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Fig. 3 The process of fault diagnosis
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Fig. 7 The result of decomposition
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Fig. 10 Fault simulation test bench for rolling bearing
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Tab.1 The structural parameters of rolling bearing
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Tab.2 The fault characteristic frequency
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Fig. 11 The signal of outer ring fault bearing
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Fig. 12 The envelope spectrum of outer ring fault bearing
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Tab.3 The structural parameters of rolling bearing

BRI/ RatkER/ Bk Hfm s/
mm mm A% )
610 62 42 0

R4 R R A

Tab.4 The fault characteristic frequency

e i 2 P Pl SN ERTIRUN
WA IR %/ Hz 24, 29 19. 81 5.11

22 A R AR B R 4R 09 IR Sl A5 5 10
IS IE » P P R 0 B O BT R B e
disr. B 23 M fE S i . I IR R R LR
H A 38+ I DA AR X X 3 B A R T . AR IR
PR AR 3 B AR K e (ELIC 3. MR 150 Hz X Iz 14 1
120,

pl
)
< . , , , ,

0 01 02 03 04 05 06 07 08
t/s

Bl 22 RENRNE T IR

Fig. 22 The time domain waveform of vibration signal

E1E /

24 it B 7RISR B BT A S 80
Rl As. 78 Q=2.1.J =3 i}, As BU1§ i K1
0.239 9, 0Ll Q 1 J HE) Wit mS . &E
Q=2.1,]=3, TQWT Xt 5 4 5 5 217 /3 i . 2%



324 & oW K 5 2 W

5540

0.020

0.015¢

0.010[

TE{H / (m * s7)

0.005

0 50 100 150
7/ Hz

B 23 RERIES ALK

Fig. 23 The envelope spectrum of vibration signal

0.23
0.22
0.21
020 o
0.19
0.18

0.17
0.16

24 RELIRSNE 5 BRI AT 250 5 R B

The characteristic frequency strength factor of

Fig. 24
vibration signal

Ja X A /N AR B AT BT A AR BN 4 Ao i
L REAE AR A 5 B2 R R K 2y B Co o X I
Mo iE C, BEAT A48 S RRE 5 T AT B N 25
s I RERE TS P L E 24. 5 Hz J 2,34 f5 Ak 3L
TR AR . 2= 0t B A0 5T B 3 O 5 i)
YT R Sl il 7R R S S PR AL

4
~ 48.75 Hz
wv 3 L
£ 245 Hz
ol < 72.5 Hz
= 75 Hz
"ol
Lg
0 50 100 150
f/Hz

K25 gri G ME%SRRERE

Fig. 25 The envelope derivative energy spectrum of Cs;

M2 Prde 7 sk %t 4 H Bdls it 47 23 - T 2L
YA M 32 W H A R P L e A K T R R
A T A A0 451 2 S B B 2 i 1 T S

5 & it

1) I JH A 45 5 JORE B2t % R I 00 5 5 B2 R R e

i B3 N A E TQWT i 2 80 9 HAE (L
SR R R R T IO RN 00 R - ki TQWT J5
T R F 2 B HBOUR b i 5 Bl s R R A

2) FeML o i or B 00 B0 4% T KORE B AR AT
A0 285 31 Sk 75 I R O S0 9 BT 8 20 U P A % 5 5K
AEF2 3 AR 9 35 AR 4R BUR R SRR Ak £ B B A T 1%
AL AR IR I

3) Bty TQWT Jiik A s ik R i ei2
W BT — R A0 B, O S B TR AR A T — Fh
s ik

2 % X ik

(1] ZEE. AN, BN A 5 (4 50 i 1 BE L 3L 4R 52 TR

s R AELT ], ARk T AR 24, 2017, 33(11):60-
67.
LI Zhixing,SHI Boqiang. Extracting weak fault charac-
teristics with adaptive singular valuede composition
and stochastic resonance[ ] ]. Transactions of the Chi-
nese Society of Agricultural Engineering , 2017, 33
(11):60-67. (in Chinese)

(2] AE%F, E@AE, KB % ST 00 & /N HE

ML Teager B & 315 (9 7 g 4R WA B i2 W [0 ], 3R 3l
Ly, 2017, 36(10):84-92.
REN Xueping, WANG Chaoge, ZHANG Yuhao, et al.
Incipient fault diagnosis of rolling bearings based on
dual-tree complex wavelet packet transform adaptive
Teager energy spectrum/[]J]. Journal of Vibration and
Shock,2017, 36(10):84-92. (in Chinese)

(3] E#E, PR, sk, WA S8 ELMD 5 LS

SVM TE&h A B2 Wi g i 1 S5 0F 5 LT, 485w
i, 2017, 36(5).72-78.
WANG Jianguo, CHEN Shuai, ZHANG Chao. Appli-
cation of noise parametric optimization with ELMD
and LS-SVM in bearing fault diagnosis[ ] ]. Journal of
Vibration and Shock. 2017, 36 (5):72-78. (in Chi-
nese)

(4] W5, FHMG, J7rS5. /AR e 78 SR A I A A
LT Ak, 1997, 23(6):736-741.

