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Abstract

This paper carried out research based on the Multivariate Empirical Mode Decomposition (MEMD)
algorithm proposed by Rehman in 2011. The algorithm is an Empirical Mode Decomposition (EMD)
applied to multi-channel data. Combining the basic theory of MEMD, a multi-channel vibration
signal analysis method is proposed. First, multi-channel vibration signals are collected. Then a se-
ries of Intrinsic Mode Function (IMF) components are obtained by the adaptive decomposition of
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multi-channel vibration signals using MEMD. Then, IMF components containing fault information
are selected according to the Kurtosis criterion. Finally, spectrum analysis and Hilbert envelope
analysis are used to extract fault characteristics.
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TESCIE B SRR T, TN A AR B N AT TR, ek, RS ge K
PR 2 e DRI, S T A WL LAz 2 T S ) o A e PRI A —— Tl . DG 30 55 oA St 2%
{14 i DR 00 R4 5 1 W A B R U P R 1 O, S TR v S itk 4B AR IR REE A
AN E B [1] [2] [3]. N T ERRE IR Fh R iR A, K E N A S MV 2 V) Sl s
GRETTVE, WG AR, (HILEEAR S SR RS, P DR AL B AR 2V AR E S
AR RMRYE. Huang 542 EMD AR FRAEFARE S[4], UhT772: B4 S ENUMGS R 2 W i e 1
BT TZ R FH[5] [6]. H& L EMD SRS 2K IMF 3 EAF fEARSIR S . W s N . sk, KA
B [7] [8] [9]. Wu Z5H T4 R AL KA /i EEMD (Ensemble Empirical Mode Decomposition) i PAfi
R EMD S AE A B TA) B 5 I it I RS VR 22 (1) o) /L [10] . iz kB B ST A B S E S, A
Rt e 75 5 0 AR IR S R AE . (BAAE R MG SR ZE M K H) n# . Fik YEHI 7 EEMED
BER IR EIR T BAME A KA A /0% CEEMD (Complementary CEEMD), @i [ #14415 S InA B
BIESORYE A (S S, EEVEES PN XA EHUE, Mk EEMD B0EEM(E 5 55 6GE S ZER
R [11]. AT PRI Teager RE A T454 CEEMD BIEM 7L, TERBNHlK I A 21 K g
BB RS 5 [12] o FNEIFREER A CEEMD Syt i i R IS 5 FE N i, IEBURA IMF Jr i
iz H Wigner-Ville 73 AT RS 47, 133122 ROEERHAREME, AT SR EH B 450 I S S SO [13] 0 LA
SRS E S AR, R Z G SR, ATRE S B EHISIA — B . L b,
TEVR S AR F VR 22 O A7 B U I 22 B TE s vT DA LL B B S o 52 8 . T AR OR Bl RIS TR
Rehman %42 1 MEMD (Multivariate empiricalmode decomposition)R i #ufif v 7 fEALFE L T f5 51, IMF
s EHEA B [14].

TEMEH SN, ARSCE T - #ik, L EMD J5ikovERal, B2 EIEIRSNE S i, d@id
B - BlRSCIG R, 1Tk R SR DUR S Bl R W15 5 b sy, FEREERA IR il FL kSR R AR
AR o OB PR T AEF= AR, B PR AE = R T R 22 453847, IR RERNLMOR & I 1TV 2 7 1H
#HAAHEEMETE L.

2. AR IS SHHE

FERIAR IR AT, HAFIEE R TR H A i SR, R IR, 27—
AR ANASELL 7 AERXAEOLT, B FI Wik R R R AR AR AR BB, A2 TN I3RS,
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FR T A v o 3 A kv 4 1] ] R AR AN [R] ) S B SR R T A i AN BRI, SRR R AR B4R B A5 5 ik
AT S A, AT LIRR I s i A A3 SR Wi A ) B AR B, 2Rt T

(1) Fh el

A BN 1P @ Fs KSR, 1205 2 TR R L IS5, Rk i IREn (8 2
PR AR A Rl AR R B B R [ Y, BT DAER RIS AR T, AR R RS2 A R A R
R E AR, W A B o R/NRIEE R, R HRAE B 45 502 A I R S iR fikak - il 1(b1) B,
H AR T 5 508

f,= %(1—%cos¢} f, Q)

Forp fo AR MBI RF LR IR AL &, o Z 20N USRSIA N R AL, T d. D 7083
MERB A EAR AR TR, ¢ Al A . 4 CAAIFE Dy N(rpm), TSI f(Hz) vl sl ih 545 3, f =
N/60.

