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Dynamics analysis,feature extraction and intelligent diagnosis
for rubbing fault of rotor supported on bull bearings

Ll Fe-min, CHEN Guo, HOU Youping

(College of Civil Aviation,
Nanjing University of Aeronautics and Astronautics, Nanjing 210016, China)

Abstract : This paper aims at diagnosing the rubbing fault of a rotor supported on ball
bearings. Firstly, a dynamics model of unbalance rubbing coupling fault of rotor-ball bearing
system was established by taking into account the nonlinear Hertzian contact and the radial
clearance; secondly, 3-D spectrum diagram was used to analyze the rubbing fault and deter-
mine the characteristics of every frequency zone; thirdly, an optimized self-adaptive neural
network wasobtained usng smulation data, and rubbing test samples were diagnosed with a
recognition accuracy over 91 %. The results validate the usefulness of this dynamics model ,
meanw hile the research findings provide a new method for effectively combining malf unction
mechani sm analysis and intelligent diagnoss.
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Table 1  Bearing number
R/ mm r/ mm N Col (N/ m¥2) BN
63.9 40.1 8 13.34 x 10° 3.08
5 10° m fo =0d m, k- =5%x10" N/
mU=0190=002x10°m,e=001x10 °m,
3 4 k= k=2.5%10" N/ m

ON/m,r =104 m,k=2 5x10’ N/ m,e=0. 01 x 3 ,
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Table2 SHection of simulation samples
[ (rad/s) ki (N/m) O/ (mm) d (mm) M ro/ Um) K (N/m) ! (YI'N)
W 200 800 2.5x10’ 0.02 0.05 0.1 2 0.85 x 10’ Y 36
) 200 800 3.5x10’ 0.02 0.05 0.1 2 0.85x 10’ Y 36
W 200 800 4.5%x10' 0.02 0.05 0.1 2 0.85 x 10’ Y 36
W 200 800 3.5x10’ 0.015 0.05 0.1 2 0.85 x 107 Y 36
) 200 800 3.5x10°  0.025 0.05 0.1 2 0.85x 10’ Y 36
W 200 800 3.5x10’ 0.02 0.03 0.1 2 0.85 x 10’ Y 36
w 200 800 3.5x10’ 0.02 0.06 0.1 2 0.85x 10’ Y 36
W 200 800 3.5x10’ 0.02 0.05 0.07 2 0.85 x 10’ Y 36
W 200 800 3.5x10’ 0.02 0.05 0.12 2 0.85 x 107 Y 36
w 200 800 0x10’ - 0.03 - 2 0.85x 10’ N 80
) 200 800 0x10’ - 0.05 - 2 0.85x 10’ N 80
w 200 800 0x10’ - 0.06 - 2 0.85 x 10’ N 80
F=[1.0x 2.0x 3.0x 4.0x 5.0x 6.0x 7.0 324 240
x 8.0x],R=[1.0%x 2.0x 3.0x 4.0x 5.0x%] , 564 ,
F=[02% 0.25%x 0.33% 0.43x 0.5x 0.67 x
Q75%1.0%x 2.0%x 3.0x 4.0x 5.0%x 6.0x 7.0x 4.2
8.0x]. 2 A, R Iis BP

0.05 , ’ [9]
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Table 3 Intdligent diagnosis results by using neural networ k

| % | % | %
F1 28 18 46 85.71 94.44 89.13
F 28 18 46 89.29 94. 44 91.30
Fs 28 18 46 80 72.22 77.08

4 ’
Table 4 Best configuration of neural network BP ,
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