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Preface

While at the Air Force Institute of Technology (AFIT),
other students and I experienced sheer frustration when we
tried to analyze or design a control system using the
separate computer programs that were available. The input
and output formats for each program were different and, at
times confusing, and each program had to be attached
separately, then executed, and finally returned before
another program could be used. The Air Force Flight Dynamics
Laboratory (AFFDL) personnel expressed the same feelings of
frustration when using these programs. So, I have plunged
head-strong into the task of combining as many control design
programs as possible into a "usable" program for control
systems design and analysis. Given another two years, I
probably could have been successful. However, the comments
that I have received from persons using the "separate”
programs and the new "consolidated" program have indicated
that my efforts were not all in vain.

I am sure that I had become somewhat of a pest to
Professors C.W. Richard, Jr., T.E. Reeves, and G. Orr, and I
wish to publicly thank them for their patience with me, and
for their competent suggestions and directions. I wish also
to thank Dr. Gary B. Lamont for taking a special interest in
my task, and for encouraging me to try to accomplish it.

Similar thoughts of thanks go directly to Prank George of
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AFFDL for sponsoring my thesis.
Finally, but in no way least, I wish to thank God for

helping me, and my wife, Barbara, and my children, Noelle
and Kathy, for being so understanding and for giving me

encouragement when I really needed it.

I will confess that some errors may appear in this

report, and I take full responsibility for these errors.

Prederic L. O’Brien
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ABSTRACT

Several different computer programs have been independent-
ly developed for control system design and analysis. Each
program may have its own input and output formats (different
from any other), and each program may have its own operating
philosophy. This report describes a Consolidated Computer
Program for Control System Design (CCPCSD) and its development:
specifications, organization, realization, testing, and results.

The CCPCSD contains four previously written Air Force

B

Institute of Technology (AFIT) computer programs for control
system design algorithms (ROOTL, PARTL, FREQR, and POLY) and a
lead-in program which controls the overall flow of the CCPCSD.

An overlay structure is used. The structure consists princi-

pally of an executive (main) overlay and four primary overlays
(one for each subprogram mentioned above). Each subprogram is |
modified towards standardizing inputs, termination procedures,
and data structure (where feasible).

The CCPCSD is developed to be used by control systems
engineers and/or AFIT engineering students. A user-oriented
approach permeates the entire program. This computer-aided

design tool can be operated from an intercom terminal, where

operator-computer interaction takes place.
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A CONSOLIDATED COMPUTER PROGRAM
FOR CONTROL SYSTEM DESIGN

I. Introduction

One of the most important present-day tools for either

designing or analyzing control systems (continuous or

digital) is the computer. Computer programs have been

__—

written to aid the engineer or student in the sometimes
awesome task of designing or analyzing control systems. It
seems that individual programs are willingly written as the

need arises, but with little, or no thought about future

needs (i.e., ...for combining several individual programs

for one large, consolidated task...or more specifically,

for combining a root locus program, a frequency response
program, and a time response program so that a control
system can be analyzed completely.). Well structured
consolidated computer programs are definitely in great demand

by engineers and students alike, but these programs do not

seem to be available (or, quite possibly, the programs have
been written, but are made available only to personnel in

small unexposed offices, firms, or organizations).

Background
Prior to, and including the time this thesis was

written, computer programs stored in the AFIT computer

library of the CDC 6600 computer system, and the Electrical
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Engineering Department were made available for use of
personnel at the Air Porce Institute of Technology (AFIT),
building 640. The library and Electrical Engineering
Department possess a variety of control system design and
analysis computer programs (continuous and digital), such
as ROOTL (Root Locus Program), FREQR (Frequency Response
Program), PARTL (Partial Fraction Expansion and Time Response
Program), POLY (Roots of Polynomial Punction), DIGIS
(Z-Transforms), PIR (Finite Impulse Response Filter Design),
OPTCON (Optimal Control Design), and others, no doubt, that
are still part of some professor's "private stock."”

