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Construction and properties of gear mechanical metamaterials
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Abstract: Mechanical metamaterials exhibit many counterintuitive mechanical properties by changing their internal geometry. We
propose a mechanical metamaterial composed of gears as basic elements. The gear-based mechanical metamaterial proposed here is
a multi-stable structure, which can be continuously converted between various stable states through the meshing of gear teeth. The
continuous switching between states enables the mechanical metamaterial to exhibit in situ continuously tunable mechanical proper-
ties. The mechanical properties of the mechanical metamaterials were studied by using the finite element method. The results show
that the gear-based mechanical metamaterials exhibited continuously adjustable stiffness, variable generalized shear stiffness, and
adjustable acceleration transmissibility. These unique properties of mechanical metamaterials provide new ideas for creating pro-
grammable metamaterials with in situ continuously adjustable mechanical properties, and are expected to be applied in the fields of

smart materials and engineering.
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Fig.1 Design concept of mechanical metamaterials
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Fig. 2 Mechanical metamaterials composed of profiled spoke

gears
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Fig.3 Schematic diagram of compression conditions
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Fig.4 The y-direction deformation and stiffness curves with

the variation of 4,
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Fig.5 Schematic diagram of shearing conditions
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Fig. 6 The x-direction deformation and generalized shear

stiffness varied with 6,
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Fig.7 Metamaterial composed of parallel planetary gear set

and special-shaped spoke gear
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Fig.8 The schematic diagram of mechanical metamaterials

under different angles
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Fig.9 Deformation and stiffness curves in the y direction

with vary the change of 6,
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vary with the change of 0, (3X 3 units)
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