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(ABSTRACT)
Inflatable structures have been a subject of renewed interest in recent years for space
applications such as communication antennas, solar thermal propulsion, and entry/landing
systems. This is because inflatable structures are very lightweight and on-orbit deployable. In
addition, they have high strength-to-mass ratio and require minimal stowage volume, which
makes them especially suitable for cost-effective large space structures. An inflated toroidal
structure (torus) is often used there in order to provide structural support. For these structures
to be effective, their vibration must be controlled while keeping the weight low. Piezoelectric
materials have become strong candidates for actuator and sensor applications in the active
vibration control of such structures due to their lightweight, conformability to the host
structure, and distributed nature. In this study, our main focus is to understand the dynamic
characteristics of an inflatable torus and to control its vibration using piezoelectric actuators
and sensors.
The first part of this study is concerned with theoretical formulations. We use
Sanders’ shell theory to derive the governing equations of motion for a shell subjected to
pressure. To take into account the prestress effects of internal pressure, we use geometric
nonlinearity, and to model the follower action of pressure force, we consider the work done
by internal pressure during the vibration of the shell. These equations are then specialized to
obtain approximate equations presented by previous researchers. We extend this analytical

formulation to derive the equivalent forces due to piezoelectric actuators in unimorph and
bimorph configurations and include their mass and stiffness effects in the governing
equations. A sensor equation is also developed for the shell. The actuator and sensor
equations are then written in terms of modal displacements and velocities so as to evaluate
their interactions with different vibratory modes.
In the second part, we focus on numerical studies related to an inflated torus. At first,
we perform a free vibration analysis of the inflated torus using Galerkin’s method. We study
how different parameters (aspect ratio, internal pressure, and wall-thickness) of the inflated
torus affect the natural frequencies and mode shapes of the inflated torus. We compare the
results obtained from the theory used in this research with the results from different
approximate theories and commercial finite element codes. The results suggest that the use of
an accurate shell theory and pressure effect is very important for the vibration analysis of an
inflated torus. Next, the modal behaviors of piezoelectric actuator and sensor are analyzed. A
detailed study is done in order to understand how the size and location of actuator and sensor
affect the modal forces, the modal sensing constants, and the overall performance for all the
considered modes. In order to determine the optimal locations and sizes of actuators and
sensors, we use a genetic algorithm. Natural frequencies and mode shapes are calculated
considering the passive effects of actuators and sensors. Finally, we attempt the vibration
control of the inflated torus using the optimally designed actuators and sensors and sliding
mode controller/observer. The numerical simulations show that piezoelectric actuators and
sensors can be used in the vibration control of an inflatable torus. The robustness properties
of the controller and observer against the parameter uncertainty and disturbances are verified.

