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Fig. 1 Algorithm flow chart
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Table 1 Construction of multilayer sliding filter banks

m -/imm]( m) [fraue fmp( m )/f;’m.h
1 32 0.6
2 34 0.7
3 3.6 0.8
4 3.8 0.9
5 4.0 1.0
6 4.2 1.1
7 4.4 1.2
8 4.6 1.3
9 4.8 1.4
10 5.0 1.5
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Fig. 2 Time domain waveform, spectrum and envelope
spectrum of simulation signal
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Fig. 3 Simulation signal algorithm verification results
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Fig. 4 Simulated fault bearing test site

Table 2 Geometric size of bearing

Parameter Value
Inner race diameter/mm 30
Outer race diameter/mm 62
Number of balls 9
Ball diameter/mm 9.5
Pitch diameter/mm 46

Table 3 Fault frequency order of bearing components

Parameter Value

Outer race 3.5707

Inner race 5.4293
Ball 2.3178

Y6 W 0 (O 0 L 3% T 1% AT S R A7 B A AL G R R
TIE B A7 244 B

R 55 UE 2 T AT SR 2R BOCPL IR b Oy 0 A E
WK AS S, R FEM A 10 240 He, {55 K B 8 1924
AU B 1510 v/min, BEERBEE WK 7(a) o & £ =
89.86 Hz, 114545 %] Multigram 1% a1 & 7(b) , 15 3 f%
e it 8 0 B3R A 1.096.29 Hz, 4F 95 4 449.30 Hz.
PLIZ Hh 0 A8 SR T B R T AT O 8, 19 3 1Y 0
W T g 7(c) . ERT AL 47, 8
X I B4, TG B i A R ASE L B R A A L o
43 NEBE

VEWCHLIE b 07 I 5500 oA Bl s 5 5, SR R A 0
10 240 Hz, 5 5 K B 8 1924~ 55, #5381 499 r/min, B}
I Qi 8 (a) A3 4 & 8(b) , A 45 3 W& 8 () .
Ko P P 5 o — [R) i e, B D T b A7 AR R d e A
PRI B3, PN R B R R AN g A AR A8 v 4, b
B A e AR H I 0 PR A R T, Tk

2305044-5

https://www.cnki.net



Fast HTH e

AR 2024 4

Fig. 5 Time domain waveform, spectrum and envelope
spectrum of outer race preset fault signal

Fig. 6 Multigram demodulation results of outer race preset
fault signal
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Fig. 7 f,,=f, multigram demodulation results of normal
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Fig. 10 f_,=f, multigram demodulation results of normal

signal
Fig. 8 Time domain waveform, spectrum and envelope
spectrum of inner race preset fault signal
Fig. 9 Multigram demodulation results of inner race preset Fig. 11 Time domain waveform, spectrum and envelope
fault signal spectrum of ball preset fault signal
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Fig. 12 Multigram demodulation results of ball preset fault
signal
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Fig. 14 Natural fault bearing test site
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Fig. 15 Time domain waveform, spectrum and envelope
spectrum of inner race natural spalling fault signal
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Fig. 16 Different type of f,,,,, multigram demodulation results of inner race natural spalling fault signal

Fig. 17 Fast-Kurtogram demodulation results
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Table 4 Multigram vs. Protrugram

Method Band/Hz Search interval /Hz Optimal center frequency /Hz Time/s
Multigram 1463.73 10.35
371.61 79.15
285.61
Protrugram 375.61 8.01
385.61 0.89

Fig. 18 Protrugram demodulation results

Fig. 19 Autogram demodulation results
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Fig. 20 Infogram demodulation results
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A new method to select optimal demodulation frequency band:
Multigram

SHENG Jiajiu', CHEN Guo®, HE Zhiyuan®, LIU Yaobin’, WANG Hao’, WEI Xunkai’

(1. College of Civil Aviation, Nanjing University of Aeronautics and Astronautics, Nanjing 211106, China;
2. College of General Aviation and Flight, Nanjing University of Aeronautics and Astronautics, Liyang 213300, China;
3. Beijing Aeronautical Engineering Technical Research Center, Beijing 100076, China)

Abstract: In order to solve the problem that Fast—Kurtogram was susceptible to non-Gaussian noise, a new
method called Multigram based on multilayer sliding filter banks was proposed to find the optimal demodulation
frequency band. Firstly, using the idea of Protrugram sliding band segmentation, a filter group of multi-layer,
multi—filtering center and band was constructed. Then, according to the different filtering centers and band of
each layer, the bandpass filtering was carried out successively. The envelope, autocorrelation, and spectrum
analysis were carried out for the filtered signal. After that the spectral kurtosis was calculated within the tolerance
range to select the optimal demodulation frequency band. Finally, the optimal filtering center and band were used
for bandpass filtering and envelope spectrum analysis. The proposed method was applied to the fault diagnosis of
rolling bearings. The results of the simulated fault bearing test and the natural fault bearing test based on the mea-
suring points of the casing show that the proposed method can effectively select the appropriate demodulation fre-
quency band, and the diagnosis results are more superior than those of Fast—Kurtogram, Protrugram, Autogram
and Infogram.

Key words: Fault diagnosis; Rolling bearings; Multigram; Resonance demodulation; Optimal demodu-

lation frequency band
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