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Abstract When the bearing has various faults, the vibration signal’s variance distribution in various frequency bands is
not balanced. In order to extract the features of various fault signals efficiently and for the frequency components generated
from the bearing fault signal’s wavelet packet decomposition, this study proposed a variance equalization method of
nonlinear equalization. The higher discrimination degree of fault characteristics can In order to extract the features of
various fault signals efficiently and for the frequency components generated from the bearing fault signal’s wavelet packet
decomposition, this study proposes a variance equalization method of nonlinear equalization. The higher discrimination
degree of fault characteristics can be achieved. Based on the data from Case Western Reserve University’s bearing data
center’s collected bearing vibration in the experiment, the variance parameters extracted from a normal, inner ring fault,
outer ring fault, and rolling element fault bearing signal under four speeds are investigated using this approach. The results
reveal that the variance parameters of various fault signals after equalization have better discrimination. It can efficiently
differentiate the types of bearing faults.
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Fig. 1 Structure diagram of wavelet packet decomposition tree
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Fig. 2 Comparison chart of variance before and after processing of nonlinear equalization function. (a) Analysis of variance;

(b) equalization analysis of variance
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Fig.4 Comparison chart of two kinds of variance analysis before and after nonlinear equalization function processing. (a) Analysis of

variance; (b) equalization analysis of variance
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Table 1 Range of equalization variance of different bearing state signals in the 6th frequency band and the 7th frequency band

Frequency band 6-range of equalization

Different bearings status signal

variance interval

Frequency band 7-range of equalization

variance interval

Normal
Rolling element fault
Inner ring fault

Outer ring fault

[20.6996,21. 2204 ]
[14.8024,16.4372]
[9.2565,11.0785]
[6.3673,8.9738]

[21.3962,22.9554]
[19.2174,20.5239]
[13.4376,15.3694]
[10.2205,13. 2643]
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Table 2 Degree of discrimination between adjacent bearing state signals in the 6th band and the 7th band

Adjacent bearing state signal

Frequency band 6-discrimination degree

Frequency band 7-discrimination degree

Normal and rolling element fault
Rolling element fault and inner ring fault

Inner ring fault and outer ring fault

4.2624 0.8723
3.7239 3. 8480
0.2827 0.1733
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Fig. 5 Comparison chart of two kinds of variance analysis under two-layer decomposition of wavelet packet. (a) Analysis of variance;

(b) equalization analysis of variance
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Fig. 6 Comparison of two kinds of variance analysis under four-layer decomposition of wavelet packet. (a) Analysis of variance;

(b) equalization analysis of variance
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Table 3 Discrimination of state signals of adjacent bearings in each frequency band in two-layer decomposition of wavelet packet

. . . Frequency band 2- Frequency band 3- Frequency band 4-
Adjacent bearing state signal o o L
discrimination degree discrimination degree discrimination degree
Normal and rolling element fault 3. 5356 10. 1527 1.1720
Rolling element fault and inner ring fault 1.8978 1. 3667 3. 7189
Inner ring fault and outer ring fault 1.4497 2.7548 0.9462

F4 ORFEACRZSAR ST/ 2)2 70 T 450 B 746 7 22 (9 DX 8] v F
Table 4 Interval range of equalization variance of each frequency band under two-layer decomposition of wavelet packet for

different bearing state signals

Different bearings state signal Freq}len‘cy banq 2- ra-nge of Freq%len‘cy ban(-1 3- ra-nge of Freq}len‘cy banq 4- ra-nge of
equalization variance interval equalization variance interval equalization variance interval
Normal [14.3027,14.9307] [20.0167,20.5811] [21.2329,22.7619]
Rolling element fault [9.0918,10.7670] [8.4411,9.8640] [18.6545,20.0609 ]
Inner ring fault [6.3368,7.1940] [6.2091,7.0744] [12.9182,14.9355]
Outer ring fault [2.7478,4.8871] [1.9281,3.4543] [9.6592,11.9720]
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Fig. 7 Comparison chart of two kinds of variance analysis under two-layer decomposition of wavelet packet. (a) Analysis of variance;

(b) equalization analysis of variance
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Table 5 Discrimination of state signals of adjacent bearings in each frequency band in two-layer decomposition of wavelet packet

. . . Frequency band 2- Frequency band 3- Frequency band 4-
Adjacent bearing state signal R o L
discrimination degree discrimination degree discrimination degree
Normal and rolling element fault 3.2275 8. 3657 1.7593
Rolling element fault and inner ring fault 1. 6298 1. 3404 3.9653
Inner ring fault and outer ring fault 1. 0501 1.4957 1.5793
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Table 6
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Interval range of equalization variance of each frequency band under two-layer decomposition of wavelet packet for

different bearing state signals

Different bearings status Frequency band 2- range of

Frequency band 3- range of

Frequency band 4- range of

signal equalization variance interval equalization variance interval equalization variance interval
Normal [13.6721,14.0954] [17.8688,18.1822] [21.6752,22.6967]
Rolling element fault [8.9166,10. 4446 [8.0322,9.5031] [18.4066,19. 9159
Inner ring fault [6.2092,7.2868] [5.3431,6.6918] [13.2947,14.4413]
Outer ring fault [3.1314,5.1591] [2.6567,3.8475] [9.7820,11. 7154 ]
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