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Fault diagnosis of rolling element bearing based on ensemble empirical mode decompo—

sition and cross energy operator
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ABSTRACT Periodic impulses in vibration signals and its repeating frequency are the key factors for diagnosing rolling element
bearing faults. A new method based on ensemble empirical mode decomposition ( EEMD) and cross energy operator was proposed to
extract the characteristic frequency of bearing fault. Firstly the signal was decomposed into intrinsic mode function ( IMF) by means
of EEMD to satisfy the mono-component requirement by the cross energy operator. Next the sensitive IMF was selected according to
correlation and kurtosis and instantaneous cross energy between the IMF and the original signal and its Fourier spectrum were calcu—
lated. Finally the bearing faults were diagnosed by matching the repeating frequency of fault-induced periodic impulses with the fault
characteristic frequency. By analyzing both a simulated faulty bearing vibration signal and the experimental data of bearing faults the
bearing faults were diagnosed and the effectiveness of the proposed method was validated.
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Analysis result of a simulated signal: ( a) time domain waveform; ( b) intrinsic mode functions 1=5; ( ¢) instantaneous cross energy; ( d)
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Table 1 Kurtosis and coefficient of IMF with an original simulated sig-
nal
( IMF)
1 0.8324 3.2621 2
2 0.5455 3.7528 2 bR TR
3 0. 3509 3. 4416 W2 Damige of nilling slewsnt bearing
4 0.2610 3.0228
5 0. 1941 3.0048
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Fig.3 Test rig of rolling element bearing
444 remin ™'
3 GB6220
15. 68 kN 10kHz. Table 3 Characteristic frequency of rolling element bearing GB6220
3. Hz
2 GB6220
Table 2 Main parameters of rolling element bearing GB6220 74 10,3 43,7
/mm /mm /mm /mm 1(°)
100 180 34 10 25.4 0 4
(b) 4( c)
5.2
5.2.1
4( a)
5 5.2.2
4 2
2 5 5(c)
4
Table 4 Kurtosis and coefficient of IMF with original signal
1 0.3397 3.7201 0. 4051 4.5519 0.3788 4.0323
2 0.7139 4.8826 0. 8204 6. 0053 0. 8085 5.2938
3 0. 7698 2. 6985 0. 7760 2.9253 0.8583 2.6035
4 0.3533 2.9858 0.3163 5.1994 0.3592 5.7694

5 0.2102 2.6767 0. 1250 3.4205 0. 1345 4.3659
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Fig.4 Analysis result of normal bearing signal: (a) time domain waveform; (b) instantaneous cross energy; (c) cross energy spectrum
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Fig. 5 Analysis result of outer race damaged signal; (a) time domain waveform; (b) instantaneous cross energy; (c) cross energy spectrum
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Fig.6 Analysis result of inner race damaged signal: ( a) time domain waveform; ( b) instantaneous cross energy; (c) cross energy spectrum; ( d)
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