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Time-frequency feature extraction of rolling bearing’s early weak
fault based on wavelet de-noising using neighboring coefficients

WANG Hong-chao, GUO Zhi-qiang, XIANG Guo-quan,
GONG Xiao-yun, DU Wen-liao
(Mechanical and Electrical Engineering Institute,

Zhengzhou University of Light Industry, Zhengzhou 450002, China)

Abstract: The wavelet de-noising using neighboring coefficients and frequency slice
wavelet transform (FSWT) were combined for weak fault time-frequency feature extraction
of rolling bearing. Based on the analysis results of the vibration data of rolling element bear-
ing's early weak fault, the strong background noise of rolling bearing can be decreased effec-
tively by the wavelet de-nosing using neighboring coefficients method. Furthermore, the de-
noised signal was handled by the FSWT method and better time-frequency feature extraction
result was obtained compared with the method using FSWT directly, so the effectiveness of
the proposed method was verified. Besides, the advantages of the proposed method were also

verified by comparing with other time-frequency method such as spectral kurtosis.

Key words: wavelet de-noising using neighboring coefficients; rolling bearings;

frequency slice wavelet transform (FSWT); early weak fault; feature extraction

VN e AR 5 W B e 5 0 A AR R i) A e R A 4 BOA 3 TR 28 2 I 2 55 T L
TR TR Sl 0 LR AT B I A A 1 S PR AR A 1 0 el - ol s e o B

Y 5 B # : 2015-08-07
E&TUE : 1% 54 B AR 34 (51405453,51205371) 5 KoM 4 ol 2 e 1+ R 3 4
T BT A« F 2 (1083 —) L 38 L RO . Wk 2 3 S 507 160 e 6 L K 8 7 15 £ 5 b .

SIS ER L SRR 1] A, 4. T /0 IR 408 28 A MR % 5l T 7R T 300 50 G e I SRR AE SR I LT 1. %S 3l ) 24, 2017, 32
(5):1266-1272. WANG Hongchao, GUO Zhiqgiang, XIANG Guoquan, et al. Time-frequency feature extraction of rolling

bearing’s early weak fault based on wavelet de-noising using neighboring coefficients[ J]. Journal of Aerospace Power.

2017,32(5):1266-1272.



LHER:]

A < T/ R 48 AR R MR 1) TS 5 el R 300 ol s AR P AR R AR £ R 1267

AR 15 5 T 52 50 7 357 MR 7S A e 0 S HL
R I3 BT AN i 52 BIAE -5 T 0B ) 3 i JE AR
TEAE R U AR5 Bl . 1 3l il 7 1 ST 8 e e ) 45
UE i R — T X R B R sl i R ) e
B 1 B AR AE 42 BBUME [ A8 Dong 41 K4 0 21 B 47
T T T LA SO R Y e T B 6 pE R B A
A7 % (TR 2l i 7 e S 3 e e R A 42 B i i —
RN 7 H e 52 56 B Ik B 3 U5 v LA SR 470 e Y 10
M SCHRC2 TR di /N5 22 180 3% 98 3l Al R rd
TLIECEES W L -5 A T IR EE SR Brid T
T I SCRRES TR 8 O/ A8 15 N T 22
EAHAS A T e 1) S B2 W ST /N D AR
PR AR 7 F AL SR 5 N T 2 ) 255 AT 502K
AR T B (9 23 S A5 AL SCHR L4 B e xR sl il ok
F-FPL 0 ol 5 i e 5 R A7 A IR AR L R I T 2 B A
AT TT X BRI R AR S BEAT R BB K 42 B
HYHFAEAE S BP(back propagation) #i 2 4 45 4 i /)
RAR 5 AT T AN 1970 ROR. PEERF-A2
RS ) I 53 A 7 5 A e e AUk B 12 i b 2 B
37— BN /N B U R 78 4 43 T O i
JE L AR ARE ) — b A ISR A O 2k O R AE IR S AR
SO AT AT T —E W SCHRLO DR T B
Sl 55 B AT RN TN AR e gy
M7 2 2 /N e o3 A 7 i 1) ik — 2 5 9. SCRik
(10 JXF I A5/ 9 U0 R A48 23 Bt J5 15 BEAT T R BRI
B I SR G IR A R e Az A 5 s A
PN U0 P A2 45 50 i T3 i 4 Gk A R O i
BREARFAIE . K /) DR 408 28 XA I8 15 P /N 170 4%
SEEARGS A F T TR Bl ol R A R AU 5 5 A B2
IO /70N D R 408 2 00 i kR o i 38 5
WA 5 R AT AR M A 3L X A R 15 5 2R 47 B A/
P AE B (FSWT) 73 A7 » e 28§ HCE 45 BEAE 19
TR Sl 7R 7 S0 I P SRR A