(2) WPl

N R 1(a2) T EREGERS, HATECR RIS 5 S A B R A E W R R . NS RENA
IR AR, DRI RS2 AN S AR ) Ay 1707 28 T TR R R R bk o, 131 1(02) FeoR 1 LB K,
HA AR AT L AR 2 50 5
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f, ZE[1+BCOS¢j f, 2

IR 6 R A R SRR AR 2
(3) wah A

)
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Figure 1. Bearing failure diagram

1. HhEErEE

AR RSN R R A0 1(a3) B AAROIR AR, e Bae i ik — VOB A o AN Tt S A P T A oy
ShEE, TSRO IR Ikt e oy o BeAh, o TR UG B AN, i RS2 R B 2 5%, (5
TR A IF 2 I A 1(03) From B A TR ], SRR T 52 308

1 D[, (d ’
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3.1 ZEREWRS BT ERE

238 15 5 10 2 4 R A B ARLAR A R ML 7 V253058 Lo MEMID 4 n 4543 5 B2 n 423 1) 40 A 1440
Mo b, MEEMESEEER n F0%, K o BESHME. A 0 fraRAF
{s(t)}(thl):{sl(t),sz(t),n-,sn(t)}ﬁi’%*’l\nZ’ﬁ%%, EHIKIER T, X% =X X} For n - 14
BRI SRR 71 £ 0F = {0,605+, 0F ) 19 K MR

MEMD EAAD IR

(1) SR Hammersley 571 7E(n — D)4EBRTHT [ 263 K DM ST HSRRE 4R, AT LSS n 42 [0 K
ANJ7 I T X

() 5 n A S TP X% = {0 g e X AT RO, AR P (L), TR

p™ ()],
| (3)}%&&%% {p* (t)}::l PR BB WO A7 T 2 A 120 P (e )
(4) F 2 TORE 5% 25 B B0 KO0 B 1 5 [tfk,s(tfk )] I, 133 K/l\zfa[t:’k,s(tfk )]o
(5) THE KA n 4L I1H m() A

m(t) =3 Sek(t) @

S A GEREA B (). 105 h(OFF &2 78 IMF B9 1R H bR, TR A% s(t) = s(t) — RO
HRG 5, R Q~OLE IR, B hOIEHIMAG S, EHQ~6). £d£k MEMD
SMs TN RS (s(0)) = {5, (1),5, (1),s, (0)} BAME— AT IMF 20 {h, (1)} FiAcst r() 2 A

s(t):éhi (t)+r(t)

s(t),h (t),r(t)eR" (5)

MEMD HA7 R A7 () R D RE RIS T 2 08 B iR 2 5 5 R HUK RS B A0 ey, w) BASCB 2 0 1 [0 oy

fi#, BRIE T AR IMF RS AKCR: B 5, HA2AENH] T EMD JiAR Bk i asig s, A
IR ZER KGN o

32. ZBEIRAMESHHZE

BT FRER IR, ASCIR AT MEMD M2 ERENE S i ik, HfEEwE 2 o, Bk
TEAD IR N : B S0 B U 22 3 2 N R B AR RS, REEZWIERENE 5 Hik, F MEMD %
fEREEINES, HE—RY IMF &, BJa5 TUEMENL5], FEFE IMF 2 &0 EE. WEEE
KT 30 IMF B a& MG R, HIHmiEH R, 153MEsE.

U PEAED P S B TR ARG I BB N S i, et R . o FRshA, — s
T, HIRMEMERE BE LT ES01, JBFREBE PRI 6], M T— M EHEE x, H—Hm 4B
SRR RERR U FEE (Kurtosis), 72 XN :

x|~

o

KT B — ) TR N BOA W, 0 B, o FabriE .
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Figure 2. Flow chart of multi-channel vibration signal analysis method based on MEMD

& 2. &£F MEMD ) ZBiBIRaNE S S5 A RIZEE
4. &£F MEMD M BiERNES A ZNARSHIE
41 hRFESSHNEESEREYT
PASE — B R S il R R AR A5 S s AR, IS O S SR R
y(t)=x(t)+e(t)= ;exp{ﬁ-h fo (t—7o — KT, ) xsin 27 f, (t —z, — kT, )}+ AN(t) )

