SIX717] SHl0j Qo] 9% 2t HE Y AP

A - ogE’ - o=y
ZEgstn QhAgela) - A TA AYATY
(2009. 11. 16. <=/ 2010. 5. 17. A=)

Study on Detection Technique for Outer-race Fault of the
Ball Bearing in Rotary Machinery

Rae-Hyuck Jeoung - Byung-Gon Lee' - Doo-Hwan Lee’
Department of Safety Engineering, Chung-Buk University
"Korea Electronic Power Research Institute
(Received November 16, 2009 / Accepted May 17, 2010)

Abstract : Ball bearings are one of main components that support the rotational shaft in high speed rotary machinery.
So, it is very important to detect the incipient faults and fault growth of bearing since the damage and failure of
bearing can cause a critical failures or accidents of machinery system. In the past, many researchers mainly performed
to detect the bearing fault using traditional method such as wavelet, statistics, envelope etc in vibration signals. But
study on the detection technique for bearing fault growth has a little been performed. In this paper, we verified the
possibility for monitoring of fault growth and detection of fault size in bearing outer-race by using the envelope
powerspectrum and probabilistic density function from measured vibration signals.

Key Words : ball bearing, outer-race, envelope signal processing, power-spectrum, probabilistic density function, fault
growth, faulty characteristic frequency, rotary machinery
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Table 1, Design specifications of test bearing

Lists Values
Number of Ball (Nb) llea
Ball diameter(Bd) Bmm
Pitch diameter (Pd) 51.4mm
Contact angle (o) 40deg
Bore diameter 30mm
Outer diameter 72mm
Dynamic load rating 33,000N
Static load rating 22,100N

Table 2, Faulty size of inner race and faulty configuration

Type |Bearing No.| Faulty size of outer race [Faulty Configuration
Non'nal NB
bearing
0.5mmx7mm
BOF#1 (Lengthx Width)
Faulty 2mmx7mm
bearing BOF#2 (LengthxWidth)
3mmx7mm
BOF#3 (LengthxWidth)




Heys, o=, 0|z

4. ZTp Y nE

< Aol disiM FL =28t 534 Al
o] #=3lom, u A vitt 52 F= glojgr}
SN AT Az it HER Mre 29
50,0007, A¥ A3z offet k.

4. 28 37|18 7S A5 SN

T5719] HASE 1,800mmoll A A3o] gl

A Welz} 918 2ol U Holde B2 7}
o g2stol QuR Azt Fig 4 2 5o Po| 33
Fat NAYE AF AT TSI 2 o]
Fo| A9 A vlolzol A Holx] g W 4

o] 7713 Busting 137} AL, 98 A%
o] AASE AR} B Apole) AF FHUo| 5

e B AR A
2 & 47} Ugiek ole] BurstingA15. 94 A7k 2
& 3}, 7.7msec(1/Fevor) Uhek BAYBHS

a4g 92l

1+ L
% bilies UnL ul faid 1[“1[311111 ” TITR
g e er! AL ! l”(f[! IIVEYV ’”l ( [f[f! I H
0 u“ uisiznésu‘fauésn‘.ninu
tmelsec)
Fig. 4, Vibration signal in the radial—direction for faulty bear—

ing and normal bearing,

\ L .
005 o1 016 02 026 03

1
&
e L TS
m_,_ E
1 1 i - 1 1 3 : S——
006 01 016 02 02 03 035 08 046 08
~ 1 T . —— Br#20=20mn)
Né allili iy Llllin Lol e el T, g
A L g 1 A e i s L o .f, i

+ \ . L s L .
605 01 015 02 02 03 036 G4 046 05

—

LA o7 E=roreu=s0mm
% hbadibbid i T L1
g_‘l h['l(fl[(’[{ 'Ff rf’”‘r{l AU 4 l!rrr
I L . L s L I
0.08 K] U.I 5 0.2 (% 25 03 036 04 045 0.5

timslsac]
Fig. 5. Vibration signal in the axis—direction for faulty bearing
and normal bearing,

