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Digital Controllers to improve the Transient
Characteristic for Servo Systems

By Koichi OGAWA and Masato SHIMAMURA

This paper relates digital controllers and their operation to improvement of the transient
characteristic of servo systems. This method due to Lindorff® is an application of pole-
zero concepts to the design of sampled data system, well as reform to a system having
desired valves of overshoot, time to first peak, and damping ratio.

The control loops containing the designed digital controller D(2), the zero order hold

H(s), and the servo system G(s) are examined by hybrid simulation.

The simulation

develop the relations of the sampling period and the output characteristics of the system,
which contain the frequency response and the error between the continuous systems and
the sampled data systems. The tests of the servo system consisting of a digital computer,
a small electric servomotor, gear trains, inertia, loads, amplifiers and potentiometers are
shown to illustrate the procedure and the performances.
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(2.27) XTHEBER Oy LRERL L 252,
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Elnbe, LIehoT df(a) _A BeB¥cosa+eB%sina
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“_%Wiiﬁiﬁg (C.5) ThHsr0b, Zhi (D.2) KefAL
% (C.5) &% <c 2) RATS & THLTE <R
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l ‘_‘C‘”"" 2T E 2BEL, CORAES E ORENED
roT B ETEHE (D.2) 3Ex Eh s,
K(p—=) —5 ¢ X
Jseca|=C=2|-——>2 "~ __
seca=C=2 ;=2 - .
-1
ygmu_.¢{mn <V1 ?> a+w}(22&
g & D THEzoNA e, (D.2) {TRDK a %
—C
—C B - ¢: {tan‘1< ) C(—f-ﬂ.'}
OV:\/’—I—@[secale«/m{mn 1('—-1/1_C2)—a+1r} Tsmax '\/1 e
(2.27) KRATZEZIRD 5 Z LWTE %,
&F & E
D(2) DRk _ apt @z l4axx? e
D)= bo+b1z714-byz? T: »y 70 v 7 Al (sec)
Case 1
T : /[/%#C ay al as b() bl 7 b?
2.5 0. 68929 —0.22746 —0.16927 1.55723 1. 63929 0. 23377
2.0 0.54346 |, —0.17354 —0.16970 | 1.02045 1.02704 0.09378
1.5 0. 37928 —0.12037 —0.14572 0. 58791 0.52728 —0.01685
1.25 0. 29502 —0.09584 —0.12331 0.41323 0. 33559 —0.04942
1.0 0. 21313 —0.07348 —0.09464 0. 26770 0. 18849 —0.06293
0.75 0. 13745 —0.05352 —0.06193 0. 15243 0. 08697 —0.05765
0.5 0.07273 —0.03567 —0.02951 0. 06858 " 0.02809 —0.03785
0.25 0. 02467 —0.01869 —0.00488 0.01736 0. 00382 —0.01317
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Case 2
T ‘%ﬁ ag a Qs bo bl b’
2.5 0.68929 —0.07932 —0.11633 1. 38979 1.31987 0. 18429
2.0 0.54346 —0.06919 —0.12571 0. 93007 0. 85634 0.07738
1.5 0.37928 —0.05935 —0.11636 0.54768 0. 45458 —0.01456
1.25 0. 29502 —0. 05403 —0. 10222 0. 38931 0. 29405 . —0.04374
1.0 0.21313 —0.04793 —0.08146 0.25511 0.16781 —0.05705
0.75 0.13745 —0. 04045 —0.05534 0. 14698 0. 07865 —0.05354
0.5 0.07273 —0.03079 —0.02738 0. 06693 0.02580 | ~—0.03602
0.25 0. 02467 —0.01782 —0.00470 0.01715 0. 00356 —0.01284
Case 3 .
2.5 0. 68929 0.02250 —0.0799 1.24903 1.07387 | . 0.14652
2.0 0.54346 0.00811 —0.09313 0.85158 0.71848 - 0.06418
1.5 0.37928 —0.01062 —0.09292 0.51155 0. 39299 —0.01263
1.25 0. 29502 —0.01936 —0.08475 0. 36745 0.25799 —0.03880
1.0 0.21313 —0.02594 —0.07011 0.24341 0. 14940 —0.05179
0.75 0.13745 —0.02878 —0.04945 0. 14181 0.07106 —0.04976
0.5 0.07273 —0.02627 —0.02540 0.06532 0.02365 —0.03429
0.25 0. 02467 —0.01698 —0.00452 0.01694 0. 00331 —0.01253
Cace 4
2.5 0.68929 0. 24380 —0. 00089 0.51429 0. 19593 0.01845
2.0 0.54346 0. 22303 —0.00254 0. 39012 0. 14394 0.01059
1.5 0.37928 0. 16952 —0.00624 0. 26769 0.08621 —0.00292
1.25 0. 29502 0. 13102 —0.00893 0. 20806 0.05918 —0.01091
1.0 0.21313 0. 08750 —0.01159 0. 15060 0.03583 —0.01805
0.75 0.13745 0.04388 —0.01282 0. 09694 0.01781 —0.021%4
0.5 0.07273 0. 00820 —0.01033 0. 04996 0.00619 —0.01949
0.25 0. 02467 —0. 00899 —0.00289 0.01470 0. 00090 —0.00936
#f# & F
M(z) o{%% _ mz+ms . . e
M(Z)—m T: v 7Y /7%% (S&)
N my mg ms my
2.5 0.68929 0. 24628 —0. 14062 0.07620
2.0 0.54346 0. 22907 —0.35499 0.12751
1.5 0. 37928 0.18250 —0.65161 0.21338
1.25 0. 29502 0.14874 —0.83228 0. 27604
1.0 0.21313 0. 10996 —1.03400 0. 35708
0.75 0.13745 0. 06930 —1.25518 0. 46193
0.5 0.07273 0.03181 —1.49303 0. 59757
0.25 0. 02467 0. 00506 —1.74329 0.77302
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