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~ABSTRACT

A7+ 24}), Fourier Transfor-

A7),

Exponential window function is widely used in impact hammer testing to reduce leakage error as

well as to get a good S/N ratio. The larger its decaying rate is, the more effectively the leakage

errors are reduced. But if the decay rate of the exponential window is too large, the FRF is

distorted. And the modal parameters of the system can not be exactly identified by modal analysis

technique. Therefore, it is a difficult problem fo determine proper decay rate in impact hammer

testing. In this paper, amount of the FRF distortion caused by exponential window is theoretically

uncovered, A new circle fitting method is also proposed so that the modal parameters are directly

extracted from impulse response spectrum distorted by the exponential-windowed impulse response

data. The results by the conventional and proposed circle fitting method are compared through a

numerical example.

LM B

UEPY) e AA7} WY PHUAE A
$49 A%E Qe & ) W2 TR F5Y
sjete slsl ol o 8HT Ak aqd Az
Astel whe} 243k $ALHNTE RAHIT F
A4 Assh FAW WHOE A5 AYsE 3
M FHLA B ohlg FUYSAL LAt
SEERRCE R LRI A e T AL
AT NBYSA] FH3| A AT PAY
F 92 AER oA, oY 744 29102 ¢

T AAAz, A3, R gy 7 AFEE
E-mail : wbjeong @pusan.ac kr
Tel : (051) 510-2337, Fax : (051) 517-3805
* A5 Ragsty gEtd v AL g

334/8t=280E

oH
Lt

2
£
fot
ot

&
>,
i~
fijo
Y
%
ot
—r
=1
K3
e
rir
ox M X 1
fo to ax
X
o,
ot

o

1 of o al 41 ¢
0¥
>

>
S

1A

1o
N

(transient signal) dlAle A &
ratio) & 2138 5 A 7H record length)-ﬂ A

ol
>
>,

>

for ©
c
e =

& (damping

o whz}

A3 7+A8(decaying rate)S 7Iv ALASs

(exponential window function)E A&FozZA ¥

49AE HAE 87, Ao heh ko=
ratio) & &4 & = Yok= A7t g1} 10
HEALL A}t T zm Za)sH= Tjr

shal =28 /A4 1338 A 535, 20034

H|(S/N

5 %

TRET

H}H O

rg o
-4
A




AFFHSE AT QEDH AN FAS SRS

o =3} a3

QUL B =RAME ALY A3 AFE 4 mg A7 E(w)| 1. & ANZYEA 7] 83
FrE HET AF RUVISATLASG FHALAY gy g uugz;]..‘ z‘:g%@,f;g 32 e
AA ZFde Ao AFFggTe HEog <l LHD:] B =RAE

f1tt1ng) g A, PHINOE 1445 B9 o
@ 7419 A8 A2 olfde & B goas
Az,

Fig. 13 2°] 444448 7M1= 1244
o9 LEPINL

jL o

EAEA

mx(¢)+cx(t) + kx(t) = f() (1)

# 2o dHERH AYe oA SAFASHYs

e—gw t
h(t) = sinw,t, t20
w, (2)
o 2t} AZYFAL Trol thatd 2 (2)2 Fg
o ks
H . Tar e-ga),,l . ¢ _jw/dl
(w)’m —jo py sinw, te
1
= [1-Ew
k-w*m+ joc [ ¢ )[T’"»] 3)
o,

E(), =e e/l {—rf _sinw, Ty,

+cosw, Ty, + jo-sinw, Ty, }

(4)

m {
x(7) 1 A1)

Fig. 1 Damped 1-dof model

& (4)oA "]igﬁl\]ﬂ
%?E}Q EAZR A=
FalpSgdes

1

Hw) = k—w’m+ joc
Vi
_ k
-2 +/2 @) ©
o Do} ) 1IAFE FoFSHRFS o124 U
e, AZHENZ0l 23 A4 B FPol

F E(w)| 1.9
9\)\1:}'.(5‘6)
3. Ns@ets M3 FRFE 2%t

AP A vlaLH 77} 2 %‘%}ﬂi
A AIZE S 534 B AS A3
*] koAt FHLAE Fo)7] Y3 dnt
J—T—(exponentlal window function) =
% 7‘}01]7\1* SHAZ A5
g T3 FRFSEET dFHE &
-’Fflf}ﬂ?_l WO E YolusZ gtk WA 4
AL

=

)
2
U?‘-

& (decay rate)©] o9 AFAILE

h,(t) = e

(o2}
=

o, (

o
i
~
S

>
o~
of
rO
ok
i

s 7o) AT 4 (6)9) 4
BT et Felo

H (o)

o . .
j " e —— sinw, tedr
Tt 0 m a)

/[1 E, @), ]

