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KEYWORDS ABSTRACT

Phononic crystal, Phononic crystals are a kind of advanced materials that are created by alternating
Plate, arrangement of one or more inclusion materials in a different host material. In this research,
Band gap, the effect of the dimensional parameters of inclusions on the band gap of tungsten-rubber
Inclusion dimension, phononic crystal plate has been investigated. The shape of the inclusion under investigation
Low frequency. is a hollow cylinder and the lattice type is square. The analysis of the above structure was

done based on the finite element method and with aid of Comsol software. The band
structures of the phononic crystals have been obtained for 10 different dimensions of the
inclusion (inner and outer diameter of the hollow cylinder). The results showed that to
achieve the widest band gap, the outer and inner diameters of the cylinder should be 4.5 and
3.77 mm, respectively. In this case, the band gap can be obtained from the frequency of 281.5
to 1076.5 Hz, and the total width of the band gap is 795 Hz.

Extended Abstract

1. Introduction

mainly caused by mechanical vibrations. Mechanical vibrations have an adverse effect on the operation

of mechanical structures and engineering equipment, especially on precision instruments. Mechanical
vibrations lead to fatigue, wear of mechanical equipment and working life reduction the of the equipment [1].
Noise has harmful effects on human health that can last for a long time. Among these harmful effects, we can
mention hearing loss, sleep disturbance, High blood pressure and heart rate, inability to learn, increased risk of
accidents [2-5], etc. Low-frequency vibrations and noise are able to spread over long distances [1], therefore, in
order to improve people's living environment, it is necessary to develop methods to prevent the spread of vibrations
and reduce noise.

N oise is one of the four major public hazards in the world that seriously affects people's daily life. Noise is

Phononic crystals are created from the alternating arrangement of one or more inclusion materials in a host
material in such a way that the elastic properties of the inclusion and the host are different. The distinguishing
characteristic of phononic crystals is having a band gap [6. 7]. The meaning of band gap is the frequency range
that the phononic crystal prevents the propagation of waves whose frequency is in this range. Due to the

* Corresponding author. Tel.: +989184832685

E-mail address: m-bagherinoori@araku.ac.ir

DOL: https://10.61882/masm.5.1.1. @ ®
Received: May 13, 2024; Received in revised form: Jun 09, 2024; Accepted: August 13, 2024. o
© Author



http://masm.araku.ac.ir/
mailto:m-bagherinoori@araku.ac.ir
https://10.0.241.186/masm.5.1.1.
https://10.0.241.186/masm.5.1.1.

Investigation of inclusion dimensional parameters effect on the band gap of tungsten-rubber phononic crystal plate 2

characteristic of the band gap, phononic crystals are able to control the propagation of acoustic and elastic waves
8, 9] and have applications such as filters [ 10, 11], sensors [12, 13], waveguides [14, 15] and etc.

To develope a band gap at low frequencies, various phononic crystals have been proposed and investigated in
recent years. Wu et al [16] proposed a one-side stubbed phononic crystal plate. They showed that the band gap of
this plate can be adjusted by adjusting the height of the stubs, and the widest strip gap can be obtained if the height
of the stuble is 9 times the thickness of the plate. Assor and Adich [17] analysed a double-side stubbed phononic
crystal plate and showed that the width of its band gap is twice that of one-side stubbed phononic crystal plate.
Dong et al [18] proposed a phononic crystal for in-plane mode filtering. Li and her colleagues [19. 20] proposed
cone-shaped inclusions, which were relatively lighter than cylindrical inclusions. Yang et al [21] proposed and
studied phononic crystal plate with double-sided cone-shaped inclusions. Tang and her colleagues [22] presented
a phononic crystal plate that consisted of repeating tungsten inclusions in a rubber host. Zhang and Han [24]
designed a hybrid phononic crystal to achieve a wider bandgap in the low frequency range. Also, in order to
achieve a wider bandgap in the low frequency range, a new structure with a square lattice in silicon was proposed
and the material distribution was optimized using a genetic algorithm.

Bagheri Nouri and Moradi [26], in their previous article in the Mechanics of Advanced and Smart Materials
journal, investigated the effects of structural defects on an heterostructure phononic crystal wave guide. Also, in
the recent research of Bagheri Nouri [27] in the Mechanics of Advanced and Smart Materials journal, the methods
of achieving the desired band gap in two-dimensional phononic crystals have been investigated. In both these
papers, it is assumed that the phononic crystal has infinite dimensions in the direction perpendicular to the plane
(z direction). While the current article examines a phononic crystal plate that has limited dimensions in the
direction perpendicular to the plane (z direction). Achieving a wider bandgap in the low frequency range is a topic
of current stuidees. In this article, a two-dimensional phononic crystal plate, which consisted by repeating hollow
cylinder shaped inclusions is analyzed using the finite element method with the help of Comsol software, and the
effect of the dimensional parameters of the inclusions (inner and outer diameter of the hollow cylinder) is studied
on the band gap. It is also shown that by adjusting the dimensional parameters of the inclusion, a wider band gap
can be achieved.

2. Phononic Crystal Plate

Figure 1 shows the phononic crystal plate investigated in this article. The structure is formed by repeating
hollow cylinders shaped tungsten inclusion in a rubber background. The cylinders are located in the z direction
and are repeated in the xy plane in two directions infinitely.

