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KEYWORDS ABSTRACT

Phononic crystal, Phononic crystals are inhomogeneous structures which are created by periodic
Structural Defect, arrangement of inclusions in an elastically different host material. By removing of a row of
Waveguide, inclusions, phononic crystal waveguide can be obtained. In this research, effects of structural
Finite difference method. defects on a phononic crystal heterostructure waveguide have been investigated. The

heterostructure is composed of square and triangular phononic crystals (periodic
arrangement of steel inclusions in epoxy host). To analyze the structure, displacement based
finite difference time domain method has been used. The simulation shows that a stub
attached vertically to the heterostructure waveguide induces dips in the transmission
spectrum. Also, the frequency range of the transmission was limited to a narrow frequency
domain of 104 Khz in the cavity-containing waveguide. Finally, the simulation showed that
the effect of the cavity that is inserted at the side of the waveguide is insignificant.

Extended Abstract

1. Introduction

Phononic crystals are inhomogeneous structures which are created by periodic arrangement of inclusions in an elastically
different host material. By removing of a row of inclusions, phononic crystal waveguide can be obtained.

In this research, effects of structural defects on a phononic crystal heterostructure waveguide have been investigated. The
heterostructure is composed of square and triangular phononic crystals (periodic arrangement of steel inclusions in epoxy host)
as illustrated in FIG 1.
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Figure 1. The studied phononic crystal heterostructure

Then, by creation of line defects in the heterostructure, a heterostructure waveguide bend is actualized.

Diameter of the steel inclusion and the lattic constant are 5 and 8 mm respectively. The host material is epoxy.
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Figure 2. The proposed arbitrary heterostructure waveguide bend

2. Methodology

Two-dimensional phononic crystals are considered here. The equations of elastic wave propagation can be described as:

pi; = 0y @
@

In the above equations, p = p(x,y) , Cijmn (%, ¥) and U; are respectively density, elastic stiffness tensor, ith component of
wave displacement in the structure.

Oij = Cijmn Umn

The summation agreement over dummy indices is considered, too. Since propagation of elastic waves in the xy plane is
assumed, the displacement and stress tensor of the structure are independent of z, i.e., u; = u;(x,y,t) ando;; = 0;;(x, y, t).
The propagation of the mixed mode in the heterostructure is studied in this paper.

To solve the aforementioned equations, displacement-based finite difference time domain (DBFDTD) method was
used which can be found in detail in [17].

To analyzethe proposed bend, left and right boundaries of FIG. 2 was surrounded by two homogenous regions and the
perfectly matched layer (PML) [18] was applied as the absorbing boundary condition. The periodic boundary condition was
applied on the top and bottom boundaries.

A Gaussian wave packet was launched along the x direction in the left homogenous region. The calculation model was
discretized in both x and y directions with a grid interval of (a/60). The equations of motion were solved over 216 time steps
with each time step lasting 6 ns. By taking fast Fourier transform of the averaged x component of displacement over the guide
width (right homogenous region) and normalizing it to the same quantity calculated for the wave packet in the absence of the
phononic crystal, transmission coefficient can be calculated. To analyse the heterostructure a developed FORTRAN code was
used.

3. Discussion and Results

By substituting an inclusion with host material, defects can be introduced within the heterostructure. The cavity-containing
waveguide was showed in FIG. 3. Effect of this cavitiy on transmission spectrum of the waveguide has been illustrated in FIG.
4. As can be seen in FIG. 4, the frequency range of the transmission was limited to a narrow frequency domain of 104 KHz in
the cavity-containing waveguide.
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Figure 3. The cavity-containing waveguide

Figure 4. Transmission spectrum of the cavity-containing
waveguide (solid line) and transmission spectrum of the

waveguide (dashed line)

FIG. 5 shows a stub attached vertically to the heterostructure waveguide. The analyse showed that a stub attached vertically
to the heterostructure waveguide induces dips in the transmission spectrum.
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Figure 6. Transmission spectrum of the stubbed
Figure 5. The stubbed heterostructure waveguide waveguide (solid line) and transmission spectrum of the
waveguide (dashed line)
The displacement pattern of the stubbed waveguide in 20000 th time step has been showed in FIG. 7. The frequency of

applied wave is 123 KHz. This figure indicates that the displacements of right-side points of waveguide are insignificant. In
other words, if the wave frequency is 123 KHz, the wave could not propagate along the waveguide.

Figure 7. The displacement pattern (in m) of the stubbed waveguide in 20000 th time step

FIG. 8 shows the situation where a cavity is inserted at the side of the waveguide. It is expected that a cavity that is inserted
at the side of the waveguide, leads to zero of transmission. The effect of this cavity on the transmission spectrum of the
waveguide was depicted in FIG. 9

The simulation showed that that the cavity which is inserted at the side of the waveguide leads to an insignificant reduction
in the transmission spectrum of the waveguide in 102 KHz frequency.
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Figure 9. Transmission spectrum of the side cavity
Figure 8. The side cavity coupled waveguide coupled waveguide (solid line) and transmission
spectrum of the waveguide (dashed line)

4. Conclusion

In this paper, effect of structural defect on transmission spectrum of a phononic crystal heterostructure waveguide has been
studied. The heterostructure is composed of square and triangular phononic crystals. The inclusion and host material are steel
and epoxy respectively.

To analyze the structure, displacement based finite difference time domain method has been used. The simulation shows
that a stub attached vertically to the heterostructure waveguide induces dips in the transmission spectrum. Also, the frequency
range of the transmission was limited to a narrow frequency domain of 104 KHz in the cavity-containing waveguide. Finally,
the simulation showed that the effect of the cavity that is inserted at the side of the waveguide is insignificant
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