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ABSTRACT

Rotating machinery has two typical faults with clearance, one is partial rub and the other is looseness.
Due to these faults, non-linear and non-stationary signals are occurred. Therefore, time-frequency
analysis is necessary for exact fault diagnosis of rotating machinery. In this paper newly developed
time-frequency analysis method, HHT (Hilbert-Huang Transform) is applied to fault diagnosis and compared
with other method of FFT, SFFT and CWT. The results show that HHT can represent better resolution
than any other method. Consequently, the faults of rotating machinery are diagnosed efficiently by using
HHT.

1.8 B 2 FFT Spectrum ¥} Wg¥ AIZb-Fu4 48 F319

sldnpd el W RE SIS Pengl4] folEH

TE, H2 457, dAhe] SUEN], &F719 AEQdR  WES o]ste] A FinpEs zldepgich v
59 AAVAE EFYd g #HA, AHEF T o FI FF Aol dAgo] A W HAsE 3]H7]A €]
o] mAAte} A} Apolof|A] HES fdich olgjet A ol wel #ek A= &4 &tk Choilb]E AR
07 Qlsle] nAA} B A} Abele] Ho] AA AR AE Fdte] A EE WHske ATE FIEele
(looseness)¥ 3] -nPE & K rubbing)o] #AEHA k. & o, ARl BAYE A A5 5SS WHsA = Xt

]
Agolt sldvkaasoel WA 5w 2]
Aolol] FA3 oS BUSKE ol S FusA Hr, e ¥ Eeol $ATS 48 Ae) A

5
o= = 3|A7A A5 Ast 1zl FHUEoR olojx = Alde Fu EAI Alzke] Ae Ay Hasi)
t} olgst AL I AvPEEANL J|AE Az &4 7IEY AFHeHHel FFT(Fast Founer Transform)Z
HA A3 BAEE AozA 44 1 4] 2 By o]&% AsAEHS AHEE & }ltke 9ol 9l
Zﬂii A4 2 A o)t o} olol  AZE-Ful —f/ﬁ‘%}‘ﬂ?l STFT(Short Time

PR AupE A5t Black[1]S 3 Avpd o] A Fourier Transform)®} CWT (Continuous Wavelet
A AZAAIA A A DA B9 Transformel el ALgHIn ek, el STFTE 94
wsks 2ed @4 oiR 478 FAST. Choil2] RS AT whe MAANE B AeH o
= A99AE Adee] ARS £AGAL Pengl3] 1, CWTE 7Mddtel 515d, oluA&y, ongel o

Mol wAlom AR FeAR Ut 4 9
T Ak A3, Aot 7)Ae st th[6] olo] . Aoli AjRo] AukE A7-Ful
E-mail : yschoi@yurim.ac.kr A HFH O] Alestel 7hzo] ol slAale] Tk
Tel 1 (031)290-7440, Fax : (031) 290-5849 renve HHTS ARgstel 5ol sl sidAe) g
Agelar F,
o A3 Ao gigkd 7)As

Y

Mr

o

895



e Adsty] Y3te] Bently Nevada

itS AM3HITE Fig. 1(a)

"

(@)

o
o e A
Lo
=
o
=
= g,

o} Zo] IAAE AT EEH9} HES A|A FEvhd
S A, gl £=91 1700 rpmol ko] Fig.
1)} 2ol Ee] HAl(bushing)el 7]»’?—574]2 F-21-5}o]
Ao g SA ol9h #o] FAHHE AE+= A/D WIS
A FAsFEl Agsieler, MATLABS 01&8}04 NS E
A Ftuhd dido]l HAlshd Fol| A v
o] z-ggit][7] oo TANSE SRIs] fI8te] ARt
S ZE7} 1348 AlIZke] oF 6ulQl 0.2%2 HAS 3
of FA1E AASGItE

2.2 €73 A¥

A7IAY AR e Aese] A4S Feslr] 9
sto] Fig. 1(c)¢F %ol 27t 7ol 10 mm,
mm, 13 mm, 14 mm, 15 mm¢| 67}4 7
ds g8k 9714 10 mme= &
e Aol Folwel wel ARl

mm=z 7Rt 7REEAS] 9jAE Fate Pjé FEiet
Sl Fig. 1(b)¢} 2ol w £eke] Fo

A& 1700 rpmeolth. Ago] Wyshd agatet 54
2} Atolo] A ARl FAN ST opd whkel] 7]Q1gh Tkt
T Aol HASERE 239 ®slFolE: AFET] §
st} NS AdA R A7 bxE AAsIlh

e

(b) accelerometer

(a) partial rub

(c) looseness

Fig. 1 Experimental set—-up

3.1 FFT

Argdee] AsE 4 (D o] Fo%= FFT(Fast
Fourier Transform)& ©]-&3l F3t4 99
v o mM AeE P4 e T AES
4 9tk FFTE o] 43 3
a8l Fue Aee

Bo o) i
[e] = = =2 T
Fol o] ANz E ﬂﬂﬁ}%tﬂ de] ARSE gt

HAE -1 A e Asd] dieia FZg #A]e] of
Hr}

w):/m ft)e tdt (1)
SEA| 2RO 2 Ao FEnbd e o] S e E 7

7} Zap= R A s H Flg 29} 2t} 267} 1700 rpm .2 3]
A g o) s 3 = 28.3 Hz olt}. F-Enba el
A 3 TJJrT«l HH? gl A e R A fH
gl & AL AT el A= 31
9] 2X Adite] A1, %%UP“* o] LAY Alofl= 6X o]
S AT F Stk o]= ZHAIAFS] HlAGE A
Z3K(super—harmonic)’g-°| ‘JrE‘r‘Jrﬂ o]
Auio e REA2Y RRvbd 455 B
e}z = A7) glok
REIA2E ] PAF whE Z47o] Aol tiete] Tk
w45 ¥ 23 Fig. 33 2tk @A=9] A9k a8
v ol 7191gh xR FEAo R WAt
= A Zfol7t gl 7k=o] 2 mmeol’dd Al ¢F 140
~ 200 Hz Afolo] ABEQ 7|7 #AA= Ao R Hol &
Agroll tigk 542 7F50] 2 mm o) A Al YERG
= Aow o=3 5 ).

laf
O

P

PSD of ace

Fregquency (Hz)

Fig. 2 Frequency of rotor system : partial rub

896



3.2 STFT

FFTE B3 £40] A2k & An} glohs vdo
=S ] F

o A, A Ar)e) FgE o8

(STFT : Short-time Fourier Transform)& A]7b#3}o
2 T 548 248 4 ok STFTE 4 (29 2
o] Aol¥t},

stn= [ We-0s@e P @

(non-stationary signals
HaknA s Ako] uls- 4

N
-
s

1z
M
o b
{13
&
5
o G
ol
g
(@)
[\)
l—Nt “"ﬁ
offl
[-‘O e}
[®)]
=

o 1o, X
o

ot 1

ML o

Coae AT BAdE AT 288 @ 7 9

P30 of acc

i I I I | i | |
20 40 B0 SD 00 120 140 160 180 200
Frequency (Hz)
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(b) rubbing condition

(a) free condition

Fig. 4 SFFT of rotor system : partial rub
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