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Numerical simulation on thermal runaway and explosion-proof enclosure response of mine lithium-ion battery
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[ Abstract] Lithium-ion batteries are prone to thermal runaway under high-temperature, high-pressure, and impact
conditions in coal mining environments, posing severe safety hazards. To enhance the protective performance of power
battery modules for mining robots under extreme working conditions, and to evaluate the structural stability and thermal
response of enclosures under explosion pressure and thermal stress, a steel explosion-proof enclosure for mining lithium-
ion batteries was designed and constructed using COMSOL software. Multi-physics coupling calculations were conducted,
and based on the model, lithium-ion battery cells were incorporated to analyze the influence of cell quantity and positioning
on thermal runaway propagation. Simulation results demonstrate that under explosion impact loading, the explosion-proof
enclosure constructed from Grade 690 structural steel exhibits excellent load-bearing capacity, with uniform overall stress
distribution and deformation controlled within safe limits, effectively ensuring the structural integrity and operational safety
of the battery module. Under thermal runaway conditions, cell position significantly affects thermal propagation speed and
scope; central cells are more likely to trigger chain reactions during thermal runaway, presenting the highest risk. These
research findings provide reliable engineering foundations for the safety protection of lithium-ion battery modules in
mining robots under complex working conditions, and lay the groundwork for systematic optimization and safety design
of subsequent battery modules.
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