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KEYWORDS ABSTRACT

Phononic crystal, Phononic crystals are advanced structures which are created by repetition of inclusions in
Band gap, an elastically different host material. The distinguishing feature of these materials is the
Band structure, existence of a band gap. complete band gap is a frequency range that the phononic crystal
finite difference method, prevents the propagation of elastic or acoustic waves in all directions whose frequency is in
two-dimensional structure. that range. Due to the feature of band gap, phononic crystals are suitable for managing the

propagation of elastic waves. In this research, two-dimensional phononic crystal structures
have been investigated. In order to reach the optimal band gap, many works have been done
on the phononic crystal structures. In this article, the above efforts have been investigated
including rotation of non-circular inclusions, adding an inclusion to the primary unit cell,
changing the type of lattice and the shape of the inclusion, hybrid phononic crystal, nested
phononic crystal, heterostructure phononic crystal, hierarchical phononic crystal and the
use of Smart materials.

Extended Abstract

1. Introduction

hononic crystals are composite materials that are formed by repeation one or more inclusions materials

in an elastically different host material. Constituent materials can be solid, liquid or gas. Also, the

periodicity of the structure may be in one dimension, two dimensions, or three dimensions. Figure 1 shows
the arrangement of one-dimensional, two-dimensional and three-dimensional phononic crystal.
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Figure 1. 1d, 2d and 3d arrangement of phononic crystal

The distinguishing feature of phononic crystals is the band gap. Full bandgap is a frequency range that the
phononic crystal prevents the propagation of elastic or acoustic waves whose frequency is in that range in all
directions.

Due to their band gap feature, phononic crystals are suitable for management of elastic waves propagation. A
complete band gap can provide a vibration-free environment for very accurate mechanical systems [7]. By
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removing the periodicity of the structure, it is possible to create guided modes inside the band gap. The wave
whose frequency is within the band gap of the phononic crystal is guided well by the phononic crystal waveguide
and is concentrated around the structural defect. This ability makes the phononic crystal a suitable option for
designing acoustic or elastic microcavities, waveguides, filters, complete mirrors. The simultaneous use of point
and line defect can lead to applications such as filter, multi-frequency separation and coupler [8]. Liquid sensor is
another application of phononic crystal [9-11]. In order to reach the desired band gap, many works have been done
on the phononic crystal structure. This article studied the above efforts in tuning the band gap of two-dimensional
phononic crystals.

2. Achieving the desired band gap in two-dimensional phononic crystal structures

In order to reach the desired band gap, many works have been done on the phononic crystal structure, such as
rotating non-circular inclusions [12], adding an inclusion to the primary unit cell, changing the lattice type,
changing the shape of the inclusion, changing the filling ratio and creating a new lattice from the combination of
two different lattices [13].

2.1. rotation of non-circular inclusions

Zhong et al. investigated the dependence of the full band gap on the direction of the inclusion rods with a non-
circular cross section triangular, square, hexagonal, octagonal) [14]. TianJian et al. did similar work on phononic
crystals with semi-circle inclusion [15].

2.2. Adding an inclusion to the primary unit cell

Yao and his colleagues [16] studied the band structure of a two-dimensional phononic crystal with two
inclusions in a single cell using the plane wave expansion method. The results of their work showed that the band
gap can be adjusted by changing the position of additional inclusions.

.

5
DD

1

P —

Figure 2. Two-dimensional phononic crystal unit cell. The extra bar is represented by B. [16]

15

e

®a/2rC,

0.5

0.0 ..‘l-'.‘ 1 (a) | | (b)
M r X M r X M
Figure 3. The band structure of the studied phononic crystal, where the full band gap is marked with a purple rectangle, a) with
one rod in the unit cell b) with two rods in the unit cell, where the additional rod is located in the center of the unit cell. [16]

2.3. Changing the type of lattice and the shape of the inclusion

Liu et al [18] studied the band structure of porous phononic crystals composed of different lattices (square to triangular)
using the FDTD method.
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2.4. hybrid lattice

Wei et al [19] investigated the propagation of acoustic waves in a phononic crystal composed of two triangular
lattices (steel in air) by the plane wave expansion method.

Y

Figure 4. The hybrid phononic crystal of steel rods in air. The gray points show the triangular lattice. By adding dark bars at a
distance d from the gray bars, the hybrid phononic crystal structure is formed.

2.5. Nesting phononic crystal

Hu and Zhou [22] investigated the nesting phononic crystal of mercury in water using plane wave expansion
method. Nesting phononic crystal is created by placing a phononic crystal inside another one. They investigated
the effect of the Nesting phononic crystal lattice constant on the band gap.
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Figure 5. Phononic crystal structures. The solid black circles show the two-dimensional phononic crystal with lattice constant al,
which is called the primary phononic crystal. The hollow points of another phononic crystal with lattice constant a2 display a)
a,=0 b) a2=2a; c) a,=4a, d, a,=6a; d, a,=8a, and f) Brillion zone [22]
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2.6. hetergenous phononic crystal

Bagheri Nouri and Moradi [33] presented and analyzed a hetergenous phononic crystal structure by combination of square
and rhombic arrangements. They showed that the band gap can be extended by combining square and rhombic arrangements.

Figure 5. The heterogenous phononic crystal presented in [33]

2.7. using smart material

recently, smart materials have been used in the design of phononic crystal band gap, such as the use of shape memory alloys
[34], rheomagnetic materials [35], rheoelectric materials [36] and...

3. Modeling and formulation

The studied phononic crystal in this research is two-dimensional. The cylinders are located along the z direction
and repeat alternately in the xy plane. In the absence of body forces, the elastic wave equations are as follows:

pi; = 0yj 1
O-ij = Cijmnum,n (2)
Where p = p(x,y) and C;jm,(x,y) are the density and tensor of the elastic coefficients of the structure,

respectively. The summation convention is assumed on repeated indices. If the propagation of waves in the xy
plane is considered, the lattice displacement and stress will not depend on z, that is: u; = u;(x,y,t) and g;; =

0y (x,y,0).

4, Conclusion

Phononic crystals are advanced materials that have attracted a lot of attention in recent years. Having a band
gap is a characteristic of phononic crystals, which has led to the wide application of these materials in the
management of elastic wave propagation. In this article, different two-dimensional phononic crystal structures are
introduced. Also, various solutions that have been proposed to achieve the desired band gap in two-dimensional
phononic crystal structures have been investigated. Among them, in this article, the effect of non-circular
inclusions rotation, adding an inclusion to the primary unit cell, changing the lattice type and shape of the inclusion,
hybrid phononic crystal, nested phononic crystal, inhomogeneous phononic crystal, hierarchical phononic crystal
and the use of smart materials in the phononic crystal structure has been investigated, which shows that the band
gap can be adjusted by changing the above parameters. Although various researches have investigated phononic
crystals, there are still various issues in this subject that require more research. In addition, in this research, the
governing equations of wave propagation in phononic crystals and phononic crystal analysis methods have been
presented and analyzed.
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