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Application of ALE for detection of rolling ball bearing defects in noisy environment
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Abstract

It is very important to detect the bearing defects in rotating machinery since the critical failure of bearing cause a machinery
shutdown. However it is difficult to detect the vibration signal resulting from the initial defects of bearing because of
the high level of broadband noise. A signal processing technique, called the adaptive line enhancer(ALE) as one of adaptive
filter, is studied in this work. This technique is to eliminate broadband noise without a prior knowledge of the noise
and signal characteristics. Also we propose the optimal methods for selecting the three main ALE parameters such as
correlation length, filter order and adaptation constant used in the adaptative process. Vibration signals for three abnormal
bearings, including inner and outer raceways and ball defects, were acquired from Anderon(angular derivative of radius
on)meter. The experimental results showed that the proposed technique can reliably detect the bearing defective signals

masked by broadband noise.

Key Words : Bearing defect(#jo13] A, Broadband noise(FH < F-2), ALE(Adaptive line enhancer), Adaptive filter( -3 ),
Correlation length(Ar@-21o)), Filter order(ZEJR}4), Adaptation constant(Z-5-A4H)
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Fig. 1 Structure of rolling ball bearing

Table 1 Specification of test rolling ball bearing

Specification Size
Number of balls(e.a): Nz 8
Pitch diameter(mn): D, 255
Ball diameter(mn): D), 5.95
Contact angle(degree): o 0
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Fig. 2 Structure of ALE

H{B) =s(B)+n(k) ®)

L-1
KR)= ;; w (k—m—1)

©
&R =x(B—#) Q]
wlk+1)=w (B +2u LD b—m—3)

4714 & BHY Zo|, .= HSAHadaptation
constant), & BT Aol e YAAB H
goj}.

221 45 4%

= BHY A& A4S 2t UE AAR
7t Y = A BFRA ol @& A 4HsE e
b Yo wel fetA =29 Had o] Aln
of gt& U7 AA AAHd dHA =AU 24
7t =3AA He AR (trade-off)7h Utk A-3LE
AHE el e A4+ Yo ey 2.

1
max ®

0<ul 7

A7IH Ame UEAZT st A7) S(auto
-correlation)®] 713 £ 118-A(eigenvalue)o|t}.

222 4Bl 4%

oo F7]|A359) AHZo|(correlation length)=
paitely Ae4Re] 4adolt o Bok. mety ALE
9 712413 AAE YAAIE AFFOZH R0
o) o3 7|EAFT = JE) F7)HQ AT E AT
(correlated)A]7| T HEZ-2-2 E[n(k)n(k-m)]=0L.2 v] 4+
H(de-correlated)A|Z 47} 9tk T2t} Holy Aol 2
& Avode 2EEE0l F3EHA vehhs AN} &
A B A48 3718 24 91 FRAA 57| (local
period)E Zh=t}. £t £9] EEY(shaft fluctuation) 9.
2 A8 AFAEE £ F7)(quasi- period) A30)) 7hget.
JB2 ANgEE ARl &, AAE S ZA ARsta
A7 4Ee AFol= 028 +¥sHA Hch Fig. 32 A4
58 AYAIA LT Uk & Q9 27 BE 2

_88_.



2718 e FPNTE BT 2718 24 - BY
AL vl AT Yol Auo] p@ Ha Aol
(1/4B)st 853 F04 vle) (42 445 gk,

F
m=K el g _
~ 4B, 1=L2 (10)

AZNA F e AEY Fupsrolr)

223 Yeaje 434

Fub4 Gl A Wojge) AT = wjoje) FAFut
5 Z4o) Z YA G FF Foa(d (1) ~
@) 1422 ZudE AT getA JBHolE 4 (8)
of wel MA3d ALE: £7]13Q S E 454 5
ol ZFoe ¢ Futre N2NE F4HORE ¢ comb ¥
Ele} fASE S-S 8HA "ok 2FA A E Fuke
A Aol HA e FdYg PR o2 R 23| 2
3t7) Y A% Foig FAUCE 3 ALEY ZH 9%
3} 2o $83| Folo} §tt. Zeidler £V Agt Zu}
+& 4oz ¥ Z digea "el9 F4 E(main lobe
width) 7} Wej 9] xjroff JAE 4] (6) ~ (8)ef 3 522
A YA B4dE Fuk 3H2Y) ¥R oS
7 Zo] HojFgich

| SNR | -ps—simr
WA= T4 e
| =g BRSAILT

T R ET
l—e Ralf~1)

sin[#(/—FJLT
sin{ 2(f~7 9T}

(1

__S\R
1+LS\R

7|14 SNRE 71EUPAEY AT of Z-&Y(signal to
noise ratio), [.2 ALEQ] Hejly, £ wojgel Ag +

o] 7= MEY F7|olth. 4] (1D 0& HYste] 3
& 7819 Fig 49 Zo| 2% T FAHLE & 4 37
49 % 4B,& % #7 Sl

_ 1 _Feom
dB=TT7=L (12)

A (12)o 4 vehd Sl AAY gela & 2Ede
24 ALEQ] 7 53 24 £ 4B, 23% #7t Qi

N " . " . . " " "
O 002 DOt 006 DO OJ 012 G4 0.6 0.8 O,
Time

Fig. 3 Bearing defective signal in time domain
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Fig. 5 Experimental set-up

Table 2 Parameters used for ALE

Defect Inner Outer Ball

Parame raceway | raceway 2
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Fig. 6 Outer raceway defect
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Fig. 7 Inner raceway defect

_90_



«Q

) L L . .
0.05 006 007 008 009 O

Time {s]

0.03 0.04

®

frflplsdohospiabpnbning

pt

0 0.01 002 0.03 0.04

Time [s]

Fig. 8 Ball defect
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