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Optimization of Truss Structures considering Robustness to Load
Application of modified PSO to multi-objective optimization problem
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Summary: In order to ensure the stable performance and quality of structures, it is important to design structures with properties
that are not easily affected by uncertain design parameters, so-called robust properties. This paper discusses a multi-objective
optimization problem for truss structures subjected to uncertain loads by introducing a robust index to describe the robust
performance. The objective function in this problem is the weight and robustness index of the truss structure, and the member
cross-section and topology are optimized under stress constraints. Recently, Particle Swarm Optimization (PSO) is often used in
engineering as an algorithm to search for optimal solutions, but it has been pointed out that the search performance of conventional
PSO is greatly degraded when the objective function is multimodal or the design variables are high-dimensional. This paper
applies the single-objective mPSO (modified PSO) proposed by the author to a multi-objective optimization problem and shows
that it improves the search performance over conventional PSO.  Furthermore, the robustness of the Pareto-optimal truss structure

obtained by mPSO is investigated by running numerical experiments using the Monte Carlo method.
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Fig.1 Behavior of particles in mPSO and PSO
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Fig.5 Pareto optimal solution
Tablel Statistics of ma, dave, dsp
my dAvg dsp
Min 100 1.43E-02 2.96E-03
Max 100 1.53E-02 5.50E-03
mPSO
Avg 100 1.48E-02 3.79E-03
SD 0 2.50E-04 5.60E-04
Min 100 1.11E-02 3.98E-03
Max 100 1.41E-02 1.22E-02
PSO
Avg 100 1.26E-02 7.39E-03
SD 0 6.79E-04 2.18E-03

(a) Wnin& Rmin (b) Winax& Rmax
Fig.6 Optimal truss [x10*mm?]

Table2 Characteristic values

W [kg] C [N-mm] R [mm7]

(@) Wiin&Rmin 6.26E+02 7.65E+07 2.91E-03

(b) Winax&Rimax 6.49E+03 9.61E+06 2.32E-02
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Fig.9 Optimal truss structures
Table3 Characteristic values
V [mm?] C [N-mm] R[mm™]
No.1 1.62E+05 7.25E+03 6.90E-02
No.36 7.87E+05 1.37E+03 3.66E-01
No.43 1.58E+06 7.04E+02 7.10E-01
No.44 1.77E+06 6.71E+02 7.45E-01
No.48 2.47E+06 4.63E+02 1.08E+00
No.57 4.27E+06 3.38E+02 1.48E+00
No.100 1.31E+07 2.78E+02 1.80E+00

— 171 —



1.0 - T o®
- /
"
.@o
0.8
& \ No.100
s No.57
% 0.6 @< Nods
e .
g N No.44
o
g 04 & No43
“
.
J No.36
0.2 &
/ No.1
0.0
0.0 0.2 0.4 0.6 0.8 1.0
Volume ratio

Fig.10 Robust ratio vs. Volume ratio
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