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ABSTRACT

Simulation of dynamic systems by use of
analog computers is well established as a practi-
cal tool of the control engineer, With the advent
of fast digital computers, it has become not only
feasible but attractive to perform many such in-
vestigations using digital simulation. As an ex~
ample, a study of a simple contrel system is
presented to illustrate the ease and flexibility of
this technique in design.

Digital simulation permits the engineer who
has no specialized training in computer program-
ming or operation to readily utilize simulation in
both the design and analysis aspects of his work,
It has proven a fast, effective, and economical
tool for general investigations of continuous, dy-
namic systems and is of particular interest to the
practicing control engineer,
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Simulation techniques have been used increasingly in recent
years for the design and analysis of control systems, The analog
computer has been used for innumerable such studies and has proved
a convenient and flexible tool. Howewver, the necessity of scaling
problem variables into reasonable voltage levels, and the operational
difficulties inherent in analog circuitry combine ta present the
analog user with a number of irksome problems. These diffiéulties
mount as the size, complexity, and accuracy requirements of the
problem increase. It is not coincidental, therefore, that considerable
attention has been given in the last several years to the deve lopment

of special digital languages for simulation of continuous systems.,

A major portion of this activity has been in development of the
"digital analog simulators''; during the past ten years upwards of
thirty separate programs of this type have been reported. These pro-
grams provide a complement of functional elements similar to those
of the analog computer and a block-oriented language for specification
of their interconnection, These "digital énalog simulators' model the
elements and organization of analog computers and provide numerical
routines that are equivalent to such standard analog elements as

integrators, summers, inverters, multipliers, and function generators.



These programs also provide those special-purpose devices commonly
~ assembled from several analog elements, e.g., division, absolute
value, square root, exponential, sine function, limiting, dead space,
and time delay units. Just as the computer patchboard electrically
links analog computing elements, the simulation language interconnects

the numerical routines,

The 1130 Continuous System Modeling Program (1130 CSMP)
is a new program of this general type specially devéloped for the
environment of the design engineer. It employs a familiar block-
oriented input language and coffers an online, interactive mode of
operation during development and testing of a simulation model. The
simplicity of the language statements and the conscle procedures
enables a user to rapidly gain proficiency with this program. Simpli-

city and flexibility are, in fact, its foremost characteristics.

1130 CSMP is an adaptation of the PACTOLUS program for the
IBM 1620. The computing speed of the IBM 1130 makes it feasible to
handle more complex processes, so that, for many types of investi-
gations, 1130 CSMP obviates any requirement for an analog computer
facility. Indeed, both the design and implementation of a simulation
study are considerably simpler with this system than with an analog

computer.

1130 CSMP provides a complement of 25 standard simulation
elements, plus a group of "Special" elements which the user can tailor
to his particular needs. Table 1l illustrates a representative group of
1130 CSMP elements, their diagrammatic and language symbols, and
definitions of their functional operation. The user starts by developing
a block diagram showing the interconnections of the elements required
to implement his model. He then translates the diagram into a cor-~

responding set of 1130 CSMP language statements.
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A most important feature is the option of entering these state-
ments either via punched cards or directly from the console keyboard.
During the introduction of a problem in the online mode, the user
is provided with automatically typed instructions which guide him
through the procedures, During a run, the user has the ability to
interact with the model as directly and spontaneously as he would

with an analog computer,

The simplicity and flexibility of 1130 CSMP is illustrated by
its use for a control system study. This investigation was performed
several years ago using an analog computer fa.cility.l The experiments
were repeated using 1130 CSMP to demonstrate the superiority of the
digital approach.

The study is concerned with design of a simple adaptive system
for control of a process characterized by the transfer function
10s + 100
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Figure 1 illustratés the proposed design for the control system. The
précess can readily be controelled if the operating environment permits

a sampling period, T, which is sufficiently short to ensure satisfactory
performance for all anticipated conditions, This results in an inefficient
design in the sense that the sample-and-hold operation must be performed
continually, even during periods of essentially steady-state behavior,

The controller may very well be a digital computer which is being time
shared among a number of tasks; if the sampling operation is unnecessary,

the computer time can be used more profitably attending to these other

tasks.

1
R. C. Dorf, M. C. Farren, and C. A. Phillips, ""Adaptive Sampling

Frequency for Sampled-Data Control Systems,'" IRE Transactions on
Automatic Control, Vel, AC-7, No. 1, January 1962, pp. 38-47.



The purpose of the simulation was to determine experimentally
whether satisfactory control could be achieved using a variable sampling
period determined as some simple function of the error signal. Ome
particularly simple scheme is to provide two sampling periods--a
""short" period for fast sampling, and a "long" period for slow sampling.

