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{ SUMMARY )

Purpose &
Contents

Ml Objective of the Research

O Final objective of research and development
Developing the structural system technique for a platform in a railway station, able to decrease
the vibration level over 5dB(V), by extending existing TMD concept via considering the platform
as an additional mass, developing vibration reduction technique with related analysis as well as
optimized design methods, and verifying the performance of the spring-damper system via
conducting bench-scale tests.

O First year research objective

- Reviewing interaction modeling and interface factor

- Constructing theoretical TMD model and developing analysis technology
- Developing a spring—damper device

- Developing spring-damper platform system technology

O Second year research objective
- Developing a model based on TMD theory and analysis method
- Developing a spring-damping device
- Developing platform spring-damping system technique

B Contents of the Research

O Reviewing interaction modeling and interface factor
- Investigating and classifying existing interaction analysis methods
- Reviewing interface factors for interaction analysis

O Developing a model based on TMD theory and analysis method
- Constructing a model based on TMD theory and conducting analysis
- Upgrading inteaction analysis technique for a railway station with TMD
- Reviewing application method for various railway stations
- Updating a model using test data
- Investigating and analyzing model updating methods
- Updating a model using test data
O Developing a spring-damper device
- Investigating existing spring-damper devices

- Designing and building a spring-damper device and conducting a performance test
- Conducting a performance test for the spring-damper device
O Developing a spring-damper platform system technology
- Designing and Constituting a bench-scale test specimen
- Performing dynamic test on the bench-scale test specimen
- Evaluating vibration reduction performance

Results

O Reviewing interaction modeling and interface factor [1 paper]
- Investigating and classifying existing interaction analysis methods (1 review report)

- Reviewing interface factors for interaction analysis (1 paper, 1 review report)
@) Develo?ing a model based on TMD theory and analysis method [1 patent applications, 3
papers
- Classifying railway station types and selecting a representative station considering
influence factors (1 report)
- Constructing a model based on TMD theory and conducting analysis (1 report, 2 papers)
- Updating a model using test data (1 paper, 1 review report)
O Developing a spring-damper device [1 patent application]
- Investigating existing spring-damper devices (1 review report)
- Designing and building a spring-damper device (4 specimens, 1 patent application)
- Conducting performance test for the spring-damper device (1 performance test report)
O Developing a spring-damper platform system technology [1 patent application, 1 paper]
- Constituting a bench-scale test specimen (1 specimen, 1 patent application)
- Performing dynamic test on the bench-scale test specimen (1 performance test report)
- Evaluating vibration reduction performance (1 report with drawings, 1 paper)

Expected
Contribution

O For various railway station structures and platforms, the developed platform TMD
design method based on numerical analysis is applicable to field relating to existing
research results on station vibration measures.

O Using the investigation result on railway stations and platforms, existing stations
can be classified and appropriate design can be proposed. Also, considering
construction costs, applicaton order can be determined.

O Unlike most existing anti-vibration methods only applicable during train operation
interruption or causing disruption, the developed system can be applied with little
inconvenience and cost-effective.

O Considering increment of noise and vibration related complaints as demand for silent

environment grows due to economic level improvement, the developed system can add

value to major stations and stations with high noise and vibration level.

The developed system allows low cost and high effective anti-vibration construction,

while existing techniques has difficulties in wide-application due to high cost.

The anti-noise and vibration technology belongs to strong small business, and, through

technology transfer, big market creation is possible for medium and small businesses.

O Since the anti-vibration system to be developed in this project is applicable to
existing and new stations, if commercialized, considerable domestic market would be
created.

O O

Keywords

railway station platform vibration reduction Spring-damper system tuned mass damper
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S N& g+ UAs s EMIlsst S ARIAA”R Sl IS LY
2. FIIF= glo| 7|& LA x| T | 2 AFAlH MFE
g =x 2oz a2stoz MA AAL £ | 2. MHEO0| /ol A3} = o{EIct o]
Zof| gsko| M. T AlBAl BEZoz olst AE €M X
3. 7 Zolz A 23 2 A o ®W | A,
of - At A|M 20| Jisstd M 23 | 3. d2HER Y J|de lEEe =47
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w2 Mol Mo MeMo| 58
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1. 22F= Mo sk AtE|elale] Sl [ 1. YHRIA|AH Jigh gl AlZo| et Ms
2 HETAMo| gixl.gtS AR S AMZE o5
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3. =& MFMHo| Z A Al X .
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Aol AZZY-ZAAAHES TS 2NEOR YT Mol RIIEYsS] AnY
T 472 HATESY HEE U2 HESUCH

Lt MEEE ST

0 guisoz Tzo| ¥ Aol DYy Px2ol ol vlslol e ok wlM TEE

of B3t x| 2dEnte F 2222 FZ2 0|S5ES 0|85t m=& st 12
L EEAEI 20] 2ol FAIY HE=2 2K @2 dolc 2ot dAdMHe HHE A
s of stet

O ditsoz HEo| AP XB-TXE AIAHE Ao XAED aldztel F ol MEAA
Hoz REsiEn, dutdel TZALFo M= Elojojet o=z ZUPECH XtFn 7=
£9| 7|58t =740 glo] HEHoz F e EUMAS REE + Ut

[ olssts2 =
2| AtSEL
=<

S

F= 0|S5t

Zof Jhg zhttet xtE ZEO|H, OMXZIXT XHFH SHEES 2{gh siAollA
ULt 0| F st5 22 H2 AFA=Sol 2l A= A201 19224 E[ =24
=]

O olsstEs2 F==0M =2 &To SEHS €2 + U0 B2 AF0M ARSI U2
Lt, XtEel mtMa et XtE FFxEE2 FFo 2olet 2ot AT HjZ2o xS F
et vlwstod AtEe| FAIE H|UA FAE o, DXo2 XE0| Szhte of REe HEt
do| Has =t

_22_



Aol =20 H|5I0] HWH I =2 £EF 0|ssts 4% AIEst, =
M EatE D2{sfiol sict. o|= 22k B2 192940 Jeffcottoll 2laiA 7He=ACtH

[ olsZ kol cHst EFMol AN2[FEA2 Ting, Genin Soll 2|5 = ACE. 19640
Biggs2t 19960 Leeoll 2|5 Heo| ZAX|Eo| CHEF moving mass= Al&tstod =&E5HCH.
20010l Whittaker S, 19890l AkinZt Mofid, 19970l Esmailzadehl} Ghorashioll 2|3H
*xT2OYoRE Su=Uc

(c}) Sprung Mass
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I ol=2l2k 2dl2 MAHM(suspension) A|AEIe] ZhAMDL 2 S0 HEER,
7

=S 1D25HX| ZotM XEHSHS & = glct. 0] B sprung mass2t= 7H& ZHcotst
DS oM sHAE = Art

O ol @D Ze s 24 kel AZY XXIE g Moving mass Mol o3 gof
x = I Mol o8 MY, 42

P:Mg+[(1(yz1)_yr_r0) (1)

A A2 Stetel XHE
=7l=|0fof BtCl. ERO|OJ7} QU= RS A
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= (sprung mass), 2% (unsprung masses) 12|11 22X A} 2oz FMSCE 0
Me MAEIM o|sh XEFMAZF @/otef 2 RlSste Az 57t

£ FAlgtet.
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(a) 222 2l (b) 6 AHE AFwa

<Sprung Mass 22>

AE L2 STst SESH AZEHO U2, AFn wEzhe| MSAE A A S
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el ZHolct.

MY
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ol
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AT Y0l M2 HEEY mo SYol wth A2 BUS HEsHs Mo TR ke
Aoz BRECH flol £ datol B nE=of WEstH FUPF0l2} shn whetol
FyMol B, M EE HEEMT ulDle] TE HNMo| F2 F2 ulRY HE0l2 s
A2 lYS Hajol o7t o=z iR Mz 83U HES st

Ch 2lgtek 22 Hertz 0|28 w21 Zo|ghsf 22 Carter 0|25 et
7+2 = Z2oll= Polach 2 Al JohnsonZt KalkerO| THE M AT ALZE0 Ct

ditdoz FxE = AFE FASs AT 2he| HSEESE A v|HUE EHolct
(Yang et al., 2004). €x7t == fIE TS = XtFe| XED o §EFE
Sofl Y5t d=xEol oo S&et AsS Sl Elot HEol LBtHE MISte 7=
=2 4% 53| #5152 8|S0l 2222 olzgt 422 Ee dego| HE AF 5 Ut

xpde J2EMoz o|lsxEstErd
(moving constant force) Al (simple moving mass), F2&Z7I0|=9|0l=E
(massless guideway), Ate| SIIEXE EZetst o|sAEFZE (sprung mass model) 2| 47}
X7t }AcHet=EE7|=AF|, 2006).
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roof slab

roof beam

rubber bearing

viscous damper

auxiliary beam
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e AMIAE NRIAS4E Z2H
Al A El - GAIRESW 22X DA SIS =2F
MESFSE—E - JINEH, HE 2 SIERXE9 A2 SEH
MobilityOl et =&

(2) ME2ol Fz+ 2 MadxH

M2 EEHZE 1,435mm Ol HET=, HEZMEZ, SMEtH0
USH =HE MASiCE, HEEYAL Lo HE HHME0| JMY AR =
SHE FOof FHAHMM 3 SKZHS =2 sto{of siot.
SMFZEe| Yo F= ¢HES ASSHH S| fIsto] MAIE 4
£ FOo{of 5t0{, Oluf MYMHE 3 EFMEE HMAlstFCE SMEEAH
of| el 2 2&E 2 WXt A3z elo| £= XtE ET
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4. TD 0|22 BHEFH SZEO| THDE oAl 2 &AM I oA ol
7 IR

[J TMDO|E2 1909 sie| =& ZAE 2I5101 Frahm(1909)0| wast SMASETIIZ2 EE
= USHOEXE 7|22 Ormondroyd et al.(1928)0| Z==}5tE0| 2ESt= H| &4 ThHAL
T Fx==0 Cistod TMDE| =X MA B AFZIE I £
Denhar togoll 2|3l A Alst=|*204(Shooshtari et al., 2008),
2 MEZ= 0] Rtch(Rana, 1996) .

