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Abstract: This investigation seeks to elucidate the impact of various discharge states on the dynamic mechanical responses
and failure mechanisms of lithium-ion batteries through a comprehensive experimental study. Employing quasi-static
compression tests, the research systematically analyzes the compression characteristics and safety performance of lithium-ion
batteries preset to specific discharge levels. These tests were conducted at critical junctures: during discharge, following a

1-hour rest period, and after a 24-hour rest period. This methodology enabled a detailed examination of the force-displacement
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response characteristics, ultimate load-bearing capacity, and overall safety behaviors under varying electrochemical states. The
experimental findings indicate that batteries in a discharged state exhibit lower force-displacement curves, suggesting a
decrease in structural stiffness attributable to the electro-chemical reaction inside the battery during the discharge process.
Notably, these batteries demonstrated a higher maximum load-bearing capacity compared to those tested after rest periods.
Additionally, batteries undergoing compression tests in the midst of discharge were more susceptible to catastrophic failures,
such as explosions, whereas those allowed to rest showed significantly enhanced safety characteristics. Further microscopic
analysis using Scanning Electron Microscopy (SEM) provided insights into the internal structural changes, revealing extensive
damage to electrode particles in batteries tested in the discharged state compared to those tested post-rest. The observed
damage and increased risk of mechanical failure are primarily attributed to diffusive stresses generated during the discharge
process, which accumulate and intensify the vulnerability of the battery structure under mechanical loads. This study
contributes valuable experimental evidence and theoretical insights that are crucial for advancing the understanding of the
mechanical integrity and safety of lithium-ion batteries under operational stresses. The findings underscore the importance of
considering discharge states in the safety design and evaluation of lithium-ion batteries, potentially leading to enhanced
durability and safer application in practical scenarios.
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Fig. 4 Variation of reaction force and voltage with displacement under mechanical abuse after discharging
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Fig. 5 Variation of reaction force and voltage with displacement under mechanical abuse after 1 h rest
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Fig. 7 Curves of reaction force-displacement varying with depth
of discharge after different resting times
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Fig. 13 SEM images of cathode particles obtained by mechanical abuse testing under different conditions
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Fig. 14 SEM images of anode particles obtained by mechanical abuse testing under different conditions
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