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Impact Responses of Prismatic Lithium-Ion Battery
Based on the Membrane Factor Method
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(1. Hebei Key Laboratory of Electric Machinery Health Maintenance & Failure Prevention,
North China Electric Power University, Baoding, Hebei 071003, P.R.China;
2. Unmanned Systems Research Center, National Innovation Institute of Defense Technology,

Academy of Military Sciences, Beijing 100010, P.R.China )

Abstract: Aimed at the internal short circuit problem due to large deformation of the prismatic lithium-ion battery cell
under impact loadings, a simplified battery model was first established. Then the motion equations of velocity and
displacement based on the membrane factor method were proposed. With the effects of the face-sheet thickness and the
densification region on the normalized final deflection, impact response characteristics of prismatic battery cells were
investigated in detail. The results show that, the improved motion equations involving the membrane factor can reflect the
dynamic response mechanisms of the prismatic battery cell under impact loadings, and the large deflection under high-speed
impact can be predicted. With the increase of the face-sheet thickness, the deflection of the battery cell ’s lower part

decreases obviously. However, the densification region expands with the face-sheet thickness. The deflection and the
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densification region of the cell’s lower part both increase with the inner core density of the battery. This proposed impact

model provides a theoretical guidance for the multi-functional integrated dynamic design of prismatic battery cells.

Key words: prismatic lithium-ion battery; impact response; membrane factor method; motion equation
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Fig. 1 Schematic diagram of the prismatic lithium-ion battery and the corresponding simplified structure of the inner core:

(a) the prismatic cell structure; (b) the isotropic homogeneous model for the inner core
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Fig. 2 The impact response model for the simplified structure of a battery
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Fig.3 Two stages of the lithium-ion battery motion
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Fig. 4 Two deformation states of the lithium-ion battery: (a) the incomplete core densification; (b) the complete core densification
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Table 2 Material parameters of the lithium-ion battery

Poisson’s ratio u modulus of elasticity £/MPa yield strength o-¢/MPa density p/(kg/m®)
battery core material 0.01 368 27 2086
battery housing 0.33 69 000 75.8 2700
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Fig. 6 Time histories of impact responses of prismatic lithium-ion battery: (a) normalized velocities of the upper and lower face sheets;

(b) normalized deflections of the lower face sheet
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