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Real-time warning for turn-to-turn short-circuits in PMSM
based on instantaneous power

YANG Fan', ZHONG Yong'?, HU Liang', WANG Yue', FENG Ling'

(1. CRRC Zhuzhou Institute Co., Ltd., Zhuzhou, Hunan 412001, China;
2. School of Electrical Engineering, Southwest Jiaotong University, Chengdu, Sichuan 611756, China)

Abstract: Permanent magnet synchronous motors (PMSM) have garnered widespread application in rail transit, wind power gener-
ation, industrial drives, electric vehicles, and other fields, due to their advantages such as compact size, high efficiency, and high power
density. However, owing to the complexity of PMSM manufacturing and complex operating environments, stator windings are suscepti-
ble to turn-to-turn short-circuit faults (TTSCF) during operation. To address this issue, this paper proposes a real-time warning technique
for turn-to-turn short-circuit faults in PMSMs based on instantaneous motor power. During motor operation, the instantaneous power is
analyzed using the discrete Fourier transform (DFT), and the amplitude of its secondary component is extracted to characterize turn-to-
turn short-circuit faults. This technique was analyzed and validated through simulations and experiments, with results demonstrating its
effectiveness. The proposed technique enhances the reliability and real-time performance of fault diagnosis for PMSMs and provides
valuable insights for the technical design of active safety features on trains.

Keywords: permanent magnet synchronous motor; turn-to-turn short circuit; instantaneous power; discrete Fourier transform;

simulation
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