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Abstract: In order to expand the forms of mechanical metastructures and optimize the dynamic
adjustment ability of mechanical metastructures, a micro gear unit structure was designed, which was
periodically arranged in a two-dimensional plane to form a metastructure. The structural design princi-
ple and stability of the metastructure were analyzed. It is demonstrated that continuous and stable tun-
able of mechanics properties may be achieved by the designed metastructure. The extensive mechanics
properties of this metastructure, including statics and dynamics, were analyzed through finite element
simulation method. The results indicate that the elastic modulus of the externally meshed gear cells
has a tuning range exceeding 10 times, while that of the internally meshed planetary gear cells exceeds
200 times. A considerable tunable range is also observed in the shear modulus. Additionally, the con-
tinuous change of the natural frequency and frequency amplitude curve may be realized by this gear
unit-based metastructure, providing a new idea for the design of materials aimed at vibration reduc-
tion. Finally, a variety of metastructure vibration reduction devices were designed based on this micro
gear unit, demonstrating the unique advantages and broad application prospects in vibration reduction
and dynamic control.

Key words: mechanical metastructure; gear cell; mechanics property; continuously tunable; vi-
bration-reduction structure
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Fig.1 Mechanical metastructure design based on

gear elements
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Fig.2 Metastructure and vibration reduction structure

based on spoke gear cell
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Fig.3 Stess-strain curve of external meshing gear cell

under metastructure compression condition
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Fig.5 Variation curves of shear modulus G and

deformation y with rotation angle «
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Fig.7 Frequency amplitude characteristic curve of

2 X 2 external meshing gear metastructure
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Fig.9 Stress-strain cloud image of 3D finite element

analysis of cell properties
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Fig.10 Stress-strain curve of single cell planetary gear

under tension-compression condition
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Fig.12 Variation curve of y and G of the metastructure

of a single cell planetary gear with rotation angle f
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Fig.15 Metastructure of multi-cell meshing planetary gear
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Fig.19 Application of gear metastructure to design

vibration reduction structure
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