1 NE B4R 5 B R I

/NS 1 (L M8 75 35 R — P P A9 A5 5 R I D7
5 FL A O Bl 5 2 M B0 /N T A B AN TR S T L
T B R A 08 /0N I8 28 B ] 9 AH 56 4 2 i ik
oK < 5 R A A L /1N AR TR 48 19 /0 B R B AL
B RHIE (S B BT BRI AR R
] AH S A 1 25 0 /0 T A 400 28 K30 MR 5 3k o A 4
ZINDSE 1R (L Ak B 53 T DA e R A A8 B AT R G
(9365 > /N R A D — A PR AT B {E B
TE » K AE A UREA A48 B W 7 10 HL 34 B8 5 4 Xt
55 I AR AR A B AT PR

B /IR A AR R N T 3 R ERT LAy S

T BE:

D) 50 BN AR e 05 3k ) DR R S
74k PRAT B — F 9 [ /N A e R B

2) LIRJE L B % 854S R o B /i
RBOHEAT A B B B

3) AT WAC A HLOU X B — 3R BY AT R B
P

d,, = pid,, (D
Pl R g R B B /N R B0 o
_ . ALs?
g1 (2)
P A AR A — B S R e -
Sih= >, dis (3)

4) F/IN D 3 R ey o6 b R A BRI A B Y
AN R B AT A PRSP R AR REEE S Bk 4
NIRRT E 2 OGo).

FE FRTERE AL R P U s B F B S A
T HRN R L/ e AR 405 2 %50 18] A4 #E O 1« B AT
PATA i 6 A 4B LA AH O 1k 1) 3R B0 5 IR R 9 A
SURRAE. A3 HL BT LA B X /0N I R 408 ZR B [
M g R LA GV A L AR SCik [ 12 ] mro A A5
RN L=1Inn, L n JESHKE.

Bl 1Ca) (& 1(h) gy — 4 BAF 5 Ko 5 A5
SR IR AL 1 (o Ay PR /DN R 4B 2R B My ik )

L)
T

i
i

Jl%{
il

Signal amplitude
(o]

25 02 0.4 0.6 0.8 1.0
Time/s
. (a) iR TERS
2
£
=
E
=
&
7] s : - : :
0 0.2 0.4 0.6 0.8 1.0
Time/s
(b) FshihRE IR BG5S
2

Signal amplitude
-I- (=] —

0 0.2 04 0.6 0.8 1.0
Time/s

(¢) /NEAR SR R BURWRIS (R 5
1 i E KRS

Fig. 1 Simulation signal and de-noising signal



1268 Wi %

&
K

Eitd o532 %

L(b) P75 AT B 5 45 5 PRy s Je 2T e
ATt /NBOAR 408 2% e 5 05 7 B 4 AR R g R

2 ESUNEYI R ERIRE

2.1 SREYIFNET

BES f(o) e L (R) AR p) By 1H B 75
¥ (Fourier transform, FT)p(w) fE7E » HAH I 1)
FSWT n] & X H

1

oo R w—
Wt wsdo) = —AJ Twp (
e

) eim du

€Y
AP RER T BB R I 0 (67002 (A~
0) 7 » Wi 0] g W B nT LA wo Ml e 1 eR RR
TESTARY] R /N AR v s BN R p (O 1Y
SR T 3 B HE A A I A 4 ST A% 114 45 2R g3 i)

G g () FR b ) i 3 4 WU B

(w) F TR,

MO 5 S AN ) FSWT & Crf L& H
HOAALAR R 1 I B 25 48 (short time Flour-
ier transform, STFT), i H i F R E #FE#
Ty AEEARAR T R AR A B g DA T A A5 A%
Hi i) Fourier 28 # HAT 1 I 4513 it 19 3 fiE

A LU Parseval 77 Fe 2 (4) e 46 1) ] 42k

o
W, w,A,0)=0A ein7 \f(z') e p oz —1) ]de

(5)
TEAES FSWT 52 Br by A A AT &3
P HFRAE TR pCo K p(w) B (5
LR ARSI _E AT R . p (o) 5 SRR R A
PREL (FSF) , H B A LU i
1D p0) #£05 p(0) =1

2>£ | 7 (w) | ? dwo < 00
3) p(£0) =0
D pw) | << p) B | p(0) | << p(0)
2.2 WMEYRNMNETHRERFRHIERE
AR — A A= 1, M4 Morlet /N 725 4

