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Automatic Mold Design Methodology to Optimize
Warpage and Weld Line in Injection Molded Parts

J. C. Park and B. H. Kim

Abstract

Designers are frequently faced with multiple quality issues in injection molded parts. These issues are
usually in conflict with each other, and thus tradeoff needs to be made to reach a final compromised
solutions. The objective of this study is to develop an automated injection molding design methodology,
whereby part defects such as warpage and weld line are optimized. The features of the proposed
methodology are as follows: first, Utility Function approach is applied to transform the original multiple
objective problem into single objective problem. Second is an implementation of a direct search-based
injection molding optimization procedure with automated consideration of process variation. The Space
Reduction Method based on Taguchi’s DOE(Design Of Experiment) is used as a general optimization tool
in this study. The computational experimental verification of the methodology was partially carried out for
a can model of Cavallero Plastics Incorporation, U. S. A.. Applied to production, this study will be of
immense value to companies in reducing the product development time and enhancing the product quality.
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Table 1 DOE set-up using inner and outer arrays

Outer Array - Noise Factors

[ Factor | 1 2 8 | 9

N 1 1 3 3

N2 1 2 2 3

N3 1 2 1 2

Na 1 2 3 1

Inner Array-Design Factors S/N
Expd| Xi | X2 | X3 | Xa Ratio

vlor o || oy fuain| o Juainb] uL
2|t 2| 2| 2 |un22d jyagen| .. |U0222)| UG222)
3| v | 3| 3| 3 |Ua3sd |yuszy| ... |U01333) U033
4| 1| 4| 4} 4 | U044 [gaage] . |U0449| U0AAD
5 | 2 | 1| 2| 3 |UQ2d |ygiay| ... [Ue123|UCIZY
6 | 2| 2| 1| 4 |uead |yge| .. |Ue2la|uezia
70 2} 3| 4| 1 U3 |ygaen| .. |UR34D| UR3AD
8 | 2| 4| 3| 2 |URadD |ygazn| ... |UR4as2| UC4ZD)
9 1 3| 1| 3| 4 |UBL |usiae| ... |UBLIA| UGBLZY
10| 3 | 2| 4| 3 |UB23 |ypzez] .. |UB243)] UB243)
w3 | 3| 1| 2 |UuBs |ygsiy| ... |UB3LD| UG3LY
12| 3 | 4| 2 | 1 |UB42D |ygazp| ... |UB42D| UB4ZD
1B 4] 1} 4| 2 | Ul |paran| L. (V@14 | Ukl
14| 4 | 2| 3 | 1 |U@23D |yuesn| ... |U423D| U23D
15 4 3] 2 | 4 |U329 |yu3ne| .. |U4329| U432
6] a4 | 4 | 1| 3 | U4 yuarm| ... |U4ALD]{UEAL3)
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Table 2 Design of Space Reduction

If level 1 is chosen, then
(level Dinew = (level Dog
(level 2new = [evel 1)oa+Uevel 2)odl / 2
(level 3)new = (level 2o

If level 2 is chosen, then
(level Dnew = [(evel Doa+(evel 2)odl / 2
(level 2)new = (level 2)ag
(level Dnew = [evel 2)oa+Uevel 3)odl / 2

If level 3 is chosen, then
(level l)new = (leVel 2)()ld
(level Dnew = [Uevel 2)oa+Uevel 3)qdl / 2
(level 3new = (level 3od
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Fig. 2 3-D view of the capacitor can. X is the gate
location, which can be located on the line AB. L
is the weld line length

Fig. 3 Comparison of part quality between the original
design (1) and the design optimized by Yao
(2) for the can
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Table 3 Result of the original design for the can

(unit:mm)
) Gate Experimentation
Design | jocation X Weld line Warpage
Original 35 155 052

Table 4 Result of the optimized design by Yao for the
can

(unit: mm)

Simulation Experimentation
Design || oot Weld Weld
location X e e

line Warpage line Warpage

Optimized| 115 00 0664 00 0.70

Table 5 Selected pareto-optimal alternatives and the
preferred rank estimated by AHP

Alternatives Wfrl:nﬁne W(armi)na)ge Preferred rank
A 2.0 1.01 5
Ag 41 0.57 4
As 65 0.36 2
Ay 80 0.24 1
As 132 0.19 3
As 227 012 6
A7 305 0.08 7

Ga9s)  G(198) C(535)
E(428
B(107) ~AN «
Fd42)
HQ18)  HE18) DG

Weld line length Warpage size
=X (the distances between = J%—bl —c

the corresponding nodes)
(a) (b)

Fig. 4 Measurement of the weld line(a) and
warpage(b) for the can. The numbers in
parentheses are the node numbers on the
real mesh model

