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Fig. 1 Structural model of the power battery box
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Tab.1 Mechanical property parameters of the 5052 aluminum alloy
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Fig.5 Layout of the left rear acceleration sensor of the battery box
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Tab.2 Cycle times of partial pavements in the test endurance
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Fig. 20 Multi-axis coupling vibration fatigue of the battery box
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Fig. 23 Random vibration fatigue of z-axis
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Tab. 4 Validation of accelerated spectrum damage effect
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Comparative study on damage of power battery box under different
vibration spectrums

ZHAO Lihui'>? PAN Yu' FENG Jinzhi'*® ZHENG Songlin'’® ZHANG Dongdong'**
(1. School of Mechanical Engineering, University of Shanghai for Science and Technology, Shanghai 200093, China)
(2. CMIF Key Laboratory for Strength and Reliability Evaluation of Automotive Structures, Shanghai 200093, China)

(3. Shanghai Technical Service Platform for Reliability Evaluation of New Energy Vehicles, Shanghai 200093, China)

Abstract: Aiming at the vibration fatigue problem of the battery box of electric vehicles, based on the test loads in the
real vehicle test field, the fatigue performance of the battery box was compared and analyzed based on single-axis and multi-
axis (sequential loading, coupled loading) vibration loads. Firstly, the three-directional acceleration loads were collected at the
sensitive points on the battery box in the test field. The power spectral densities were fitted and compared in the same
direction of the loads at different measurement points respectively, and the power spectral densities were accelerated through
the frequency-domain damage equivalence method to obtain the distribution characteristics of the random vibration three-
directional acceleration power spectral densities under the test field specification. Secondly, based on the theory of random
vibration fatigue analysis, the multi-axis sequential excitation and multi-axis coupled excitation of the battery box were
constructed. Based on fatigue damage equivalence, a uniaxial strengthening spectrum excitation was constructed. Finally, the
fatigue damage of the battery box under three kinds of excitation was compared and analyzed by the numerical simulation.
The results show that the damage locations of the battery box are consistent under the three excitations. The damage under
multi-axis coupled excitation is greater than that under multi-axis sequential excitation, and the single-axis enhancement
spectrum has a better reproduction effect on the multi-axis coupled damage. This can provide guidance for conducting rapid
vibration fatigue tests of battery boxes based on uniaxial enhanced load spectra.
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