Hail passing the fatity
region of outer-race

.
™
",

K

yPreTTETeY

*

c' L
A »
’ )
: k)
; x

L]
*
%
%
»,

— One i‘BVO‘UﬁOﬂ tlne of shaft

¥ i

Vottagelv)

Fig. 6. Number of ball passing the faulty region during unit
revolution,

o, Hlo|g o& ZAg Fak AL @)elA A
Arg] A3N7.5msec)2} 0.2msec H= A|7EA}T Q1o
U A dAjste AL vEhgTh o71A, Azt
Zp e HjolgolA & 3 A TS &F
Y(slipping) B/} W& 9]l 2%t L) gd(spinn-
ing) Aol I3 Aoz AdE.

ol9jo = I Fig. 64 Uehdl 71&= 8 A=
t| 57 RPMA(S 131309 308 2), RPMZ(S: 1314
g 18 Ao dgiFt At HEAE T S 1
3 A A3 B8 Tk Vol digk A=
7Fs/go] EalEion, & AgolA= i 471 4
9ol Bol 1314 it} &)F 3 F9E S

4.2, 2t MSO| npAHER

=22 A% AH A5 AAE Azl dsf 74
AHEZS BAF Ao} F1g 7 9 83} o] AT}
°o] Sl BE HijojF o] AL Aol F oA Yt
UA] b= A% B4 FukeAdE 130.1Hz(1xBPFO)
7F vEbteh E3 A HolE AIAE 4129 Bur-
sting X A3} Aot w72 A% 27]of w
2tA meadER o] FY S8t Fig

Joumal of the KOSOS, Vol. 25, No. 3, 2010



TR0 ol 9 E

X w0t
—~~-NB [Normal} l
3 e e v o e
50 100 158 200 250 300
sk 18°
€ — BOF#1{L=0.5mm}
g2k g
13
@
g G o~ o e v
g 50 100 160 208 250 300
S 4X 178 .
g — B0F#1[L=2.0mm}
ER }
‘g hi e v b | el
&0 100 188 200 250 400
R 1os
e
. [~ BOF#11=3 0mml
g e i s L —d
50 100 150 200 250 300
Frequsney(izl

Fig. 7. Envelope powerspectrum(radial—direction),

Lgﬁt}* ' ' '
r
05
) 780 50 P P oy
& ‘xmﬁ
g [=—BOF#11L=05mmi
g7 ;
% e 760 ) piT) T %0
I~ 4xm*’
; —— BOF#1(L=2.0mm)
27 i
E g it ——— h . A B
gt 90 100 3 pIe 70 0
[ . . '
—BOF#1(t=3.0mm}
2 ﬁ 1
a . L . L |
60 120 150 200 260 300
FrequencyiHz

Fig. 8, Envelope powerspectrum(axis—direction),

PPE AL
E 4 AxBPFO
-3
g r'd
N 3XBPFO
& 15 > Random b

igh

% ; » axpro oqueney ]
"<

o
o

t J‘K:I/&BPFO — 1
f l ] l l ¥ i i
500 1680 1600 2060 2500 4800
Freuencyiiz
Fig. 9. Envelope powerspectrum at fault size=3 0mm,

£

L Uk S nE G Bstel vt
Q mlamEY B Ane A, Wy de A%
Al 9P A5 E49) 3xBPFO olAte] ZEhA)
WY 170k A3 Random high frequency)o] 3
SP Urektet. oleid AuHE FalA wjofd 9
£ 2% L 2Y 27 W) ©E A Aol 3
HHOR SyEggel BN

QIR EIEIX, M25F M3E, 20101

A AS Y A7

4.3. g8 dty By

oM LR shglaslE Y BA Autaie 23
2 Zujgs Juo) A oA gae 47 2&
o}@l A% arlo) B FEY=TPDF) ZEZE
Fig. 10} 110] viebdich. 2elA 2, 23
v nolA Ak 7)o ulal A9

FANIARL Frste] e BA Foi AR

o] A FE}F BF Y%A 2 L«ME o]
3 HoiRa gk oA Al 93t WF o
U %) wsh A E vepd AR wojE Fe =2