[0 dH|Z2] cHXpREA A|AHO CHstol FEEJAE =7| O[22 0|F Randall et al.(1981),
Warburton(1982), Tsai et al.(1993)0l 2|sff ZA|AE | CAFREAH A|AR 3 Ciekst
ot&Eol| CHSHd A= YC Sadek et al.(1997), Lee et al.(2006) &2 X|&lst=of CfsH
Z& TMD MAuZio|Eol| gt AFE FHoIFUCt DL AdE, nF 5 FAIAH
(primary system)zte| =& ¢lall MAX|= TMDA|ARIOl F= l Ho| NRiSTl S=SHK|

4% s MY 8450 2435 XNote= s=0|E &

g RIS HEM(Salawu, 1997)S Zeter mf TMD A[AEIS] X Zo

r e g2
> 0 mjo

[ ==x0|Et=2 QIgt MsX3st 2XME &5 et ZEXl J|Ho=2 = ATMD(Active Tuned
Mass Damper), MTMD(Multiple TMD) &0O| RUCl. ATMD= QMo =z IRASTE =H5I0d
FAAERL S8 = JAEE ot= TMDAI2EO|LE, Y FEXMelo| ERstod Z H[EO0|

—

7=+ ©HEol UCcHDaniel et al., 2013). MIMDL| 7|2 <¢el= otz I8 (a)<l
STMD(Single TMD) 2t 2| & (b))t ZH0| MZ Ct2 Fulgof| Sx=& %= = cifol &
2oz FME TMD AlAEE S5t FA|ARS Fhis BHET A|01| =g + JUEF
+= Zd0|Ct(Abe and Fujino, 1994). Clark(1988)= X|Z&l1} Zo| Clgel REJ} X[HiAQl &
T & Aol MTMD 7iYg MBS S5t s I7|E &5 HoAE = JUSE2 HAIS
it

MrMmD ny anmn | ™n
(TMD) (TMD) (TMD)

1 1F 1

P = PE 9=
Mgty Mgty

(Primary Structure) (Primary Structure)
i I
7z 00000000004 0000000000000
(a) single TMD (b) multiple TMD

<STMD2} MTMD 7HH =>
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/4722242
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fE DENSHHRAM SMDEl TRISH FZEO IRIER H wyys (=
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O 2 M ZHX Ao 2MgS Hole HH2 o2 JHX|7F e, ol FAZE A 7|
Fo 2 pteXlof w2t ZelElck o] Jh2dl =FskEol tiet Bl SEe| SHH|E J|EL
2 ¢t Den Hartog(1947)2| Aln}f whAlXt=soz gl Z == E7& 3150 st HISE
EZHXE 7|Z22Z 5= Ayorinde et al.(1980)2] Alo| gct. Hot=l MAH Al ZiA 7}
U= TEES AR 510 MM A=ol M Al 2kZte| 27t 2 sEX|gE MY ExF
of A7} IAX| AZSS Lotst¥ s W F25 ME JssSicHEX|E &, 2008).

[J Den Hartog(1947)2| Al Fx==0| =3tsts & Al 2Mst= AHHR] SHe HAHEL
of tHst ZXH|E Z[23tst0] FO{Zl Alojod, MAHHLE e{sto] Zx|e| AxzxaZdu
ZaATE A = s ZHHMLAAIS A 7 - 9nf Zo| K otstRi

1 Wermp
fOpti’m,u’m = 1+ - (7)
v WerR
[ 3
= A 8
€STAJD 8(1+M) ( )
1 2
Af —— 9
58‘1 2V 2+u (9)
A7IM, foptimume BT ETH] e EIRHAE] A¢, © S7HEAHE] SIHEO|C

[J Ayorinde et al.(1980)2 Al2 WMZIS defe| Z =l stzof Cist HRe] EEHXIE A
23150 FOo{xl Alojnf, MABE 2{sto] EX|e| AN ZA[AHFE AHE £
AE AXMAHAS A 10 - A 129 Zo| & kst ch

_V1+p/2 Yenup (10)
fOptimum - 1+ -
H WerR
¢ :\/ pu(1+3p/4) (11)
SN 4 (1 ) (L pf2)
1 1+
Af@ = _ M (12)
¢ 4V (1+3u/4)

IZIM | fopmun = EIEFTRES ¢, = FBZME]; Ae = S712448] S712bo|c),

(] =X XS AR F ZARRS 25 1 2M S8 442 7HRIch a2{ut =& STMD
Zad|el dolle MZ Molst g2 JHEE & = U0 =7 stEoll st =& STMD
Z2| |7 =ststEoll Cifsh grel thzt 80% M= =2M Cia 2t5S & = Uct. STt e
ST Alo|sh ZFE 7HX|od O|l+= Den Hartog(1940)2| S7t&2(H|7} =3tstEof| st =




TE=9 el ZFHE 7[E22 Falix7| W{Zolct. a2t A HAHT AL Al STt
dadl= HEd|glez2 AMEE 8 ¢ U0 HFH[IL A2 R ME2oll g 5o
SItetch. maEtA =AH MAHSE AME FH JhssichdE STMD 27 2545 SHS
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g #x=9 HMEZS MAYstD sfiPdetsr 2o HHES 125t MAFIHE
28 = JAcH A S, 2013)

(2) MTMD

[1 STMD= =&sHA| 22 =8 2|2 sS NAE 5 AUc 7[HolX|gt a7 =x==2] =
MEM AZ F STMDLl MA chAoAM LM = A= AR QIstd AsXAd dsol 3
A HastAL 295|8 SHHASE TEAT|I= FEEC g0E Ad2Z 5+ At MIMDZ|E
2 38 2.2°F &2 AAEEZ JIHX[o{, STMDL| SHAIE IF5st7| ¢let ghete = A ot=Qict,
MIMDZ |H 2 & =2 =MFut+E =Zest 8 s+ Yo chsel STMDE s=x=¢
oc=2M ZSHO 2nE A = UCt
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O 6AZIM, Mypp= SIDZ[HEZ M- Al @F == HX|e] HEF;, n'" e 2 2&e
Myl j21% MTMDR| R E; o= HMOolstnAt she xS Fals; ge x|Zte] 5=
Fa 225 wifhpS jHW MTMDSl SEFobolch #1E sE AW dFge I
0, B=2npBE SZ=F It A (Frequency Band-Width) 2 St}

TMD Wr(structure)
-

T e, O | B ssavaasa o g
" S N | — S
77 - D
BUU)T;A
Blmm
B(bandwidth)

<MTMDL| ==Fuls=Cid>(Abe et al,1994)

= =] = ith
D ]I:HHH TMDol %I- A Elcl I7:II-—+’|7:”5|\_2 % IDQI- CA[TA[Dal'—_,LOI-DI_:', OHEOI- jél%tx-” m] MTMD gl’ I7:II-’/'\’|
ith .
Hl gl = Al 15 9 Al 16T} 20| EFEICH
th
jt . kyrrm (15)
" yrvp _m 5
WarrmD
th ith
en Chrrvp o Chrrvm Jth (16)
MTMD — 2yl th Jth = o It Warrmp
Mrrrap Warrmp MTMD

[ Joshi et al.(1997)0l 2|5t MTMDR| & Z+2|H

Al
StAAL st 2= Fo{AZFnt MTMDLl A ZHH|(p)= A 181 &0l ESECt

jth jth
MTMD CUMTMD CMYMD
Eavmp = Z th (17)
2k mum
ijth
- MTMD
= (18)
Mrr

7N, Myp2 Fx==2 HOstLAL sh= 2= FOo{EZ0|Ct.
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,LLMSTR

K\ = - (19)
E ]fh
=1 Wy
, 2 &vmup 1 Mgrg
i = (20)
(wo 2 ——)
’ j=1 w‘%zhmm

ole| 7|& ATASol 2lsHAf MTMDL| Chetat

AR MF THT oA

2005; Bandivadekar et al.

o AT

A= AcHol 8,

, 2012; Wang et al., 2014).

cCt. 2% MTMD &€102|5

[ AN HExdAls 22 52 AlMde| =Mz &4% MAHE TMDEts= STMDLe| M -0] of 2
o2 TMD Mx| gn7F 2 2Ixlo] ci=2 TMDE A= |3P._ MTMD 7|2l 7Heto| EHsict.
MIMD 7|&2 S22 TMD M X|E E35I0{ STMDL| tHE & SHLbQl S=xO|EsAs 2ster £
U= 7|=0|ct. E5] A Al EF Futeddol ofst AsXLd AKX JHsSict.

(] o] A7oM= 7| STMD 2 MTMDOIl CHst MM HE Zn, HZAA =21 Hitsts
°of EM 2 J|&E AFE Fsto] B AAL SZE MIMDL| MA mf2fole Z2H S flst &
2|58 WSt ct. 7|1& od3-(Bandivadekar et al., 2012; Daniel et al., 2013)2 A<
IEAHE, W 5§ Kbfjsts SEYZEIF 2Hst =50 it OF_I_E|§2§ =700 =A
stEl 288 ZH3E = U0 z[ASIE FTHSHK| Lo, HxtstE0| Sotsts EEHAF #
=22 4% NUstuAl st= 8€HS Xtjsts ZEE olz] & = o=z ZAMo| ofst
Z M3 S Zest U2 ES FEFSIRC.

[0 HMotel 2|52 HMZE S 0[3510 MHE SHES 7|22 5, 7|& HEEZ Ao A
xe 49 AN = SES ol2E £ ot I AMotE dnE|Ee S4E oy =
S TMDEF & = U0 SS9 Falgo| x5t XSHY 288 SI7MNZE = A2, 2
Holl gskg n|xl= EXM Fuleddo| Mol JIsSIEE MAEY = ACt.

(1) MTMD &2 &

O Sl #dezes, X (v),= chad 2ol &g £ Ack(Bandivadekar et al., 2012).
X (w) = Hw) - Flw) (21)
7IM, Hw)e MEes, rlw)e YEHES 202 LIERHCE.

] *=x=22| x| oMo SE Cfst &3 =82 RMS(Root Mean Square)= CiSTf &
C}.
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(22)

Kol = [ |00
0 2
[ TMDZF MA|E £ AE 2] S:holl et EZL2 RMSE 0|23510{ cf=21 Zo| AME
=+ QUCt.
(Xm,jg(ut)i)Q
n=1
Kars (') i (23)

T T
2 T D[(mTIWD)*] T,
(MTAID)]' = T ’ ’ (24)
i Mty Pj
7M. ()= JEM REolM  HH|; pE e REWE; TS HaH
2eisz 2t

(transformation matrix); Dl(mp,),l= jHM Z=ol S=shk= TMDR| 2&S

= 2=, m, = F+x2=2 ZHF0|cHDaniel et al., 2013).

O zk ool 2, (kpyp)y. R E2EL Enp) = 224 A (25)2F (26)2 ol83td 28
+ 2lct
(kTMD)i,j:(mTMD>i,j [(wTAID)j]Q (25)
3(:uTM'D)'
(§TM ); = \/ : (26)
P 8+ ()P
Al (25) ¥ (26)2=2 ZH™E ZMnt Zad|e] MEME2 A (27)2 Hohg 5+ Aot
aXRMS(U’t) 8XRMS(ut) ~0 (27)
Ok 7y p ICryp
[0 2E9E Htdd| g, M 2 CtS A2 0/835t0{ =Aste = AckLin et al., 2010).
0 X g5 (')
om0 (28)
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<THHAA ZHE>

<tH ™ Atol| CHet FetaolA =HE>

<MTDM &4 mhzjo|Ef>

t2te|H Bl AA gk
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Stiffness [N/m]

(c) AZZY-Za|AlAg | 2N

N
0z

<MTMD A A mf2folEof wE MSHNUMs H

t

il
fol
v

. -
39 Ed?=

o2 -0.080|A +0.047tX|, M2 =X 7k
x

7k

[}
H

ABNMN/mmE

2
A HEHR=

o 9xE
B2, F25 U 15 =2 oiict A stE M aielole] MEA

A M2 Z7tst= A
Z drd 2 Hol|x| ktch. olzgt 2t
BRSO ofeh o|EHol A=20{, MIMD A Al HFALE
AL
T

MTMD2|
EERN IS
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[ 38 (b)ollM RSz 5 M5HE Zha|d|oMe] 2F0| 151 F222 7t& 37
LIEHGOLE, 220 = EXMZE 0| Fo|E HX|= H22 LIEHGCH a8 (¢)olM E259
Aszazte 2HMUMM 22 LEIGOLL 15 2 25 SefE9 ASLAZS ZHAMO
Uast2 Zolete W22 LIEMGCEH
oAALE Alo]| 2 MEutol BA

HEoAHE PEANOR XMAAIY AISHHAIR ERE & U0, XM MBHejALe}
22 Moss Mafodatet Zal A

MYAAZ T2 5 Ant. XS0 2E AAT=E

AAt= Ak Sofl JATFE=E2 HEEHE A2 Y 5 Uch oz MEH
29| Xole FxE=0 MEEE LAt 222 st
Ct. olgfet ME HZ2 Afol2 250 Atz =o| ME=E= Z
SSAS| ATFEIA(2005)E 0|85t HAEY == UCt.

