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Semiactive Neuro-control for Seismically Excited Structure
Considering Dynamics of MR Damper
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ABSTRACT

A new semiactive control strategy for seismic response reduction using a neuro—controller
and a magnetorheological (MR) fluid damper is proposed. The proposed control system adopts a
clipped algorithm ‘which induces the MR damper to generate approximately the desired force.
The improved neuro—controller, which was developed by employing the training algorithm based
on a cost function and the sensitivity evaluation algorithm replacing an emulator neural network,
produces the desired active control force, and then by using the clipped algorithm the
appropriate command voltage is selected in order to cause the MR damper to generate the
desired control force. The simulation results show that the proposed semiactive neuro—control
algorithm is quite effective to reduce seismic responses. In addition, the semi—active control
system using MR fluid dampers has many attractive features, such as the bounded—input,
bounded—output stability and small energy requirements. The results of this investigation,
therefore, indicate that the proposed semi—active neuro—control strategy using MR fluid

dampers could be effectively used for control of seismically excited structures.
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NZE 7158 E AANES7] Bl T8 o8 Roke € o|4Ho it} 53], VAL L o] &d
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7 STRUCTURE >
MR damper |
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v algorithm Controller <
=V, .~ 1)} - (Neural Network) |.¢—

a9y 2. MR 4 #71& o] & wsF

AAGA I 289 BEcho]o] 1 1Y 3. Clipped algorithm® 7Jd %=

A+4894 T Clipped algorithme 28 2904 BE vls} Zo] MR 4 Za7leA wAH:s @
8 3% Aoj7lA Aol d f, & wimste] 0 olvd HHLE HojFe ¢udF
ojth. MR SAZA71E AA2 2AIZI 93814 Spencer 5(1997)¢] AU 71E Bouc—
Wen 52< A3t MAE Bouc—-Wen 22& 7]&ES Bouc~Wen RHo] &2 379 &
EFRE A2 ZAEA 23E FS AT 2R2A, 4 (11-DFE Q1-D7A 7749 A
bR oz nHA} o7l x = MR $4 24719 dHE x, & 22 27EHE vE
Wi, yE MR 4724719 A4 (pseudo displacement), #e A 12 AE Y 29, v
= B33AYe 4z vehdoh UnA oy d5EL A8 el d& 78 5 o

F=c,y+k,(x—x,) (11-1)
i =—ylx~j|zl"" - BG- " + A(x~ y) 11-2)
p = oz +CoX + ko(x — (11-3)
y (c0+cl){ 0 o .V)}
a=a, +a,u 11-4
€, =¢, +ec,u (11-5)
Cp=¢Cy +Cp U (11-6)
= -n(u-"v) 11-7
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5.2. Ho{7
Aol7) AL Y, &, 2Y¥Foz PAHYL, AgEe 159 3
Zo WY $x 9 Ay FEEE AF 5709 =EE AR &
22 549 =58 AHEEUT Y5 ANIE H% & A x=2
AHgsteith 28l Ad A PP FEAY AE 2 (12)8 AW
Wl A% 2 (13)S AHEsisith
Q = diag(1,0,1,1,0,1), r=107" (12) a9 4. ,UM )
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o
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x84 zde) 3te] El Centro(1940, 0.348g) AR ef thate] Aoj7) AALE & At

4.3. Ho{7[9l 45 HB

&Y ARY Aoyl AFE st dFd AAT AIE F B2X9 19 A7t M=
& Kobe A13(1995, 0.8337 g) ¥ California A2 (1994, 0.156 g)&i HEEH. Fuyez &
%o AH2¥ El Centro Aol FAd H|s), Kobe AZE& A, California A)A& Fzlolth T,
2 A A7) 9 AAGETHY BAE ¢golrr] A8 El Centro AFE 0.5, 2.08] X33 Kobe |39
0.254, 0.54 A, California AAY 2.0, 3.08] ARAez2x HFHIH FTHE vzg 43l
clipped 3B Alo] =3 El Centro AAoA HFY 45L& WEE A8

4. 4. AN A

® 18H X 37 E AR A7l 4 (RS did $FAATA, clipped HAA o], Ay
oM HohSHe AolstA Aske Aol tid v gol et ok ARE AERW clipped HAA 0
U Alkgol HAo A5 YEE dA £& 8&d 1.0 x El Centrod] A% clipped HFAol&
Ho AU Hd 7 A E dAFCE AR Holoy A st&E A A
B Aso doige ¢ F AU 47 "é & AFE YA oF 72 Ao dAFer
Aergol clipped At Hojd 45 S BAFT Y82 ¢ F Utk I olfEE TZ2EY
83 ndo] BagE ARAYo] AVy 3¢ R o2 d9e A i@ H§He) Hejur)

