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ABSTRACT

This study aims at performing sensitivity analysis of piezoelectric smart structure for
minimizing radiated noise from the structure. The structure consists of a flat plate on
which disk shaped piezoelectric actuator is mounted, and finite element modeling is
used for the structure. The finte element modeling uses a combination of three
dimensional piezoelectric, flat shell and transition elements so thus it can take into
account the coupling effects of the piezoelectric device precisely and it can also reduce
the degrees of freedom of the finite element model. Electric potential on the
piezoelectic actuator is taken as a design variable and total radiated power of the
structure is chosen as an objective function. The objective function can be represented
as Rayleigh’s integral equation and is a function of normal displacements of the
sturcture. For the convenience of computation, all degrees of freedom of the finite
element equation is condensed out except the normal displacements of the structure.
To perform the design sensitivity analysis, the derivative of the objective function with
respect to the normal displacements is found, and the derivative of the normal
displacements with respect to the design variable is calculated from the finite element
equation by using so called the adjoint variable method. The analysis results are
compared with those of the finite difference method, and shows a good agreement.
This sensitivity analysis is faster and more accurate than the finite difference method.
Once the sensitivity analysis program is used for gradient-based optimizations. one
could achieve a better convergence rate than non-derivative methods for optimal design
of piezoelectric smart structures.
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Table 1 Sensitivity analysis results.

L Sensitivity
Frequency Variations of
(objective fcn.) design variable Finite difference Analytical: Error (%)
Eq.(18)
75 Hz 1% ~0.13988¢-6 2018 %
(0.9862e-5 W) 0.1 % -0.14033e-6 0.14013e-6 0.14 %
150 Hz 1 % -0.37643¢-6 0.84 %
(0.1009¢-6 W) 0.1 % ~0.37966e-6 0.37963e-6 0.01 %
200 Hz 1 % -0.24062¢-8 315 %
(0.24061e-8 W) 0.1 % ~0.25019¢-8 0.24845e-8 0.70 %
300 Hz 1% 0.23241e-6 0.26 %
(0.36902¢-6 W) 0.1 % 0.22922E-6 0.23180e-6 111 %
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