HIOME= MstAAte| cHEA QI FIIX| &@Alel TBS(Track on Building System)2F TPS(Track
on Pier System)2| MEYAZ0| wWE XSo|{X|e] XI0|E EAADT HAHAN Cfst =[5l
ME Sdll AESIUCHEIAS &, 2015D).

AE Z1 TBS &A1 =2l TPS A2 dxte 2

FoM s A2E HEMRCH O Al

So|Ux|7F 7|25 S3f GArzeE MIEE e ¥ A0, oE Mg Zetd
C A

M =t 7 N
S 58 4+ ok o ASe MUAZ Mol SUFe| YUK ot 0f MateiAtet x|
StoIAl 2 TPSEAIS] MBtANE SZA THDSl ERJF Aol 912 Ho=E metEc
HEAE MR wet YPHERAL, DEHERAL, TAIHEHAL U HHHAAR
Sge 4 ok 2 oA BF "2 edWsts ®A ERIL Aolg + oni, ofo we
515 SM0| WatE & oLt YATZEe TEYA FolE Aol YeDE MEH Px
gAlof w2 MEiors WEelol F85HH ¥ WOz WHECH

HEA9A sZZe| TMEte| 7= JHE2 s StFol a8 1.32F 22 A2Z 8- EH|
£ MX|5td S HEFS olEek W AlARE 755t AolcH /& &, 2016). Ol
ot @S aetet m MM HAtel A J|E Aol H|SH SLE TMD MX(7F Eolg AHe
2 EEtElL, J1E YAe 22 2 o3 30| gle A2 HUEtt =2 DLIMDS| &<
718 sZES WAMdlof StIEE J|E AAECE MM A W Fgelgt SHo| Act

AN HEZ oAl ST D 71E ME Al oAEE JbE 2 of2ie M2 dATES S
MENS MBS motsts Holch FPE2 SNEMI SXE 27t Yol FTEE
of AEOUXIE B4t DS HEIS TE{E m TWD AIAEC| MAols FRzBol M
sst SMEN mofo| JHE Zestn, PHE FTxBo SHENS SIO|YHAS W
MAI7|0 MERLMSS ULATIE BE Eesict




0 Fx2e SMSNES RYNMS Sol £5F & Uk RS HTS I|EkE )
W3 AAFSol J|gket Jlgol USLHHME S, 20152), SISl HATEEe HP
fes HETEez olfiNel NSRS Si TEE MAES AT ofzioz Ui
Yoz WY FESS /8 MANSIHS oS0k Bt 53] MM CfRRel o
AFZES Atel Zolof u|stol Fol7t WM Ftonf, W0l iR MAR=ES
HMesin Am SR peE Aoz TxlM UELEE Mol }leoz ENEA
AVE Al ol2f8t ®g Zerstoiof sic,

(3) AZY-ZH4| AlAR| AIZ ot ZHE

0 52 D AIZS siME J-D 2ol ST SRl ATY-La A A=l M} TR
stch. s2mel 3719 HelE 0187 £, ojAlel 7R 2 EFof w2t chesit, TEX
2 ASIR o) 3UFo| DS BEWYO R0 AISE 22 AIZ et ok3 Zotat o
1= ofAlet MM Al 2R PEE 5 Yok

0 71% oAAle] B2 YT solE Hatel SRS D5l MAE D2 ATY-ZaFx
Mx Al DS PZH 22l ¥ st WA U B32IE BHEA2ll Les, 4xE
DSt 72+ ATl elMS UM AES 15t NI MUE KU Jack S8
ol g3t0l Jhsaict RZEMF TS B Kzto| MxJF B2 + Yk,

0 MM oiAlel Be SUY Y AZY-LAYXE A#sE T2HAE MEsE £ o] I
= Atofl u|5t0l Bol5 MxIE 4 Uch,




ot

Z2E

ST NMD dA Al 2 dAofetoleE FMatd 5 As SH2EFS MEsReH,
HLE dnEF2 HMS S50 MY E SHOIL MM FE=0M 5HE SEHE 085t
of z[M=tEl MAmEo|EHE 2 = U222 AEH0|Ct

25 MStAALol| et sxlsiAM S ol st HE ZIt MTMD %] Al ZIS2 285 & 328 £
2ol M 2+2 =[O 7.4db(V) H 7.8dB(V), 15 =&iE20lM 5dB(V) H = &dag &+ Us

Ao 2 LIEHRCE.

MTMD2| ZISMAdMds2 EARETol theh of&dol A=20{, MM
M

=
dztel HEo| oot BAS St

25 dsteAtol thet sx[siAl2 o|Zsto] = AMatEl MAlultole{e] MHELE HAESH &
of, = MzAE] 2 FHHIMM ASHAELIE I LEH 2840 A= ALE EEh
ELh, FIHHQ AT Het A2 LEtRCt

HToiAlel x| W2 2o ZI D SYT N8
b 7bE 3o, MEMO| JEE S AATZSo| MUEHE MUAAL} X
B7} A% ere HOR WEHEC

ALK AL, DEHEAAL TAIHESAL 2 FHHALE 2EHOE A0[7} gl0f TE
FAjol w2 ERol wal D SUFE MW sof, AM U 7|E GAle FRE 2 A
ol7t 9= Ho= metEch
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5. Bench Scale A&€H|O|E{E

—

H}o

1)

M
A

A 2 &

gl 7|8 D5t

7.

[0 &4 TMD AlZalo|M 7ol nEstel =M TMD Msoll st gel™el o =o0| 7tsst
MAZIHe 771 == AMT|HE MESHE Holck, 2% TS M58 &5t AA
of &38g £+ U= /\IEFAIOI/\q 7|2l DESH= Bench Scale 22 AAIZY ASHZS S5
EHst SES 0|85 &SI CE.

[0 SZ2 TMD Z|¥e] DE3te| 542 SZEe| TMDEF nHYolA wMst= EXMAES metstn
e = JAEE 7S JMstk= AHolod, =X|al4 Z3 2 Bench Scale 22| AR
o A Z3E 0| 3510 = StQICH

Lt AlZ2o|M 7| DSt

(1) ZEHIHM 7| 2A
lMZEo| AN Fx==2o g Z2™st Z2oE MYEEY = JUEE sHMZHo AMEE T
2lolEe| gte MAXMeZE =Hst= ZHINM 7[H2 IAH =X o|=o| 7|8 stEAHF
B7|% (hard computing; calculus based algorithm)Zt AT EAHFET|H(soft computing;
non-calculus based algorithm) 22 2&%& £ JqcHZUF7|, 2011).

O stEARYZ[He| tHEHMel 2= AlZFEAH(time domain method), ZE=4SH(modal
perturbation), TIZ-E=8®(sensitivity method), FTobrSE¥(frequency domain method)
S0| Uenf, ATZEAFHIIHMoZE  HX|0|E(Fuzzy theory), AMALUI[H(neural
network method), MR 2|&(genetic algorithm), MEIMA|AE (expert system) SOl
ACHO|ZEIE 5, 2002)

O REINMY|He SE2 242t Zhetdo| 2o, et =20 718 2™l 78S MYst
o MEsljof stcl. A|AHEITlZlo|E S| FH2 AlAHY 225l 28 = £ AIEE 0|
BolE2 & X2 F=2 S0|M2 7|H MY JH& 2 18 2A40]|C},

[0 BrAte] 42 g2z AN FxX20A S2 &8 AE2E 7] oHREZE YUE
& KRS 0|2¢t S50l 7|Etst AT EAHEET|H 2 v M SFFHC.

(] ch2 X< lbrahim(1988), Inman et al.(1990), Imregun et al.(1991), Nam(2001)2| A+
Zatof| 7|dhet A[ARIQIAT Mol cHet WoF Zto|ct, of AFoAM= ofelf Fof ZIE 1
218|-01 D._||7:|I": ||:HC> 7“'—9—o|-0:| EEinHA-[ éol-lgl.OElq,
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<A|AEIQIA Tl I
MEH T &
(a) 1A= | (b) Al&Z | (c) HEM | (d) &
Sl Z|g
Al ZhE o3 £ £ £ St
HSH 2 = St S
T3 ek 2t 5t = =
0| 2t = ol & o 2 £ 5 2

(2) ZEINM 2 H3up 24N

0 REIViME2 DIZAE7|HE o|&sto] F™sI¥an], UAEI|HE 7Hefs| 2Jist Bench
Scale AEZIE 0| 3st REINM ZIE HESIUCE

O SIZ=E7|y cIZEdEH2 A|AR o2ii o st 35 ololge| Ho|22 & Taylor
=TS 0[3st0{ FM5tL 0|2 RAZE T = ‘3._.7:.L HHEZ 0|Zsto], A|AR m2HH E
£ QlAlst= 7oz ch3of Zo| 222 = ACHStubbs and Osegueda, 1990) .

(] o|X|e| A|AHlof| Chiet =38 ZEOo| n7|eo AI*E“MFEHHI H oz (i=12.,n)2 Ho&d £
AUCtD THHSIRE. w(z+de)7F A A|ABle] DRASF(EEHE, wlr)?t TR ZEHO|AM
Tt IRTST (AL E LIEHHCID 7P‘*°FD4, AH AAEIT A mEIol ZE KOS
LIEt = Atet, e= CtS2F 20| 8 E £ JACHChoi et al., 2010)

" Bw
(z+dx) w(x)ZZ—dxl (31)
]=18£L‘2'

O 4 (31)8 w2 501 normalizest: jeimj FZ S0l CHS0] A0
e; now; x; dv
i (32)
w; =101 w; T
e
2 —Elfﬂ% (33)

=
e.
07| M z]:ﬁE AH AARIDE SHMzEol geHm) SEHIE  ZHe] E2XL (fractional




-= M A[AR T2 Efof

ow; x;
ox, w;

7

J

= HH A|AERE2tHE o 2R £

(34)

Z=Fa

S 2ojsln L x|

OIO|O| 7k
= —— HA

;O

A

REo| AMABT2iolE #HE o2 jHK

Tod
%0
pal

0]
Up-

i

0

£ 0[&35}0

(35)

oln

ol

70l
e

<

(35)

4 2oy 7

of, w = o

07| M

g LIEHHCE,

<
Ho

(36)

Fy=2Zjfa

0

-

o oty

[ TF==2f A|lAH zi2jolg AES 2

tol mEtoein|H(17IS

2 0|83

SH A1 (Ewins, 1984)

C}
=

SHEoM =

==
110!