SEAF DAl HSME Ymgn 2¢ F= 1, 2358 vs=dAY

o #2 A& & F A% A7A FFABRACAE AARAY FHEA
€ A8 zeElshA G2 wf¢ o4 Ffolmz, AP A4 Fol TEAETY AAdTH
Hlatord, Aol ARsEE e 72EY 3FE Fo7l A% ez ¢ 3 T
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¥ 1. 92 71A 4719 El Centro A ™ gt z+ vhi e H-ee v

0.5x El Centro
(PGA : 0.175 &)

1.0x El Centro
(PGA : 0.348 g)

2.0x El Centro
(PGA : 0.699 g)

Active Clipped Proposed Active Clipped | Proposed Active Clipped | Proposed
neuro optimal method neuro optimal method neuro optimal method
X, 0.185 0.196 0.214 0.179 0.213 0.216 0.181 0.255 0.226
0.116 0.213 0.206 0.114 0.225 0.207 0.122 0.273 0.228
tem) 0.177 0.245 0.266 0.173 0.228 0.249 0.173 0.301 0.266
di 0.185 0.196 0.214 0.179 0.213 0.216 0.181 0.255 0.226
0.998 0.325 0.400 0.334 0.281 0.347 0.313 0.275 0.319
(cm) 0.366 0.505 0.465 0.368 0.502 0.408 0.356 0.438 0.381
iai 0.579 1.047 0.600 0.538 0.851 0.498 0.562 0.719 0.455
. 0.465 0.683 0.538 0.456 0.717 0.484 0.414 0.554 0.402
(em/sec’) | 369 0.509 0.471 0.366 0.503 0.408 0.355 0.436 0.381
E 2. 98 714 Ai719) Kobe A g 2 #9 Hd-3g9 vl&
0.25X Kobe 0.5%x Kobe 1.0x El Centro
(PGA : 0.208 g) (PGA : 0.417 @) (PGA : 0.834 g)
Active Clipped Proposed Active Clipped Proposed Active Clipped Proposed
neuro optimal method neuro optimal method neuro optimal method
X, 0.180 0.411 0.282 0.186 0.448 0.296 0.198 0.471 0.323
0.148 0.433 0.275 0.158 0.470 0.289 0.180 0.498 0.345
em 1 o171 | o424 | 0288 | 0177 | o468 | 0208 | 0193 | 0502 | 0352
di 0.180 0.411 0.282 0.186 0.448 0.296 0.198 0.471 0.323
0.334 0.478 0.388 0.336 0.515 0.385 0.313 0.544 0.417
(em) | 0326 | 0402 | 0400 | 0333 | 0540 | 0367 | 0330 | o621 | 0.394
)'c'u_ 0.497 1.521 0.471 0.500 1.118 0.430 0.492 0.828 0.402
0.385 0.646 0.358 0.382 0.701 0.379 0.381 0.691 0.515
(em/sec”) | 330 0.493 0.410 0.334 0.551 0.367 0.339 0.620 0.393
£ 3. o8 /A A7l California A gt 2 $i9 Hd-$H9 v]&
0.25%x Kobe 0.5x Kobe 1.0x El Centro
(PGA : 0.208 g) (PGA : 0417 g) (PGA : 0.834 g)
Active Clipped | Proposed Active Clipped | Proposed Active Clipped | Proposed
neuro optimal method neuro optimal method neuro optimal method
X, 0.137 0.172 0.137 0.144 0.213 0.133 0.148 0.207 0.147
0.094 0.196 0.148 0.096 0.226 0.149 0.098 C.221 0.160
{em) 0.120 0.198 0.174 0.122 0.224 0.171 0.124 0.226 0.184
d.‘ 0.137 0.172 0.137 0.144 0.213 0.133 0.148 0.207 0.147
0.235 0.229 0.268 0.235 0.249 0.249 0.236 0.247 0.262
(cm) 0.336 0.383 0.364 0.335 0.373 0.330 0.340 0.437 0.318
iai 0.423 0.683 0.318 0.431 0.736 0.301 0.435 0.561 0.264
. 0.354 0.436 0.383 0.362 0.453 0.317 0.367 0.525 0.284
(cm/sec) | 335 0.383 0.367 0.336 0.371 0.330 0.339 0.317 0.317
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3& o)§8 FAHHE £RFAT. FAHY A, AN FHS A7l BAG] Ak 4

o % Aojuhgoz 4d AMEEHI e clipped AAA WY AFrt dAzes
¢ F A9 G@F A FVEN:5~34 % A, 15 AQEE: 37~ 69 % #2). 21

TE ARG Aoyl vl ARz I Aol A¥E td FoRAW, Bust
o AjETFAE thh Holgth(3S AHd TN 6% T ~ 24 % 7 135 AWHEE: 38 %

EA7E gl AL Agogr Aosl sbssty] Wi, Bo A Foz FXREY AL ¢ U 2
Hduz AYY db5F AR Aoy AAEFL e F2EY AFS AN d¢ 23
Ql wo|t},

ZAlel 2
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