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Abstract; Electrostatic sensor was implemented in roller bearing experiment investiga-
tion to monitor defects. In consideration of various strong noises involved in the electrostatic
monitoring of roller bearings and the difficulty to obtain defect characteristics, a united de-
noising method was put forward based on spectrum interpolation and difference spectrum of
singular value. Firstly, the spectrum interpolation was used to eliminate the power line in-
terference; then the resultant signal was used to construct Hankel matrix; the number of
useful components was automatically selected based on the difference spectrum of singular
value, and finally the signal was reconstructed. Simulation and practical experiments show
that the useful components of the signals involving high power line interference cannot be ex-
tracted by performing difference spectrum of singular value method or the wavelet denoising
method; the presented denoising method can highlight the defect characteristic frequency in

early stage more effectively than the spectrum interpolation and wavelet denosing method.

75 H H#9 - 2013-05-19
EELWB WK A RBFIEA S P E RS 4E ST H (60939003) 5 F K A ARl 2454 5 [ RATEK A 34 (61179058)
TEE BN TR (1985—) BB TR ZE 20, 1 A L F2 T M AL B 4 0 245 0 0 % 44 TH 0 T 5%



5 8 4 KB T A (R A 2 0 R Sl i e e M S R O Uk 1997

Key words:

roller bearing; electrostatic monitoring; spectrum interpolation;

power line interference; difference spectrum of singular value

TR Bl il VR Ay e B HILAOC B A, s A7 R
BALAE BB 28 5 = A& 00k B AT Sk & 7
At TR Sl R 0 A7 A B O AR K, S e A
o3l O B A B B AN R I X HR B
SR AT RS W D A R

Bl BB R R, KAEAT Z A7 800 B AR B R
TR B R R AR S WD 5 32 2 4R g W | 7S A 5
R U FE I B UKL 43 BT 4L L ep R B 1
B R Tz 22 B IUSAE 5 40 B O A AR
T TR Bl W Y R R R YL H R, — Rl 3k
T R JBRN 18 A B A DS vy RO SR VR Sl R
(8 R 25 W D i A Y — o Y v, SCRk[5-8 ]y aF
5% 45 L 3R W1 i W0 e 6% T IR B M & R
fEJE.

W 75 P B AR LE S R T R D B R Y
RN B 7, LR A S O R R TR R T
25 E B AL TP R R B AL ik
. I AT A 0 9 AR v e L H RS I 4
S, f5e 8 2 0T B T O AFDR AR 5 Bk T
3 B [ B B R8P T AL 1 A L
O3 B R B 2% A A T T N D A TR
SE Ay P R T T P A R B R
DL B S A S e B 1 kB L i 4 AT R
{7 5L, BB #% B¢ 4 M ST T B IR o 2
0 & R > #R Csingulat value decomposi-
tion, SVD) J5 & fii ¥, 45 /N i 43 A A b B A B /)N
(AR RS o 3 4 R 4 T 12 I TR B0 A5 o B g
TRATHOH [ L A R T A AR, X
7 LA K BRI K b 2 RS 40 ol 4 L HL 2
A AT S E A B BT AT R B8 B B 58 B 7 AR
By N By 225 SCERL18 14 11 T 4 S (8 22 4%
T e DL S AT S (S B0 A 3l B, I s
FHT 4K E A8 S 2 .

Hi RN AF S MR S TR B 2R AR MR
HCEA — A W 75, Oy AR SO S — o T
T AE R AT S 0H 22 40 1S I R 07 T TR sl
AR CLATR a7 kSl RO 5B 12 W, 38 0 £ 0 0 55 36 B
UE T A ST 4 07 25 1 A A50PE 0 S FH

1 EHE

A7 {325 2 PR BB BT A — b 7 3 R R
TR DCIRL 7 T 1) R R AL 5 T 2 2 1) 45 7 R

B8 T T 3T AR A BA 4 EC A B oR B AR (E
A LA  Lagrange #fi {6 . Newton 1ffi {5 il A
SRA (B 55 . T4 (B 02 A 5 AT A L A
(discrete Fourier transform, DFT) J5 , % H 4 i
HEAT 4 1 LATH B A0 B LR SCIE I i 43. o 3R 1%
SR A T T 0 25 B AR S HG WG L R AH 67 12 75 56 Ik
A TAE 555 18 3 AR 015 3 BB 5

BT S A T T R BRSO AR 3L
K P2 PR A (3 AT T80 S IR I8 i A A2 1 4
TAE. R PR

flo) =

— L)+ E—4F (D
—a b

—a

b
b

Ha a<<a<<b, fF(COFLASFD) R a=a Fl'w=b B Y
EL B 2L f o) S 4 w8 B o o 5% 4 1 53 0
HAEBREYE A Lk L 48~52 Hz X8 1 H 46 (A
oA, FLTRE DR T o B A0 fRUFE 50 Hz.

2 FREESE

HREMBEMETES Y=[y(1), y(2),

y(3) [ 9})( N):H;@% Hankel %E[Iiﬁn—l:'
X =
y(1) y(2) y(n)
v(2) y(3) y(n-+1)
YIN—n+1) y(N—n+2) y(N)

AP 1<n<N,% m=N—n+1,0] XER™",

SR B AR B R AT A S A O L R T MR
SORUL HAT 43 00 A S A W OR T MR R Y Ay
SEAE  PRIHRT DA e BRI LA B K 0 A5 S (B #E AT 5
P R AT 3R AT B I 15 5. Sk o8 O 8K0AT S (B A 4K
9 8 Bk B, SCHRL18 e LT #F S 22 43 i

b; = 6; — o1

i=1,2,.g—1 (2
HH g=min(m, n),0,(i=1,2,++, ¢ N Hankel
TR 1 &5 5 (B &5 5 (H 22 00 38 1Y B KME b =
max(O) IR T A REN R K EEFEL kKT
Ay 5 R Iy B SEIGET kDA e E A
5 BIVRT 58 B 25 M. RE I 19 4T 4 00 W E X 2 Mg
LERWA LW, —BEE T KE N & fon,
Hankel i [E175 40 m=n=((1+ N)/2.24 N K
THEET , Hankel 46 FEATEC m= N/2+1, 518 n=
N/ 2, RIVAT 552 BY 5 R M s ot



1998 Wi

¥

5]

VIR %29 &

3 BETEFEMTFREESIERN
BEERAE

AR ST 1 e T A (R AT S 25 40 1 R K
EM R mE 1 R AR RIT .

1) X JE h i A5 5 EA T3 46 B A R 50 Hz
TR R .

2) ¥ Hankel %5 [%.

3) X} Hankel % B 47 25 S (8 43 iRt

4) SRIAT 58 22 70 i o AR 22 20 0 A KB 7
B RS S AT AR

5) HIBFS.

JELby i

s

JE L R
TR+

43 Hankel
L

|

|

|

|

|

|

|

I SR S
| LIt e
| St AR
|

|

|

|

|

|

|

HHE

ulll
Wy

S A [E—

S F W

(I ISP N e

Fig.1 Flowchart of united denoising method
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Fig. 2 Waveform of original signal and noisy signal
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