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The: Study on the Optimal: Adjustment:of PI: Controlller
for a General Second-Order System:

Jin Ganggyoo

Abstract

The task of adjusting control systems which are more optimal in feed back control systems
‘being used the P.I.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¢ thatwe 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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Denvy et Al e ST sbet Table 15 CEEh

Table 1 Values of the vptimal purameters and sjuare error Intlewtins for vario.s o-3iems,
1 1.u26 1.113 (. 285 0,223 0. 1% : 0. 111
B 8.627 | (). 893 1.725 i 0.179 ; 0. 803 | 1. 089
0.3 10 | 16.964 0. 863 3.393 { 0.173 | 1.696 0. 086
106 \ 166. 966 | 0. 836 33.393 0.167 !‘ 16. 697 1 0. 084
1000 ‘ 1666. 967 ‘ 0. 834 333.393 0.167 1 166. 697 1 0.083

i » o

1 1.000 } 1.000 . 0.200 0. 200 0. 100 0. 100
50 3.333 | 0.444 | 0. 667 0. 089 0.333 0. 044
Lo 0 5.900 | 0.349 | 1.182 €. 070 0.591 0.035
’ 100 50. 990 i 0.260 10. 198 0. 052 5.099 | 0.026
| 1000 | 500.999 0.251 | 100.200 0. 050 50. 100 0.025
e e | ‘( T , S R
| 1 0.869 . 1.285 | 0.174 0.257 0.067 | 0.129
‘ 5 2.626 0. 469 0.525 | 0. 094 6.263 | 0.047
17! 10 4.297 0.314 0. 860 0. 063 0. 430 ‘ 0.031
1 00 31.065 0.164 | 6.213 0.033 | 3.107 \ 0.016
©j000 | 295.813 | 0. 149 59.163 | 9. 030 29.581 ] 0.015

VbR B SR
RS BEES MMEEEE e R Baid2r] g8 K(24D)FH K240 k=fn=0F (UL
1 ki, Bkl B M, i H o.F RS Table 2 ¢ A

12
o
i

Table 2 Values of the optimal M, and w, for various systems.

W 1 5 | 10
W, ! M, w, | M, ‘ @, | M,
i 1 1361 | 2329 6.804 | 2320 | 13.609 ( 2 329
| ; |
i 5 20413 4,101 12,067 4. 101 \ 24.134 1.101
0.3 W 3.289 5546 16.448 | 5.546 , 32,896 1' 546
H | ! i ; i
00 | 10.041 | 16.757 | 50.205 16.757 l 100. 409 16. 757
i i ! ‘
36357 52,733

1000 | 31.636 52.723 | 138.179 | 52.733
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1 0.707 ! 1. 155 3.535 1.155 7.071 1,155

5 2.007 | 1.325 10.037 1.325 20. 074 1,325

1.0 10 3,002 1.729 15. 010 1729 30. 020 1,729

100 9. 950 5. 049 19.749 5.049 99. 499 5. 049

1000 31. 607 15. 827 158. 034 15.827 | 316.069 15.827

‘ -

1 0.523 1.359 2,616 1.359 5.232 1.359

5 0.750 1.031 3.750 1.031 7.499 1.031

1.7 10 2.289 1.131 11. 447 1.131 22.894 1.131

100 9.758 2. 998 48.791 2,998 97.581 2.998

1000 31.547 9.319 157. 785 9.319 315. 471 - 9,319
32 BEXD
7F BRE 2 A

fE%E E%UME == Hitachi 505E Analog Computer (Hitachi Electronics LTD., Co. , Amplifier gain
=107t EAA G R(©2-)dA FEHRHAY PAERKEEREE &3 o] Felzlomz

C(s) _ ds+g
R(s) = s*tas*+bs+g

b=w. 1+ kk;) d=kk,w.d

gzkk'wuz/‘ri

Td-’ a= zcw"

S71Q(s) —~S57'Q(s)

<}-0-

> ©
—g57'Q(s)
~aS-’Q(s) C(s)

Fig.15 The connection diagram of the analog simuiation system.
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Ti=00
>
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Fig.16 Positive parts of loci of the systems experimented.
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£=0.3
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7i=20.0 sec

symbol []
{=1.0

ws=1 rad/sec
kk»=5

Ti=1,0 sec

symbol O
{=1.0

‘ws=1 rad/sec-

k=5
7;=3.333 sec

Fig.17 Indicial responses of the systems experimented (a)~(f).
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Vig. 17 Indicial responses of the systems experimented {g)~11) ]
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A Study on Current and Torque Characteristics of
Three-Phase Induction Motor in Single-Phase Operation
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Abstract

The characteristics of the stator current and torque of a small three-phase squirrel
cage induction motor are studied experimentally under the situation of a single-phase
cperation due to various causes.

Through the experiments, the torque-slip and current-slip curve of single-phase circuit
as well as three-phase circuit are obtained and the needed constants are determined.

The stator current and torque are calculated by the current and torque equaticns
derived by the unbalanced circuit theory.

The numeral valuies obtained from the above methods are compared with the exper-
imental values under the same conditions.

The results of the study are summerized as follow;