00

o
%0
£l
10
<

K4

K

A thetet

=
=

to{ HlE Z

St A[AR|mi2tH B &

= (=)
£ 0| &

| 2EueiolH

skl =
.

zDHA

ST

HEEZ S
—

|Z|=0 == |a|=00] & o7}

=
=

(g) 2+ (c) " (f)

_55_



[0 =7| Y Z2FE Bench scale A& ZAIlo| 0| UHET[Hol| ofet 2= JHM S
Z1t= ct2 ool LERACE
110 110
o . m
& 1 &
5 %0 5 W }
o S
@ L]
— 70 — 70 w
5 P ¥ a o«
5] 5]
=< <
50 50
20 50 80 110 20 50 80 110
Frequency[Hz] Frequency[Hz]
—s—measure —e—base —e—updated —s—measure —e—base —s—updated
(a) |1z @ (b) *I%x @
110 110
% s % - ]
£ o T %
@ , e
= 70 " < 70
§ 7 =
<L <L
50 50
20 50 30 110 20 50 80 110
Frequency[Hz] Frequency[Hz]
—s—measure —es—base —s—updated —s—measure —es—hase —s—updated
(c) ®I2 ® (d) *Ixl @
110 . _ 110 b
5 /o ,
= =2 p
5 90 s 90 2
© Q%r ©
@ I a
2 70 s » 10
<< /’ <
50 E 50
20 50 80 110 20 50 80 110
Frequency[Hz] Frequency[Hz]
—e—measure —e—hase —»—updated —s—measure —e—base —s—updated
(e) ®*I% ® (f) *Ixl ®

<27 Z 3 (Non TMD)>
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110

o
= ]
5 5o
.
1]
- 70
3 '
0 |
2 |
50 L -
20 50 80 110
Frequency[Hz]
—e—measure —e—base —e—updated
(a) ®I% @
110
o)
L 1
Fo AR
= 70
5 7
% |
50 -
20 50 80 110
Frequency[Hz]
—s—measure —e—base —e—updated
(c) #I=l ®
110 !
g | /
=
t 90
. .
2 70 9 —
a |
g 9 Y
<
50
20 50 30 110
Frequency[Hz]

—e—measure —s—base —e—updated
(e) #Ixl ®

<BHIiM

110
)
= ]
£ 490
N |
3 70 |
g v
“ :
e |
50 | -
20 50 B0 110
Frequency[Hz]
—e—measure —e—base —e—updated
(b) *I%xl @
110
ey ‘ 5<7§}_¢ '4: :
& | b
50 2
B
|
5 70 2
: |
=L
50
20 50 B0 110
Frequency[Hz]
—e—measure —e—base —e—updated
(d) ®*I%l @
110
3 ‘ Mé;
5 %0
E l—'——"% %
= 70
g W’::‘**"
=
50 4 -
20 50 80 110
Frequency[Hz]
—e—measure —e—hase —e—updated
(f) *I%l ®
Z T}H(STMD) >
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110

o
& ;
E 90
|
@ |
= g |
(5]
5]
i T |
50 &
20 50 80 110
Frequency[Hz]
—e—measure —e—base —e—updated
(a) ®I% @
110
g ‘ m '
s AR
S 90 R A
@ !
< 0 54
(5]
5]
P07
50 *
20 50 80 110
Frequency[Hz]
—s—measure —e—base —e—updated
(c) #Ixl ®
110
'ﬂ_j' ‘
=
5 %
IC
w
o 70
[¥]
[¥]
=L
50
20 50 80 110
Frequency[Hz]

—e—measure —s—base —e—updated
(e) #Ixl ®

<BHIiM

110
)
E &
£ 490
o N
.‘r"_u r’}’ ’_hr’d‘\\o
2 70 7
g g
[5]
£ oo |
50
20 50 80 110
Frequency[Hz]
—e—measure —e—base —e—updated
(b) *I%xl @
110
g =
= y
E S0
g
2]
3 70 ¥
[5]
% |
50 ¢
20 50 80 110
Frequency[Hz]
—e—measure —e—base —e—updated
(d) ®*I%l @
110
E ‘
- b
5 %0
E l—o——c-%
@
> 70 —3
&
W
1/
so 4 :
20 50 80 110
Frequency[Hz]
—e—measure —e—hase —e—updated
(f) *I%l ®
ZH(MTMD) >
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TLAS

=
b o

7| 223 VM E RES Zt Fuos fgE Mgt tie| HYE 2Rte} 2F F
] _C_)_|

Error(%)
T Avg
20Hz | 30Hz | 40Hz | 50Hz | 60Hz | 70Hz | 80Hz | 90Hz | 100Hz | 110Hz error
N-D base 29 A7 94 105 AL -16 08 29 43 126 99
updated | 2.2 71 113 58 -104 04 -40 19 -46 A7 82
N-@ base 248 -6 142 210 -103 76 -18 05 24 49 98
updated | 200 40 152 127 30 01 25 2 -34 20 63
Non | N-@ base X1 83 &8 07 -18 40 53 20 65 210 113
™ updated | 232 29 98 120 103 87 -32 -16 48 61 83
D | na base 156 -162 21 140 26 92 21 -12 64 136 &4
updated | 111 56 31 51 127 02 65 50 -39 09 54
NG base -156 -180 -134 23 -119 110 -238 &6 177 373 160
updated | -291 107 92 05 01 40 -5 -106 106 05 &2
NG base 246 -170 -101 27 57 112 -15 -85 15 33 110
updated | 207 93 -45 -153 92 21 06 07 -36 -35 70
-0 base 32 46 53 79 -419 23 -46 42 &3 149 127
updated | 271 01 80 60 47 22 -70 129 09 26 71
$-@ base 317 -16 74 178 -33 114 -19 45 92 164 105
updated | 204 62 93 133 164 25 13 30 44 124 94
-G base P4 23 29 145 08 175 -9 86 148 198 123
ST updated | 289 -9 49 100 211 47 41 61 160 15 110
MD $-@ base 29 -101 26 9a 49 162 -13 36 95 175 102
updated | 207 -14.2 -12 40 218 65 17 01 3 38 74
56 base -109 -126 -168 -84 =300 102 -0 50 133 401 175
updated | -244 -16 -114 42 19 21 -109 -138 73 68 &4
$-® base -390 -156 -159 103 -34 116 -36 -34 40 97 117
updated | 307 82 -102 -157 95 17 2.2 68 26 -29 9a
VD base 25 124 96 98 -182 25 42 44 &1 167 109
updated | 198 63 133 96 15 -131 -19 125 -17 17 &1
N base 04 &1 6.7 156 -35 110 63 112 119 190 114
updated | 169 -103 99 139 47 52 132 109 73 155 108
V-G base %l 78 111 163 -13 152 b7 116 139 216 136
MT updated | 213 -109 143 138 82 96 101 93 132 130 124
MD V- base 105 -31 28 97 08 184 7 58 104 164 36
updated 75 -198 01 6.7 45 116 133 29 15 68 75
V-G base -184 27 137 64 -172 97 -183 62 164 418 151
updated | -297 -5 -13 -15 07 24 53 -104 93 20 75
V-6 base -395 54 -128 119 27 90 -4 -46 50 128 109
updated | -333 -124 -5 -104 64 20 03 49 20 05 79
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0

S8 8 7 09 AUE edel T Faioiel HUS oA B U ¥2L
2 dlwet Antolck, 2 JH4M A3t Non TMD°| 2, o fIxof et 473 2Xts 2Y
7l Fa 11‘7 2 M = T2 AF atatel Xt 7‘1I1I7“°E a7t HastRsS =2l
SR, OIEFVIXIEZ STMDS| 49 " 2Xt= Z2H JHM ™ 12%, 2 M = %E AS
wote| X7t Xﬁﬂﬂoi 37t HastR20], MIMDE 29 Ed 25 2 JHd M
12%, 22 JHd = %E AS gztel A MMMz 367t ZAasto] JHME ZEo| Al
Z2F 25 ZEXQ 10% oS Efelstct.
20.0 20.0
g 127 g
el s 109 g o8 1055, M08
g 10.0 .l 7:1 B.1 ¥ 10.0 v
B i
§ 50 [— A— I— L g 50 L . .
= 0.0 = 0.0
NonTMD STMD MTMD NonTMD 5TMD MTMD
Case Casze
M base M updated M base M updated
(a) |1z @ (b) #I=
__200 __200
= =
s= S 13.6,5 4 =
5 15.0 113 123175 124 5 15.0 100
% 10.0 % 10.0 74 88 75
B ol
¥ oo ¥ 5o ' I_
b 0.0 = 0.0
NonTMD STMD NonTMD S5TMD MTMD
Case Case
M base M updated M base M updated
(c) #I#l ® (d) #Iz ®
20.0 n20.{}
g g
S50 5150 11 = 5
o 10.0 100 :
B il
; 5.0 I I E 5.0 -I
= 0.0 % 0.0
NonTMD STMD NonTMD STMD MTMD
Case Case
M base M updated M base M updated
(e) ®*I% ® (f) *Ixl ®
<2Y Y M, ¥ BIF 2RH%)>
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T 71" 1

Hn
Jon

=X A 2 Bench Scale A8S S SZ2Z TMD= HEEZAHAS| Fs2 NEE = Uck=
Zo| =eolxlend, JHekE MTMD Z|BH(Z B+ &, 2017)2 &840 ZTHEJCEH 2L}
TxEI} BRS 5 =So|HXIE AMSHE TMDE EMoz olsto] £Z2Ee| RIZE0| &
7tsk= hdol Aot

53| o|240| dEMoz SSlitste s&8E2l 7lse dote W o|3Et dEs Site &
Z% e MEME I ANste o Aot older M2 o €2 gweks S5to o
L= OIE_I_

= T AL

. ST DS FES ASMATIE o5tz A esict

. SUT TIDE 0|8H0| Y= ST YEIOR X BHaiCt

. ST DS FEE WA

« M2 TID 0|22 Jfwsict

A opn ol 29 0l8Y + UE ASMAVIFORE B ASASHAY AW
g, 2015), d=2of MMM HEXSXE(SH=EEITAIMSETH 2008), =2 DIN 4150-3(1999

)
ol 2Act. o|& 7|&E2 Aol plxl= TISel FEs

S2 Hshe ¥ AATEEO] AENUNS

H3to{ MHE
SAlof A etk

H1 K o
nr» =

Oo{X[7} gleLt,

N
-

T oW grote| A2 Ao 2HE & F UE ST TMDel ol &4
250 MsAMAEs0l MEE = ALH(FE S, 2016), MsAMH ds0| 7t =2 4
xlof dxle 5 gls ™ol ATt

2 12 (b)et 2ol SYF Rl HTel T AlAHS AxIsHL, (o)
Zol SUH ZYRO HEo| TMD) AIAES MG Weroz WD AIAHI UFES 2
dtoto| al., 2017). o A2 Hzo| W Fake| Mx|gio] SUES 0|2

<)

I et =
22 s oM e FHof {22 HZ0| ZEtsic.