TIm@y A (s )+ (S )+12(§+ 2ye (D

o] gk 4 (DelA f&H8 5

SARL A

=EW/A 138 A 53, 20039/335



ek Al A

EER

S ———

R — ——————— I
2Ty
E V(a))| =e [ —smwdTRLsma)T

+(—+4)— cosw, T, sinwT,, +cosw,T,, coswly,
+ j{= “’sma)dT coswTy, (—+g’) sma)dT sinwT,,

—cosw,T,, sinwT},; }]

otk A%

E(o)l 7,9

01—‘

F57t Ae8
54S gotiy) s AT
M9 fa8EAeR Eulw)l i, %
R0 Ay o/w,9%e) FAS Fig. 2914
Bolv 9t} Fig. 2( )= 2w B8 3¢

1m

=001)2F FARE u ATHEAZ U A5k
059 39 A Tyl BE WIS LRy
I, Fig. 2(b)& AN EAZE Yo Al 259
£=0.01
08 Tkaﬁ.
06
]
0075 ‘g.
mn
(a) With fixed damping ratio
0.6 0.005
o4
0.01
9210.015
0.02
oA
4
]

0.026 0.05 0078 4 01

@,

(b) With fixed number of signals in record length

Fig. 2 Finite record length error
exponential window

caused by

B/A13W AS

%, 20039

37) A%t AR (FxTew=20) & W A9 24
uco] mE wske UehiI gtk olposrd
2L A2 ABYEAZ] FE ATl 4

°F FRYEALLA} BT
Y59 p2Ee A HE3E TS 1 24

HolA e & 4 Uty = E (cu)E A S H5A7bo)
&8 AAY ALATF Fago) FES) € 1
BAE wE ZS o] "k J83 AIZIASANS
&8 A T F fle AN A (DY ead
E(0)2 AAF7 98] AsFsry daes 3

A 3t 1 FaAFESHEETE

H (o), = Ji

@ T, - @2 a AY] ; AW
w12 2 () HE + 2+ )R

~ 1
() | 277
H(w,) :: /f
08
20

04

02{Tre X /o
£=0.01

o

0.025 0.05 0.075 0.1

g

@y,

(a) With fixed damping ratio

1
A,(@,) ?@
H(w,) 08|00

0.01

08

0.005
04

02

0.001 Tpuxfn = 20
0
(] 5 008 0075 o
% e
P)

(b) With fixed number of signals in record length
Fig. 3 The ratio of peak amplitudes




HeE oA FAESEURFY 4 (5)9H Aol
}oee ¢ F Ut 18T AFRUrE 489
F ASFRSY BagH o/o,E BYRI 2AT
FResggss A (Nold BRe S50 2
we BASA HBE

@ = 2 2 .
T 1=() +26 )+ +j26 5
X[ - E (), ] (10)

7b Bk 4 (1094 AF #Zago] &E 7

13 E0)l 7,0 98 35222 Qs
Heeddert 4F3H3, vE AL Za
= 9x3 E0)ir, 9 g R
2 (10)¢] l‘ﬁ: o] 3, 48kl osf FoFIEIT
=1 T Ak Flg 3= ATAEFE 4%
T3 FoeSEErd 4 (100# o83 +
5)8 AfAFF @, X9 A7)
2 olw,9 =7l w}
Zojtt, ’\]"‘EQH ZAn ¢=001Y A$ A3

239 F7) Mgl E 2
Flg 3 a)ol JehllL, AZEFA2H
of NEe) 27, fuxTre=20Y AS Z2lv]9 W
2 27) ¥ ¥sE Fig. 3(b)ol el
AFZgre) g 77 o= A
7L AARE 1

Nl A fo
o
o
2
Ir
o

o oo

olo
d
{191_1
iy
rO
i

=
Mo o 8

fob g

e =
2 A% 2t /4 e ¢ 4 An 19Ee
BA=RA GUAN ATFIE A5 7Y
[e) =2
o =

s AFFASE ALIURT oA 24
BHOE AAY F &S Bt B olAE A%
AU 4oe2 DN Sof FAASAULR 7
AR 4 ()SVE FIE FAFIHIFE Fohe

EE R e

A% (circle fitting) W&
7} 48 FoFEeuese

V(@)= joxH, @), =RelY(@)]+Im[¥(@)]
(1)
o,
), 2 AN
Ref(@e 2 PETD) :
1-(2) +20 (O +E) ¥ +RE+2) 2}
(112)
. 1-(2) +26()+(3)’
I = n " n
a2 g ) 2]
(11b)
3, 4 (1DE ol gsha Tz o] A% 5 Aol
FUHS 2= 9 Wy
{Re[Y (@)]-c}? +Im[Y (@)]’ =c* (12)
o mrEo] Atk 7]
c=—a%
4(C+3) (13)
lﬁ%'ﬂ( yoll o8]l I3A Fig. 4914 B

f’d&é__

aly,
A(modal circle) 8] ¥HXEe] Hrh Fig, 4904 A
%J*ﬂ} ALy Fupsgtr 2y A

Im(Y ()]

