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Research on a bearing early fault features extraction method

ZHANG Meng, MIAO Changyun, MENG Dejun
(School of Electronic and Information Engineering, Tianjin University of Technology,

Tianjin 300380, China)

Abstract: In view of problems that early fault signals of rolling bearings are submerged by background
noise and fault characteristics are not obvious, a bearing early fault feature extraction method based on
wavelet packet decomposition and CEEMD was proposed. Matlab software is used to perform rapid
spectral kurtosis analysis on the collected vibration signals, and the center frequency and bandwidth of the
band-pass filter is determined according to maximum kurtosis principle and used to design the band-pass
filter. Wavelet packet decomposition and CEEMD decomposition are perform to the signal filtered by the
band-pass filter, and effective intrinsic modal function (IMF) components are selected according to the
kurtosis and correlation coefficient and used to reconstruct the wavelet packet signal. Characteristic
frequency of bearing early fault signal is extracted by envelope spectrum analysis of the reconstructed
wavelet packet signal. The method reduces background noise interference through spectral kurtosis
analysis, enhances the fault impact signal through wavelet packet decomposition, and combines CEEMD
with wavelet packet decomposition to solve the problem of modal aliasing and invalid components in

classical EMD decomposition. The simulation results show that compared with traditional envelope
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demodulation algorithm, the background noise of the reconstructed signal is suppressed and the fault

feature component is prominent, which verifies the feasibility and effectiveness of the proposed method.

Key words:rolling bearing; bearing fault diagnosis; feature extraction; wavelet packet decomposition;

complementary ensemble empirical mode decomposition; kurtosis; correlation coefficient

0 3

i}

TR 2l Al R O L HLAR ) DG B FRAF L R R o R
Az R A FR A L — LR A R K X e e AL L i A
I, 22 52 el e A ML 1) 1E 8 is A7 . VR Bl il R i B
WA 0 LU 59 15 5 T8 X AE7E » R AR 32 U2
il 7R B2 BT ) M S A A S i R B 1 O
R DA AR TR 2% 1) D 1 5 r ol v A0 o ) B A
S i A ke B S B TR AR LR R . = AR
V44 6, 45 fifp R B IO P 380 S il L R ARG T v G 1
A R D UE A S BGE RE XSO AR g 2 8
T oy fi: (Empirical Mode Decomposition, EMD)
FITE U B2 12 AH &5 G FEAT B s W 3 e T (R MR LL L 10
b7 A IS AR S8 B2 EMD H & 77 A RS
RSG5 B2 WA R . FaRE 2 Ky %
FI 3 N 5 5 Y AH YRR 1R S B AR AR g
BF 772 A Y R Al 0 i 25 ol R0 U A0 3 R T Y R MR
TS SRt AR SO B S i R S
YR SN N RN N S v N
( Complementary Mode
Decomposition, CEEMD) #H %% & #4778 3l il 7K . 1)
Wl BRI S I, PR T U 32 1k B A T L A AR B
Tt Rl B R AR B AT AR B 0 T M 9 R R S B
JITAE WA B, DA e S I A 1 2 BB 4R A R AR
o /N i T AE R BN 5 R T 2 )2 W A
o3k, CEEMD — Jr I B8 % fiff P 455 25 1R & 1) 7L
3 — 75 THI UL BB AT 0080/ )N 1 M 7 AR Y R 1) R R 22

LD

Ensemble  Empirical

1 ARG ELDHEARRE

1.1 895 B o 47
T 0 — R R A S S R A AR R A
AL BT R R =R T (i Bu R R =K =R= B s S 5O
I B B S N R RN BT B E AR S R R S v
o B B @ R s g 28 L o T AR = B A 1Y
PR AL,
FEALAE 2 (E 5 2 (o) ) Wold-Cramer 43 fi#t JE
A
Y1) = J“iexp<j2nf%>f1<t,f>dx<fv (D

K. YO MR F B E L% HG, )Rt i Z)
i I R R (e s ) CRGEAE 35 08B0 B AT R .

Y (o) Y Btk R E U
Cow(f) =S () =28 (. f#£0 (2
LA S () Sox (O R Y O/ 4 B Fl 2 By 15
A
YO B 2n(n REEFO By BEESHE Soy (25 ) E
SCHy
Sowy (15 f) = E{|HG, Hdx (| /df (3
A E I E1E .
B9 YO RREWE Ky (HE XN
KD = G5 = S 2