There are also other specialized design and analysis
computer programs available at the Flight Dynamics Laboratory
and at the Aeronautical Systems Division of Wright-Patterson
Air Porce Base, Ohio. DIGICON ("Digital Flight Control
Systems for Tactical Fighter," AFFDL-TR-74-69; computer
algorithm for the design of the digital control systems of
the P-4 Aircraft) is one of the specialized programs that
are available.

Further, there are programs that are available for
control system design and analysis that have been written to
fulfill master's, or doctor's degree requirements. One such
program is "The Design of Automatic Control Systems Using
Interactive Graphics," by Kenneth R. Young, which allows a
user an advantage of working interactively with the computer
(real time) for control system work. The Air Force has also

contracted industry for specialized computer programs.

" — e - o Cia
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All in all, many computer programs that could be used
for control system design and analysis are available. The
engineer and/or student would like to be able to use these
programs---computer-aided design tools. Hence, a statement

of purpose for this thesis is presented.

Statement of Purpose

The professional control engineer and/or the control
engineer student are, of course, saddled with the task of
designing and analyzing control systems. Computer-aided
design and analysis tools are an important contribution to
the timely success of completing the design and analysis of
a control system. To adequately perform the design and
analysis task, the control engineer must have at his
disposal (as a minimum) a root locus, a frequency response,
and a time response. The characteristics of the control
system are shown by these three methods, and these then
enable the designer to analyze the complete performance of
his basic system. There are also extensions to these design
and analysys techniques {(Nichols Chart design and Nyquist
design are two of these extensions) that are also available,
but the root locus, the frequency response, and the time
response are still considered as the principal methods for
control system design and analysis. And, as previously
mentioned, three AFIT computer programs (ROOTL, FREQR, and
PARTL) are already available, and they provide these basics

(root locus, frequency response, and time response).

- OPOR
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Hence, the purpose of this effort is to clearly develop,

by at least one means, a computer-aided design tool for

control engineers and students which contains as an absolute
minimum four AFIT programs that are presently available for
control system design (ROOTL, FREQR, PARTL, and POLY). This
tool must be a computer program that shall be called the
Consolidated Computer Program for Control System Design |
(cCPCSD). It must be capable of providing an engineer or
student with repeated access to one, two, three, or all of 4
these programs mentioned - all during one sitting at the
terminal. The capability must exist for the operator to be
in full control when selecting and using these programs.

An architecture must be developed which allows adding some ﬁ
other programs, without requiring extensive modification to
either the consolidated program or the program being added.
Therefore, the CCPCSD must be a useful, versatile, self-
contained computer program - capable of being operated by

experienced engineers or beginning student engineers.

General Approach
The approach that was taken towards the objective of

providing a good computer-aided design tool for control
engineers might best be thought of as a "general engineering

approach,” in that: 1) information pertaining to the problem

has to be researched, and gpecifications have to be fully 3
determineds 2) the researched information has to be evaluated
so that decisions can be made about the capabilities and

trade-offs that would influence the overall organization of

L
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the problem solution; 3) the organized solution, in this case
an algorithm, has to be realized in a computer program; 4)

the program has to be test; and 5) the results, conelusions,

and recommendations have to be stated.

This report covers this approach in the following manner.
Chapter II includes the definition of the specifications and

the actual method taken to achieve the task. The organization

of the CCPCSD is discussed fully in the chapter, along with

a discussion concerning the standardization of the program
inputs and termination procedures, and the data structure.
Chapter III shows the process of realizing the total algorithm
as an efficient, error-proofed computer program. The chapter
also discusses the testing criteria and methods, and the
results obtained from the testing. Finally, Chapter IV
summarizes the effort with a presentation of conclusions and
recommendations. The appendixes contain a description of

the programs ROOTL, FREQR, PARTL, and POLY; a user's guide
for the CCPCSD;3 a source listing for the CCPCSD; and a

procedure for adding programs to the CCPCSD.