W eHm Zrek2 JHEE TMD ol E(HEls S, 2017)& E2iste A2z of dFolMes 200

= TMD Ol & Series MTDZ 0| &35t0] sd&2 Ts2 A = U= Lets HESI

Ct. 7|2 g2 5 7Hel TMD7F B HZE Series TMDOIA &7 HZo| ZZO| Z[A3tg]
=

£= zx3slsle Holoh,
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(b) TMD-

TMD Z=>

K0
N
{lo

E
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(2) DLTMD AMAIZ|H 7H

) ol HATolAlE TWDEE olst SUF ARe FE FIIE MUSW| 9istol AP M 5 o
Ltel DLTMD(Dual Layer TMD) O|&2 Z[Ete= ME2 DLTMD Y12|E= 7HLstdct

O Wl DLTHD 0|22 7|E oiet 2ol 70| 0| 83tE SUN SAHS U AME
2 SxFYel NELS FHLE ¥ 5 YT HYSIYCH ADE J|E DLW 0|22 M=
NZE £ ol W2 SIHYOER AIBSLE S AR S0l B 4 Yo,
W DLTWD 0|22 % 74e| I 5 5Py o SIETYOR AZSn M5 I
2 HAsETE HMESOR SUT AR IS BIHE YN Y & Uk

O Metel 71He2 oA metessiMz2@E 0| &5 ZHELR0Me] AHEZHIHS LHHSt
of =7 dAuzin|HE ZEst, AlZtolHsiAg S5t M4HE SEHE2 7|22 FHEt
0y g Fdsto] =M dAu2io|HE MEsls WHez Hit 52 o|S5tE et 2ol Sk
XSt x| 7t Alztoll w2t Bistsh= Z ol Hetet wholct

[J DLTMD= chs a3 zb 2ol S2F ZEA m 2t 4% A m2 740, M=ot bief &

S Stal, myo| SEHE2 EHistetEs 4y 2

of me TxE2I} Sx5l0f SE0| ZEST
|. X

42 52| TMD AAut2to|E 7

O siM == 582 sof M™E 7= SHo 2HZzEs 5 w)E oS3 ol e
%= cH(Bandivadekar et al., 2012)

o{7|M, Hw)e MY, Auw)e 22sES 242t LiEpdch

(] Fardd oM SHLx|of cet &2 =&8+2| RMS(Root Mean Square) = Cl=1f ZCh
Sora(u) = “l(s 2q (38)
s i) WO (5 () |

- M
k: , Gg—» :
my

ky , ¢q—— L
Structure m,

kssc:—hl_Jl-_l
LA A A LTSS

<DLTMD2| Z|27HH &>
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O #02 Sp0)8 EH2stste vE 52 B mo SEFLS w0l E7|3H02 BH
Ch o2 e 22 my o my2t 7S 2=2E m, 2He| 2 EH|o|ct

my
= (39)

_ M
= m, (40)

2 Mg o m3 mel x7| B, 7| 2au], £7] 24 k. £, c
2 ).
AA

!CHDaniel et al., 2013

kﬂO_mn,O( n())2 (n:172) (41)
3“710

o = ; (n=1,2) (42)

o 8(1+pu, )

CnO 2mn0 nOwnO (n:1’2) (43)

oM ZFEZSES RMS, X 6u)7t 2442 AEE SE2XSE oIzt ==X of Fof et
mhotsiot

XRMS(%) <0, (45)
Xps(u,) < O, (46)

o17[M, o= ddE SEISLolct. T1ZE FHstof AlSE SEH2 WL

7t 2 = Ut

R X, 6) > Oy, Xpusli) > 021 2EASZS ohEsts MAmi2loles 57| 9s




b
It
ol
19
N
il
Iy
2
lo
o
ﬁ
It
ot
_‘:_—I
02
o
4
gt
o
Inl

wn i+1 (,t) +Awn i+1 (n:172) (47)
K i1 :mn,i+1(wn,i+l)2 (n=1,2) (48)
Cpyit1 =2y, 18 i1 W iv1 (n=1,2) (49)

A7|M, w,,. S i+185 AAE SxEFoPolch Aw,,, £ 235 YD2|E00 s 23
HE SEFOF i+1HM ZESR X,6w)2 Xyw)el SEXSH 0,, 0,242l *o
S Soll A== aolct. T2l &y, ¢ 2 A iH1EM AME ZY, A geR
HAE o 2 0| B5to] HAkE £ QUct,

(3) +xlsiMe ol88 ZAE

[] o o45rollAl 7HEl DLTMD LD2|Zo| X220 SUF i AENMLEIE SRIHIMS
olgsto] AESIFCE FxIsHA ofdE Tl DU MEoiAl 2Y FIiX|o|n{, §3R

aoff A =22l ABAQUSE 0|25t &l 5t CE.

O =Xx[sAMo M28=E FateaLZH 2 30m Z
7. 3|.|

Ao 2 715t I A 22 d2(Case

1 : NonTMD), &=2Z%to| STMD=t =l Z<(Case 2 : STMD), =Z&Ho| DLTMD=} =l A< (Case 3

DLTMD)E =Z¢gtst & 371X Z 3ICt. dXtstE2 & I dAtSo T2 25t &
O:

A & Moz EAE HESIQUC

[J DLTMD Ol E2| M=sMAdEM HEE 7= Y X 2T &F fIx0M2] SE Hl1
£ S350 At ZE= Mokl Lue[Fol ofsf =MetEl dA|oeto|Eolct Iz
MdAlotetolel= A Haf E2E=E 0[85to AHSIUct
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i x »
(a) Case 1 : NonTMD

|

7 x

(b) Case 2 : STMD

(c) Case 3 : DLTMD

<si A &>

<DLTMD A|AEfeo| oA mf2to|E>

oc
_ +— 2
It2t0IE >
m, (kg) 3.590 x 10"
STMD k, (N/m) 3.419x 10’
¢, (N/m-s) 3.324 % 10°
m, (kg) 2.872x 10"
m, (kg) 7.180% 10°
k, (N/m) 2.485% 10’
DLTMD
ky (N/m) 1.422 x 10°
¢, (N/m-s) 2.028 x 10°
¢, (N/m-s) 2.021x 10*
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[ ckE J82 2t caseol oigt AlZto|™HsiAl Zzfolct. F=x==2 3H
5 |
o

STMD2} DLTMD 25 RAteh ZsZdamMeE Hold Ao, sZ&e SEHS Hlugt O
(b)o|l 2<% SIMD= Zs2l AZ[7F E7I 2Lt DLTMD= TMD M x| XMt RAtet 2lE &S

LEEFSH T

0.3
o
W R
o]
E n1
T g
5
5 .01 NonThMD
= ——5TMD
(S | I
< T OLTMD
0.3
D 2 - B B 10 12
Time|sec.)
(a) GAtE==
0.3
02
»
;, 0.1
o &
20
[
5 .01 NonTMD
5 —S5TMD
0 -0.2
2 ——DLTMD
0.3
0 2 - b B 10 12
Time(sec.)
(b) S&&

[0 ches O82 Z case® SH©C| RMS ¥ g2 d|wst Zotolct, O3 (a)olAl STMD H
DLTMD M E Al x==2] SE2 RMS ¥ z|thgf 25 FASH ZLsts A= LIEHGC
O (b)ollA ST SE2 STMD M Al M SIHESLE, DLTMD HE Al He| &7t
SHA| 2= Ao =2 LIEtRLC.

LS —

-

0 EE WD AAH Ng MF SES HIMOR ume Zijolch HolM Pxee SEHE
STMD X-& Al RMS 28%, =|CHgt 43%, DLTMD & Al RMS 32%, =|CHgt 44% +Z0lnd, 54
151%, =|CH@t 133%, DLTMD A& Al RMS 99%, =[CHzt 104% =

of &2 STMD A& Al RM
FEOZ LIEIRICE,

w
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3.0E-01 MonThD

4
- mETMD
E 2.0E-0
o m OLTMD
=
@ 1.0E-01
o
o
© D.DE+00 —_ -
z RMS MAX
(a) ZAIRES
. 3.0E-01 NonTMD
=
- mSTMD
E 20601 N
= m DLTMD
H
® 10E-01
o
& 0.0E+00 l.
=T
RMS MAK
(b) &s4&
<HAltz=1 2 SHS RS & E[Cgh 5]w>

AATFES 523
STMD DLTMD STMD DLTMD
RMS 28% 32% 151% 99%
MAX 43% 44% 133% 104%

SRISIAO) MBE siA TS B MBIHAL B JHE HEMS AR 25 TEE I
Z=olo| AAITZE ATSHD AT HAS XNUYTZ stof FMsIS0, AR FEes
=2yl ABAUSE OI83t0] $xIs1AS o3I

A ROl A ME

s Jo=z DAHUCHANH 5, 2015). %A}

Aol Mg XZATE WY S(2013)2 ATE Fxoto] Eo| MAE BHXE FE
H

=
st 2zxdoz DHESIFon, A2 E22Z A2 Eol tist detghs ALSsHICt
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M2 Mol2s7l sate o NS X .
2 3 B3E ZAISH| 2o AL HEWE HWEo =z 3omy 2YdS ARstel RSt
(Choi et al., 2015b). HAIHERS M=z Zligtstoz QAHM ZTQlEo 2|5 3FES=R
2e=0jlen] o|F Y RES SN F tjae=z 503 TMDEE ARISHUcH
2).

it SHZE st ZssHAM 2 TMDEHE X 22 SLUE MX| Al(Case 1)2b A
STMD(Case 2) 2  DLTMD &2ZZH(Case 3)0| Mx|El 37Ix| B0l CHSlod a5t Z

# dsol et AEE ;ST

Train TMD 2 TMD 1

<TMD A x| =>

_70_



D MA|E S3t SAlziEel Mo tha SE

A =
Modxlgtel Flzof ot AEEHES HAESKNCE oA AXHE AZHIS2
19.81Hze| 2 =oflM =CHgtol AP =[ACt. s thdol Mots LEXtel sto weE ZS0|
FFis MEZ J7HX == HE= 135km/holnd, sHE Hxt stES &l fIxlo &5t
sto] Fut-3EH EME Fd et 2 19.66Hz0M el A ZHO| JIE I LHe WS &
olstACl
TMDL| MAH= Z+Zt STMD2t DLDTMDS| &7+ A 0| dAIF == 2| FRFA It =2 XSS H[of
StEE StH DLTMD9-I a8 Aol ¥ %% ZAsltste s MM}t SEEe TMEHE 9
oF AP -UMAIAR O] MA Oizlo|H(ZM D Z2A )= MMD Z12|F2 0|-&5to] ofzf
Hof Zo| Y SHNCE.

3.E+06

k=

= 2.E+06

w

1)

E

a

2 LE+06

5]

o

o

0.E+00 e
0 10 20 30
Frequency(Hz)
(a) AXs RaY

(b) 19.81(Hz)ollM el AtRIS2=

% 4.8 ARdlSciA At
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<TMD A[AEH ol A mteto]E >

TMD DLTMD DLTMD
STMD
£ (mid mass) (top mass)
M, (ko) 21,467,890
My, (k) 39,580 26,050 31,803
u 0.0018 0.0012 0.0015
wpp (HZ) 19.58 19.61 2.99
o 0.037 0.030 0.033
Ky (MN/m) 59.92 39.54 1.12
Crop (MN-8/m) 0.036 0.019 0.004
[0 AlZEolEaiAM Al SEHEH ?Ixl= cts O8oll LIERACE. P1 ~ P32 SLZ AlstFe| 2
= Ssefl2 fx|o|lnd o] & P2e 25 SilE x| & Z case HE H|W CfA SZE E2
STMD, DLTMD &Z&te| MX| tiato| == @ xlo|ct. P4= Lt SZEF STMD, DLTMD ZHZte|
Ao SUZE ARo|lH, P5s= HE SelE M f{x|o|C}.
P1 P2P4 P3
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t2=2 2t X[FHollM

[0 Lxt sksoll ofet g2fEel F2 HIda2 Haldd s
Aol tigt sadee HelZHE ol&st TN auE dESICE. 135km/hel
Mote X S2F Al Zf case & AlZHO|=HsiM Zzp= OE M L}

