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Research on rotating machinery fault diagnosis using MCKD
under a novel stochastic resonance system
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Abstract: To address the issue of output saturation caused by higher-order term constraints, we propose a novel unsaturated tri-stable
second-order stochastic resonance ( UTSOSR ) system that leverages the excellent anti-saturation properties of piecewise potential
function. First, simulation experiments verified that this system can significantly mitigate the output saturation problem of classical tri-
stable second-order stochastic resonance system. Next, based on the adiabatic approximation theory, we derived the steady-state
probability density, mean first-passage time, and spectral amplification factor (SA) of the UTSOSR system. By analyzing the influence
of various system parameters on these performance metrics, we can further explore the system’ s dynamic behavior in greater depth.
Subsequently, using the SA and the signal-to-noise ratio gain (G, ) as evaluation metrics, numerical simulations were conducted to
verify the superior signal enhancement and noise robustness performance of the UTSOSR system. Additionally, to achieve superior output
performance, we combined maximum correlated kurtosis deconvolution ( MCKD ) with the UTSOSR system, proposing the MCKD-
UTSOSR method for extracting target signal features. Finally, a combined approach using genetic algorithm and variable step-size grid
optimization algorithm is employed to identify the optimal parameters for the MCKD-UTSOSR method in bearing fault diagnosis. The data
analysis results indicate that compared to other methods, the MCKD-UTSOSR method improved the signal-to-noise ratio by 1. 128 9~
23.585 4 dB and the spectral peak value by 88.423 ~7 488. 118 133. This provides an innovative and reliable solution for efficient
signal processing and fault detection in practical engineering applications.
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UTSOSR %% :w=0.92, d=1.783 3, k=0.96,

& 1 LDK UER204 & £ Z 4R
Table 1 LDK UER204 bearing main data  (mm)

REE e i d e n/A>
29.3 39.8 34.55  7.92 0 8
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Fig. 13 Bearing accelerated life test bench
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(b) Bearing failure
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WBH L =218, T=102. 111, 1 5 AL 8 515 2 4 Bl AL
AR 2 48 1Y # 2 %0 MCKD-UTSOSR & 48w = 0. 59,
d= 1.518 4, k=0.44; MCKD-CTSOSR & %i.a=0.01,
b=0.31, ¢=0.11, k=0.3; MCKD-UTSR & %: w =
0.809, d=1.626 7; UTSOSR £ %i:w=0.001 841 , d=
1.3474, k=1.5,
% 2 6205-2RS JEM SKF Hi&kTES#
Table 2 6205-2RS JEM SKF bearing main parameters
(cm)
L Hhiz JE S D D, n/A>
2.500 1 5.199 9 1.500 1 0.794  3.904 9
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Fig.22  MCKD-UTSR system output signal

(=]

S

B[R], % e MCKD-UTSR , MCKD-CTSOSR F1 MCKD-
UTSOSR 3 kG 2073k T LU A MCKD-UTSOSR 7
PAE RS S AT 7 T R L T R R BE, U A 0
VE(EAN G, T, T DA DA (T R 32 B A 11 45 5 190 o 10
AR TR R P M Bl R AR R I T PR A R 4
55, XM MCKD-UTSOSR J5 £ 7878 shith R b i (s 5 4b
H 1T ELA R B AR 98 iR AT 1 55 i

5
% 0 }/\F\ ﬂ/\ [\m/n.-,\[\rﬂ\, I\n//\ nd Anlmf\/\_;j\m AA /‘/\/\A f

30 001 002 003 004 005 0.06 007 008 009 010

A iH)/s
(a) IR A
(a) Time domain diagram
600
400 G_=232763 dB
E 200
0 b | ol L 1 L J
100 200 300 400 500 600 700 800 900 1000
i /Mz
(b) B
(b) Frequency domain diagram
400
200

0.25 0.30 0.35 040 045 0.50 0.55
i [)/s
(c) W33

(c) Time-frequency diagram

23 MCKD-CTSOSR H4tfi 155
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Table 3 Results of Engineering Applications

N LDK UER204 6205-2RS JEM SKF
WIIE el G, 08 W G,/dB
UTSOSR 0.891 867 25.5825 6.971 05 10.012 5
MCKD 1.819 72 17.674 7 278.324 16.174 2
MCKD-UTSR 75. 667 6 32.350 7 307. 835 22.020 7
MCKD-CTSOSR 50. 603 4 32.881 8 492. 492 23.276 3
MCKD-UTSOSR 7 489. 01 41.260 1 580.915 24.405 2
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