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Vibration signal denoising method for drive roller bearing of mine-used belt conveyor
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Abstract: EMD has modal aliasing and ICA requires the number of collected vibration signal should not
be less than the number of source signal. In view of the above problems that existed in existing vibration
signal denoising method, a vibration signal denoising method for drive roller bearing of mine-used belt
conveyor was proposed which was based on EEMD and FastICA. Firstly, collected vibration signal is
decomposed by EEMD algorithm, so as to obtain several IMF components at different scales that
containing faults characteristic frequency. Then, the IMF components are reconstructed based on
correlation coefficient to obtain characteristic signal and virtual noise signal, which are formed into input
matrix as input of FastICA algorithm. Finally, FastICA algorithm is used to separate signal and noise to
achieve purpose of signal denoising. The experimental results verify feasibility and effectiveness of the

method.
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method based on EEMD and FastICA
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Fig. 2 Time domain waveform and envelope

spectrum of vibration signal of drive roller bearing

1 05

0 I < 0

1002 04 06 08 10 %% 02 04 06 08 10
A 18] /s LGS

<

0.5 0.2

& OOWMM SN

0550504 06 08 10 %0 02 04 06 08 10
8] /s i8] /s

0.1 0.1
N e v

0105 04 06 o8 1o

0 02 04 06 08 10

B 8] /s B8] /s
0.05 0.02
S0 & (2)
0050504 06 08 1o %% 02 04 06 08 10
B A /s A /s
0.01 _ 0.09
S 0 S 0.08
-0.01 0.07

0 02 04 06 08 10 0 02 04 06 08 L0
f 8] /s A IE) /s

&3 BRI AR 3 (5 5 4 IMF 434t
Fig. 3 IMF components of vibration signal of

drive roller bearing



2019 £ % 3

WAF A A A XA E AR SR B s R IR BN AS 5 Rk

¢« 59 o

ARORT 0.1 19 IMF 738 (o — o) ZEAT HAG 15 2 47
MEAE 5 KT 4 IMF 33 (o) 4T B A 15 3
TAME S A5 5 f BRI AR 5 AL AR . dRem . A
I FastICA 553k 45 2 2% B R {5 5 A {5 5, o
Pl 4 s SEBE S 5 A O B

5

T&AE/mm

0 01 02 03 04 05 06 07 08 09 10
18] /s

(a) £S5 1ES

{8 /mm

=
il

i

0 01 02 03 04 05 06 07 08 09 1.0
B 18 /s

(b) B {5
P4 5 5 R
Fig.4 Time domain waveform of denoised
signal and noise signal
X2 W5 AR S AT R E I o b, B S PR .
RIS A A 45 0 T B ) L R A R
T8 BT AT DL 5 A AR L B A DR Bl VR R R P R
BEAT 2 £, (9 2 A% 0.3 A5 A5 AT 6 A% B0 BRI, PRt )
W 12 9K B VR T Bl R AT REAEAE N BB . KB IS R R
7R N B AE T DR, 5O o AT 45 AR AT, =
AR S 8 [ W 1 AT A RSB BR AR T T B MR R 4
A FF 9K SR 4 7R 32 17 RS RRAEAS B 52 BORN i

HERR N
£ 0.15
o
= 0.10 % 3 /(
1= 0.05 A AL \ , , ) 3
0 20 30 40 50 60 70 80 90 100

HiFE/Hz
S MR BR VR A 7R 3% 3 15 5 4% %
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of drive roller bearing after denoising

4 ZHiE

BT —F T EEMD 1 FastICA (98 H 4
kX ALK ) VR A AR IR S 15 S MR 7 k. B ok,
K Hl EEMD 5832508 B 46 % 3 5 5 1647 43 i 45 B 45
TSR] RUBE (4 A 7 5 Bt R AIE 451 23 1 TMF 43 4, i 0t
FAIE IR BNE 5 40 50 B R Ut T EMD 45 fig
RS TR S (W 0] 85 SR 5 ¥ EEMD 43 fif (05 5 2 T
AHOC R AT A, JF o 5 15 5 40 0 25 B AE R
FastICA S5 A A e 7 H I & 555
BN R 8 i 5 . A FastICA BEKES 5
WP A3 B S LI G iR BN S T R R R SR A
BB Z T EABOERR TR EIRNE S TS m

Wi 75 e 72 0K 50 7 £ il R o A IR SRR AR £ R I B
AR TR RS W R E R A

2 2 L Hf ( References) :

C1] %R S OB A5 kT di /N i I 4 B Ay

S % ALA% Bl 7 6 i R R 12 W LT . 9 e TR 2
Al CHARBREMD . 2015,34(4) :514-519.
LENG Junfa, GUO Songtao, JING Shuangxi, et al.
Rolling element bearing fault diagnosis of belt
conveyor driving drum based on minimum entropy
deconvolution [ J ]. Journal of Henan Polytechnic
University(Natural Science),2015,34(4) :514-519.

[ 2] TIAN Pengfei.ZHANG Lei, CAO Xianjie, et al. The
application of EMD-CIIT lidar signal denoising
method in aerosol detection[ J]. Procedia Engineering,
2015,102(4).1233-1237.

31 XUZRi. X3, X PR T, 5. 36T EMD 54 X R

T B Y B PR R AR S R B T L. SR Bh S o i
2017,36(19).71-77.
LIU Dongying, DENG Aidong, LIU Zhenyuan, et al.
De-noising method for fault acoustic emission signals
based on the EMD and correlation coefficient [ ] ].
Journal of Vibration and Shock,2017,36(19):71-77.

