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Rolling bearing fault feature extraction based on VMD and
autocorrelation analysis

Zhang Junjia Ma Zengqiang Wang Mengqi Ruan Wanying

(School of Electronical and Electronics Engineering, Shijiazhuang Tiedao University, Shijiazhuang 050043, China)

Abstract ; Early fault signal of rolling bearing usually presents non-stationary multi-component characteristics, early fault features of
bearing submerged in the back-ground noise are difficult to identify because of the weak modulated characteristics and strong noise.
Therefore, the fault diagnosis method based on variational mode decomposition ( VMD) and autocorrelation analysis was proposed. At
first, the noise was eliminated and the periodic components in signals were extracted by using autocorrelation analysis. Then VMD was
used to decompose the denoised signal into many intrinsic mode functions and the IMFs of the biggest coefficient and kurtosis was
selected and demodulated with Teager energy operator. At last, the bearing fault type was distinguished through the energy spectrum.
The simulation experiments and practical engineering experiments have been carried out and the results show that this method is able to
reduce the interference of noise and extract effectively the fault feature frequency, and realize accurate diagnosis for rolling bearing fault.
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Fig.1  Flow chart of rolling bearing fault diagnosis
6) 5 BB AE AT A HEAT DT IE , 3k 2 8L
3 EESHH

SR B UE AR SCHE 5 4 A 280 AR A 1, P B o 4
ik R B, I o G i 1 MR R R ASEAULVR Sl il ) R
S PF EAR S

{x(t) = Zs(t—t/f,—i;MTi) +n(t) (1)

s(1) = Ae™sin(w, ) u(t)

KefroA =1 SRR K 800, FAIIRHE 0, =2
wx 1000, w(e) Jy5r B BR o, BEOE 15 5 10 sk R AR
Wi f, =128, 7,280.01/ f, ~0.02/ f, IREHLEL . RAFEH
425 600 Hz, n(t) MRS N AfFME A -20 dB
SIS I

’<— T=7.814x10"3s

0 0.02 0.04 0.06 0.08 0.10
t/s

P2 R 5 5 o

Fig.2 The simulated signal without noise

MIEL 2 AT LLE R 5 S R — AR T =
7.814 x 107 BkufUF 41, 1 3 (a) AR IS Bk i 5 8 58
EBT WA o BRI A AR B 5 B 5 #E A7 1H
e, 13- 2] (0 ISP ST A 3 (b) s . ATLLR
H SR U P M A A AT R I AR v ] SR AR



59 FETF VMD 5 [ A3 8T B9TR Sh il R S R A SR -1375-
5 0.2
021 158
256
Z 0 E o0 Z 01 v ¥
< < 3
0
ol 0.05 0.10 0 5000 10 000 0 500 1000 0 500 1000
t/s fIHz fHz fHz

(@) e S B35 I Saapl T B i
(a) Waveform and spectrum of noisy signal

0.2 0.02
—> < ~7.81x107s

0 0.05 0.10 0 5000 10 000
t/s fIHz

(b) IS 5 F AT OGI e i &5 R
(b) Noisy signal autocorrelation de-noising results

B3 7 AR5 i Sopmie

Fig.3 Waveform and spectrum of simulated signals

B A TR ok, BRI 2908 7. 81 x 10 77 s BRI (5 5
F B o W S, R R LT MR

T X HA AT SR UEAR SO IR 3, % 48 F A DG T
W S5 B 45 BL A 5 R AT VMD F LMD 23, 41 4 ff R,
Wt LK 4 (a) L (b) ATLUE H, VMD 43 f5 45 IMF 2
PR BRI AR, S R B A B SR B LA, B

0.5 0.04
B st IR A |
-0.5 0
2 0.2
Optetpdeptodbtetatl 01 m {
-2 0
0.5 0.04
o 00 |
-0.5 0 1“
0.5 0.04
ot 02 L l
-0.5 0
1 0.2
e }
-1 0

