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Fault diagnosis method of planetary gear box based on variational
modal decomposition and particle swarm
optimization support vector machine
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Technology University, Beijing 100192, China; 2. Sinovel Wind Power Technology ( Group) Co. Lid. ,Beijing 100000, China)

Abstract: This paper takes the planetary gear transmission system with high incidence of faults as the object, a fault diagnosis method
based on variational mode decomposition (VMD) and particle swarm optimization ( PSO) to optimize support vector machine (SVM) is
presented. Firstly, the signal is decomposed by VMD, the decomposed components are processed by improved wavelet method, and the
processed components are reconstructed to highlight the signal. The weak information of SVM is extracted. Then, the sample entropy and
root mean square error of the processed vibration signal are extracted, and the input matrix is formed. Finally, PSO is introduced to
optimize the key parameters of SVM, and the extracted eigenvectors are input into PSO-SVM for training and recognition. The method is
applied to the planetary gear crack fault, the solar gear tooth fault and the planetary gear bearing fault signal obtained by the planetary
transmission test platform. The effectiveness of the method is verified by multi-dimensional comparison.
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Fig.4 Planetary transmission test bed
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Table 1 Gear parameters in planetary gearbox
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TR 44(3) 0.5 20
KIR% 18 0.5 20
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Table 2 Planetary gear bearing parameters
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Table 5 Characteristic frequency of planetary gear bearing
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Fig. 6 Frequency spectrum of planetary gear vibration signals
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Table 6 Eigenvectors of four operating conditions

BIPIRAS {5574 SE RMSE
1 0.223 1 0.0169 6
2 0.221 4 0.0168 2
3 0.202 6 0.0168 3
4 0.241 4 0.0166 7
5 0.2419 0.0163 0
6 0.213 5 0.0167 2
7 0.234 1 0.0168 4
8 0.223 8 0.0166 8
9 0.212°8 0.0167 7
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17 ar
11 0.206 2 0.0165 1
12 0.220 3 0.0170 0
13 0.211 6 0.0166 5
14 0.228 2 0.0168 3
15 0.2555 0.0163 4
16 0.230 5 0.0161 5
17 0.237 0 0.0164 0
18 0.228 6 0.0168 1
19 0.2311 0.0167 5
20 0.239 6 0.0169 9
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Table 7 Comparison of diagnostic results

X} H T AT VMD-MCNN
WAL T R/ % 99. 79 99. 38
B ] /s 0. 89 0.73

M2 7 Al LA R SCT7 i RV A i B P i ]

R0 T 2230 TR T s (E R ) v A BT 5
3 % it

ARSCHESE T 3T S8R5 1) PSO-SVM H B i2 Wi 75
I TAT R 1L 3h RGUEARE G, R PSO
FEIE AL SVM B OCEESH, SR IAL B1S 15 5 AR A A
Y5 AR 25 4 U 2 5 A i A\ PSO-SVM P47
WIS, X A Mg W 2 SRR WD ) R 2 80 A6
W A A2 W T Al 0 1 T B — S U AR, HL2 PSO
PEALS 8 SVM 5 BEI2 B 28 B 32 i, RE X 4 100
PEAT R HER YIRS
S 3k
[1] LIF H, LI R, TIAN L L, et al. Data-driven time-

frequency analysis method based on variational mode
decomposition and its application to gear fault diagnosis
in variable working conditions [ J]. Mechanical Systems
and Signal Processing, 2019,116:462-479.

[ 2] SAUCEDO-DORANTES J J, DELGADO-PRIETO M,
OSORNIO-RIOS R A, et al. Diagnosis methodology for
identifying gearbox wear based on statistical time feature
reduction [ J ]. Proceedings of the Institution of
Mechanical Engineers, Part C: Journal of Mechanical
Engineering Science, 2018,232(15) :2711-2722.

[3] LIYB,LIGY, YANG YT, et al. A fault diagnosis
scheme for planetary gearboxes using adaptive multi-scale
morphology filter and modified hierarchical permutation
entropy[ J]. Mechanical Systems and Signal Processing,
2018,105; 319-337.

[4] WANG L M, SHAO Y M. Crack fault classification for
planetary gearbox based on feature selection technique
and K-means clustering method [ J]. Chinese Journal of
Mechanical Engineering,2018,31(1) :4.

[ 5] WANG X, QIN Y, ZHANG A B. An intelligent fault
diagnosis approach for planetary gearboxes based on deep
belief networks and uniformed features [ J]. Journal of
Intelligent & Fuzzy Systems,2018,34(6) :3619-3634.

[ 6] ZHANG M, WANG K S, WEI D, et al. Amplitudes of
characteristic frequencies for fault diagnosis of planetary
gearbox[ J]. Journal of Sound and Vibration,2018,432.
119-132.

