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Robust Design for Multiple Quality Attributes in Injection
Molded Parts by the TOPSIS and Complex Method

Jong Cheon Park*, Ki Bum Kim** and Kyung Mo Kim***

ABSTRACT

An automated injection molding design methodology has been developed to optimize multiple quality attributes, which are
usually in contlict with each other, in injection molded parts. For the optimization, commercial CAE simulation tools and
optimization techniques are integrated into the methodology. To deal with the multiple objective problem, the relative closeness
computed in TOPSIS(Technique for Order Preference by Similarity to Ideal Solution) is used as a performance measurement
index for opimizing multiple part defects. To attain robustness against process variation, Taguchi's quadratic loss function is
introduced in the TOPSIS. Also, the modified complex method is used as an optimization tool to optimize objective function.
The verification of the developed design methodology was carried out on simulation software with an actual model. Applied
to production, this methodology will be useful to companies in reducing their product development time and enhancing their
product quality.

Key Words : Injection Molding(A}&4d &), Multi-attribute Design Problem(tF4:43 A 7|4 4), TOPSIS, Taguchi
Methods(V+-4] ¥HH), Complex Method(F 37 2=%]), Warpage(¥)), Weld Line(¥ =2y
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Fig. 1 3-D view of the capacitor can. Variable X is

the gate location, which can be located on the
line AOB. L is the weld line length
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Fig. 2 Melt front movement for the original design

(a) and Yao's optimized design (b) of the can
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Table 2 Results of the original design for the can

(unit:mm)
Desi Gate Experimentation
| location X [ yeid fine Warpage
Original 35 15.5 0.52

Table 3 Results of the optimized design by Yao for

the can
(unit: mm)
Desgn Gate Simulation Experimentation
location X | Weld Weld ‘
line | WAPREE | e | WapaEe
Optimized | 11.5 0.0 0.664 0.0 0.70

Table 4 Design factors and their levels

Design factor Lower limit | Upper limit
Gate location(mm) 0.0 40.2
Fill time(sec) 0.5 1.5
Side thickness(mm) 1.0 2.0
Top-bottom thickness(mm) 1.0 2.0

Pack time(sec) 2 8

Melt temperature( TC) 190 230
Mold temperature(C) 20 60
Pack pressure(MPa) 10 40

Table 5 Noise factors and their levels

Noise factor Level 1 Level 2
Fill time(sec) -0.1 +0.1
Cooling time(sec) -1 +1
Pack time(sec) -1 +1
Melt temperature( () -5.0 +5.0
Mold temperature( () -5.0 +35.0
Pack pressure(%) -10 +10
Awao 23U E VERH I, Table 5+ TS

o} I g e F AS
(cooling time): 28+ Y& /49“ Brsta) A
Aol A3 AL 3tE, ¥ AglelAe olu] A g
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Table 6 Results of 35th iteration

Point Si* Si- Ci*

1(42) 0.0222 0.0180 0.4475
2(43) 0.0271 0.0131 0.3252
3(44) 0.0147 0.0254 0.6330
4(41) 0.0254 0.0148 0.3684
5(37) 0.0402 0.0000 0.0000
6(34) 0.0135 0.0267 0.6639
7(35) 0.0072 0.0329 0.8196
8(46) 0.0211 0.0190 | 0.4736
9(39) 0.0189 0.0213 0.5298
10(36) 0.0294 0.0108 0.2677
11(48) 0.0202 0.0200 0.4980
12(49) 0.0283 0.0119 0.2961
13(45) 0.0285 0.0117 0.2901
14(51) 0.0000 | 0.0402 | 1.0000
15(22) 0.0335 0.0066 0.1649
16(47) 0.0236 | 0.0165 | 0.4117

Table 7 Results of 42nd iteration

Point Si* Si- Ci*

1(42) 0.0235 0.0052 0.1813
2(43) 0.0287 0.0000 0.0000
3(44) 0.0156 0.0131 0.4562
4(41) 0.0269 0.0018 0.0640
5(52) 0.0125 0.0162 0.5659
6(34) 0.0143 0.0144 0.5020
7(35) 0.0077 0.0210 0.7327
8(46) 0.0224 0.0063 02199
9(39) 0.0200 0.0087 0.3033
10(56) 0.0142 0.0145 0.5058
11(48) 0.0214 0.0073 0.2561
12(58) 0.0098 0.0189 0.6596
13(57) 0.0171 0.0116 | 0.4046
14(51) 0.0000 0.0287 1.0000
15(53) 0.0160 0.0127 0.4442
16(47) 0.0250 0.0037 0.1282
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Table 8 Results of the weld line and warpage

optimization for the can

. Warpage(mm) Weldline
Design
Mean Standard deviation Mean
TOPSIS | 0.552291 0.054337 0

Table 9 Process conditions for the best optimal
robust design solution for the can

Design factor values

Gate location(mm) 27.23

Fill time(sec) 1.42

Side thickness(mm) 1.24

Top-bottom thickness(mm) 1.95

Pack time(sec} 7.1

Melt temperature( C) 211.89

Mold temperature( ) 57.12

Pack pressure(MPa) 35.55
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