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Abstract: Objective: To improve the accuracy and comprehen-
siveness of permanent magnet motor stator winding fault diagno-
sis. Methods: A fault diagnosis model of permanent magnet
motor stator winding based on stack autoencoder (SAE) was pro-
posed, and a neural network composed of SAE and Softmax clas-
sifier was used to train the network with fault sample data. The

simulated annealing particle swarm optimization (SAPSO) algo-
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rithm was used to optimize the connection weight and bias of the
network, and determined the optimal network structure. Results:
The network had been used to realize the fault diagnosis of inter-
turn  short-circuit, inter-phase short-circuit, inter-phase
insulation reduction, and poor contact of the terminals of the per-
manent magnet motor stator windings. Compared with wavelet a-
nalysis + Softmax, spectrum analysis + Softmax and SAE +
Softmax, the diagnostic accuracy of this method was the highest, and
the diagnostic rate was 99.40%. Conclusion; The optimized SAE +
Softmax fault diagnosis model has good robustness and is less affected
by motor speed and load changes, which can improve the accuracy of
permanent magnet motor stator winding fault diagnosis.

Keywords: permanent magnet motor; stator winding fault diag-

nosis; simulated annealing particle swarm; stack autoencoder;

softmax classifier
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Fault diagnosis model of permanent magnet motor stator winding
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experimental motor
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diagnostic accuracy

F3 FAEMEEEITERENZ I
Table 3 The impact of different network structures

on accuracy

P 2% 45 4 e A/ 6
600-200-10 75.26
600-200-10 60.55
600-200-20 80.64
600-200-30 86.91
600-200-40 90.86
600-200-50 99.40
600-200-60 98.14

HIMBE - BETHRENRDINREENIEFRARESUH

L3 A5 A5 ATVE A B R AIE L 2% A Softmax 43 28 i
s . TR B — M SR 10 F138 LR
TE s B AR H B ML 13 RS Y 13 000 ASFRAS B AL
Sy R 10 By B B A 9 OV D IR AE BT 1 —
PRI 4, 58 IRIEEE & 10 ¥k, BL 10 YR fER 319 - 3
EAE R B WIS W T R . 15 300 LA g I 2% 4,

R4 TECHTEEBEIL
Table 4 Comparison of accuracy rates of different

diagnostic methods

B 05 2 BRI R/ %
JINIE 43 BT+ Softmax 85.60
Btk 43 1+ Softmax 95.96
SAE+Softmax 97.62
SCHR AR T 99.40

di % 4 AT A0, /N B 4y M+ Softmax, # 3% 4 Mr +
Softmax 2 #E i K 18 AR F 30 BT 48 7 ik . B X B Fh Oy
IRPRECH Y BB R AR R 85 58 5 LE AR SO b T 4R O vk
SAE+Softmax J5 7 2 Wi R . 7T LA R H 4l ik )5 1
SAE+ Softmax #{t %12 Wi A 12 W7 i o R0 g, IS A T
7K B F B AL E T R AL R 12 K
g5

P T T HEER A 3 460 2% (SAE) 1 Softmax 432
FRARGS A (K T i Bl AL - 28 A1 R 32 B S L BE R
T SAE W% 93 KEFE SR BUEE /7 . XAt T SAE W% R
B4 2ERe 1 W ) 8L, SE T A8 T SR AL 1 I I S I A 1)
0 A O i) 4 % A6 AV 02 4 0 F B2 MRS LS 13 Bl
KEfi2 Wi, 3 F SAPSO ) SAE -+ Softmax 4 % 1) {1k
SR IB ) SA B ZEBRERE I TR A B R IR T
BFMHERBRET RS T KB ILE TR
W R Y o B R, IR R T, & ad Mk G Y SAE +
Softmax H{ [ 2 Wi A5 70 G s M 47, 32 W LI 3 R 47 2R 28 4L
BRRE WL 70N o L 32 TR 1 9 23R 7

5% 3Lk

(1] BVGF, 8, R . w1 RE K i 7] A5 47 il & 48 0F 50 BUAR B
JE[I]. SHL AL, 2014, 47(7): 84-88.
BAO Xi-ping, JI Zhi, ZHU Tao. Research and development on high-
performance PMSM servo system[J]. Micromotors, 2014, 47(7):
84-88.