- This bi-frequency sampling scheme would be under control of the error
signal. ''"Fast'" sampling would be used when the error signal indicates
rapid changes in the process; '"slow'" sampling Woﬁld be used as the

response of the process approaches steady-state behavior.
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Figure 1 Sampled-data contrel system example

The 1130 CSMP block diagram for this design problem is shown
in Figure 2. Most of the block elements are immediately identifiable
to the analog computer user. Block 3 performs the sample-and-hold

operation whenever supplied with a positive trigger pulse.
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Figure 2 1130 CSMP block diagram for sampled-
data control system example



Block 25 supplies the trigger pulses and is a '"Special, " or "do-it-
yourself,' type of element., The variable-frequency pulse train used
in the study is not available from the standard complement of the
1130 CSMP elements, This special operation is simply defined by the

preparation of a simple FORTRAN subroutine as shown in Figure 3,
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Figure 3 FORTRAN program defining '""Special Element No, 1'" as the
variable-period time pulse generator



When the elapsed time from the last output pulse reaches a value equal
to the current value of the input variable, T, the '"Special Element #1"
produces another trigger pulse for the sample-and-hold operation.

This ability to simply define additional complex logical or nonlinear

operations is a significant advantage of digital simulation.

The first step in the simulation was translation of the block diagram
into a corresponding set of 1130 CSMP language statements, For the
initial run, Block 4 was directly connected to Block 2 (which simulates
the summing junction shown in Figure 1); this run thereby simulates
the performance of the process assuming continuous rather than sampled-
data control. Figure 4 shows the first portion of the record from the
console printer and illustrates the Configuration and Parameter State-
ments needed to translate the block diagram for use with 1130 CSMP.,.
Figure 5 shows the "print-plot" record of the response of the simu-
lated process to a step input. This type of cutput is provided for those

users who don't have the 1627 Plotter.

CONTINUQUS SYSTEM MODELING PROGRAM
A DIGITAL ANALOG SIMULATOR PROGRAM FOR THE _IBM 1130

COMFIGURATIOM SPECIFICATION

OUTPUT NAME BLOCK TYPE INPUT 1  IMPUT 2 INPUT 3
1 K 0 0 0
2 + 1 -6 0
L ! 2 0 0
5 I b ] 0
6 W L 5 e

INITIAL COMNDITIONS AMD PARAMETERS

IC/PAR MAME BLOCK ~ IC/PAR1 PAR2 PAR3
1 100,0000 0.0000 0.,0000
b 10,0000 100,0000 0.0000

Figure 4 A portion of the console printer output
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Figure 5 Console printer output showing
"print plotter' format



For the second run, the simulation was modified to represent the
sampled-data control, These modifications were entered online via
the console keyboard. New specifications were simply typed within
the parentheses provided by the program; this operation is equivalent
to, but simpler than console patching at the analog computer, Figure 6
shows how the variable sampling elemenfs were added. Blocks 20, 25,
and 3 were added to the initial configuration and the input to Block 4 was
changed from the summing point to the output of Block 3--the sample-
and-hold device. The second and third runs were performed using the
""fast" and the "slow' sampling respectively. Note that the sampling
period, T, was obtained from a Constant element {Block 20). Its value
was set at 0,05 for the second run, then changed to 0.1 for the third
run. These values correspond to the fastest and slowest sampling found
advisable for this process. The 1627 Plotter record of these first three
runs is shown in Figure 7.
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Figure 6 Console printer output showing online modification

Figure 7

AMPLITUDE
(=}

Plotter record
for runs 1 - 3

RUN 1 NQ SAMPLING
2 SAMPLING PERICD 0.05
3 SAMPLING PERIOD 0.1

TIME
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Finally, Block 20--the Constant element supplying parameter
T--1is replaced by the configuration shown in Figure 8. This provides
the bi-frequency sampling of the original control study. The fastest
sampling rate is used whenever the absolute value of the error deriva-
tive exceeds the threshold determined by Block 15, When the system
approaches steady state, the slower sampling rate is used, A plotter
record for three values of the threshold is shown in Figure 9. This
experimentation is performed simply and the control engineer, on the
basis of his evaluation of the system performance, quickly determines

an acceptable threshold,

ERROR
SIGNAL

FROM
BLOCK 2

RELAY
CONTROL

. SAMPLING
T:005 IF IEl 2THRESHOLD PERIOD
s FAST RAT
f=0.1 IF |El <THRESHOLD € 0
’ SLOW RATE (18)

o2}

Figure 8 Bi-frequency sampling pericd simulation
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RUN 4 THRESHOLD =15.0
5 THRESHOLD = 5.0
& THRESHOLD = 1.0
0 0.5 1.0

TIME -

Figure 9 Plotter record for bi-frequency
sampling runs
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Although this example is rather simple, nevertheless it illustrates
how the control system designer can effectively use digital simulation
techniques. The task of preparing a problem for simulation and study
is comparatively simple. So too, is the task of modifying the simu-

- lation for analysis of different design approaches. The modification
of both configuration and parameters is readily alccomplished online
by means of the console features and the options programmed into the

1130 CSMP.



