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ABSTRACT

Piezoelectric composite based actuator, which could act as a sensor or receiver, would inte-
grate well with smart structures. Additional applications include the use of piezocomposites
in ultrasonic transducers, medical imaging and underwater acoustics etc [1]. There are several
practical limitations to implementing monolithic wafers of delicate piezoceramic material in
all of these applications. First, the brittle nature of ceramics makes them vulnerable to acci-
dental breakage during handling and bonding procedures, as well as their extremely limited
ability to conform to curved surfaces. The idea of a composite material consisting of an active
piezoceramic phase embedded in a polymeric matrix phase remedies many of the aforemen-
tioned restrictions and offers further benefits [2]. The flexible nature of the polymer matrix
allows the material to more easily conform to the curved surfaces found in realistic industrial
and aerospace applications.

Stochastic optimization is applied to the problem of piezoelectric composites by simultane-
ously account for the concentration and orientation of the constituents. Existing studies in
piezoelectric composites are confined to independently identifying either the optimal volume
fraction or the orientation of the piezoelectric phase. Different composite configurations of sin-
gle crystal/polycrystal piezoelectric (e.g. BaTiO3) with polymer (PVDF) are analysed for op-
timization. Nevertheless, this choice is complicated and it is impossible to analyze all possible
permutations and combinations of the piezoelectric volume fraction and distribution parame-
ters or the angles themselves. Stochastic optimization of simulated annealing combined with
a generalized Monte Carlo scheme optimizes the objective function the effective piezoelec-
tric coefficient (dH33), calculated using homogenization at each orientation configuration and
volume fraction chosen by the optimization algorithm. Optimal design variables which would
generate single-/poly-crystalline configurations that enhance the macroscopic piezoelectricity
are identified. It is found that juxtaposing a preferentially oriented piezoelectric material with
a polymer into a composite would result in an increase of the piezoelectric properties from
respective constituent phases.

The asymptotic analysis of the piezoelectric medium would result in the homogenization of
the piezoelectric coefficient eHijk [3] . The d coefficients are related to e coefficients through
dHijk = eHilms

H
jklm, where sHjklm is the effective compliance obtained in the homogenization pro-

cedure (equations not shown). In order to solve the microscopic system of equations obtained
through asymptotic analysis, we developed a finite element formulation. As the aggregate tex-
ture (orientation distribution) for piezoelectric ceramic follows a normal distribution, the prob-
ability distribution function (pdf) is defined by, f(α | μ, σ) = (1/σ

√
2π) exp−[(α−μ)/√2σ]2

about the direction of the electric field. μ the mean value of angles and σ the standard deviation



Figure 1: Result of the optimization of a composite two-phase piezoceramic (BaTiO3)-
polymer (PVDF) laminate with objective to maximize the piezoelectric coefficient dH33. Differ-
ent curves represent optimization trajectories for various initial configurations. Here tempera-
ture is a decreasing parameter which would be a measure of the number states accessed by the
optimization algorithm.

are the parameters of the distribution. α stands for Euler angles (φ, θ, ψ). Since μ and σ decide
the scatter of orientations (of the grains) and for that matter be critical to the piezoelectric
response, they would assume the role of design variables besides the volume fraction vf (of
the piezoelectric phase) of the optimization problem.

The results obtained for various initial configurations are shown in Fig. 1. Initial configura-
tion (initial guess) is the randomly (and manually) chosen starting values of the design vari-
ables (σ, μ) for Euler angles (φ, θ, ψ). The objective function (piezoelectric coefficient dH33)
converges in the range ≈ 196 to 204 pC/N which is comparable to the experimental value
(d33 = 203 pC/N) of the rotated single crystal. The solution corresponding to dH33 = 204.3
pC/N is vf = 0.50, (μθ, σθ, μφ, σφ, μψ, σψ) = (1.05, 0, 1.31, 2.2, 0.087, 0.36) of BaTiO3 poly-
crystal .
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