0
K

= Zt case B 2Eo| RMSet | CHzr 2 TMD Mx|2 Qlst Fl=Hisi2ko|ct, &2 Table
2 EX S AR} EXt S Fo| SEES &5

w

(a) ~ (c) & (e)ollA €x} B2t & *+x==22 SEHP1 ~ P3, P52 2
2 LIEtgen], ol ZFoME Eolg 5 b Al SZE A
% 7

tolZt gl=
STMD A Xx| Al =|CH 3dB, DLTMD A%l Al 1dB &7}t

P4) 0l A 2|

X
=]
=

00 N 1
o |0 pu

102 LIEFGCE

0.03 0.03
e —NonTMD —STMD DLTMD = —MNonTMD —STMD DLTMD
E £
E. 0.00 A bbb, f‘d‘\-r-ﬂ-"-twq-*' ULordh b b _§, 0.00 sl A, g o g
%’ - I3 A | | | P S S e E " hmn,,ﬁﬂﬂ{*ﬁ%»\fﬁw.
g A £ i
g AR g it
& -0.03 ¥ Y § -0.03 Uy
& & i
(=] ! (=]
-0.06 -0.06
0 5 10 15 0 5 10 15
Time(sec.) Time(sec.)
(a) P1 (b) P2
0.03 0.01
= —NonTMD —STMD DLTMD J = —NonTMD —STMD DLTMD
E . E
£ oo A bt b e A E uip I
o | | i el B _‘\ al
= \ | IF ’ﬁw] " LA A = 4
E | N 1 E
a W ] (7] ‘I
& -0.03 &8 -0.01 !
= 2
a I | a
-0.06 . -0.02
0 5 10 15 0 5 10 15
Time(sec.) Time(sec.)
(c) P3 (d) P4
0.15
= —NonTMD —STMD DLTMD
£
£
= 0.00 St ttana ey
=
a
£
@
8-0.15
F
o
-0.30
0 5 10 15
Time(sec.)
(e) P5

[0 #FolM Ext s2F = SE2 49 STMD2F DLTMD M| Ale] MAHE2 ZF Ato|7t i,
TMD M X[ ?|x[2l P20oilA STMD2t DLTMDL| & ZF TMDE M XA[ISHX| 22 H <ol H[stof &
S (vL)ol €x Sz S S T2 A 242 3~4dB(V)2F 9dB(V) THE H ST,

S TMD MR RIx[olM M2 Zdtsto = oF 10m 7tE HOIM AU P12t PIOIAM = Xt
0
|

xz OIO

\_

=1t & 1dB(V) ~ 2dB(V), €At &1t = 3dB(V) ~ 5dB(V) rE'-k %E. | Ztasts 4oz L}

Elgon, HT BAM fxel psollMeE ExF Sz M 4dB(V), HXt 3} 10~11dB(V) 7t
2 SEo| st ST ARl P40l STMD AR A|°| A= H52S RIS 7=
1dB(V) XMzZ+, Zthgt Z7I& 2dB(V) B7lsts W22 LIEtGteL), DLTMD A x| Al RMS&=
23dB(V), Zhgfe 19dB(V) ZasheE W22 LIEHGCH

o

}OI'
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A
0l0

K=
\Y

H

AXl 2} = (1.5~7sec)

NonTMD STMD DLTMD NonTMD STMD DLTMD
VL(dB(V)) 97 96 96 100 97 97

P1
Difference -1 -2 -3 -4
VL(dB(V)) 98 94 93 103 94 94

P2
Difference -3 -4 -9 -9
VL(dB(V)) 100 99 99 106 101 102

P3
Difference -1 -1 -5 -3
VL(dB(V)) 93 100 74 100 99 73

P4
Difference 7 =20 -1 -27
VL(dB(V)) 101 97 97 106 94 95

P5
Difference -4 -4 -11 -10
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FHEE ALESH olHX|IE HalAl7lE +

HaAl7|= obEgol Act ST W= EX

10[Ct. oldl, XE MAS FSH2z UFE FHER st B
27| 2ol 44 45 H Z4 =Ho| 0|2 otEYALE S
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2244 B

(1) &=l 71 & AA
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4@ X B
ru|ru0

]

Rl

|

MRle] MA g2 1XpAZoOf| XS s o2 FE
X 2 1.31kN/mmol{, MA
B 2MS= HA BHE 125101 70mm=E Z ™SI CE.
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10 |H
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Rl
ofy
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AN S22 Fd=0f AUct 1kt
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[]
o —
—>7{—I
>
“IH

oL ¥

N

£ o
o

als
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|
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O cts O82 AAE & AzZal-Zka MX| 29 2 AHFo|ct. agxnt Zo
glo|E 2 o}&tXf(Engineering Plastic, EP)= ZAIF JUEE 7(1I’EF oo A
O|E2} Ol&ERe] ZAAIHO|A |:||-xl- HE=S o, ZAHx| 9 AmEle T ATEES AIZ5}0]

|

o = o
HAE TASIHYSLE, HA| HelE Y = f7] 2ol Al 2ZH S ALESIC

(a) 3D 22

100 7
80 —
= 60—
2
= -
3
o]
— 40 —
20 — .
Specimen 1
Specimen 2
O I 1 I T I T |
0 10 20 30 40 50
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1% ATE-2ta| HRE $H U £ AZY, FAPE UE & 5E B0l ojEH S
oz TMEO o, Hxol et M5 AlFS MABYUCH Ms A" B, 15 AT
2 WAE AS YA sl AEE ZMI M5 AHS S AEE LMol Ao |
Al 2 Holsion, @it8e o MAE o AS selsigct

aguh, Al 2ZEe| Zdo| LIS 2 o - 5HF S

Eo| gt el A 72 oldollM= 2xF ZdHol &7

F 280|E & oEAIL ZElEe FE2 M2 SAUE A
= 5

of, 8% ABE MI Al AZYo| RS W

ki
0z
_o't
I
MUK
e}
o
m o
ol
e
|'E|
2
x
a
]
o

A AxmP-Z2t4| Fx|o| HAlE OB T Z0| Bench Scale B AL FXE2S 2 ZE 5l
Mg Tds Z2uE WIS en, HMetE AZPY-Aa AAEel A miEiolE= oS
E °f Zo| 2[5t

IIIII[NﬁHIIM iy,

LTI
il i m!!:mm

(a) 20.05Hz (b) 103.10Hz

(c) 198.69Hz

<Bench Scale *+==0f st DFZ&= llA>
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<z HatEl AzP-Za AA-ol MA| of2tolE>

| -2 o] M
T = at
My, kg 18,900
=2 (W mm Hz 20.05
(Wmm)s Hz 23.49
(mpymh kg 472
TMD-1 (k7 N/mm 7120
(Crmh N/mm-s 11.1
(mam)s kg 472
TMD-2 (k700 N/mm 9800
(Crum)o N/mm-s 13.0

[J TMD-1 2 TMD-2= T*+=x==2 §d Y SH= ZHotsh A&
A A|AH 470 E Bench Scale =& S24%&0| Mx|g ofH™

(e e
7|

Eé! -2t AlAE-IIOlD:i A 2zt
SR 2ol TMD-12] MH &4

2 AXE 170 1.78kN/mm, TMD-22| MA| 22 EA[ 17HE 2.45kN/mmO|C. ok, A&
o

= 1ol Theli A= sEE2 KF%° 18kgOl0d, TMD-1 & TMD-22| HZA HHe[= 2F 0.66mm,

0.48mmo|Ct. ofof whE MA Hel= oHEHdS 12{5t0] 8mm=z ZE St

O siMdS Soll z=xstEl AdA nefo|eE dHd 5101 Bench Scale A5 0f| A
Bench Scale *+Z== &Z4% stEet 4% A =
ZY-Za HXlof tfslf MAAE ZIWSHUCE. 2kt ﬁE%’—?:.‘iI J“7'<|E 4
HO|E, stREFx2 (&= SR ER0E, =2 & =% Ax3 ofF

E(Engineering Plastic Block) S22 FM=C},

O 1R AZZ-24 At ZO| £ U 5F Az e 22 9 Y
I AR E0|E2 HARIL EPES FAIHS| OlE AHEo=2 A4l 7|50
= ZAjsiel J|27|et olEdlsol met 2 M52 =
MEA HT 238 FOIDA £ ATYS DAY + U 3
JbSSHES MASUCH B, 1R ATY-A2 Fxo| TS B
Y Aol ZY AZYS ALESISD],

[0 2t stF Zel0lE FHOAM Ldst=
TRt ZALHO| A2 ofE -I%%
d0|E & oOfE HSZ SHA|EH
Isolator, FPI)2=2 AtFE Zg|0|
E7to| H&Eo=2HE oOfEto| 2 E
(STainless Steel plate, STS)S H=&t5t1 EPE
Mt A5 Z0lEel 3™

= g
me Rt en, pESo 2E01 20

AMEE R =
t

22 =0, EPS

Mst 4= Jqct. EESH Bench Scale
£ st Zhx|e| ZAMo|l =A™

= = &Al(Friction Pad type
=5 Si}ict. cigt, of =2} EPE

2E|el2[A
AR




#Aolo ch=xt

A%, wiglol
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H0

<
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(51)

2%,
S*F 28
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]

| 2FolCt.

oF

o

Kl

g

<HAtetel o}

I
=

(b) AlH

<M A
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2%} AZY-U4| FAl M5 AES 7|2 SN Holsts MM oF Mt YD S5
SM2 sHolsts S8 AN Ast Alg o A U AE AIFS DSc MA AEE
oxf ATZF-2U4 HxO HH U SH SMS =Holsp| sl SHTAUISAHANM BR
B AMT S AIETIS ALBBIOl HA o S5 AN T3t AlEe MHHAC

2 B50kN, =[CH AEZ=(Stroke)2 +125mmO|C. EESH, 2
5 A7 | =AM EFst DFA|
=
T

—
A AZE-24] B o SH o
' k4

87|18 olgstol Fxlel 37 thde el

Hel= 0.01 Hz ~ 700HzO|0{, SF&E2 +25kN, ¢

<STHA 4 AlH7)>
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(L) ®= o=l x5t AlH
O M5 o=l st AlE

HE MEjolMel AZZ-Zta| Fxlol HES OIS AIHOZA
4ol H2IE MY H z 2

k=]
Sk AlE

v o o

AEfOIIAM AlElS ZISHSHCH, ol &z 2ol A= El-Zb4| ZERx|of
+4me| AlY HHQE 1ZE 2kN oO|2te| StE0| SII6h= 7S E 2 100ycles AAISHH
Ch. Alg QXS 25| el & AXXSH Alg2 ZHx| 170E 3HM XA5IFon, =
MEl 5t 2 HQE 0|83510{ 2x1 ZAS AHASIGCH 2k ZAMe ZEhx| MAel 2olMe

o
15| AUF HASAIS| FHE-Hee HAZFEH ALrE = AUACH

| FPI(2.45k0)-1 ]
§ ;

=05 Al

O 88 Hs &l = |2
M AX Aot Al Zubs ofef meb Zoni, MAE 2t AmE-Zia X9 A ZH e
s

= =
Lxt= 10% olgkel A =kelsiict.

O HS YHAL AQORRE AEEH 0/HINES v|lmet 23 & JMo| Hel KA %E
SoIBlGih. o, 1R ATY-Za Fxo| - B Ba0|E FHOIA LASE olEE
oI5 2xt L0l BUtsHE BXS JHM Bl izt 2% LMol BIIBHA| S WS el
Ch. Ol % ASol ofs WM ojEo| UMD YN AV M 2Y AZYS A
3ol w2k 23 YAl RAVF HE HoE BEHEC)

242l [mm] St= [kN] OR} ZHA]
T = LAE [%]
A | Ath | &2 | A | [kN/mn] °
FPI -1 0.92 7.7 2.46 | 13.10 1.70 4%
1.78 kN/mm
FPI - 2| 0.81 7.07 1.93 | 12.59 1.70 4%
FPI -1 0.76 6.85 3.08 | 19.17 2.64 8%
2.45 kN/mm
FPI -2 | 0.79 6.71 3.02 | 18.54 2.62 7%
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10.00

5.00

2.00 4.00

—FPI(1.78kN/mm)-Design
—FPI(1.78kN/mm)-1
- - FPI(1.78kN/mm)-2

-10.00
Displacement [mm]

4.00

»
o
S

Load [kN]

—FPI(2.45kN/mm)-Design
—FPI(2.45kN/mm)-1
- - FPI(2.45kN/mm)-2

-15.0
Displacement [mm]

<HMAXRKSIAE: stE-H2 oz 3 M>
(Eh) & A& Mot AlE

0 8™ A& st Alge2 AzZal-Za MXel 38 Hzs& =elsty| fshM B8 Ext & &
AAl AL LHO|AM Mz = RSo| B 4Hz~21HzE 112{5l0f Clg ERl Zo| Fiajsd
2 Aggs AAsHRC.

