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Abstract; Auxetic metamaterials and structures have excellent mechanical properties such as shear
resistance, impact resistance, fracture resistance, energy absorption and vibration isolation,
permeability variability, synclastic curvature in bending, etc. Auxetic metamaterials have broad
application prospects in the fields of aerospace, navigation, mechanical automation, biomedicine,
national defense and military and textile industry. Based on the deformation mechanism of auxetic
metamaterials and structure, the physical models of re-entrant mechanism, rotating rigid mechanism,
chiral/antichiral mechanism, fibril/nodule mechanism. miura-folded mechanism, buckling-induced
mechanism, helical auxetic yarn structure were reviewed. These models can be widely applied in
various engineering applications such as light laminated plates, fluid transportation and yarn to
improve their properties. Finally, prospects to the upcoming challenges and progress trends of auxetic
metamaterials and structures are made. It is pointed out that the application of negative Poisson’s ratio
effect can help compensate the change of volume and area under the deformation of uniaxial loading.
Then the shock resistance of turbine blade, antenna and car suction box can be improved. As a result,
this review can provide benefits for the development of auxetic metamaterials.

Key words: auxetic metamaterials; negative Poisson’s ratio; mechanical property; deformation

mechanism;application
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Fig.1 Deformation mechanisms under the impact load'®]

(a)non-auxetic materials; (b) auxetic metamaterials
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Fig. 2 Deformation behaviors under the load of bending!!”)  (a)conventional materials; (b) auxetic metamaterials
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Fig.3 Two-dimensional re-entrant hexagonal honeycomb structuret?:17]

(a)geometry unit; (b)undeformed; (¢)deformed
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Fig. 4 Rotating rigid body structurest®!  (a)square; (b) rectangular; (¢) trans-rectangular; (d) bisquare;

(e) triangular; (f)isosceles triangular; (g) bi-triangular; (h) hexa-triangular rotating unit structures
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Fig. 5 Typical shape of fibril-nodule structurest®!  (a)single fibril-type structural model for liquid crystalline polymer (bundle type) ;

(b)multi-fibril structures with rectangular nodules; (¢) circular nodules (network type)
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Fig. 6 Buckling-induced auxetic structurest*42!

(a) 2D circle-patterned sheet and its deformation; (b) 3D buckyball structure and its deformation; (¢)circle-patterned cylinder
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Fig. 7 Helical auxetic yarn structure*?]

(a)undeformed; (b) deformed configurations of helical auxetic yarn; (c¢)auxetic fabric with helical yarn
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Fig. 8 Other auxetic metamaterial structurel*+50]

(a)four claw structure; (b)interlocking hexagon model; (¢) staggered rib structure;

(d) three-dimensional link structure; (e) hexahedral structure; (f) perforated plate construction
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Table 1 Application of auxetic metamaterials

Field Application

Reference

Aerospace industry.navigation

antenna

Mechanical automation

Jet engine turbine blade,aerocraft wing.rocket fuselage,ship.

Vehicle bumpers and seat cushions,adapting piece,safety belt,

[13-14,51-53]

sensors, heatset, tyre, crash box [48.54-56]
Biomedical Bandage, dental floss, artificial blood vessel, artificial skin,esophagus r8,57]

and stents, heart valve ring, pulse monitor
Military science Helmet, bulletproof vest,combat dress,silencer,bullet [58]
Textile industry Yarn,fiber, texture, kneecap,gloves,shoes,thermal underwear [59]
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