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Bearing fault feature extraction method based on enhanced

combination difference multiply morphological filter
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Abstract: To address the limitations of conventional time-frequency domain feature extraction methods when

dealing with the non-linear, non-stationary and strongly noisy characteristics of rolling bearing fault signals, a

bearing fault feature extraction method based on an enhanced combination difference multiply morphological

filter is proposed in this study. Based on the understanding of the positive and negative shock pulse extraction

characteristics of the four basic operations of mathematical morphology, a new combination difference multiply

operator (CDMO) is constructed. This CDMO has the ability to simultaneously extract positive and negative
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shock pulses by combining cascade, difference and multiply operations. The gradient multiply operation that is
more sensitive to pulse extraction is utilized to achieve comprehensive fault information extraction. The fault
characteristic frequency ratio index is introduced to optimize the parameters of the CDMO structural elements.
This optimization modifies the geometric characteristics of the signal to be processed, allowing for the extraction
of signal characteristic information that matches the structural elements. Following CDMO filtering, third-order
cumulant slice spectrum technology is employed to suppress Gaussian noise and highlight the advantages of
secondary coupling components. This enhances the ability to accurately extract fault feature frequencies and their
multiplications, thus improving bearing fault feature extraction and suppressing noise interference. The proposed
method’s effectiveness is verified by relying on actual engineering signals from two different sources and
comparing its performance with classic fault feature extraction methods.

Keywords: rolling bearing; morphological filtering; third-order cumulant slice spectrum; feature extraction
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(dilation) 5 J& il (erosion) % SLANF -
(f@s)(n)=max { f(n-m)+s(n)}, (1)
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Table 1 Extraction performance of 4 basic morphological operators for signal impulse features
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Fepowo (f(n))=(fos@s)(n)=(fOses)(n), (10)
Focoe (f(n))=(fDses)(n)=-(f°sOs)(n), (11)
Focpo (f(n))=(fDses)(n)=-(fOses)(n). (12)
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Fig.2 The original signal spectrum and TOCSS of x(z)
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Fig. 4 The experimental device of bearing failure in IMS
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Table 2 Parameters of the bearing
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Fig.5 RMS analysis of the IMS bearing life cycle data
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Fig. 6 Original signal and analysis results of the bearing fault in IMS
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Fig.7 Results of the bearing fault signal processing in IMS by ECDMMF method
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Fig. 8 Test bench for service life of bearing after acceleration
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B3R R 25.6 kHzo AR 4 4l 7K A 56 2 850 2K (19) 1158 R A5 P JB e s R i 00 % B2 £,=196.67 Hz.
®3 WEREXSY

Table 3 Parameters of the bearing

N Bl 7R B 4% /mm HIME R B H A2 /mm 7K 12 /mm Rk H 42 /mm
29.30 39.80 34.55 34.55
RIRAHL Bl /() FE7R 5 5 B 3k ff /N FEAR G E T /KN

8 0 12.82 6.65
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Fig. 9 RMS analysis of life cycle data of the XJTU-SY bearing
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Fig. 10 Original signals and analysis results of the XJTU-SY bearing fault
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Fig. 11 Fault signal results of the XJTU-SY bearing processed by ECDMMF
method
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Fig. 12 The result of WMMG method dealing with two kinds of bearing fault signals
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Fig. 13 Results of processing two kinds of bearing fault signals with EMGPF
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