2] R, ok, 1, A5 ELA AL AR LA A HLEE AR AR 7 2k 5 1]
R B &SP, 2012, 28(6): 187-189.
ZHU Xue-jian, MA Yong, FENG Yu, et al. Cartesian coordinate robot
bottle embryo packing production line control system[J]. Food & Ma-
chinery, 2012, 28(6): 187-189.

[3] MEJE, A B, B SC R TR A B A AL B B IS R K R

97



98

A 542 % MACHINE & CONTROL

GENTSE[]. PR PG 5 ], 2010, 18CD: 8-10.

XUE Han, XIE Li-li, YE Liu-yi. Study of fuzzy fault diagnosis ex-
pert system in motor system[J]. Computer Measurement & Control,
2010, 18C1): 8-10.

SR, BRI (F40 B . AR A5 o L5 I P B O 12
BT B F 5 BUOR B % S R (). L AL, 2013, 46(2): 1-4,

LIANG Wei-ming, CHEN Cheng, REN Ji-liang, et al. Review and

[4

=

development trends of stator winding inter-turn short circuit fault
diagnosis in PMSM[J]. Micromotors, 2013, 46(2): 1-4.

[5] X3, B & . I T2 B0 R K [7] 45 v WL 7 %6 4 I [ i g
BB AIF ST [9]. L 4 R, 2015, 42€10): 48-54.

LIU Yi, ZHENG Zhi-guo. Study for short-circuit fault of permanent
magnet motor based on parameters model[J]. Electric Machines &
Control Application, 2015, 42(10): 48-54.

(6] RURUR, BL . Ak 1 I7) 25 vl B ok I i) L S 3 e ) Gz 00 7
I AL Bh, 2020, 50(4): 98-103.

WU Juan-juan, PI Wei-wei. Method for detecting short circuit slight
fault of the PMSM[J]. Electric Drive, 2020, 50(4): 98-103.

(7] ARE 4, 2B, I, 5. J% T et EMD 5313 1 K i 7] 45
HLBL B RFE S D). BB L, 2011, 44€2): 65-69.

ZHU Xi-hua, LI Ying-hui, ZHOU Fei-fan, et al. Fault feature ex-
traction for PMSM based on ameliorated EMD arithmetics[J]. Mi-
cromotors, 2011, 44(2): 65-69.

[8] WA 55, BRut, £ UM, 5. BT ot/ A 28 4 AL 15 5l & 1 ok

T 1) 5 v, AL I [R] e S8 A oee A 00 [0, Pl I o R 2 i, 2020, 35
(S1: 228-234.
CHEN Yong, LIANG Hong, WANG Cheng-dong, et al. Detection of
stator inter-turn short-circuit fault in PMSM based on improved
wavelet packet transform and signal fusion[J]. Transactions of China
Electrotechnical Society, 2020, 35(S1): 228-234.

(9] = [EI 58, =B, 4 A 5. B TR SR 24 1 20 A 1) K i 1) 25 v AL
R I2 W 05 B (D). #0451, 2014, 21C(10): 106-109.

YUAN Guo-qiang, LI Ying-hui, YANG You-ze. Fault diagnosis
simulation of PMSM based on LMD[J]. Electronics Optics & Con-
trol, 2014, 21(10): 106-109.

[10] A5V, Sk, 488 &, A5 SRR 2 > 17K [ 25 AL

W (7] e 8% 30 I 32 W7 7 125 (0] AL BIL 5 4 2% i, 2020, 24(9):
173-180.
LI Yuan-jiang, ZHANG Zhou-lei, LI Meng-han, et al. Fault diag-
nosis of inter-turn short circuit of permanent magnet synchronous
motor based on deep learning[J]. Electric Machines and Control,
2020, 24(9): 173-180.

