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a b s t r a c t

Phononic crystals possess unique acoustic properties due to their artificial periodic structure. They have
been used in a wide range of applications such as wave guides, filters, noise suppression, vibration con-
trol, etc. In this paper, an analytic model based on the transfer matrix method is established to study the
band gaps of P- and SH-waves in a one-dimensional phononic crystal consisting of alternating strips of
two different materials bonded by an interfacial adhesive layer. The analysis accounting for the temper-
ature dependent elastic property of the interfacial adhesive layer indicates a different but an effective
approach for thermal tuning of the acoustic band structures. It is shown that the first band gap width
may decrease over 50% as the temperature increases from 20 �C to 80 �C. These results provide design
guidelines for thermal tuning of wave propagation in phononic crystals.

� 2017 Elsevier Ltd. All rights reserved.

1. Introduction

Phononic crystals made by different materials periodically in
one-dimension [1–4], two-dimension [5–12] or three-dimension
[13–18] possess superior acoustic properties. For example, it could
realize the complete acoustic band gaps, in which the acoustic
wave is forbidden for transmission. This feature enables many
applications such as vibration control, noise suppression, acoustic
transducers, filters, and so on.

Despite the fixed band gaps by designing the geometry and con-
stituents in the phononic crystals, tunable phononic crystals are
very attractive for actively changing their band gaps within the
same fabricated sample. There are two main approaches to realize
tunable phononic crystals. One is to apply external strain [19–21]
or initial stress [22,23] to phononic crystals consisting of common
materials. For example, Bertoldi et al. [19,20] investigated the
deformation-triggered transformations of phononic band gaps in
periodic elastomeric structures. Feng and Liu [23] studied the
dependence of band gaps on the initial stresses in phononic crys-
tals. The other is to apply external electric ormagnetic fields to pho-
nonic crystals consisting of smart materials [24–27]. For example,

dielectric and electrorheological materials have been proposed to
tune the band gaps of phononic crystals since their periodic struc-
ture or elastic properties can be changed by an electric field [27].

Recently, temperature has been shown to be an effective routine
to tune and control the band gaps due to the temperature sensitive
constituents in phononic crystals [28–32]. For example, Jim et al.
[28] studied the thermal tuning of a phononic crystal composed of
a ferroelectric ceramic and epoxy. Chen [29] investigated the
temperature-tuned omnidirectional reflection bands in a one-
dimensional finite phononic crystal. The temperature effects on
the band gaps of lamb, SH-, P-, and SV- waves were also studied
in one- or two-dimensional periodic structure composed of con-
stituents whose elastic properties strongly depend on the tempera-
ture. Most of existing studies on thermal tuning of band gaps only
account for the temperature sensitive properties of constituents of
phononic crystals and ignore the effect of the interfacial adhesive
layer. However, the modulus of the interfacial adhesive layer may
change one to two orders of magnitude with the increasing temper-
ature, which will induce non-negligible effect on the band gaps.

This paper aims to investigate the thermal effects of the interfa-
cial adhesive layer on the band gaps of P- and SH- waves in a one-
dimensional phononic crystal consisting of alternating strips of
two different common materials, whose elastic properties are
independent of the temperature, bonded by an interfacial adhesive
layer, whose elastic properties are sensitive to the temperature.

http://dx.doi.org/10.1016/j.compstruct.2017.03.092
0263-8223/� 2017 Elsevier Ltd. All rights reserved.

⇑ Corresponding authors at: Key Laboratory of Soft Machines and Smart Devices
of Zhejiang Province, Zhejiang University, Hangzhou 310027, China (J. Song).

E-mail addresses: bzg@nit.net.cn (Z. Bian), jzsong@zju.edu.cn (J. Song).

Composite Structures 172 (2017) 311–318

Contents lists available at ScienceDirect

Composite Structures

journal homepage: www.elsevier .com/locate /compstruct

http://crossmark.crossref.org/dialog/?doi=10.1016/j.compstruct.2017.03.092&domain=pdf
http://dx.doi.org/10.1016/j.compstruct.2017.03.092
mailto:bzg@nit.net.cn
mailto:jzsong@zju.edu.cn
http://dx.doi.org/10.1016/j.compstruct.2017.03.092
http://www.sciencedirect.com/science/journal/02638223
http://www.elsevier.com/locate/compstruct


The dispersion equations determining the band gaps of phononic
crystals are derived in Section 2. The transmission spectra of pho-
nonic crystals are presented in Section 3. Section 4 illustrates the
results and discussion. The main conclusion is summarized in
Section 5.

2. Band gaps of phononic crystals

Fig. 1 schematically shows a one-dimensional phononic crystal
with one unit cell composed of alternating strips of two different
materials denoting by A and B with the width of a1 and a2, respec-
tively. These two materials are bonded by an interfacial adhesive
layer with the width of d. The material A (and B) is modeled as a
linearly elastic medium in which the equation of motion satisfies

lr2uþ ðkþ lÞrðr � uÞ ¼ q
@2u
@t2

; ð1Þ

where k and l are Lamé constants, q is the mass density, u is dis-
placement vector. The interfacial adhesive layer is thin and can be
modeled as a spring as shown in Fig. 2 with the normal and shear
coefficients given by [33],

kn ¼ k� þ 2l�

d
; ks ¼ l�

d
; ð2Þ

where k� and l� are the Lamé constants of the interfacial adhesive
layer, d is the width of adhesive layer. At the interface between A
and B within the nth unit cell, the continuous condition is given by
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with the superscripts r, l denoting the right and left side of the inter-
face, respectively. At the interface between the nth and (n + 1)th
unit cell, the continuous condition takes the form as
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2.1. Dispersion equation of p-wave

For an incident P-wave, the reflected and transmitted waves are
the combinations of P-wave and SV-wave. The refraction angles of
P-wave and SV-wave are defined as h1, h2 in material A and h3, h4 in
material B. The stress and displacement in A and B in the nth unit
cell can be expressed as
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and

uB
1

uB
2

rB
12

ilAk2A

rB
11

ilAk2A

8>>>>><
>>>>>:

9>>>>>=
>>>>>;

n

¼ ½MB�

B1;neik1Bx1 cos h3

B2;neik2Bx1 cos h4

B3;ne�ik1Bx1 cos h3

B4;ne�ik2Bx1 cos h4

8>>><
>>>:

9>>>=
>>>;
eijx2�ixt; ð6Þ

where
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ð7ÞFig. 1. Schematic diagram of an infinite one-dimensional phononic crystal.

Fig. 2. Schematic diagram of the analytical model for one-dimensional phononic crystal with the interfacial adhesive layers.
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