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Multi-objective optimization of injection molding process for truck front roof cabinet door outer panel
WANG Mingwei',ZHANG Han', WU Di', LI Xiaohu', LIN Lianming®, YE Xinghui’
(1. School of Mechanical Engineering and Automation, Dalian Polytechnic University,, Dalian 116034, China;
2. Zhejiang KaihuaMould Co., Ltd., Taizhou 318020, China)

Abstract : Taking the truck front roof cabinet door outer panel as the research object, the injection molding process was simu-
lated and analyzed based on Moldex3D mold flow analysis software. According to the results of the initial simulation analysis, the
values of volumetric shrinkage and Z-direction (product demolding direction) warpage displacement were too large, so the mould
temperature (4), melt temperature (B), injection time (C), holding time (D) and holding pressure (£) were selected as the test factors,
and 16 groups of orthogonal tests were carried out with volumetric shrinkage («,) and Z-direction warpage displacement («,) as the
indexes and the optimal process combinations of volumetric shrinkage and Z-direction warpage displacement were obtained by polar
analysis, respectively. The optimal process combinations of volumetric shrinkage and Z-direction warpage displacement were
obtained by polar analysis, respectively. After comparing the parameters of the two process combinations, the entropy weight
TOPSIS method was used to comprehensively evaluate and analyzed the process parameters. Through the polar analysis of the
comprehensive evaluation index, the influence of each factor on the volumetric shrinkage and Z-direction warpage displacement is in
the order of E>4A>D>C>B, and the optimal combination of process parameters is 4,B,C,D E,. The optimal combination of process
parameters was simulated in Moldex3D, and the analytical results were as follows: the volumetric shrinkage rate is 8.237%, and Z-
direction warpage displacement is 1.198 mm. Compared with the initial process parameters, the optimized volumetric shrinkage is
reduced by 5.105% and the Z-direction warpage displacement is reduced by 1.082 mm, which are 38.26% and 47.46% lower than
before optimization, respectively. At the same time, the injection mold is designed and manufactured, and the combination of the
optimal process parameters is used for the actual trial mold on site, and the product qualification rate is 83.33%, which meets the
production requirements. Therefore, it is proved that the multi-objective optimization problem in injection molding can be effective-

ly solved by using Moldex3D mould flow analysis software and entropy weight TOPSIS method.
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Fig. I 3D model of truck front roof cabinet door outer panel
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Tab.1 Recommended process parameters for materials

Forming process parameter Value
Melt temperature/°C 220~260
Mould temperature/°C 30~50
Ejection temperature/°C 116
Non-flowing temperature/°C 136
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Mesh Type Solid
Solid Mesh Elem... 1090 212
Part 803 723
Cold Runner 122 036
Hot Runner 164 453
Surface Mesh Ele... 185 458
Part 176 386
Runner 9072

(a) Meshing result (b) Numbers of mesh
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Fig. 2 Mesh delineation of truck front roof cabinet door outer panel
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Fig. 3 Pouring system of truck front roof cabinet door outer panel
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(d) Warp in the Z direction

4 FIRSHEHULR

Fig. 4 Initial parameter simulation results
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Tab.2 L, (4°) orthogonal test table

Factor
Level
A/°C B/°C Cls Dls E/MPa
1 35 230 2.3 6 35
2 40 240 2.5 8 50
3 45 250 2.7 10 65
4 50 260 2.9 12 80
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Tab. 3 Lm(45) orthogonal test results

Experimental factors Test results

No- TRC BFC s Dis EMPa af%  ajmm
1 1 1 1 1 1 11750 1703
2 1 2 2 2 210705 1.563
3 1 3 3 3 3 9984 1283
4 1 4 4 4 4 9388 1106
5 2 1 2 3 4 8201 1417
6 2 2 1 4 3 9753 1585
7 2 3 4 1 2 11407 1870
8 2 4 3 2 1 12974 2028
9 3 1 3 4 2 10460 5.126
03 2 4 3 I 12084 5652
o3 3 1 2 4 8857 2536
23 4 2 1 3 8485 2.667
13 4 1 4 2 30 9Im 6377
44 2 3 1 4 8754 5175
5 4 3 2 4 112563 7392
6 4 4 I 3 2 1613 6070