(P}, P}, Q. @3, ki, ko) 7189 A okl
& ARk A5 £9isk MAU 540 o8] At
Az w99k IHFEE s oz HHFssint
Table 55 MAU A #42 HAgsrds 92
Ag A7 GtEY o|AS] AHPE AHE8l] A&
AAAe A% &9 ZAAE vedth Table 62 H3
3 FHS E3(6-0012 §) 89 MAU 2% W
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Table 6 Variables optimized for the MAU function

cogfiiirrllts Estimated result
P’ 09377
SALTweld line sz O 0883
ki 05432
Q' 0.6694
SAUyarpege QF 0.0740
ke 03734

4=9] grola, Fighe HA8E d=ekld #9 SAU
g ZMolr) dd MAU g4

4 20 5& BT 2
A2 9)A|(Gate location, X), AEe) 9 #HF7(Side
thickness,  Thee),  ¥3Fd  #57(Top&bottom
thickness, Thiopeserom), 28 AZHFIl time, ta), B4 A
ZHHold time, thoia), 358 AlZHPostfill time, tpsi), T
=z LE(Melt temperature, Tme), WZ +%(Coolant
temperature, Tooolant), 23 ZZ3}A 8] &(Pack-profile-
percent, Pra)5S AABIAT 28y ojs TR A
H4ES BT AA WEs Agsrids A5y et
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(a) for the weld line

Y=U(X3)

1.0

0.0 L : » X; (warpage)
0.0 04 0.8 1.2 (mm)

(b) for the warpage

Fig. 5 SAU function curves for the weld line and
warpage for the can
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Table 7 Design factors and their levels

Design factor | Level 1 | Level 2 Level 3
X (mm) 0.0 165 330
Thse (mm) 10 15 2.0
Thigpeottom (mMm) 1.0 15 20
thad (seC) 125 2.0 2.5
T ( K) | 5000 5250 5.0
Pk (%6) 30.0 60.0 0.0

Table 8 Noise factors and their levels

Noise factor Level 1 Level 2
tan (sec) -0.1 +0.1
thoa (sec) -025 +0.25
toostfl (5€C) -1.0 +1.0
Tt ( 'K 5.0 +5.0

Teootant ( 'K) -50 +5.0
Pk (%) -100 +10.0

ﬁ?ﬂﬁ“tk‘ﬂ
eI

MAUSH S/NH| & AFE ZAHzA
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ES RS
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AN = S/NH] 08736 g 7t 49
e dA W T(X=3

thatd=2, Tmer=1, Ppack 2)%& S AR €A A
g 122 F4383, TR AZE A4 Hed
ZA4sksinh o)9hate] Taguchiel DOEQ} SRM2
g S Abgele] 2 dAFeAE
#d) 589 DOE whs dgog ﬂﬂsﬂa e 7
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ﬁ

o

o
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°f
T 3l

Ao ® ARE3I T Taguchi®l DOE

HEZ Ligs, ¢
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F h. 49 DOE7L ¢

2 3 ddd Aaz &
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Table 9 Result of 1st DOE experiment

