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Fig.2 Deep transfer learning diagnostic model
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1. Driving motor
3. Dynamometer
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a. Case Western Reserve University
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Fig.3 Bearing fault experiment platforms
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a. Time-domain waveform
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Note: 4 is the amplitude of acceleration, ms™. The same below.
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Fig.4 Inner ring fault signal waveform
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Table 1 IMF kurtosis value of inner fault signal VMD

IMF 47 UH A IMF 47 U LA
IMF components ~ Kurtosis values | IMF components  Kurtosis values
IMF 1 2.88 IMF 6 445
IMF 2 3.17 IMF 7 7.23
IMF 3 2.30 IMF 8 10.55
IMF 4 14.30 IMF 9 7.66

IMF 5 13.28
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Fig.5 MPDE-VMD analysis process of inner fault signal
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Fig.6 EMD analysis process of inner fault signal

&2 EMD #fREE IMF S EIEEE
Table 2 IMF kurtosis value of inner fault signal EMD

IMF 435 UF FEAEL IMF 435 U A
IMF components ~ Kurtosis values | IMF components  Kurtosis values
IMF 1 21.39 IMF 8 8.16
IMF 2 21.41 IMF 9 4.24
IMF 3 6.18 IMF 10 3.87
IMF 4 4.62 IMF 11 4.08
IMF 5 5.33 IMF 12 5.59
IMF 6 3.08 IMF 13 3.22
IMF 7 5.14 IMF 14 5.57

k6 3 o 90 3K K A 5 O B B I R TR P IE AR 12 A
M, 2 RERE IR MCVN Bl S P IR R 2RO . &
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Table 3 Experiment dataset of deep transfer learning

EAETE S SR EHR 4 bt Sith= HARCIRES FEAZL
Datasets  Bearing dataset Bearing type Bearing conditions Sample size
EH 711
CWRU SKF6205 PA Bl 1600
S 1 600
TRBN AR 1 600
A ] b 4095
%ﬁ; N 4095
Souce  UTUSY  LDKUEROS  ggpma 4095
dataset e
P B R Bl
s 10
EH 750
IMS ZA-2115 PN Bl 750
A 750
TRB R R 750
P ] b 420
H bk S 420
A6/ TE MCVN SKF6205 U i 420
Target s = s
dataset VRN R 420
P P4 R Bl 420
P+ ORIE AL i

4.4 HEHhEPEISHT T AR I R T i

97 WAF MPDE-VMD+DTL 2 Wi 5 i 00 &k, 5
1£45 BP 122 M 45 . ResNet 5 A3 48 P 28 FN A EIR FE 1B 7% 2
2] TCA Wi 7233475 Lk 56

1) 4t BP #4512 K ik

PRI SCHR[341%E 37 BP LB EE ), $E45 5 A O
B BRI RAREE . W EEREL Bkep
7. BRERET MR 8 ANRIERS KIZITIR
BSEENRNE: BEET AERELE AT
T AMETC, Bk S FMERCIRAS /0% R E . [H
I, BE R 215N 0.05. IIZRRECH 1000 e/
WZEN 0.01 HEXRESHEAT NG N T NN 2
Wk s, RIGEE 10 I, K15 BP ML MILKi2 W
TiERP 2 TR BE N 23.60%

2) ResNet HHHHE M Z LW 1%

PR8I ResNet WX 4845170 55 A SCHE HH VR FE A% 2
SIH PR E S E NSRS 8, REshbTX
FH0 % o3 A0 B B 7 R 40 /N8 AR R] 22 5 1 B

TN E. KR 3 A RIS EE S 2 I G A
ResNet WZE3ETIIZE, B bRISEHEEEAE IR A AT
WA HE BE MR . R T I8N BEALPE X2 W 4 SR s,
B HE S 10 X, 3K19 ResNet 112 77 1 1K~ 3412 Wik B2
N 71.63%.

3) FEREIERE ] TCA 2 Wi

IERE 5 1 (transfer component analysis, TCA)
AL GEIT R S ST 515 . TCA BRI 2 b AR 56 B4 1
&SR NN, # CWRU Hli&ZdE . XITU-SY Hilizk
R AN IMS il Es 20 A RS EE 4R 5 MCVN 48
P 2H R ) B A S A AR S il S 4 R — R R A 1A, R Bk
WA 22 5 ok fee /N A0 il AR R IR B b S H 0 4R 2 TR Y R
o N TWUNENLME TS B A sz, WG ER 10
W, IRFZITVEST MCVN 34 8 BOR S 1 R 12 W1
B Wik B2 19.68%.

