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Abstract

With the rapid development of new energy vehicles and energy storage systems,
lithium-ion batteries have increasingly prominent advantages in high energy density
and high power density. However, lithium-ion batteries are susceptible to operating
conditions such as overcharge, over-discharge, and micro-short circuit during
charging and discharging. If faults cannot be identified timely and accurately, rapid
performance degradation or even thermal runaway accidents may occur. Traditional
fault detection methods based on the parametric hypothesis test (t-test) usually rely
on prior assumptions such as normal distribution of data, while the voltage signals of
lithium-ion batteries under actual operating conditions often exhibit complex
characteristics such as non-Gaussian, skewed and multi-modal distributions.Based on
non-parametric hypothesis test theory, this paper constructs a lithium-ion battery
fault detection method centered on rank-sum test, sign test and K-S test, and
compares it with the typical parametric test method (t-test). Voltage data under
typical working conditions including normal, overcharge, over-discharge and
micro-short circuit are generated via the MATLAB simulation platform. The
performance differences of different test methods in terms of accuracy, false alarm
rate and missing alarm rate are systematically evaluated, and the influence of
significance level a on fault detection performance is analyzed.Simulation results
show that non-parametric methods have higher detection robustness and overall
accuracy than the t-test in scenarios where the data distribution is unknown or
deviates from the normal assumption, which can provide an effective method
support for online fault monitoring of battery management systems (BMS).
Keywords : Lithium-ion battery; fault detection; non-parametric hypothesis test;

rank-sum test; sign test; K-S test; t-test; significance level
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