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Fault Diagnosis of Ball Bearing using Correlation Dimension
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ABSTRACT
The ball bearing having faults generally shows, nonlinear vibration characteristics. For the effective method of fault
diagnosis on ball bearing, non-linear diagnostic methods can be used. In this paper, the correlation dimension analysis based
on nonlinear timeseries was applied to diagnose the faults of ball bearing. The correlation dimension analysis shows some
intrinsic information of underlying dynamical systems, and clear the classification of the fault of ball bearing.

LA B2
Holg & &g XA vhdo] WsE RGN 3
Holut wjmgle] YA o]FAEE st J|HLAR
A 71A A2Y EE opel AA dE #EHT ok W

gof olifo] HAY AL oA o Hxdt FF, 4&0
WA £ glenz Woge AeE dAdstan 13"”—1?1
s FANA F£ 2L A9 9F 2HE 98 oS¢
8% dojr}.

o]
Fal4 Aoz Hskdh WolPo] Aol 4719 2
Aol wet 574 Fuel Q5] By, L@ wy
UF §40) BT
A F2 AST Y ARIAG de e 2A A
29 ¥ wguge 43 oed 7xe

498 dEstn vk 2ed mrh Zwd
g 3

gl sl Awad
2

A gato] slojatae 1%
B AFE FYH u} e, Logan®e Ao 9= W
olPol A BT VEANTE B4 FAAUL o] 43t H)

ToAdAA, A, A7ty 74T
E-mail @ yschoi@yurim.skku.ac kr

, Tel: (031) 290-7440, Fax : (031) 290-5849
A Y Aeadgn 7 A deg

ojgde nAGol Mg ANHYT. Wang 592 4
BALE o] &3] hNE HAVANAY nZREE F3
atgich

Wely wgde 4¥S Ash Spectra AlA A
Fig. 19 834 2320% Ageold (faut simulator)®
Agaac Hoige) A4S FAa) Aot g% WE
of AFE 7K Mo e A2 sy Fulekx, A4 o)

4 AASHL 24 ST Az Ado] @ Woid
9 4 AEE 47 AT WolF Al @ 2
£ WojBS El4 Aol2z Anac getd wWolYe)

A%e AGsy] H4F dHHA =2y vlojy Aol ¢
o 714 =AB&K 437DE F#3 F, 3000 pmel AAN F
TN HEEAZE SN 24Y SRS E
FFT Analyzer(ONOSOKKI CF-350/930)8 AMgste] 27
435 Au, A/D Board(NI Labview 6.1)°] A3 & &%
%, 44 Zzadel MATLABYS o] §35te 24319

Age] A& wojFY MHAJRE Table 1o b
o, o]ZHH AitdE wWolye uE - g 4% B4 F

- 979 -



gt4=E Table 20 YeR AT

AMNE A BA Zuldel Zug ANEH Yepd F
B4 QRo] dxg w Heo] & Ao HWAATH
AgonyE Y53 Y WY, A%

Ag wojge stEE MNF9 TJ}—?
4&%%4

Hzst i) EH‘%E}% 23, 3 } 123} JEE0] YEldE
¢ T den, Fis A9EY 4
TEo] Uetddh yide] Wg Z2FE 7H woHe B¢
ol Wg 2% 54 Ford 2474 Herh £93 yehd
A gk ustd g 2l o8 $4E A5 dF
A% g Ao 71 FH0] HojY AHolzz HHY
ALHA @1 Aojxae 9 gHoz Add o, Beh ¥
A BEel 7l wEelth 28z REY AT

AR Hlg AEEe] WolFe 2 54 T 2
We Foir 2HEfN AF Faheo wie RS
AA o E Hlojd A LA Fge AR EUA/ AE

}
,’..
-2
hin)
ng:
Jim
oXx,
-!N
4
T
ox

o —|> rlo

&Y 4B T 4 Yok wAA volY Y ANE
458 Bustcd o F2 olgsHdle Fis o)
A EHolE B} Qe ¢ & Atk

3. u| M8 AL WY

3.1 oA az 2

QA EAste Aol FGAE sl EYtA
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Table 1. Design parameters of the Bearings

o Pitch diameter | Number | Ball diameter
position
(mm) of Ball (mm)
drive side 335 8 79
non-drive
. 335 8 79
side

Table 2. Characteristic defect frequencies

Characteristic
defect frequencies
BPFO (Ball Pass Frequency 1526 Hz
of the QOuter race)
BPFI (Ball Pass Frequency of 2474 Hz
the Inner race)
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(b) Inner-race damaged bearing
Fig. 3 Vibration spectrum
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Table 3. Results of delay time and embedding

dimension
Delay time | Embedding dimension
Normal 3 10
Outer-race fault 3 8
Inner-race fault 2 8
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Fig. 7 Correlation integral vs. distance r
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Table 4. The value of correlation dimension

Correlation dimension, D,

Normal |Outer-race defect|Inner-race defect
9.741 597 6.75
12 T T T -— T
—¢  Normal bearing
1 H H — Defects on outer race
10h-mr ' ___________ o, -0 Defects on inner race
: : [ D e e e
i i PE H ;
c . H A
2 ghedii S SO OO
g 8 y - h :
% P /GJ B - —43 & - —G -@ - —G‘ g
e Bl '4---43---;’ "G""‘&‘““\Q“"—"p” o u;}u -~
[~ [ 4@
| :
[ DS SO SURUTUURNE SRR SUPOUURNINE S J
s LA
o :
2b-... ROt U SN FOUUIOUI SN SO -
0 [ 1 1 1 ]

4 6 8 10 12 14
Embedding dimension

Fig. 8 Correlation dimension vs. embedding
dimension
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