g‘c";’i 1 2 3 4 5 6 7 8
Preck 1 2 2 1 1 2 2 1
Tooo | 1 2 1 2 2 1 2 1
Ton 1 2 1 2 1 2 1 2
tourt | ! 1 2 2 2 2 1 1
thaid 1 1 2 2 1 1 2 2
tan 1 1 1 1 2 2 2 2
EXP #| X | Thee | Th | toq | T | Prawe :1{1[\(])
1 1 1 1 1 1 1 0.2966 02566 03158 04129 0.3389 02898 0.3161 02766 -10.3260
2 2 2 2 2 2 2 07071 06892 07511 0.7260 0.7534 0.7565 0.7315 0.7606 -2.6%0
3 3 3 3 3 3 3 08078 07847 0.785%5 0.7984 08349 0381 08315 0.7904 -1.874
4 1 1 2 2 3 3 03082 | 0242085 | 02779 0.35565 03269 0.3082 02726 0.2966 -10.6600
5 2 2 3 3 1 1 0.79659 08306 08259 08515 0.8599 08368 0.8221 08352 -1.6008
6 3 3 1 1 2 2 07259 | 066331 0.7181 07332 0.729 0.7848 0.7549 0.7866 -2.6831
7 1 2 1 3 2 3 06574 05916 07301 06975 06625 06725 06833 06244 -35927
8 2 3 2 2 3 1 0.7425 07323 07513 0.7365 0.7501 0.7625 0.7497 07243 -24526
9 3 1 3 2 1 2 0.9121 | 0.8981 | 0.9116 | 0.9066 | 0.9098 | 0.9053 | 0.8981 | 0.8931 | -0.8736
10 1 3 3 2 2 1 04870 05137 05116 05231 0.5367 05339 05249 0.5602 -5633%
11 2 1 1 3 3 2 06369 06128 07255 0.7520 0.7206 0.6872 06521 06732 -3.3733
12 3 2 2 1 1 3 0.7660 07229 08522 07480 0.7637 07758 07359 0.7186 -24116
13 1 2 3 1 3 2 03343 03927 03835 0.4028 04013 0.39%0 0.38% 03984 -8.1061
14 2 3 1 2 1 3 06781 06720 0.7861 074265 | 06921 0.7532 0.7478 072% -2.8211
15 3 1 2 3 2 1 08478 08481 08600 08854 08816 0.7876 0.7941 08420 -1.5X9
16 1 3 2 3 1 2 07714 07163 06646 0.7617 0.7523 0.7467 0.74%4 07498 -2.6618
17 2 1 3 1 2 3 04311 04256 0.4018 04397 04186 0.4255 04147 0.4052 -7.5391
18 3 2 1 2 3 1 0.7280 06240 0.7791 07079 0.8020 07617 0.7020 0.7236 28197
t}. Fig6(a)x DOE WHE A3ol| o3k Hz)3l g A Mol i@, 3 WAl 5 WA SAo|A] sl7} AAlEE
T HQ Aoz SRMel| wigt Hao] xPLFE S/NH) A0 vt 3 HA SaloA Ae A= MAU
7h dA% gor s ke loR vehddh 047101] WFo] 0.92720) 1 EZMAE 002082 Ueh} HAA
AR FEd Ad A olslE gls B slg ARG 7 A2A 1S BE JoE deh. =
SN¥IE DOEe] 49 ago] obd 27] 2oz 5—*1 o 5 WA FAelN vehd H-sl= MAUY Bite]
ST ¥ Fighb)e A 3ol wa S/Ne|e) 09320224 3 Wz SAo] Hjs) 2 AAEoH &
WA e AgE e Ao | Ao} Agdsrs A 3 EFUAE 0013322 3 WA galo] vls) Awt 3
& DOES] Hit S/Nu7k bgA o2 Zrlshar =Hst 2o e e Zom YE ZojSo] Fe aro WE
c AL B F Arh Fig72 B4 g5 up2 g9=g X BT o] dolA MAY NETE oo 7AA
A B, MAUS) B} VA S A8 A SHE g9 o % 99l Table 118 5UA Fepel ) @ 3
S ATS HEIG. 22 Table 108 A 94 HY age) ga A b 3 Aolz A4, AEY A,
AA g el HAS(S/NHZF 7 2 A &) FA ZAEY wa B o:]?.oﬂ/\-] A2 Table 102 )
ol SN¥l, MAU, 9=2kl, del 9aA9 igais 52 Table 33} Table 49) % AAsie} walA )
g Aot o7]olA 2 Wael 4 WA Falor = 77} BE Zojmi Zow dxaleld Ho| M
A o] Fad 7 ofd B4 s sief ) AEE F9e o & gy o]AL 5L 42 oLt
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S/N ratio

P A=l FHHglslr] A A5 2YEA Y
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Runmamber
(a) Value versus run number
0
a1t
£
ol
@
Z40
5 | 1 L 1 )
1 2 3 4 5
Iteration number

(b) Average versus iteration number

Fig. 6 Optimization procedure of the S/N ratio for
the can by SRM

ul—\:‘lij

Weld line, Warpage, MAU —& Weld line average
A

—O- Warpage average
3 —A— MAU average
7 -{-Weld line deviation
6 —&- Warpage deviation
5 .A o
4 ~&~MAU deviation
3
2
10 /.‘ ~_
0.9 / -
0.8 7
0.7 /
0.6 | |
0.5 7
0.4 .
0.3
0.2
0.1 - _
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1 2 3 4 5
Iteration number

Fig. 7 Optimization procedure of the weld line,
warpage and MAU for the can by SRM
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Table 10 Best solutions versus iteration number

Itertion| S/N MAU Weld line Warpage

number| ratio Average | Deviation Average | Deviation Average | Deviation
1 -0.8737 0.9043 0.0071 6.4387 0.0 0.0824 0.0174
2 -0.8737 0.9043 0.0071 6.4887 0.0 0.0824 0.0174
3 -0.6624 0.9272 0.0208 2.2715 0.6008 0.1448 0.0514
4 -0.6624 0.9272 0.0208 2.2715 0.6008 0.1448 0.0514
5 -0.6138 0.9320 0.0133 24337 0.4589 0.1313 0.0362

S=ERMIEEE /A9 AbE, 20008/ 523



Table 11 Result of the mold and process variables for
the best solution in Sth iteration

X (mm) 29.75

Theige (mm) 1.09

. Thiepgbottom {Tm) 2.0

Design factor thold (s€C) 2.09

tmer (K 56.2

Prack (%) 56.0

th (sec) 1.0

Fixed factor trosi (S€C) 100

Teoolan: (KD 303.0
(D AFN B3 degia 22 o] F2 54<
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