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ABSTRACT

Adaptive bang-bang control algorithm has been proposed by the authors to improve peak response reduction of
building structures under unexpected large earthquake. At the previous research, control performance of the
proposed algorithm was experimentally confirmed by using a 1-DOF test structure. As an extended research,
performance tests on a multi-DOF mode] structure have been conducted to prove the usefulness of the adaptive
bang-bang control algorithm using a hydraulic AMD. It is confirmed that the proposed adaptive bang-bang
algorithm is applicable to suppress the vibration of multi-DOF structures subject to severe external excitations.
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Fig.1 Flowchart of the proposed adaptive
bang-bang control algorithm
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Fig.2 Transfer function of the test structure

AFgF, F48] = ¥4 T F#¥3IU4 #3
g A 72EY 31f JFF U FHYE Table
13 2o, FHule & RENY wFH A (half-
power bandwidthy & ©1 83t 33Ut

32 N9 F=E9 249

AlY F2EE dd FFAH 2dz2 /3 A
T, F5A AEE 539 A=A nf AFF,
#HHY) 2= Y4 € B Ogy &5 A
Ao PHEL F3&H)

M,ii,(t)+C,!'(,(r)+K,x,(t)=f,iig(t) (1)
A7IA x, (1) =[x, x; x;3 x4 x5]7 2 Akl AH F

o Ad d9E JdehdA, 4 = AL MEEE

vebdig
[ ]
|

Tima(sec)

(a) Ist floor

Acc. 0! 31d ticor (g)

Time(sec)

(b) 3rd floor

- =.- Experiment
Evaluation

A “i I_\“ A _.'ﬁ

",...'_“.,-.

Acc. of 5th floor (g}
o
o
-
-

Time(swc)

(c) 5th floor
Fig.3 Time history of the test structure

-242_



AN2d 2dy FAIAg 4y doletsg} vadhd
olg FAHN MUY Fig2 € AFU 7IA UYe
A 13559 3¢9 48 29 F3 U9, 33
(poles)™ ¥ H(zeros)°l HAZ T YANEE & +
UHER G- (zeros)oN A Fe] a7 Ao
a2 A7le W% Foh) Fig3 € random #¥ 9 A
T 7H AYel dEdoq 135%59 MEE ¥
Al 01g g HojFn U 2P % Ayt
AY dodg ot e e AHuE FP
RN MEHPE olgPoz MAAHc & go
2 F3HUA7) g e,

4. #44 AMD & o8¢ HF 49

41 N=¥9 299

ALd HY PE Ao dunEel VF A
ERE #$As7] HAdte] 53 AY F=EY HY
T &% 744 aMD € HA G HA A =2
2 E o]dY 71AYE Fo AAE duAFY #

54E $U8UY. AMD & BE AZFE j0kg 22,

ole N¥ FxES 3 A% 4 osuel AFs
3% B2 F7h AF) dstelE o 6%
Agec 4244 amp 29 39 99 ¥t o =
Z A% 849 28 AY Aolo) R4 ¥R
o o)g Anvge AhziH JARFZ A
59 ALGPFE Yol T 2ol aMD N2BE
AP EEEY

Fig. 4 Experimental set-up

Xo() + apxa(t) + ayx,(0) =—azV,(0) (12)
9714 & AMD 9 EZ AF ¥ y & 9Y
AE AL, g =183 g, = 51023 4, =43141°] T,

(AT 128 & A3 A X299 &F %
AHe O3 o] Y,

ME() +Cx(1) + Kx()) =bV,, () + L (¢)  (13)

A71M x(t) =[x, x, x3 x4 x5 x,17 °1°},

getd AY F2E dE 9.&9 24 MUY
A BRI A FPoz H¥IE g Ao

&(1) = Az(1) + BV, (1) + Eii ; (1) 14)

y()=Cz()+ DV, () +Fii g (1) (15)

714 g =[x()" k()T & N2¥Y 4™ 9

O] E’ y(t):[ial iaZ iaJ ial ias iam xa]Ti )QA]ZJ:

Aol Aol ANZHE AY aYHoiAE 29 o
Holn ol Al 7B ZH3oMe Ad 74
9 Bz A% A AHE4E W BE AP W
AE Jerdo

