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Application and Study of Entropy Weight-TOPSIS-Grey Correlation Method
in Optimization of Injection Molding Process Parameters for Turbine Pipe
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Abstract: To address the optimization of process parameters for the injection molding of polymethyl methacrylate
(PMMA) turbine pipes, a three-stage multi-objective optimization framework integrating the entropy weight-TOPSIS-grey
correlation method was established. Under the initial simulation conditions, the maximum warpage deformation of the
turbine pipe was 1.561 0 mm, and the volumetric shrinkage was 8.979 0%, indicating significant molding defects. An
L,s(5°) orthogonal array was employed for test design. The entropy weight method determined the weights for warpage
deformation and volumetric shrinkage as 0.691 9 and 0.308 1, respectively. The TOPSIS analysis revealed that the highest
relative closeness (0.875 8) and a grey relational grade of 0.887 8 were achieved under the conditions of a mold
temperature of 120 °C, a melt temperature of 280 °C, a holding pressure of 120 MPa, a cooling time of 25 s, and an
ejection temperature of 75 °C. Range analysis indicated that holding pressure exerted the greatest influence on system
performance. After optimization, the warpage deformation was reduced to 0.499 1 mm, the volumetric shrinkage
decreased to 4.226 0%, and the sink mark index was reduced from 4.114% to 3.555%. Actual injection molding trials
validated the effectiveness and industrial adaptability of the optimized scheme, forming a closed-loop optimization path of
"objective weighting-multi-index ranking-result validation", which provides a reference for the multi-objective process
optimization of complex transparent injection-molded parts.
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Fig.1 Three dimensional structure and dimensions of turbine pipe
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Fig.3 Simulation analysis results of turbine pipe
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Tab.1 L,s(5°) orthogonal test factor level design

K Al°C B/°C C/MPa DIs E/°C
1 70.0 280.0 70.0 10.0 60.0
2 82.5 285.0 82.5 15.0 67.5
3 95.0 290.0 95.0 20.0 75.0
4 107.5 295.0 107.5 25.0 82.5
5 120.0 300.0 120.0 30.0 90.0
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Tab.2 Results of L,s(5°) orthogonal test

s  4/°C  BPC C/MPa Dis E/PC  X/mm Y%
1 95.0 2950 70.0 20.0 90.0 14960 7.065
2 120.0 2850  70.0 30.0 82.5 09222 6.663
3 70.0 290.0 95.0 20.0 75.0 1.2460 5.905
4 120.0 295.0 95.0 15.0 60.0 09158 9.103
5 120.0 290.0 825 100 90.0 1.3352 7.897
6 95.0 280.0 95.0 30.0 67.5 0.6819 5.526
7 120.0 280.0 120.0 25.0 750 0.4991 4.226
8 82.5 2950 120.0 10.0 67.5 1.1718 7.103
9 70.0 285.0 82.5 15.0 67.5 12513 6.735
10 82.5 280.0 825 20.0 82.5 1.1758 5472
11 95.0 300.0 82.5 25.0 60.0 1.0813 8.321
12 70.0 280.0 70.0 10.0  60.0 1.2527 7.520
13 82.5 300.0 70.0 15.0 75.0 1.5833 8.298
14 95.0 290.0 120.0 15.0 82.5 1.0930 5.899
15 82.5 290.0 107.5 30.0 600 0.7646 5.865
16 120.0 300.0 107.5 20.0 67.5 09222 8.276
17 107.5 280.0 107.5 150 90.0 0.9964 5.494
18 82.5 285.0 95.0 25.0 90.0 1.1658 4.706
19 107.5 2950 825 30,0  75.0 09987 7.161
20 70.0 2950 107.5 25.0 82.5 12652 5.074
21 107.5 300.0 95.0 10.0 82.5 1.4146 8.308
22 70.0 300.0 120.0 30.0 90.0 12565 4.286
23 107.5  290.0 70.0 25.0 67.5 1.0034 7.855
24 95.0 285.0 107.5 10.0 75.0 1.0919 6.686
25 107.5 285.0 120.0 20.0 60.0 0.5868 6.654
A3 B EHEORENN
Tab.3 Range analysis of warpage deformation

TiH A B c D E

K, 1.254 3 0.923 0 1.2515 1.2532 0.9202
K, 1.172 3 1.003 6 1.168 5 1.168 0 1.006 1
K, 1.088 8 1.088 4 1.084 8 1.085 4 1.085 6
K, 09999  1.1695  1.008 1 1.0048 11742
K 0.920 7 1.2516 0.923 3 0.924 8 1.2500
7% 03336 0.328 6 0.328 2 0.328 5 0.329 7
HERR 1 3 5 2
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Tab.4 Range analysis of volume shrinkage