FT SCHRL 1O TR R0, 33 Ui 88 2 5C T e B S5 Ry
FE Y RREC . 2 VL TR /N 1% U B Dy 05 2470 98 i
R T U J32 T v S WA A S PRl ) I S bl B AL
1 2 T N A i R B9 B 1 O B3R RN A B ) L T
SR A I P T 0 R DA R RS o A
M5 5 (0) By LI A 0 4 3630 T o DT <3+ 4% HE v B
P B S AR
1.2 ke itke

ANBEAL A RS RE AR R S T H B Rt S
b 3% 555 15 5 A3 AH DG T 04 030 B, 2 — B b /NI 4y
fiff T Shy 240 K0 43 i T . /N IR A3 i X AR S Y 4y
% TR S JORS 48 L T AE A B A 5 R AT 2 2 RO
AF ol AR A 1R ek s ) A A At L B T
B b A5 5 BEAT AT 20 15 k2D A A R B A
1.3 CEEMD 7 %

CEEMD & 7 EMD F1 4 & & 56 £ 28 4> %
(Ensemble Mode
EEMD) $£ i [ #2 19 — Fh 0L 4k LD . S v il
EMD #l EEMD 583k it i . CEEMD J5 32 1a] JiU 46 15
5 IS AE AU B R RS SRS X MR A S S it
EMD 73 . CEEMD 75 ¥ M2 /5 75 8o 3¢ &
TiFERRN,

2 AR ERIERERE

FET /N AT 43 i A1 CEEMD fi9 % 7K B 1 il i
FRIEPEHOR AR A 1 iR,

(1) FIH Matlab {4 R4 2 IR 355 s
HEAT PR T I B S BT . 1E bR BR S A S e A A
3 BREIE AR S 3 B R B A Bl R T A R T AR R
Ko MR 0 R e A A D T A g Y A 1 I8 A B R O
AT FE BT R A

4

Empirical Decomposition,



2020 £ 5% 4

KIE S A AR R SRR R G R A . 87 .

RERIET

b1 S8 e g % | |EWNEERE,
I_J EMERES
ks ]
INBE LAY R
CEEMD%} i, el
i‘rglMFﬁ'Eﬁﬁ
WGRE . MIRARE
xan |

B1 BTN A 4 fig At CEEMD (1 % 7k . 41
T80 A 0 44 BB
Fig. 1 Bearing early fault feature extraction flow based on

wavelet packet decomposition and CEEMD

(2) XEfFES s AT @RS, Mt 12
AN LS AR BVIRAE 5 50 RIS S 5.0

(3D 43 Bl X /NP 4L oy AR T s s BEAT
CEEMD 75 i, 3 fif 8 2 2 T A4S A AE B 25 oR 2R
(Intrinsic Mode Function, IMF) ;& .

(4 3 HH5E 2 4 IMF 43 09 I B2 (H L A1 5%

(5) L34 UH RE RH OC 7 880, 1 e 78 S e il 7K
BERFAE R IMF J3 5 c1 s con  JT LA Sy B 4G /DN 4

(6) AR H AL /N U AR B0 B A N P AR 5
C X TG 15 54806 26 i 981 23 A AR 5 JH bR 3l Ao L
AR A 2

(7) AR 562253 3 B &35 3 4 JBOTR 3l il i L 300

EREPSE
3 ESH

3.1 AR O AR AR R
W5 3 T /NP AL 4 i A CEEMD 1 B & 5300 ik
B R £ T v g P T S B e Bl A R . i ok
BT £ E AR LmFa. ik h
SKF6205-2RS A BRI K, HEEA SRR 1,
1 HEsk

Table 1 Bearing parameters

Xfen AFHE Z HIRERA R d BRGHREAR: D
AR 50 R LAl AR
CINETS 40T S R/

_ nZ _d
fm-—m<1 D cos a) (6)
TR TR Sl g e e A 2 A 5K
_aZD[, (d .\’
Fie —-120d[1 (fycos o) } %)

