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Fig.1 Architecture of octet-truss and tetrakaidecahedron lattices: (a) mechanical response to loading of an octet-truss unit cell; (b) SEM

image of octet-truss metamaterial; (c) mechanical response to loading of a tetrakaidecahedron unit cell; (d) SEM image of

tetrakaidecahedron metamaterial™*®!
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Fig.2 Design, processing and cellular architecture of ultralight microlattices®?
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Fig.3 Ceramic based strong-ultralight mechanical metamaterial: (a) alumina octet-truss nanolattice and the hollow tube!®®; (b) octet

truss structure of ZroC ceramic®; (c) honeycomb plate of aluminum oxide!®
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Fig.4 Carbon based strong-ultralight mechanical metamaterial: (a) vitreous carbon micro-lattice®; (b) glassy carbon nanolattices?”
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Fig.6 Models of negative Poisson’s ratio: (a) re-entrant models®; (b) chiral models of tetrarchiral hexachiral, trichiral and anti-

trichiral®; (c) rotating polygonal models®®*®; (d) crumpled sheets™
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Fig.8 Models of negative compressible metamaterial: (a) mechanism of negative linear compressible!® ! (b) the idealized wine-rack

model negative linear compressibility when subjected to hydrostatic pressure and negative Poisson’s ratio when loaded off-axis by

a uniaxial stress™*”"; (c) mechanism of negative area compressible!*®!
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Fig.10 Pentamode metamaterials: (a) schematic illustration of
the principle of pentamode metamaterials®’; (b) ideal
model of pentamode™: (c) polymer pentamode
mechanical metamaterial®; (d) metal pentamode

mechanical metamaterial®; (e) unfeelability cloak™
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Fig.11 Zero index mechanical metamaterials: (a) geometrical of the truss lattice material with near-zero Poisson’s ratio®; (b) zero

Poisson’s ratio composite structurel®; (c) schematic diagram of quasi-zero-stiffness!
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Fig.12 Application of mechanical metamaterial: (a) implants®®?; (b) graphene-based aerogel microlattice®; (c) ceramics-based photonic

bandgap materiall™; (d) optical nano-kirigamil™?
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Research Progress of Mechanical Metamaterials

Zhu Qing, Zhang Haijun, Han Lei, Zhang Jialian, Dong Longhao, Li Saisai
(The State Key Laboratory of Refractories and Metallurgy, Wuhan University of Science and Technology, Wuhan 430081, China)

Abstract: Owing to their unique mechanical properties compared to conventional materials, mechanical metamaterials have attracted a lot
of attention. This unique and novel characteristic is closely related to the microstructure and geometry of mechanical metamaterials, rather
than material composition. In addition, many special mechanical properties can also be obtained by designing and preparing various
materials and structures. At present, the development of the preparation process makes it possible to prepare materials with arbitrarily
complex micron or nanostructures. In the present paper, the research progress of several mechanical metamaterials properties was reviewed,
including strong-ultralight, negative Poisson’s ratio, negative compressibility, negative thermal expansion, and meta-fluids. In addition, the
restrictive factors of the development of mechanical composite materials were summarized, and the research key point and development
directions in this field were put forward.
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