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A Study on the Applicability of Structural Vibration Control Algorithm
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ABSTRACT

Several saturation control dlgorithms have been proposed as more effective ones than linear control algorithms for the
control of the structural vibration when the pecdk response occurs during the first few cycles like the building structures
under earthquaokes. In this paper, the usefulness of existing saturation control algorithms for the structural vibration control
under severe exciting loads Is invesfigated from the practical point of view. As a result the modified bangbang control
algorithm is confirmed 1o be very effective. However, it s effective only under the certain range of the parameter
determining the wave shape of confrol force and can be unstoble oufside of the range. Based on this investigation, an
adaptive method which can be stably applied fo the stuctural vibration control under severe external excitations is
proposed using the modified bangdoang contfrol algorithm. It usefulness is shown through numerical simulation and
experiments using a fest structure with an active mass driver.

Key words : saturation conirol, adaptive bang-bang control, parameter determining the wave shape of control force,
hyadraufic active mass ariver
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Fig. 4 Experimental set-up

AHEEFTE 8 AA Ao} Aldle UAE &
= #3 ZHE AHESiAed ole oldEa
£ 34 ZHE Holg #5 F715 18t

Tustin @82 o] §3jo] 248 Sk

4.4 Hof g1n2jge| X

£ =E9AM= Fig 39 PGA(peak ground
acceleration)=2m/s’?) A$¢-2 A7 7% A7
7HEEE 1SR T, AARE A E W Ao
o|&% F&s7] fsll A 9= AAHE ()
2RY AA 849 Aoy 13 AR dalv
B e=max|v()|2 AH3IAT. o9 3 U9
2 A8 FALTE T4 ol v(HEH-
B o=max|o(H|9 47 olv] BAT 3 2
= WA o 2 FEAPE S
FAAG S ZRE max|o(£)|=9.4814e-39] )&}
o ¢=94814e30.2 AT 4 SUKTh wepA of
& o) &3t FAHE W Ao o]ES FH§
& o] 18E o9 T o83l A9 A
s HAE BRIFLL o9 FhE FRAY SR
g} v = AE A8y Ao] WHE
AEgogA ole SAE FEHFS AHHEIT
9E W e | V,I<6VE 7HE3dh

AR, AAA 1A 71E 7T AAE A
Y FREo] Hhe A9 Ao A Yol B,
PGA=2m/s™3 7% FAAES B3 A9 @
& A48 43 Al Fg 59 2t} o]27H
Aol darglFe] Aol AlE FREY ¥HY &
7] $EHE Yo WS gAY & 4
Ak A ukel] gk A FxE Hdl M= A
o] A 2.839mmol| A Alo] F 1.060mm= 62.67%
TR oM 52 Bt Ao Az 9t RMS

2 850%5HE ZAstE, AlE FRES] A
TREEE Ao W 209y’ Ao} F- 846m/s”
2 6170%5HE 74stg.om 52 Fhe] Ao A
7F 9k RMSzHe 81.82% 0+ 7443yt =t
Ao s 24ske 98 HAY¢Y Ase 051%
Abolel] Hujgks e d4s & 4 Qloh

by AE E Aoje T2EY] $HS
Zo]7] fal Aol MElPo] wASA %A A
o u¥ 24 vy oF ddgoy, ¢
g A A " ellM EL Ao} H45E
d A AT F AUk

=4, A7 1Al A Al 1T 7)A
Rt o & A5l ggte Aoy 9y 2%
BebulE] ¢=94814e-3(PGA=2m/s’?) 7 XA
BE R 1t $AE B Ao o]&
o] H8-& B3l oY Ao H5 FAE <l
B3tk PGA=dm/s*o]4o] SH Alo] 18 A
o] FEHoZ HHE FHHE YL FX
A3 g A¥doz Fl & & JYsith o)A
4 A7) 2 A="e] S BAEA
23t} Fig 62 PGA=5m/s’Ql A9 43 An}

o
e
£
_{

o
30
rr
<
o
oA

N
9,
£

o
i)
rr
)
2
i
o,

N

] Z8t Ao GEAHAE Yol AF FE2E9
SHol B A Y-S & & & AUk

oA fle] A2RE FEREL] AT Ao
o] nAE Aog 3y 2R sty o
AHgshE g8 WBE Aloje] &L oW WY

N4 K2z (82 M14%) 2000.6

=XNE T =2E 31



4s IS Zefet

75719 &

L Seemee Uncentrolled
—— MBB_control

(mm)
(=]

Time{sec)

(a) Displacement of the test structure relative to ground

==~ Uncontrolled
20 4 i; . —— MBB_controi
H

(m/sr2)

Time{sec)

(b) Absolute acceleration of the test structure

——— MBB_control
T T T T 1
0 1 2 3 4 5
Time(sec)

{c) Control input voltage

Fig. 5 Time history of the test structure and control
input voltage using modified bang-bang control

at PGA=2m/s? : experiment
YelME aado) e 1 HYE YolMe 7
oo Aol A F2EL BgsA & &
S I & Ut

442 Mol=l M25 woje M8

o) Ao WA Ao JaAE A
7] 91ske] 3280 AgtE Ao w3y AF
sefule) ghe TRAY S w uol
7he A& Aol B HEAE WY Al

o- o Uncontrolled
. MBB_control

(mm)
o

Time(sec)