TS B % R BB AR IR IR L L 2.
2 RSB RRE A R

Table 2 Characteristic frequencies of bearing faults

o/ FEAE A %/ Hz
(remin~!) BB [ SRR foc WM fic
1797 162.5 107. 31 140. 82

A 1 ] Wik R/ BEfildn/
HA/mm  HA/mm  EHA/mm mm °
25 52 7.95 39 0 9

373

i L R B R IR AT 2 Sy A R R L DA L

TR
PN B R AR A
nZz d
; ::120<1‘Fijcosa> (5)

3.2 HhARABUESRE T S5

PN L3 e 4R B0 45 5 68 I 0 B AR 18] 2 B s, ]
LA H i Jal P e b 0 B0 S ) 0 00 o B2, X
AE AR S B WA TR L E L RE 0 IR Al O
AR BE - IV A R0 il AR S B T A

-3

01 23 4567890
SKBESH/10°
P2 P R R 3 A5 5 I ST
Fig. 2 Time-domain waveform of vibration signal
with inner ring fault
3.2.1 iU A
P R i A 5 U B AN 18T 3 B . AR U
BRI 53 180 7 A level, A4 /0N X TR) 35 B o 31530 i i J32
fH. MBS AT FH A5 S LR fo 4125 He,
A 98 B, 750 Hz, MR AE[3 375 Hz. 4 875 Hz]

fb-lf)un.Z-Kmax=10.887@ level 3,B4=750 Hzf;=4 125 Hz U}

11

10

B3 P Rl e £ o i i

Fig.3 Spectral kurtosis of inner ring fault signal



e 88

5 B

08 FEL PA ) 00 38 (L i O o i R L AR o A i g I
3 PR JEE B A B M SR AR . TR M
BOxt e e {5 5 2R A 4l 3 908 0 0 D PR B I S
B4 F7R 455 IR AT DU g 35 1R 5 HoA

R A7 1 B MR OR
0.20
> 0.15
g
a 010
£ 0.05 h
0 1 2 3 4 5 6
$i#%/10° Hz
(a) JEUE AT
0.04
> 0.03
g
i 0.02
= 0.01
0 1 2 3 4 5 6
#Fi#/10° Hz
(b) UEW T

P4 PR R AR 5 U T S X L
Fig. 4 Comparison of inner ring fault signals
before and after filtering

3.2.2 550

TEHE dbS /N X Rl RSB AR 5 5247 1 2/
£ 53 M o 53 i 285 SR A S AR (RA A 5 1 R A0
%%’ S2 W/I\%Kﬁi}’o ﬁi}’%'JX‘_JL1'§% 1982 J‘&’/ﬁ‘ CEEMD
Gy fife WAL 5L 1E 6 TR .
0.5

0

_0‘5 1 1 1 1 1 1 J
0 1 2 3 4 5 6 7

IMF1
& B/ mV

IMF2
TEE/mV
I
=

IMF3
& {E/mV
(=}

IMF4
&8 /mV
& o
5SS

|
o
S
G

0 1 2 3 4 5 6 7
>

o E 0.0(1)

S

— _0'01 1 1 1 1 1 ]
= 2 3 4 5 6 7

oF S

ST 0

E IY% -5 I L 1 L I ]
= 0 1 2 3 4 5 6 7

KRESS/10°

B 5 {%% si CEEMD )i
Fig.5 CEEMD decomposition of signal s,

XS s1es, B9 IMF 435 3647 53 17 . 43 90 5K 45
IMF 43 5 505 5 WA ¢ R 5 4% IME 3= I JiE
iRV 3R 4, ZRA 75 I UE BRI AH OC R BOR ik
iU i I e il 7 5 B AR AE ) IMIF 43 . 3RS 5
si 1 IMF1,IMF2 435 {55 5. 19 IMF1 438 /E R
N AL AR Y R R B AR BN AR S

IMF1
& {E/mV
L o
wm O W
o i

1 2 3 4 5 6 7
NE 02
Sa 0

_0.2 1 1 1 1 1 J

= 1 D) 3 4 5 6 7

IMF3
@{E/mV
s o
Foa
) o

=1
S
[y
L
-+

|
o
S
<

IMF4
& {E/mV
(=)

IMF5
&1/ mV
(=)

IMF6
B{E/mV
&
1=
= o

fP

3 4 5 6 7
B/ 10°

K6 {55 s, CEEMD 4>fi#
Fig. 6 CEEMD decomposition of signal s,
#3 {55 514 CEEMD 435 /) IMF 43 &

Table 3 IMF components of signal s, after
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