0.5 0.04
0 0.02
-0.5 0
0 0.05 0.10 0 5000 10000 15000
t/s fiHz

(a) VMDA 53 1 B S i
(a) Waveform and spectrum of VMD IMFs EMD K= 7

2 02
e Y L ]
2 0 -
2 02
e ——— I J
2 0
05 0.04
O bttt 002 [ ]
05 0
05 0.04
0 WMW 0.02 l i
05 0
02 0.04
0 }/v\/\,/\[\»’\szv\/\/\{ 0.02 l {
02 0
01 0.02
0 [/\,\/\/\/R/{ 001 { {
-0.1 0
0 0.05 0.0 "0 5000 10000 15000

t/s fHz
(b) LMD 43 52385 T S A i
(b) Waveform and spectrum of LMD IMFs

(d) VMD- F A G fg il
(d) Energy spectrum of
VMD-autocorrelation

(c) LMD- [ MK R = 1%
(c) Energy spectrum of
LMD-autocorrelation

K4 0550550 LIRS
Fig.4 Decomposition and demodulation results of

simulation signals

Oy BT o LMD SRR I A BRAR  IMFL LT H 3
TEREA BRGNP TP B SRS &1 aTH
VMD 431 IMF1 1 IMF2 A5G 22 508 i B L fe K, 156 A
HAE IR E 5 5 2 W oh o 6oy, Bk £ IMF1 1
IMF2 4715 5 T

®1 FEESHBHEXRY . HEEMERRT
Table 1 Correlation coefficient, kurtosis value and peak

factor of simulation signal decomposition

IMF MR FR R U BETH VEAE I T
1 0.66 10.32 7.59
2 0.72 8.58 4.83
3 0.43 2.91 5.74
4 0.28 4.35 4.16
5 0.23 4.49 3.71
6 0.34 3.55 3.87

X FAG {5 5 AT BE A e e A, A B A
fRF ARG 4 (c) ((d) Fs. ATRIA 4 LMD 73 fif
HO A5 5 00 A R BOR K, ROBERE LS FI 1A% O
(128 Hz) B orfe s, (R T4 gd 2. ASCT5ikd 1
(128 Hz)2 {75 (256 Hz) HIAE S5 e i {6 A8 Al A
2, ZRA B eI, A5 AT LRI R T % vk
FRA R SR

4 ZNESHH

i QPZZ- Il e UM i 6 13 R AR VR Bl Bl 7R
SRR AR 5, S PR R S Rl e 55 0o A ST 4 O i
PEATIRUE , LAZRWI %7 3k A A 7R S B e i £ B 1A 2
PEFRGHENE . SC M S 8O R BOR S 803k 2 e
718 R R RAE AR 30 BRI T80 50T 75 31 A1 el i i A3
& =36 Hz,

R AR RS SR [ QPZZ- 11 e i HLAR AL e
R AR IR B AN S iz, th 6 b JEll

o IS SO n] LU I SR A Y e



-1376- HL7 ISR o R %31 &
AT B2 T S LR AL, BRI R AR ;o o0
—> =0.0277s
RERE DX, T 7E — R AT 9 B i A7 e . XS HE A 6
T ATLAE 28 F AR DG AL 35 56 15 5 10 R R 1 O >,
ARUE PRI R W b, AER R R B TR S S
FEY 80 T BEALE S T, F AR OGS (7 B 2
SN O, B I A BRSO 0 02 04 06 03 1o
t/s
£2 HMENLSHEHASE S

Table 2 Bearing test parameters and technical parameters

e ORI B Ry M/ OREROR >

D/mm d/mm  «/(°) Az (r-min7l)  f/Hz = .

38.5 7.2 0 13 407 25 600

il T m MMM*IMELM..MIM
0 500 1 000 1500 2000

K5 QPZZ- 1 B AL il 3 5 M Al i 2ee 1
Fig.5 Fault simulation platform of QPZZ-1 and

Sensor’ s installation location

—>| ’«— 720.0272's
02r

0.1}

A/mV
o

02 0.4 0.6 0.8 1.0
t/s

x107

A/mV

0 500 1000 1500 2000
JfHz
K6 SR RS 5 i ST Kot
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