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Abstract

Generally, structural optimization is carried out based on external static loads. All forces have dynamic
characteristics in the real world. Mathematical optimization with dynamic loads is extremely difficuit in a
large-scale problem due to the behaviors in the time domain. In practical applications, it is customary to
transform the dynamic loads into static loads by dynamic factors, design codes, and etc. But the
optimization results with the unreasonably transformed loads cannot give us good solutions. Recently, a
systematic transformation has been proposed as an engineering algorithm. Equivalent static loads are made
to generate the same displacement field as the one from dynamic loads at each time step of dynamic analysis.
Thus, many load cases are used as the multiple loading conditions which are not costly to include in modemn
structural optimization. In this research, the proposed algorithm is applied to the optimization of flexible
mulﬁbody dynamic systems. The equivalent static load is derived from the equations of motion of a flexible
multibody dynamic system. A few examples that have been solved before are solved to be compared with

the results from the proposed algorithm.
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Fig. 1 Equivalent static loads that are calculated
at every time grid point
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Fig. 3 A two-link robot arm whose links are modeled as
finite element beams and whose cross sections
are hollow circular sections

Table 1 Comparison of optimum cross sectional
dimensions of the two-link robot arm, which
shows a good agreement with the result of Ref.
(21) and efficiency of the equivalent static load

method
Proposed method Ref. (21)
D11 54.500 54.266
D12 38.525 44.150
D21 30.400 37.552
D22 22.700 26.315
Cost[N] 13.229 15.719
No. of cycle 6 38
No. of inner iter. 14
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Fig. 4 A four-bar mechanism whose links are modeled
as finite element beams and whose cross sections
are solid circular sections

Fig. 5 A suspension system whose lower control arm is
modeled with finite element method

Fig. 6 A lower contro} arm that is modeled as a ten
element beam structure
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Fig. 7 Four design variables of the I-shaped section of
each element in the lower control arm

Fig. 8 A prescribed motion of the tire in the suspension
system

Table 2 Comparison of optimum cross sectional
dimensions of the four-bar mechanism where
Ref. (22) performed forty five transient
analyses and the present method performed
sixteen transient analyses

Proposed method  Ref. (22)
d1[mm] 335 38.5
d2[mm] 232 252
d3{mm] 16.9 20.0
Cost[kg] 2.28 2.89
No. of cycle 16 15
No. of inner iter. 22
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Table 3 Optimum cross sectional dimensions of the
control arm that are obtained by the proposed

method
Design Optimum Design Optimum
variables values variables values
bl 5.0 b6 5.50012
fl 1.50035 6 1.50004
hil 5.00002 h6 5.00042
t1 3.00000 t6 3.00007
b2 5.00000 b7 5.00003
2 1.50033 7 1.50001
h2 5.00000 h7 7.52060
2 3.00000 t7 3.00002
b3 5.00000 b8 5.00001
3 1.50035 8 1.50000
h3 5.00000 h8 8.51132
13 3.00000 8 3.00000
b4 5.00000 b9 5.00002
4 1.50003 9 1.50001
h4 5.00000 h9 7.03266
t4 3.00000 t9 3.00001
b5 5.00000 bl10 0.71618
f5 1.50035 f10 1.50000
h5 5.00000 h10 7.05728
t5 3.00000 t10 3.00000
Cost[kg] 0.1243
Table3 2 HA}ZHE BAF1 v} 7,899
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