Displacement of the test structure relative to ground

PO Uncontrolled
MBB_control

{m/s~2)

Time(sec)

(b) Absolute acceleration of the test structure

T Nl

V)
o

T T T

0.0 0.2 0.4 0.6
Time(sec)

(c) Control input voltage

0.8

Fig. 6 Time history of the test structure and control
input voltage using modified bang-bang control
at PGA=5m/s” : experiment

B wiE] AW EIkTh

Fig. 204 #|otE o] 2 Ao /A F
83 AL 2% ;.Y Aol oY FE
UE 2 AAstd F2AY §dol A4S
o Ao} AMejFe] A 5= gl7] wfiEoltk. PGA
=2m/s’l S 3] THH «F o4 W
ARE og 2713 @;=94814e-3) A7
& Ao] AP DA dom HA VIE
71780 tis) £& Ao UL

32 PIREXATHE =EE

M4 Mg (& XM14%) 2000.6



As Ao gralse] HSol| 25k of

o] ZXEE PGA=5m/s<]
94814e-30.2 T3 At H&H Ao} wWHS
2845 4% 23 Fig 73 2tk o9 ol
05~15% AtololA Fz7A)9] ¢go] wte} vl
o2 Qs Aojge Ao JaF= WA
ottt Akl ot AlE TEEY Ho €Y
2 A 7FEEE Ao] A 7.648mm, 50.91m/s>
oA Ao} 3 3.798mm, 25.61m/s’E z}z} 50.35%,
49.69% %+ 7+Aast9a, 5% 74 Ao A7 &
ot RMSzte ZHz}t 74.78%, 74.23%5+E 73}
Atk PGA=Tm/s7HA] 48 s3atgEd) o
Aol sz AgE HSE Ao whHe
Aol A& A F JIAHFig. 8 F=x).

Table 19 X€ 4% Wy Aol 0|28
€8 9 Agd FHSH Ao HHE oo
2 dold Alo] E7E Ho F3 gtk Ao
A AL 6V IAE 7HAERE A 74
=7} AR w2} Al F2E Yg Ao A
:0 o)A AT Aol 48 UM o

Ak A&z Mz Ao] AlzEo] ¥
3| 2S¢ 4 Utk Table 14 £7)
Bt Qe HA 71E J)1RERg Fe
(PGA=1m/s")o]] QA= Alo) 9 Agtel 2
HAE o] &A1 T XA Ao 5 TS
& 39 & gtk o] Aol A EE
o] AV} Fovg FRE o9 wE 2}
a2 Aol 48 e HUAE o]&5A

mi,%l‘
oM.
o B o ot

o

s FEEY $UL 2/3YE Y 5 9
B2 9AH2 ZHA

% ok

J22E Aol 3y 2% seeiE o9 3
& T2 $9 B wre AR 43
g Aol e Age AAA 1B A
AAEEn H 2 A3 GHHE Ao Az
9ol 5% A Ao}/ AFSA AEAA
A3 Aol 452 8 5 U AL 3
sick

4.5 TXoE Znet 43 Zie| Hiw

BE AL A S T3t Ui
of Aol 45S U & HA HAEw, Mt
Hog FAMER AF dige T dX3n
Vs AT 4= YTk Fig. 9= 1 I =A
Ak 744 PGA=2m/s™?] 7A$-9] x| 233}
AP AARE HoFa Yot ojw) £XAYPL
Ao xet 2 AN, F Y Ald &
gt Auk 7MEEE 0835t #6354%1@. Fig. 9
2 By 5% B¢ AAHo 2 YAZ gx= 2

IE Ho|A gk A 2B $Ho] M &
05~1% Ajolo| A A|H T2 %4 Z|Qbel| gk
2 WY 2 dd JkExe] w3 gelA] oF
10%]e] SA7F ASS & 4 Utk AF)
o3t A FREY A gHo] FHF

Table 1 Response of test structure and control performance results using the proposed adaptive method : experiment

Relative displacement Absolute acceleration Maximum
PGA | Peak response RMS value | Peak response | RMS value input i & max
(') | Value |Reduct| Value |Reducti| Value |Reduct| Value |Reducti| Votage | (@3 | (e3)
(mm) | on(%) | (mm) | on(%) | (m/s) | on(%) | (m/s") | on%) | V)
1 0431 | 6782 | 0083 | 8663 | 375 | 6402 074 | 8469 4.51 9481 9.481
2 1.060 | 6267 | 0204 | 8350 846 | 61.70 175 | 8182 6.0 9.481 9.481
3 1802 | 5823 | 0364 | 7999 | 1422 | 5762 290 | 7948 6.0 9.481 15.37
4 2619 | 5442 | 0614 | 7876 | 2017 | 5349 442 | 7740 6.0 9.481 25.56
5 3798 | 5035 | 0905 | 7478 | 2561 | 4969 6.27 | 7423 6.0 9.481 3562
6 5096 | 4808 | 1250 | 7077 | 3769 | 44.88 880 | 7042 6.0 9.481 51.89
7 6469 | 4077 | 1.702 | 6478 | 4640 | 3878 | 11.87 | 64.09 6.0 9481 62.55
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