(] sk &, 40T, 2248, S5 R T IR I 2 > Bk 5 25 e AL
WCBE 2 W7 5 ik (00, TERE DL 5 4, 2019, 36(10): 123-129.
ZHANG Zhou-lei, LT Yuan-jiang, LT Meng-han, et al. Fault diag-
nosis method of permanent magnet synchronous motor based on
deep learning[J]. Computer Applications and Software, 2019, 36
(10): 123-129.

[12] 25, FH#, 258 5T 5t ELM 1 7K 8 [ 25 H HL TS ke 12 1K
B RGN H A4, 2017, 29(3): 646-653.

B 2418 | 2021 £ 11 A | _RéSHUM

WANG Xin, WANG Yan, JI Zhi-cheng. Fault diagnosis algorithm
of permanent magnet synchronous motor based on improved ELM[J].
Journal of System Simulation, 2017, 29(3): 646-653.

[13] BRARAT:, 4800, 2247, 45, 2k T 2% 2 19 PMSM 1 1 [T (5]

JL I A AR AR SR I (7). L ) R GE AR P 5 I, 2016, 44C17):
18-19.
CHEN Bing-ren, LI Ying-hui, LI Zhe, et al. Feature extraction of
inchoate interturn short circuit fault for PMSM based on manifold
learning[J]. Power System Protection and Control, 2016, 44(17):
18-19.

[14] 58, PR r. 2k 7 Ak 3 1 ol 4 5% 4% 19 2 0 4 U0 O
B[] TFA ML RE, 2018, 44(11): 140-147.

WANG Pan, CHEN Xue-jiao. SAE-based encrypted traffic identi-
fication method[J]. Computer Engineering, 2018, 44(11): 140-147.

[15] Je AR UM, Bk, FH0F L 45, 5L T M A 3l g D g R B i 22 0

2% 1 el BE I B B 43 26 05 i (0] b ) A SRR, 2019, 39(5):
157-162.
QU Xiang-shuai, DUAN Bin, YIN Qiao-xuan, et al. Classification
method of power quality disturbances based on deep neural
network of sparse auto-encoder[J]. Electric Power Automation E-
quipment, 2019, 39(5): 157-162.

[16] #EVL, AR, SRR 2L, S5, — Fh Ik T oot e AR B 2 2 T8 4 19

WA R F AL B 5 U 5 5 B AR AIE B IR 1 D). A AL AR
24, 2017, 37C19): 5 696-5 706.
CUI Jiang, TANG Jun-xiang, GONG Chun-ying, et al. A fault fea-
ture extraction method of aerospace generator rotating rectifier
based on improved stacked auto-encoder[J]. Proceedings of the
CSEE, 2017, 37(19): 5 696-5 706.

(7] F = eh, BRI, b ML, TR B 27 o 76 v AL IBE 2 b i) 17 )
W], T8 HL0T 2, 2019, 36(10): 423-428.

WANG Hui-zhong, HE Ke-ke, FANG Li-xiang. Application of
deep learning in motor fault diagnosis[J]. Computer Simulation,
2019, 36(10): 423-428.

[18] BR#E 4k, 25 W 50, 3T SAPSO_RBF 1 28 [ £ 1) %] 4% EeL 15 )

AT ], BRBCHE TR 4R (5 B 5 B #L TR0, 2017, 39(4):
422-426.
CHEN Fu-ji, HUANG Ya-ju. Research on the prediction of
network public opinion based on SAPSO_RBF neural network[J].
Journal of Wuhan University of Technology (Information & Man-
agement Engineering), 2017, 39(4): 422-426.

[19] JLECE, W B0, 5K 55 B F e B UR K S ML 88 A &2 )8
HEAR LRI D). R GED) EL 2, 2013, 25(3): 480-483, 488
GONG Dun-wei, ZENG Xian-feng, ZHANG Yong. Global path
planning method of robot based on modified simulated annealing
algorithm[J]. Journal of System Simulation, 2013, 25(3): 480-
483, 488.



