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ABSTRACT: The new vibration control system of multi—structurc conncction is proposed in this peper, which is a
high cfficicncy and great future structural control system for the carthquake resistance. The system optimum design is
according to the two stage design way of optimum design for control action distribution and optimum design for sys-
tcm control Jaw. The theory for optimal control law is ripe and vast used, however, the problem of control action
optimal distribution for the multi—control action system has not yect resolved. The analysis method for sensitivity of
performance index to the control action distribntion is cstablished and the design method for control action optimal
distribution for multi—control action system is Hcveloped in this paper, with which the theory of system optimum de-

sign for the control system of multi—structure connection is perfected.

1 INTRODUCTION

It is for thc dcvclopment of structural earthquake
resistant theory that the mcthod of only depending op
improving structural strength can not have becn meet-
ing the needs of today’s carthquake resistant. The struc-
tural vibration control mcthod come into being. The
structural states can be opcrated in some degree with
the structural control. The control structurc systems arc
formed with the building structures and the control sys-
tems combination, which plays a dynamic role in
carthquake rcsistance. Control structurc systcms can
cffectively isolate or dissipate the structural cnecrgy
input of carthquakes, which are called as “intclligent
structurcs”.

Morc than onc structurcs connccted with control
devices arc together support the action of earthquakes,
which is defind as the new vibration control system of
multi—structurc conncction (MSC control system). Two
or morc structurcs connected with control devices on
somc floors can cffcctively distribute to structures and
dissipatc by control dcvices of the cnergy input of
carthquakes, which is cffective dynamic cnergy dissipa-
tion system. The active or passive control systcm design
can bc donc by usc of such new system.

The action of control devices of MSC system is
conncctting cach single structure, transmitting and as-
signing thc vibration cncrgy between structurcs and
dissipatting thc vibration encrgy by control damping.
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The control devices provide horizontal control actions
between structurcs and can control the multi—
dimentional and rotational vibrations of structurcs by
contrel devines connccted in different dirzctions of
structures. The MSC systcm is a high cflcciency control
system, by usc of which the deficiency of only de-
pending on single structurc to bcar dynamic load is
surmounted.

The first problem to be solved for the vibration
control of the new system is the installment of the con-
trol devices. 1t's realy difficult and nced not, and also
large additional load occur for the system installed con-
trol devices on each floor. The installment of control
devices has to be sclected. The control devices has to be
installed on the places of cffective action, which is of
problem of optimum.

2. THE TWO STAGE DESIGN WAY FOR MSC
SYSTEM

For control system optimum design, the optimal con-
trol law is rcached according to the minimum of the
performance index, which is the result of the optimum
for system control. It is diffcrent for the result of system
optimal control becausc of the differcnce of system con-
trol action distribution, which makes it differcnt for the
minimum of performance index for optimal control.
There is a problem of optimal distribution for control



action instaliment. The two stge design way is proposed
for the system of multi—control actions, which is the
optimum design for the system control action distribu-
tion and the optimum design for the system control law.
For the lincar system of Gaus disturbance input, the
performance index is always quadrics, which is defind
as linear, quadric and Gaus problem (LQG problem).
The disturbances as earthquakes are usnally assumed as
Gaus distribution. The LQG problem is perfected re-
solved relatively and vast used random optimal control
problem. The algorithm of optimal control is ripe for
use and the optimal control action can be obtained by
usc of appropriate algorithm. However, the problem of
optimal distribution for control actions has not been re-
solved. The resolution for control action system is given
in this paper to perfect the optimum design method for
MSC system, which is worthful in general for
multi—control action system.

3. THE MODEL FOR MSC OPTIMAL CONTROL
SYSTEM

As an cxample, thc control system of two structurc
conncction is discussed. The control devices are in-
stalled on some floors between n stroey strusturc aand
mstorcy structurc 5. The vibration cquation of each
structurc undcr the disturbance of earthquake are
respectively

MY +C Y +K Y =-MIX -D U @

MY, +C Y, +K Y, =-MI X +D_U @
in which, Y .Y, arc the displacement vectors of struc-
ture aand brespectively. M .+C K are the mass matrix,
damper matrix and stiffnecss matrix of structure
arespectively. M ,,C, K , arc the mass matrix, damper
matrix and stiffness matrix of structure b. ¥ . is the
acccleration of earthquake ground mortion. U

T. .
=[u,u,+u,]"is the vector of control actions.

D .D  are the distribution matrix of control actions.
The matrices of control action distribution D __and
D_, cxpress the control action distribution between
structurc aand b. The matrix D - is an diagonal matrix,
in which the diagonal elements arc 1 or 0 expressing the
rclative storcy betwcen strustures installed or not con-
trol action respectively. The matrix D__is identity
when the control actions are installed on each floor.

