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Diagnosis method for bearing faults in coal mining equipment

YANG Chuncai, LI Xianglei, LYU Xiaowei
(Wanli No.1 Mine, CHN Baotou Energy Co., Ltd., Ordos 017099, China)

Abstract: The early fault characteristics of rolling bearings in coal mining equipment are weak, and they are
easily affected by factors such as load and working conditions. The characteristics can be submerged by noise,
making bearing fault diagnosis difficult. Most existing research uses a single algorithm to process bearing fault
signals, and the accuracy of fault characteristic extraction and fault diagnosis needs to be further improved. A fault
diagnosis method for coal mining equipment bearings is proposed, which combines local characteristic-scale
decomposition (LCD) and singular value decomposition (SVD). The LCD method is used to decompose the
vibration signal of coal mining equipment bearings into several intrinsic scale components (ISC), achieving
preliminary signal denoising. The method calculates the Shannon entropy of each ISC, selects the ISC with the
smallest Shannon entropy for SVD. The method constructs the singular value difference spectrum of the SVD
signal. The method reconstructs the signal for the maximum abrupt component to achieve signal enhancement and
denoising. The method performs Hilbert envelope demodulation on the reconstructed signal to obtain the
characteristic frequency of bearing faults, and then determine the bearing faults. The on-site measured data is used
to validate the bearing fault diagnosis method of coal mining equipment based on LCD-SVD. The results show
that this method can accurately extract the characteristic frequency of bearing faults, thereby achieving early fault
diagnosis of coal mining equipment bearings.
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based on LCD and singular value decompostion(SVD)

1) FIJH LCD 75 12 % BEHL B & il K Ik 3 15 5 1F
Fror i, 15204 FRAEHY 1SC.

2) T4 ISC B A AN, BV (EL iR /N9 1SCo

3) fliH SVD Jr ik Xtk e /N ISC AT 53 M o

4) fyst SVD {55 i ar A 22 003, 19 8 kR
Ao, TR SR

5) A Hilbert £, 2% fift i 12 0t A4 {5 5 147 &b
B, 753 255 iR

6) R FRAFIEATAS, J Wl 7R o

4 THENMA

FEIEO SR T HLAE 2 A7 1 AR b, ok P A
Wi o SR FH A 4 I 2R 29 2R B 1% DA Lz AT IR S 2
Ui o 2k I AR G I 2l R AL AR | B AR
TS L B R AR IR S5 A A AL, K 3 B . R
TR AR R S AUA B AR SR T HLIs 4T B, SRR AR
7 il a Tl I A 1K 2 BE e 5 A AT AL B
o3
We552%

HURRAAL | ‘*;,ﬂ %
) H\/
%

B3 RIS I R G

Fig.3 Composition of on-line hoist monitoring system

D ML A A G il 7 RS A 162250D, SR A AR
A 4 000 Hz, RFE S ANECN 2048, RGRENIRS)
S5 4 Fis, (55X 0EEE R 1075 r/min,

N
(=}

20

f=}

JIE S /(m - s72)

0 0.1 0.2 0.3 0.4 0.5
[ H)/s
(a) IR

0 400 800 1200 1 600 2 000
A2 /Hz

(b) M
4 JCE AL AR IR S5 5 I T B FCR (E
Fig. 4 Temporal waveform and amplitude spectrum of vibration

signal of reducer bearing

R 43 BT iz s AL S R L, SR I LCD 7 ik X
IR sh 5 5 A7 0 i, 358 A 40 =, BURT 6 41
ISCUISC1—ISC6), A 5 Fims

50 ISC1

20 ﬁ 1SC2
0

20 1SC3

|
(5]
=]

|
]
=

|
)
=

w
—
[72]
@]
[

|
W

1SC6

%

|
[

IR/« 2) JEEEE(m - s2) DIREEA(m + s72) DIEE/(m - ) JEEAm - s2) JIE/(m - s72)

0.1 0.2 0.3 0.4 0.5
B [ /s

K5 MRS LCD 4
Fig. 5 LCD results of vibration signal of bearing
JH5 ISC1—ISC6 By A A, W% 1.
R 41 75 A% 0 f /N B U, 2688 1SC1 24T SVD, 15
B AN A5 S RN 22 7315, 4nl&l 6 FiR .

