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Fig. 2 Typical DC overvoltage faults in traction converters
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Fig. 9 Fault diagnosis results for four-quadrant pulse short-time latching category (C4)
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Real-time diagnosis and differentiated protection strategy for DC overvoltage
faults in traction converters

ZHANG Wenyao', WANG Zhong’, LI Xueming’, CHENG Zhenglin’, CHEN Zhibo®, HE Qin’, ZHUANG Hengting"

(1. China Railway Nanchang Group Co., Ltd., Nanchang, Jiangxi 330002, China; 2. Locomotive Maintenance Branch
Company, CHN ENERGY Xingshuo Railway, Erdos, Inner Mongolia 017010, China; 3. CRRC Zhuzhou Institute Co.,
Ltd., Zhuzhou, Hunan 412001, China; 4. China Railway Lanzhou Group Co., Ltd., Lanzhou, Gansu 730000, China)

Abstract: To address the limitations of current single-mode protection actions and the challenges in fault source localization in DC
overvoltage fault diagnosis for traction converters, this paper proposes an optimization approach for real-time diagnosis and protection
strategy, which integrates time-domain feature analysis with time-series pattern recognition. By analyzing the time-domain features of six
typical faults, including grid voltage fluctuations and sensor failures, key feature indicators, such as variance, peak-value difference, and
variation rate, were extracted to construct a fault diagnosis model based on a decision tree classifier. The subsequent integration of offline
modeling with online computation enabled real-time and precise localization of fault sources. Furthermore, the protection strategy was
dynamically adjusted according to diagnostic results to minimize power loss. Data from field applications demonstrated that the proposed
method accurately diagnosed faults in six categories, while the optimized protection strategy reduced the power unit isolation rate by
83%. Compared to traditional threshold-based detection methods, this approach significantly enhances the real-time performance and
availability of fault diagnosis, providing insights for the intelligent operation and maintenance of traction converters.

Keywords: traction converter; DC overvoltage; real-time diagnosis; decision tree; time-domain features; differentiated protection;
fault diagnosis; EMU
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