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(A Study on Experimental Vibration pre-estimation Techniques of structure)

(Hong-Ki Lee, Hyeong-oh Kweon)
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AFUL 71 AuE Y] TR B MY B¢
o] He BAHE 2REY €99 sAeAY A%
TE& F3%= dolth. B3] FUAHE cFe b
=A FFolA ZEollt, FUKY. BN AYME
]2 5-& oo} sh= EollMe tlf 1 Yeayol
dFEHZ glch. AsAlelst Wat Fef oy AF
&2 Aol JteY B¢ Aot £AH (active
and passive type) Wold HANY AYE
(transmissibility)& BHs] 2L 4+ 9o dAt
AW AE 242 Y 4 Q)

et olERt AAEAE ok B$ cifE AsA
o] FRELE Bl dA&EEE PuEL oy,
E§tu 7t ARREE Zlo) dutieln £37|7t% o
21712 332 Aol o] FolA o} he WA o
#&ol ach AFA7t Ray T2Eo] iyt ¢
2 FolA WeTEE K3t FHSIA &3]
S E Ha FrHA] PRl BYE] sjor g
th dhhe Ahmle) Foped AR spAEe abgo)
3 ohe shie Aurh dxEz A5A7 gey
TZEo] ¥t 53 5-d(dynanic property)oitt, 7}zl
ol oyt PR gutgog ARt} A sh=
Zo] fAell} 2yx By A F2HY et
(structur engineer)7} 3MF o8 AL E=
¥ IANBE S g Bohs HAY Pule 4EH
o2 AMsjo} Ut FTXEY FAREE Uehle
A 2E] (mobility) & FOH= b shAY Wyt
AYHA Pilel Yout HYAE, HUY FEYr
U, ARz, ol AR FAREE H sl
iAo AuE A7l ofal&o] alrh ol
T ANRIAL 4 NAsh: WS AF2El
¥ 534 ¥ (dynamic test)& B3t Tl FAHF
g ARSI SM(structure dynamic modification)
o]} FRS(force response simulation)§& $=388}ed ¢l
o]e] HEFo) Ui AFFER o= A8Y
mo) olel 22E AFAHE A% FHUAE

*RUSAA(F) Hd fusrled T WE Y

— 48—

ZAE 4 g FRE AFsin Pulg $AY B¢
AEPE AYES AAY £ AUtk AYes A
a2, IPo|L} AEL g7z ¢ 250t § o, 3%
2] B2t 22Eoj tizle] FH9& vehle 2uE
ElE ZAY B¢ $4712 d¥e), AHeE e A
Zol MLt ARE U ol tiAHoE T
sich. 22} o] A iy 2RES $E3] 1RAZ
4+ ol 889 oy $27|(large impact hammer)7}
dasiA "ch oy FHAYL o ol 6im, F
16me] 47337 3ol tisled FHHHUL 45l M
4& Yustyrt. 9

A7 IME A S22 BNRAG A2 A &
oA o]Fold 4 Q& AFA S TZE o F
HAY 9 FRSE F¥she WY FUA e
A AlA] GA8Y £ gl QARG Errord AEAUS
2o A Tebsle] ABPE A= F2E ot AF
Aol 71&E BR3IAL YLl

2. 31 Procedure R 7I&Eo}E

2.1 34| Procedure

AEH AT Y pE& Ay = ol
Fig. 13} Ut}

2.2 7}8o|E

Agezs 38 2L AFHY T (exciting
frequency)d 7izlgdols FZ 8] tiside zt Fut
2o Tt RyelE](mobility)& @EZeolr). AZH
2] 71 iyt FRE ARl FE o] 13
olul 18x] BY 7% ol Hake] Fulst opd
oly AgA o g P Fo| &3E 4 Yk TZE
i3 2aEls 2 2R oidt 4 JiREe of
I 2 3T Ajoly] AYPR(FRFIE FHI22A
24 4 ol Agsidel /23 R Adys
£ olzhg} ol oyt
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Fig.1 2%ol& Procedure B8

. AN EREL HYA
. FRELS time invariant
. FRES U] oYt 2] B Hssio} dix)

Fj(w)

> Hij(w) > Xilw)

71 AU (FRF) 4
Azt Aol

Fj(w) = Hij(w) Xi(w)

Xi(w)

Hij{w) = ——— oo (1)

Fi(w)
714, i : Measurement in DOF i
J : Excitation Spectrumn in DoF j
HeE5WHA® Laplace Domainolld CTRRRGE
Matrix HelZ Vehdd Al(2)2} Zr}

S2IMI{X(S)} - SIMI{X(0)} - [MI{X(0)} + S[CHX(S)}

- [CHiX(0)} + [KHX(S)} = {F(S)} ------- (2)
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21 " . Dynamic F L L AR e 2z
: ;g_xg;‘ 7};‘—*?%7} . m:ig gr‘:ce:uencys“‘g . 8iA, AL "e"'ﬂ ol g !
LUR EE
1 <
F2E ER4 Test @ UB +¢ A3