YE Hao, WANG Guizeng, FANG Chongzhi. Applica-
tion of wavelet transform in fault detection[ ] ]. Journal
of Automation, 1997, 23 (6): 736-741. (in Chinese)

[5] SELESNICK I. Wavelet transform with tunable Q-fac-
tor[J]. TEEE Transactions on Signal Processing,
2011, 59(8):3560-3575.

[6] HEWP,ZIYY, CHEN B Q, et al. Tunable Q-fac-
tor wavelet transform denoising with neighboring coef-

ficients and its application to rotating machinery fault



el

2B 55 R TQW'T 1638 3 il R 50 e a2 Wi ik iz

325

(7]

(8]

(9]

(10]

diagnosis[ J]. Science China Technological Sciences,
2013, 56(8):1956-1965.

PR, EBEe. AE A B 0 R e AR TR Bl il R
Tl e B R AR SR IR i BT LT . b A AL AR A
2016, 36(3):746-754.

TANG Guiji, WANG Xiaolong. The application of the
tunable Q-factor wavelet transform to the feature ex-
traction of weak fault of rolling bearing[ ] ]. Chinese
Journal of Electrical Engineering, 2016, 36 (3):
746-754. (in Chinese)

FW e, FE ST, PR T L) I R R VR Bl K
LR 2 W R s LT, i BR . 2016, 37(8):
1431-1437.

WANG Xiaolong, TANG Guiji. A new method for ear-
ly fault diagnosis of rolling bearings based on continu-
ous wavelet transform [ J]. Propulsion Technology,
2016, 37(8):1431-1437. (in Chinese)

SRE, ARG, HEAR A, VR Sl Bl R R AR 1 ] —
ANBERE R B B IR L)), MLM TR, 2011, 47
(17) :44-49.

ZHANG Jin,FENG Zhipeng, CHU Fulei. Extraction of
rolling bearing fault feature based on time-wavelet en-
ergy spectrum[]J]. Journal of Mechanical Engineering,
2011, 47(17) :44-49. (in Chinese)

O'TOOLE J, TEMKO A, STEVENSON N. Assess-
ing instantaneous energy in the EEG(electroencephalo-
gram) : a non-negative, frequency-weighted energy op-
erator. [C] // 36th Annual International Conference of
the IEEE Engineering in Medicine and Biology Society.
Chicago:IEEE, 2014 .3288-3291.

[11] IMAOUCHEN Y. KEDADOUCHE M. ALKAMA

(12]

R, et al.

complementary ensemble empirical mode decomposi-

A frequency-weighted energy operator and

tion for bearing fault detection[]J]. Mechanical Sys-
tems & Signal Processing, 2017, 82.103-116.

ST B G LI 5. TR A0 Ak D8 U 10 Al
AR AR S By R ()], B I a5 2 .
2016,30(5) :757-763.

SANG Yingping, CAI Jinhui,

ZENG jiusun, et al.

[13]

[14]

[15]

[16]

Feature extraction method of bearing fault based on
morphological optimization filtering [ J]. Journal of
Electronic Measurement and Instrumentation, 2016,30
(5): 757-763. (in Chinese)

LUO J S, YU D J, LIANG M. A kurtosis-guided a-
daptive demodulation technique for bearing fault detec-
tion based on tunable-Q wavelet transform[J]. Meas-
urement Science & Technology, 2013, 24(5):055009.
TORRES M, COLOMINAS M, SCHLOTTHAUER
G, et al. A complete ensemble empirical mode decom-
position with adaptive noise[ C] // IEEE International
Conference on Acoustics, Speech and Signal Process-
ing. [S.1. ]:1EEE, 2011:4144-4147,

BT R, EWE e, B IS N KO G U B R AU K
HARRR R R 2 Wb pg R LT o E gL TR
2R, 2015, 35(6):1436-1444.

TANG Guiji, WANG Xiaolong. Adaptive maximum
correlation kurtosis deconvolution method and its ap-
plication in early fault diagnosis of bearing[ J]. Chinese
Journal of Electrical Engineering. 2015, 35(6):1436-
1444, (in Chinese)

WANG T Y, LIANG M, LIJ Y. et al. Rolling ele-
ment bearing fault diagnosis via fault characteristic or-
der (FCO) analysis[J]. Mechanical Systems &. Signal
Processing, 2014, 45(1):139-153.

F—1EEBNAEEV. B, 1963 F 5 A
AL . EEBIR T O HLA L
B S M2 W, 8k ROGET DT-
CWT Hidi i Teager fig i i 4l /K 54
HCBR 2 W7 ) (CHiR 3 3K 512 W7 ) 2017 4§
537 B 4 WD FIR L.

E-mail : rxp@imust. cn

BEEEE N HEA. B 19954 3 A
AR ST ) S HLA R A
TEL MR 5 R 2 T

E-mail: 153881718@qq. com