Highlights of the CCPCSD Program Operation

From a terminal (teletype or CRT display), the CCPCSD
program can be attached from the library, and executed by
following the printed instructions as they appear. Now to
look at the program operation from an operator's point of

view.

i

First of all, an operator must state that he is at a

B ——
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terminal. Typing "TTY" and returning the carriage

accomplishes this task. Next, and explanation of the program

is provided; the operator may select or reject this option.

The explanation is intended to be used for either an initial

declaration of the program, or as a recall for review. For

each case, the explanation tells the general sequence of

events that occurs.

The program
that the roots for the numerator and denominator polynomials
of the transfer function, G(s), can be found. The operator
may not need to use this option, and he can type "NO" to move
on.

The next part of the program is very important. A list :
of the subprograms (ROOTL, FREQR, PARTL, and POLY) is printed i
out along with a brief explanation of each subprogram. To
conserve paper and time, the list is printed out only one
time; hence, the operator must jot down the symbolic name for
each of the subprograms for use then and later in the
program. (This decision for a one-time printout of the list
is based upon previous irritating experiences with other
programs, in which long lists of options were printed out
repeatedly throughout the program. Hopefully, copying down
the list of subprograms is not too inconvenient.) Now
the operator can select the subprogram he wishes to use.
(Appendix A may be referred to for a description of the |
individual subprograms.) i

After the operator has provided the inputs required
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for the subprogram he chose, and obtained the output that he
desired, the program allows the option to either continue
with the presently chosen subprogram, choose another subpro-
gram, or stop. Each time the operator is finished working
with any subprogram, these above options are presented.

Hence, the highlights of the CCPCSD program (from an
operator's point of view) have been presented to show the
sequential arrangement of specific functions that are
accomplished by the CCPCSD. Chapter II follows with an
in-depth discussion of the CCPCSD program.
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II. Development of the Consolidated

Computer Program for Control System Design

Chapter I presented a general overview of the effort

to develop a consolidated computer program for control system
design. This chapter expounds further upon the areas

; concerning the specifications and organization discussed in
the general approach. A substantial amount of effort is

é devoted to discussing the specifications and requirements

that afforded the finalized approach that was taken. Next,

the overall organization of the program is explained, and
the make-up of each of the overlays is described. Some %
discussion is devoted to the standardization of inputs and |
program/subprogram termination procedures, and, finally,

pertinent comments relating to the data structures of the

subprograms are stated.

PR,

Specifications and the Actual Approach

The theme of this section of Chapter II is to discuss

the specifications and the approach taken. The specifications %
are based upon specific needs, or requirements. Discussing
(in terms of the needs or requirements) the means that are
available to meet each need allow choosing the best way to
proceed - the approach. The approach, when carried out fully,
meets the intended goal of "providing a unified package of
computer algorithms (consolidated computer program) for
in-house, or acamemic analysis and conceptual design of

control systems...contained totally within itself...capable
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of enabling user interaction with the computer...one-time

program use with one-time input (satisfying all computer

algorithm input requirements)...useful outputs, such as

root locus, frequency response, and time response, for control

system design and analysis." This goal is the sole directing

force for this important section, and prior to discussing the

specifications, certain constraints and factors are exposed

below.

Constraints. The following constraints place certain

restrictions on the approach and the goal:

use of CDC 6600 computer only; maximum core
available for intercom jobs is 50,000g words.
(Reference 2 and 3)

computer language must be Fortran IV (Extended)
(Reference 1)

input requirements must be simple and user-oriented.
output requirements must be complete and useful

(in a format easy to analyze from a control systems
point of view)

maximum amount of plots, printouts, or data stored
must be within the 50,0008 word core requirement.
(program + data storage = 50,0008 words maximum)
program must allow user interaction (terminal or

crt)

Pactors. The constraints that are imposed demand certain

factors to be addressed.
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a. A good understanding of the CDC 6600 computer
must be acquired. Terminology and appropriate
input and output requirements and formats must be |

! understood to be able to communicate with the
computer. Correct codes relating to syntax and
semantics must be understood and applied
efficiently.

b. Knowledge about the Fortran IV (Extended) computer 4

il language must be sought, along with a proficiency

in using it to write programs. A knowledge of

t: overlays and overlay structure is required in order
to put a consolidated program together and conserve
on core usage.