[=}



« 150 -

5 8k

% 49 %

# 1 ISC1—ISC6 T4
Table I The Shannon entropy of ISC1-ISC6

ISC ISC1 1SC2 I1SC3 I1SC5 I1SC6
AN 4386 4 5.708 3 5.480 8 5.6529 5.504 0

- 4000

& 3000

jﬁﬁ 2000 -

&= 1000 TN

0 10 20 30 40 50 60 70 80 90 100
AT

6 ISCI [ SVD fif 5 ap i M HZE 0 (il 100 5D
Fig. 6 Singular value and its difference spectrum of SVD signal of
ISC1 (former 100 points)

ME 6 FIFE 1, R4S 2 A FIEE 10 A& R ELA A
SRAR YR e KAE . R, #E AT 10 S5 2 AT
EA, KR EAA R E S A HER. EWN
ISC1 B ERIEIE an &l 7 B .

=]
2

=

ISC1 41

0 Oil 012 013 0l.4 0:5
I [l /s
F 7 ERE ISCI IR IE

Fig. 7 Temporal waveform of reconstructed ISC1
X 5B 45 5 AT Hilbert 40 45 fif 4, £ 25 315 40
P8 I 7 o DET AP ml i A M 7 Y e e o A A1 R
(445.3 Hz) B AR, FEA5 s A LA R A Pl e
HEAIR (466 Hz)— 5, B A 35 10 L 7R 17 26 51

Fel i o

10

JIEE/(m + s72)

4453 Hz
[ 2
. . o
0 200 400 600 800 1000
B /Hz

8 EMAY ISCI ki
Fig. 8 Envelope spectrum of reconstructed ISC1
0 AE T X EE, X ISC1 B 4% #E 4T Hilbert £ 4% fift
i, CAE AN 9 FoR. S 8 HEL, &1 9 Y Hilbert
FLZKIEBA W R ESRE R
~2.0
1.5

1.0
0.5

I /(m - s

0 200 400 600 800 1 000
SR /Hz

K9 ISCl fu#ki

Fig. 9 Envelope spectrum of ISC1

W05 16 5 R AE v, R A H AL il 7 A1 P DR
2L, a0 10 Firs, BAIE T e s R R rER T

K10 kR
Fig. 10 Faulty bearing

5 #Hig

D) 45 0 BB 5 A Sl R R 12 8 O R R
LCD Fl SVD it 5 J7 1 X BEAIL 15 45 B 7&K iR 20 A5 5 i
FTRENGE, LIS KAR 5 (5 M HE, P Hilbert A2 i 6 $2
U R BB RRAE, S5 T 2 W o

2) TN F R B, 3% 07 1 B 4% o B B2 I Al
I R AR A 23, 5 B R 0 ol 1 DT RS I 12 5 B 7
B, T SRR A R S T AR

£ % 3K (References):

(1] Sy, B85, K%, & T 2070 Umis

ML R 2 Wy 73k L. L4 B 34k, 2013, 39C10)
24-27.
MA Hailong, LI Zhen, ZHU Yijun, et al. Fault diagnosis
method of belt conveyor based on differential
resonator[J]. Industry and Mine Automation, 2013,
39(10): 24-27.

(2] Hifgde. 2T 245 5 Rha iR Gz AL s s B
Bz W& K RG], B AU, 2019, 40€9): 174-176.
MA Hailong. Fault diagnosis fuzzy expert system of
scraper conveyer reducer based on multi-information
fusion[J]. Coal Mine Machinery, 2019, 40(9) :
174-176.

