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Studies on Cooling Control of Hot Rolled Strip
on Run-out Table in Hot Strip Mill *

Shigemasa Nakagawa

Abstract

In manufacturing steel sheet, hot strip mill is a key process. Especially, the
cooling process on the run-out table in the hot strip mill is very important since
the quality of the strip greatly depends on the cooling process between the last
stand in the finishing mill and the coilers. Therefore, the control technology that
controls the temperature of the strip in high accuracy is necessary. Hence various
researches about high accurate temperature control of the strip by applications of
model-based computer control and advanced control theory have been performed.

In this thesis, process modelling, in-situ measurement of the process state and
its control application, stablity analysis and model based controller design for
cooling control of hot rolled strip on the run-out table are considered from the
viewpoint of the real application of the control engineering.

First, process modelling and the dynamic control based on the model are de-
scribed for coiling temperature control of the strip on the run-out table since
process modelling is necessary for computer control. Then, a new feedback con-
trol method without recourse to vernier banks, which is constructed by using
the dynamic control function, is proposed, and the effectiveness of the proposed

method is shown by operation results of the actual plant.

*Doctoral Dissertation, Department of Information Systems, Graduate School of Information
Science, Nara Institute of Science and Technology, NAIST-IS-DD0861203, September 22, 2011.
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Secondly, when the temperature of the strip cooled by water in cooling banks
can be measured, a new feedforward control using the temperature information
effectively as a state of cooling process is proposed.

Thirdly, dynamic control of cooling pattern of the strip on the run-out ta-
ble is proposed. Water cooling stop temperature, air cooling period and coiling
temperature of the strip are controlled simultaneously by the proposed method.

Finally, stability analysis and controller design of cooling control in the tran-
sition boiling region are studied. Considering that the cooling process gain is
dependent on the strip temperature in the transition boiling region, the cooling
process of the strip is expressed via a nonlinear state space form. The stability
of cooling control is analyzed by applying the sum of squares (SOS) technique
to this model. Simulation results show that the gain of PI controller should be
reduced as target temperatures become smaller in the transition boiling region.
By furthermore applying the SOS technique, a local controller is designed as state
feedback, and the effectiveness of the proposed controller is shown by simulation

results.

Keywords:

hot strip mill, coiling temperature control, cooling pattern control, feedback con-

trol, sum of squares, local controller
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