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Extraction of bearing fault characteristic parameters based on rela-
tive dynamic error
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Abstract : There is abnormal information about the fault in the bearing fault signal,which is significant to
maintain mechanical safety. After the bearing fault signal is decomposed by wavelet packet, the abnormal
information of the fault is mainly reflected in the dynamic error of the decomposed frequency band. The
dynamic error of each frequency band is generally described by the energy entropy of standard deviation
and the mean value of standard deviation. In order to highlight the distinguishing characteristics of bear-
ing faults,the dynamic error is demarcated by the bearing fault size. It is an effective method to extract
the relative dynamic error by using the corresponding bearing fault characteristic parameters. Based on
this idea, this paper calculates the energy entropy and mean through the standard deviation of different
frequency band components after wavelet packet decomposition. Then, the energy entropy of the standard
deviation and the mean value of the standard deviation of the corresponding frequency band are added as
the characteristic parameters for qualitative analysis at the same scale. At the same time, the value ob-
tained by adding the characteristic parameters of the different frequency bands of the bearing signal is
compared with the bearing fault size. Through the quantitative analysis of the relative dynamic error, the
effective distinction of bearing faults is finally realized. The experimental results show that the method
proposed in this paper has a good effect on distinguishing bearing faults.
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Fig.1 Tree diagram of wavelet packet decomposition
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Fig. 4 Diagram of original signal waveforms of different bearing states under the fault diameter of 0. 007 in:

(a) Normal; (b) Inner ring fault; (c¢) Outer ring fault; (d) Rolling element fault
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Fig. 5 Diagram of original signal waveforms of different bearing states under the fault diameter of 0. 014 in:

(a) Normal; (b) Inner ring fault; (c) Outer ring fault; (d) Rolling element fault
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Fig. 6 Diagram of original signal waveforms of different bearing states under the fault diameter of 0. 021 in:

(a) Normal;

(b) Inner ring fault;

(¢) Outer ring fault;
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decomposition of wavelet packet:

(a) Comparison diagram of standard deviation energy entropy;

(b) Comparison diagram of standard deviation mean
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decomposition of wavelet packet: (a) Comparison diagram of standard deviation energy entropy;

(b) Comparison diagram of standard deviation mean
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Fig. 11

Comparison diagram of standard deviation energy entropy and standard deviation mean under the four-level

decomposition of wavelet packet: (a) Comparison diagram of standard deviation energy entropy;

(b) Comparison diagram of standard deviation mean
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Tab. 1 Table of relative dynamic errors

of different bearing signals

Different bearing signals Relative dynamic error

Normal 19. 80

Inner ring fault 156. 67
Outer ring fault 228.67
Rolling element fault 126. 09
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Fig. 13 Comparison diagram of standard deviation energy entropy
and standard deviation mean under the fault diameter of 0. 014 in:
(a) Comparison diagram of standard deviation energy entropy;

(b) Comparison diagram of standard deviation mean

A TRl R AR 2EAT RE PR X )

Comparison diagram of characteristic parameters
of different bearing state signals

T8 3 AR 0 25 1R 25 55 AN [R) Bl A A 5 AT E i X
Ire WK 2 Frs, B B AN 0. 014 in N A9 AHXF

050 ———— BABIRE R, W 3 R LN 0. 021 in
N LIRS

T R 2R3 3 TP BB AR BT AT % T i
S o f P 5 0 O — o 7 3 o A R 3 75 1R

gg;: ol 25 1T LUK AR A5 51X 43 H ok

£ o1st Lol L 8 AT AE LS T 1797 r/min (MIBRES T,

£ oo} B T % T L ML 7R 8 — B R X I R £
ol S BRI R (5 5 9 R R 155 A i 3

Bl KA 2 R AT X R I AR S AT N P — )R
O M+ 22 ) SR IS A W B 1) s o 22 1 R 0 A A v 22
PR AR 5 308 o R AR 2 BRI X 80 28 R 25 5 vk 43 i
PEAT R A E B A i T LS B A Al R X

Frequency band
B 14 #FEEZA0.014 in TH4SES Hxd b &
Fig. 14 Comparison diagram of characteristic parameters

under the fault diameter of 0. 014 in



« 1064 -
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Tab.2 Table of relative dynamic error at

fault diameter of 0. 014 in

Different bearing signals Relative dynamic error
Normal 9.90
Inner ring fault 68. 89
Outer ring fault 57.93
Rolling element fault 63.61
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Tab.3 Table of relative dynamic error at

fault diameter of 0. 021 in

Different bearing signals Relative dynamic error

Normal 6. 60
Inner ring fault 67.99
Outer ring fault 71.89
Rolling element fault 41.40
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