[3] R B, BEER, & —MRIENUEE SR 3

7R B 2 W 7 9 L)L TE S LN B S 4R ), 2023,
31(5):73-79.
JIAO Yubing, LI Jie, MA Xihong, et al. A fault
diagnosis method for rolling bearing of shearer cutting
section[J]. Computer Measurement & Control, 2023,
31(5):73-79.

(4] BEZ. BT 20 % 7 BN B & s 512 W 7 V% o
FE 130, BE B, 2023, 44(4): 188-192.

GUO Jun. Research on fault diagnosis method of coal
machinery equipment based on differential resonator[J].
Coal Mine Machinery, 2023, 44(4): 188-192.

[5] BEARA. HTHHm SR AIH 8 B Al 7K i b 12 W e
FED]. V% VY LR, 2020.

BAN Dongdong. Research on fault diagnosis of mine
ventilator bearing based on date drive[D]. Xi'an: Xi'an
University of Science and Technology, 2020.

(6] &%, Bt Rk, & SRR SR E Tl %



2023 5% 12

E

VEAUIZ & S AR I oy ok

- 151

(9]

(10]

(11]

(12]

(13]

PF T R s R SR 2 T 7T (7). T A 3h ik, 2021,
47(7):63-71.

GONG Tao, YANG lJianhua, SHAN Zhen, et al.
Research on rolling bearing fault diagnosis under strong
noise background and variable speed working
condition[J]. Industry and Mine Automation, 2021,
47(7): 63-71.

A, RYe, W T HRLRS 5 DBN 7 i
ROHL I Bh 4l A& e 2 W (0. T8 B 3h {6, 2021,
47(10): 14-20, 26.

GUO Xiucai, WU Ni, CAO Xin. Fault diagnosis of
rolling bearing of mine ventilator based on characteristic
fusion and DBN[J]. Industry and Mine Automation,
2021, 47(10): 14-20, 26.

FEFCTN, XHRAT, 58, Jh T oodh &7 8 20 A A VR 3
AR 59 WO R AE SR T 3% ). BUB R 244, 2022,
58(17): 156-169.

CUI Lingli, LIU Yinhang, WANG Xin. Feature
extraction of weak fault for rolling bearing based on
improved singular value decomposition[J]. Journal of
Mechanical Engineering, 2022, 58(17): 156-169.
AW MeEs, SEAsK. 25T SO A A w8 0 A
(AR ) B 7R S B 2 W (D], A5t koK 224k, 2023,
49(7):729-736.

XU Yonggang, YANG Miaorui, MA Chaoyong.
Improved extended singular value decomposition packet
and its application in fault diagnosis of rolling
bearings[J]. Journal of Beijing University of
Technology, 2023, 49(7): 729-736.

TR, B, FRAR, . il SVD BB T RS
b oo B R DR S R G BT FE (D). R B0 A5 b, 2023,
42(10): 144-154.

SU Zina, MA Jun, WANG Xiaodong, et al. Rapid
purification of rotor system axis trajectory based on
improved SVD algorithm[J]. Journal of Vibration and
Shock, 2023, 42(10): 144-154.

AR, KGR, S AHSCE FAE LR SVD 1R K
B2 W e g A 0], MLBR T AR 2 4, 2021, 5721
138-149.

LI Hua, LIU Tao, WU Xing, et al. Application of SVD
based on correlated singular value ratio in bearing fault
diagnosis[J]. Journal of Mechanical Engineering, 2021,
57(21):138-149.

MRER, DUk, 2Rk, & BT A& BRI SR
0 5% e R W R 2 T g 9 [T ] PR DR 2 2 (B AR
RH#), 2021, 35(2):96-104.

CHEN Xuejun, BEI Shaoyi, LI Bo, et al. Fault diagnosis
of bearing based on convolutional neural network with
combined noise reduction[J]. Journal of Chongqing
University of Technology(Natural Science) , 2021,
35(2):96-104.

XA, B, BB SOR. SR SRR IRANE 5 iR
2y b 7R bR o AR SR LY. IR B TRE R 2021,
34(1):202-210.

