A Sparavigna 
  
A two-dimensional auxetic lattice and its vibrations

Auxetics are metamaterials displaying a negative Poisson's ratio, meaning that they exhibit a lateral extension, instead of shrinking, when they are stretched. Although in the past two decades there has been considerable developments on systems exhibiting auxetic behaviour, the studies of the modes of vibrations in auxetic structures is still in its infancy.

• Here we present a model of a two-dimensional lattice, in which the lattice is represented by a planar network where sites are connected by strings and rigid rods, in order to obtain an auxetic structure. We discuss a model based on the recently proposed 'rotating' rigid structures [1][2][3]. We can see that the proposed lattice has translational and rotational mode dispersions that can display a complete frequency bandgap [4]. In analogy with the behaviour of crystalline lattices, the acoustic mode velocity is strongly reduced when the mass ratio increases • [1] 

Introduction

• Auxetics are metamaterials displaying a negative Poisson's ratio, meaning that they exhibit a lateral extension, instead of shrinking, when they are stretched.

Auxetic Honeycomb

Vibrations of lattices (point-like units)

• Lattices with point-like particles (atoms) have acoustic and optical vibrations. For instance, diamond-like lattices (diamond, Si, Ge) and Zincblende structure such as SiC. • Two atoms in the lattice basis and then two vibration modes: acoustic and optical. • Translation and rotation are coupled in equations. We use a Bogoliubov transform to solve them. are displacements from equilibrium positions.

• Translational (acoustic) and rotational (optical) modes. The ratio between mass and moment of inertial influences the mode frequency. • See all calculation details in
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• Reduced frequency of the phonon dispersions as a function of the wavelength for different values of the ratio I/ML 2 (0.1 red, 1 green and 10 blue). L is the mass length. Note the behaviour of the rotational (optical) mode for high values of the ratio I/ML 2 . The frequency reduces. • The gap between acoustic and optical modes is quite pronounced for the green curve.

• Auxetic behaviour of lattices with rigid rotating squares studied in: J.N. Grima and K.E. Evans, J. Mat. Sci. Lett., 19 (2000) 1563. Y. Ishisbashi and M. Iwata, J. Phys. Soc. Jap., 69 (2000) 2702.

• In-plane vibrations studied by: A.A. Vasiliev, S.V. Dmitriev, A.E. Miroshnichenko, arxiv:nlin/0406028v2; Int. J. Solids and Structures, 42 (2005) 6245.

• If we consider as auxetic twodimensional structures, those structures which do not collapse when stretched along one of the in-plane directions, several membranes can be proposed, but it is necessary to insert some rigid units in their mesh. 

Conclusions

• Auxetic structures with rod-like particles have a lower frequency of the rotational mode that decreases if ratio I/ML 2 increases. This is in agreement with experimental observations of lower frequencies in auxetic structures if compared with conventional ones. • In the case of different masses in the lattice basis, this effect is enhanced; moreover a wide bang-gap is observed between translational and rotational bands. • We have investigated the out-of-plane vibrations of the rods. We plane to study in-plane vibrations and other models. • Thank you for your attention.
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 1 D model: a chain composed of rigid rod-like particles, with mass M and moment of inertia I and strings connecting masses. The vibrations of the chain we are considering are those perpendicular to the chain. • The unit cell of the lattice has a position given by i. The positions of the lattice sites (0) are denoted by the lattice indices i, and the sites of the basis are denoted by B. Ropes have a constant linear density. Equilibrium axial forces T and forces f due to displacement from equilibrium positions. We have equations of motion for strings and for masses (translation of centre of mass (mass M) due to f, and rotation (inertia I) around it caused by f and T as in Figure).

  • For instance we can use rod-like units as we did for the 1-D model. The black thick lines represents the rod-like particles, which have different orientations in the plane of the lattice. The lattice unit contains two rigid rods. Strings are connecting the masses. • Vibrations of 2-D lattice • Reduced mode frequencies of the auxetic lattice with rod-like units, as a function of wave-numbers along directions X,Y and D, when the units of the lattice basis have the same mass (left), and the reduced mode frequencies, when the units have different masses (M 1 =4M o ). Note the complete bandgap between translational and rotational modes and the lower group velocity of translational (acoustic) modes.