42 49 A2=¥9 74

A4¥Y AFE A%A Figa MY &F A AF
oA Ef3tan Ade ¢AFE dF dFdd Al
e A TR EY Heg nAYsn, AFde) B
ALE Ak M4 A3 E Y¥EEY ANE T2EE
7HA &G =8 AY FRE HuEe 4
T Ad¥EE A&7 318t load cell & @3}
AF ) Apole)l A &),

Aap Ad e BEY FoFE 160kHz 2, U]
B HE F71& s00Hz 2 A KL AR A
o] AFE msec HEH2E FHEHEE JAY, u
Fgn,

Aol dneFE L8y dHMe ANA"y A
B HEE 2F &3 £ 3o @ o|F 9
qA MY FZEY 13559 HEEA M9 A
3 o]&3e 4AE Kalman YEIZHE A2¥
o AeiFE F4sdat,



43 Aol ¢uYES A4

€ =R e AA 71E¥H2ZE g Centro AXE
s, AA 7€ PGA(Peak Ground
Acceleration)® 2 0.02g 2 ¥ E AU 43

Aol 4 Ag BAL ) < 70y E FRE,

ol #dd aMD S FEA AEE Fdd g
g ALE @AKotk A detvE o g YR
ol FAAELE FY3d AojHEe A ABFYL
S vyEFE 1+ maxpm® &3 olnl AHE o
o] & WA o za ALY L FYsUt
FALELRE FE maxyy)| = 6e-3 ol A3t 4 =
6e-3 22 AY F AU =AM o] kg ol &3
o g@td FERAQ e w wPe] F A
Ag HEY Aol PPE AHLIHA Ao Heg
A8 B3t
WA pGA = 0.02g ! El Centro A%l whdte} A
g TYAE dol MY MA sEvlH a @
o datel Mol MEIYL WA Gkn AW
FZ2E9 $Hg Yo AHHYE ¢ F AU
Figs © A8l o8 Ao AFxe AY FxEY
sF9 Ad st 59 HatFolMe A At
o] & BoFu k. ol Ao 4FE Log A
o] YL HERNE HFvo viuALD Fige ¥ 2
o TYE UY ARG A =AsNN FREY
SHY HAAA U ms @ 71A JDHE Y
WA AtE A zlo] WL QG A %
Heo o as3dE §A98 5+ A

L) L)
0 5 10 15 20 25
(a) Absolute acoeleration of the 5th floor

1.0
1 i l.
'||||'. "M'.,Iw' Wl”‘ﬂ"';'. 'f- W\m-lnr

[ PEY RN I

-1.0 ]v T T T T 1
0 5 10 15 2 25
Time(sec)
(b) Base shear force

Fig.5 Time history of absolute acceleration and base
shear force of the test structure at PGA=0.02g

4322 99 pGA = 0.02g % Bl dhdte] A
e #E g, =632 FIL I oFe At 7}

5 498 FAL ol zﬂ?}% ey Wy
Aol el o%t Aol JFE AHBU} Ao
AL A &Rt ﬂ%g_-m Z234 HasA
g Aoy %y AA sgetulE oo gol FREY
Sgo] Ad we of & o wyPoz Q8
Mol davwe ¢AsA Adsked Ao 45 =%
g 4 AAH Fig7 € 2 FolA PGA = 0.05g
A AL sFMY Ao &R, 714 AdY,
Aol g8 AY, ke W diF AR o)y
BF5

mta gAY Aoy uy FA sen g
e e F2AY el = wFE AgE
gy Ao ¥y HEe AAs nd ol
o 71WYRt of & Fo dHAE Ao Ax
el g3 AdoM Ao7IE AASA FEAA 9
e Ao A g d F ARFE EAF F AN

5.4 &

T3 9% Aoj ol AA AHg Ao, A
A Z1AYEg o & 7]3ge] dARE Ffde
AR Aoy A3 24 detvig o9 gol 7
A gl v vy zZA Hol Ao JaH
7t dojut AARE BEAFEA & + A o9
TAHE S587 A8 AL HEF B9 A
of W Ao 7 F Ay oy AAY #H

Proposed method I

Floor

I m LQG FiE

ow Bose

LSS sheer force

0 10 20 30 40 50 60 6 2'0 4'0 5'0 a'o
(%) (%)

