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A Study on the Optimal Shape Design of 2-D Structures

H. G. Kim*, S. M. Yang’, H. G. Noh™", S. C. Nah", K. H. You™ , N. I. Cho™""

{ Abstract }

A strategy of the optimal shape design with FEA (Finite Element Analysis) for 2-D structures is proposed by comparing
subproblem approximation method with first order approximation method. A cantilever beam with two different loading
conditions, a concentrated load and an evenly distributed load, and truss structure with a concentrated loading condition
are implemented to optimize the shape. It gives a good design strategy on the optimal truss structure as well as the optimal
cantilever beam shape. It is found that the convergence is quickly finished with the iteration number below ten. Optimized
shapes of cantilever beam and truss structure are shown with stress contour plot by the results of the subproblem approximation
method and the first order approximation method.
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(a) Finite element model of the cantilever beam with
superposed loads
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(b) Stress distribution of the cantilever beam with
superposed loads

Fig. 1 Original Mesh of cantilever beam and stress distribution contour
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(a) Shape optimization of the subproblem method with stress
distribution
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(b) Shape optimization of the first order method with stress
distribution

Fig. 2 Shape optimization of the first order method and subproblem method
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Table 1 State variable and design variable of the first order method and subproblem method for the cantilever beam with
superposed loads (unit : kPa)
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first 1.00 0.24 0.38
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(a) Truss shape implemented by load and boundary conditions (b) Deflection of the truss in the case of concentrated load

Fig. 3 Truss shape in the case of concentrated load
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(a)Shape optimization of the subproblem method (b) Shape optimization of the first order method

Fig. 4 Shape optimization of the first order method and subproblem method
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Table 2 Convergence results by the first order method
and subproblem method in the truss structure
(unit : em)

» 2500.00 5.00

No.

4 2500.00 500.00

No. 2 | 2000.00 500.00 2000.00 500.00
No. 3 | 1983.20 415.16 1868.40 420.13
No. 4 | 1500.00 500.00 1500.00 500.00
No. 5 | 1503.20 364.66 1522.10 15.76
No. 6 | 1000.00 500.00 1000.00 500.00
No. 7 | 1007.40 288.85 1094.20 171.66
No. 8 500.00 500.00 500.00 500.00
No. 9 542.57 178.35 497.74 109.87
No. 10 0.00 500.00 0.00 500.00
No. 11 0.00 0.00 0.00 0.00
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