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Detection of Impulse Signal in Noise Using a Minimum Variance Cepstrum
- Application on Faults Detection in a Bearing System
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ABSTRACT

The signals that can be obtained from rotating machines often convey the information of machine. For
example, if the machine under investigation has faults, then these signals often have pulse signals,
embedded in noise. Therefore the ability to detect the fault signal in noise is major concern of fault
diagnosis of rotating machine. In this paper. minimum variance cepstrum (MV cepstrum), which can easily
detect impulse in noise, has been applied to detect the type of faults of ball bearing system. To test the
performance of this technique, various experiments have been performed for ball bearing elements that
have man made faults. Results show that minimum variance cepstrum can easily detect the periodicity due
to faults and also shows the pattern of excitation by the faults

Agg 2719 A Pr: AL o 58 EAonE 2Y
.M B HEH &@% 2xF7E e NEE dasel fto
D

McFadden Srmth 133 Kim et al?e 29
7ot Wold So HALAE J|ANAHYN FHAY, (resonance frequency)a 4 FH4EZ ¥ N9EF2H

LALE T R

i]x“é X] ] 5 (,13_] a°1=°“}\1 J;\g_c’q.g};ﬂ ’V‘O].l_ 9)\;} ] (bandpass filter)Oﬂ %z.ﬂ% ﬂi';: %-ﬂ"‘]ﬂ jr" E%
aa} AZE A AAEE 2L B ATNTE 7]71].4 Ay (envelop)® Taled A¥AEE A=Y, Ho% Randall”
o= 9 AY YA WY & 9t =oH Yuse xy <« O¥A 7@ TEE VAT o) EIHEH (envelop
S o sectum) & T3t} 7lole) AR WEE AEsFOL T

Adto] BAY AB 27 A AsHY we e Ao AITA YW EF kolZrt FiHoR @& o 39 T34
= o)= Zo 23 pasly] oldA ¥u mald 2xm  TE A Aol odne Aol U Leedt White!' =

ol
g 29kl MEE AlEE HEL REAS [Eo) Ade) ANCladaptive noise cancellation)®] 48 ¥ Fd =
¥ RS olgA vk (A AN Fask ARy g IEE AARSEN ARUSE HSHUS, Kim, Limst
Cheoung ™ #Wo1gel 27 A% 2EE 98] 74 =%
* g2Es|a 74T (moving window) & 243tk & 233 vla] ko
* 39 a=etrsyY 7 A TEH 27} BAHeE B PN HAeE A F U F

SR AZASSEER/A10A A635, 20004/985



HIHE-

Ho| Sl whd AsHe 37 A £7] B 9E$e 27
2 o]% I7)(step size) & AABE Ao oYL, b2 4%
Aol Hjs) HlZAH B HolHE YO E srhs wye) 9
=3
R-R

T

=]
=R
Ha 24

AME woly 2" 27) 43 HEE 989

7 2~ E & (minimum variance cepstrum)® & #&
ok o] WL olX HoA ofF K& JTA HE
S 7ML 97 Wil Jd¥A E(impulse train) E e}
U Wold A3 AE7h BF ko2 & E3F JuHm
A% HES 7hestA Sk maA wo® 2EE FIFHe
2 Ryt Hi F4F FAEH [&gomn A
Ao Hgo) tseAE ojRAHLE Ay E F o
FH9 ATE M WoRHE s AR AEE £yt
AFste Br

$4 2AEY 9ol AEHE
A AEHE Bolg HY

foj9} NAEY FHoj
HBart ok Boger'E 2HE
H AGHoA FHE(frequency) ol S Fste Eo18 H2EH
YoM AF4(quefrency) St A9l 39, FH(filter) &
2 E (lifter) 2t 3 h WA E AvdAE W2EY
FH9e TEX Y7 Qo HFE5e 2 ZEHE S8 A
7|2 gt}

