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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 is 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.

Key Words: Finite Element Analysis, Injection Molding, Solid Element, Design of Experiment, Moldflow
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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. 5 Sectional view for the temperature distribution

Table 2 Comparison of the computation time

Analysis type Shell Solid
No. of nodes 4941 22,016
No. of elements 10,216 107,469
Elapsed time (sec.) 13007 71029
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Fig. 6 Three-dimensional view of a FDD part

Table 3 Injection molding conditions for the FDD part

Fig 7(b) Filling pattern: using solid elements

Material PC (GF 30%)
Nozzle temperature (C) 300
Mold temperature (C) 60
Injection time (sec.) 10
Gate type pinpoint gate

Fig 7(c) Filling pattern: experimental result
Table 4 Comparison of the computation time

Analysis type Shell Solid
No. of nodes 1828 16,723
No. of elements 3356 83386
Elapsed time (sec.) 5536 38289
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Fig. 10 Design modifications to improve weld location
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Fig. 11 Predicted weld locations using solid elements

Table 5 Comparison of the results

- Original | Modified
Analysis results design design

weld angle (degree) 31 287
effective thickness (mm) 0.81 143

420 /8= LS EERA/A11 A 453, 2002

SurAE - HE

TWNZRoZN AEY kg BRE] A U8
Z1estdy. B AolMe olg 333}04 M€
AHEste] HHg A&
FYEE F5ERS M
FEFAE B} FIHA 72X
AEARY Z02F A1E Y E?JJ’V*"ﬂHJ g4 &

£ 24T S 399 BE § R sl 24
o), P71 QAEL FEIA AR dusle) g 3%
el 54 e s 449 £0E mh

3717} o7} 24 A 8% (Design of Experiments; DOE)
& A B J&FE vAE A AAE 4 7&13}_’

o]Z9] FAZ AAHoR 2AEY] Y3 AHe A
o doleE ¥ o)F BATeRN A 21& H
AHog gohfuz st wHoz AEAFY Zopd gl
OMT HAH FARSTE ZEe] Y3 wteN HE
5101 %q__(11~12)

2 dFdAME d=X9 a5
g 58 4o 24T
A7 Aled, RS AIESE, a2 19 4Ex
s Ob]aﬁi 2 AAstd Table
AAAEE st AdAEE
Ho 7110}04 Z 16919 S 9
o] Aol 4UH wEAY g Faste] AP 4F
2539t} Table 791 Aadjd 54

= ol A3t
Y HBAY 2 29EnE sokgon, o =
B8 79 Age] AL dere FETAL 2
Ao 5% & 9ok
Table 6 Design parameters for experiments
Factor Description level 1 | Level 2
A Injection pressure 56kgf/mr | 64kef/mr’
B Injection speed 48% 58%
C Packing presstire 36kef/mt | 44kgf/mr
D Mold temperature 50T 30C
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Table 7 Result of the DOE for hole diamater

2.028

2.026

No A B C D | Diameter(mm)
1 56 48 44 30 2.028
2 64 53 44 80 2.022
3 5% 53 44 50 2.032
4 56 58 44 30 2.029
5 64 58 36 50 2.027
6 56 58 36 50 2.040
7 56 48 44 50 2.033
8 64 48 4 80 2.021
9 56 48 36 30 2.036
10 5 43 36 50 2.041
1 64 48 36 50 2.027
12 64 48 4 50 2.026
13 56 58 36 80 2036
14 64 48 36 30 2.028
15 64 s ¥ 30 2.028
16 64 58 4 50 2.026
56 64 48 58 36 44 50 80
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Fig. 12 Main effect plots for hole size
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Fig. 13 Two-way interaction plots for hole size
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Table 8 Selected value for process parameters

Factor Description Selected value
A Injection pressure 61kef/mf
B Injection speed 58%
C Packing pressure A2k gf/mt
D Mold temperature 70C
5.2 &

asss 4HE B} oJHRd RAINY FF
o) BARAL uh AR 42T 5 Uee B

.

(3) AY AALE Y AL A3l YAREE A
&% §5A4S Ba Yol AR ABHeL,
og Edz A= ANS A% HANA P
Azsdch olsh gAsel QAN AT A2

A
ARzAL 2o zH AF FH9 A 798
AT
F 7
2 AT £gd 22 =55 T4 Moldflow Korea

o FAA A A Z2 M =HYHL

=AM SR/ A11E A5%, 20021/421



w2

S

(1) Hieber, C. A. and Shen, S. F, 1980, "A finite
element/ finite difference simulation of the injection
molding filling process”, J. Non-Newt. Fluid Mech.
Vol. 7, pp. 1—-32.

(2) Wang, V. W, Heiber, C. A, and Wang, K K,
1987, "C-Flow: A CAE package with high-level
interactive graphics”, Appl. Comp. Aided Engng.
In Injection Molding, pp. 230~246.

(3) Chiang, H H, Hieber, C. A, and Wang, K K,
1991, "A unified simulation of the filling and post-
filling stages in injection molding, Part I: Formula
~tion ", Polym. Eng. Sci. Vol. 31, pp. 116—~124.

(4) Kennedy, P.,, 1993, Flow analysis reference manual,
Moldflow Pty. Ltd.

(5) Pillai, K. M,, Tucker 1II, C. L., and Phelan, F. R,
2000, "Numerical simulation of injection/ compress
—ion liquid composite molding”, Composites: Part
A, Vol. 31, pp. 87~%.

(6) Moldflow Co., 2000, MPI/Flow3D Training Manual:
Release 2.0, Moldflow Pty. Ltd.

422 /82 2MEEI /A 11 A5E, 2002

AR - A

(7) Krottmaier, J., 1993, Optimizing engineering designs,
McGraw-Hill, New York.

(8) Schmidt, S. R. and Launsby, R. G., 1997, Understa
-nding industrial designed experiments, Air Acade
-my Press, Colorado.

Q) A%N, 294, £54, A, FEE, 2001, L

S2F o83 2¥A 18 4AF B A AE

Ad &4, WA= (A), A 253 A 8

Z, pp. 1294~1301.

AFW 2001, "CAE 223 o2 &% Jd W3}

- TV Ventilation Hole &/ modeling”, Moldflow

Korea User Group Conference, Seoul, CD-ROM.

(11) Park, K, Ahn, J. H, and Choi, S. R. 2000,
"Optimal design for injection molding process using
design of experiments and finite element analysis”,
CAE and Related Innovations for Polymer Process
-ing, IMECE 2000, Orlando, USA, pp. 63~74.

(12) Ly, X. and Khim, L. S., 2001, “A statistical exper
-imental study of the injection molding of optical
lenses”, J. Mat. Proc. Tech., Vol. 113, pp. 189~19%.

(10)