<SH™ AAX Rt AEH B>
&x
Device Hz H 9 (mm) o
(mm/sec)
FPI(1.78kN/mm) 4 + 3.750
-1
6 + 2.500
FPI(1.78kN/mm)
- 9 + 1.667
12 + 1.250 60
FPI(2.45kN/mm)
-1 15 + 1.000
FPI(2.45kN/mm) 18 + 0.833
-2 21 + 0.714

O Ale 2XAE Hetstr| flell 8 AR Aot Alg2 2F &x|olct 354 s on], 53
= otE 3 HeE o|3sto] 2xt 2 3 ZAH|E AMSHHCH 2xF M2 A AR XY
o At sSHA AASHCE,

0 Z2F &0 38 Ald Z3, Hx[e| 482 2 Zzof sk Hel LA™sid AA 2o
RS 2 5% oIl A= =elstRct., Had|el Ao= Fs7F SIterTE HX|=
deE 2olsldieont, £ & AM™MSHH /XstE HYYE &0 I8 Fu4E =H™ot= Al
S =40 ofsh &x[e] Mol UdX™SH AS Hol s5t&-He 2AHZL ol Hs SMHS=ZE 2
st oz mcthEICE,
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o g2 [mm] stE (kNI | oz z4m EDC 2a
A | = | = | =of | [KN/mm] [kN-mm] [%
4Hz |-3.15 [2.20 |-4.72 |4.39 |1.70 8.04 1%
6 Hz |-2.05 |2.32 |-3.02 |4.32 |1.68 7.17 14%
9Hz |-1.52 [1.37 |-1.90 [2.98 |1.69 4.66 21%
FPl -1 |12 Hz |-1.21 [0.92 |-1.68 |2.01 |1.73 4.05 33%
15 Hz |-0.89 | 0.88 |-1.26 [1.73 [1.70 3.40 41%
18 Hz |-0.79 | 0.80 |-1.41 [1.30 [1.70 3.10 46%
1.78 21 Hz |-0.69 | 0.56 |-0.91 [1.20 [1.69 2.16 52%
KN/ mm 4Hz |-3.18 [2.20 |-4.90 |4.15 |1.68 7.95 10%
6 Hz |-2.05 |2.32 |-3.02 |4.32 |1.68 7.17 14%
9Hz |-1.62 [1.62 |-2.55 |3.04 |1.73 5.70 20%
FPl -2 |12 Hz |-1.23 |[1.10 |-1.83 |2.16 | 1.71 4.55 31%
15 Hz |-0.95 | 0.91 |-1.33 [1.82 [1.69 3.67 40%
18 Hz |-0.80 | 0.81 |-1.48 [1.29 [1.72 3.18 45%
21 Hz |-0.70 |0.69 |-1.32 [1.03 [1.69 2.70 53%
4Hz |-2.92 |2.49 |-7.07 |6.79 |2.57 2.96 3%
6Hz |-2.21 |1.89 |-5.35 |5.12 |2.55 2.18 3%
9Hz |-1.61 [1.50 |-4.13 [3.91 |2.59 2.27 6%
FPl -1 |12 Hz |-1.14 | 1.05 |-2.97 |2.66 |2.57 1.29 7%
15 Hz |-0.91 | 0.85 |-2.41 |2.06 |2.54 1.19 10%
18 Hz |-0.75 | 0.80 |-2.08 [1.68 |2.43 0.99 1%
2.45 21 Hz |-0.66 |0.42 |-1.41 |1.16 [2.39 0.69 16%
KN/ mm 4Hz |-3.01 [2.36 |-6.84 |6.95 |2.57 6.98 6%
6 Hz |-2.19 |1.91 |-4.72 |5.80 |2.57 5.86 9%
9Hz |-1.61 [1.57 |-3.57 |4.62 |2.58 4.85 12%
FPl 2 [12 Hz |-1.22 |0.93 |-2.37 |3.04 |2.52 3.03 17%
15 Hz |-0.93 | 0.89 |-1.97 [2.80 |2.62 2.97 22%
18 Hz |-0.85 | 0.66 |-1.71 [2.19 |2.58 2.48 27%
21 Hz |-0.69 | 0.67 |-1.45 |2.06 |2.58 2.31 31%




-8
Displacement [mm]

—FPI(1.78kN/mm)-

—FPI(1.78kN/mm)-

-6
Displacement [mm]

—FPI(1.78kN/mm)-1

—FPI(1.78kN/mm)-2

Load [kN]

—FPI(2.45kN/mm)-1

—FPI(2.45kN/mm)-2

12
Displacement [mm]

(a) 4Hz
8
g
)
=]
|
1 —FPI(2.45kN/mm)-1
2 —FPI(2.45kN/mm)-2
-8
Displacement [mm]
(b) 6Hz

|
w

Load [kN]

4
Displacement [mm]

T 2
e
)
—FPI(1.78kN/mm)-1
—FPI(1.78kN/mm)-2
4
Displacement [mm]
4
T2
=
-

—FPI(1.78kN/mm)-1
—FPI(1.78kN/mm)-2

-4
Displacement [mm]

Load [kN]

~
Load [kN]

—FPI(1.78KkN/mm)-1 —FPI(2.45kN/mm)-1

—FPI(1.78kN/mm)-2 —FPI(2.45kN/mm)-2

6
Displacement [mm]

(c) 9Hz

~
Load [kN]
9

—FPI(2.45kN/mm)-1

—FPI(2.45kN/mm)-2

-4
Displacement [mm)]

(d) 12Hz

—FPI(2.45kN/mm)-1

—FPI(2.45kN/mm)-2

4
Displacement [mm]

(e) 15Hz
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] ]
'g -1 1 g E
< Q
- -
2 —FPI(1.78KN/mm)-1 —FPI(2.45kN/mm)-1
5 —FPI(1.78KN/mm)-2 , —FPI(2.45kN/mm)-2
Displa—cement [mm] Displa—cement [mm]
(f) 18Hz
3
! 1 T 4
e e
- =
—FPI(2.45KN/mm)-1
-2 —FPI(1.78kN/mm)-1
—FPI(2.45kN/mm)-2
3 —FPI(1.78kN/mm)-2 3
Displacement [mm]| Displacement [mm]
(g) 21Hz
<EXMART S 51F-H9 o] TM>

= Mo REHE 2% AZY-Ha
o ASE d= 74% sfolsiict. BRI, AAl LA

S BI7b A A 178N /mel FXECH &S WS Helst
gleni, 1 &, FPI(2 .45kN/mm)- 1 xRl U IE r +71°| gle Zoz =eolct

gxlo| HaHs A d g AT ZddH] zA07] mEol MA Zd 1.78kN/mmel
2

o —

x|f MA UM ol & == U2L}, FPI(2.45kN/mm)-12]
A0l 2E EE s 22 EAZE olsl 2 2 "] Xo|7) wMSH ZHdez ol
Ct. olzf{gt 2ME sllZst7| s 2 E 28 sdaz 42 2ME Z22+5104 Bench Scale A
a2 XStk

2R AZE-ZA FX|2| 7lF EM 8 Fu & ZT oMol HESS =elstiA 1&g
A7|E 0|85t 3&l Y HE Al E ™SI A= -2 X[ o|[2d IR
NEsF f,= MAES| AHE 118kg0| Ztali S o 282 19.10Hz, 23.63HzO|C}.

28 Fx=9 3AE msk| fsiM FxEEQ 1w ASTE oa IR ZS52l 1/3t)
olat, 3 ojatez MAI}L A== Z | MAH HMEE o2&t AZE -2 FX|o| ZZTI0| LMY
st= oA A Y2 6.37Hz < fn(19.10Hz) < 57.30Hz, T7.88Hz < fn(23.63Hz) < 70.89Hz
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S Alg 2 ZF Hxo Tl X[= AlAES] B2 118kg=2 MAstst o A|EO| 7‘._|
Ct. &Z4% A30 2sff 7= A HRE D25t AIg#Hel= £0.1mmZE oP?&
5Hz ~ 100Hz77HX| Al&lE ZAstQUCE. o, S20| o&=E= 2SS YooM= 2Hz
S20| o AEX 2= FlsF oAM= 5Hz HH4e =2 A" E Flasiiend, AI‘.’:.* _‘P_ﬂ
1e{sto] 37 Y ZHE AlE2 33 E T™A5UCt
<STUHAHAEAIE 21>
Dampin Dynamic
T = Fre[qHuency Coeff?oiznt .Tr Tanl pelta Stiffness
z] [N-sec/mn] [Unitless] | [Unitless] [kaf /mn]
50.0 9.89 3.52 0.28 11436.89
FPI-1 48.0 11.47 3.53 0.29 12248.47
1.78 48.0 10.86 3.30 0.31 11065.35
KN/mm 50.0 16.71 2.94 0.34 15977.08
FPI-2 52.0 17.53 2.47 0.43 14344 .14
52.0 17.41 2.33 0.46 13508.30
48.0 9.75 2.72 0.37 8436.17
FPI-1 46.0 12.60 2.59 0.41 9454 .98
2.45 40.0 11.79 2.33 0.46 6973.52
KN/mm 52.0 11.82 2.66 0.37 11045.15
FPI-2 46.0 17.18 2.47 0.41 12952.79
48.0 18.03 2.54 0.41 14226 .86
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Transmissibility
Transmissibility

Frequency [Hz]

(a) FPI(1.78kN/mm)-1

S
1

Transmissibility
Transmissibility

_
|

Frequency [Hz]
(c) FPI(2.45kN/mm)-1
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Frequency [Hz]

(b) FPI1(1.78kN/mm)-2
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Frequency [Hz]

(d) FPI(2.45kN/mm)-2
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ASAoE Ex[2] S5 S40| FAI=0 As o X A grdoll tisi 27t 8
7

o
2 HEchEich 37 i AZE A"l EXlel IR/
Sl

2t dAEIN L HAT

O =& e 22 Az2-Zta X9 AA Y HE & dXE fIe dAZEAMR} AT
£ Ztd st

(1) MA™EXIAM

O 2 M7 EiME 52T AYe SoiRToR B8l SEIIYUL S LT &
e AmPY-Zha| AIAHO| thet A ook IS ATY-24 AlAHof thet A
Mxfolod, A 7|2 A AN M=z TRECH

_ljzll-—j'k-l AlﬁED_”O“ EH?_I' |AE47:” HA =o | [ ﬁ EOI_DF—éI Alﬁf‘éloﬂ EH3I_|-
SN sfag NYstD AZY-24 RS Ml M5 AlEeS Mo} st
O =™ MAAM= 7|2 MAAR et MXZAM FSEo] Azxa-Zka A|AEO| CHet Case
StudyES ZIg#5H0] = HMshEl AZE-2ZtA A|AHIS| M7 ZiE2 ZAMSHof s, A= E-Zh4
Al AHO| CHst MAH HR= clSnt 2ot
~~ STEP #1 F2BY A4AENY 23
STEP #2 ol & Ao zNyE B4 U %4 4%
718 A4 STEP #3 o) 27 ~xy-7k4 A AHd YT 59 54 A
o2 93 24 A 4 @S o) &3
STEP #4 An) 2= -4 A28 A7)
\- STEP #5 AP on) APt A28 AT Fa
STEP #6 Case Studys 5% A 249 92 34 A&
A7 A7)
STEP #7 HAeY A2 -4 A~9 A7)

