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The comparison of AE and Acceleration transducer for the early detection on the
low-speed bearing

Aasse. 52 Aol «. oit] Eher. 718

s - 1

H. J. Kim and D. S. Gu and H. E. Jeong and Andy Tan and Eric Kim and B. K. Choi

o

Key Words : bearing defect (#]o]% 2

), AE (&8 W%), low-speed bearing (A< H#o])

ABSTRACT

Vibration monitoring of rolling element bearings is probably the most established diagnostic technique for rotating

machinery. Acoustic Emission (AE) Analysis is an extremely powerful technology that can be used within a wide

range of applications of non destructive testing. Therefor, this paper investigates the detection methods using AE for

rolling element bearings about low-speed. Two transducers, the accelerometer and acoustic emission sensor, are

used to acquire data and the results are compared for the capacity of early fault detection

BA7AE 71A19] 724 54 Hso] HA sl |
olg]gh & 7AKdHIY 4 8o 3]
Ay A8 24 o) dds
gro] z7le] AT Fe Al7hol] %
7] wizel A AR
A 71AS e AR A8, A AEed

g0l wEtAe WE7A sk ded A A
(condition monitoring : CM)7} T8A] Hr} ¢5o] A
o] nxste] o3 A o] FTIHWA, A L5 A
Au|iae] E4o] Mg wo] 7R MulE Hoig A}
SIAAA] G o2 o]&sly] flal dA B idol
AAA A T8 Ha ek oA B AJE|EEA
(condition based maintenance : CBM)o|g}a% &=t
AN T]solut AEIIAIE Bl Anle] AEE ks
i, ol EfiR 7AI84e A A3hS Z7]d 2As)
of, A% WHS dSeta, g A7l A4 BAds

HH, et 7| Agkg ek
E-ma 1 : bgchm@gnu.ae.kr
Tel: (055)640-3059 FAX : (055)640-3188

oy Aol oigke A4d 7] A S8t
Qeensland University of

—

mechanical engineering
Technology, Australia

k%

847179 wlelsd Age] 27] A% CBMe ZHolA
o} Fasith e} 18] CMelA AMgske ACCAA
£ ol e CBMAIA Al A7 Aok 5
8 A% Wolgel A3 wolgel AN WASE F4%
o %7 whel vl HaEsh] Ysek
A & BRI S YRS b g un ge
ejoln 1 2o

2.1 AE(acoustic emission)Zt?

S8k W= (Acoustic emission)o]® A7} WY T
E]"T”] /\] %}\(E—sl'u \ja E]'}\-]-q'i t”'ﬁo]'*‘ 61/\1 ]UZ], 0]
A2 ABAAZ 7AEsln b sydor grlshis u

oy B ol ol

AERoletal gtk AE= 87t o 7] o] d5H 2
ok mAlgk A& (crack) oA A T2 AUAES
2 3p7] wiell AES] A Aeke Hdste] Almet 7 xE
°f A% 3 #¥E Td 9 A4 F vk EF UiFe
BASE S o] gl BAo| 712 A wed &
A vje A Folx 72x7) 7Vs sk A 7)1Ee)
thE T AAPRAE O JAE 54 et gl



iz g FRECY 7hs AEdAE 54 & 5 gtk
ay "4 ARANREE o] 7R 3 WEYe] S
7% 7] 7F oga, AESA o] dd Aghe] v
o] o ¢ER US Agvt dasirh ey thkek 2ok
22 E=EolA AEel diste] el FUkehE olfre SE
2 5 7w uiFolt). 7| WE FAo) AHEHI e
ACCe 79 30 kHz 74417} gHAlo|A|RE AES] 75 4= W)

kHz 744 7Fsstez B AAAS 7Hxa gk,

Aups gete] et AR B4 5 kilz oldelA

Hlojglel Zgt Fudl o)we & % Fug (ball
passing frequency of outer race: BPFO)& &9 &
23} F34 (ball passing frequency of inner race:
BPFDE sk WS defxl upe o] 4 (1) Zt,

Nb [ 1— Bdcost
BPFO= T(T)XRPM
@)
Nb [ 1+ Bdcos0

2.3 dlole Xz| & "It

7149 e A S e AEEs =
a2 HlolElE Aok s, nlE SAE dolEE B3
8 Qo] Wi, Bolu} AlFe] SAo me)l 4o
2= 7] 9Jeixl= Hlolel A2t D42 o)

wehs] B =R AE Fig 13 22 Aoz bflojgE
A sk
HA ARG ACC AIME o] gdle] XF 2Es HE 3§
o} a2l SHE s PG X J
Tl e RS AAS] A% Az A BHE A

3§ 4% mmp Preprocessing mmp T2I0/E T8 mp 7YY mp B4

AE filtering
HPF
ACC P

WPF Skewness

Enveloping

Fig.1 data processing

2.3.1 MAZ

AARNA B sR= e T B4 olg] 74x] Qeld] 9
3 Fe(noise) 5ol F3F Hojqinh whebA gk Alef= 2
23 Fue di9ge AR FEE7] Yeir LEE
(filtering) ¥} ¥4 A2 (enveloping)”7} ¥ 83}t

b B =RoaE 1t £33 ZE (high pass filter
D HPRARESRe] 2+ ofo] W2 AEE filtering M3, 2
Elo] oJgt Agvtozy= g7t JorE xEbd Ay
(enveloping) & F3te] Wz Forel 3] WMz FolpEAle]
o Wb B NEERE WEFE YR Ang do] ¥
A skt

