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Denoising method for vibration signal of inter-turn short circuit
fault in PMSM based on IWOA-VMD
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(School of Electrical Engineering and Electronic Information, Xihua University, Chengdu 610039, China)

Abstract: Aiming at the problem that vibration signal of inter-turn short circuit fault in permanent magnet synchronous motor (PMSM) is
easily affected by noise and it is difficult to accurately extract the fault feature of it, an improved whale optimization algorithm (TWOA)
optimized variational mode decomposition (VMD) denoising method is proposed and applied to vibration signal of inter-turn short circuit
fault in PMSM. Firstly, the nonlinear convergence factor, adaptive weight and the Cauchy operator are introduced into the traditional
whale optimization algorithm, and the INOA algorithm is used to optimize the VMD parameters to achieve adaptive signal decomposition.
Secondly, according to the principle of selecting the optimal intrinsic mode function based on multi-scale permutation entropy and
variance contribution rate, the signal components are divided into the noise-dominated components and effective signal components. The
noise-dominated components are denoised by the non-local mean filtering (NLM). Finally, the denoised and effective signal components
are reconstructed as denoised signal. A motor short circuit fault model is established using ANSYS finite element software, and a short
circuit fault experimental platform is built. Using this method to denoise the simulated and measured signals, it is further compared with
many denoising methods such as wavelet threshold denoising method. The signal to noise ratio of the simulated signal is improved from
8 dB to 20.273 8 dB, and the signal to noise ratio of the measured signal is improved by 77.01% compared with wavelet threshold
denoising method, which proved the effectiveness and practicality of the proposed method.
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Fig. 1  Flow chart of the denoising method in this paper
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Table 3 Comparison of denoising performance of

simulated torque signal under different SNRs
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XI5k
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Table 4 Basic parameters of the experimental motor
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IWOA optimization result of measured

vibration signal after the fault
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Table 5 Comparison of denoising performance of

measured vibration signal after the fault

FRURR SNR RMSE NRR
/N B 10.2214  0.020 8 0.256 0
CEEMDAN /)N 5B 12.839 7 0.015 4 0.334 7
S_VMD /)N B {E 16.2441  0.010 4 0.544 5
AT 18.0925  0.008 4 0.599 6




-214 - LSRR R e o

38 &

5 & it

-l

AR T —FiJET IWOA-VMD AR A5 5 Ab
7 FER R T PMSM [ 7] 48 B i B 9% 5 15 5 2%
W, 7 EAF S NSNS S A R MR S TR H )5 1 Y
ARHE, RIS LU 4518

1) fdi 1 TWOA vk T4k VMD Bkt 3544,
SEfll T VMD S I SRR R ST AR S B 3 A AL
RCABEGE TESRERG . A MECT /N B 2
W77 3% \CEEMDAN /)N F 25 1 7 1 AT S_VMD /1N 1
(LM 7 55 S R WA S 2 W 05 12 B B4 Y
ZMEHOR

2) FT 2 R -J7 22 57 R A UE ] 1) i P A 25
SRRSO REAE A RLHENE 5 rh s SR {5 5 45 R
B

3) W i Pl & A WA RUE SRR R
ELHEABR , NLM 75350 35 A e 40 e 7 A2 03 i kA T 25
W OB LR TP IR R
&% 3k
[ 1] s, 2T, 45, & RRGHRZ N E XK
FAL AL SRR T]. BAL S R, 2022,
26(4) : 47-56.

XIEY, LIHY, CAI W, et al. Design and research of
double layer internal permanent magnet synchronous
motor with hairpin winding[ J]. Electric Machines and
Control, 2022, 26(4) . 47-56.

Wil , SI5FE, T, . ETamkzsr e v
5 B RG ) A H AL I (v S o 5 A 4G DN 5 € 32 7
BB L], b E AL TR SR, 2022, 42(1):
340-351.

HANG J, HU Q T, DING SH CH, et al.

detection and location of inter-turn short circuit fault in

(2]

Robust

permanent magnet synchronous motor based on square of
residual current vector modulus[ J]. Proceedings of the
CSEE, 2022, 42(1) . 340-351.