(@) (b)
Figure 1. a) The Phononic Crystal Plate b) the reduced brillouin zone

Two-dimensional phononic crystal considered here. The inclusions are located in the z direction and
repeated alternately in the xy plane. In this article, it is assumed that the inclusion and the background material
are isotropic.

In the absence of body forces, the elastic wave equations are as follows:

piy; = 0yj; @

Uij = ijmnum,n (2)
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where p=p(x,y) and C;jmy (x,y) are the density and the elastic coefficients tensor of the structure, respectively. The
summation convention is assumed on repeated indices. According to Bloch's theory, the following equation is obtained for
the displacement, which is known as Bloch's periodic boundary condition:

u(X + a,t) = e*u(X,t) 3)

where X=(x,y), a is the lattice vector and k is the wave vector [28]. According to Bloch's theory, instead of analyzing
the entire structure, a unite cell of the structure can be analyzed by considering Bloch's periodic boundary condition. Figure
2 shows the unit cell of the desired structure.

Figure 2. The desired phononic crystal unit cell

To study the desired structure, finite element method has been used and the results have been obtained with
the help of Comsol software. The phononic crystal is formed by repeating hollow cylinder shaped tungsten
inclusion in a rubber field. The density, Young's modulus and Poisson's ratio of tungsten are 17800 kg/m3, 370
GPa and 0.28 respectively. These values for rubber are assumed to be 1300 kg/m3, 117.5 kPa and 0.469
respectively. In order to verify the results, the results have been compared with the published ones [22]. Figure
3 shows the band structure of the phononic crystal, which was obtained with the COMSOL software.
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Figure 3. The band structure of the phononic crystal. The outer and inner diameter of the cylinder were assumed to be 3.5 mm
and 2.5 mm respectively. 0-1, 1-2 and 2-3 lines are the I'-X, X-M and M- I" directions of the reduced Brillion zone, respectively.

As Figure 3 shows, the computed results predict the band gap of 166 to 340, 352 to 570, and 582 to 664 Hz
which is in very good agreement with those of reference [22].
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3. The Effect of Inclusion Dimensional Parameters on The Band Gap

In the following, the effect of the inclusion dimensional parameters (internal and external diameter of the hollow
cylinder) on the band gap is investigated. In all cases, the square lattice constant is 10 mm, the plate thickness is 1.5 mm,
and the cylinder height is 5 mm. The inner and outer diameters of the cylinder are changed in such a way that the volume
of the hollow cylinder is equal to the volume of the reference hollow cylinder [22] (the outer diameter of the cylinder, 3.5
mm, the inner diameter of the cylinder, 2.5 mm). In other words, by keeping the volume of the inclusion constant, the effect
of changing the dimensional parameters of the inclusion on the band gap has been investigated. Table 1 shows the
characteristics of hollow cylinders (10 cases) which are discussed in the following.

Table 1. Specifications of the studied hollow shaped inclusion (internal diameter r; and external diameter r,)

row T, (mm) r; (mm)
1 2.55 0.71
2 2.75 1.25
3 3.00 1.73
4 3.25 2.14
5 3.50 2.50
6 3.75 2.84
7 4.00 3.16
8 425 3.47
9 4.50 3.77
10 4.80 4.13

Figure 4 shows the unit cell of some of the states in Table 1.

Figure 4. from left to right, the unit cell for cases 1, 3, 6, 7 and 10 in table 1.

As an example, in Figures 5 to 8, the band structure of the phononic crystal is shown, respectively, for cases 1 to 4 in Table
1., which were obtained with COMSOL software.
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Figure 5. The band structure of the phononic crystal. The outer diameter of the cylinder was assumed to be 2.55 mm (case 1). 0-1, 1-2
and 2-3 lines are the I'-X, X-M and M- I directions of the reduced Brillion zone, respectively.
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Figure 6. The band structure of the phononic crystal. The outer diameter of the cylinder was assumed to be 2.75 mm (case 2). 0-1, 1-2
and 2-3 lines are the I'-X, X-M and M- I directions of the reduced Brillion zone, respectively.
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Figure 7. The band structure of the phononic crystal. The outer diameter of the cylinder was assumed to be 3 mm (case 3). 0-1, 1-2
and 2-3 lines are the I'-X, X-M and M- I directions of the reduced Brillion zone, respectively.

Mechanics of Advanced and Smart Materials Journal 5(1) (2025) 1 -19



Investigation of inclusion dimensional parameters effect on the band gap of tungsten-rubber phononic crystal plate 6

Global: Frequency (Hz)

1000
900 F<_—
800
700
600
500
400
300
200

P ,
0 _ ool 2 . -
0-3 spans irreducible Brillouin zone (0-1 horizontal, 1-2 vertical,

2-3 diagonal)

Figure 8. The band structure of the phononic crystal. The outer diameter of the cylinder was assumed to be 3.25 mm (case 4). 0-1, 1-2
and 2-3 lines are the I'-X, X-M and M- I directions of the reduced Brillion zone, respectively.
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Figure 9 shows the effect of the dimensional characteristics of inclusions on the band gap. As the figure shows, if the outer
diameter of the cylinder is 4.5 and the inner diameter of the cylinder is 3.77 mm, the band gap from 281.5 to 566.5, from 574
to 918.5, and from 925.5 to 1076.5 Hz can be achieved. In this case, the width of the obtained band gap is maximum.
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Figure 9. The band gap of the plate versus the external diameter of the cylinder scatter (10 cases in Table 1).
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