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Multi-channel vibration signal and debris particle information fusion for
rolling bearing condition monitoring method
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Abstract: In response to the challenges of monitoring and accurately diagnosing the state of main bearings in aircraft engines using a
single detection method, a method for rolling bearing condition monitoring is proposed, integrating multi-channel vibration signals with oil
debris particle information. This approach initially utilizes a weighted fusion model for multi-channel vibration information to combine
data obtained from multiple vibration sensors. Subsequently, the fused signal is decomposed using CEEMDAN, and components with
strong impact characteristics are selected based on kurtosis-correlation coefficient filtering criteria, leading to the reconstruction of a
vibration signal rich in bearing fault characteristic information. Time-domain features, using the total effective value, and frequency-
domain features, employing feature energy, are then extracted as characteristic parameters. Through the selection of membership
functions and the definition of fuzzy inference rules based on practical considerations and expert experience, fuzzy inference theory is
applied to fuse the total effective value and feature energy into the first—level fused vibration information parameter, denoted as F1. The
obtained oil metal debris particle count is utilized as the information parameter F2 for debris, which is further analyzed through a second-
level fusion using fuzzy inference theory. Finally, the rolling bearing status is monitored, and bearing faults are diagnosed. Experimental
tests involving the shedding and expansion of main bearing debris in aircraft engines were conducted. A detection system was installed to
simultaneously collect vibration and oil debris particle information throughout the entire bearing shedding process. The proposed method

was applied to analyze the collected data. Results indicate that the multi-channel vibration signal and oil debris particle information
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fusion method for rolling bearing condition monitoring enables comprehensive analysis of fault characteristics and effective discrimination

of bearing operational states.

Keywords : rolling bearing; vibration signal; oil metal chips; multi-channel information fusion; kurtosis-correlation coefficient criterion

condition monitoring; aeroengine
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Table 3 Time domain parameter changes during

bearing operation
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Fig.7 Time domain parameters, changing trend of oil metal chip information and bearing damage
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Fig. 12 Characteristic energy and oil dust

information change trend
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Table 6 Bearing full running state

e oy
1 23.1 79.4 4.72 450 R4
2 15.9 219.2 4. 64 900 R4r
3 15.8 38.2 3.42 1 350 R4
4 22.8 118.1 4.68 1 800 KA
5 26.5 169. 0 4.68 2 200 KA
6 27.6 58. 1 5.00 2 600 A
7 25.8 107.2 5.00 2 760 R A%
8 14.4 152.7 3.10 2925 RAE
9 26.2 535.2 5.00 3085 KAk
10 17.7 157.2 3.82 3250 A%
11 22.5 152.1 4.64 3500 JUHE
12 24.8 300. 8 5.00 3750 JUHE
13 33.5 371.6 5.00 4000 U
14 32.0 142.0 5.00 4250 Jastis
15 46. 1 183.2 5.00 5250 JEE
16 42.9 72.7 5.00 6 250 JUE
17 57.0 111.4 6. 54 7 250 Jasiy
18 63.8 55.0 8. 00 8 250 JrE
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