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Multi-objective optimization of automotive handles gas-assisted injection molding
process based on Moldflow
CHENG Jiawei',CAO Junzhe', XIE Chuanying’, LI Heng’, CHEN Fusong®, LI Lei*, WANG Xiaoxin'
(1. School of Polymer Science and Engineering, Qingdao University of Science and Technology, Qingdao 266042, China;
2. Shandong Chongjin Auto Parts Co.,Ltd.,Jinan 250100, China)

Abstract : Automotive interior handles are typical rod-shaped parts, which are often produced using gas-assisted injection
molding (GAIM) technology to meet the strength and lightweight requirements. Due to the multiple molding parameters of GAIM, it
is difficult to control the quality of plastic parts. By using Moldflow simulation analysis and combining with Taguchi test method,
the molding process parameters were optimized such as gas penetration length and minimum wall thickness of the cross-section of
the plastic parts. Five main factors, including melt temperature , mold temperature, gas pressure, gas holding time, and pre injection
volume, were selected for orthogonal experiments, The influence of the five process parameters on gas penetration length and
minimum wall thickness of the cross-section was studied using range analysis. The multi-objective comprehensive equilibrium
method was applied to obtain the optimized process parameter combination, which includes a melt temperature of 250 °C, a mold
temperature of 50 °C, a gas pressure of 10 MPa, a gas holding time of 10 s, and a pre injection volume of 75%. Through actual
GAIM verification, the gas penetration effect of plastic parts is good, meeting the requirements of penetration length and minimum
wall thickness of cross-section. The weight of plastic parts is reduced by more than 25%, and it has good surface quality and dimen-
sional accuracy. It can significantly shorten the molding cycle, save plastic materials, improve production quality and efficiency, and
meet the requirements of automotive light weighting..

Keywords : gas-assisted injection molding ; Moldflow ; Taguchi test ; range analysis ; multi-objective optimization
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F1 EXIKWEARMATE
Tab.1 Orthogonal test factors and levels

Factors
Levels
A/°C B/°C C/MPa D/s El%
1 230 30 5 5 65
2 240 40 8 8 70
3 250 50 10 10 75
4 260 60 15 15 80
A EE RN R AT e/ NEE TR A 2 H AR LA R,
W2,

®2 SHEFEKENMEHEARNEEEIREER
Tab.2 Orthogonal test results of gas penetration length and

minimum wall thickness of cross-section

Gas penetra- ~ Minimum wall
No. Factors tion length/ thickness of
A B cC D E mm cross-section/mm
1 1 1 1 1 1 179.18 2.11
2 1 2 2 2 2 167.38 2.21
3 1 3 3 3 3 156.08 2.00
4 1 4 4 4 4 147.49 3.89
5 2 1 2 3 4 113.96 222
6 2 2 1 4 3 139.40 2.45
7 2 3 4 1 2 165.87 3.72
8 2 4 3 2 1 145.05 3.79
9 3 1 3 4 2 171.36 2.07
100 3 2 4 3 1 144.60 3.49
11 3 3 1 2 4 104.09 1.99
12 3 4 2 1 3 147.52 2.88
13 4 1 4 2 3 172.33 3.25
14 4 2 3 1 4 122.09 2.21
15 4 3 2 4 1 170.31 2.12
16 4 4 1 3 2 162.40 2.46
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W 22 53 A SOPR B A3 A i, B TR R A
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L 7E GAIM LS BURMEIE RN , AT 2250k
Z= R K/NIF M R (EY>R (A)>R (B)>R (D)>R (C).
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Tab.3 Analysis of gas penetration length ranges

Item A B C D E
K1 162.53 159.21 146.27 153.67 159.79
K2 141.07 143.37 149.79 147.21 166.75

K3 141.89  149.09 148.65 14426 153.83
K4 156.78 150.62 157.57 157.14 12191
R 21.46 15.84 11.30 12.88 44.84

Note: K1,K2,K3,and K4 represent the average value of the sum of
the corresponding test index values of the four levels, respectively; R is

the range , which is the same as in the following table.
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Fig. 3 Trends of effects of various factors on gas penetration length
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Tab.4 Analysis of minimum wall thickness range of cross-section

Ttem A B C D E
K1 2.55 2.41 2.25 2.73 2.88
K2 3.05 2.59 2.36 2.81 2.62
K3 2.61 2.46 2.52 2.54 2.65
K4 2.51 3.26 3.59 2.63 2.58
R 0.54 0.85 1.34 0.27 0.30
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Fig.4 Trends of influences of various factors on minimum wall

thickness of cross-section
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Fig. 5 Gas core result of optimization scheme
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