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A. Statement of the Problem Studied

The field of smart structures encompasses several technologies that enable flexible
structures to sense and control their own geometric, environmental and structural
characteristics to achieve high performance and self diagnostics capabilities. To extend the
scope of the parent research award, a graduate student support is provided under the
Experimental Program to Stimulate Competitive Research (EPSCoR) program. The
objectives of this study are (i) development of distributed sensors and actuators, (ii)
structural identification methods using distributed sensors, and (iii) design and
implementation of robust controllers for smart structural systems.

B. Summary of the Most Important Results

(i) Distributed Sensors and Actuators: Conventional control design
methodologies utilize point sensing and actuation. In recent years there has been
considerable interest in the design of spatially shaped distributed sensors for the control of
infinite-order structural systems. The smart materials polyvinylidene fluoride (PVDF) and
shape memory alloys can be utilized in the development of customized distributed sensors.
Sensor shape-optimization techniques are needed for the implementation of optimal control
strategies. In this investigation, a method for generating the shape of distributed sensors
using finite-dimensional approximations to desired curvature and curvature rate kernels is
examined. The output of these spatially distributed sensors is utilized directly as the control
signal for suppressing vibrations in finite-order structural systems. We have shown that the
desired kernels can be generated directly from finite element models of distributed
structures without generating displacement and displacement-rate kernels. The curvature
and curvature-rate kernels are the desired kernels in the development of shape functions for
PVDF sensors for the implementation of controllers. This procedure requires covering the
entire structure with a customized sensor for each kernel. To alleviate this problem, a
sensor is developed which covers a portion of the structure with spatially distributed
material and uses an observer for the estimation of the states. The original control algorithm
is implemented by using the proposed sensor and observer. The usefulness of a single,
relatively small customized PVDF film sensor along with an observer to provide full state-
feedback information for the entire structure is examined. The complexity and performance

of the proposed control schemes are compared with the original distributed sensor

implementation.




(ii)  Structural Identification Methods: A system identification technique for the
derivation of minimal, continuos time state variable models for multivariable smart
structural systems is developed. This structural identification technique is based on the
measurement of eigenvalues and eigenvectors of the structure. Two sensors are required
for each mode included in the structural system model. Unlike conventional identification
techniques, the relatively large number of sensors simplifies the identification process
making it ideal for systems with several inputs and outputs. Additionally, the identification
technique allows the implementation of multi-input multi-output full state feedback
controllers with simple analog hardware. The amount of hardware required for the
implementation of an analog linear quadratic regulator is significantly reduced from
standard control implementation methods and it also retains the stability margins. An
experimental procedure is developed for the measurement of eigenvalues and eigenvectors
of a lightly damped structural system. A priori knowledge of the structural system
eigenvalues and a specifically formulated sensor array simplify the identification procedure.
The identification procedure requires steady state structural excitation only at the resonant
frequencies of interest. The states of the resulting state space model correspond directly to
the measured outputs allowing for the analog implementation of full state feedback
controllers. The amount of experimental data required and the computational effort involved
in the modeling of multivariable systems is significantly reduced. The proposed method is
successfully implemented on a multivariable smart structural test article.

(iii) Design and Implementation of Robust Controllers: In recent years there
has been a considerable interest in the design and implementation of active robust
controllers for smart structural systems. The performance of these systems is often limited
by the amount of available control force and it is therefore imperative that the design utilize
all of the available control effort of the actuators. The control design methodologies should
consider the availability of limited control effort of the actuators as well as the robustness
issues. The parameter variations, unmodeled dynamics of the system models, presence of
disturbances and sensor noise are termed as system uncertainties. In this study we have
investigated the design of controllers by incorporating the performance requirements,
robustness against the system uncertainties, and the control effort constraints. The
performance of smart structural systems is influenced by structural parameter variations,
operating conditions and modeling errors. A mathematical model of the smart structural
system must include not only the nominal plant, but also the uncertainties which originate
from the sources. The first form of uncertainty called as structural uncertainty is due to




variations in natural frequencies, damping ratios, etc. The second type of uncertainty,
called unstructured uncertainty, is from unmodeled dynamics such as modes outside of the
modeled range, nonlinearities or the other unmodeled characteristics. If specific information
is known about the way that uncertainties enter the system, it is advantageous to include
this information into the design methodology. In this paper we have presented a method for
the incorporation of variations in the natural frequencies in the uncertainty modeling. We
have developed a method for accounting the unstructured uncertainty in the robust control
design methodology. In order to implement the proposed robust controllers, a two-
dimensional distributed structure, called lattice structure, is designed and fabricated.
Actuation of the structure is provided by PZT actuators. Two shaped PVDF film sensors
were used to measure the displacement of the structure. A mathematical model of the
structure is determined using experimental test data. The model is validated using the finite
element modeling techniques. The robust controllers have been designed for this structure
by incorporating the structured and unstructured uncertainties in the design methodology.
The performance of the closed loop system for natural frequency variations is determined
experimentally. The robustness properties of the controller are experimentally verified.
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