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Abstract : With the rapid development of the new energy vehicle industry, the plastic upper shell of the power battery pack, as
a key component, is facing the problem of warpage and deformation during the injection molding process, which affects its protec-
tion performance. To solve this problem, a multi-objective optimization method of injection molding process parameters based on
improved whale optimization algorithm (WOA) was proposed. First, combined with the symmetry of the upper shell structure, the
one quarter upper shell model simplification strategy was adopted to establish the injection molding simulation model. Under the
premise of ensuring the simulation accuracy that the overall matching percentage of grid was 94.4%, the number of grids was
reduced from 432 000 to 89 000. Secondly, seven key process parameters such as injection time, injection pressure and so on were
selected as input variables, and 36 groups of training samples and 10 groups of validation samples were generated by optimal Latin
hypercube sampling. The second-order response surface prediction model was constructed with the maximum warpage deformation
in x and y directions as the optimization objective, and the fitting accuracy of the model, represented by coefficient of multiple deter-
mination R, was 0.915 and 0.957, respectively. Finally, non dominated sorting, congestion calculation and elite reservation strategy
were integrated into WOA to obtain non-dominated sorting whale optimization algorithm and realize multi-objective optimization.

The optimization results show that the maximum warpage deformation in the x and y directions decreases from 3.75 mm and 3.74
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mm to 1.71 mm and 1.05 mm, respectively, by 54% and 72% compared with those before optimization. This study provides an effec-

tive technical scheme for improving the molding quality of the battery pack upper shell, and also provides a reference for the optimi-

zation of injection molding process parameters of similar large symmetrical plastic parts.

Keywords : battery pack ; one quarter of upper shell ; injection molding ; improved whale optimization algorithm ; response

surface model ; optimization of process parameters
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Fig. 1 3D model and 2D drawing of battery pack upper shell
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Fig. 2 3D model and 2D drawing of one quarter of battery pack upper
shell
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(a) Mesh generation of battery pack upper shell

(b) Mesh generation of one quarter of battery pack upper shell
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Fig.3 Mesh analysis
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(a) Runner system of battery pack upper shell
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(b) Runner system of one quarter of battery pack upper shell
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Fig. 4 Hot runner system
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(b) Cooling system of one quarter of battery pack upper shell
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Fig. 5 Cooling system
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Fig. 6 Simulation analysis results of one quarter of battery pack upper shell
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Fig. 7 Warpage deformation of one quarter of battery pack upper shell
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Tab.1 Value ranges of process parameters

Process parameters

Value ranges

Injection time (4)/s

Injection pressure (B)/MPa

Primary holding time (C)/s

Primary holding pressure (D)/MPa

Secondary holding time (E)/s

Secondary holding pressure (F)/MPa

Cooling time (G)/s

2.5-3

120—-240

15-20
20-30
5-10
10—-20
30-40
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Tab. 2 Simulation results of optimal Latin test samples and optimization objectives

Test factors

Injection molding simulation results

Serial number

Als B/MPa Cls D/MPa Els F/MPa G/s H/mm I/mm
1 2.67 135.38 17.18 28.46 9.36 19.74 37.69 1.806 1.161
2 2.50 131.28 18.46 21.79 5.64 17.18 33.59 2.011 1.584
3 2.86 123.59 15.38 20.00 7.95 14.36 36.67 3.603 1.315
4 2.72 128.72 19.74 26.67 6.15 19.49 38.46 1.925 1.842
5 2.63 131.79 18.85 24.10 9.49 14.10 30.00 1.987 1.391
6 2.53 130.77 17.05 27.18 6.28 10.26 32.31 1.991 1.555
31 2.95 138.46 18.72 27.69 8.08 14.87 39.49 4.290 2.607
32 2.81 133.33 15.13 23.33 5.00 13.59 33.08 4.108 1.718
33 2.60 135.38 16.67 20.26 8.33 11.28 34.87 2.126 3.364
34 2.82 125.64 18.21 27.44 5.13 15.90 30.26 4.101 1.819
35 2.99 125.13 16.92 24.36 8.46 12.05 30.51 3.767 1.526
36 2.59 126.67 17.56 21.03 9.62 18.46 36.41 4.624 1.750

Notes: H is warpage deformation in x direction;

1 is warpage deformation in y direction.

F3 WIEFFAR
Tab.3 Validation sample

Test factors

Injection molding simulation results

Serial number

Als B/MPa Cls D/MPa Els F/MPa G/s H/mm I/mm
1 2.83 120.00 18.33 26.67 5.56 20.00 32.22 3.597 1.603
2 2.61 137.78 18.89 30.00 8.33 18.89 34.44 2.361 3.896
3 3.00 133.33 15.56 27.78 7.78 16.67 40.00 4.037 1.612
4 2.72 124.44 17.78 20.00 8.89 17.78 38.89 4.476 1.791
5 2.94 128.89 20.00 25.56 6.11 11.11 36.67 4.231 1.992
6 2.56 122.22 16.11 28.89 7.22 12.22 35.56 4.625 1.614
7 2.67 140.00 17.22 23.33 9.44 10.00 37.78 3.078 2.967
8 2.50 131.11 19.44 21.11 6.67 13.33 31.11 3.038 2.962
9 2.78 135.56 15.00 22.22 5.00 15.56 33.33 1.725 1.193
10 2.89 126.67 16.67 24.44 10.00 14.44 30.00 1.893 1.169
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Fig. 9 Simulation analysis results of warpage deformation after optimi-

zation
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(a) Battery pack upper
shell product

(b) Coordinate measurement
at front side

(¢) Coordinate measurement (d) Coordinate measurement
at left side at right side

B0 i ik g s iE
Fig. 10 Experimental verification of battery pack upper shell product
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