c. A good knowledge of control system design and
analysis terminology and techniques must be
acquired, along with a valid approach towards
properly analyzing and designing control systems. 1

d. Research must be conducted to determine what
computer algorithms are presently available, what
function(s) they perform, what input and output
requirements they demand, and what type of data
structure they use.

| Knowing now what constraints and factors were imposed
initially, the specifications can unfold. *

Input and Outputs Requirements for Programs Available.
After reviewing the programs (algorithms) mentioned in

I Chapter I, it was decided that initially the programs ROOTL,

10
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FREQR, PARTL, and POLY would be chosen as basics to make up
a consolidated program. The rationale being that these

programs, when used together, are very capable of providing

sufficient data, in a useful format, to design and analyze
control systems. And, although FREQR and ROOTL are capable
of performing some digital system analysis, a "first step"
would be to develop the consolidated program to handle
continuous domain systems only. Tables I and II indicate,
respectively, the characteristics of each of the programs, and
the input requirements of each of the programs.

Also worth noting, the "first step" would consider the 3
capability to operate the consolidated program from an
intercom terminal. BATCH and interactive graphics capabilities
could follow later. Rationale - interactive graphics is
considered "ideal” in that the engineer interacts with the
computer in a real-time environment, and he "creates" his
design and analysis at the graphics terminal. Root locus,
time response plots, and frequency response plots are displayed
on the zraphics console, and the engineer may make changes
to his system, or accept the design he has created. The key
advantage to the interactive graphics approach is that the
engineer can "see"” what is happening in real-time. But, even
though it is considered "ideal,” it is a very complex and
time consuming job which is beyond the scope of this thesis. j
Intercom operation is preferred by engineers and students over
BATCH jobs, in that it, like the graphics, enables the operator

to act interactively with the computer (input the parameters,

11
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Table I
Characteristics of Programs
ROOTL, FREQR, PARTL, and POLY
Characteristics Fregrans (Algeritims)
of each Program ROOTL | FREQR | PARTL | POLY
L) -JObo LN
—Root Locus yes no no no
(order
50)
Frequency Response no yes no no
(order
20)
Time Response no no yes no
(order
Num:12
Den:24)
Time Punction no no yes no
Partial Praction no no yes no
Expansion
Roots of polynomial yes no no yes
«++sQutputs...
Listing yes yes yes yes
PTY Plot Bo yes yes N/A
Printer Plot no no yes N/A
Calcomp Plot yes yes yes N/A
e !Ee S!Btem. oo
Continuous yes yes yes N/A
Digital part. yes no N/A
12
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Table II
*Input Requirements for Programs

ROOTL, FREQR, PARTL, and POLY

*NOTE: Table II shows the different "ways" the input parameters
are "asked for." The symbol "N/A" indicates that the program
does not explicitly "ask" for that parameter, but the program
may implicitly require the parameter. Hence, at times three

different ways of entering the same parameter may occur.

nput Requirements Programs (Algorithms)

or Each Program

Order of Numerator

prder of Denominator

Power of Repeated Root

Polynomial: Numerator
Denominator

Numerator Constant

Numerator:

No. Factors Given Order
Order of Factors
Coefficients Numerator

Denominator:

No. Factors Given Order
Order of Factors
Coefficients Denominator

Real/Imaginary Factors:
Numerator
Denominator

Initial Time
Duration Time
Delta Time

Initial Omega (w)
Incremental Omega (w)
Final Omega (w)

Restart Array

Time Delay, exp(-Ts)
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Table II cont.

Programs (Algorithms)

Input Requirements
Por Each Program

POLY

Magnitude Plot

Log-dB Plot N/A yes N/A N/A
Titles yes yes yes N/A
Sampling Period no yes no N/A
Right Bound yes no no N/A
Left Bound yes no no N/A
Upper Bound yes no no N/A
Lower Bound yes no no N/A
Bound yes no no N/A
Plot Size yes yes yes N/A

Step Size yes N/A N/A N/A

Dist. Between Plot. Pts.} yes no no N/A

Sensitivity, K yes N/A N/A N/A
yes N/A N/A N/A
yes N/A N/A N/A

yves N/A N/A N/A

Gain Bandwidth
Zeta

F. Initial Step

Figure Number yes no no N/A
yes N/A N/A N/A

yes N/A N/A N/A

Real Part Init.Test Pt.

