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Cellular solids having soft-and-stiff characteristics
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It enables us to introduce a new mechanical design if structures potentially

adjust their stiffness to reflect various changing circumstances. In this study, we proposed the
concept of soft-and-stiff characteristics that the stiffness is passively switched according to
different load conditions, and engaged the basic research going forward into its creation.
Concretely, we numerically clarified that a specific cellular solid exhibits a deformation
transition as increasing the internal stiffness and the overall stiffness changes dramatically
during the transition. It was also proved that a similar transition mechanism exists within a
periodic linked structure with low degrees of freedom. We in parallel developed the orthotropic
laminated cellular structures retaining strong auxeticity in the stacking direction as a part of
optimized structural system enhancements.
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Fig. 1 A unit cell of the proposed structure and
the two types of its motions.
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Fig. 2 Periodic two-dimensional cellular structure
and the analytical model.
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(u) - (u)

Fig. 4 Image processing (x-z plane).
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Fig. 5 (a) Stress—strain curves and (b) Poisson’s
ratio—strain curves of the analytical model.

Fig. 6 Magnified views of the deformed cells.
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Fig. 11 Real structural motions.
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