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X. CONCLUSION

This paper has indicated how the SE, DE, and ME of PMSM
can be diagnosed. A novel pattern frequency has been intro-
duced for the diagnosis of eccentricity and the determination
of its type and degree. A model of the faulty PMSM with SE,
DE, and ME using TSFEM was shown. The spectrum of stator
current was calculated using FFT, and the amplitude of this
pattern was introduced as a proper index. The proposed index
was robust against load variation, and it is not necessary to
specify motor load for accurate fault diagnosis. Thus, this index
is much more efficient than global indices which are employed
for eccentricity fault diagnosis in induction motors. Meanwhile,
a comparison between the spectrum current of the faulty PMSM
due to eccentricity and open circuit, short circuit, and demag-
netization illustrates that only eccentricity generates these kinds
of sideband components. Thus, discrimination between eccen-
tricity and other faults using this index is possible. To evaluate
the effectiveness of the proposed index, correlation analysis
was performed. The eccentricity type was then determined by a
k-NN classifier, and three-layer ANNs were employed to esti-
mate the eccentricity degree. White Gaussian noise was added
to the simulated current, and the robustness of the proposed
index was analyzed with respect to the noise variance. The
proposed index could estimate the value of eccentricity and
its type with acceptable error rate, and it can be used for
developing highly accurate fault detection system for PMSMs.
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