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2
(3) [58 11]
Z(t) _ eA([_[O)Z(I()) i Z Jé&(:—T}Biui(T_ }\i)dT+ Jé("T)EXg(T) dT. (4)
=1 ¢ !
wi(t) = w(k), H<it< (k+ DT, (5)
 k k (k) w( k). ,
h=HKK t= (k+ 1T,
- q T T
Z(k+ 1) = &"Z(k) + me ST B (T- N ) dT+
o A(KT+T-T Ly ]
J B Y (6)
N= (k+ YT-T (6)
AT < 4 A
Z(k+ 1) = é"Z(k) + ZO E"Biui (K~ 1T+ T +m; - N)dN+
T
OI@“EXg(kT+ T - 1)dn. (7)
(5), (7)
Z(k+ 1) =
AT . i ’
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q
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=1
, F 2n X 2n , G, Gy Zg(k) 2n )
T
Z(k) = JEEXi(kT+T-1)dn (9)
7 i
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F(t)= ¢ Gu(t)= OIe?Tdr (11)
EGai G])i
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ZZml(k) = ul(k— ll),

Lo (k) = wi (k= 1),

: (13)
Z2r»"S]ll+l(k) = u(I(k_ l(I)v
sziz[(k) =u (k-1).
Z(k) = [Z(k), Zoui (k). - Zn () ] (14)
(8) :
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[G. G 0]
0 1 0
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Fo = Fi=| 0 o0 1
0 0 0
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G Gy,
0 0 .. 0 XU (17)
: : : 0
0 0 0 :
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0 0 1 0
0 0 0 :
: -
0 0 (02

J = J[ZT(t)lem + o (1)Qau(t)]dr (18)
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i (- 1)T
/= Zr’ Ji = f [Z'(DQZ(1) + u' (1)Q>u(t)]dy
[8]
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F' (m;~m;)Gu (T ~m:)Qu (m; )G (T - m,)]B,

Qi2 = Bi[Ghi(mi—m;)Qu (m;) + Qx(m;)]B;

052 = B [Gly(mi=m; )@ (m;) + Qa(m;) G (T = m;) +
Q' (mi— m; )G (T~ m.) + Qus(mi — m,)) B

Qis = Bi[F' (mi=m;)Gi (T -m:)Qu(m;)]B,

Qiin=Qq, Qjiz= Qi Qjizs = Qs Qjis = Qi3

» F(t) Gu(t) (11) COu(t), Qu(t) Oxn(t)

Qi (1) = O'fV"'ﬂ)QIF(T)dT,

Qu(t) = OF(T)QIGH(T)dT,

0= (1) = JGT] (V@G (T)dT.

181,

J= 202" (hQZ (k) + u (k)Qau(k)].
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2

L 69%x10 kN/m L 37x10° kN /m,
Ci(i: 12 ., 8)

Q. [2n+ ZL] X[2n+ Z‘l‘] q%q ,

, O 2 %
i Ql QOil QOiZ 0 QOjl QOjZ 0 ]
Qgil Qiil Qﬁ,4 0 Qijl QH 0
Qoix Qis Qi O Qis Q2 0
o= % ~ 0 00 0 0 0 g 0. (29
Qui Qi Qi O Qin Qjs O
Q> Qijs Qi O Qi Qi O
0 0 0 0 0 0 0
u(k) =-LZ(k) =- LiZ(k)-Lyu (k- 4) - .= Liui(k-1) - ...
~ LSty (k= 1) = o = L, (k= 1), (26)
1 =1
’ Ll; L29 LZ ) Li/ﬁ-l L (26) >
F(t)Gu(t),Qu(t) Qu(t) On(t) [3 8 11].
s E1Centro
2 . [ 12] 8 12
’ mi(iz E
.8) 3456x10 kg ki(i=1 =
Y e
3 4x10" N /m, 3 26x 10" kN /m, =
2 85x10 kN /m 2 69x 10° kN /m, w0 4 8
5 BfA] ¢/s
2 43x10 kN /m 2 07%10° kN /m,
2 ElICento

490 kN* s/m, 467 kN* s/m, 410 kN* s/m 386 kN* s/m, 348 kN* s/m,
298 kN* s/m, 243 kN* s/m, 196 kN* s/m.

RungeKutta
m 0 O kl
M _ m,o, mj O ’ K _ O
0
msg mg .- M 0

() M,C K

-k, 0o ... O

ky -k ... 0
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C1 - C2 O O
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4
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Design M ethod ofMultiple Tim e-Delay Controller
for Active S tructural Vibration Control

CHEN Longxiang, CAIGuopig'’
(LDeparim ent of En gineering M echanics, Shan ghai Jiaotong University,
Shanghai 200240 P.R.China;
2 State Key Laboratory of O cean Engineering, Shanghai Jiaoton gUniversity,
Shanghai 200240, P.R. China)

Abstract Optinal controlmethod for seigmically excited buiding structuresw ith multiple tine
delays is investigated Firstly the system state equation w ith multiplke tine delays is discretized
and transfom ed nto a standard discrete form w ithout any explicit tine delay by a particular
augmenting for state variabks Then a time-de hy controller is designed based on this standard
equation using the discrete optimal controlm ethod Finally the effectveness of the proposed
controlker is demonstrated by numerical simuhtions Simuhtion results ndicate that a very
gn all tine dehym ay result in instability of the control systeam if it is not can pensated in control
design Tine de hy may be can pensated effectively by the proposed controllerand good control
effectivenessm ay be obtained sin ultaneously M oreover the proposed controlkr is availablke for
both small and hrge tine delay.

Keywords building structures active contro] multipke tine delays