<dA EHxb>
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[J STEP #10M= Az -Za AARES HESHAAL st Fx =0 et 2RTSHAS T
Stod =9 XEjAHel 2= dath A IRISHE ofeofiol siot. SEE T Eot 5L
St Alojol] MEE AZE-4A AARES 25 AXLE s X[ufjZo|7| mfjZol X
dtef Mol et RIS+ E MESior et ofF a2 = dFolAM Tl et Bench
Scale EX At 2ol thet AtrZlssi4a Zzpolct. a8 (b)= FZ=0M 2™ SHOI
7t 3 Ldstk= |7é.01| gt Zuofolct, AZE-Zi4 A[AE” MR fRl= FZx=2 &2
B SES dotstol ZFslof gtot

0.016

0.012

0.008 —

Amplitude

0.004 —

Y
o+Mr—T——T T T T 7
IL‘X 0 30 60 90 120 150 180 210
Frequency [Hz]

(a) Bench Scale Ex AL 2 =H (b) @ LIxlAMe Faiy 2S¢ 37|

AR Hp

STEP #20llA= STEP #12| N RIASHALERH MEEH IgFus o S &35H04 0f
2 MomSE UM U U4 S AHHOF Sich = ATOIM MBB HTWD O[22 [
B0 D B (1), B (hpyp);, 2 A6y, 00 B 27| 32 AHsHokstol

che Alm 2ok Of7IM, g N

of Sxshs TWDS| M2 etz = dEH

’ mstr%
‘P]-T TTD[(mTMD)j] Ty,
(:U'T]MD)j = T (52)
Soj Mgy soj
(kTMD)j = (mTAID)j : [((UT]L[D)]']Z (53)

. 3(:uT1L1D)j
(gTMD)j N \/8[1 + (MTMD)J‘]3 .

STEP #30l[ A= STEP #20i[A{ {1z 24 32 24 g2 0|85t Az -Zia A|A”I0l A
g8 Px20| sl SH M2 MYsob ik ATI-Za| AlAHo| HBE Tx2of
et S5 siAe X s150f olet PxE SE U ATY-UM ALY HE SIXE X
Mats MAfolof, AZY-Zha AAH M8 |2 L x| w2 S CAYS ulm5to

STEP #40lM= =& oA HEE Solf A8 Az -Za A[AHoo| st 2 3 2+ gt
2 0|83t Az -4 HX[E MAS= THAHO|Ch AZE -4 FX= Cfg ASEHA

[
ozse MAE 5 Uch
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=0 2ZE-ZA ALEES HESIUE WMol S5 siM4S Case Studysto] =HatEl 24
X A2 ¢S ZEolof sioh. FAEE Y A A S 0|85t AZF-Aa FRE
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Azme-zia] AAY M8 g2 e AE MAUEUE 8|Ls| s J1E7|E o 8% A

S Xz M5 PE MEe MAsich AX Lx) oSS HAS o LMss WS

2 2Abs| flsl ORI Ze JKIVIE ALEsIch JHEY|E UE 22 9lfo| o A
=

oM M= ZMEdo =z JIRlstE M A= JHRI7|(Electro Magnetic Actuator
[ o, JIEI7|el &2 =[O 500N, 10H~500Hz7HX|e| Sl Fuls H
E &z AL = A= EME 7K1 Uct.

717l 232E A EFE ZARE o o 38 (c)2F #ol dx=A20i, 7izlof 9
of Zd=l= JHEEE HES| flsl a8 (b)eF 20| 2=-&a AMrEs HEY &2
Y FEI s, sHE 2F § JIIEZRH LYsls TS0 AR E dEE =
22 olyd== o ARSIt JIEEAE 67HE dRAsReH, JIEEA S SR 1
g (a)2F &2 537 100g &2l Dytran MZ=S ALESIFCE Z= Aol that 7ta =240]
o AxmP-Zia A|AEel ME RF0| WE EHS Hsty| 2ol #x=2 AFFuse
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Il SHCt
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<Als m=H>
T & at
ZHEIEd (N) 250 ~ 500
ZHx Fab (Hz) 20 ~ 110
Fak He| (Hz) 10
JFEl AlZF (sec) 60
ch 2s M2z As Ant
[ EE dxjol| ot 2= HEZHE Mo ZX 2M3ILE, JIRI7|E 0|25t Ad o4t
s MEo| 20|st EX QxE MASI AdsS FMASIGCH JIRIFE SEf2(0))et AX
2-Zta| A|A"H0o] MgE SUZE SHRE(@, ®) 2 fuE AF(®), 717 dgfH seie
(®), 7i7Ied difH Sef2 2[F(®)ol X2 JIETA e S ST E SH6I%ct
[ olel HFE =™E SE JiExzo AMEZez2EE AEE s A ZADjo|H, AZZ-ZA
AAElo] M2 FBZ NonTMD2} STMD, MTMDE FE235IGct. STMD= & el TMD-2( & ol M
® Qxle] &7 o2 TMDEF AlZ] Aol MTMD= 22| TMD-1Zb TMD-2(2ZoM @),
® fAxlel & sZE)E TMDEF AlZI Z<olct. STMD @~®, MIMD @~®<=2 Zt =& ¢ x|
M T M8 FFo w2 s MEo|od Hx ojdel dstoz JIxz e HMats| nfetst
Z17F {7 2ol ZI&IRol Ji7te SefE(®)dM FHE 42 7IFez2 2t Ad =A
of cHall Blw EAM8 XHSICH
O NonTMD9-I 2ol MuEtM oz JIXRIRe| ZE F7| thH| 2 ASHoM Otz MY E=
EZz|s ds2 2ol Aotk STMD & MIMDOIAM = 70Hz, 80Hzet &2 EX Ful fde
xﬂﬂlorﬂ JIRIE =QF (@) Bt AE Mo 2ol SEE E(@)oA A=o| ==
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Se Zes =olul, M MY H2 Mol YU MWD SUF o2 JEEE UL A
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stelsforet TRt Uck
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5.71dB, 4.49dB, 2.43dB, 0.57dBY ZIS0| M= AZSE ISRt FE2H 22 STMDE
A 53], 70HzolM fIx| @2 ZI=0| 8.88dBRtE M=} 100HzOIA fIA @2 Z=
0| 5.33dBEtE ZI=0| M= I 2ox= 110Hzel /x| @olAM 6.07dB, 90Hz2| <X
®0llAM 6.02dB2| Zl=0| MZ=of siE 2ol sl S% M 5dBE CHEgE =elst
ALt

MTMDS| &< 70hzollM 2?1l ®,@,®2] ZIS0| ZtZf 9.33dB, 10.53dB, 6.30dB% A& =AU
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<Bench Scale &l&l ZADp>

dB
!
20Hz | 30Hz | 40Hz 50Hz | 60Hz 70Hz 80Hz | 90Hz 100Hz | 110Hz
N-(D 65.60 | 74.92 | 75.53 | 88.94 | 88.50 | 92.38 | 90.25 | 91.52 | 98.40 | 99.49
N-@ 64.63 | 75.61 | 72.81 | 86.16 | 89.61 | 93.48 | 89.86 | 88.13 | 91.10 | 89.46
Non N-3 62.94 | 76.05 | 76.41 | 86.91 | 83.46 | 92.77 | 91.57 | 88.99 | 85.36 | 76.78
TMD N-@ 68.15 | 82.56 | 81.85 | 94.92 | 86.52 | 100.07 | 93.71 | 98.35 | 100.35 | 99.92
N- 70.41 | 70.97 | 70.97 | 71.96 | 72.01 | 79.50 | 82.06 | 77.18 | 75.42 | 78.03
104.6
N-® 65.76 | 69.68 | 69.15 | 76.08 | 74.04 | 98.30 | 97.86 | o | 97.63 | 99.59
S-@ 64.58 | 74.20 | 79.36 | 89.26 | 86.89 | 92.80 | 95.30 | 90.96 | 95.44 | 98.19
S-@ 63.72 | 76.90 | 77.65 | 85.06 | 85.81 | 92.84 | 92.54 | 88.33 | 88.29 | 82.10
-3 61.99 | 76.78 | 80.46 | 87.09 | 81.37 | 84.31 | 93.86 | 83.69 | 77.07 | 82.82
STMD
S-@ 6529 | 82.26 | 85.51 | 93.97 | 85.03 | 95.65 | 98.95 | 95.91 | 98.76 | 96.43
S~ 71.59 | 71.73 | 72.83 | 73.67 | 73.51 | 80.04 | 84.60 | 78.32 | 76.23 | 76.72
S-®) 74.04 | 74.41 | 74.58 | 77.92 | 76.22 | 98.17 | 99.46 | 98.10 | 95.39 | 98.96
M- 65.08 | 74.96 | 77.02 | 86.59 | 86.51 | 97.25 | 94.70 | 91.73 | 97.16 | 95.61
M-@ 63.54 | 75.41 | 77.85 | 83.38 | 88.60 | 94.27 | 87.43 | 84.86 | 87.95 | 81.25
-3 61.76 | 75.39 | 74.70 | 83.55 | 83.81 | 88.31 | 87.55 | 84.37 | 81.99 | 78.33
MTMD
M-@ 66.78 | 81.66 | 84.49 | 89.48 | 90.05 | 94.41 | 93.17 | 95.60 | 98.73 | 94.99
M- 71.25 | 71.27 | 71.51 | 72.65 | 72.83 | 78.07 | 81.75 | 79.08 | 76.31 | 76.00
100.4
M-® 73.20 | 73.59 | 73.87 | 76.93 | 78.05 | 99.15 " | 99.89 | 95.30 | 97.36
STMD @ | 011 | 2.01 | 1.01 | -1.43 | -2.19 | -1.07 | 237 | 0.76 | 0.16 | -6.07
STMD ® 0.08 | 1.45 | 0.22 | -0.15 | -0.48 | -8.88 | -2.76 | -4.74 | -5.33 7.34
STMD @ | -1.83 | 0.42 | 018 | -1.28 | 0.13 | -4.83 | 0.18 | -1.89 | 1.37 | -2.20
STMD &) | 2.20 | 1.49 | -1.98 | 1.38 | 3.11 | 0.13 | -2.50 | 1.69 | 3.77 | -0.01
= STMD ® | 9.29 | 5.46 | 1.60 | 1.52 | 3.78 | -0.56 | -3.46 | -6.02 | 0.72 | 0.67
X ZH2f
=3 MIMD @ | -0.56 | -0.25 | 3.56 | -0.43 | 0.99 | -4.09 | -6.88 | -3.48 | —1.91 | -4.34
MIMD ® | -0.65 | -0.71 | -3.19 | -1.02 | 2.34 | -9.33 | -8.48 | -4.84 | -2.14 5.43
MIMD @ | -0.84 | -0.95 | 1.15 | -3.09 | 5.53 | -10.53 | -4.99 | -2.96 | -0.38 | -1.06
MTMD G | 1.36 | 0.26 | -0.95| 3.04 | 2.81 | -6.30 | -4.76 | 1.68 | 2.12 | 1.85
MTMD ® | 7.95 | 3.87 | 3.23 | 3.20 | 6.00 | -4.02 | -1.85 | -5.00 | -1.10 | 1.65
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