D

D, =

(n — m)xm
cq. (1) and ¢cq. (2) is combined to statc cquation

X=AX+BU+FX, 6))

2070

in which r
T T 5T 5T
X-[Y. Y, ¥ Y,]
0. 0“ E. al‘
0.. o. 0.. E.
A- -1 -1
-Ml Kl ol. -M Cl ol-
-1 -1
0. -M, K, 0_. -M, C,
o
- 0
0-- al
B = -1 F- onl
-M_ D, \
-1
: -1 (a4 m)
Mb DM

Here the matrix B is the distribution matrix of the con-
trol actions in state equation. eq. (3) can be given in
time discrelized form

X(k+ 1) = A X(k)+ B‘U(k) + W(k) )
in which

A,=~E+TA B,=TB W(k)=TFX (k)
For passive control system optimum design, the time
continuous state equation eq. (3) is used, when the per-
formance index is

7=e{j7[x e, x0+ v 0e,u0)] dt} ®
For active control system optimum design, the time

discrelized state equation eq. (4) is used, when the per-
formance index is

I E{ T [x we,xm + u’(k)Q,U(k)]} ©

4THE SENSITIVITY ANALYSIS FOR PER-

FORMANCE INDIES OF RANDOM OPTIMAL
CONTROL SYSTEM TO CONTROL ACTION
DISTRIBUTION

The effeciency of system optimal control is influerenced
with control action distribution. The control action dis-
tribution is determined with the installment matrix B in
system state equation. The sensitivity for performance
index of random optimal control system to control ac-
tion distribution is defind as the first derivative of per-
formance index to the installment matrix of control ac-
tions, which expresses the influerence of control action
distribution to the performance index. It is the basis for
analysis the system control action distribution and sys-
tem design of control action optimal distribution. The

resoltions are given by abridging the process of deriva-
tion.



4.1 The senstivity for performance index of time

discrelized system to the matrix of control action -

distribution

For thc state cquation of time discrelized system eq. (4),
the tactics of fcadback control is applied and the
sptimal control law is developed by using the perform-
ance index ¢q.(6)

Uk)= — LX(k) Q)]

Hence, the cq. (6) and ¢q. (4) changed as
J= E{ ) X’(k)qu«)} @)
X(k) =y (k)X (0) + Y ¥(k — i — 1)W(i) 9

1=0
in which
¥(m)=(4 — BL)"
is thc matrix of statc transformation;

0=0,+L70,L
The sensitivity of performance index eq. (6) as

:—; = — LR+ PW(1)S]" (10)
in which R, P, S are obtained by solving Lyapunov

equations respectively

R=¥"(DRV(1)+ R, ()
P=y (HPY()+ P, (12)
S=v (MsYM+Q (13)

Hecre

R, =XOX(0) P, = F{Z W(i)W’(i)}

4.2 The scnsitivity for the performance index of time
continuous systcm to the matrix of control action
distribution

For the system statc cquation eq. (3), the optimal
fcedback control law for performance index eq. (5) is
obtaincd

U=-Lx (14)
¢q.(5) and cq. (3) arc transmitted as
J= E{I:’ (XTQX)dl} (15)
X(1) = 0(X(0) + [, o1 — )W (x)dx (16)
in which
(A~ BEN

o(t)=e
is the metrix of state transformation

0=0,+L70,L
The sensitivity of performance index cq. (5) as

oJ - o
35 = —2ER, + A)S] 7

in which
R, = X)X (0)
P=[TEW@OW (t)d1

§=[ 107 (0Q0)d:

The sensitivity of performance index expresses the sen-
sitive of performance index of optimal control to the
control action distribution. The sensitivity of system
performance index is minimum when the distribution of
control actions is optimal. For the control system, the
low sensitive of performance index is need, so it is an
important index for system quality analysis. The con-
trol actions for the performance index of low sensitive
can be removed and the economical distribution is ob-
tained for system control.

5. THE INCREMENT ALGORITHM OF THE
PERFORMANCE INDEX FOR SYSTEM CON-
TROL AND THE OPTIMAL DISTRIBUTION
OF CONTROL ACTIONS

The qualititive analysis for the influercnce of the distri-
bution of control actions to the system optimal control
is done with the sensitive analysis for system control,
however, the increment of the performance index has to
be given for the quaniititive analysis of the influerence
of the control action distribution to the system optimal
control.

The increment of performance index will occur
when therc is the increment of the matrix of control ac-
tion distribution. According to the Taylor equation, the
increment of performance index is

AN
AJ-J(B+AB)—J(B)-:I[<°—E) AB] (18)
When control action iis removed, the increment AB .

occur and the increment of performance index obtained

A7, =1,[G5) 88 as)

The relative element {b . }in matrix B put into zero
when the control action iis removed, here

AB, =[{—b}] @0)

The increment of performance index in eq (19) is re-
gard as the loss for optimal control when the control
action iis removed, hence it is the contribution to the
system optimal control of control action i. For cach
control action, the increment of performance index is



obtained when the control action is removed
respectively and the contribution of each control action
lo system optimal control is given. The optimal distri-
ution of control action for the system optimal control
s developed when the control actions of lowest incre-
nents of performance index is removed. The increment
of performance index is regard as the loss of system
optimal control when the scontrol actions removed

ar' =1 [ Ly ap’ ]- Loy, @n

If the increment of performance index is minimum

when the s control actions removed each, the increment

of performance index for the scontrol actions removed

given in eq. (21) is minimum. The lowest loss of per-

formance index obtained and the optimal distribution
of control actions is devcloped.

6. CONCLUSION

The sensitivity of performance index for the distribu-
tion of control actions is an important quality for sys-
tem optimal control, which cxpresses the influerence of
control action distribution to the system optimal con-
trol. The basis for quantititive analysis of the control
action distribution is furnished by the establishment of
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the increment algorithm of performance index or the
contrbutions of each control action to the system
optimal control, with which the design method of con-
trol action optimal distribution is achieved. According
to the two stage design way, the optimum design for the
MSC system is divided into two stages of system
optimum design for control action distribution and the
optimum design for system control law. The method of
the formal is contributed in this paper, which complete
the theory of system optimum design for MSC system
under the random disturbance of earthquakes.
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