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Developement of numerical solution to continuous structural optimization problem
for creating super lightweight structures

Shimoda, Masatoshi
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A novel shape optimization method has been developed for designing the
optimal and light-weight free-form of a large-scale 3D frame structure. With the method, the natural
form can be created without any shape parameterization. Stiffness, vibration, robust, buckling and
strength design problems have been formulated as a distributed-parameter shape optimization problem

based on the variational method. The gradient functions and the optimality conditions for these
problems have been theoretically derived using the material derivative and the adjoint method. The
natural optimal form has been determined by applying the derived gradient function to each member as
a pseudo distributed force in order to minimize the objective functional while maintaining the
frame smoothness. The validity and practical utility of this method have been verified through
design examples. It has been also confirmed that axial-force-carrying structures can be created.
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Fig. 1 Large scale frame structures
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Fig. 2 Stiffness maximization problem
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Fig. 4 Natural frequency maximization problem
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