W, BHE, BRMG, S KGR 2D AL I ) i
Bl 7 0 B (1], B THOR 24, 2022, 37(2):
322-331.

XIE Y, HU SH M, CHEN P, et al. Thermal field

analysis on inter-turn short circuit fault of permanent

(3]

magnet synchronous motor [ J]. Transactions of China
Electrotechnical Society, 2022, 37(2) ;. 322-331.
EMBL, AW, AR, L ETHLRG SRS
DFIG & TS84 [ 0] s g i iz W [ ]. I R G A
ik, 2020, 44(9) . 171-178.

WANG D Y, GU H G, WEI SH R, et al. Diagnosis of

[4]

[5]

[6]

(7]

[8]

(9]

[10]

[11]

inter-turn short-circuit fault in stator windings of DFIG
based on mechanical and electrical signal fusion [ J].
Automation of Electric Power Systems, 2020, 44 (9) .
171-178.

G, Bl WEE. BTG SVD_EMD 4%
TR LR MR (D] T I S A g A
2022, 36(1) . 166-173.

WANG L X, MA H ZH, DAI F. Improved singular value
and empirical mode decomposition algorithm on leakage
current denoising[ J]. Journal of Electronic Measurement
and Instrumentation, 2022, 36(1): 166-173.

e, SRWT, BRSLIE, 4F. 25T PSO-RWE B9 138 /)
W B H REBCR St AR IR SN 5 5 £ MOk (1], i sh
J1%4H%, 2020, 35(11) : 2339-2347.

YANG X, QIU M, CHEN L H, et al. Adaptive wavelet
threshold function based on PSO-RWE for vibration signal
denoising of rolling bearing [ J]. Journal of Aerospace
Power, 2020, 35(11) . 2339-2347.

FFE, M, A — M T EMD RN
BIMFR R SN (5 SR A EW L (1], A%, 2021,
66(12) . 110-116.

WANG H B, YE R SH, DU W. A hybrid denoising
method for bridge vibration signal based on EMD and
wavelet threshold [ J ]. Highway, 2021, 66 ( 12):
110-116.

PO, g, sl 45 JET K@ HEN S EEMD
HR TR ENE SRR L )], ARG, 2019,
40(7) : 187-194.

JJAY CH, LI G L, HE K, et al. Denoising method for
vibration signal of hob based on grey criterion and EEMD[J ].
Chinese Journal of Scientific Instrument, 2019, 40(7) .
187-194.

R, B HE, XIBAR, 4. JET CEEMDAN Al
CNN-LSTM FR SR B2 T [ 1], Ao,
2023, 46(5) . 72-77.

JIANG F K, LU J G, LIU M H, et al. Fault diagnosis of
rolling bearing based on CEEMDAN and CNN-LSTM[ ] ].
Electronic Measurement Technology, 2023, 46 (5):
72-71.

JKRBS, XU, BEHOH, . JET VMD M & 2 R
WA /MR A FE )], B R, 2021,
44(22) . 37-43.

ZHANG Y, LIU J, LU J Y, et al. Research on small
pipeline leakage based on VMD denoising and multi-scale
fuzzy entropy [ J]. Electronic Measurement Technology,
2021, 44(22) . 37-43.

wrE, %, Bk, %. PE-VMD 5/ BE T
EDGABG LML T]. ESM R I ER AR, 2022,



5 4 3

FTF TWOA-VMD 17K B [ 25 B BIL I (V1) et o e B 9 S 15 5 5 Mo 72 - 215

[12]

[13]

[14]

[15]

[16]

[17]

(18]

41(10) ; 39-46.

XU L, YANG J, ZHOU L, et al. Joint denoising method for
interferic fibers with PE-VMD and wavelet thresholds[ J].
Foreign Electronic Measurement 2022,
41(10) ; 39-46.

