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Abstract: This investigation presents a finite element method to obtain the transmission properties of bulk elastic
waves in piezoelectric band gap structures(phonon crystals) for varying frequencies and modes. To this end, periodic
boundary conditions are imposed on a three-dimensional model while both in-plane and out-of-plane modes are
included. In particular, the mode decoupling characteristics between in-plane and out-of-plane modes are identified for
each electric poling direction and the results are incorporated in the finite element modeling. Through numerical
simulations, the proposed modeling method was found to be a useful, effective one for analyzing the wave
characteristics of various types of piezoelectric phononic band gap structures.
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Fig. 1 Piezoelectric structure for which the wave number
(k) in the z direction is assumed to be zero.

However, the displacement in the z direction is
not necessarily zero
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Fig. 2 Unit cell illustrated to demonstrate the imposition
of periodic boundary conditions on planes
parallel to the y-z plane
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Table 1 Values of wave vectors corresponding to the
directions shown in Fig. 4
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Constraint Equations
e.g., Egs. (6) to (8))

Model for the Real Part

Model for the Imaginary Part
Fig. 3 Two identical finite element models corresponding
to the real and imaginary parts, respectively
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Table 2 Material properties of z-polarized piezoelectric
inclusion(P) and non-piezoelectric matrix(N)

P) | (N) (P) (N)
P 17200 [1150 | ¢y, [13.2x10" | 0.78x10"
e, |65 0.0 |y [12.2x10° | 0.78x10"
ey 233 100 |y, | 2.3x10° |0.157x10"
ey | 17.0 | 0.0 | ¢ 7.65%10"° | 0.466%10"
&S/e, 11700 | 45 | ¢ |7.81x10° | 0.466x10"
edfe, 12130 | 45 |cpp |2.78x10" | 0.157x10"
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Fig. 6 Frequency band gap characteristics for the phononic
crystal with and without x-polarized piezoelectric
effects: (a) in-plane and out-of-plane modes in
combination, (b) in-plane modes, and (c) out-of-
plane modes
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