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Extended abstract

In many recent papers [1]-[6], [8], [10]-[15] different problems related to the piezoelec-
of tric materials, used as sensors and/or as actuators, have been analysed: the modelling of
1- the structure by means of the finite element method and of the assumed modes method,
the control of the structure by means of the classical PID control (known as direct feed-
back control), and the sliding mode control (known as Lyapunov feedback control),
with an application to the suppression of vibrations, control of truss structures and of
n flexible robots.

d A piezoelectric material has the property that when a stress is applied in some direc-
tions (e.g. a biaxial stress for planar structures), it responds in the same and Jor different
directions with a charge storage, whose entity is dependent, apart from the characteris-
tics of the material, only on the applied stress. In a similar way, if ar. external electric
potential is applied to a piezoelectric material, and so charges are stored in some direc-
' at tions, the structure responds with a deformation in the same and/or different directions,
whose entity is dependent, apart from the characteristics of the material, only on the
stored charges. The reversibility of the piezoelectric phenomenon makes these materials

useful both for local force and/or deformation sensing and for distributed actuating.
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In this paper an approximate linear, time-invariant, finite-dimensional dynamic model
is proposed for a planar sandwich structure, by using the approach proposed in [7], [9],
with reference to flexible robots. The sandwich structure is assumed to be constituted by
two thin piezoelectric elements (one for local sensing and one for distributed actuating),
mounted on a thin elastic support with known elastic characteristics.

In the above described dynamic model, a straightforward characterization of the

piezoelectric and flexure phenomena is obtained by introducing the piezoelectric and

Hexure energy densities.

The approximate model of such a sandwich structure will be derived by using the
Ritz-Kantorovich method to represent the kinematics of the structure in a polynomial |
form ensuring a certain approximation order, and by applying the integral Hamilton ‘
principle, in the Lagrangian form. Although the procedure proposed in the paper will be
given with regard to an arbitrary approximation order, a second-order dynamic model \
will be explicitly derived for the case study.

For the sandwich structure we will state some important control problems — such '
as the decoupling control and the tracking of reference trajectories, under the assump- |
tion that all the position and velocity measurements are available — together with the }
asymptotic stabilization. The analytical solution of the above stated problems will be |
derived for the case study, taking advantage of the intrinsic properties of the structure,
that can be viewed from the second-order dynamic model.

The paper will end with some simulation runs to show the effectiveness of the control

algorithms that are designed with respect of the proposed model.
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