J/Ne, REFT, £58, S HT ARSI A il Al iR
RES BN R (5 5 LWk )], Ik
g5, 2021, 40(12) ; 265-274,289.

ZHOU X L, XU X L, WANG Y, et al. A gear signal de-

noising method based on variational mode decomposition and

Technology,

maximal overlap discrete wavelet packet transform [ J].
Journal of Vibration and Shock, 2021, 40 (12) . 265-
274 ,289.

WOEES, ik, W, 4. 5T WOA-VMD ik
AR RERIN S SRR T [J]. e R4 (AR
BheEhR) , 2021, 52(11) ; 3885-3898.

QITY, WEI HR, FENG G R, et al. Denoising method
of transient electromagnetic detection signal based on
WOA-VMD algorithm [ J ].
University ( Science and Technology), 2021, 52(11):
3885-3898.

wOE, ®Or, WE, . T NLM-CEEMDAN FIk:
ARG A AL IR BN 5 M [T ], b AR RS K AR
L, 2023(6) : 286-294.

ZHANG F Q, YUAN F, HE Y, et al. Vibration signal
de-noising of hydropower units based on NLM-CEEMDAN
and sample entropy [ J ]. China Rural Water and
Hydropower, 2023(6) : 286-294.

MR, VFRE, T4, . CEEMDAN 7E7Z k8%
RANE S IRBOF AR Y]. EHEE S, 2022,
39(3) : 459-468.

SHANG H K, XU J Y, LI Y C, et al. Application of
CEEMDAN in vibration signal extraction of transformer[ J].
Control Theory & Applications, 2022, 39(3) : 459-468.
IS, sk =My, MWk, 4. 5T CEEMDAN-K-means
TERBR IR S E S MBS [)]. Bk, 2023,
40(3) : 184-190.

YAN P, ZHANG Y P, TIAN ], et al. Blasting vibration
signal denoising based on CEEMDAN-K-means algorithm[ J].
Blasting, 2023, 40(3) . 184-190.

EICPE, TRBEAR, VERERL. HE T AT B 4 BT 2 I
B IR AR S MR (1], PB4, 2013,
62(5): 27-34.

WANG W B, ZHANG X D, WANG X L. Chaotic signal

denoising method based on independent component

Journal of Central South

analysis and empirical mode decomposition [ J]. Acta
Physica Sinica, 2013, 62(5) ; 27-34.
F, BRI, M, B TR AN R

[19]

[20]

[21]

[22]

[23]

[24]

[25]

[26]

HREOEAS S M DT L ()], fRsh TR 24, 2019,
32(3) : 548-556.

WANG P, LITY, GAO X J, et al. Bearing fault signal
denoising  method wavelet

of hierarchical adaptive

threshold function[ J]. Journal of Vibration Engineering,
2019, 32(3) . 548-556.

gk, N7, CEEMDAN-/INE B 1 26 SR AR 2 5
A E R R[], MR, 2022, 39(3): 41-
47,164.

FEI H L, SH J. Application of CEEMDAN-Wavelet
threshold method in blasting vibration signal processing[J].
Blasting, 2022, 39(3) . 41-47,164.

SR, LR, FAME, % —FET S_VMD 5§
Sdr_SampEn HJRl {5 S EMITE[ 1], BTRSE
Ry 586, 2022, 50(18) ; 29-38.

MA X H, KONG W D, LI Z Q, et al. A denoising
method for a partial discharge signal based on S_VMD
and Sdr _ SampEn [ J].
Control,, 2022, 50(18) : 29-38.

TR, M7, TR, S ARSI e RE R TR
oL iz g MR R (D], Mz, 2020(8)
59-64.

WANG Q Y, DU N, WANG L, et al. Application of

variational mode decomposition and energy entropy in

Power System Protection and

denoising of geocentric motion[ J]. Bulletin of Surveying
and Mapping, 2020(8) : 59-64.

Bogvk, SCiRfe. HE TR 0 A E AL TR i 2 0K
AR S IR S IR L ()] (R, 2022,
43(2): 196-204.