Hh B4 Y2EHS NIE Folof WS 3 ohg gz
BE A9 H2EPL Foiy Quige dg 7o

1
P —
M e (whR w) e (1

7|4 e= [1 elt ... ””]T
714 R, E () ¥ A7) 42 g4

H2 HE 9 AX ArHconjugate traspose) &
T3 pE FJEEH A4S, ko HolE AF

g Jeiz, 9
om gy,
g vt

wt kxp 988 Uthied, ofd gejo] Tog gl
YaME et el Wo=[Le et e g
35 9,

Wolg A A"ox BHAA BHe Ajo] thE HE o
g o, woizgd 71419 FX(resonance) S 7HAEE JYEA
& A HEEZE Wy Alage dgis SuES
(impulse response function)E tH&-3 Zo] ¥ 5 AX

Wh=e ¥
o7l ¢ @ Z+4] ¥] (damping ratio)

986/t 2 BTNEIHEX/A10A A 63E, 2000

cos w,t (2) '

w,  EA F3< (resonance frequency)
wetA Wy AFAE= ohedd Zeo] TagE £ 3l
=3

(D =e Ycos w,t* ”ﬁ:la(t— mT) + n(i) (3)

Q71 w(HE AF wolZE UehisH, TReAE £E
(Gaussian distribution)& 7= ¥4 xo]Z(white noise)
g P 28y )E dE d5E dnisin, Te
HX H(puse train)®) F718& uehiz, *E HEFA
(convolution) & %@tk 4 (3)& ol e Faof W
(Fourier transform)$& 88 th&3} Zo] vehdth

_ £ 4
X(w)‘( (o, + o)’ §2+(a)y~w)2)

x mﬁ:}f‘”’”+ M w) )

474 X(@)% Ma)E 27 (), a()E
& Aot ge

F2)o) Wl
A9 Foe SRR Wsee o
da) W &7 el HE dYATT AR & HE
A Foe ool Fue SUse BEe onle

4
+{w,~w)® )dw
(5)

a8 A7 4 (autocorrelation function) & R
7ol Ve & gl

jcumTo“

T e 210 fﬂa( é'2+(f,+ 7 P

r W =H gleime+ 8 w) (6)
247143 4 (autocorrelation matrix) & THE4)3} 7o) B
qg F gtk
2 N H 2
Ry=H ;emem +&1 o

Aq71N £ ol2E Fald WL I Mw)9 £

(variance) & WEN Y, I 99 EE veidth 4 (DY
A7 A4S 9 PEL 7 BH
a1 H?
RX :_7 E2 . 1727 1N m>m
g { & +H’ (P+1)mz- } (8)

sh o] BN £ SiTh 45 H(He) AZAR #F R,
X(w)8 A7142 42 R, & R,= w R, wd 4% 7
A7) o] 2 (3)¢ A (el HASA Mol 250l

HE HLEY BLEBHS 4S5 Utk



2
S v S S
+m{(1+p) 'nﬁll e'e,l ]
Fuye= £ (9-2)
At P =y 2l e enl’
q71M efe, e the 23 7o
He — g‘hefk(f—m“ (10)

AVt Q%S (rectangular window) & o] Felo] WEg
FEE B 5 dod 1YBZ g mTS 2 A, = P

2 GRANE |ee |’ (p+1)?CR H7] W) A

<
1H+HZ°E et

= |efe,|’ ol W% FHoid 4

A AAEY g2 4 (9-1)o 93
Ui, 2 9 A
_lg-k_ii ZHefs| yehfio] Aok wels] e
5 p7b S wel BA Aol go) HPoR
gl 1 9 phelMe FHah A sHol Wolde A
< H4E¥ 4+ JA A

Weold AFYS 71 duEFoz Jehhlles £33 A%
2d& o]&3le HA B AAEHo| ofF 83 P
E590] UL A4 ‘3}3 Zoll M= o3t xd
ol- 23l HZx Folo] Axel 7249 F AA E wolga
9] Ao HEIFAANE "‘@% 3ol Yo} HIZ
o

