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Abstract: In order to more comprehensively and effectively monitor the evolution process

of vibration performance state of rolling bearing in service, the nonlinear and uncertainty features
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of evolution of vibration performance state were characterized by correlation dimension and box di-
mension, the fluctuation ranges of instantaneous value and average value of vibration data. The
grey confidence level between the parameter sequences was solved by using the grey relation anal-
ysis method, so as to analyze the nonlinear correlation degree between the nonlinear and uncer-
tain characteristics of the evolution of the bearing vibration performance state. Two cases showed
that the correlation dimension and box dimension had a trend of decrease, and the fluctuation
ranges of instantaneous value and average value had a trend of increase on the whole. Moreover,
they had corresponding relationships at the discontinuity points in a sense. There were negative
correlation relationships among nonlinear parameters and uncertain parameters. Besides, the grey
confidence levels between sequences of uncertain parameters and correlation dimension were high-

er than the uncertainty parameters and box dimension.
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Table 1 Performance parameters of each vibration

sequence (Case 1)

P15 w AR m, KGR D,
1 12 8.62
2 12 7.47
3 14 7.18
4 14 7.85
5 12 7.48
6 14 6. 87
7 12 6.47
8 10 5.77
9 14 5.63
10 14 4.91
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Fig.6  Correlation dimensions in the whole life cycle of

bearings (Case 1)

ol B A He X AT RE SR PR O B 4 4R Bl 8 T R
F1% F ] B PAY i 7R 2 Al T 34 Mk o e A AR AT
HCAHETG

PAEE 1 2l Fe 50 S 3], o JHG ek Rz e ] B ;g
LA S & TR &R RO R ML i, 45
RWE 7R

[l At i At 5 AR 30 81 A 58 A B
HETREMMEOC R ML R, R AL S AR
e 5 1 G AR, S5 R SR 2 R

T REAE X 4= 75 A SR 30 A R IR Bl e 97 2
By B AR A D0 E AT SE R A MBI T, 22 1
AL B AEFE 18], 45 2R P 8 s

H1 P8 R, & AR 3l 7 4 B9 G 4 RO A L
BRI /N5 BTN, 205 RN e ORI R
AW . AR 3 PR3N F B B I A I TE] R R
B AR B W B Rz B R 5 3R B )Y 8

0_

—s— JhRME

N R e

_ -6

-

£

-9

-

_15 1 1 1 1 1 1 1
7 6 -5 -4 3 2 -1 0

In¢,

7 In&-In J B bR il 2R B (2 0 1)
Fig.7 Diagram of In &-In J, in logarithmic coordinates
(Case 1)

x2 BMRIFIHEZLEB(ZH1)

Table 2 Box dimension of each vibration sequence

(Case 1)

JF 9145 w S5 B, 415 w S5 B,
1 1.804 7 6 1.812 2
2 1.744 8 7 1.8174
3 1.7737 8 1.7322
4 1.8123 9 1.473 6
5 1.8180 10 1.6450
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Fig.9 Fluctuation range of vibration instantaneous values

during the life cycle of the bearing (Case 1)
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Fig.10 Fluctuation range of vibration average values of

each sequence (Case 1)
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Table 3 Grey confidence levels between parameter

sequences (Case 1)
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Fig.11 Grey confidence levels between nonlinear and
uncertain characteristic parameter

sequences (Case 1)
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sequence (Case 2)
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Table 4 Performance parameters of each vibration

sequence (Case 2)
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Table 5 Box dimension of each vibration sequence

(Case 2)
FFA5 w AR B,
1 1.8151
2 1.7750
3 1.712 3
4 1.797 8
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H T 18 AT AT, 24> 4R 3l Fe 510 6k B2 I [8] B2 P4 £
YRR A BN S B . RS 3R
2y P 51 Jir X L 14 SF 8] 5 2RI, 6 4R BOA e/ 19
P AE 5 SR BN F 9 A 4 4R 30 5 51 Xk L i) e )
BeN, & 4B AR B SR 3G K, 3 AT R R [A D Al R
IR VAR S B 2E A IR AL B B

2.2.2 KW%MZﬁ%ﬁﬁMT%Eéiﬁ%ﬁ
i R 3z e o A P R s M R IR S AR i AR P R

T%%ﬁiﬁm%ﬁ%ﬁﬁm&m&@ﬁ¥ﬁﬁ
(% S Bl 2 A~ S 8L A R AE .

PLES 1R 8 7 90 9 I 4 2008 X R 9], P dh
BEAKL B, BLUR 10 000, 16 5 35 P K0 0,31
Tt 2055 19 80 5 10 1 T BRAE on 1 1 FRAE 2
THELE LR 2h 7 90 i s {E 0 B sh Y R, UL (1) =
0.268 7 m/s’. A A b, 2R A At 45 9 30 )7 51 9%
(L4 9 Sl TR, 22 i AF 07 A R E T 1L 45 51 n ]
19 fri .

& 19 f7 o, 4k 3h 50 Ik s 0 3 2 i

,lll

ETIEH ﬁﬂv//\
FI19 2R 8 1 21 % i) AR 9 30 sl i 1Bl (2 31 2)

Fig.19 Fluctuation range of instantaneous values of each

n

~

W

[\

—

PRBNGHRHE B S/ (my/s?)

(=3

vibration sequence (Case 2)

(B EE 1R - 2B

B E KOOk 0,32 T e KO F 558 1 4R
BT SRR A A AE 0 B BRAA 0., (1) F1 R BRAE v, (1) o
A TR BE R B S F U.(1) =0,(1) —
v, (1)=0.0250 m/s’c # & , K fif H At #5 1> 4 3
J7 9 4 7 B 00 3 20 3 BT, 245 SR A 20 T

',lll

ETIEﬂf?ﬁ' 77—//\
F20 2R 51 AR S F 20 04 0 sV 1B (52 61 2)

Fig.20 Fluctuation range of vibration average values of

<
wn

<
~
T

=
)

o
-

PRB T IE B (m/s?)
[\

S

each sequence (Case 2)

wE 20 s, 3% 3 1y 5 S 1A 1 U B3 [
(ASHA 22 B2 2) B AR I 52 33 14 A B A

g5 Lk | AR MR AE S 80 51 A o 5
FEZBUT A A C KR . T s K E R
AT RS ASREAE S 80F 51 22 1) B R OGR4
#E—2 53
2.2.3  ZM0 2109 s i R L PR R AR 2 H0R

ANH 7 M S HOK O R 53 BT

DA ST 4E 0T 41 R Ik (B 04 38 2 3 LY 47
B, 1 e UE AT Y (E U — AL b B A5 2 B A R B
JPH) . T IR KR T, B w,0,=0.50; 715
Poy=94.44% , KT 80% . 3 T XM, %
f 7 e A% o R v O I AR ORI AN B 2 BE 1T 81 =2 [
) A 2 P A DGR BE T LAUACA SRR B

) b, 3 5 Al 2 500 910 G R 22 ) Y K
R K, 25 A0 6 FE 21 IR .

H 2 6 FIE 21 AT 50, 80 Y <<Ppy,=94.44 % <<
100% , 80% <Py, =93.35%<<100% , 80% <Py, 1 =

x6 ESHFIZEMRKRERKF(ES2)
Table 6 Grey confidence levels between parameter

sequences (Case 2)
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