[ 7] VRGNS, RERER, AR 17 B U 5040 U7 50 R F i e 4l
S RRAE (], P E LT R4 4R, 2013,33(5)
119-127.

FENG ZH P, ZHAO L L, CHU F L. Vibration spectrum
characteristics of local fault of planetary gearbox gear [J].

Chinese Proceedings of the CSEE, 2013, 33 (5).



VMD K PSO Ak SVM (47 B 15 4 Aa i b 12 - 61 -

14
118-125.
(8] VoM, w ks, e . A7 B AN AR AR iR Sl S 52 16y

(9]

[10]

[11]

[12]

[13]

[14]

L[ M. b5t B A, 2015.

FENG ZH P, CHU F L, ZUO M J. Vibration fault
diagnosis method of planetary gearbox [ M ].
Science Press, 2015.

W, LR, 25 3T P AT R
WS ARIRENE 507 L S B2 W [ 1] DL TR
#2,2014,50(17) :61-68.

LEI Y G, TANG W, KONG D T. Vibration signal

simulation and fault diagnosis of planetary gearbox based

Beijing :

on transmission mechanism analysis [ J]. Journal of
Mechanical Engineering, 2014,50 (17) . 61-68.

W T, AR 2. PSO U4k 1Y S5 U B8 4 52 R ARt 4
FRCBRAZW ] LT I0 i 5 A ~ 4, 2020, 34(7)
64-72.

SHANG X M,XU Y G. PSO optimized maximum kurtosis
entropy deduction gearbox fault diagnosis [ J]. Journal of
Electronic Measurement and Instrumentation, 2020, 34
(7) :64-72.

FEAEFE KSR, XU B T4 i NSET FIASR) R 2
AR HL A 4 A AR S MR I [ )], AU R 2 4k,
2019, 40(7) ; 138-146.

WANG Z Q, LIU CH L, LIU SH. Condition monitoring
of wind turbine gearbox based on integrated NSET and
fuzzy soft clustering [ J]. Chinese Journal of Scientific
Instrument, 2019,40(7) :138-146.

WIE, /N, W AE. R LA A e AR LB
BRPUE TR TE )] AR AR, 2016, 37(12)
2758-2765.

MENG L X, XU X L, JIANG ZH L, et al. Research on early
fault early warning method of wind turbine gearbox [J].
Chinese Journal of Scientific Instrument, 2016,37(12) .
2758-2765.

YAN X A, JIA M P. A novel optimized SVM
classification algorithm with multi-domain feature and its
application to fault diagnosis of rolling bearing [ J].
Neurocomputing, 2018,313; 47-64.

ZHAO HS, GAO Y F, LIU H H, et al. Fault diagnosis of
turbine stochastic  subspace

wind bearing based on

[15]

[16]

[17]

(18]

identification and multi-kernel support vector machine[ J ].
Journal of Modern Power Systems and Clean Energy,
2019, 7(2) : 350-356.

T8, 750 R, B0 /N 25 e -Teager 51 YA 52
s R B T i [0 ], PR 3. K 5 12 i, 2018,
38(1):155-161,212-213.

HE W, YUAN L,ZHANG X Y. An improved wavelet
denoising -teager operator method for gear weak fault
extraction [ J]. Vibration. Testing and Diagnosis, 2018,
38(1):155-161,212-213.

KENNEDY J, EBERHART R C.
optimization | C ]. Proceedings of the IEEE International
Conference on Neural Networks, 1995.1942-1948.
XFEHN ORI, S R, S, T AR RS o iR B i
B fr SR O IE (1], R B R 22244, 2020,
48(7) :117-121.

LIU X L, XU X L, WU G X, et al

information extraction method based on variational mode

Particle swarm

Fault weak

decomposition [ J]. Journal of Huazhong University of
Science and Technology, 2020,48(7) ;117-121.

Wt A, i T 200 A Bl 28 I 2% 1) 14
FEPR Bl 5 5 R AE 4 M, [ 0], HUAR TR 2 4, 2021,
57(1) :110-120.

YE ZH,YU J B. Feature extraction of gearbox vibration
signals based on multi-channels weighted convolutional
neural network [ J]. Journal of Mechanical Engineering,

2021,57(1) :110-120.

EEE N

)
S

XIZE I, 2016 4F Tt 5UE LR A 3G
TAEW AL, BN A RUE BRI
P 4 2 P T S = B T 5 B, R
WHFETT 18] A HILF R ST B J v
E-mail: liuxiulilw@ 163. com

Liu Xiuli received her Ph. D. degree in

2016 from Beijing Institute of Technology, now she is a research

assistant in the Key Laboratory of Modern Measurement and

Control Technology of Ministry of Education, Beijing Information

Science and Technology University. Her main research interests

include measurement and control technology and application of

electromechanical system.



