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Fig.3 Basic fault-tolerant control scheme for a pentacle-wired five-phase PMSM with phase-A open circuit fault
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Table 1 The main parameters of the pentacle-wired
five-phase PMSM
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Fig.10 Experimental platform of five-phase
PMSM drive system
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A zero-sequence current suppression method for pentacle-wired
five-phase PMSMs under a single-phase open fault

ZHOU Yameng', TIAN Bing', TAN Qiang', WANG Tao’
(1. College of Automation Engineering, Nanjing University of Aeronautics and Astronautics, Nanjing 211106, China;
2. College of Electrical Engineering, Zhejiang University, Hangzhou 310058, China)

Abstract: The zero-sequence circulating current (ZSCC) becomes prominent in the single-phase open-circuit fault of a
pentacle-wired five-phase motor, and this phenomenon can lead to phase current distortion and torque fluctuation. To address
this issue, a linear approximation control method is proposed, and proportional-integral (PI) control is used to suppress the
alternating ZSCC. Firstly, a decoupling fault-tolerant control scheme for a pentacle-wired five-phase motor is introduced. This
scheme extends the existing fault-tolerant control for star-wired five-phase motors by developing additional line-to-phase
transformation matrices for the phase current and voltage. Then, a nonlinear mathematical relationship between ZSCC and
zero-sequence electromagnetic torque is derived, and the nonlinear zero-sequence model is linearized using a subdivision
method based on the rotor position. Combined with a multi-dimensional PI controller, ZSCC suppression is achieved. Finally,
simulation and experimental results suggest that ZSCC exhibits an alternating characteristic with a significant amplitude
oscillating at the fundamental frequency before suppression. ZSCC is effectively eliminated after the suppression method is
applied. Also, the phase currents return to normal and can recover from the prior condition of severe imbalance and over-large
amplitude, and the torque fluctuation issue is mitigated. In conclusion, when a single-phase open-circuit fault occurs in a
pentacle-wired five-phase motor, the fault-tolerant control method with active suppression of ZSCC can be used to mitigate the
phase current distortion and torque fluctuation.

Keywords: pentacle-wired five-phase motor; fault-tolerant control; zero-sequence circulation current (ZSCC); approximate

linearization; proportional-integral (PI) control; vectorial control
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