Imag. Part Init. Test Pt

Type of Init. Test Pt. yes N/A N/A N/A

yes N/A N/A N/A

Number Pts. to be Called

Delete Tnsfr Function yes no no N/A

Multiple Graphs yes no no N/A

Plots Disposed yes yes yes N/A

Plot Destination yes yes yes N/A

14
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see and analyze the printed out results, and continue or

stop), but to a lesser degree. The intercom operation is

not as difficult to program.

Data Structure. The specifications for a data structure

to be incorporated into the consolidated computer program

must be such that the following criteria can be met:

b.

d.

One structure for input data; the structure must
be capable of being used by all programs
simultaneously, thus allowing an operator to put
input data in one time, but use any or all of the
programs.

The structure must allow changing of only the

data wished to be changed by the operator without
altering the data entered previously.

The structure must allow future addition of
programs - extending the amount of data stored
without changing the data structure.

The structure must allow data to be read out, but
not destroyed.

The structure must allow certain output parameters
from one program (i.e., the roots from program
POLY) to be stored as input parameters for another
program (i.e., stored as the numerator or denomin-

ator factors of ROOTL).

Data management is very important, especially as the

amount of core required for each program to be added becomes

a critical factor.

15
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Of the basic techniques for data management that were
researched, four seemed applicable for the consolidated
program, and they are discussed below.

a. Mass storage input/output subroutines for the CDC
6600 computer system allow the creation, access,
and modification of multi-record files on a random
basis, and does not depend upon the file's

physical position or internal structure. A good

point is that each record in the file, when either
read or written into at random, does not have its
other contents affected. This type of file
storage is consistent with the idea of changing
only certain parameters rather than all parameters
of a system. Although this method of data
manazement seemed almost ideal, it is not neces-
sarily an optimum choice for input/output use in

the consolidated program (could be tailored), and

furthermore, it was nearly impossible to locate
persons who would recommend this approach.

b. A second data management approach is the use of
the NAMELIST statement. The NAMELIST statement
permits the input and output of groups of variables

(i.e., poles, zeros, constant) and arrays with a

unique name. Key points of the NAMELIST data are:
(1) a variable or array name may belong to one or

more NAMELIST groups, (2) specific parameters in a
NAMELIST group may be changed without altering any

16
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of the other parameters, (3) when entering data,

the NAMELIST group name must be preceded by a $
(dollar sign), and after all of the data has been
entered, another 3 must be used as a termination.
The use of the NAMELIST statement is a familiar
method for use as a data management tool.

Where only single-valued parameters are manipulated,
gtrings of vectors (one-dimensional arrays) are
adequate for data management. Each position in the
vector must be assigned as a specific parameter

location (Fig. 1). These positions can have data

RERE] L Real poles in positions
XP(2) XP(1) through XP(N).
XP(3)
XP(N) | 5
YP(1) Imaginary poles in positions
YP(2) - YP(1) through YP(N).
P{3)
YP(N) | _
Figo 1
Example of Vectors (One-Dimension
Arrays) for Data Management

17
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(specific) read into them, or removed for
calculations and returned again. The key point

being that the program must keep “record" of each

position - putting in, or taking out only when
needed.

d. Two-~dimensional arrays may also be used in the
same manner as the one-dimensional arrays. The
number of words reserved for the array will be
determined by the number of elements in the array,
and the number is figured by the product of the
array subscripts (i.e., A(3,3)= 3 x 3 = 9 words).
The use of the two-dimensional array requires pre-

planning of the parameter positions as well as

exact data control (entering and retrieving data)

by the program (Fig. 2).

| Column 1 Column 2 Column 3 eee | Column N
Row 1 XP(1) ®*| order [*| Step [ «e. | Zeta
Num Size 1 r l
Row 2 XP(2) Order Bound . cese
Den
RN
ROWB Gain Time XK cee R
Const
Row N ZP(S)J BWdth_J oo o cee eoee !
FPig. 2
Example of Two-Dimensional Array (Order of Entry)
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In view of the four methods of data management that have
been described, methods b and ¢ are chosen for the consolidated
program - ROOTL already utilizes the NAMELIST statement; FREQR,
PARTL, and POLY already utilize the vector storage method.