I

o Re[F (@)}

Fig. 4 Modal circle of the mobility with
exponential window

T/A 134 A 53, 2003d/337



MR- o) %
A7t AU G FRE ook APEDA ke $He WFES JUEDH AP 98 FHSLH
SN 24 EZ 9l Nyquist plot2E BF 9L ¢ gleng
THAES & AR AV AL R 4 (17)
0y =0, + = (0, -0.) of IS 4l 0,8 78 5 Yok 22T =
6, +6 W=y k= 4 (122 oA R 4
3 o] 78 & 3tk o714 0,9 0, JYEY f=-2n
o AYelM de FusrsgrdEdoany Ay T4cc (20)
A4 & e peak 2AH9) F34 grolot _
A5RBEI AEH Feogire] TUHE ii?—l—ﬂ T = Aok o)A o] Agst AT
S L 2 #? F
el 4 (11) ¢ Fig. 42 o] -39 fiﬂo«]zﬂ]_ = HeEe] FHAE 237 AlAE F
FESRAFE 4 (52 7 5 Uk

1424 (2)+(2) —(&)

anf, = —
2(6+3) (15)
() —{1+24 () +(2)*}
tang, = ~
26+ ) (16)
ol ¥& & F Uk A (15)3 4 (16)& #4n] ¢
o & Aoz P
[——_][H( )’ +(5 o0l
2(tan6 +tand, )22 S e P
2(tané, + tané, ) T
2(tan0 +tang, )k -2 -1 an

of Hrk & 4 (1) BWE 2717 FAojr} e
234 0014 In [ V(o =0,)1=08 o853 o
2o B4

ol +20lw, ~a} +c° =0 (18)

ol AdstEE 4 (1ME 4 (18)e dYsid 2f

o4

AEF 0,

o(w, +0,0,) @, -0,)
(tan@, +tanb, v, o,

o=l +oc’ -
' (19)

p

ERE ANY + A N ok AFFUSY
A

F2M AR AYH o7 AT grolw, e

=

8

[<1 NN

= 49 dolEdA AY 4 peak Ao
S5 ghelm), ek A (14)9) HYHZ Aoz 7
& Hof peakolMe] F3 golth & 4 (19)9)A

BHE 4HoE 78 Taigud
547 2

r.

sl
XN AE
a‘°m7l A3 Fig. 154 22 1A= 34744 24
of theted AlEH oA &tk AHF m=3.0ke A
k=473741N/m, 24 ¢=113N(s/m: LFAEF
f=20Hz, 244 ¢£=001% F&32 r(HE 99
FASR FAS W9 ¥MILHE Runge-Kutta® &
& 7Yk o] wo] &9 =AY HYSYL Fig 5
o JeERRATH
Fig. 6, Fig. 7, 18l1 Fig. 8
AL 248 718 2
FEH2HERY Yol 12 AHgy P 1
=zoA AE dAPYer FAHY Eruy
(modal parameters)E& B2t Yepd Aolt} 4l
EQE’\V“’] S F71e] A (2080) 2 1secsl
F7F FALAL fle AoE ERIAT, v
’\]”EH"HH T4 I HEE A5 FHEA7

=
(1.025sec) = At AL-E Tt e Aoz

33 W92l
sua e 73

{-o
2
_\,L
m
4 >
N

1E-08

(9

s 1
Time [sec)