JE O‘OC"UU’.JHS»LWRT_.%O' 9]€>O’JHJJ

1 uiw)e"“du
w

+rm . R )
W (tow, k) = —J FGOp* (/e
21—

6)
i BREG R S w,u TG

PS ,FHEEEﬁJw A A5 X B0 4 BRI (1] £ 72 A0E o
PR Ay st 1 R 55 K (5) A8

1 1wt o iwt * uy(z-f[)
Lwe J S(oe™p [ 7 :|dr (7

{4 Heisenberg JE B, %t {5 5 #: 47 20 #r i A
6 [v] Fsf 5 2] 1 a1 EF 3 10 5 40 B R X ik AT
UKFH?}?I?%‘%XT o Ml w FEATAE T 51 A E

W BB 3 A5 = AT o A, Heoh — A R A R 4y
BEL % g
_ Aw
=" (8)

F— R e B v (0<u<<1)

H uﬁxg,o. 5,0. 25 4,

MR F() = ™', HH FSWT ¥ 2
‘W(t?wo + AwaAvg) ‘

‘W(tawov;{’G)‘ <V (9)
il
;‘;(A—w) < | pO ] (10
w ~
Epn
| pCkn) | << v| p(O) ] (1D
XTIk v ek L £ (o) =06(t—1,), HFH FSWT
W 2
| Wty + Atswidso) |
‘W([Oﬁu’skvﬁ)‘ <V
]
| pGeAD) | < ]| pC0) | (12)
A
p{/} <] p(O (13)
U]
A pn=AwAL.
1 .
BYI R R p(w) = e 7 o =5 AR
QD F=LA3) Fra] L5 5)
21n<i>
=Y Y7 (14)
U]
Pl — (15)
1

B AD ARSIy = ¢ & ok =2y

2.3 FRYIFNEZHRFTR
FSWT R FH: i — A 5 i 504 280 05 2K

RO 350 AR e R Ry
oo oo
£ :ﬁJ,J, W(twarso)e™ = deds (16)
F(16) 3 B 306 AR 4 5 35 R ) R sk p (0) 5]

p () LA o oI AR5 AT LA 3¢ P bR 3o o 1L



LHER:]

R R TN MR 4T 2R 5 e M A 3 3l Bl o S TR0 3 W R E i B 1269

AR o SR A

FeF FSWT (1) B35 43 A1 O v 7 52 3L {5 5 if
549 B %) RS, ] LA SE AT A AT 15 5 B
&I Ay

E2(a) B 2(b)KFE 1(a) fiaR{sE FSWT
SrRTEE R Y e = AR IR 2 v LE AR
Bl e 5 A o U G A
09
0.8
0.7
0.6
0.5
0.4
03
0.2

0.1
0

Time/s

100 150
Frequency/Hz
(a) 4R
o

wop

50 b

Signal amplitude

1.0

05
T.«,,,%

(b) =4l

K2 firfz's FSWT s R
Fig. 2 FSWT analysis result of the simulation signal

£1
Table 1

3 % W

TR B AR T 2238 il 2 58 e R o2 —
AR AR L IF 5 R AR S8 4 AR I Y U AR
555 R T B ) R A 4 O A A ORI 2 A M 2
OF I S ARSCI S0 R IR S il R 42 75 4 J#
W% S5 5 ok B BTN AR 525 P oo 9 ABLT-
LA Rkt el 6. Sk G LR EmE 3
JIe 7 e BOCHS v — A~ TR Bl il R 4 A7 i S 36 K8 A
SR TR GRS i R ) 2 550D R R A A AR L
RLRF2GE R 2P foofos fus i B fo SrailER
S 6 b R R A A DR SR PRI SR R Bl AR B A
AR P A 25 % A1 B i A ) S il K 5
SRR 253 R IR S BN B HE BT ) A Al
W WA 4 FT .

3 95 G s
Fig. 3 Photo of experimental rig
SCHRLT3-14 45 1 ke B Al 7K 4> 75 i ) S0 1)
J7 ¥R (foot mean square, RMS) i £k [&]. 4~ S 44
EE A Tl K 4 A i 10 W S A i 2R IR i 5 R
7 B b0 RE R X VR 3 il R AR R IR o
i R S R

HESH

Parameters of the bearing

Type Ball number Ball diameter/mm

Pitch diameter/mm

Contact angle/(°) ~ Motor speed/(r/min)

6307 8 13.494

58.5 0 3000

R 2 ARG R RAE 85 % (B L . Hz)
Table 2 Fault characteristic frequencies of the
bearing( unit: Hz)
S Se Sv fi So
50 19 102 246 153

