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Optimal Design of Tuned Mass Damper System

Jang, Tae-Joon

Department of Construction and Environmental Engineering
Graduate School of Industry
Cheju National University
Supervised by Professor Eun, Hee-Chang

Summary

This paper presents optimal ' design values of tuned mass damper,
which is a control system to reduce the dynamic responses. The
values were obtained by minimizing a performance index, which is a
quadratic form by dynamic responses, and applying an optimization
algorithm. Also, more reduction of dynamic responses was observed by
acting control forces determined by optimal control theory on the
structure. It was desirable that an additional tuned mass damper
except the top floor of a multi-degree-of-freedom structure locates at

the floor governing the second vibration mode.
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(1) LRB(Laminated Rubber Bearing) System

b de AR E e AR RN e A dus RATeRA F
2npgko]l A S S7MAItH(Fig. 2). 15 3] ZE-2 Vulcanization
of ojgttt. 1 AAewm el A THL Fob FHAl A A7 A
Zole A7t g MdE 9% Fa z
Ho® LRB Al&=®9 Tx= A9 Ao dg
olal, ZF&H|= 0.08 B=e] gho] AR&F T

Protective Rubber
Outer Steel Plate ...

i

1

T

: I

Inner Steel Plate - :
!

1

Flange ;

Fig. 2 Laminated Rubber Bearing

(2) P-F(Pure-Friction) Base Isolation System

P-F Base Isolation System <& Sliding—joint Base Isolation A]Z2~®l<
2 EYe o FAe FxEH 7|x AW wupEE ol&ste FRES
A ZRY HEgr) o] FX = BE XA FollA 71 hdgt A
gog B 4 9t} P-F Base Isolation System& T-%&¢] ujchat S
Abolel wlggol ofdto] WAE = g wpEHo] FxEo] e ANk JhE
TE AN FE2EY £H W9E Folve 9SS b, whEd o
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P-F Base Isolation System< o] th3l Elgo] glomzg Add W
A7 At O FxEe] FHAHC s A ¥E B L WeE
A2 A"t P-F Base Isolation System®] &4 -2 ¢F3l zx Ao = 1

| dASEA] kol o] W] FF2E L Isolatior’t §lE 499 9 &
AdstA veElUH, I dAGE de 2 AN VpEEE we A fdw
A" nEyo] dojifal Isolator & 37} TAIgTE o 7
& wpEA ] e AAEAAY, vpAAFE B 01 A=olth H A
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(3) R-FBI(Resuilient-Friction Base Isolation) System

19871 Hostaghel®} Khodaverdian®l] 2]} #|<tH Ao = T+ Teflon
FYE FEo] mpEe] g5 HFHol da Tl HAHES A=
Rubber Coret} LRB7} 9] 1t (Fig. 3). 19843 Ikonomouel| &3 %%
¥ Alexisismon System¥} A}gH & Ejojt} R-FBI A]2~¥l2 LRB Al
dyl P-F A"l EAS WH 71x]3 o= g [LRB Al2~H I P-F A
25E Al FEEdd ARSShe AR fAFSHH R-FBI Al &F P-F

oJutzl o 7 R-FBI A|~¥1S LRB A|~® HrT}
A Aol digt Alagle]l 3§ FU)E 4xo|d, whEde] w)
P-F Alz=®e] grrth 2& 003914 0052 ko] AR&EW, A WA v
7] }%oﬂ o3 EHHA oA F5, Eato] o] Folxth R-FBI Al

qo 2 ~3xd Visco-Damper®} Friction Damper’} HE =2
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(4) EDF(Electric De France) System
FARez W7tE 3HAA(Lateral Flexibility)S 712 Neoprene Pad
Yol 7t ord Al Friction PlateZ} $t}h. Neoprene Pade] 4F4-oi
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Friction couple2 ©¢]&t}(Fig. 4). Neoprene Padv 40C AHZ=7MA] §©A
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Fig. 5 Behavior of EDF system under earthquake
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Friction Platedl A #5F W 7F di=vh(Fig. 5(c)). AA, Friction Plateol
olsl] A+ Hd AEdE e A7)+ Bearing o 93] 7t A= #2183
Friction Plate®] wF&AIGFTE #ste] Fgith vhzake] njE o] dof