710l giat Hele ARos BN £ Qe 2
o mao] B 4 2L el £ Fig 109 &
W R4S S PDFRE Wsfel e 34
sol=)zt Ashlols) Z1ze] A% Av)W BEsh
el BelsgoL Fig 119 ¥ 254
Tof| gjgt PDFEE W3l 48 HAl= 99
(Normal & 1L=0.5mm, L=0.5mm & L=2.0mm)o] &
Ash= Ao2 vyttt o] AL wojy A @}xg
Al Z2815F A TE o] §8H= Ao| ubgutek 2
SABE o83l AR} oy A% =7 ‘?“iﬂr
Ao agHolzte AL ofnidith

008 WMax, ampiiuce distrioution -
iR | toright 8s fault size Is more larger

B S S e

SRR
S

S

Probabitistic density function
2
s

o
=
8
.3

i
i
i
N # '
Wax. of bearing tauity

i H ik

" Fig. 10, Variation of PDF distribution of max. amplitude changed

with the fault size{axis—direction),

» ute distribulion moves |
OB~ o5 0 right as fault size Is more larger -

i
i
i

;
|

|
™ 4 \
004

@
=

Probabiiistic density fumstion
o
3

o7 wt
Hax,

Fig. 11, Variation of PDF distribution of max, amplitude changed
with the fault size{radial-direction),




o, ofFZ, ol =&

5. 82 E

£ Aol Holw 2)ge] A% A Aol
dat 59 A A8E B A% wA weke A
kA AFAUEE ol gle] e WA AHs
A oj3-g Bzt ol $18) BAulolme] <
CEDELEREER U B LR
¥ 2Re BARILT, TS Ao} sganE
P84 L YBUSES RIS olgsie] A 2
71l 0 B4 WskE Selskeltt o] et £
2 AZe e 2k

[

D) As AEE 0|83t Hojgo] Aol Qe
A$ Aol gl slsketd Y4 % enF
hof| 23 A== Bursting A5 7F B HTH=

AHE Shlstgc,

) TRUSH A speladed 2y e
e oy o& Al o) uAY it
& BRlo] 73t AR 377} ﬂ@oﬂ et
A Fube A2 o oy gdo] HA F7t
ek AR SeIshlct.

3) dgrule AEe] A olvA] gide] gist
SEU=RE HILE B3 wolR A8 2 2 E
3 AW Aol FEI AY & e Bt
Ack. EQ wlold 9IF AL BASLA T 4
2 Ho]ESl A Ko A A urAUF AEAE
Bk S AFAST E o 94sitis AM
< stk

AAe] 21 B 2L N0BUE FRTtE 3
AFAUAYS) AFHIA Lo sto] ATEUL.
AD23

)

2)

3)

4)

5)

6)

7

G. Chaturvedi, “Adaptive Noise Cancelling and
Condition Monitoring”, J. of Sound and V1brat10n
1981.

J. I Taylor, “Identification of Bearing Defects by
Spectral Analysis”, Journal of Mechanical Design,
1980.

P.D. McFadden, J. D. Smith, “Model for the vibration
produced by a single point defects in the rolling
element bearing”, J. of Sound and Vibration, 1984.
Abdullah M., Al-Ghamd and David Mba, “A
comparative experimental study on the use of acoustic
emission and vibration analysis for bearing defect
identification and estimation of defect size”, ELSEVIER,
2005.

R. RUBINI, U. MENEGHETTI, “Application of the
Envelope and Wavelet Transform analysis for the
Diagnosis of Incipient Fault in Ball Bearing”, Me-
chanical Systems and Signal Processing, 2000.

S. Zhang, J. Mathew, L. Ma and Y. Sun, “Best basis-
based intelligent machine fault diagnosis”, ELSEVIER,
2004.

Diagnosis of Rolling Element Bearing Faults using
Envelope analysis, SpectraQuest, 2009.

Joumnat of the KOSCS, Val. 25, No. 3, 2010