And, considering the "first Step" approach to a usable
consolidated program, these data structures are to remain

relatively unchanged.

Method of Combining Programs. Remembering the chief
constraint of having available only 50,000g words of core for
intercom use, the method for combining the programs ROOTL,
FREQR, PARTL, and POLY is limited to the use of overlays and
overlay structure only. By using the overlay structure, the
amount of core required is reduced (only part of the total
consolidated program would be in the memory at one time), and
field length is used more efficiently. The details and
explanation of the overlay structure is given later in this
chapter as the organization of the CCPCSD is discussed.

Final Approach. The final approach takes into consider-
ation the knowledge (of the writer) that is at hand, the goal
to "develop a unified package...," the time element for
completion, the availability of the computer and computer
time, and the gpecifications that are pertinent to describe
a consolidated program. Hence, as a "first step," the programs
ROOTL, FREQR, PARTL, and POLY are to be put together into a
consolidated computer program which is then, as a minimum,
capable of performing each task (root locus, frequency

response, time response and roots of a polynimial) for a

19
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continuous domain control system design and analysis. The
consolidated program is to be user-oriented, allowing the user
to control the destiny of the control system he is designing
and analyzing by choosing whichever program he wishes
(repeatedly, if necessary). The programs are to be modified
to fit in a usable architecture of overlays, and the data
structures and input/output requirements presently used
within each program are to remain in effect, unless glaring
discrepancies, or conflicts arise. The major intent is to
standardize operations and instructions nherever possible.

It must be understood that the "first step" finished product
shall be definitely useful, but certainly not as optimal of a
solution as might be desired. However, the time and efforts
of another interested individual may be channeled towards the

goal of optimizing the "first step."

Organization of the CCPCSD

Again, to strive to reduce the actual amount of core
that is required for the program, and to make more efficient
use of field length, an overlay structure is used. The
executive (main) overlay and the individual subprograms
(primary overlays) make up the overall program structure. In
general, as shown by Fig. 3, the primary overlay of ROOTL
contains subroutines pertinent to the primary overlay, and
also contains secondary overlays which have within their
structure other subroutines pertinent only to the secondary

overlay.
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Overlay (0,0)
(Main overlay)

//////////// Subprogram Overlays /7777////////44&/

///RoOTL/VVVVV//FREQR/VV////PARTL/VVVVVVVPOLY/Z%A/

Overlay Overlay Overlay Overlay
(ccpcsD,1,0)| (ccpcsD,2,0)| (CCPCSD, 3,0) (CCPCSD.&,Oi

j Program
i ROOT10

Overlay
(CCPCSD,1,1)

Program
ROOT11

3 Overlay
(ccpcsD,1,2)

ROOTS

Program !
Overlay ,
(ccpcsp,1,3) 1

Program 1
ROOT12 3

Fig. 3
Overlay Structure of the CCPCSD 1

Executive (Main) Overlay (CCPCSD,0,0). The executive

overlay remains in core at all times, and controls the over-

all flow of the program. The program statement for Overlay
(CCPCSD,0,0) specifies the file names that are used throughout
the CCPCSD; i.e., INPUT=100B, OUTPUT=100B, ANSWER, PPLOT, PLOT, ;
CFILE, TAPE5=INPUT, TAPE6=ANSWER, TAPE?=0UTPUT, TAPE8=PPLOT,
and TAPE9=100B. File names do not appear in any other overlay.
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And, of course, Overlay(CCPCSD,0,0) precedes all other
overlays.

