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Multi-objective optimization of automotive B-pillar upper trim plate injection
molding process based on Critic weight method

ZHANG Wenchao', WU Di', WANG Mingwei', LI Xiaohu', CUI Enming',ZHOU Jiwei', YE Xinghui’
(1. School of Mechanical Engineering and Automation, Dalian Polytechnic University , Dalian 116034, China;
2. Zhejiang Kaihua Mould Co., Ltd., Taizhou 318020, China)

Abstract : In order to address the defective problems such as volume shrinkage and warping deformation during the injection
molding process of the trim plate on the B-pillar of a car, the injection molding process was simulated using Moldex3D software and
using talc powder modified polypropylene material. Sixteen groups of orthogonal experiments were designed with injection time,
melt temperature, mold temperature, holding pressure, holding time as variables, volumetric shrinkage and warpage deformation in
Z-direction (demolding direction) as objectives. The Critic weight method was used to calculate the weights of the two, and the
multi-objective optimization was converted into single-objective optimization by calculating the comprehensive score. Finally, the
polar analysis of the comprehensive score was used to obtain the size of the five process parameters affecting the volumetric shrink-
age and Z-direction warping deformation of the trim plate of the B-pillar of the automobile, and the size of the process parameters
were in the following order are as follows: holding pressure>mold temperature > filling time >melt temperature >keeping pressure.
The optimal combination of molding process parameters are as follows: filling time is 2 s, melt temperature is 240 °C, mold tempera-
ture is 30 °C, holding pressure is 70 MPa, holding time is 8 s. The optimal combination of molding process parameters is simulated,
and the volumetric shrinkage of the product is 5.901%, and Z-direction warping is 1.75 mm. Compared with the initial analysis
results, the volume shrinkage is reduced by 12.2% and the Z-direction warpage is reduced by 9.04%. Through the actual test mold
verification, the product is completely filled, with good quality, in line with the production requirements.

Keywords : automotive B-pillar upper trim panel ; Moldex3D ; orthogonal test ; Critic weighting method ; optimization of

process parameter
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Fig. 1 Three-dimensional model of trim panel on B-pillar of a car
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Tab.1 Recommended process parameters for PP/15%talc material

Forming process parameter Value
Melt temperature/°C 210~240
Mold temperature/°C 30~60
Density/(g-cm ) 1.02
Ejection temperature/°C 122
Non—flowing temperature/°C 142

Maximum shear rate/s 10 000

Fig. 2 Casting systems
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Fig. 3 Mesh delineation results and number of trim plates

on B-pillar of the car
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Fig. 4 Default analysis results
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Tab.2 Orthogonal test factor level table

Factor
Level
Als B/°C C/°C D/MPa E/s
1 2 210 30 50 6
2 2.5 220 40 60 8
3 3 230 50 70 10
4 3.5 240 60 80 12
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Tab.3 Results of orthogonal test

Experimental factor Experimental result

X, warped in
Ny B ¢ b X volume - “ o erc)lirec-
shrinkage/% .

tion/mm
1 1 1 1 1 1 8.349 1.057
2 1 2 2 2 2 7.123 0.727
3 1 3 3 3 3 6.516 1.878
4 1 4 4 4 4 6.514 1.488
5 2 1 2 3 4 6.749 1.445
6 2 2 1 4 3 7.030 1.555
7 2 3 4 1 2 8.211 1.903
8 2 4 3 2 1 7.773 1.451
9 3 1 3 4 2 6.696 2.697
10 3 2 4 3 1 6.712 1.590
11 3 3 1 2 4 7.297 1.288
12 3 4 2 1 3 8.644 1.317
13 4 1 4 2 3 6.946 2.161
14 4 2 3 1 4 7.701 2.586
15 4 3 2 4 1 7.203 1.408
16 4 4 1 3 2 6.903 0.657
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Tab.4 Calculated data for each parameter

Volume shrinkage rate Z displacement Compre-

No. , , hensive
X 5 @ X 5 @ score

1 0.862 0.198 4.925
2 0.286 0.037 4.119
3 0.001 0.600 4.338
4 0.000 0.409 4.154
5 0.110 0.388 4.258
6 0242 0.442 4.459
7 0.797 0.612 5.249
8 0.591 0.391 4.804

0.315 53.04% 0.279  46.96%

9  0.085 1.000 4.818
10 0.093 0.459 4.307
11 0368 0.311 4.475
12 1.000 0.326 5.203
13 0.203 0.738 4.699
14 0.557 0.946 5.299
15 0323 0.370 4.482
16 0.183 0.000 3.967
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Tab.5 Composite score extreme variance analysis

Factor
No. Als BI°C CFC DIMPa EJs
1 4384 4675 4456 5169 4629
2 4693 4546 4516 4524 4538
3 4701 4636 4815 4218 4675

4 4.612 4.532 4.602 4.478 4.547
Range 0.317 0.143 0.358 0.951 0.136
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Fig. 5 Optimal process parameter analysis results
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Tab. 6 Comparison of initial and optimal process parameters

the indentation displacement

Paramete'r combi- As  BFC  CPC D/ Els X% X/
nation MPa

Initial parameter 3 220 45 70 10 6.721 1.924
Optimal parameter 2 240 30 70 8 5901 175
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Fig. 6 Automotive B-pillar upper trim plate molding
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