5540 % 5 1 (77 DO NEE S Vol.40 No.1
2026 4F 1 H Journal of Hunan University of Technology Jan. 2026

DOI: 10.20271/j.cnki.1673-9833.2026.1005

JE TR Petri )25 [ SRS RERBE IS W

ZRA, RIEM, FEFH, BREX, gL’

(1. IR A R A IS I B TR BRI BE, TR ARYI 4120005 2. IR R MU Sis 8 TR bt Wim Kb
410082; 3. "R ASEAERE, WiR KU 4100835 4. WiRg Tl R SCil 5o AU =Be, WIRG HRIH 412007 )

W OE. A EEAe PRI AGREDRUTS L E LA E AR ERGER, BB T —FLT
MEF Petri M SR W5k, B/ RKBEHEKERS TAFTHRAGHSHFENE, 51T E
Fr U R A B R HE R Petri AR, SR T ot A M B R A AT W 2 K, SFILT Pk ey Peik
A AL, AT R AR E eI EHIHIEN R AR, PR M FIN-FHE T Ae) 6 XA AR
AL, B RN T 0.1 s, AR T BIMEKR N 5 B K50 7 ik, ity skl s AR EIAEL LR
MR &M, RERITTEFRIAUTHSE EaEL SN, AR EF 2 ADRUTEGEHSH S 2 F1L
PRI Kok T T A 2 Bk T £,

KEBIA . EIIEH AL, HRME; BEE Petri My TIUFM; SEEFS BT

FESES: TMI22 XEAARERS: A MEHS: 1673-9833(2026)01-0033-07

Blxx#&: Fam, REK, FFR, F . L THE Petri Me9E5] AL AR E LS [J]. Ad Tk
XF IR, 2026, 40(1): 33-39.

Real-Time Diagnosis of Traction System Functional Failure Based on
Probabilistic Petri Nets

LI Qiming', CHENG Zhenglin’, LI Xueming’, CHEN Zhiwen’, LIU Jianhua

(1. Hunan Institute of Special Equipment Inspection and Testing, Zhouzhou Branch, Zhuzhou Hunan 412000, China;
2. College of Mechanical and Vehicle Engineering, Hunan University, Changsha 410082, China;
3. School of Automation, Central South University, Changsha 410083, China;
4. School of Transportation and Electrical Engineering, Hunan University of Technology, Zhuzhou Hunan 412007, China )

Abstract: A real-time diagnosis method, which is based on probabilistic Petri nets, has been proposed to solve
the problem of inability to accurately locate the real-time fault source when the traction system reports a functional
failure during train operation. By mining the dynamic temporal series change law between the fault source related
to functional faults and operating events related to functional faults, a probabilistic Petri net model corresponding to
various fault sources has been established, with the diagnosis decision to be made based on real-time calculation model
output probability values, thus achieving a rapid and accurate location of functional faults. Based on on-site case data
testing of inverter overcurrent faults, the proposed method can accurately locate six types of typical fault sources that
lead to inverter overcurrent, with a diagnostic response time of less than 0.1 s. Compared with threshold detection and
offline diagnosis methods, this method significantly improves the real-time diagnosis with its robustness under non-
stationary conditions by dynamically adjusting weights and supeimrposing concurrent fault probabilities, thus providing
an effective solution for traction transmission system functional faults as well as implementation of differentiated
protection strategies.
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Fig. 1 Typical main circuit schematic diagram of the locomotive and EMU traction drive system
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Fig. 2 Principle block diagram of functional fault real-time
diagnosis algorithm based on PPN model of

working condition events
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Fig. 3 Illustration of Petri net diagnosis model for

working condition events
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Table 1 Description of traction system operation conditions
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Fig. 4 Correlation diagram between different protection
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Table 2 Related fault sources of the inverter overcurrent
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Fig. 6 Inverter overcurrent fault diagnosis test results
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