TR AN [F) MR A2 W O VA R 4 R L, AR
MPDE-VMD+DTL J5 ¥ 135012 Wioks 5 35 =y T HoAth 3 Fh
Jiike TR, &40 BP #4127 vk T
TIRES IR, M DU R IR 00T I 52 2 s
KR ResNet HBRMIEM LIS i, BT CWRU %
P, XITU-SY HIE4E . IMS FdE4EHM MCVN R4
V) P K 40 M R 25 P O A A B 2 I 59 T B AR A 4
L WIBE 11 . TCA 7732 BT 5k Z M Al A RE A B s 2
I VR 2 W R AR B8 70, BB A A G L iX — i 2,
M5 B2 kS T 341K

5 & ip

ARICHEFL T 3T VMD SRR SR IS I
WU & Wb s W vk, FRIERE AR oL B9 shfl &
WRIGHEAT T I0UF . 107220515 5 1 I& AR AE B HORn
A PR R A HLRR G, SEEL T ity B vt 1) B Y e 2
Wr, FELERWIT:

1) F|F MPDE PAELES i 1E i B FE s R AT VMD
BOEATAAL, SZLT VMD  IMF 3 AN BRI 1E 511 1A
T B IE NS, BRI T VMD 3 it 504 DU
1) . 42 MPDE-VMD ACH 5 (b 55, iR e
ERSKEE @Ry e LN

2) K 4 AR 00 AR SE S okl 1T RS0, T
It 5 BP %%, ResNet PIZEF1 TCA J7 137 X HL a4,
AL W IER AR S B2 W RS PRI B 84.36%, AT
HAth 3 Fhorik. AL ZWIIEML, T
XIS AR 36 R, 12 Wk s

TRPE T 2 IR AT MRS 2% S 5 3R B
RERERERIRE /T, (A SIS0 B 45 2 7R S0 50 =
FRES TR SRR, 31X 5 T IR b S AR 3 i B A R
FE oA b R AP s S, TR e R LR TR
TR WA TN BTeL, A T/EH
AR T B AR ES & (IS 2 B 1) A, X5 5
TE B & B PRI S TR B B 2 SIS R ke AT A 7T, ik
— IR R A ) AL R
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Mechanical fault diagnosis based on variational mode decomposition
combined with deep transfer learning

Shi Jie?, Wu Xing'*, Liu Xiaoqin®, Liu Tao*

(1. Faculty of Mechanical and Electrical Engineering, Kunming University of Science and Technology, Kunming 650500, China; 2. Faculty
of Mechanical and Electrical Engineering, Yunnan Agriculture University, Kunming 650201, China)

Abstract: In practice, mechanical equipments usually working with the variable speed and load, and the vibration signal of the
equipments is nonlinear and nonstationary. The traditional fault diagnosis methods are prone to misdiagnosis or missed
diagnosis. In order to solve the problem of feature extraction and intelligent diagnosis of mechanical fault vibration signal
under variable working conditions, a fault diagnosis method combining optimized Variational Mode Decomposition (VMD)
and Deep Transfer Learning(DTL) was proposed in this paper. First, Multiple Population Differential Evolution (MPDE)
algorithm and envelope entropy fitness function were used to optimize VMD to solve the problem that the decomposition
number k and penalty factor a were difficult to be determined adaptively. Second, the intrinsic mode functions of VMD
decomposition were reconstructed according to the average kurtosis criterion. Continuous wavelet transform was used to
process the reconstructed signal, and the time-frequency characteristics of the reconstructed signal were obtained. Third,
combining the Residual Network (ResNet) with Transfer Learning (TL) model, the edge distribution adaptive method was used
to reduce the difference between the source domain data set and the target domain data set of mechanical fault signal, and a
deep transfer learning model for mechanical fault diagnosis under variable working conditions was constructed. Finally, the
MPDE-VMD+DTL method was compared with the traditional BP neural network, ResNet convolution neural network and
transfer component analysis (TCA) in different rolling bearing experimental datasets which contained CWRU, XJTU-SY, IMS
and MCVN dataset. The results showed that the accuracy of fault diagnosis of MPDE-VMD+DTL method was 84.36%, and
that of the BP neural network, ResNet and TCA were 23.60%, 71.63% and 19.68% respectively. MPDE-VMD+DTL method
realized the end-to-end mechanical fault intelligent diagnosis under different working conditions, and had good generalization
ability and robustness.

Keywords: vibration; fault diagnosis; bearings; variational mode decomposition; feature extraction; deep transfer learning;
multiple population differential evolution
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