Fig. 5 Impulse and its response signal of 1-dof model

338/t a3 HUESE =28 /A 1349 A 53, 20034



pdh Z [ O rlo buos% a2 o O o omd

oo ot L
ol de &

A5AT5E AHLS YHNEFY AN FueSEig dF3 A
ey T o ANEEA A HAEl= MEZE 9 Fig 2(b)dAA Z4H ¢=00159 A+ A
A2 F22 a7 Yol AZHSAZ Yol dolHl & YAFS ¢ 5 Yok B =RA AL P
2 253 ®ol(2"=16384) dHI, TRAFF AL AFFLre A ghagol Ak Fol
Q& Aeatse 2age Hl(d/e,)dH e,e A Hol KFAASADAF FAHY AFEHT
AA A5} Hz QL TEFA 0,= 2xx2002  HEE Bl A g & FAHE AL
st 4+ gtk & Fig. 8(a) &} Fig. 8(b)e B® A+
Fig. 65 Fig. 7238 7129 wioz ga n4 19 T2 42 JHaM Fd2 A9 G
AFrs gANE AXFE Gagel Zvkge) YA BE B Q] 2 Aol Helnd oA
wat AA golMd o] AL & & oy B =R FAO 7L f1E ZA9E Nyquist plotell &g 4
oM AE R 9% ATk AsFgse ga B ART U A rdeAt S AFE T
go] ABgo] 44 P T 2RV & & qn. ) BRI Fig 08 AfFRLe Faee
Fig. 8(2)$} Fig. 8(0)2RE 7129 whgog 38  0/@,=02% A5l thald 719 Phisk At
BT A pE A5R50 gagol o AR 7 HHA A% FRFIEET 271§ HlZsto
A= Zybete] o SHYSANLAS Fol &y HATh AFFEt AL FHTIHAHE
o osl AA Fol FIEAT 1 olge goAE VTS PPOE B A9 oAU FAT
H44 o U AxkgE Jepa ded o] d4 §0000
Without leakage
by {without I
by prop d method (without leakage)
> by d (with leakage)
+— by proposad method (wkh leakage) -
EXACT E
,;‘23.6 2 j_.-e-/
E g 23 . .
£ %
2
g
40000 o by d
ot by proposed method
20 EXACY
0 0.05 0.1 0.15 g 0.2
' Q.06 0.1 0.15 o 0.2 0)"
@, (a) Without leakage
Fig. 6 Comparison of natural frequency estimated
by conventional and proposed method 60000 .
With leakage
0.015 g
& z_wy-e—/a/a
2 @ - .
[ @
£ 5
3
<
0.0145 by ¢ 9 40000 :y ;“‘.m;: "
S by pmpases (vt st T oypropen
by proposed {with g
EXACT [} 0.05 01 0.15 o 0.2
[) 0.05 0.4 ©.15 o 0.2 W,
@ (b) With leakage

Fig. 7 Comparison of damping ratio estimated
by conventional and proposed method

ro

I

Fig. 8 Comparison of stiffness estimated by
conventional and proposed method

FLSTUESEE=2/A 133 A 53F, 2003d/339



Sk Al A

39 %

e ———————————————————————eeeeeerer
—_————

10°

Exact
..... v - byproposed mathod
—-—g-.~ byconventional method
10" |
-
3
:
-]
o
=
107}
100k - = YR 2 25
freq. [Hz]

Fig. 9 Comparison of FRF by conventional and
proposed method( #» =0.2)

Bst 2 Aol Hol wiHe] B R A
el o8 RS o249 A% B YAFL T &
ik

ge ARE o
ik

(1) 99E 43 A AEYS Age] 23 2R
e AflE RBAZAL LA DAl YR
FRELUUFE T 4 USS UAFASHYS
9 Felo) WAL olg skl ZHIANYT

o
2
to
Jin
>

o

o

2

il

N

i)
o

(1) Ewins, D. J., 1986, Modal Testing: Theory
and Practice, Research Studies Press LTD,
England.

(2) Randall, R. B., 1987, Frequency Analysis, B
& K LTD.. Denmark.

(3) McConnell, K. G., 1995, Vibration Testing:
Theory and Practice, John Wiley & Sons INC,,
New York.

(4) B8e, AR,
g Fald] | FARY AA”
T3 =54, A 11 ¥, A 335, pp. 455~460.

(5) SHAIF, AHoE, 2002, “FAYEH AP o1

AT FREIRdse oate d W) FFAa
%{%%Qﬂ%:—‘?—%ﬁ A124 A93E, pp. 702~708.

(6) A, ey, 2002, "HAZ 71He o83
s %zama 2AEGY oA A BFLE

=23 A 1238 A 10 3, pp. 792~798.

(7) Burgess, J. C., 1975, “"On Digital Spectrum
Analysis of Periodic Signals,” The Journal of the
Acoustical Society of America, Vol. 58, No. 3, pp.
556 ~567.

(8) Qiu, Z. L. and Tieu, A. K. 1999, "A
Method to Obtain Exact Frequency Characteristics
of Harmonic Signals,” Mechanical Systems and
Signal Processing, Vol. 13, No. 3, pp. 523~529,

(9) Dishan, H., 1995,
Fourier Transform Analysis,” Mechanical System
and Signal Processing Vol. 9. No. 2, pp. 113~118.

(10) Fladung, W. and Rost. R.. 1997, “Application
and Correction of the Exponential Window for

zl-i&ﬁ z}z]t_i:_] 2001, r,];(]

]
bt Eibs

“Phase Error in Fast

Frequency Response Function,” Mechanical Systems
and Signal Processing, Vol. 11, No. 2, pp. 23~36.
(11) EMEESE, 1985, £- F 4T, HEfE, AA
(12) Mala, N.M. and Silva, J M, 1998
Theoretical and Experimental Modal Analysis,

Research Studies Press Ltd..

(13) Bendat, J. S. and Piersol, A. G.. 1986,
Random Data Analysis and Measurement
Procedures, Chapter 6, John Wiley & Sons, Inc.