LIU Xiangnan, ZHAO Xuezhi, SHANGGUAN Wenbin.
The impact features extraction of rolling bearing under
strong background noise[J]. Journal of Vibration

(14]

[15]

[16]

(17]

(18]

[19]

[20]

(21]

Engineering, 2021, 34(1):202-210.

VR, B AR, PR, 45 FE T SVD-VMD #l SVM iR
Byl AR R 2 W 7 v O] B RS AR E R
2022, 36(1):220-226.

CHEN Jian, KAN Dong, SUN Taihua, et al. Rolling
bearing fault diagnosis method based on SVD-VMD and
SVM[J]. Journal of Electronic Measurement and
Instrumentation, 2022, 36(1): 220-226.

W, SO, HIRRH. AL firm 1R AT S AR 20 A A H
e B L BR W B 2 I (0], e S 5 4R B s i, 2023,
43(5):135-141, 187.

CHANG Yan, CAI Gaigai, HU Yaoyang. Weighted firm
threshold singular value decomposition and rotating
machinery fault diagnosis[J]. Noise and Vibration
Control, 2023, 43(5): 135-141, 187.

SRS, FBEEE, SRE N, 55, J T 55 08 20 At 0 i
PLIR 2 45 5 R A B R D] TA A 3h 1k, 2019,
45(1):28-34.

ZHANG Linfeng, TIAN Mugqin, SONG Jiancheng, et al.
Feature extraction of vibration signal of roadheader
based on singular value decomposition[J]. Industry and
Mine Automation, 2019, 45(1): 28-34.

FFT oe, 2R LA, A, 56, T R AR AR RUBE 70 A
H1IRD R B 1) 22 v AR R (IR R 0 0732 [T]. 4R
)5 i, 2016, 35(20): 54-59.

TIAN Zaike, LI Hongru, GU Honggiang, et al.
Degradation status identification of a hydraulic pump
based on local characteristic-scale decomposition and
JRD[J]. Journal of Vibration and Shock, 2016, 35(20):
54-59.

B, W, R . R R IR ROBE 43 R DT 10 K 3L oy
BRI 0], E ALK TR, 2013, 24(2): 195-
201, 208.

YANG Yu, ZENG Ming, CHENG Junsheng. Research
on local characteristic-scale decomposition and its
stopping criterialJ]. China Mechanical Engineering,
2013, 24(2):195-201, 208.

& GHR, LI, 5. T RBIRHE I A BB
bz ] IR 5 e, 2018, 37(21): 233-239.
DING Lei, ZENG Ruili, SHEN Hong, et al. An engine
fault diagnosis method based on Shannon entropy
features[J]. Journal of Vibration and Shock, 2018,
37(21):233-239.
8f A, s, AR, 5. B T CEEMD % R i il
GAPSO-SVM K HLEHR it 7R e [ 12 W U5 32 (1], HLI
SREE, 2022, 44(4): 781-787.

BAO Jie, JING Bo, JIAO Xiaoxuan, et al. Fault
diagonsis method of airborne fuel pump based on
CEEMD Shannon entropy and GAPSO-SVMI[J].
Journal of Mechanical Strength, 2022, 44(4): 781-787.
AR 4L, RTINEN, KRBT, 55, 5T EMD R R I )
H SR 12 I R 0T K I, TR 5 | a3
H,2019(2): 114-117.

LI Guihong, ZHAO Lili, DU Xin, et al. Development of
tools wearing fault diagnosis system based on EMD and
Shannon[J]. Industrial Instrumentation & Automation,
2019(2): 114-117.


https://doi.org/10.3901/JME.2022.17.156
https://doi.org/10.3901/JME.2022.17.156
https://doi.org/10.3901/JME.2022.17.156
https://doi.org/10.3901/JME.2021.21.138
https://doi.org/10.3901/JME.2021.21.138

	0 引言
	1 轴承振动信号LCD原理
	2 轴承振动信号SVD原理
	3 基于LCD–SVD的轴承故障诊断方法
	4 工程应用
	5 结论
	参考文献

