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Coarse-grained computational solid mechanics for mechanical metamaterials drived
by micro-rotational instabilities incorporated with pre-stress fields

Nakatani, Akihiro
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We focused on unique deformations of materials with instability mechanisms
of microstructures and prestress fields, as nonlinear mechanical phenomena. Coarse-grained theory
for computational mechanics was established and validated through simulations. Specifically, the
study includes (1) Relationship between instability mechanisms of microstructures and macroscopic
properties, (2) Deformation theory of growing solids was formulated, and the process of formation of

prestress fields due to additive manufacturing, (3) Driving forces resulting from the interaction
between liquids and solids that induce out-of-plane rotation instability were evaluated. (4)
Coarse-grained computational solid mechanics model for mechanical metamaterials.
Through the research activities, insights relevant to the design of metamaterials were obtained, and
fundamental methodologies for computer-aided engineering that that utilizes instability phenomena
in macroscopic functions were successfully established.
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