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This study developed a multi-scale analysis framework to efficiently
evaluate the stiffness and strength characteristics of mechanical metamaterials. Equivalent
structural characteristics of mechanical metamaterials were effectively captured by accommodating a
computational homogenization method to mechanical metamaterials. The obtained equivalent structural
properties were used to perform multi-scale structural and aeroelastic simulations of a structure
with the mechanical metamaterials by modeling the mechanical metamaterials as equivalent solid
substructures. In addition, the manufacturing methodology for an integrated structure with
mechanical metamaterials as substructures had also been established. Structural properties and
functionalities with various designs of mechanical metamaterials were evaluated based on the
numerical framework. This study demonstrated the feasibility and capability of such structures with
mechanical metamaterials.
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