Notes: «; is volume shrinkage; «,is Z-direction warpage displace-

ment.
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Tab.4 Volume shrinkage range analysis results

Item A B C D E
k1 10.457 9.896 10.493 10.099 12.343
/7] 10.584 10.324 9.989 10.427 11.046
k3 9.972 10.703 10.543 10.471 9.349
k4 10.526 10.615 10.513 10.541 8.800
R 0.612 0.807 0.554 0.442 3.543
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Tab.5 Z-direction warpage displacement range analysis results

Item A B C D E
k1 1.414 3.656 2.974 2.854 4.194
k2 1.725 3.494 3.260 3.126 3.657
k3 3.995 3.270 3.403 3.606 2.978
k4 6.254 2.968 3.751 3.802 2.559
R* 4.840 0.688 0.778 0.949 1.635
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Tab. 6 Calculation results of indicator proportions

Indicator proportions

No.
P, P,
1 0.029 0.087
2 0.054 0.090
3 0.072 0.094
4 0.086 0.097
5 0.115 0.092
6 0.077 0.089
7 0.037 0.085
8 0.000 0.082
9 0.060 0.035
10 0.021 0.026
11 0.099 0.075
12 0.108 0.073
13 0.091 0.015
14 0.101 0.034
15 0.009 0.000
16 0.032 0.020
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Tab.7 TOPSIS comprehensive evaluation results

Weighting decision matrix

No. Dy D; C,
# Va
1 0.136 0.424 0445 0397 0528
2 0.253 0435 0502 0280  0.642
3 0333 0455 0564  0.199  0.739
4 0.399 0.469 0615 0132 0823
5 0.531 0.445 0693 0023 0968
6 0359 0433 0562 0176  0.761
7 0.174 0412 0447 0361 0553
8 0.000 0.400 0399 0535 0427
9 0.280 0.169 0326 0391 0455
10 0.099 0.130 0.163 0549 0229
11 0.458 0.362 058 0129 0819
12 0.500 0352 0611 0120 0835
13 0.423 0.076 0430 0407 0513
14 0.470 0.165 0498 0309 0617
15 0.046 0.000 0.045 0674  0.064
16 0.152 0.099 0.180 0530 0254
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Tab. 8 Results of range analysis of composite rehensive value

Factor
Item
A B C D E

kl 0.683 0.616 0.591 0.633 0.312
k2 0.677 0.562 0.627 0.600 0.476
k3 0.585 0.544 0.560 0.548 0.712
k4 0.362 0.585 0.530 0.526 0.807
R 0.321 0.073 0.097 0.108 0.495
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Fig. 5 Cavity and core
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Universal slide

(a) Side core pulling mechanism

Ejector guide pilar Ejector pin

i Return pin
Straight ejector block
Straight ejector bar

(b) Ejector mechanism
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Fig. 7 Side core pulling mechanism and ejector mechanism
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SECTION 4-4
(a) Main view
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(b) Top view
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SECTION B-B
(c) Left view

(d) 3D model

1—Moving template ; 2—Ejector base plate ; 3—Ejector pin panel;4—
Return pin; 5—Straight ejector bar; 6—Core; 7—Straight ejector block;
8—Ejector cylinder; 9—Cavity ; 10—Hot runner fixing plate;
11—Hot runner junction; 12—Fixed template ; 13—Positioning ring;
14—Ejector pin; 15—Ejector guide pillar; 16—Spacer;
17—Ejector guide sleeve; 18—Valve type hot runner;
19—Pressure-forming plate; 20—Sprue puller;21—Pad;22—Screw;
23—~QGuide pillar;24—Guide sleeve; 25—Angle ejector block ;26—
Angle ejector bar; 27—Universal slide; —Angle ejector
8RR LR P AR = Y
Fig. 8 2D mould assembly drawing and mould 3D model
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(a) Optimized Z-direction warpage displacement

Warpage Z-Displacement
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(b) Optimized volumetric shrinkage
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Fig. 9 Optimization simulation results of entropy weight
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Fig. 10 Molding products of truck front roof cabinet door outer panel
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