27) A7t B Aejold {X(0)} = {(0)) = 0 7}
Ha ool A(2)= A(3)2} o] el

{s2[M] + S[C] + [KI} {X(S)} = {F(S)} ----- (3)

Laplace DomainolX Atk 2(4)2} Lo] Hr)
[X(S)] 1

[H(S)] = e -e—e (4)

[F(s)] S2[M]+S[C]+K

(3 THIRECIN Bolzd A(5)8h P hijk
2Zzje] Afzold Yol i F HIE el
Ao},

X1(S) 11(S) h12(S) - - hin(S)y [Fi(S)
X2(S) hz1 (S) . F2(S)

. = . . -~ (5)
Xn(S) 1S) ~ooeeeens han(8)* 'Fa(S)
Laplace Transfer Function Laplace

Transforms Matrix Transforms
of of
Responses Applied Forces

o]7]A, S : Laplace variable (=-0 + jug)
wd =wy 1 - {2 : damped natural frequency
{ = damping ratio
0 = decay rate

= undamped natural frequency
( )} ¢ Laplace transform of displacement

response {(nby 1)
{F(8)} : Laplace transform of applied
force (nbyl)
{X(0)} : Vector of initial displacement
. (nby 1)
{X(0)} : Vector of initial velocities
(n by 1)

TFZE ti3 FHUHAM At UY Datad &
3 Mt 43 IR oy fHE Bl
transfer function full matrix& g 4 om ¢
o] A=A Fh ol oyt -§EH(FRS)Z SIM 3HM&
298 4 olrt, B3] modal analysis§ B3l 24
R-Zof ti¥} natural frequency, modal damping 9
Mode Shap& P3IERH RYE|7} Z Fuppof tig
ue ARE d& 4 ot} force response simulatio
(FRS)2 transfer function matrixolr] $er& I8k=
2RoZ A(5)&F BA Fourier transform® 2 L}Elh=
ofel A(6)& Fold 34 = qlch

{X(w)} = [H(w)] (F(w)}

71, {F(w)} = n-vector of Fourier transforms of
user specified excitation forces
computed n-vector of fourier
transforms of structure responses
{X(w)} = (n x n) matix of FRFs Synthesized
form modal data
n = number of DOFs in the mode shapes

{X(@)}

"

Structure Dynamic Modification (SIM)& decouple
¥ modal coodinate?] 2} HFAL m, c, k VYL
Dofsoll 2tz} $713le] AALhE +PYL N 2L
HEE AFA cfgt FHEL FRG & 4 ol



749 Aade el g3 Qe Aol Uyt &
e §Yhe AN AT AVME 1AME
Ag) wgxA AEPAE PPt THAEbE EM3
£ PHRE AL $EE Fsle ool 3t
T4 dch

] e
L = 20logh + La + 201051(—f:- =D (dB) - (7)

A71M, Lr:7H0% @ld(dB), Ref 10°5(N) A&A]
M ERgAAE 7Ae 22 E 3T (kg)
fr =2 AL IRVFS (He)

f :&Fcfqe] SR (Hz)

BF M5 D5 L. & ofzh Al(8)o] 2std 7

gict
A machine B
e
concrete
frame
K £ spring E
YAV AVAVEY VYN AV AN AV AN AV AV AV AV

Hard Foundation

Machine

w® Qo

2R Holx 57 o|4F ¢ (ABCDE)

Fig.2 7139 AY 24=

BT 4 (8)o]2fste] 7 Rict
1 5
La = 10log{— ( X 10(Len’10))} (dB) ---- (8)
5 n=1

71, La: BF71E W (dB), Ref:10-5(m/s2 ) A A
Lan: &3 nolHY 714E &d (dB)
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3.1 Y=y
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Impact hammer test& Zdl] APFREL] 7} =}
fzo oiyt Fube SHUS(FRFE ZAsidon
SMS Modal Analysis 314 T2 808 AMR3le] AlEL
282 5EJ(SM, FRS §) #iM& 3ysigdct. 12
31 7H1¥ feed back 7FIAXIE o] &35}o] ¢leje] 7}
Zoj chyt e A&y g3l via 4% $ xS
AY B4 A|AEE Fig 49} go] Fgslgdrth
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4. AdYdze] £

4.1 Measurement Procedure
A} Signal Analysis

2-Ch FFT& ©|-83} impact hammer test®] /¥
Force2t &% JI&Sg BAUSI UE F&2E
FRFE 3t}

. Frequency span : DC-100Hz

. Frequency resolution : 0, 125Hz

. Ch A : transient time window (QUPA1¥)

. Ch B : exponential time window (Z¥A13)

. Average number : 53]

. FRF] &3 : H| Function AMZ FFT 84
GxF

H
Grr

Cross Spectrum between Response

and Excitation

Auto Spectrum of Excitation

471M, Gxr :

Grr :

