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Abstract

In order to improve the safety and reliability of electric vehicle electrical structures under vibra-
tion loads, this study established a three-dimensional finite element model of the battery frame.
Using ANSYS software, the model was subjected to random vibration simulation analysis in three
orthogonal directions (longitudinal X-axis, lateral Y-axis, and vertical Z-axis) according to the GJB
150.16-86 standard. The results showed that: in the X-axis and Y-axis directions, the deformation
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of the battery frame was very small, no more than 0.2 mm, indicating good rigidity in these two
directions; in the Z-axis direction, the deformation of the battery frame was relatively large, reach-
ing around 5 mm, but this implied its rigidity would be enhanced and deformation reduced after
batteries were loaded; after random vibration, the maximum stress on the battery frame was 3.57
MPa, far below the material’s yield limit, confirming the integrity of the frame structure. In sum-
mary, these results demonstrate that the battery frame design meets the strength and durability
requirements, ensuring structural reliability under random vibration conditions and safeguarding
the safety of electric vehicle electrical systems. The model and methodology established in this
study can be extended to the dynamic analysis and evaluation of other battery systems.
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Figure 1. Meshing models
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Figure 2. Add constraints
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Figure 3. GJB 150.16-86 random vibration
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Figure 4. Modal analysis results
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Table 3. GJB 150.16-86 partial data
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(b) TEE T

B2 (Hz) 5 6 8 9 10 13 15 17 20

5 A 1072 (g%/Hz) 2847 2113 57.09 1385  7.080

2.820 9.080 2.430 1.850

7.8001e-2- = 0.5709
-
5e-2
0.25-
2.5e-2-
le-2- 0.1
5e-3 Se-2
2.5e-3 W 2.5¢-2-
1.1397e-3- . 1.3391e-2

(@) 7KFJ7

Figure 5. Add the power spectral density
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Figure 6. X-axis direction
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Figure 7. Y-axis direction
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Figure 8. Z-axis direction
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Figure 9. The stress on which the model is subjected
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