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Underdetermined blind source separation based on density peak

clustering for gear fault identification
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Nanjing University of Aeronautics and Astronautics, Nanjing 210016, China)

Abstract: In order to improve the noise robustness of blind source separation algorithm in
estimating the number of vibration sources, an underdetermined blind source separation method
was proposed based on density peak clustering. Single source points were extracted from signals pre-
processed, and then the mixed matrix was estimated by clustering single source points with density
peak clustering. The separated signals were obtained by reconstructing the source signals based on the
compressed sensing model. In order to verify the separation accuracy and noise robustness of the pro-
posed algorithm, the simulation signals under different signal-to-noise ratios were separated by the
proposed algorithm. The results showed that when the signal-to-noise ratios was not less than 4 dB,
the proposed algorithm can accurately separate the source signals, and the accuracy and robustness of
the algorithm were verified. A rotating component fault diagnosis test-bench was designed to verify
the effectiveness of the proposed algorithm in practical application, and the measured composite
fault vibration signal was processed. The test results showed that the algorithm successfully sepa-

rated the single fault characteristics of bevel gear and planetary gear from the observed signal, con-

75 B B : 2021-05-11
BEETH : IERHLE R LI (2017-1V-0008-0045)
EE BN WS (1997 ), & LA, BT 43 RGARSE 5 AL B )5 i A HFSE . E-mail: miaozhen@nuaa. edu. cn

SIAE WS BB KAV . 15 58 SRR A 4 0V R 2 R E R IR Bk [T ). s B Jr 2441, 2022, 37(5) :1010-1019. LI
Miaozhen, LI Shunming, LU Jiantao. Underdetermined blind source separation based on density peak clustering for gear fault

identification[ J]. Journal of Aerospace Power,2022,37(5):1010-1019.



455 1

ST A R R BRI ) R IR IS KR B R R 1011

tributing to the fault diagnosis of rotating components in engineering.

Key words: signal processing; fault diagnosis; underdetermined blind source separation;

density peak clustering; sparse coding
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Fig.1 Flow chart of wavelet threshold noise reduction
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Fig.2 Time domain waveform of source signals
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Fig.4 Time domain waveform of observation signals

1.5 T T T T
§ 10} ‘
J=oost A
" 1‘3_& l l | IHA i [ ! !
0 100 200 300 400 500
iR Hz
(@)
1.0 T T T T
g
~ 05}
=N IR
= L, 1 [ .
0 100 200 300 400 500
Wi Mz
(b)

K5 WLINAE = A

Fig.5 Spectrum of observation signals

2.2 REBBRASBERENW

SR P % 88 WA (3R 20 vk a3k 5 g UL N £ =
TR S BB Al i I AE S kAT ROE R
U B AR 0 B A5 5 B0 ISR R RS e 6
BE7 7R o oy B R i T 40 530 3k o 1 45 21
i BOH R PIAS WS 5 20 85 A5 5 o FF



1014 BB B % R o 37 %
EOWMWMWWMVMWWWWW 2;0551z 043 B0 155 3oy o BORR AIF A1 2R 15 40
S BE VR AZ 5 51250 B9 AR E 033 2% 2% 51 0,04,
ETIH‘J/S 0.18.0.06 Hz. &% 43 W] Jir £ 550 s AN A HE ff ki 1
5 @ VA 53 L, I ELARAR T A L £ 53 30
VN ERME NV WS W B AR 5
SE 02 0'.4\ 06 08 10 2.3 BEXPREERESBEELEENRIS
e hy I 450 B R R (5 5 R
T | | | | [0 348 3 1 75 307 I 755 25 A, DA 8O B Ty , I 75 5 i
O Pl BB B 4 i A% B AE M () 2 80.50.30.20,
SES 02 04 ‘ 0.6 038 1.0 10.4.3.0.—1.—2.—3.—4.—5dB f1—10 dB
o LI B, 36 144 SR A R U
g§ 2 : : : : PEATH 4 B, A E M T SR 4T 10 WKk 0 B4y
<2 O (VWAWWWAWWWWAAAMAWA B IFBOT (81 65 5 1 B SR,
L ST T ¢%%wFNE¢%§”%%%%ﬂﬁ%%ﬁw
@ 1w, BB oy B 25 S &) 8 BT o

K6 Frfesa ke (s 5 mHid e
Fig.6 Time domain waveform of the signals separated by

the proposed algorithm
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Fig.8 Separation results of the proposed algorithm under different signal-to-noise ratio
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