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Abstract

In this paper, u -controller based on a structured singular value is used

to reduce the vibration of the flexible structures having the transverse
and torsion vibrations. Meanwhile, in designing control system using
4 -controller yields a controller with the order at least equal to the plant
order. Such controller often can not be used in practical application, thus
the order of controller is reduced by using the weighting balanced
realization.
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1. Introduction

In the vibration control of a flexible structure, it is difficult to identify its modal shape and
physical parameters. Moreover, the instability of the closed-loop system due to
perturbations of the higher-order modes, so called spillover, often arises. For this reason,
demands for the robust control which guarantees stability against perturbations such as
modeling errors, parameters variation are very strong. Meanwhile, in regard to the flexible
structures having multi directional degrees of freedom, there are many occasions, where
the control of transverse and torsion vibrations is required simultaneously. In such a case ,
the securing of robustness is even more difficult because of perturbations due to the
transverse-torsion coupling. Nevertheless, there are cases in which the achievement of
robust stability is not enough. To be more specific, a demand for keeping the control
performance at a target level even under the influence of a perturbation, we call it as robust
performance has been becoming stronger with the recent progress in studies on robust
control.

In this paper, u -controller based on a structured singular values is used to reduce the

vibration of the flexible structure having the transverse and torsion vibrations. The
structure has four-stories and is tower-like in shape. Each story is modeled such that it has
a single-degree-of freedom in the transverse direction and one more degree-of-freedom in
the angle of torsion around the center of the story, which yields the whole structure, has 8
degree-of-freedom.
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Design of control system using the u -controller, in the first iteration we obtain the 30-
order controller. For the better results, more iteration is needed and it is caused to increase
the order of controller. Since the high-order controller is impractical in the real
implementation, then the order of controller can be reduced up to the 8%-order using the
weighted balanced realization. In this case, the robust stability and robust performance can
be maintained by the reduced-order controller.

2. Model of Structure

The structure has four-stories and is tower-like in shape. To simplify the modeling
processes, some assumptions are made. Each story is modeled such that it has a single-
degree-of-freedom in transverse direction (the same direction as the excitation) and one
more degree-of-freedom in the angle of torsion around the centroid of the story, which
yields that the whole structures has 8 degrees-of-freedom. This structure has long and short
spans symmetric with respect to the central axis, but has a deviation on the right and the
long side on the third story due to an auxiliary mass, which thereby creates a coupling
between the transverse and torsion vibration. The mass distribution of each story is
homogeneous and the stiffness of four columns are supposed to be the same in the
direction of the excitation at all stories. On this condition, the distance from the centroid to
the spring of the right side of I th-story and the distance from the centroid to the spring of
the left side of the 7 th-story are equal and all the cross terms have no value.
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Fig 1. Transverse and torsion displacement of the i th-story of structure

Consider the transverse and torsion vibrations of the 7 th-stories as shown in Figure 1. X;

and 6, are the transverse and torsion displacements of the i th-stories. /;; and l;p are the
distances from the centroid to the spring of the left and right sides of the i th-stories. m;
and I, are the mass and moment of inertia. k;; and k; are the spring constants of the left

and the right sides of the i th-stories.
The total kinetic energy of the structure can be written as follows






