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Structural design optimization of carbon nanomaterials with defects
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In this study, we carried out structural design optimization of graphene
sheets (GSs) in terms of stiffness maximization and fundamental frequency maximization problems
considering topological defects. We constructed continuum frame models of GSs based on the molecular

mechanics method at first. Then, we performed shape design optimization of GSs based on a developed
free-form optimization method for frame structures. In the shape design optimization, we used the
compliance or fundamental frequency as objective function, and theoretically derived shape gradient
function for maximizing the objective function to obtain the optimal shapes of GSs. However, the
obtained optimal shapes only consist of hexagonal carbon rings, which do not satisfy the principle
of minimum energy. Hence, by introducing topological defects, we carried out structural optimization
of GSs to generate their stable structures using a combination of the Phase-Field-Crystal method
and molecular dynamics simulation.
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