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Table 1 Classification standard for micro-short circuit hazards
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Quantitative diagnostic method for micro-short circuit faults in battery
packs based on an enhanced frequency-division model

TANG Jing, ZHANG Shiqiang, ZHOU Jiawang, DU Chao, ZHU Wenlong, DAI Jisheng
(CRRC Zhuzhou Institute Co., Ltd., Zhuzhou, Hunan 412001, China)

Abstract: Power batteries in new-energy rail transit locomotives form large-scale systems operating under complex conditions,
where the weak signs of micro-short circuits (MSC)—a core hidden hazard that can trigger thermal runaway—are easily obscured. Since
traditional methods suffer from interference and limited accuracy, high-precision, refined diagnosis is crucial for safe operation and main-
tenance. This paper proposes an enhanced frequency-division physical-decoupling method for quantitative diagnostic of MSC faults in
power batteries for rail transit applications. A first-order resistor-capacitor (RC) and Warburg impedance were utilized to characterize dy-
namic battery characteristics. An adaptive extended Kalman filter (AEKF) was employed to decouple the terminal voltage in real time in-
to three physical components for diagnostic differentiation: energy loss, transient polarization, and diffusion. Furthermore, a combined al-
gorithm of variational mode decomposition (VMD) and recursive least squares (RLS) was adopted to achieve relatively high-precision
identification of MSC resistance. By integrating a decoupling logic for capacity and short-circuit differences, a five-level risk warning
system for quantitative diagnosis of MSC faults was established ultimately. Experimental and computational results demonstrate that the
proposed method exhibits extremely high terminal-voltage tracking precision (RMSE of approximately 0.014 V). Under severe MSC con-
ditions (0.5 Q), the identification error is about —8% (absolute error of —0.04 Q). Further validation using data from a new-energy loco-
motive operating in highly unstable conditions indicates a terminal-voltage RMSE of approximately 0.007 V. The method effectively
identifies and eliminates voltage-distortion interference from non-short-circuit factors, providing a reliable guarantee for safe operation
and maintenance of battery systems.

Keywords: rail transit train; lithium iron phosphate (LFP) battery; micro-short circuit (MSC); quantitative identification; thermal

runaway warning
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