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Abstract

In the feed back control systems using the P.I.D. controller, it is one of the most
important problems how to adjust the parameters of the controller to the optimal condition
and how to define the criterion of the optimum.

Many researches have been made for this problem. For example, Ziegler and Nichols
propesed a method to determine the values of parameters of the P.1.D. controller under
the assumption that 25% damping ecscillation per period in the transient response of the
control system is optimal experimentally, and Takahashi determined the opitmal param-
eters in the sense of minimizing the control area, which is defined as the time integral
of absolute value of the control error in the indicial responses of the feed back control
systems.

In this paper, the authors propose a method to determine the optimal parameters of
the P.1.D. controller in the sense of minimizing the squore integral of the control error
in the feed back control systems, whose controlled objects are described by the first
order equation with dead time. The values of the optimal parameters are computed num-

erically for various values of the parameters of the controlled object and the resulte are
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examined and compared with those of the above-mentioned conventional methods.

The experiments for the indicial responses by means of the model of the temperature
control system using SCR actuator showed good results as expected, and effectiveness of
the proposed method is verified.
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Fig(1): General block diagram of the temperature control system with SCR actuator.
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Fig. (3) Flowchart for the numerical computation of the optimal parameters of the

PID controller. (a)
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Fig. (3) Flow chart for the numerical computation of the optimal parameters of

the PID controller. (b)
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T
0.1 0.5 1.0 3.0 5.0 7.0 10.0 15.0
T
o1 G 0.004  o0.513  0.487 0. s o040 0480 0479  0.479
' T, 0.116)  0.356  0.650 1.841 3.040| 4.236]  6.016  8.990
o ¢ 3.6671 1.048  0.717  0.533  0.507|  0.498  0.492]  0.487
) T, 0.545  0.865  1.124  2.253  3.432|  4.622]  6.417]  9.394
Lo G 7.128)  1.772|  1.065  0.624  0.552]  0.526]  0.510]  0.497
' T, 1.081 1.540  1.794  2.840,  3.969]  5.133  6.917]  9.868
1
‘o G | 20971 4712 2528 1076  0.799  0.687  0.609  0.555
: |
T, 3.2000  4.2790  4.569  5.514  6.503]  7.537  9.168  12.000
<o G 34.813  7.659  3.998  1.557]  1.078  0.878  0.734  0.630
' T, 5373  7.008|  7.878)  8.304  9.233 10.2000 11.711] 14.415
"o G 40.654  10.606]  5.472]  2.045  1.336  1.079|  0.869  0.714
' T, 7.516] - 9.742]  10.182] 11.148)  12.039| 12.963  14.384  16.992
oo G 69.415 15.081  7.687  2.781 1.801]  1.385  1.079]  0.847
' T, 10.679  15. s74l 14.405 15.438  16.227] 17.110] 18.525  20.914
50 G 104.001|  22.400] 11.384/  3.999  2.536]  1.904/  1.440  1.081
) T, 16.001] 20.717] 21.532| 22.203 23.340| 24.098] 25.579  27.982
T 2.3 L 0.15 G 1.522 T, 3.085

Table. (1): Values of the optimal parameters for the PI controller.
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0.1 0.5 1.0 3.0 5.0 7.0 10.0
T s ‘
LG 0.943 0.557 | 0.516 0. 491 0. 486 0. 484 1 0.483
0.1 Ty 0. 097 0.337 0.633 1.825 3.018 4210 6.007
P Ty 0.037 0.120 0. 144 0. 161 0. 164 0.166 | 0. 168
i |
G 4.354 1.295 0. 849 0.587 u. 543 0.525 ‘ 0.511
0.5 7, 0. 479 0. 830 1.082 2.184 3. 366 4557 | 6.345
Tp 0.038 0.197 0. 348 0. 666 0. 755 0.799 i 0. 847
i ! [
G 3 8.647 2.303 1,335 0.719 0.616 0.575 ¢ 0.547
1.0 Tr 0.953 1.493 1.740 2,732 3.833 4.986 | 6. 754
Ty | 0.039 0-214 0. 406 0.932 1. 261 1441 1,591
1 ) ;
G 25.838 6. 403 3. 389 1.354 0. 964 0.807 0. 697
30 1T, 2,852 4.178 | 4. 498 5.383 6.293 7.278 8. 835
L Tp 0.039 0.227 ! 0. 455 1.222 1.831 2.352 2,485
G 43.022 10. 516 5. 467 2.032 1.357 1.075 0.872
5.0 T, 4,777 6.837 7.280 8.182 9.026 6. 922 11.316
Tp | 0.039 0.230 0.466 1310 2.034 2.667 3.505
J \ ;
N i |
G 60.218 14,633 | 7.548 | 2.722 | 1.763 1.357 1. 062
7.0 T, 6. 710 9. 476 10,049 | 10.985 | 11.832 12. 689 13. 988
| To 0.039 0. 231 0. 70 } L350 2.137 2.839 3.794
G 85. 985 20.809 10. 674 1 3.761 ’ 2.380 1.792 1.359
10.0 T, 9.585 13. 479 14.226 | 15,248 \ 16.050 16. 833 18.150
Tp 0.039 0. 232 0.473 | 1.384 | 2.230 3.004 4. 060
7 | | Y A )
1 ‘ 2.3 L 0.15 E G 1 15520 | T, 208 l To l 0.065
i i I
Table(2): Values of the optimal parameters for the PID controller.
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Fig. (9) Step responses of the temperature control system. (1)
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Fig. (9) Step responses of the temperature control system. (3)
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PID controller(positive input).
PB=50 T;=4.0 Tp=2.0
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PB=2.2 T;=2.983 Tp=2.0
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(n) for the nonoptimal parameters of the
PID controller(negative input)
PB=50 T;=0.1 Tp=0.01

(p) for the nonoptimal parameters of the
PID controller{negative input)
PB=2.2 T;=0.1 Tp=2.0

Fig. (9) Step responses of the temperature control system. (4)
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Fig. (13) Optimal values of T, vs. L. (PID
controller)
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