[ 4] LI Xiaoyu, JIN Jing, SHEN Yi, et al. Noise level
estimation method with application to EMD-based
signal denoising[ J]. Journal of Systems Engineering
&. Electronics,2016,27(4) : 763-771.

[ 5] FENGRONG B, TENG M, XU W. Development of a
novel knock characteristic detection method for
gasoline engines based on wavelet-denoising and EMD
decomposition [ J ]. Mechanical Systems and Signal
Processing,2019,117.:517-536.

(6] M)W %5 . mEE. 2T EMD B 5 ¥k /il & 5%

WEdREh (5 5 LM [T ] iF R AL TR 5 8, 2015, 51
(10):205-210.
BAO Guangqing, CHANG Yong, YANG Guojin. De-
noising of rolling bearing fault vibration signal based
on empirical mode decomposition threshold [ J .
Computer Engineering and Applications, 2015, 51
(10) :205-210.

[7] BEEmA BRI, PNLLAG , S5 kT 28 I B0 25 40 M K

SERST S BT M ROR AR S BRI IR LT . MR B AR e
2015,58(3):1013-1023.
JIA Ruisheng,ZHAO Tongbin, SUN Hongmei, et al.
Micro-seismic signal denoising method based on
empirical mode decomposition and independent
component analysis [ J ]. Chinese Journal of
Geophysics,2015,58(3) :1013-1023.

(8] ZH. &V kM, S 31 Pl 4 i 5 07 (9 34 W
7 e MUBCARRAE 42 BCrh i iz LD v LB T2



. 70 - A B 2019 % 45 &
2005,16(1) :50-53. (147 BT BB A 8 GF 2. 3 T2 57 4 45 43 B 1 8 1 R

L9]

(10]

[11]

[12]

[13]

JI Zhong, JIN Tao, YANG Jiongming, et al.
Applications of noise-reduction with ICA in feature
extraction of rotating machinery[ J |. China Mechanical
Engineering,2005,16(1) :50-53.

LEI Yaguo, HE Zhengjia, Zl Yanyang. Application of
the EEMD method to rotor fault diagnosis of rotating
machinery [ J ]. Mechanical & Signal
Processing,2009,23(4) . 1327-1338.

WU Zhaohua, HUANG N E. Ensemble empirical

Systems

mode decomposition: a noise assisted data analysis
method [ J]. Advances in Adaptive Data Analysis,
2009,1(1) :1-41.

Bl 2 BRBEE B L S B AR S 1E 5 40 00 SRR
HUFE B i 7K W B 12 W B 9 0. e B 2 B R L 2014,
42(12) . 89-92.

QIAN Peiyun, CHEN Xihui, HU Xiao,et al. Study on
bearing fault diagnosis of ranging boom in coal
shearer based on vibration signal analysis[]J]. Coal
Science and Technology,2014,42(12) :89-92.

ERA, EM R AT M. 55 BT EEMD g THHLR
SRR BRI W O IR [T, B R 24, 2012, 37 (4) .
689-694.

WANG Zengcai, WANG Shuliang. REN Kaisheng,
et al. Research on the method of hoist head sheave
bearing fault diagnosis based on EEMD[J]. Journal of
China Coal Society,2012,37(4) :689-694.

T L DER T EE AN AR TR IR B SR AL
TR R SRS iy vk [T ], B2, 2015, 40 (11D
2509-2513.

HAO Shangqing, PANG Xinyu, WANG Xuesong,
et al. Bearing fault diagnosis method for shearer
rocker arm based on blind source separation [ ] ].
Journal of China Coal Society, 2015, 40 (11);
2509-2513.

[15]

[16]

[17]

(18]

[19]

HIES o O X ()], M, 2010,27(1) :31-32.
Y1 Changping. ZHAO Mingsheng, CUI Zhengrong.
Simulation experiment of separation of blasting
vibration signal based on ICA method[]]. Blasting,
2010,27(1) :31-32.

THZLAL At 8 B . 2 AR TR A B B 1 B R R
o Bk LT LA TR 2241, 2009, 45(1) £ 189-194.
YE Hongxian, YANG Shixi, YANG Jiangxin.
Temporal blind source separation algorithm for
convolution mixtures with muti vibration sources[ J].
Journal of Mechanical Engineering, 2009, 45 (1);
189-194.
LINH-TRUNG N, BELOUCHRANI A, ABED-
MERAIM K, et al. Separating more sources than
sensors using time-frequency distributions[ ] ]. Journal
on Advances in Signal Processing, 2005, 2005 (17):
1-20.

R BESEE RN HID] . R
K 2#,2008.

UESCW R/ 0 00 5% B T 42 0 45 X 4 ik 1) B 38
BB A5 5 20 89 [T 0. MLAR TR 2 4, 2011, 47 (4)
12-16.

WU Wenfeng, CHEN Xiaohu, SU Xunjia. Blind
source separation of single-channel mechanical signal
based on empirical mode decomposition[]]. Journal of
Mechanical Engineering,2011,47(4) :12-16.

AT M@ LI AR, % 36T EEMD-TEO 1§ 1) &
G L bl R A2 W 7 s LD ). TG g A2 08 R e
2018,53(2) :359-366.

JIN Hang, LIN Jianhui, WU Chuanhui, et al.
Diagnostic method for high-speed train bearing fault
based on EEMD-TEO

Southwest Jiaotong University,2018,53(2) :359-366.

entropy [ J ]. Journal of