2.3.2 g2lole F&

FH A B Rdke] BAout Also] B4 whet
Aol Hetes 7+ 54 geEE FEshs W
7RA7F glov B o= FEAO
Skewness, Kurtosis® AHE- 313t
A& X (rms : root mean square): Hx]e] AR} 4
X ALY AREEAD7E 23 Hol Qla, ATt 7HAE
o] FtS omgith, weba Alse] Fe] =7]
A YellE #e g 71 A5 o] gt 3
AN Ee AR 7Foz ALgslal
= (Skewness) gt AAIGAIS ] digh 35 FHE]
Fe 2o At Aok W Uehlle @
g TR o] T £F
kurtosis)& AlA|E Aseo] gEwshye Byv)
o] ALE Yehlle HZo|th Hy, xE AAL
Zojgte deoly X e &
=2 dlolg9o ¢ Fx2E Yehr] ) #5 #@

ol AFHE AES Yehe Fxrt desj.

Mo
=
X
rir
)

2

v
N
I

e
ACH
ot
O
2

i} N
LN

offt 1o
g fo X2
oy 2

o,
oy

mZL'-‘\lm
_R;/‘\

o 2 3

lo o
7 n

o, N
Y0, T oy HI

W <y ko
ofN
o>

2.3.3 @7} gH

ofel 7H4 B7F el QAR & a=RelAss PR PIRE
o2 7} Sl

PRoJ& 4(2)¢F Eo] 2g Fupor¢l 3MdH(harmonic)
9] 13 Zhpeak value)® = HA 3o HALo=E e
el i



PR= ———— 2)

288 Fig.2¢} Zo] Motor ¢ gear box Z8a 2zt
input, load, test bearingf-= T4 3l A¥S 43 313
t}.

JAEE 2ES golshAl 7] fsl MTE 12 AL
(220V, 50Hz, 1.5kW)e] motorE ARSI, A& &
o] HAS #sl AE7IGEHEY] 10:D)E AR slelTh
input bearing®+ %<& A|A| 3}, load bearing%-9l load
cell AIME FAsto] A3 sl% (load)s F7hste] A3
S Y. 18]al test bearingfol 2z ACCAIA
(B&K)2F AEAIA(R3a)E test bearing caseol| 2ol

APE AT

load bearing

shaft

motor load bearing

test bearing

load cell

gear box

Fig.2 system of test about bearing fault

Fig.3 fault of bearing outer race

Fig. 3 bearing®] outer raced] A3 fault®] E5o0]
t}, 4dS SKF N 307 bearing®] outer raceol] €194 o
2 faultl(M]A] A3h3t Bt 2 fault2(A3HE AAEke] A
Hs 59 slelch

3.2 A ahH

I

ACCAIMSE AEAIN S A% s9& Hlaslr] 93l test
bearingF-ellAl FAll 54 aleh. 22 AP oS
bearing®] outer raced faultl, fault22 AdLS 43 3}
Aok 183l Load 710 &S B7] Siste] 242 500N,
2000N, 5000NL.& 9031, &% Wale] J&d& nr| 95}
o] 20rpm, 50rpm, 80rpm, 110rpm, 140rpmo % &£EE
wslste] A9S 38 SRtk

o

4. Mg

21

I

4.1 ACC2 AE MiAMel HE 53 H|m

Fig. 4¢3} Fig. 5% bearing® outer race® faultlol
Loade 5kN, %%+ 50rpmollA AEAIA S} ACC AlAM=
=743t envelopingdt Adolth. F5-5 AAsH|E 7
TPEE HPFE &t A% A%E H7] 98 PRES &
Al itk Zb aglelA Yehs HA H4e wojge] 4
3F T3 449l BPFOE YR

< 10° AE,HPF[55-75]kHz
1.2 — — ‘
137 [—PR=34.85|
~y 1% a05 | 1
2 08r
£
2
g 0.6r | |
a r0.66 i (121
% ol e |[T1216 |
- J./\J L
0 5 20 2

5 1 1! 5
Frequency (Hz)

Fig. 4 Result of fault]l to AE at 50rpm & Load 5kN

% 10° ACC,HPF[25-35]kHz

«3.99
37 i

—PR=16.86

)

ms
BN @ s 90 e

Power spectrum ()

é 20 25

OO

10 15
Frequency (Hz)

Fig. 5 Resutt of faultl to ACC at 50rm & Load 5kN



ACC,HPF[55-75]kHz
[ et —PR=0.39

i u»‘* ”rL' W

5 10 15 20 25
Frequency (Hz)

a5x10°

I

’1

«12.64

Power spectrum hiv?ms]
(=] - ~N w
oﬂ G = & N O W (5] -

Fig. 6 Resut of fautl to ACC at 50rpm & Load BkN

Table. 1 Comparison of PR about HPF

sensor AE ACC

Load
5kN 2kN | 500N | 5kN 2kN | 500N
HPF

5~15 kHz 4.55 11.55 | 10.25 | 6.83 2.38 2.26

15~25 kHz | 11.72 | 8.05 3.18 0.12 3.03 0.79

25~35 kHz | 1856 | 30.54 | 9.44 | 16.86 | 15.33 | 2.26

35~55 kHz 24.2 | 30.77 | 24.18 1.73 2.45 0.3

55~75 kHz | 34.85 | 36.59 | 16.55 | 0.39 0.96 0.08

75~100 kHz | 26.76 | 28.38 | 8.12 2.55 0.96 3.28
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