WiH A B C D E

K, 5.904 0 5.9022 7.480 2 75028 7.4926
K, 6.288 8 6.288 8 7.1172 7.105 8 7.099 0
K, 6.699 4 6.684 2 6.709 6 6.674 4 6.709 8
K, 7.094 4 7.1012 6.2790 6.2910 6.2832
K 74876 7.497 8 5.888 2 5.900 2 5.889 6
W% 15836 1.5956 1.5920 1.602 6 1.603 0
HERR 5 3 4 2 1
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Fig.5 Effect of each factor and level on warpage deformation

and volume shrinkage
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Tab.5 Calculation results of C;

e 2(X) A1) a(X) oY) G

1 02351 0.186 9 0.24 0.19 0.084 8
2 0.3813 0.198 2 0.38 0.20 0.3376
3 0.2822 02237 0.28 0.22 0.1913
4 0.3840 0.145 1 0.38 0.15 03173
5 0.263 4 0.167 2 0.26 0.17 0.094 1
6 0.5157 0.2390 0.52 0.24 0.619 6
7 0.6919 0.240 2 0.69 0.24 0.875 8
8 0.300 1 0.1859 0.30 0.19 0.176 7
9 0.2810 0.196 1 0.28 0.20 0.154 7
10 0.299 1 0.241 4 0.30 0.24 0.236 3
11 03252 0.158 7 0.33 0.16 0.208 1
12 0.280 7 0.1756 0.28 0.18 0.1327
13 02221 0.1592 0.22 0.16 0.027 8
14 03217 0.2239 0.32 0.22 0.250 8
15 0.4599 02252 0.46 0.23 0.504 7
16 0.3813 0.159 6 0.38 0.16 03172
17 0.3529 0.240 4 0.35 0.24 03190
18 0.3017 0.280 6 0.30 0.28 0.286 6
19 03521 0.184 4 0.35 0.18 02731
20 0.278 0 0.260 3 0.28 0.26 02351
21 0.248 6 0.1590 0.25 0.16 0.060 1
22 0.2799 0.308 2 0.28 0.31 0.2957
23 0.3505 0.168 1 0.35 0.17 0.2612
24 03221 0.197 5 0.32 0.20 02263
25 0.599 3 0.198 5 0.60 0.20 0.726 4

R, i IR RS 7, BIRSEELTEL BE R 120 °C s i vL
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Tab.6 Calculation results of grey correlation degree

s ) ¢ IREKHRE
1 0.762 7 0.659 6 0.7111
2 0.430 6 0.681 2 0.5559
3 0.364 4 0.735 4 0.5499
4 04328 0.590 2 0.5115
5 03541 0.6250 0.489 5
6 0.5715 0.772 6 0.6720
7 1.000 0 0.775 5 0.887 8
8 03748 0.657 8 0.516 3
9 0.363 8 0.6770 0.520 4
10 03742 0.778 6 0.576 4
11 0.390 5 0.6112 0.500 8
12 0.363 6 0.639 3 0.501 4
13 03333 0.6119 0.472 6
14 0.3882 0.736 0 0.562'1
15 0.503 2 0.7390 0.621 1
16 0.430 6 0.6125 0.521 6
17 0.409 3 0.776 1 0.5927
18 0.375 8 0.8952 0.6355
19 0.408 8 0.6550 0.5319
20 0.362 0 0.8307 0.596 4
21 0.346 4 0.6116 0.479 0
22 0.363 1 1.000 0 0.681 6
23 0.407 6 0.626 5 0.517 1
24 0.388 4 0.679 8 0.534 1
25 0.717 3 0.6817 0.699 5
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Tab.7 Mean response of grey correlation degree

IKF A B c D E

1 0.569 9 0.646 1 0.551 6 0.504 1 0.566 9
2 0.564 4 0.589 1 0.523 8 0.5319 0.549 5
3 0.596 0 0.5479 0.569 6 0.6117 0.5953
4 0.564 0 0.573 4 0.5732 0.627 5 0.554 0
5 0.593 3 0.5311 0.669 5 0.6125 0.622 1
W 0.0320 0.1149 0.1457 0.123 5 0.072 6
HERR 5 3 1 2 4
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Fig.6 Main effect of mean gray correlation degree
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Fig.7 Results of optimized simulation analysis
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