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Numerical Analysis for Injection Molding of Precision
Electronics Parts using Three-Dimensional Solid Elements

K. Park, J. H. Park and S. R. Choi

Abstract

Most of numerical analyses for injection molding have been based on the Hele Shaw’s approximation:
two-dimensional flow analysis. In some cases, that approximation causes significant errors due to loss of
geometrical information as well as simplification of the flow characteristics along the thickness direction.
The present work covers numerical analyses of injection molding using three-dimensional solid elements.
The accuracy of the analysis results has been verified through some numerical examples in comparison
with the classical shell-based approach. The proposed approach are then applied to predict product defects
and to improve flow characteristics for a precision electronics part. In addition, design of experiment has
been utilized in order to find the optimal process conditions for better product quality.
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Fig, 1(b) Schematic description of Hele Shaw's model :
thick geometry

Fig. 2 Three-dimensional view of a speaker grill

Table 1 Injection molding conditions for speaker grill

Material ABS

Nozzle temperature (C) 225

Mold temperature (C) 50

Injection time (sec.) 40
Gate type side gate
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Fig 3(a) Filling pattern: CAE analysis using shell elements
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Fig 3(b) Filling pattern: CAE analysis using solid elements
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Fig 3(c) Filling pattern: Experimantal result

of AAH oz adRAAN HF Fo] o|FofAE R
2 4FAAS. o8 AN Al d¥9& FIHAL,
gAE F5¢EE Fig 3 =Asig. 48438
B A JEFoA {59 AA- ol HA e
a8 I HF FHo] ojFoizlen, oH¥
YL AL AE AHEHE AFol mo FESA o
3% 4 STk

32 HE B4 g RSEH 2@

FEHEe Zol7t Arle AYE £ A3 Fig
4] YA_AE AHEF BE FH SBAHAA Ao
ddlo] i LEEXE EAENh FAF] 229
REAFAE FdHes 2x7 e ¥HF HFd)
ol < WA ok old) AFe FAWPos &4
He 94%2 Q. uudes &4d: 932 Q9 3
A, FAW@L AFe 5dZolwel vl w2} FAl
B3] 547}t ofF & s o ol Y
A

Q) >> 0Q) , fw>>t (13

uehA Budgeze] dF2 ez FAY 5

Aol 8ol FHF WP PG| ;AT 19

)

w adyst o] TSt 5407 wkd 52 7
+E @ @2 27l  AolZt Yol 4 (13)% 2L
7H30l 4EE & ot F UHesE AE Adle
qadgos SAse @0 FAHY] wEd 2¥F-
oA WAHE FAEEE AG BAR F YA
Aoz dddd. v YA 84E AR Afole
RE H¥ozd dH9 At 1Ho Ho FEY
59 dZo] 7heen, dRHos JEFgAY A
AQEE B J&sHA BAR £ AT

T-PoR0e NN

I
i

H

n S T
il e n PRGNS [
Fig. 4 Sectional view for the temperature distribution




4 WY ML Eo| A Moo HE

41 AEYE M2 S 0SS ¥ 4

Y AARE BF A APIFA v 2717
23, A 547207t FAA vd oA 2A] Fe
7297t Bol 7189 wetes 7w gYrigere 3
839 ofglgol AT £ HelME old ¥
old A ARFFS 27 A A e 7
B A2 dALL VN F2UPEe 43y 2
g HunEs 3ok Fg 54 E29ts3 =gfo]
Bl E AYREY Fg& =AU a¥dM EAE
TR spdelA dedlo] WAsIfen, 4A AFe
ZY4 A9 3T F90A stdo] TAss Z¢7t
Fol S A AAWA ]l 27U AleAd =
AL Table 29 22w, A otgs 2 YA84 7
W A S A gsto] Adg HuAREE AT

" Weld line
Fig. 5 Three-dimensional view of a FDD part

Table 2 Injection molding conditions for the FDD part

Material PC (GF 30%)
Nozzle temperature (C) 300
Mold temperature (C) 60
Injection time (sec.) 1.0
Gate type pinpoint gate
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Fig. 7 Comparison of weld line locations
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Fig. 9 Design modifications to improve weld location
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Fig. 10 Predicted weld locations using solid elements

Table 3 Comparison of the results

Analysis results (()jxésglmal hﬁgﬁed

weld angle (degree) 31 287
effective thickness (mm) 0.81 143
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Table 4 Design parameters for experiments

Factor Description Level 1 | Level 2
Injection pressure S6kef/mr | 64kef/mr
Injection speed 48% 58%

Packing pressure 3kef/m | 44kel/mrt

O Q|m|>

Mold temperature 50T 80T
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Table 5 Result of the DOE for hole diamater

No A B C D |Diameter(mm)
1 56 48 44 80 2028
2 64 8 4 80 2.022
3 56 58 “ 50 2032
4 5 58 44 & 2.029
5 64 8 b 50 2.027
6 5% 58 36 50 2.040
7 56 48 4 50 2033
8 64 48 4 80 2021
9 5% 48 36 80 2.036
10 5% 48 36 50 2.041
11 64 48 b 50 2.027
12 64 48 4 50 2.026
13 56 58 36 80 2.035
14 64 48 6 0 2028
15 64 58 b 80 2028
16 64 58 M 50 2.026
56 64 48 58 36 50 80
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Fig. 12 Two-way interaction plots for hole size
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Table 6 Selected value for process parameters

Factor Description Selected value
A Injection pressure 61kef/m
B Injection speed 58%
C Packing pressure 42kef/nr
D Mold temperature 70C
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