B) ¢4¥ 50Z Dof force spectrumz} 507 ¢J& 387
goll th¥t coherence® Fig. 5ol At}

4.2 YUT2EY FBAY

AELZFNN 4L FRFE 3100Hz 20} Ao
ol curve fitting® $qsidon 1 Axg 12}
bending mode7} 9.6HzollA] LlEl}ZL Qlgit}, oo} )
¥} mode shape 632 ¢¥jo)l tiyt 38Z &% FRFY] curve
fitting® Fig. 60 Aic}

Mode # 1
Frequency 9.60 Hz
Damping 1.50 %

(A) 1%} Bending mode shape
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(B) 50Z/38Z coherence

Fig.5 Force spectrum(50Z) and coherence(50Z/382)
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(B) 38Z/63Z FRF2} curve fitting

Fig.6 12} Bending mode shape, curve fitting



4.3 gHoA&

FzB A FPe B3l 7MY ofof iyt &
ge de AL F2EL BRSYol <A glAl o
Hele Jissin O AYRAE SHEY A2 oA
o ol&y Bojrl E TIE WYL FRFE I o=
Aok e & FUSEE HIE ol g3hs A=
A SUY ATEA 228G o]&3la AHSK= A
7} Ao Qlrtd Al AFAZXE Axpet 24
Hel Ul B9 @ Rojth. U Ay £ ¥
Yoz dg 4 9t ARLE o) WA} F=2F
& 4uAe AEAZ 2 A A5 cfyt chagyt
ARE curve fittingolehs 83 7Y AHgslE=R
A dolAT) ol Y Alale] tiyt FRE =R
o]%o] tiokat zAel thslo] KABA CiAY 4+ 9l
on ANashe ARy oighs] AUk ARE
23 9tk FRF 274 data®] $33 Hzlold &%
data®} =213 Rulo] Axshe AL EA rt o
JHdEe Y 2AY FEUS curve fittingdted 3l
Mg ABE Alelel HxE AHEI] $8le]
Table. 16] ©]@ 5}t

lable.] AWTZES] 2F &H2et o&2] vl (Exciting Force = 0.5N)

(\Exciting Exciting|Response aegg il & A u} 51
Point  |Frequency ?&l}?% (m@ %ﬂ*]%& FRF %ﬁ‘gﬁéﬁﬁ@
#27 0.11 0.162 0.131
9Hz #38 0.215 0.177 0.158
#51 0.203 0.223 0.194
#27 0.075 0.075 0.190
DOF NO
#17 20Hz #38 0.065 0.048 0.038
#51 0.035 0.038 0.040
#27 0.352 0.378 0.372
50Hz #38 0.262 0,211 0.156
#51 0.295 0.324 0.174
#17 0.274 0.296 0,258
9Hz #27 0.733 0.630 0.634
#51 0,837 0.945 0.925
DOF N0 #17 0. 065 0.072 0.037
#38 20Hz #27 0.137 0.041 0.155
#51 0.225 0.197 0,197
#17 0.238 0.195 0.156
50Hz #27 0.316 0. 306 0.435
#51 0.108 0.098 0.264
217 0.277 0.231 0.182
9Hz #27 0.644 0.525 0.577
#38 1.36 1.420 0.925
DOF NO #17 0. 041 0.039 0,040
#51 20Hz #27 0.233 0.207 0.128
#38 0.218 0.148 0.197
#17 0. 356 0.369 0.234
50Hz #27 0.275 0.271 0,385
#38 0.075 0.075 0.264

* . ©. Sine Signal (9. 20, 50Hz) 7}31®] 0,5N Peed Back 7}l 2¥g o
mﬁfﬁ NEE T4 274 Doro) )ég ﬁau@. FALRE ol
.@¥A| &2 FRFZLE Impact Hamper TestolA €2 F3M Accelerance
(wst/N)g§ F2E& AYAR P8I A4RE groleh

.@XCurve Fittingqt FRFF ©]-8-¢ 31442l Inpact Hammer Testol] 4L F=xE,
& +uH WA 2gasie] & Jolth

- B UL Half peak k.
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EQ2uEE T2EB A JMHse gL Y
3} impact hammer testofA] @2 FRF 3h& o]&3lod
AxE AZg Aolo] Hri+2wE = thh & 24
& Bo|x gt} 28|31 Force response simulation
& AR G&E 2B BRI 1A
bending mode?] I{AFTF 9.6Hz FHE Gz
exciting frequencyoll A= Hr] £3PE] QAR
& 71Xa 9lon} 20027} Fahpoll A F o) 5071
2429} 918 Xz girh Fhe 50Hz ZHAF
ol e Hrf 100632 w2 2P} ol B-=
o QlAE} Fupdol A 27t A2 AL FHA YA
FRF] A} al3yl EwsA uvehta oy
Coherence7} &7 w20 AlgEA|Y HFog =
curve fittingo] uimigdAl & =7 wigo® miehd
t}. JiaZzrl 5245 FRS 3EAV & 228
Hol=Ae meyt Bu¥sted curve fitting £X17}
F7] B0 T ALRECh impact hammer testolld &
2 ] FRFojM AXE AZol&xet &E3L Aol
+20% ©xH= 2]9]e] AZNEN XFE ATEN FH]
d74 Warol gl Zeg 4ztHch
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