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Typical fault diagnosis of permanent magnet synchronous motors

HUANG Wen'? | LYU Ke' , HU Jinghua', CHEN Junquan'*
(1. National Key Laboratory of Electromagnetic Energy, Naval University of Engineering, Wuhan 430033, China;
2. Northwest Institute of Nuclear Technology, Xi’an 710024, China)
Abstract; For the common stator winding short circuit and rotor eccentricity faults in surface-mounted permanent magnet synchronous motors,
a flexible printed circuit board with small footprint and capable of accommodating a large number of windings was used to fabricate the detection
coil, which was then arranged in the stator slots to capture magnetic field information. For the stator winding short circuit fault, a winding short
circuit detection method using dual orthogonal phase-locked loop to extract fault characteristic values was proposed. This method can effectively
distinguish the short circuit resistance, short circuit winding number, and fault location, and was not affected by the motor’s speed fluctuations. For
the rotor eccentricity fault, a differential bridge structure of the detection coil based on high-frequency injection was proposed for eccentricity
detection, and ultimately, a 2% eccentricity detection can be achieved. For the composite fault, a fault discrimination scheme based on
convolutional neural networks was introduced, and the performance of different learning methods was compared. The experimental results show that
under the composite fault condition, a 98% correct rate of winding short circuit assessment is achieved, and the eccentricity detection error using
AlexNet with a training data proportion of 60% 1is only 5% .

Keywords: motor fault detection; short circuit between stator turns; eccentric fault; detection coil; convolutional neural network
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Fig.7 Layout scheme and differential circuit

structure of detection coil
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Fig. 11  Experiment results under different

degrees of eccentricity
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Fig. 13 Experimental results under different load with

the same degree of eccentricity

SRS M5 EEURAN R B FRAE R B 280 (E
ABRIES o o Hr FLIEU A 2 40 26 Pl 22 5 Tl
1, T 2e bR 22 ol Ao B (AR 5% 1 AN 2 2 Al O
A PRI 1) Fi SRR A A 22 57, O 7 i
REW A FRAL R A5 o EJE X R, Toig
JE S N AR ST A AR A (2
[E]EROR 5 [R) R A2 A3 DRI, £ S B B FH Hh A
A CoPRAS T R — U 2 7 FL B A HE AR, O
FAE D ER Ik Pl 22 256 1R 22 RO M HEAEL, DALt by B ik
Ao ) S5 O DR T 0

3 {ROANE E R E SRR 7T A

SR i I TR ] St oF A o A0 114 52 60, DA
DR JEL B 1T 50 36 [T {9, 3 [ g AT R0 £ Pl =2 1)
AR B SC R AN 14 B, OIS R BRe X 4 4 1)
(ERIEEES AT G/ NS

R A T R e [U PO R VA wa Iy
Fig. 14 Schematic diagram of the relative position between

the short-circuit circuit and the detection coil
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Tab.1 Change rate of mutual inductance between a-phase and

detection coil under different degrees of eccentricity
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WH WH K 1/% WH 2% fER
SCl1 255.46 254.94  -0.20 254.54  -0.36  1.77
SC2 458.05 456.27 -0.39 454.85 -0.70 1.80
SC3 -26.25 -26.23 -0.08 -26.18 -0.27 3.50
Sc4 177.23 181.78 2.57 185.17 4.4 1.75
SC5  -306.65 -295.45 -3.65 -287.15 -6.36 1.74
SC13  -307.96  -308.35 0.13  -308.63 0.22 1.72
SCl4  -706.39  -706.61 0.03 -706.97 0.08 2.64
SC15  263.30 268.72 2.06 273.27 379 1%
SC16  661.49 661.13  -0.05 658.14 -0.51 9.31
SC17  -308.65  -321.10 4.03 -331.93 7.54  1.87
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Tab.2 Parameters of the architecture analyzed in this article

ZFx REE 2% SR
AlexNet 8 25 61 x 10°
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SqueezeNet 18 68 1.24 x10°
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Fig. 16  Confusion matrix of different CNN

evaluation results
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Fig. 17 Diagnostic performance of different

network architectures
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