MIELS 0 RUA L Bl R AE 2 306 min 1N 09 B
G A 56 A AL B I 2. TR SCHRC 10 T, %)
S M SE AR AR BV AR 2 297 min B — 4 B30 T
iR T3 1 BEAT A3 M. B 2297 min IS R AE D 7 2 il
TR I F RS W R B B TR 5 2 297 min (1

P4 AR A ph

Fig. 4 Inner race pitting fault



% 32 &

Kurtosis

(2306.4.506)
S

0 500 1000 1500 2000 2500
Time/min

P 5 S Al R 4 A i A 30 0 O B 4R AR
Fig. 5 Kurtosis index of the bearing over

its whole life

JEE B3 A e A 5 A% TR T A 48 i 88 5 s 5 A e s i
LM R B R AE . A5 2297 min BB 46 BRHE 14 B R
P 3 P G ] 6 Ca) LT (b)) BT 7R F L 6 (b)Y 4
ol I s B 3 908 10 A 1 T A OGBS 00 B o B
B, =1000, f.=4200 Hz, 4 It $ 7 AH I (1) 58 % #%
XF B AR A5 S R AT 8 Dk I X Uk R B AE St AT
25 A VR 43 BT 25 R AN E] 6 (o) TR

ks
s 02
=
£ o1
E o
% -0.1
;E -0.2 ) . ) ) ) ) .
0 01 02 03 04 05 06 07 08
Time/s
(a) ISR
= 0.015 - -
S
£ 0010
=
g
o, 0.005
g}
3
0 2000 4000 6000 8000 10000 12000
Frequency/Hz
(b) FHE
% 0.010 - .
E 0.008
= 0.006
E 0.004
£ 0.002
4
0 200 400 600 800 1000
Frequency/Hz
(c) ELERfif TS

V6 D s B0 Ay el 1] | Al €] % A O i
Fig. 6 Time domain figure, frequency domain figure
and envelope demodulation spectrum

of original data

AT 6 (o) v 1 i JB BB A 038 £, =246 H
R B AR 5K« 56 W0 T 495 1 4 % 0 86 A i
BRI R 0 S B A GEL P 7 ) LI T
(b) gl 6 Ca) B i 5 FSWT 43 H7 45 3L 1 — 2k
e AR 7 7 Sl AR A O 2 T o 4T
k. A A 7 o P T 6 ) R £ . P 8

FH /N ARAR 2R 5068 W 7 12 K W )5 15 5 1 s T
AT LU b 7R A s B e o 4 P ) S 3 0 [
9Ca)  J 9(b) A& 8 FinfE's FSWT 4345 i
T R S AE R N EL 9 VR Byl R N L R AR
WIS T AR B R L BARA T BT IR T TR A R
E th RGB R 21 ¢ 5 0 - A 5.

0.7
0.6
0.5
= 04
E 0.3
=
0.2
0.1
0 > —— —
100 200 300 400 500 600 700 800 900
Frequency/Hz

(a) —4EM

1507

3

Signal amplitude
Lh
S

(=

(b) =4

B 7 FiEfES FSWT JpHrss R
Fig. 7 FSWT analysis result of the

experimental signal

Voltage amplitude/V
=

-0.02
_0'040 0;1 0..2 013 0;4 0?5 Ojﬁ Ut'! 0.8
Time/s
B8 & 6Ca) BT Ts 5 HI/INB AH 48 3 4K
o e I g s S [

Fig. 8 Time domain figure of signal presented on
Fig. 6(a) basing wavelet de-noising using

neighboring coefficients

A5 H T IR T ik AR L 6 () BT R TR
Ha{E 5 1 T spectral kurtosis(SK) M 4b 38 1% J7 &
FELAXT EEBF 5T, & 10 J2& 5 i N BB i B 5 5 1) SK



555 A TN SR AT 2R A TR ) VR Sl Tl R R S 03 i I A A 4 B 1271

PR 3% 4 HL T ke 5% P ) A O 0 0 8 0 A8 1 ¢
SR f.=1066 Hz, 17 58 B, =2133. #E L 7
Soe DR 308 0 D 4 X D B £ S AT U0 U PR B
Ji WA 5 6 AT A5 2% Fif T 43 AT e ¢ ) A 28 i )
SEIRANPE 11 Fros . iy B A] L3 SK AL HE 5 vk
NBEAG T IR 3 0 R AR e B R HG B R AE

