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that is
«[ky = z, » a(k-1) vk * e(k)

(11}
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This is the equation that is programmed on the digital
compuler.

Figure 4 shows the responses of the unconirolled and
controlled systems, and the control signal as functions

of time.
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Digital Controller Deslgn Methodolegy
The Laplace transformed lag-lead controiler has the
form
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Let the Z-transformed controller have the form
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Now, substitution of the transformation EqQ.8 mnto
Eq.13 gives,

Figure 3 Magnitude-scaled analog simulation of the field-controlied servomotor

DESIGN OF A DIGITAL LAG-LEAD
CONTROLLER

The field-controlled servomotor is assumed to have the
transfer function

10

G(s) =
s(1+0.255)(1+0.15)

(12}

Analog Simulation of Uncontrolled System

The parameters in G{s) are such that direct simulation
of Eq.12 was not possible without magnitude scaling,
Fig. 3 shows the complete scaled simulation diagram
[].
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Comparison with Eq.14 shows that
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For the present system with the transfer function given
in Eq.12, standard design procedure [1] leads to the
values

7,=297, 07, =4.48

T,=0.297; aT,=0.0436

The simulation arrangement is again as in Fig, 2, wilh

_-S‘(i):kd‘zz+a|z'az)
e(z)  zlebzvb,

(7)

from which follows the discrete equation

sk} - kje(k) + a, k e(k-1)
+vkya,eth-2)-b, sk 1) (18)
by s(k-2),k- 1,2,

Thus 1s the equation that 1s programmed on the digital
computer. Figure 5 shows the vanous uncontroiled and
controlled responses.

CONCLUSION

The paper is a tutorial presentation of the joint use of
analog and digilal computers for the simulation of a
system for which a digital controller is designed by
classical frequency-response lechniques. The
responses show that the design techniques used are
satisfactory.

The anaiog compuler is a convenient replacement of
the actual device to be controlled in the sense that
control of the actual sysiem will generally require
appropriate power sources, delectors, actuators, etc.,
thus complicating the basic problem. It is of course a
disadvanlage if an analog computer is not available. In
this case a totally digital simulation can be done. The
usic of the analog compuler fur the ssmulation of a given
system is the nearest Lhing to actual system rcalization.
Mareover, it 1s convenient for application of the ADC
as continuous-time signals are always available. The
DAC may give output values in the range €} to +5 voits
whercas the input signal is n the range -5 to +5 volts.
Hence, signal restoration may be necessary.
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