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        Deformation mechanisms under impact loading [11]. (a) Positive Poisson's ratio and (b) negative Poisson's ratio.
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        Illustration and simulation of RE hexagonal cell deformation under bending moments, and the effect of the re-entrant angle on curvature variation [33]. (a) illustration of the bent RE unit cell with planes along the principal curvature directions. (b) curvature estimation based on Heron's formula. (c) simulation of geometrical change between 60°RE and 120°RE sample under 1 mN load. (d)-(f) effects of internal angle on maximum curvature, minimum curvature and internal angle to the synclastic or anticlastic curvature behavior of samples.

      

    

  
    
      Fig. 7 
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        Schematic of variable permeability [24].
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        Nine-grid combination and re-entrant hybrid NPR structures. (a) Nine-grid combination multi-cell NPR structures, (b) the predicted deformation state of nine-grid combination structures based on FEA, (c)–(e) X-type, H-type and Sd-type x-y displacement relationships, (f) force-displacement curves and displacement relationships of X-type, H-type, and Sd-type structures [37]. (g) Geometric parameters of REHH structures, (h) y-axis and x-axis stretch, (i) displacement analysis results under tensile loading, (j) Poisson's ratio and elastic modulus vs. θ1 for various internal angles θ2 [53].
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        3D re-entrant structures. (a) 3D re-entrant hexagonal structure and its unit cell [18], (b) 3D double-arrow structure and its unit cell [19], (c) 3D STAR-shaped structure and its unit cell [55] and (d) finite element model of the data-driven 3D auxetic unit cell and lattice specimen [57].
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        2D rotating rigid unit structures. (a) Square rotating structure [61], (b) triangular rotating structure [62], (c) rectangular rotating structure [63] and (d) parallelogram rotating structure [64].
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        Modified structure of rotating rectangles [65]. (a) Rectangle structural unit. (b) Closed position. (c) Open position. (d) Changes of the Poisson's ratio as a function of the opening angle for structures made of rectangles with different a/b.

      

    

  
    
      Fig. 14 
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        Other rotating rigid unit structures. (a) General structure based on non-equilateral triangular rotating units [66]. (b) Seesaw-inspired rotating triangular unit [67]. (c) Hybrid unit composed of triangles and quadrilaterals [68]. (d) NPR bistable unit [69]. (e) Multi-level rotating square structure. (f) Hierarchical structure with different subunit connection arrangements [70].

      

    

  
    
      Fig. 15 
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        3D rotating rigid unit structures. (a) 3D rotating cuboid [20], (b) square-prism structure and its deformation, (c) triangular-prism structure and its deformation, and (d) hexagonal-prism structure and its deformation [72].
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        Schematic of 2D chiral structures and their compressive deformation. (a) Hexachiral structure, (b) trichiral structure and (c) tetrachiral structure [16]. (d) Meta-chirals [76]. (e) Anti-trichiral structure and (f) Anti-tetrachiral structure [16].
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        Schematic of perforated sheet structures. (a) Rhombic perforated sheet structure [95]. (b) Star- or triangular-shaped perforated sheet structure [96]. (c) Elliptical perforated sheet structure [97]. (d) Isotropic perforated sheet structure [99]. (e) Slit perforated sheet structure [17]. (f) Perforated sheet structure with randomly oriented cuts [101]. (g) NPR structure obtained via fractal cutting technique [102]. (h) Deformation schematic of perforated sheet with circular holes induced by elastic instability [103]. (i) Peanut-shaped perforated sheet [104]. (j) Bucklicrystal with simple cubic (SC) [22].

      

    

  
    
      Fig. 23 
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        NPR structures for marine applications. (a) 2D re-entrant hexagonal honeycomb blast-protective sandwich [119]. (b) 3D re-entrant hexagonal frame-plate protective structure [120].

      

    

  
    
      Fig. 24 
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        Vehicle applications of auxetic metamaterials. (a) 3D NPR crash box [121]. (b) The design and components of the battery pack [122]. (c) NPR structural buffer used in the automobile suspension frame system [123,124]. (d) Non-pneumatic tire with double-arrow NPR structure [26]. (e) Non-pneumatic tire with anti-tetrachiral NPR structure for mechanical design and performance [125].

      

    

  
    
      Fig. 25 
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        Biomedical applications of auxetic metamaterials. (a) schematic of auxetic smart bandage [127]. (b) cardiovascular stent with anti-chiral NPR structure [27]. (c) a flexible porous chiral auxetic tracheal stent [128].
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