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Observer-based Multivariable Control of the
Aluminum Cold Tandem Mill*

IKUYA HOSHINO,t YUKIHIRO MAEKAWA, TAKAYUKI
FUJIMOTO,T HIROSHI KIMURA¢+ and HIDENORI KIMURA+

A new thickness control system based on the disturbance estimation
observer reduces the thickness variation and increases the productivity of

an aluminum rolling mill.

Key Words—Observers; multivariable systems; rolling mills; thickness control; output regulator.

Abstract—Innovation in thickness control of the aluminum
cold tandem mill has emerged from an application of modern
control theory. Any good control system must deal
appropriately with two fundamentals of mill operation: (1)
the mutual interaction between strip thickness and interstand
tension, and (2) disturbances in the mill environment. In this
paper, a synthesis of multivariable control systems for
aluminum cold tandem mills is presented based on the theory
of output regulation established basically by Wonham and his
colleagues (Wonham, 1974, Linear Multivariable Control—A
Geometric Approach. Springer, New York; Wonham and
Pearson, 1974, SIAM J. Conwrol, 12, 5-18; Francis and
Wonh 1976, A ica, 12, 457-465). The synthesis
procedure is composed of the three major steps. The first
one is to improve the response characteristics by state
feedback. The second one is to compute the feedforward
control input to counterbalance the disturbance. The third
one is to implement the feedforward control by feedback
control based on the estimation of the disturbance by
observer. The obtained system was actually implemented and
has been in full commercial operation since 1986, making
splendid accomplishments.

1. INTRODUCTION
IMpROVEMENTS in thickness control of cold
tandem mills have been motivated by the
demand for increasing thickness accuracy,
especially for aluminum strip.

Conventional thickness control systems are
based on the single input-single output design
principle. The rolling process, however, is a
typical multivariable system with strong mutual
interaction between strip thickness and inter-

* Received 1 December 1986; revised 4 November 1987;
revised 10 March 1988; received in final form 21 March 1988.
The original version of this paper was presented at the 10th
[FAC World Congress which was held in Munich, F. R. G.
during July 1987. The Published Proceedings of this IFAC
Meeting may be ordered from: Pergamon Press plc,
Headington Hill Hall, Oxford OX3 0BW, England. This
paper was rec ded for publication in revised form by
Associate Editor M. A. Johnson under the direction of
Editor H. Austin Spang, I1I.

+ Sumitomo Light Metal Ind. Ltd. 3-1-12 Chitose Minato,
Nagoya 455, Japan.

t Department of Mechanical Engineering for Computer-
Controlled Machinery, Osaka University, 2-1 Yamadaoka
Suita 565, fapan.

stand tension. Consequently, a new design
strategy is necessary to overcome the problem of
the mutual interaction for the improvement of
thickness accuracy. Furthermore, if the material
being rolled is relatively soft, the thickness gauge
is crucially subject to disturbances such as
variation of friction between the roll and strip,
etc. Therefore it is required to deal appropri-
ately with the disturbances for the synthesis of
the thickness control system in aluminum rolling
rather than in steel rolling.

Approaches via the decoupling method (Bry-
ant, 1973; Longmuir, 1974; Edwards, 1978) and
optimal regulator theory (Tanuma, 1974; Yam-
ada and Kimura, 1979) have been proposed to
solve the problem of interaction. The approach
via the decoupling method requires the synthesis
of main controllers for thickness and tension
control, as well as the synthesis of a precompen-
sator for decoupling. However, there is no
systematic method to design the main control-
lers. In addition, the decoupling method can
only be applied for a system which has the same
number of inputs and outputs, therefore some
outputs of the rolling plant could not be used
effectively. The approach via optimal regulator
theory results in a complex feedback structure
with a great number of feedback loops, which
leads to serious difficulty in actual imple-
mentation.

With regard to the theoretical treatment of the
external signals such as the disturbances, the
approach by Wonham and his co-workers
possesses a number of attractive features as a
design methodology of regulators (Wonham,
1974; Wonham and Pearson, 1974; Francis and
Wonham, 1976). The salient features of the
design method are as follows.

(1) The obtained controller has a physically
reasonable structure.
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