2% HEER WY PlEgEe
Rlmse] We Pige
mooE e B OE

The Study on the Optimal Adjustment of PI Controller
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Abstract

The task of adjusting control systems which are more optimal in feed back control systems:
being used the P.L.D. controllers for various process controls, in some sense, is one of impor-
ant problems.

In order to keep pace with the requirements to modern control systems, the author uses the-
integral square error (ISE) criterion for solving the control problem of the PI controller, whose:
controlled objects are described by a general second-order system. In general, the controller’s.
variables being two and above, It is of no ease that we find theoretically optimal parameters.
Therefore, sometimes those are numerically computed by means of digital-computer techniques.
However, the author proposes a theoretical method, in this paper, to determine the optimal
parameters(z:: integral time, k.: gain) of the PI controller.

Using this result, all optimal parameters can be theoretically determined by . substituting the-
parameters of the various contolled objects into the expressions evaluated respectively. Its adva-
ntage and effectiveness can be shown by the experiments for the indicial responses and exam--
inations for the frequency domain responses.
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& @] A7 el WA HEHR FE ko HMme RS 59 ¥ ki & BEAT o &
(2:26) B K220 FIAsHd #HIES 237} Tablel st 7ok,
Table 1 Values of the optimal parameters and square error imtegrals for various sYstems,
N @ | 1 5 10
4 \\ koo N J Ti , P Zi P T o

' 1 1.926 ! 1.113 0.385 0.223 0.193 0.111

5 8.627 0. 893 1.725 0.179 0. 863 0. 089

«0.3 10 16. 964 ‘ 0. 863 3.393 0.173 1.696 0. 086

100 166.966 | 0. 836 33.393 0. 167 16. 697 0.084

1000 1666. 967 I 0.834 333.393 0. 167 166. 697 0.083

1 1. 000 1. 000 0. 200 0.200 0. 100 0.100

5 3.333 0. 444 0. 667 0. 089 0.333 0. 044

1.0 10 5. 909 0. 349 1.182 0. 070 0.591 0.035

100 50. 990 0. 260 10. 198 0.052 | 5.099 0. 026

1000 500. 999 0. 251 100. 200 0. 050 50. 100 0.025

0.869 | 1.285 0.174 0.257 0. 087 0.129

5 2.626 : 0. 469 0.525 0. 094 0. 263 0. 047

1.7 10 4.297 | 0.314 0. 860 0. 063 0. 430 0. 031

100 31.065 } 0.164 6.213 0.033 3.107 0.016

1000 295. 813 ‘t 0.149 59.163 0.030 29.581 0.015

v SUERER 2 SRER N
BOBARHY Fte ARBESCE BHYYY] 94 R(2-43)5% R@a9)l by=fy,mi=t8 RA
Bk kEowte] Bkl BWE M, {E 2 0% BBEEST Table 2 9 ide

Table 2 Values of the optimal M, and o, for various systems,
1 5 1 10
W, ! M, W, M, [ w, M,
I
1 1.361 2.329 | 6. 804 2.329 13. 609 2. 329
!
5 2.413 4.101 | 12. 067 4.101 24,134 4. 101
.. 3 10 3.289 5. 546 ! 16. 448 5.546 32. 896 5.546
[
100 10. 041 16. 757 ‘ 50. 205 16. 757 100. 409 16. 757
1000 31.636 52.733 ) 158.179 52.733 316. 357 52.733




i 1 : YT poi 5 7071 i
[ 5 5 1. 507 5 LT
10¥ 10 } 3.002 ‘ 1.729 A 15. 610 - 1729 30,020 Lol
L0 9.950 | 5000 | 49710 5019 20, 450 o
',\ 100 31607, | B 1980 15. 827 6050 15 8T
l : : = ' ; |
i 1 i 0.523 | 1359 | 2.616 1.359 N 1 35u
: 5 0.750 1031 | 3.750 1031 7.499 | 1031
17‘1 10 5 2,280 1131 | 11,447 1.131 ' 22,394 | 1131
l 100 % 9,758 2998 18.791 . 2.998 | 97.581 | 2,998
| 000 {l 31.547 1 0319 | 1.7 0.319 | 315,471 \ 9.319

7h MR B Uik

i ViR B ¥ 2 Hitachi 505E Analog Computer (Hitachi Electronics LTD., Co. , Amplifier gain
=10°)7F WS g om sU(2-4) oA I EES) T I e T o5 o] Tellermy®
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R
—gsTR(s) | § N\
—bs™'Q(s) ;

—as ' (s)

Fig.15 The connection diagram of the analog simulation svstem.
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Fig. 16 -Positive parts of loci of the systems experimented’
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symbol #
£=0.3
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kk,=5
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symbol ]
£=0.3

w.=1 rad/sec
kkp: 5

7,=5.0 sec

symbol O
£=0.3

wx=1 rad/sec
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7:=8.627 sec

symbol A
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w.=1 rad/sec
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7.=20.0 scc

symbol [}
{=1.0

w,=1 rad/sec
kk»=5

7,=1.0 sec
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{=1.0
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kir=5

7:=3. 333 sec

Fig.17 Indicial responses of the systems experimented (a)~(f).
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Fig.17 Indicial responses of the systems experimented [{g)~(1)].
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symbol [
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symbol C
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symbol A
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symbol C
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w,=1 rad/sec
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7i=1.926 sec

symbol C
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(1) @.,=1 rad/sec

kE=10
7i=16.964 sec
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