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Analysis of Electro-mechanical Properties of Lithium-ion
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Abstract: The effects of applied mechanical stress on the electro-mechanical properties of stacked-pouch
lithium-ion batteries are comprehensively investigated at the full cell level. A series of characterization experiments of
electro-mechanical behaviors were conducted based on two experimental platforms, i.e., a free expansion bench and a
constant-displacement fixture. Phase transition-dependent swelling phase diagrams were established by differential
voltage, swelling thickness and force curve analysis, effectively correlating the electrochemical phase transition reaction
with swelling properties. The effect of C-rate on the swelling thickness and force was concentrated in the Stage 2-2L
phase transition phase, while the initial preload force will mainly affect the amount of curve stretching of the swelling
force without affecting the shape of the swelling curve. This was mainly attributed to the initial preload force
dependence of elastic modulus. As an assemblage of composite porous materials, the cell had stress-relaxed viscoelastic
properties, and it was further found that the stress relaxation was correlated with various factors such as
SOC(state-of-charge), C-rate and initial preload force. For the electrical properties, it was found that the initial preload
force had a significant effect on the maximum available capacity, C-rate capacity and internal resistance. Experimental
results show that the ohmic internal resistance decreased with an increase in the initial preload force, but the opposite
was true for the maximum available capacity. Therefore, it was inferred that the dependence of the initial preload force

for the C-rate capacity was dominated by the maximum avail-
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able capacity. A full range of electro-mechanical performance
analysis plays a key role for batteries in pack applications.
Keywords: Lithium-ion battery; electro-mechanical pro-

perty; electrochemical impedance spectrum; operating condition
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Fig. 8 Internal resistance for different initial preload forces
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