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Abstract An optimization method is proposed for the simultaneous design of structural and control systems using the
equivalent static loads. In the past researches, the control parameters of such feedback gains are obtained to improve
some performance in the steady-state. However, the actuators which have position and velocity feedback gains should
be designed to exhibit a good performance in the time domain. In other words, the system analysis should be conducted
for the transient-state in dynamic manner. In this research, a new equivalent static loads method is presented to treat the
control variables as the design variables. The equivalent static loads (ESLs) set is defined as a static load set which
generates the same displacement field as that from dynamic loads at a certain time. The calculated sets of ESLs are
applied as multiple loading conditions in the optimization process. Several examples are solved to validate the proposed
method.
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Table 1 History data for the cantilevered beam(mass

minimization)
Uncontrolled Controlled
CIEII(C:e Mass (kg) [max. constraint violation (%)]
Initial 542.5[166.30] 542.5 [138.00]
1 871.5[-60.16] 854.8 [-0.01]
2 389.6 [14.10] 385.9 [9.20]
3 422.2 [-3.72] 395.9 [-0.02]
4 411.0[0.48] 389.1 [1.60]
5 413.5[-0.23] 390.7 [-0.33]
6 388.7 [0.50]
7 389.2 [-0.35]
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Table 3 Optimum values for the cantilevered beam
(control energy minimization)

TR Element Element Design Initial Optimum
(mass minimization) type number variable value value
Optimum value Beam 1-2 tp1, M 0.0100 0.0228
El;lrgznt ifrrnnbe:: \Z:isaigre I\Ilailtlilzl Uncontrolled Controlled 3-4 lp2, m 0.0100 0.0155
Beam 1-2 for, M 0.0100 00197  0.0196 36 o3, m 0.0100 0.0087
3-4 tb,’ m 0.0100 00134 00116 7-8 fos, m 0.0100 0.0052
56 zl,: m 0.0100 0.0075  0.0051 9-10 s, m 0.0100 0.0050
7.8 - 0.0100 00051  0.0050 1-10 Iy, 0.0100 0.0050
010 o m 0.0100 0.0050 0.0050 Control 1 hpt, N/m 2000.00 24.47
1-10 tl.;’m 0.0100 0.0050 0.0050 nz, Nos/m >00.00 120.30
Control 1 hyr, N/m 2000.00 2137.20 2 iy, N/m 2000.00 14.74
" hyz, N-s/m 500.00 120.00
ho, N's/m500.00 137.10
2 o, N/m 2000.00 1372.88 Objective function (N-s) 2449.00 332.20
hy, Nis/m - 500.00 127.30 Max. constraint violation (%) 136.60 927
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Fig. 7 Structure of six beam elements with circular
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Table 4 History data for a six beam element structure
(mass minimization)

Uncontrolled Controlled
Clzlfgle Mass (kg) [max. constraint violation (%)]
Initial 14760 [25.80] 14760 [38.50]

1 6954 [109.10]
2 9364 [32.50]
3 9010 [78.00]
4 11580 [-0.21]
5
6

6450 [240.10]
13260 [10.50]
11800 [4.80]
10760 [1.00]
10770 [0.40]
10790 [-0.46]

10910 [0.90]
10950 [-0.02]
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