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Abstract

The analog simulation is very effective technique for the synthesis and the analysis of
the feed back control system, and recently many analog simulation techniques have been
developed. In the analog simulation, however, it is still one of the most difficult probl-
ems to realize the time delay elements which are usually contained in the feed back
control system. For the analog simulation of the time delay element the magnetic tape
method and the Padé¢ approximation method have been often used. But these mothods are
complicated and inaccurate.

In this paper the author proposes a method of the analog simulation of the feed back
control system whose controlled object can be described by the first order system with
the dead time. The feed back control system is assumed to use the PI or PID controller.
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A new method of delaying the analog signal is proposed. In the method the input analog
signal is first converted to the binary signal by means of the comparators and the enco-
ding logic circuit, and stored in the shift registers in order. The delayed binary signal is
obtained from the appropriate intermediate stages of the shift registers and converted
again to the analog signal by means of the ladder resistance network. ' :

The time delay circuit, made by the above-mentioned method, has operated in quite a
good condition and the experiments on the response characteristics of the feed back cont-
rol system by means of analog simulation have shown results as expected.
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Table. (1) Truth table for encoding logic circuit.
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INPUT ANALOG DIGITAL BINARY OUTPUT ANALOG
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5 g 0101 - 15 | 5
6 ; 0110 — 18 | 6
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Table. (2) Equivalent analog voltage table to each digital binary signal.
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Table. (3) Values of the optimal parameters of the PI controller(Unit of T, L,
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e L | { — [
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Fig. (23) Indicial

responses of the feed back control system when PI controller is
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Table. (4) Values of the optimal parameters of the PID controller(Unit of
T, L, T,, Tp; min)
L | | i i
oo I Lo | 30 5.0 7.0 10.0
T ! I
G {
A 0.943 |  0.557 0.516 0. 491 0.486 |  0.484 l 0. 483
0.1 y 0.097 | 0337 0. 633 1.825 3.018 4,210 6. 007
7 0.037 |  0.120 0. 144 0. 161 0. 164 l 0.166 | 0.168
e 4 1205 | 0.849 ' 0587 0.543 |  0.525" 0.511 |
0.5\ T, | 0479 0.830 | 1. 082 2,184 3.356 4.557 6.345
7, | 0.038 0.187 | 0.313 0.666.|  0.755 0.799 | 0. 847
Y 2.303 , 1.335 0.719 0.616 |  0.575 | 0.547
Lo | 7y, 0.953 1.493 1. 740 2.732 3.833 4.98 | 6. 764
P 0. 039 0.214 | 0.406 0.932 1. 261 L1441 | 1.591
¢ | 25.838 | 6.403 3.389 1. 354 0.964 | 0.807 0. 697
3.0 | T, | zes2 ! qam 4. 498 5. 388 6.293 | 7.278 8.83
T, | 003 | 0227 0. 455 1.222 L8l | 235 2.985
C ] oz 10.516 5. 467 2032 | 1357 j 1.075 | 0.872
50 | Ty 4.777 6. 837 7. 280 8.182 | 9 026 9.922 | 11.316
T 0. 039 0.230 0. 466 1310 | 2034 | 2667 | 3.505
S0 eoms | e | rom | s | i | 1357 1. 062
70 | T, 6.710 9.476 | 10.0i6 | 10.985 11.832 | 12,689 13. 988
a1 0.039 0.231 |  0.470 1.351 2.137 | 2,39 3. 794
'~ £~I 1 ] |
¢ 85. 985 20.809 | 10.674 3.761 |  2.380 1.792 ‘ 1. 359
1.9 | T, 9. 585 13.479 | 14,226 15.248 .  16.050 16. 833 18. 150
7 0. 039 0.232 |  0.473 1384 | 2230 3.004 f 4. 060
il | B T=L=1min., k=1
= (a) kp=1.065
= = = Ty=1.794min
=S = optimal values
= =SS0 =====
=S5s = =3 =
T”-=L=3min, k=1
=g = (b) kp=1.065
S S===: = T;=1.794min
E — S = non-optimal values
=== ES1= = ==
= T=L=3min., k=1
= (©) kp=1.076
= = = = T;=5.514min.
= optimal values
used.
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T=L=1min., k=1
kp=1.335

(@) T;=1.74min.
Tp=0.406
optimal values

I'=L=3min., k=1
kp=1.335

(b)Y T;=1.74min.
Tp=0.406min.
non-optimal values

T'=L=3min. 3 k=1
kp=1.354

(¢) T;=5.74min.
TD=O. 406min.
semi-optimal values

T=L=3min., k=1
kp=1.354

) T;=1.74min.
Tp=1.222min.
optimal values

Fig. (24) Indicial responses of the feed back control system when PID controller
is used.
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