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Diagnosis of Open-Phase Fault of Five-Phase Permanent
Magnet Synchronous Motor
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Abstract: A new fault diagnosis strategy is proposed for the single-phase (two-phase) open-
circuit faults of the five-phase permanent magnet synchronous motors (FP-PMSM). Firstly, the
output characteristics of the inverter terminal voltage before and after the open-circuit fault are
analyzed, and the expressions of the fundamental wave current in the o8 subspace under 15 fault
states and normal state are obtained. The trajectory of the fundamental wave current in the o8
subspace is circular in normal state and elliptic in fault states. Therefore, an open-circuit fault
can be determined according to the change rate of the distance between the current trajectory and
the origin of a3 subspace within the time when the rotor rotates through five sectors. Secondly,
according to the output characteristics of the inverter terminal voltage under different fault
states, the trajectory distribution characteristics of the third-order harmonic current in the
fundamental rotating coordinate system under 15 open-circuit fault states are obtained. By
comparison, it can be seen that the trajectory distribution characteristics of the third-order

harmonic current under different open-circuit faults are very different, so that the trajectory
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distribution characteristics can be used as the basis for fault location. Thirdly, the influence of

motor speed and load torque on the trajectory of the third-order harmonic current is analyzed.

Finally, an experimental platform built with DSP as the core is used to verify the proposed fault

diagnosis strategy.

Experimental results show that this fault diagnosis strategy quickly

determines and locates faults in both steady state and dynamic conditions.

Keywords: five-phase permanent magnet synchronous motor; open-circuit fault; third-order

harmonic current
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Fig. 1 Vector control block diagram of FP-PMSM
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