325 F3H BT Vol. 32 No.3
2014 F6 8 Light Industry Machinery Jun. 2014

[tASR - igit] DOI.10. 3969/j. issn. 1005-2895.2014. 03. 004
B T <R 18 3K M /)V il 2= IR B B 4 A
B 2% FR A N A BR 4 35
% R, BkF, EEZE,ZFET A

(1. 29 KA I PURB AT, Hdk B8 430002; 2. =3k X5 buSHAFE, b £8  430002)

W B RARBRAR R TR S RN R R TR A ARAE 5 Bk, A Hilbert &4 898 15 3% UGG 3 R4 4890 & pb i R
F) 5k Fo AT T 693 BHOR 42 6L 48 0 (80 L 384T, ﬂ“hﬁ#ﬁ?)\ BP A¥ 2 W 4 AT E LW, 4R A FARB AR £
PR A AR ik e T R AR e A kR B R B /?@a*é’m By TEvk )G 09 M AZ 5 2238 Hilbert & 25 i 42 3. %)
FIERERFAEIR, LR T R FT 0 LA, T AR, L EXRBRARG TR TET,
6L 28 H@AH M B AEARARARIT R 0 R B TOL#g 3 E45 5, 454 BP /\lﬂ%’ 2 W -5 i B A & A 100% .

X B ORI ERABAR M TR E AR AR M BP A LAV Z M &

RESY S U279.3 ERFRARAS A XEHE :1005-2895(2014)03-0013-07

Envelope Demodulation and Fault Classification of Rolling Bearing
Based on Neighborhood Correlation Wavelet De-Noising

ZHANG Yuan ',SHI Yongfang' ,ZE Sufang',LI Li’

(1. Faculty of Mechanical and Electrical , College of Science and Technology of
China Three Gorges University, Yichang,Hubei 443002, China;
2. College of Mechanical and Material Engineering, China Three Gorges University, Yichang, Hubei 443002, China)

Abstract; Rolling bearing vibration signals were de-noised based on neighborhood correlation and threshold value
redundant second generation wavelet, then rolling bearings’ fault feature frequencies were extracted by Hilbert envelope
demodulation, and then feature extraction effect of different rotational speeds and loads were compared. Kurtosis of
envelope amplitude was proposed to input into BP artificial neural networks to make faults diagnosis. The result shows
that neighborhood correlation second generation wavelet de-noising method can well restrain the noise, and it can retain
the original signal information. The fault feature frequency and its frequency doubling can be basically found on the
Hilbert envelope demodulation of the de-noised signals, and the effect is prior to the original signal. Working condition
can influence the analysis effect, and the effect of velocity on extraction result is more obvious than load. The kurtosis of
envelope amplitude can well classify different working condition fault signals, and the diagnosis accuracy of kurtosis
index combined with BP artificial neural networks is 100% .

Key words: rolling bearing; neighborhood correlation ; redundant second generation wavelet; envelope demodulation;

kurtosis ; BP artificial neural networks

SRR A T A E R ESRJREAE R Cai A Silverman 4211 T AT
— TR TR R R Sh R RS S8 S22 /DA REUH G A R e JELAEL, 715 54 AN RT3
SRR B RN (AR R LUARMR . TUARER AN, MRS AR A A RO, T ] 1 58 55 A SR FOR T
%”k—ﬁ/l\{}ﬁﬁ He TSR AL 2 AR AE A BRSERE R OUARES AR IS TR AOOR L sk

W8 H 28 :2014-01-31; f& [E] B #§ :2014-03-05
YEE R K (1980) , Lo, Wb A A, =k R 2E BT 22 Be VI, 4, ZEREST 7 10 R 3T, E-mail :17958774@ qq. com



<14 - B THI# Light Industry Machinery

2014 FFEE3 A

figp 1 75 0 e — P IR Sh ik RORS 2 W 5 1, AN (SURT ) Wy
B RO 785 AT I T EL TR R R R T AR
R 22 T BB A A TOAR S A/ NI A Hilbert £11.2%
figt Il 3 T ARG B L] TR Sh il R SRR2 W, AF 58 T 00
X MR IR, 455 BP N T 28 W 25 478K
B,
1 ETPEEXERREZNRDMNEEE
/NI 408 2R BORH O P g Mg RELAELJ: < 2R 2 i /N
FEL A HME SRR, IR 2 B AR AR A 2 /N
AR EIZIE T RIE

