( )

30 1 Vol. 30 No.1
2017 3 Journal of Shijiazhuang Tiedao University(Natural Science Edition)  Mar. 2017
( . 050043)

) (EMD) .
- . EMD (IMF)
; IMF s IMF ;
. TH165+.3 A : 2095—0373(2017)01—0064—06
0
N b [1] o
. tel | (WA, 1) Hilbert-Huang (HHD™ |
(EEMD)!% o , ,
[1] ; , [7] ; HHT
(IMF), IMF 1. EEMD
’ o] °
y EMD N
1 _
- D) 1 °
:2016—01—13 DOI:10. 13319/j. cnki. sjztddxxbzrb. 2017. 01. 02
(11227201,11372199, 51208318); (A2014210142)
(1975—), . E-mail: mzqlunwen(@126. com

64-69.

[J]. : ,2017,30(1) ;



(D ) (EMD)
) IMF . EMD
s x (1) s
3 o ,
m s x()—my=h,, h,
IMF, A, ) ,
ko hig—1n —my =hy, v hyy IMF,
c1=hy. s, n=x)—ca  x(k) cy s
noo, ry, Tqo (1)
(1) = lec,v +r, (D
i—1
(2) IMF
o EMD
IMF ,
IMF, ) ,
IMF .
IMF ,

o

Xz saorsx,  Yiyisyrey,, XY

n

DX =X, —Y)

- i=1 (2)
i=1 i=1
r , r=0 , r=1, R [8]
0.7<|rl<1 ,  0.4<<|r|<C0.7 ,  0.2<|r|<C0.4 s
|| <C0. 2 R
(3 ) N
s o (Slice Spectral Correlation
Density., SSCD) (Slice Energy Spectral Correlation Density, SESCD)!*'
2
- EMD N
, . . 2(a)
QPZZ-11 , :D NO) N©) NO) i 2(b)
:® ,©®
. N205EM, 1 ,
2 o
1
D/mm d/mm a/ () z n/(r e min ') f</Hz

38.5 7.5 0 13 317 25 600




66 ( ) 30

2
2
//HZ
_n _
fr= 60 5.2
f@z[§L—<y—%1mQ)Jﬁ, 26. 25
f =§<1+%cos a)f,- 40. 29
Fur :§<1—%cos a)f,. 28. 75
f/,*%(l—%COSa)f 3.13
- EMD R [12] , IMF
, EMD IMF N ,
s EMD EMD 5 IMF
SSCD SESCD R N N 3
3 IMF

IMF1 IMF2 IMF3 IMF4 IMF5 IMF6 IME7 IMES8 IMF9 IMF10

0.547 2 0.5724 0.3834 0.1844 0.3396 0.2223 0.0491 0.0587 0.0301 0.0009

4 IMF

IMF1 IMF2 IMF3 IMF4 IMF5 IMF6 IME7 IMES8 IMF9 IMF10

0.4943 0.7307 0.2477 0.2638 0.1672 0.0382 0.2506 0.0805 0.0110 —0.00538

3(a)~  3(o) . IMF )
- EMD SSCD  SESCD :
(L 3 3(b) , EMD
IMF , 3 4 o IMF )
IMF 3 o
(2) 3(d s 3(e) ,2000 Hz s 2 000 Hz
, 3(g) 2000 Hz , )
- EMD

(3 2 000 Hz , i



1 - 67
3
, , 3D EMD SSCD 2 000 Hz ,
s 3(d) 2 000 Hz ,
€D) 3(g) - EMD
’ 5 ’ ’
° 3(1’1) 9&228. 75 HZ 1) ’
2 , . EMD SSCD ,
, EMD SESCD a=26.25 Hz o=
28.75 Hz , a=28.75 Hz a=26.25 Hz . 2
EMD ) N
4 SSCD : - 2 000 Hz
s \ EMD 2 000 Hz
.10 000 Hz , EMD
SSCD , - EMD N
5 SESCD : -
0.2 , EMD SESCD 0.2 o
EMD ) 2

s - EMD



68

30

@Y)
(2)

(3

EMD

IMF,

EMD



[1] , , . EEMD [J. . , 2012, 32(4).
542-546.

(2] , , . [Jl. ,1997(1) : 13-20.

[3] . (D] : , 2013.

[4] . HHT [Jl. : . 2012(4):9-13.

[5] . . . 0. . 2008(7):155-160

(6] , . EEMD [J1. , 2015(17) ;80-82.

[7] , , ) LIl , 2007, 37(4).:910-914. .

[8] , . [Jl. , 2006, 17(16):1675-1679.

[9] . . EEMD LIl . 2015, 32(1):206-209.

[10] . [D]. : , 2007,

[11] , . [Jl. , 2009, 28(2):182-185.

[12] , , . (EMD) (1] : ,

2003, 30(5):25-28.

Application of Multi-channel Correlation Empirical Mode
Decomposition in the Fault Diagnosis of Rolling Bearings

Ma Zengqiang., Gu Chaojian, Liu Xiaoyun

(School of Electrical and Electronic Engineering, Shijiazhuang Tiedao University, Shijiazhuang 050043, China)

Abstract;: Experience mode decomposition (EMD) is most widely used in processing non-stationary
vibration signals. In order to solve the problems that some diagnosis effects achieved by this method are
not obvious enough sometimes due to the strong background noise involved in the early fault signal of
rolling bearings, the Multi-channel correlation empirical mode decomposition (MCC-EMD) based on
EMD is proposed. Firstly, EMD is used to decompose the fault signal into several intrinsic mode func-
tions (IMFs). Secondly, the Multi-correlation process is made for the IMFs and adaptive reconstruction
is performed by the strongest correlation of IMFs. Finally, the fault type of rolling bearing is identified
by cyclic spectrum analysis. The proposed method is applied to simulated signals and actual signals, and
the results show that the method can effectively extract the weak feature frequency information of incipi-
ent fault of rolling bearing.
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