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A Study on Simultaneous Optimization Problem
of Structural and Control Systems

i &

HiroshiYamakawa

A unified optimization method for the simultaneous optimization in control and
structural systems ispresented in thispaper. The methodconsists of the step-by-step
integrationtechnique andsensitivityanalysis utilizing the step-by-step integration
scheme. The calculation method is shown for the sensitivities in control problem.
Numerical example for the position control problems of the flexible robot arms was
demonstrated where both parameters of the control and structural systems are
optimized. Thenfrom thoseresults it turned out that the method was also applicable to
nonlinear systems and effective for the simultaneous optimization of control and
structural systems.

KEY WORDS Simultaneous Optimization,OptimalControl, StructuralOptimization,
Nonlinear System, Sensitivity Analysis
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s structural control

HHHoBEEER zi' 2&. 7 parameters parameters
ZThbbRUZLHTX 3 LA design cross sectional feed back gain
FEE-HELTHEITNG. variables |area length,width, | phase conpensation
T4bb21THNH‘->TVERE thickness,mass constant
FRAD2KBANFHRE L etc etc .
BFLLLRLET, R8T side constraints of members
LIRBFEADBICET LR allowable stress
LZw, IRBEORBNRD constraints | frequency
BERLEBTLTLETEo LR allowable dlsplacement
%25, | etc
bR HLEE obiective displacement of vibration
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MR REIRERA TR ARBLL etc ‘
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give initial conditions and initial
structural and control parameters

1
dynamic analysis by step-by-step

integrations technigue
1

calculations of objective functions
and constraints .

calculations of sensitivities of structural
and control parameters by utilizing
step-bystep integration scheme

1

improvement of parameters by gradients
(sensitivities)based optimization technique
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optimal control combined problem
design feedback gain feedback.galn
variables mass ratio of beam
constraint constant tatal mass
3
objective J:j (qTWq+pu2)dt
function o
where W=diag{1.0,0.01,0.01,...,0.01,10.0) p=0.1
5 ‘ 1 2time sec 3
230} ,
o)
o / —-—OPTIMAL CONTROL ONLY
> //’ ——COMBINED OPTIMIZATION
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' tio of Initial Vvalue
:::S ra X,.X,,X.,X, (1/4,1/4,1/4,1/4)
feedback gain f,.1,.T, (1,1,1)
design phase conpensation
variable constant T,« (0-05.1-5)
voltage amplifying gain 9 (5)
3
objective 4
function J=| (y'Qy+puddt + v3 x
1=1
o/ \ \
vibration input reduction
control energy of weight
y=(W1,01,W2,02,W3,03,W4,04,0,W 1,01, Wo,02,W 3,03,W4, 64,6}
side consiraint minimum breadth of beam
g1=bj"bm1n20 bj =ﬁ-
constraint nb
stress constraint at fixed part of arm
ta
92"%meanOmax < O Omean ="V f o2(t)dt
0
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time sec
—-— INITIAL VALUE
-45 —--— OPTIMUM VALUE
—— EXPERIMENTAL VALUE
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