|HS +33tdsd &
271X 8] AFEES ARSI 9% B4 eEAES
ASTM D955 A 2] AJHC 2 Z|E 99.90 mm, 7 3.20 mm
ojth. Az FAFY] £=5AIH-2 ASTM D 955 17 9] AJHS
Z 3t ol Zo|7} 59.93 mm, 77 2.00 mmo]t}. Figure 29|
T 7Y AR 9 222 Ao EE U It Figure
3e 2y AR Al ATS HES) S 2L wolF
7 9tk @ B 2e P02 BE| 5 o}
S AlEE ALESHES S,

Delivery System
(Sprue,RUnner,Gate)

t:3.20mm = - {\l} t:2.00mm
il .

&

/ N
Ji '
|

(a) Circular shape

Delivery System

(Sprue,Runner,Gate)
P )

(b) Rectangular shape

Figure 2. Specimen for the study of mold shrinkage.

Figure 3. Molds for injection molding of circular shape and
rectangular shaped specimens.

Table 2. Molding Conditions for the Injection Molding
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Figure 4. Injection molding machine used in this study.
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Figure 5. Measurement of locations for the analysis of mold
shrinkage.
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Table 3. Mesh Statistics for the Simulation of Injection molding

Model Elements Max. Aspect Ratio
Circular Shape 474,487 26.90
Rectangular Shape 565,822 25.55
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Figure 6. Fill Pattern in injection molding of circular shaped
Specimen.
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Figure 7. Fill Pattern in injection molding of rectangular shaped
Specimen.
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Table 4. Comparison of Mold Shrinkage in Experiment and
Simulation for Circular Shaped Specimen

- I [%6](A) [%](B) (A-B)
Resin Direction Simulation ~ Experiment  Difference
Parallel to Flow 0.46 0.24 0.22
PPS1 i
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to Flow
Parallel to Flow 0.36 0.24 0.12
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Table 5. Comparison of Mold Shrinkage in Experiment and
Simulation for Rectangular Shaped Specimen

0, 0, -
Resin Direction .M]](A.) [A)].(B) .(A B)
Simulation  Experiment  Difference
Parallel to Flow 0.29 0.08 0.21
Perpendicular to
PPSI Flow(Gate) 0.81 0.18 0.63
Perpendicular to
Flow(End) 0.73 0.14 0.59
Parallel to Flow 0.30 0.05 0.25
Perpendicular to
PPS2 Flow(Gate) 0.58 0.16 0.42
Perpendicular to 0.56 0.10 0.46

Flow(End)
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Figure 8. Simulation result of temperature at flow front for circular

shaped specimen.
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Figure 9. Simulation result of temperature at flow front for
rectangular shaped specimen.
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Figure 11. Variation of mold shrinkage in circular shaped

Figure 12. Variation of mold shrinkage in rectangular shaped
specimen for injection temperature.
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