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Abstract: To clarify failure mechanism of lithium battery without triggering thermal runaway under acu-
puncture condition, acupuncture tests and finite element analyses on battery cell and battery module were
carried out. Firstly, conditions for thermal runaway of lithium battery were elucidated based on theory of
heat generation and heat transfer. Secondly, acupuncture tests on lithium battery cell were investigated
under different puncture speeds (5 mm/s, 25 mm/s) and various puncture depths (10 mm, 13 mm). The
results indicated that puncture speeds had little effect on failure mode of battery cell. Meanwhile, com-
pared to the fully penetrated battery cell, unpenetrated battery cell possessed a sharper drop of voltage and
higher temperature. Based on this, acupuncture test of battery module was carried out, and failure mode
of voltage and propagation regularity of temperature were obtained. Finally, to verify the accuracy of a-
bove acupuncture test results, finite element analyses were carried out on battery cell and battery module
under working condition of 13 mm complete puncture. The results indicated that voltage and temperature
trends of battery cell and battery module under simulation condition were in good agreement with those
under test condition.
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