9-2)&=

ro ot o oY

JAE HX M S AT
AutH o2 woiPL F IS Hlring or race)} FA 4
AEZ FAEHAU(Fig. 1) 2182 3" 2452 8 Yo
A qhliEty, dASHA HAE fAstY MR EREA 9
3 A )R (cage) 7F EFHEo] Qith
wWlolale] A U7} ulZ(fatigue). P2 (wear),
AW & (plastic deformation) 5l 93] WA= Aoz 4y
Ak olzlgk Agte] 2@ 2% P AENITE we A
g 37 FNHOE vehtes PAfolEE B AF
olld AT E WY F UEE 101 9} e U9
Z AFEg. 2 A8d Afdle
o BHS W, Aflo] 22

.
r®E A

> A}
——-1_

[ﬂ.h.,i‘loﬁlo;.

e jo rlr

76‘—?—‘.: Fig. 344 &

Fig. 1 Ball bearing system

Fig. 2 Single inner race faull of ball bearing: (fault
length=6 mm, fault width=042 mm. fault
depth=0.0152 mm)

Fig. 3 Single inner race fault of ball bearing: (fault
length=6 mm, fault width=0.08 mm, fault

depth =0.0034 mm)
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Fig. 4 Signal of normal ball bearing. (a) Acceleration
signal (Number of data N=4096, 4¢=0.0015
ms). (b) Application of minimum variance
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cepstrum on the signal of normal ball bearing.

ol 7} o9 AFEANE ofaly] s 24 lolgo= g
Mo} Agrel EAFHEE sttt ‘

wWolglel ARATE A7) HAs oz A —TLE‘j
ot 2 vel(anderon meter)E, MMREZ 7HEEAZ
T dlol8 HARZE HP35670A% DAT recorder® A}ﬁﬁ}‘ﬁ
49 9NE PR,

o 4B EE NSk 2 AEYT, @ AZ T o
olE} F}5 40967 0] .

3.1 HAFN oy AMS

Fig. 4(a)& B4 Hoy 715E JE2N wojg e
AFaed YR o o] HolHE A3 Hsdtd Ha
Ba A2EHS FIE Fig 4(b)g 2o] yehied, 2=
El(lifter) o] X477} —‘T‘* WE Frishe] wet 2E aEs
(quefrency) ol X dA & FoE Z2TE & F Qlﬁ‘r % o]
i olEle e 2Hg %‘?} UE B 2AHNII} PeE 45
/‘~ 011;}.
el o] HelHe #a B4 WREH 2= A4E
e ARt g & Slvh FaolA A EER]
9 i}"r“*ﬂ F5E o|2e) 497t A& Fo1EA
-5 (fluctuation) o] AA] & HMHANA EZE S 2
st AA Fe Aol F AAE & F U B
1"5 Iy A& 30, 60, 120, I L 240082 8§
g 3t

N
) o ot
_ﬁ}m mf
).
o}

2 o oo
@t jo K 0% o

o
o
R
A
U

32 AE #8
Aol AMSE wolyE oJF A7 ] o
Bol To=104 ms7tALE @@"ﬂ gt 2ANE7
1 Ak (Fig. 5(a)) ©l
B A3 2 (-1 4 (
ae} Yol sgshs v

ol ﬂx}

EA 87 W
b ouERG
159 A AREY S 43
-2) A B ZE S 2 S1gol
Zf"’f‘ Mgl 2 ZAEFA Yo

[4

e 488 23} Fig 6(b)7

9 b Z71e) whet Agel @ FANE7
= gol FHHAY 1 8] FPIHE ko)X
17k ad Hol Welde) WE A%e 4ET 5
o}

30 1o 0 o

87 939 & (envelop)& HHA 333 ms F7(f

=30 Ho) & 7PIT QS R ¥ 5 Ark oldE @Y
o) Lehits o)t Wolge) 54 dFol AW AT 4

988/8t= S SSEBX/A 109 A 6=, 2000¢

& meick e 4 299 &5 £E7F 28A)7) giolth

200

2
Y
Q
[=]

Acc. fmis]
o

=
o
[=]

| —

N
i=]
O

0.04

900 0.02

Time {sec]
(a)
—-30
[
]
£ -60] p=30
£ p=060
0 p =120
10.4ms p =240
-390
0.00 0.02 0.04 Q.06
Quefrency [sec]
®)
Fig. 5 Application of minimum variance cepstruiii on
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