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Abstract

Abstract

Vibration control is widely used in the design, maintenance, and evaluation of
many vibrating structures in engineering, which includes the control of large flexible
space structures, the control of mechanical multibody systems, earthquake engineering,
stabilization of damped gyroscopic systems, robotics, and vibration control in structural
dynamics, etc.

In practical engineering applications, a vibration structure is often discretized into
a second-order differential equation by using finite element techniques, etc, where the
coefficient matrices mean the distributed physical parameter matrices such as the mass,
damping and stiffness matrices, etc. However, the natural frequencies and mode shapes
(i.e., eigenvalues and eigenvectors) predicted by this second-order model often disagree
with the measured ones from the practical vibration structures. One of the effective
approaches is using the active feedback vibration control, i.e., assigning the measured
or prescribed natural frequencies to the second-order closed-loop system by using the
feedback control force and keeping the remaining large number of natural frequencies
and mode shapes unchanged, i.e., preserving the no spill-over property. This is the
so-called partial quadratic eigenvalue assignment problem. For practical validity, the
feedback vibration control should possess the robustness, i.e., the feedback control force
should be as small as possible and the vibration structure should be insensitive to the
perturbation of physical parameters as much as possible. There are large literature on
quadratic eigenvalue assignment problems and their robustness.

In recent years, the measured receptance data has been used in the solution of
quadratic eigenvalue assignment problems. The advantage of the receptance method is
the receptance matrix can be available by measurement but independent on whether
the system matrices are known. Thus, this thesis employs the measured receptances to
solve the partial quadratic eigenvalue assignment problem.

Based on the measured receptances and the system matrices, this thesis gives a
constructive method for solving the partial quadratic eigenvalue assignment problem.
This method only need to replace the few unwanted natural frequencies and solve a small

system of linear equations. The proposed method is designed for both single-input and

II



Abstract

multiple-input partial quadratic eigenvalue assignment problems. To implement the
proposed method in real operations, the real form of the proposed method is also
provided.

In addition, to reduce energy consumption and noise amplification, this thesis
is also concerned with the minimum norm partial quadratic eigenvalue assignmen-
t problem where the feedback norm is minimized. The minimum norm partial
quadratic eigenvalue assignment problem is reformulated as a nonlinear optimization
problem and a gradient-based optimization algorithm is also proposed. Finally, some

numerical examples are reported to illustrate the effectiveness of the proposed methods.

Key words: Second-order control systems, partial quadratic eigenvalue assignment

problem, feedback matrices, receptance matrices , minimum norm.
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