PR A (5 BT AR — NI 4 Y
A5 SR b R A G — 1A+ LA
A% BT BRI RO 207155 5 7T LA e

2

ok o
(/Z(k) _ df“(l - Mizk) Mi,i = (ak)z
i - k,i
0, Mf, < (ak>2

Hrf,
M, = (4% + (d)? + (d)7 e, = 207 In(L)
Sk R TUAES AR N AR R L R A K
BE oy T8 kR AR 2

ST AT R S P 1 T A S — A/ N A )7 v T 1
A LT LA 38

1) xBTS TR = RN AR, R
R T A0 1552

2) HRRFREFEH M, a5

3) R4 15 AT B AL AL 3

&) SR TUAE NI A R JE AR

-400 : : : :
0 0.1 02 03 0.4
FJ 18] #/s
(a) MBIV
300
>
E 200
1 100
£ 9
-100 - ' : :
0 0.1 02 03 0.4

T #/s
(o) WEMAR &

WS AR
2 ETBEHEXMERTTRSE ZR /N IE sh i
ARG S HIPERE
2.1 EHARNES

SEIGVE SR TSk GB6308 , 5L &5 RAE VR 5))
SRR BN B AR S R A AR 20 kHz, SEIS K
B4 A3 AR R AR R 1S TE R s 2 4y
SR < A RTE P R R0V SR SRR

TR 4 PR 3 b i R HEA T SRAE
U R 5 5 5l TF 580 1 B R A 0 3R L3R 1,
I TR/ I 4 o o 8 R ATL 1 P X R R R SR, TE 3
FERO V2B RAE 15 V AL, BN 40 V £ 4,
B 1R ny JRET RTRE

F 1 A Fribik o R 3 dh R 09 B 4F AR IR &

Table 1  Rolling bearing’s fault characteristic
frequencies of 4 speeds
- gy e REitk B SNERR RaEhiE
e ES n/  FHESR IEMIR IEBUR AR
fHz (remin-') fi/Hz  f/HMz  f/Hz  f,/Hz
1 7.7 462 15.7 37.9 23.7 2.96
2 12.7 762 25.9 62.6 39.0 4.88
3 18.3 1 098 37.3 90.2 56.2 7.03
4 26. 1 1 566 53.0 129.0 80.2 10. 00

2.2 E-TEREAE XM T R 5B = RN B IR Bh A R 3h
&SRR

o 22 T AR S R TUAR SR A/ N R I 7 3k Lo
T ESAIRSIE S B 250, 1K 2 ME 1 RS
B ARIR SN 5 5 RS R IR

B{E A/mV
(=)

1

-500 . . . .
0 0.1 0.2 0.3 0.4
Fif 18] #/s
(b) PIIBI R
150
>
£ 100
i
@ 50
O L L L L
0 0.1 0.2 0.3 0.4
R [A] #/s
(d) IEH

B1 R RFENET A

Figure 1

Time domain chart of rolling bearing vibration signal
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Figure 2

Rolling Bearing’s de-noised signals based on neighborhood correlation and

threshold value redundant second generation wavelet
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Figure 3 Power spectral density ( PSD) charts of rolling bearing’s de-noised signals
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Figure 4 Envelope spectra of rolling bearing with outer ring spalling
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Figure 5 Envelope spectra of rolling bearing with inner ring spalling
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Figure 6 Envelope spectra of rolling bearing with rolling element spalling
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Figure 7 Envelope spectra of rolling bearing with normal condition
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Figure 8 Envelope spectra of rolling bearing’s de-noised signals with Rolling

element spalling under condition of light load and 4 speeds
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Figure 9 Envelope spectra of rolling bearing’s

de-noised signals with rolling element spalling

under condition of 3 loads and speed n,
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Figure 10  Kurtosis of rolling bearing’s

envelope spectrum amplitude
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Table 2 Ideal output vector of training samples
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Table 3 Actual output vector of test samples

DA Figi ] T2 i3 Wi ICEEARA il T2 i3 gl 4
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0.995 6 0.000 5 0.0009 -0.000 3 0.003 3 0.0105 1.015 4 0.043 2
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