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Shape Optimization of Piezoelectric Materials for

Piezoelectric-Structure-Acoustic System

Semyung Wang*, Kanghoon Lee**

ABSTRACT

Recently, piezoelectric materials have attracted considerable attention because of its self-sensing and
actuating properties. To model smart structures, numerical modeling of structures with piezoelectric devices
is essential. As many factors affect the performance of smart structures, optimization of these parameters is
necessary. In this paper, the shape design sensitivity analysis of the 3D piezoelectric and structural elements is
developed and shape optimization is performed. For the evaluation of the sensitivity, the finite element
method is used. For the shape sensitivity, the domain velocity field is calculated. An acoustic cavity model is
presented as a numerical example to study the feasibility of the formulation. The continuum sensitivity is
compared with the results of the finite difference method by ANSYS. And the sequential linear programming

(SLP) algorithm is used as the optimization algorithm.
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1% 1. The finite element of the PZT/plate/cavity
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1% 3. An Acoustic Cavity Model

3 1. Problem Description

*Dimension
PZT 0.05 m*0.05 m*0.003 m
Plate 0.3 m*0.3 m*0.0004 m

*Material Properties

Young’s Modulus E=64E9[Pa]
Density p=7700 [ kg/m’ |
Poisson Ratio v=0.34 :
Relative dielectric constant 4700
Piezoelectric constant

d;;=-300E-12 d;;=600E-12 d,5=550E-12

* Problem

Loading : Harmonic concentrated force at center
node

Performance : Acoustic Pressure at the cavity center
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& 2. Sensitivity Verification for a PZT patch mounted on a cavity (x direction)

Perturbation rg;?;:i g::;g:;g FDM Continuum Accuracy
5d w(d) w(d+sd) AY ¥ LN G
10% -2.3389E-01 1.9700E-01 110.13%
1% -2.6359E-01 -2.5138E-01 2.2100E-01 2.1696E-01 98.17%
0.1% -2.5337E-01 2,2293E-01 97.32%

3. Sensitivity Verification for a PZT patch mounted on a cavity (y direction)

Perturbation rgsréagol?mzle ;::s;::i FOM Continuum Accuracy
5d w(d) wic+5d) AY ¥ WA
10% -2.3307E-01 2.0520E-01 105.22%
1% -2.5359E-01 -2.5130E-01 2.2800E-01 2.1592E-01 94.29%
0.1% -2.5336E-01 2.3029E-01 93.76%

H 4. Sensitivity Verification for a PZT patch mounted on a cavity (z direction)

Perturbation Original Perturbed FDM Continuum Accuracy
sd Response Response AW 3 WAy
y(d) y(d+8d)
10% -2.1934E-01 3.4250E-01 111.02%"
1% -2.5359E-01 -2.4970E-01 3.8800E-01 3.8024E-01 97.75%
0.1% -2.5319E-01 3.9845E-01 95.43%
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