YIN Y B, WEN ZH H. A joint method for electrostatic
signal denoising based on mode functions optimized
reconstruction and sparse representation [ J ]. Chinese
Journal of Scientific Instrument, 2022, 43(2) . 196-204.
SZAVME, XU HE, JRAE, A LT A IE N VMD-MPE
ST IR R U5 5 B RO E DTS [T ] PR3
Hupid, 2022, 41(13) ; 135-141.

PENG Y X, LIU G J, SU Y, et al. Noise reduction
method of mine blasting seismic wave signal based on
adaptive VMD-MPE algorithm [ J]. Journal of Vibration
and Shock, 2022, 41(13) . 135-141.

YUH, LI H R, LI'Y L. Vibration signal fusion using
improved empirical wavelet transform and variance
contribution rate for weak fault detection of hydraulic
pumps[ J]. ISA Transactions, 2020, 107 385-401.
LVY, ZHU Q L, YUAN R. Fault diagnosis of rolling
bearing based on fast nonlocal means and envelop
spectrum[ J]. Sensors, 2015, 15(1); 1182-1198.
B, AR, BAMA, AF. AR ZKEE R B AL T



216+ O R 538 %
WA TP A BROTE B HORm []. mhl S (EE/ET
il 4, 2017, 21(5) : 81-88. B GEE/EE) L2009 4FE T A
HU J, GU J, XI L G, et al. Optimization discrete R IR 200, 2014 4E TV 9 22 3d
strategy of time-stepping finite element for loss analysis in KA A 2400, BN P AR R #2352 i
rotor bar of line-Start permanent magnet synchronous A S0, FEMSE T R N L RGN HLRE
motor [ J |]. Electric Machines and Control, 2017, JEE AT
21(5) : 81-88. ES E-mail ; yankunjidx@ 163. com
[27] DEMS M, KOMEZA K. Performance characteristics of a Xia Yankun ( Corresponding author) received his B. Sc.
high-speed energy-saving induction motor with an degree from Southwest Jiaotong University in 2009, Ph. D.
amorphous  stator core [ J]. IEEE Transactions on degree from Southwest Jiaotong University in 2014, respectively.
Industrial Electronics, 2014, 61(6) : 3046-3055. Now he is a professor and master supervisor in Xihua University.
[28] BALCIS, AKKAYA M. Reduction of the core size and His main research interests include power system and power
power losses by using soft magnetic material for a single- quality analysis.
phase induction motor [ J ]. Measurement, 2022, FEURAE, 2020 4 FVH 4B K 2E kA 2+
198 111421. VAT TR SN 22 10 5 ) P S -3 1) I
[29] Dhers, XU, AR5, W K g B0 OR e AL e J5 ] R H) R G L RE SRR AT
HEREE TR T]. IR SRR 2R, 2023, E-mail: 1453785815@ qq. com
37(4) : 44-53. Kou Jiangiang received his B. Sc.
MA HR, LIU H W, MOU Z L. Research on denoising degree from Xihua University in 2020. Now
method of abnormal sound signal for direct-driven he is a M. Sc. candidate in Xihua University. His main
permanent magnet motor in coal mine [ J]. Journal of research interests include power system and power quality
Electronic Measurement and Instrumentation, 2023, analysis.
37(4) : 44-53. ZRRFE, 2020 4F TP ARG A
[30] Wiz, FIEL, SOKAk, 55, BT AWM 1 OSVD iRk E DA TR SN 22 0 o ] I S =2 1) I T

JRCHL TR ik )] T E AL TR, 2021,
41(11) : 3978-3987.
YE B, ZHOU K, HUANG Y L, et al. A white nosie
suppression method for partial discharge based on AWM
and OSVD [ J]. Proceedings of the CSEE, 2021,
41(11) . 3978-3987.

7 15k L ) B G B L RE R AT
E-mail; adagioxf@ 163. com
Li Xinyang received his B. Sc. degree

from Xihua University in 2020. Now he is a

M. Sc.

interests include power system and power quality analysis.

candidate in Xihua University. His main research



