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Abstract . [Objective] Permanent magnet synchronous motor
(PMSM ) is widely used in wind power generation and
electric vehicles due to its high power factor, simple structure
and good dynamic performance. However, PMSM may
experience phase loss faults during operation due to reasons
such as drive failure or loose stator winding connections.
When operating with phase loss, the PMSM generates noise
and vibration, leading to a reduction in output power.
Prolonged phase loss operation can also damage electrical
equipment, making accurate fault diagnosis crucial for
ensuring the normal operation of the equipment. [Methods]
This paper proposed a fault diagnosis strategy based on an
( TEWT ) and

categorical boosting ( CatBoost) algorithm, and applied it to

improved empirical wavelet transform

the phase loss fault diagnosis of six-phase PMSM. First, the
basic principle of the IEWT algorithm was introduced. The
IEWT algorithm performed spectral segmentation on the
Welch power spectrum, effectively suppressing modal aliasing
compared to the empirical wavelet transform ( EWT )
algorithm. Then, the PMSM fault signal was decomposed
using the IEWT to obtain the modal components. The energy
moments of each modal component were used to characterize
the fault signal and construct a fault classification dataset.

Finally, based on an arithmetic optimization algorithm, 80%
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of the dataset was used as a training set to tune the
hyperparameters of the CatBoost algorithm.  Suitable
hyperparameters were selected to build a CatBoost fault
classification model, which was compared with other
traditional classification models. [ Results ] Experimental
results show that the fault diagnosis strategy based on IEWT
and CatBoost algorithm effectively suppresses the erroneous
segmentation phenomenon caused by large side lobes near the
main frequency in the traditional EWT algorithm, improving
fault classification accuracy. ~Compared to traditional
classification models, the CatBoost multi-classification model
can more accurately identify fault types, demonstrating
balanced classification performance for each fault category. It
has stronger generalization ability and performs well under
different fault conditions. [ Conclusion] The experimental
results validate the feasibility and effectiveness of the
proposed fault diagnosis strategy for six-phase PMSM phase
loss fault diagnosis, providing support for future six-phase
PMSM fault-tolerant control and comprehensive fault detection
technologies.
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Fig.1 Comparison of spectrum segmentation effects
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Fig. 5 Experimental platform
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Tab.2 Simulation parameters

Eeais ZHUE
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Fig. 8 Model training ACC curves
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P 9wl RS EUS BRI 5 3T 38 IR ik
8 B — A8 T IR AR 10 70 SR HE R AR B TR T,
AOA fff CatBoost 73 tERERF 2 T M
4.2.2 REpEFEAIL

K HIFEHLAR M ( Random Forest, RF) . XGBoost
F CatBoost —Fh4E i & LA N SVM . BP i Fij i —
B2 > B 0o [) — e B3 5 4 4R 4 47 )1 2 0 it

© Editorial Office of Electric Machines & Control Application. This is an open access article under the CC BY-NC-ND 4. 0 license.



AL SR, 55 52 %, %511
Electric Machines & Control Application, Vol. 52, No. 1, 2025

19

B9 IiFE ACC Xttk
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