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Abstract: To investigate the electrochemical and thermal characteristics of lithium-ion batteries before
the irreversible stage of thermal runaway caused by internal short-circuit faults, this paper adopts a
multi-physics coupling method to establish a three-dimensional electrochemical-thermal-internal short-

circuit coupled model considering lithium dendrite fusing and thermal runaway side reactions, and
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verifies the accuracy of the model by comparing simulation data with experimental results. On this
basis, the electrothermal characteristics of lithium-ion batteries under different lithium dendrite radii
and state of charge are further analyzed. The results show that: A larger lithium dendrite radius leads to
a higher passing current. When the lithium dendrite radius increases from 2 mm to 5 mm, the current at
the lithium dendrite upon internal short circuit triggering rises from 1.2 A to 7.2 A, the overall heat
generation rate of the battery increases by 20.7 times, and the fusing trigger time is shortened from 6.8 s
to 0.84 s. In this model, the critical radius for lithium dendrite fusing is 1.4 mm. When the lithium
dendrite radius is less than 1.4 mm, the heat dissipation of the battery exceeds the heat generation, and
fusing will not be triggered. When SOC increases from 0.2 to 1, the terminal voltage drop upon internal
short circuit triggering rises from 0.138 V to 0.158 V, and the current density of lithium dendrites
increases by 21.5%. This study provides a theoretical basis and research directions for the internal
short-circuit fault diagnosis and safety early warning of lithium-ion batteries.

Keywords: lithium-ion battery; electrochemical-thermal-internal short circuit coupling model; lithium

dendrite radius; heat generation rate; thermal runaway
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Three-dimensional electrochemical-thermal-internal short circuit geometric

model of lithium-ion battery
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Table 4 Thermal runaway side reaction parameters
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5 Rk B T HALnE A B HIHA—
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SEI & J3-fif S i 1.67x10" 1.35x10° 2.57x10° 413 0.15
BT H S O3 ik SR 2.50x10" 1.35x10° 1.71x10° 413 0.75
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