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ABSTRACT: The paper models the effects of dynamic coupling between a structure and
an electrical network through the piezoelectric effect. The coupled equations of motion of
an arbitrary elastic structure with piezoelectric elements and passive electronics are
derived. State space models are developed for three important cases: direct voltage driven
electrodes, direct charge driven electrodes, and an indirect drive case where the piezoelec-
tric electrodes are connected to an arbitrary electrical circuit with embedded voltage and
current sources. The equations are applied to the case of a cantilevered beam with surface
mounted piezoceramics and indirect voltage and current drive. The theoretical derivations
are validated experimentally on an actively controlled cantilevered beam test article with
indirect voltage drive.

INTRODUCTION

PJEZDELECTR}C MATERIALS HAVE become increasingly important as sensors
and actuators in active structural control applications. In recent years
piezoelectric elements have been widely used as actuators in adaptive structures
from beams and plates [1-6], to trusses and more complicated structures [7-10];
and as distributed sensors for both modal [11] and wave [12,13] control. Piezoelec-
tric materials possess certain properties which make them useful as sensors or
control elements for structures. The first is that they strain when an electrical
field is applied across them. This property makes them well suited as actuators
for control systems (where the control signal is typically an applied voltage). The
second is that they produce a voltage under strain. This property makes them
well suited as sensors. In general, piezoelectrics have the ability to transform
mechanical energy to electrical energy and vice-versa.

Typically the electrical dynamics of the piezoelectric are ignored when it is
used as an actuator and likewise the effect that the piezoelectric has on the struc-
tural dynamics is ignored when it is used as a sensor. As applications squeeze
ever higher performance from the closed loop systems, the dynamics of the
piezoelectric actuator play an increasingly important role. For instance, the capa-
citance of the piezoelectric can influence the current drain and corresponding sat-
uration of voltage amplifiers, and electrode lead resistance can add critical phase
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