=

ar
=]
A AR ghol HAAFE o 02 AE} AgEH, w7

(5) SR-F(Sliding Resilient-Friction) System

# o] R-FRI A|=¥13 EDF A2=qe] Fa3 4Hes 493 M=
Isolation Al2=¥lQl SR-F AlZ=glo] 7@tEglomn o] Alxgl2 7]EA o
2 EDF AlZ=gl3 {§AFgE Isolation Al2=F1o 2 & 4 Qlth. EDF Al Z~8
2] Neoprene PadE R-FRIZ thA 3l Fejo

of AzEle 2 gy WAE AoNA ¢

E

=)
= =olH, AT SHS AW JtELRe] A
of e RIZFeHA] St 7HE H ol pEE e, dA A= ol
|l M= R-FBI®F #o] z&star, AA Ak oo AxldA:=
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(6) NZ(New Zealand) System
NZ A]2¥l Lead Core Laminated Rubber Bearing, Lead Rubber
Bearing 522 &Z& o] ZX+= LRB Al=8& 7dste] e AX| o
T LRBS] Tl 9839 de 9ol F7Hd dluA 24 FA=2 A
&3 tH(Fig. 6). 5ol 93] T Hdgo] AT Ho Aot

[e]
B2 Ba vyl qUAE Freth o AL o 7 gAY P

0\&

= =t} o] W7 &S Hysteretic damper® #3342 4 ot
G2 A7 F Lead Pluge =48 YHolA &Qst7] o, 7243
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(7) High Damping Rubber Bearing(HDRB)
HDRB®] ¢]#4 &el= LRB9 Fdstt AMEd w57F =2 724 &
e Zb= Aol LRBO = o & SAolth whebA|, a7 47F 73X A9
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% hysteretic damping®l 93 F& ¥t HDRBE 4% #H Lol 724 7
7} 0.4 o]l super plastic rubbere] i Ag&A A7} o] Fofx| 1L

_11_



22 AF &3 Ax=H

ol

o)

_r
o
o
NI

e

B

o

ct.

gk

(tuned mass damper , TMD)2}il %=

El

-
1
gl

o] ELdof A

Aol

-
R

© BEE X

7o}

% ¥} viscous damper® ©]

e

14 olq=

9]

o 2]

A o]
1A

Aol =
](Tuned Liquid Damper, TLD)”7} t}. TMDY TLD+ 2&<

ol o] oAe] &

9|

tfale]

7 B}
3}

5

Mo

_?4

Wel7h A SaEn 3

2K

b Amdlog

o w4

-
R

e} o
SHE 9]

o
T

2

2

)

st

-
X

3] e
- =

) 253 TMD A~

)
3
R

s

ik

= 2d2 TMDe 7]

<
s
il
o
%
oF
o)

o)

1=]]
=

Ea

]

T A

TMDS] %4107k 09 4% 24+

o] ©th TMD Alzglo] %

]

A

!

_12_



-
T

21t} Den Hartog

A A

=
=

=4 #H4 TMD

)|

;onﬂ
o

el

7opt

28]l Den Hartoge Ut

AE

pS|
=
b H 7han g,

TMD<]

]
~

A ue) Fz deped

=
=

Cr

M,CK

Fig. 7 Tunea Mass Damper System

(2.1)

(2.2)

o] 71 A,

_13_



; TMD®] zH2]v]

Cr
ZMT(OT

2.3 9 A F4 Al2H= (Energy Absorption System)

=
=

Ao Qs Ao Azl dFEA

Nage dEoR AgHAY e

A E)
— %

& Al A

24 =

=

a3

el

Al

ki3

=E]

g B2 5-E

_14_



e dUAE Fdts 789 A& Aol Bl vsto] FxEo oY
AE 7tste] AEs Aosnz 55 Aol Alxdoldt gt TEd 1E
Aol WS F2Eo] M 5 s AsAe olsderA Al 2
SR kol diste] Hds diHd ¢ e FHES AU don,
doH oz Hlgo] Wol == dide] Ut

T Al A2 AMEREH 42 JEE o] &sto] aF Ao
Ak Ao daglEa dAR AHE FxEol dLsty] fgk Ao

2 & = dod, Aol Wty Fel wE

ER7F drtdelt. d4 28 4dA dAY AMEHAL = 5F Ao
gl Ao w7l Fo = 55 A 727 (Active Mass Damper), &
= ®|d #XF(Active Tenton/BraCing System), & 44 =4 A
(Variable Stiffness System) 5°] o™, +538 & Aol A== F
Y Ao A2"E /\}%5‘}% &3t Ao} A]2Hl(Hybrid Control
System)o]l Ath. 7]x #2] A|E"H stF A E AAANA AHESAY
TMD<e} AMDE E-3t3t %%l Hybrid Mass Damper(HMD) So] &3
Y Ao] A" &3ty EFY Ao Alx®Ele] FAHL Ao oYX

o] Bo| A&Hol gtoy, HAdd Xﬂoi, 721 Al o] (ribust control), % &
Ao, 217 " (neural network), 3 A Ao (fuzzy control) & #|oje &4
et gk olE2Eo] AE AT Tl

s A 247, 539 A 347

k%)
A
o

(1)
(Active Mass Damper(AMD), Hybrid Mass Damper(HMD))

