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Abstract

A method to design the optimal controller for the temperature control of heat
exchanging systems with a large time constant is proposed. In order to remove the off-
set, which can be caused by the disturbances such as parameter variations during the
operation, modeling errors and changes of circumstances, one integrator is augmented in
the forward path of the system and the optimal control theory is applied in the augmented
system.

For the realization of the controller in industrial applications, feedbacks of all the state
variables are required. However, it is generally difficult or costly to measure the angular
velocity. Therefore, in this study, the angular velocity (x), estimated by an observer from
the angular position (x,) and the control input (u), is fed back for the economical
implementation.
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In order to show the effectiveness of the temperature control system designed by the
proposed method, computer simulations are performed and the results are compared with

the PI type of control algorithms.
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* 3X3 coefficient matrix of the system

. 4X4 coefficient matrix of the augmented system
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. 1X2 confficient matrix of the observer
- 3X1 control input coefficient vector of the system

- 4X1 control input coefficient vector of the augmented system
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1 2X1 control input coefficient vector of the observer
©1X3 output coefficient vector of the system

© 1X4 output coefficient vector of the augmented system
1 1X2 output coefficient vector of the observer

1 3X1 external disturbance vector

: 4X1 augmented external disturbance vector

O ~a o oo

. 1x2 feedback gain matrix of the observer
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. Gain of the actuator
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. Gain of the heat exchanger
- 1X4 optimal feedback gain matrix of the augmented system
- 4X1 solution matrix of the riccati matrix equation

. 4X4 weighting matrix
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. Scalar weighting coefficient

T, : Time constant of the heat exchanger

u . 1X1 control input

u, . 1X1 control input of the reference model
Au [ 1X1 error control input

X ! 3X1 state vector

X, ©3X1 state vector of the reference model
AX : 3X1 error state vector

X 4x1 state vector of the augmented system
X

e - 2X1 estimated state vector of the observer
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z . State variable

p . Rank of a matrix
¢ . Damping factor
@ . Angular velocity

w, . Specific angular frequency

6 . Angular position
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