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Abstract. This paper is concerned with finding a minimum norm and robust solu-
tion to the partial quadratic eigenvalue assignment problem for vibrating structures
by active feedback control. We present a receptance-based optimization approach for
solving this problem. We provide a new cost function to measure the robustness and
the feedback norms simultaneously, where the robustness is measured by the unitarity
or orthogonalization of the closed-loop eigenvector matrix. Based on the measured
receptances, the system matrices and a few undesired open-loop eigenvalues and as-
sociated eigenvectors, we derive the explicit gradient expression of the cost function.
Finally, we report some numerical results to show the effectiveness of our method.
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1 Introduction

The active vibration control is often needed in many vibrating structures in structural
engineering, including structural dynamics [14, 16, 30], earthquake engineering control
[13], damped-gyroscopic system control [17], large flexible space structure control the-

ory [6,7,19,20], control of mechanical descriptor systems [21]. In practice, by using the
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finite element technique and feedback vibration control, a vibrating structure is often
discretized as a second-order feedback control system as follows [16]:

Mx(t)+Cx(t)+Kx(t)=Bu(t), u(t)=FTx(t)+Gx(t), (1.1)

where M,C,K € R"*" stand for the mass, damping and stiffness matrices accordingly,
t means time, x(t),x(t),x(t) denote the displacement, velocity and acceleration vectors
accordingly, B€R"*™ is a control matrix (m <n), and u(t) € C™ is the control vector with
the unknown feedback matrices F,G € R"*™. In many engineering applications, M, C
and K are all real symmetric with M being positive definite and K being positive semi-
definite [16].

The dynamics of a vibrating structure as (1.1) is represented as the natural frequencies
and mode shapes. In fact, by the separation of variables, x(t) =xe’!, where x is a constant
vector, the general solution to the homogeneous system of (1.1) is determined by the
quadratic eigenvalue problem: P(A)x = (A2M+AC+K)x =0, where P(A) is called the
open-loop quadratic matrix pencil and A is called an eigenvalue of P(A) with associated
right eigenvector x # 0. If M is nonsingular, then P(A) has 2#n finite right eigenpairs
{(Ajx) ]211 [35]. From (1.1) we have the following closed-loop quadratic matrix pencil:

P.(A)=A*M+A(C—BFT)+(K—BGT).

In this paper, we consider the following partial quadratic eigenvalue assignment
problem (PQEAP) for the second-order control system (1.1): find the feedback matrices
F,G € R"*" such that the closed-loop pencil P.(A) has the assigned eigenvalues {y;} le,
which replace the undesired open-loop eigenvalues {Aj}le (p < n) while the remain-

ing large number of open-loop right eigenpairs {(A;,x;)}:", ., are retained (i.e., the no

2n
=p+
spill-over property is preserved). m

In addition, a robust and minimum norm solution to the PQEAP is expected so that
the sensitivity of the closed-loop eigenvalues and the feedback norms are minimized
simultaneously. The minimum norm solution may reduce the energy consumption and
noise influence while the robust solution reduce the sensitivity to the vibrating structure
perturbation and thus improve the reliability.

The classical methods for solving the PQEAP and the robust and minimum norm
PQEAP include constructive methods and optimization method based on the solution
of Sylvester equation. Recently, some receptance-based methods have been proposed
for the pole assignment problem and the PQEAP (see for instance [4,22-24,27-29,32,33,
37]). The robust and minimum norm PQEARP is also considered based on the measured
receptances and system matrices [1,3,5,34,37].

In this paper, we propose a new receptance-based optimization approach for solving
the robust and minimum norm PQEAP. This is motivated by [8,10] and [12]. In [12], an
optimization method was presented for the robust pole assignment for the first-order
model such that the closed-loop eigenvector matrix is as orthogonalized as possible.



