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Development of Shape Memory and Shock Absorbing Metamaterials Using 3D Printing

Sosuke KANEGAE*, Masayuki OKUGAWA*, and Yuichiro KOIZUMI*

The purpose of this research is to apply additive manufacturing (AM) technology to functionalize
mechanical metamaterials which have properties that cannot be realized with existing materials. In particular,
mechanical metamaterials exhibiting martensitic transformation, which is the mechanism behind superelasticity
and shape memory properties, are being developed by controlling the lattice structures. Lattice structures that
are expected to exhibit these properties were designed by simulating interatomic bonds with elastomer,
manufactured by AM and evaluated to reveal their mechanical properties. As a result, we observed the
deformation behavior that are similar to the characteristics of superelasticity and shape memory properties. We
also discovered that phenomenon similar to the phenomenon seen in crystal structures of metallic materials have
occurred in mechanical metamaterials. Furthermore, taking inspiration from the similarity between crystal
structure of metallic materials and mechanical metamaterials, we designed a structure expected to be capable of
further control of properties.
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Fig.1 Deformation of cantilever at the center of cantilever
with sinusoidal curve fixed at both ends. (a) before
deformation in the primarily stable configuration, (b ) in
an unstable configuration during deformation, (¢ ) after
deformation in the secondarily stable configuration.
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Fig.2 Schematic picture of PXCM. (a ) Unitcell, (b) PXCM
with 5X 8 arrangement of the unit cell.
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Fig.3 Deformation of PXCM with 2% 3 arrangement of unit
cell. (a) Before deformation in the primary configura-
tion. (b) After deformation in the secondary configura-
tion.
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Fig.4 Deformation behavior of a lattice structure which was
fully bistable: (a) before the test, (b) deforming, and
(¢ ) completely compressed. (d) Corresponding stress—
strain curve.
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Fig.5 Deformation behavior of a lattice structure which was
partly bistable: (a ) before the test, (b) deforming, (¢ )
completely compressed, and (d) after the test. (e)
Corresponding stress—strain curve.
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Fig. 6 Deformation behavior of a lattice structure which was
not bistable: (a) before the test, (b) deforming, (c¢)
completely compressed, and (d) after the test. (e)
Corresponding stress—strain curve.
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Fig.7 Deformation behavior of a lattice structure which
exhibited amorphous-like behavior : ( a ) before the test,
(b) deforming, (c) completely compressed, and (d)
after the test. (e ) Corresponding stress-strain curve.
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Fig.8 Schematic illustration of beam of multi-axis bistable
structure.
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Fig.9 3D model of single tetrahedra element of multi-axis bistable structure. (a)

Tetrahedra element whose protrusion on beams face toward the center of

tetrahedron. (b) Tetrahedra element whose protrusion on beams face

outwards of tetrahedron.
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Fig. 10 Comparison of multi-axis bistable structure and face-centered cubic (fcc).

(a) Schematic picture of (fcc) with red tetrahedron representing tetrahedra

element whose protrusion on beams face inwards and blue tetrahedron

representing tetrahedra element whose protrusion on beams face outwards.

(b) 3D model of multi-axis bistable structure representing a unit cell of fcc.
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