01(‘



el

7A
oY

el

KeR
T

Fefolct. uok 1}

bl A1g

S

EERS

f

I TMDSH =3

2712

Z

st 7Hg 9y

ol AA7F 8o

[e]
e g

=

F71 %= sk,

)

jace]

o

o

—_
o

2l

| dEo A= AlFF<

RS

3|
pul

_Z_O
£l

o
B

™

0

rou

I
e

o},

p; passive

a; active

]

o

= d7F solva

3

HMDE A&

T
T

& : Actuator

Main Structure

Fig. 8 Hybrid Mass Damper

3

Ao}

t=ol 2717}

S

Ao

[ ==
AR -

sttt Fig. 9+ =

ol 7bs

g

o]

=)
=

g 7z

_16_



Cable-stayed Bridge

\

Unit

.

Fig. 9 Active Tendon Control system to apply in bridge

(3) Isolator-Actuator Hybrid system
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TMDel 93 F+x2E°] & AojE Buh Sugsty] fste] 715 7]
o]t Aojg S WA o ZA WFS AT 4 Q) o5 TF X%
A% 71471 (Active Tuned Mass Damper, ATMD)Z} 3w, HZ# Ao
(optimal control) ¢|&& <AZE e 54 55 HL=E 3t A=

= W4T+ Aok

3. ATMD

My +Cy+ Ky=Duit) + Ep{t) (3.7)

o714, u( AolH & vehisl, Dsh B 747k Ao elee] 14
AAE Yepd o] E e Aoz gy o] A & F Iy
z ()= Az(t) + Buit) + Hp(t) (3.8)

o] 7] A,

) =[ylt) y()] ~T
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of wel, Alole WME y(t)=—Gy(t)s 2ol el wMEel #F HY =
Foz ARFH A% AFE w9 (0 APl 9% FFz o
23 2,

J= fooo[zTQz—FuTRu]dt (3.9

lo
o
=
)
[40

o714, Qs Re 745 WAz 1 7] e WMerst Aol
Zaxol we 4gH

NGB AEAFE Hasee o5 49 G7h AAHL o] zRY A
olelo] AAAT. &, H(39° ynE Axwlo]l FHHA e Aw6lA
o] Aoje g e,

e AFR AT Ao] o5 G Teow A,

G = Ri—plp (3.10)

be @ae Aa

olr

o714, FE PE 29 Ricatti WA S 7=

I

ATP4+PA-PBR BTP+Q=0 (3.11)

ZA=d] 001, IF5F 9.498rad/sec., #4H]7F 0.0038= A AE TMDo
AJsto] AlojH g flo] Aol el oa] AHA R 754
AT o] Aloj= ] w3 o] s TMDRE] ©] gk
3] YElYI & Fig. 15004 & 4 St} o] £
e AAAZ BNk oiyer 48 ygol T

Ll
By

1g.

ol
24
(DN

i o r>J
o
>

Al

kD
bl

=
TMDe 98] FsS Y & e Fdo] Urth



Conirel morca

i 04

003

LN B

-0.01 |

002 |

-0 03

+ T

i i i i i

=

& | B 0 132 14 1B
TIME|SEC }

Fig. 14 Control forces by optimal control
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Table 1 Optimal values according to the story

Story frequency(rad| damping sum of squared
/sec) ratio displacement
1 7.994 0.075 61.63
2 2871 0.007 61.61
3 13.93 0.194 61.73
4 8.00 0.190 61.49
5 8.02 0.180 61.59
6 8.00 0.001 61.63
7 18.14 0.100 61.81
8 4.74 0.0003 61.70
9 4.47 0.190 61.84
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Table 2 Mode shapes of primary structure

1st mode Z2nd mode 3rd mode
1 0.06 -0.19 0.30
2 0.13 -0.34 0.44
3 0.19 -0.43 0.34
4 0.25 -0.43 0.07
5 0.30 -0.34 -0.25
6 0.34 -0.19 -0.43
7 0.38 0 -0.38
8 0.41 0.19 -0.13
9 0.43 0.34 0.19
10 0.44 0.43 0.41
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