Table 1. Simulate the relevant parameters of the signal model

* 1 MEFSRANEXSH

e ZHUE

EEER TR 300 Hz
FHJE &% & 0.05
FEIR 1] 7 0.05s

IS I t 1s
PREFTE 2000
PRI 2000 HZ

WHNE S To 0.1s
R b rh s 4 f 10 HZ

2 1A T AR@)THEANSE WE 3 PRI RE S, Lk Litd, FOANSRE
SRR T, BT S AR S TR AT . [ 4 AT BAS 5 AN FIRE L (g
FJE, @ALRERE 56 dB, 7 dB, —8dB [ =@ IEE S A . M KR A R IR — LB AL
(I 3 ATLEARAR G TR N AU o KR 151 5 51 3 rh 4l (5 5 IS B LU A, 18] 5 PBEALR B4
A /NBUEAE, RUJRIATE SHMR A 1 B B, SRR IR (MR I8 SRR, BT DU
Gy Xt AT IR SR RS I 6 FRAFE 2 ALIEAE, oI HRRAAE, W] DU A5 5 4 A T
P, LA RER IR
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Figure 3. Time-domain and spectrogram of a clean signal
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Figure 4. The signal-to-noise ratio is —6 dB, —7 dB, —8 dB respectively
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Figure 5. Spectrogram of a three-channel simulated signal
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Figure 6. Three-channel simulated signal envelope spectrum
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Figure 7. Time-domain plot of each component after MEMD decomposition
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Figure 8. Spectrogram of each component after MEMD decomposition
& 8. MEMD 53 /g HY & 5y B 5L El

. ., 001 L oo
= 5 0.005 > 0.005 WNWNW
0 0 0
0 50 100 0 50 100 0.3 50 100
%107 x10
0.01
5
5 ©
0
0 0
o 50 10 o, 50 100 0 e % 100
5210 %10 5
i WWWM g M )
0
0 0
0 . 50 100 o . 50 100 0 03 50 100
B B X
4 x 10 5 x10 5
> > MM g
0 0 0
0 50 100 0 50 100 0 50 100
R (flHz) #E (flHz) R (fHz)

Figure 9. Fault-related component envelope spectra of MEMD decomposition
9. MEMD 7 RHYEBEIEX 5 2 B &L E

Table 2. The awtosis values of each component after MEMD decomposition

5% 2. MEMD 'z EHIS HEIEEE

SRy HiE 1 JEIE 2 JHIE 3
1 3.0466 2.6568 2.7751
2 6.0526 5.2098 5.0334
3 3.9377 3.5334 3.5762
4 3.4987 3.3075 3.1178
5 3.4333 3.4696 3.2358
6 2.8950 3.2706 2.8511
7 4.7820 2.9550 3.7483
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8 3.3112 2.5017 3.2890
9 2.8981 3.9209 4.0703
10 4.5457 2.2266 4.9392
11 2.6241 2.8810 2.5894
12 2.2213 2.5318 2.6944
13 1.8392 1.8939 1.7910
14 1.8526 1.9366 2.0770

4.3. E£F MEMD R ZBiEIRENES 94775 3ERUSEIR I8 E

REERAE T RSB L0 RS S50, 28R RN & 52 B B35 PR 85 A 1 25 A R 25 A s il Tzt
Eb 28 VY 25 ch (R4 B S 5 2 4%, SRJG N MEMD J7 365 1% S2 065 53347 BAR O Hr, AR szl 45 SR I6IF % 7
VERITTEEMERERYE, AT BRI IT H K. A SCR AR T - RN R0 28, LA il it el
AT HRB6304 . UN3% 3 A1 4 Fh FIros A A& S A ) JLAR] R ST RN 2835 A ) A e A K

Table 3. Bearing geometry (mm)
= 3. B JUATR~F (B4 mm)

Y OARENA SNEERE WEHBERS MR Co/(NMY?)  RERER BEERAND i E (ko)
6304 13.2 22.8 36 11.67109 9.6 7 0.15

Table 4. The multiple of the failure frequency of each component of the bearing

4. HRE ISR ER

s ] 41l TRFER LN
6304 4.43 2.566 0.367 1.742
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Figure 10. Rolling bearing three-channel experimental fault signal
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Figure 11. Spectrogram of a three-channel experimental signal
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Figure 12. Three-channel experimental signal envelope spectrum
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Figure 13. Time domain plot of each component after MEMD decomposition
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Figure 14. Spectrogram after MEMD decomposition
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Table 5. The awtosis values of each component after MEMD decomposition

% 5.MEMD Az BN EIEEE
MR & Wil —
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WiE=
8.0017

HIE
8.2049
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2 7.4418 8.5634 16.3629
3 6.5020 7.2364 8.3488
4 9.6084 8.4617 14.5432
5 7.1948 5.7166 7.2311
6 3.0536 3.5098 3.0855
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Figure 15. Envelope diagram after MEMD decomposition
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