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Table 1 Voltage vector amplitudes corresponding to 16

switching states after single-phase open-circuit fault
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a single-phase open-circuit fault
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Fault-Tolerant Predictive Control for Open-Winding Permanent Magnet

Synchronous Motor Under Single-Phase Open-Circuit Fault

ZHANG Dongdong', CAI Boyan', HUANG Hongtao®, YI Jiawei'
CHU Shuaijun's GOH Hui Hwang®, LIN Xiaogang""
(1. School of New Energy, Inner Mongolia University of Technology, Hohhot 010051 ,China;
2. School of Electrical Engineering, Guangxi University, Nanning 530004, China;
3. School of Engineering, Taylor’s University, Subang Jaya 47500, Malaysia;

4. Fujian Institute of Research on the Structure of Matter, Chinese Academy of Sciences, Fuzhou 350002, China)

ABSTRACT: To address the limited available voltage vector space, high computational burden of an exhaustive search in tra-
ditional multi-vector model predictive current control, and increased current harmonics and torque ripple during fault-tolerant
operation after a single-phase open-circuit fault in a common-DC-bus dual-inverter open-winding permanent magnet synchro-

nous motor, a novel three-vector model predictive current control method was proposed. Taking a phase-a open-circuit fault
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as an example, the voltage vector distribution patterns during fault-tolerant operation with phases b and ¢ and four healthy
bridge arms were first analyzed. Nine independent voltage vectors were obtained from 16 switching states. After eliminating
two large vectors that exceeded the linear modulation range, six equal-amplitude effective voltage vectors were selected as the
basic control vectors. A reference voltage vector was calculated using the deadbeat prediction principle, and the first optimal
vector was directly determined based on the sector that contained the reference voltage vector. Then, the second optimal vec-
tor was adaptively selected based on the predicted current error after applying the first vector. The action times of the zero,
first, and second vectors were allocated with the minimum d- and g-axis current errors as constraints, thereby avoiding the
sequential traversal of candidate sectors required by the traditional algorithm. Simulation results show that under 1 000 r/min
and 5 N » m, the proposed algorithm reduces the total harmonic distortion rate of the B-phase current from 18. 08% to
12.75% s and narrows the torque fluctuation range from approximately =0.4 N« m to 0.2 N » m. Experimental results
demonstrate that under 400 r/min and 5 N * m, the total harmonic distortion of the B-phase current decreases from 18. 57 %
to 13.38%. Under 1 000 r/min, when the load decreases from 5 N * m to 2 N * m and then increases from 2 N ¢ m to
5 N * m, the system regulating times decreases from 0. 332 and 0. 541 s, to 0. 278 and 0. 495 s, respectively. These results
verify that the proposed method can reduce the online computational overhead, improve the current waveform quality under
single-phase open-circuit faults,suppress torque ripple,and enhance the dynamic disturbance rejection capability of the system.
KEYWORDS: electrical engineering; fault-tolerant control; model predictive current control; open-winding perma-

nent magnet synchronous motor; dual inverter
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