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Multi-objective optimization of injection molding process parameters for aircraft navigation
lampshade using regression analysis
WANG Tao'?, WANG Bolun'?, XU Xueting”’,GE Yong'*, LANG Jianlin'*, SUN Qiwei"’, YAN Yue'”’
(1. Baimtec Material Co., Ltd., Beijing 100095, China; 2. Beijing Engineering Research Center of Advanced Structural Transparence for
the Modern Traffic System, Beijing 100095, China; 3. AECC Beijing Institute of Aeronautical Material, Beijing 100095, China)
Abstract : For the serious warpage and residual stress in the injection molding process of aircraft navigation lampshades,
which result in cracks during post-processing, assembly and use, the regression analysis was proposed to conduct multi-objective
optimization for the warpage deformation and residual stress of the lampshade. The melt temperature, mold temperature, injection
time, injection pressure, holding time, holding pressure and cooling time were selected as the process variables. The warpage and
residual stress were selected as the optimization objectives. A 7-factor and 21-level uniform design test was established. The multi-
objective optimization was transformed into a comprehensive target value evaluation by the entropy weight method and the
improved compromise programming method. A multiple regression equation, with the comprehensive target value as the response
value, was established. The particle swarm optimization algorithm was used to solve the regression equation, resulting in the
minimum response value of 0.096. The optimal combination of process parameters are as follows: melt temperature 306 °C , mold
temperature 82 °C, injection time 3 s, injection pressure 85 MPa, holding time 24 s, holding pressure 138 MPa, and cooling time 54
s. Based on the optimal combination of process parameters, the simulated maximum warpage and residual stress is 0.812 mm and
1.256 MPa respectively. Meanwhile, the comprehensive target value is 0.103. The difference between the simulation results of the

optimization scheme and the predicted values is small, indicating the higher prediction accuracy of the regression model. The opti-
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lampshade using regression analysis[J]. Engineering Plastics Application,2025,53(7):100-107.



55 T AT CHURATAT SRV TS AR 101

mized process parameters were applied to the actual trial production. The corresponding measured values of warpage and residual

stress satisfy the assembly and usage requirements and have a consistent trend with the optimized simulation results.

Keywords :

method; particle swarm optimization algorithm
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Fig. 1  Structure and assembly diagram of the product
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Fig. 4 Simulation results of the initial scheme
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Fig. 5 Flowchart of the experimental optimization method
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Tab.1 Experiment table of uniform design

No. Al°C B/°C C/ls D/MPa E/s F/MPa G/s
1 320 102 34 84 36 112 56
2 280 92 2.5 104 42 140 44
3 298 110 32 80 30 116 34
4 308 98 2.3 92 24 80 40
5 292 96 2.7 132 34 104 28
6 288 114 2.6 136 32 124 58
7 310 88 2.8 152 48 108 60
8 304 94 2.4 124 46 92 46
9 302 116 3.0 88 44 160 26
10 306 82 2.2 156 22 144 32

11 282 118 3.8 144 20 148 24
12 296 86 2.1 100 38 96 42
13 300 106 4.0 116 28 120 48
14 290 100 3.1 160 56 152 54
15 312 108 2.0 128 60 156 36
16 318 90 2.9 148 26 136 38
17 294 104 3.6 108 50 88 20
18 314 112 3.7 112 54 128 52
19 284 80 3.3 120 40 84 30
20 316 84 35 96 52 100 22
21 286 120 3.9 140 58 132 50

Notes: 4 is melt temperature; B is mold temperature; C is injection
time; D is injection pressure; E is holding time; F is holding pressure; G

is cooling time.
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Tab. 2 Test results and comprehensive target values

No. Max warpage  Max residual stress Comprehensive
(Y,)/mm (Y,)/MPa target values[C(p)]
1 1.669 6.066 0.484
2 2.397 1.303 0.133
3 1.369 5.330 0.425
4 0.549 4.200 0.333
5 0.667 5.480 0.435
6 6.672 5.843 0.518
7 1.311 7.244 0.576
8 1.405 5.151 0.411
9 18.347 7.373 0.866
10 3.036 9.475 0.758
11 17.152 5.323 0.731
12 1.993 5.490 0.441
13 2.904 5.995 0.486
14 0.642 5.075 0.403
15 5.470 6.570 0.555
16 0.849 9.705 0.770
17 0.638 3.871 0.308
18 7.674 6.539 0.583
19 2.012 6.339 0.507
20 1.943 8.040 0.641
21 9.799 5.799 0.572
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Tab.3 Comparison of the regression models in the backward method

Model R R Adjusted R Standard error of estimate
1 0.998  0.996 0.913 0.050 516
2 0.998  0.996 0.956 0.035 809
3 0.998  0.996 0.971 0.029 333
4 0.998  0.996 0.978 0.025 538
5 0.997  0.995 0.980 0.024 416
6 0.997  0.994 0.981 0.023 584
7 0.997  0.994 0.983 0.022 353
8 0.996  0.991 0.978 0.025 496
9 0.994  0.989 0.975 0.027 012

F4 EEFERTHAESN

Tab.4 Analysis of variance of regression model 7

Sum of  Degrees Average F-

ltem squares of freedom  square  statistic Significance
Regression  0.586 13 0.045 90.200 0.000
Residual ~ 0.003 7 0.000
Total 0.589 20
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Tab.5 The analysis of the regression coefficient

Standard-
ized coeffi-

Not standard- Stan-

. . 1= -
Item  ized regression  dard P

statistic ~ value

coefficients error cients
Constant 17.024 3.541 4.808 0.002
X, —13.839 2.636 —1.468 =5.251  0.001
X, —6.562 1.034 —-3.561 —6.346  0.000
X, 5.216 0.560 2.717 9.316 0.000
X, =7.279 0.582 =5.642  —12.509  0.000
X, 0.773 0.419 1.012 1.846 0.107
X 1.621 0.612 3.408 2.647 0.033
X, 4.354 0.706 7.829 6.170 0.000
X, 5.560 0.298 8.284 18.642  0.000
X, 4.500 0.652 4.100 6.902 0.000
X, —6.651 0.600 -12.925  —-11.077  0.000
X, 5.569 0.402 11.644 13.864  0.000
X, 0.580 0.307 1.174 1.886 0.101
X, —=7.162 0.393 —14.447 -18.213  0.000
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Fig. 6 Comparison of simulated values and predicted values
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Fig. 8 Iterative optimization process of particle swarm optimization
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Fig. 9 Simulation results of the optimization scheme

.10 BIRE S,
Fig. 10 Sample of mould trial
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Tab.6 Properties of lamp by process optimization

Ttem Initial scheme Optimization scheme Improvement Simulation improvement
Max warpage(Y,)/mm 13.03+0.21 2.37+0.13 81.81% 77.17%
Max residual stress(Y,)/MPa 3.25+0.07 1.75+0.04 46.15% 82.47%
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