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Method of bearing fault feature extraction based on
MPDE-EEMD and adaptive resonance demodulation technique

Shi Jie'">  Wu Xing' Liu Tao'
(1. Faculty of Mechanical and Electrical Engineering, Kunming University of Science and Technology, Kunming 650500,

Chinaj; 2. Faculty of Mechanical and Electrical Engineering, Yunnan Agriculture University, Kunming 650201, China)

Abstract : According to the problems that the fault features identification of rolling bearing vibration signal, a method for fault feature
extraction was proposed base on the improved EEMD with multiple population differential evolution ( MPDE) and adaptive resonance
demodulation technique (ARDT). Firstly, in order to solve the problem that the EEMD’s parameters selection depending on individuals’
experiences, an evaluation function for distribution characteristics of extreme value points was established. It was used to optimize white
noise amplitude using MPDE. Then, EEMD adaptive decomposition was implemented. Secondly, effective signals of the decomposed
IMF components were reconstructed using criteria for kurtosis and relativity. The signal de-noising process was realized. Finally, the
center frequency and bandwidth of band-pass filter was adaptively determined based on ARDT, and the fault characteristic frequency was
extracted using envelop demodulation analysis. A simulation signals and a rolling bearing test results show the validity of the proposed
method.
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Table 1 The kurtosis of IMF components

IMF 43i i A IMF 43 Ui B {E
IMF 1 3.77 IMF 7 2.52
IMF 2 2.30 IMF 8 3.00
IMF 3 2.46 IMF 9 3.40
IMF 4 2.30 IMF 10 2.63
IMF 5 3.05 IMF 11 4.80
IMF 6 2.63

x2 BN IMF HE5HEESHEXREH
Table 2 The correlation coefficient of IMF

components and simulation signal

IMF 734 LES IMF J34k IR AR
IMF 1 0.98 IMF 7 0. 09
IMF 2 0.57 IMF 8 0.05
IMF 3 0.61 IMF 9 0.03
IMF 4 0.57 IMF 10 0. 02
IMF 5 0.32 IMF 11 0. 002
IMF 6 0. 10
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Fig. 3 The envelop spectrum of denoising signal

3 SEIGIEIE

3811 XF3E [E Case Western Reserve University 1 9K 5
Uiy 5 AR VR By AR W B S 6 O TE AT A3 BT, ok itk — 25 I IR



59 1

FEF MPDE-EEMD K [ 3 I 4% fiff oF (%) el A e B AR i S B 7 - 51 -

MPDE-EEMD 1 ARDT 773k B4 85t . %800 b i il 7k
RISk 6205-2RS JEM SKF {8 BRAH K, RFESR £ =
12 kHz, S 55 8 0 1 750 v/min (5600 £ =29. 17 Hz) , it
R 2 hp(1492 W), IR R T K AE I T AR TE
&R FATE T EHAAN 21 mils (1 mil = 0. 0254 mm) Y1
Y, R SHN R 3 i,

%3 6205-2RS JEM SKF &S
Table 3 The bearing parameters of 6205-2RS JEM SKF
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Fig.7 MPDE evolutionary process of rolling element fault
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Table 4 The kurtosis of IMF component

IMF 434 i A IMF 4 U B
IMF 1 3.25 IMF 8 3.65
IMF 2 3.06 IMF 9 4.53
IMF 3 2.75 IMF 10 5.64
IMF 4 2.95 IMF 11 5.58
IMF 5 2.66 IMF 12 3.70
IMF 6 2.40 IMF 13 1.72
IMF 7 3.30 IMF 14 2.07

=5 WM IMF HESHEESHEXRE
Table 5 The correlation coefficient of

IMF components and fault signal

IMF 435 AR IMF 434 AHKREL
IMF 1 0. 987 IMF 8 0. 002
IMF 2 0. 891 IMF 9 6. 6e7*
IMF 3 0.322 IMF 10 1.1e™*
IMF 4 0. 280 IMF 11 8.0e™
IMF 5 0.176 IMF 12 -9.4¢7
IMF 6 0.116 IMF 13 -7.7¢7*
IMF 7 0.037 IMF 14 6. 6e~*
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Fig. 8 The power spectrum of denoising signal
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