(8} Reduction in.pesk value (b) Reduction in rms value

Fig.6 Comparison of control performance for
absolute acceleration and base shear force of
the test structure at PGA=0.02g

..244-



e a9 ;& FEAY ol we uvFo F
o2 Aojrjg AL LAY + Ue WYl
GAfEAe] FRE dHME ALY F$Y
W Aol e {84 AFE] AWM 5F
o ANY FEE AFE FEY 4EE £Y8
R, 2B AAM AF o g5l HDBHE
Bz AL ZE 44 AMD Al2RE o434
AA 71 179 o9 & 71AY dHME
HeojZigl AY F2ESY B U Ao Awol
SHEge 49 F39 dFEd et At
¥ FH3d 99 Ao PP 1 AREA BT oY
2t QAFEA] dAME Aol7] R FEE A
Aol A7 Qo] A& 7Heeg #dE)

* 7

€ 47 37 A3 d74d Aoz £ 34

(nvs*2)

0 5 10 15 20 25

Time(sec)
(b) Base shear force

v)

{c) Control input voitage

0.016

0.012 4

(@)

0.008 4 II h
0.004 ¥y . v r \
0 5 10 15 20 25
Time(sec)
{d)Change of ¢
Fig.7 Control performance using the proposed
method at PGA=0.05g

AR FAE FEE AY A Ve A BA
% A4 e AF ME ALz £YFA «1F
AHE] F % AY AF Aolg FEHA M
BAe] A F Yoo

Fag

(11 4% 349, wl4xrt 28 «H Ao GndE
& o8 T2 E WF FF Mol» ¥F 2§ VF I
A oW M2E pp.215-224 (1996)

{2] T.YChung, SJMoon and SM.Jang, “Active control on the
structural vibration under base excitations using a linear oscillatory
actuator”, Int.J.of Applied Electromagnetics and Mechanics, Vol.10,
pp-203-214 (1999)

B] TEFUBEMEY AAMGzd] DY EYHYY
AR Aol % T2 & VFA FF Ao JUESYYE
3,15 Y, 6 %, pp.1535-1544(1995)

[4] TUFVEe Yy E58Y AF P47l E5AHAE
2e# FFAAALEY YA FFAAITHY #AY
98 =€ pp.196-201(1999)

{5] T.Kobori, N.Koshika, K.Yamada and Y.lkeda, “Secismic-response-
controlled structure with active mass drive system. Partl:design”,
Earthquake Engng. Struct. Dyn. 20,pp 133-149 (1991)

{6] [Nagashima, and Y.Shinozaki, “Variable Gain Feedback control
technique of active mass damper and its application to hybrid
structural control” , Earthquake Engng. Struct. Dyn. Vol.26, pp.815-
838 (1997)

[7] B.Bhartia, Y.Fujino, and J. Mongkol, “Control algorithm for AMD
with constraints”, Proc.1st World Conference on Structural
Control,TP2, pp.70-78 (1994)

[8] J.Mongkol, B.Bhartia, and Y.Fujino, “On Linear-Saturation(LS)
control of bildings”, Earthquake Engng. Struct. Dyn. Vol.25,
pp.1353-1371 (1996)

[9] B.Indrawan and H.Higashihara, “Analytical study on a new
power-efficient active control method”, Proc.2nd Int.Conf.on Motion
and Vibration Control, Yokohama, pp.687-692 (1994)

[t0] B.ndrawan, T.Kobori, M.Sakamoto, N.Koshika, and S.Ohrui,
“Experimental verificaion of Bounded-Force control method”,
Earthquake Engng. Struct. Dyn. Vol.25, pp.179-193 (1996)

{11} ZWu and T.T.Soong, “Modified Bang-Bang control law for
structural control implementation™, J.Eng.Mech.,ASCE, Vol.122,
pp.771-777 (1996)

[12] 4A% «Aolg ¥AE P 71dF] J@ 72 g9 A
F Aol daF AL AT FE HA 89 =8 874
&71& 9 714 F &2 2000.2)

[13] 948 349 #4239, e 1A B 2§
o AF Mol A 23 Ao] ol Ag- ¥F 27 A
F 392 34 oe A3 =83 pp.188-193 (1999)

-245-