0.20
0.15

0.10

Time/s

0.05

0 100 200 300 400 500 600 700 800 900
Frequency/Hz
(a) 4R

Signal amplitude
e 85888

b
=

0.10
Tim oy 00

B9 KM (RS FSWT 434t i
Fig. 9 FSWT analysis result of the de-noising signal

2000 4000 6000 8000 10000 12000
Frequency/Hz

10 Bld YRR 5 1 SK IR 3
Fig. 10 SK spectrum of Bl4 inner race fault signal

Voltage
amplitude/10-°V
(ST ]

Voltage
amplitude/10- V

100

75

50§

25
o i itk L il Sk e s i)
0 01 02 03 04 05 06 07 08

Time/s
(a) VAR S RO R EKIHE

—

0 100 260 360 460 500 600 700 800 900 1000
Frequency/Hz
(b) F 1 (a) A PR L AR S 51

K11 3T SK A AL MR U7 50 i 45 R

Fig. 11 Envelope demodulation analysis result

based on SK

& R

0 2 5l il 7 7 S 03 I A A R S )

T A SR /NI A8 AR R T 15 5 FSWT A4S
T VR S R B T 5 5 I ) R A R B e
X Bl il 7 4 A7 i R 57 S 56 1A A0 R PR A T
B AE B R IE 1 BT 3R 5 i B4 A AR

22 LK :

1]

(3]

[5]

Dong G M, Chen J. Noise resistant time frequency analysis
and application in fault diagnosis of rolling element bear-
ings[J]. Mechanical Systems and Signal Processing, 2012,
33:212-236.

Park C S,Choi Y C,Kim Y H. Early fault detection in au-
tomotive ball bearings using the minimum variance ceps-
trum [ J . Mechanical Systems and Signal Processing,
2013,38(2):534-548.

Saravanan N, Ramachandran K I. Incipient gear box fault
diagnosis using discrete wavelet transform (DWT) for fea-
ture extraction and classification using artificial neural net-
work (ANN) [J]. Expert Systems with Application,2010,
37(6):4168-4181.

Bin G F,Gao J J,Li X J. Early fault diagnosis of rotating
machinery based on wavelet packets: empirical mode de-
composition feature extraction and neural network[ J]. Me-
chanical System and Signal Processing,2012,27:696-711.

Capdessus C, Sidahmed M, Lacoume ] L. Cyclostationary
processes: application in gear faults early diagnosis[]].
Mechanical Systems and Signal Processing, 2000, 14 (3):
371-385.

Antoni J. Cyclic spectral analysis of rolling-element bear-
ing signals:facts and fictions [J]. Journal of Sound and Vi-
bration,2007.304(3/4/5) :497-529.

Raad A, Antoni J,Sidahmed M. Indicators of cyclostation-

arity : theory and application to gear fault monitoring[ J].



1272

AN

Eitd o532 %

[8]

L9l

[10]

[11]

[12]

Mechanical Systems and Signal Processing, 2008,22(3)
574-587.

Kankar P K, Sharma S C, Harsha S P. Fault diagnosis of
rolling bearing using cyclic autocorrelation and wavelet
transform [J]. Neurocomputing,2013,110:9-17.

Yan Z H,Miyamoto A,Jiang Z W. Frequency slice wavelet
transform for transient vibration response analysis [ ] ].
Mechanical System and Signal Processing, 2009, 23 (5)
1474-1489.

Yan Z H, Miyamoto A, Jiang Z W.et al. An overall theo-
retical description of frequency slice wavelet transform
[J]. Mechanical System and Signal Processing, 2010, 24
(2):491-507.

Cai T T, Silverman B W. Incorporating information on
neighboring coefficients into wavelet estimation [ J]. San-
khya: Series B,2001,63(2):127-148.

i K, R WL TR 7 22 A T I /DN B I8 (B R MR BT 5T

[13]

[14]

[15]

LI HLBR AR 2= 4% . 2010,46(2) : 28-33.

QU Weiwei, GAO Feng. Study on wavelet threshold de-
noising algorithm based on estimation of noise variance
[J]. Journal of Mechanical Engineering, 2010, 46 (2);28-
33. (in Chinese)

Wang Z Y.,Chen J.Dong G M, et al. Constrained independ-
ent component analysis and its application to machine fault
diagnosis [J]. Mechanical Systems and Signal Processing,
2011,25(7):2501-2512.

Ming Y,Chen J,Dong G M. Weak fault feature extraction
of rolling bearing based on cyclic Wiener filter and enve-
lope spectrum [J]. Mechanical System and Signal Process-
ing,2011,25(5):1773-1785.

Antoni J. The spectral kurtosis:a useful tool for character-
izing non-stationary signals [ J]. Mechanical Systems and

Signal Processing,2006,20(2) :282-307.

(. ZEE)