The executive overlay provides the following questions,
with subsequent direction consistent with the response of the
operator:

a. "PLEASE TYPE °'TTY' IF YOU ARE AT AN INTERCOM
TERMINAL."

b. "“DO YOU WANT AN EXPLANATION OF THE PROGRAM?"

c. "YOU WILL NEED ROOTS AND/OR FACTORS OF THE
NUMERATOR AND DENOMINATOR OF THE TRANSFER FUNCTION.
IF YOU DO NOT HAVE THESE ROOTS AND/OR FACTORS,
TYPE 'POLY'. OTHERWISE, TYPE °*NO‘'."

d. "TYPE THE SYMBOLIC NAME OF THE RESPONSE YOU DESIRE.
EXAMPLE: PARTL"

e. "IF YOU ARE FINISHED, TYPE °'STOP'. IF YOU DESIRE
TO USE ANOTHER SUBPROGRAM, TYPE THE CORRECT
SYMBOLIC NAME FOR THAT SUBPROGRAM."

Typing °'POLY' in c above will alert the executive overlay
to call Overlay(CCPCSD,4,0), which is a subprogram to factor
any polynomial. Typing either °'ROOTL®', °*‘FREQR', °'PARTL', or
*POLY' in d or e above will alert the executive overlay to
call Overlay(CCPCSD,1,0), Overlay(CCPCSD,2,0), Overlay(CCPCSD,
3,0), or Overlay(CCPCSD,4,0), respectively. And, as might be
expected, typing °'STOP' in e above will terminate the program.
The flow chart in Fig. 4 illustrates the operation of the

CCPCSD program as controlled by the executive overlay (Overlay
(cCPCSD,0,0)).

22
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CHOOSE v l

f//" XECUTE
S ROOTL

EXECUTE
FREQR

EXECUTE

Fig. &4

Flow Chart of the CCPCSD Operation
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Subprogram Overlays. The subprogram overlays (Overlay
CCPCSD,1,0) - ROOTL; Overlay(CCPCSD,2,0) - FREQR; Overlay
(ccpcsD,3,0) - PARTL; and Overlay(CCPCSD,4,0) - POLY) are
primary overlays and are called up by the executive overlay
(Overlay(CCPCSD,0,0)). They may be considered as totally
separable from one another, but, at the same time, not totally
independent when considering their individual functions as
used in control system design and analysis.

Overlay(CCPCSD,1,0). Overlay(CCPCSD,1,0)
represents the subprogram ROOTL, which is a program developed
to determine the root locus of a given transfer function by

finding the solution to its characteristic equation

1 + KG(s)H(s) = 0 (1)
or

K(s-21)ees(8-2p-1)

= -1 (2)
(s=p1)++«(s-Pn)

as a function of K (K varying from 0 to ¥ infinity). Appendix

A may be referred to for more specific information about

ROOTL's theory and operation.

Structurally, ROOTL consists of the overlays and
subroutines shown in Fig. 5. The primary overlay (Overlay
(ccpcsD,1,0)) acts as an executive overlay by controlling the
overall flow of subprogram ROOTL. The three secondary
overlays provide the specific tasks of setting up for a
calcomp plot, printing and plotting the root locus, and

determining the roots of interest for a specified gain.
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Overlay(CCPCSD,1,0)
Program ROOT10

Primary Overlay
(Directs flow
of ROOTL)
Subroutine BANG
Subroutine BOX
Subroutine GANG1
Subroutine BLEND
Subroutine SMULR
Subroutine ANG1

Overlay(CCPCSD,1,1)
Program ROOT11

Secondary Overlay
(Sets up Calcomg

Plot
Subroutine CNTER

Subroutine DNTER
Subroutine GROUP

Overlay(CCPCSD,1,2)
Program ROOTS

R

Secondary Overlay
(Determines Roots
of Interest for
Specified Gain)

Secondary Overlay
(Trace Root
Locus, Print,
Plot per Option
LL Code)

Overlay(CCPCSD,1,3)
Program ROOT12

Subroutine BREAK
Subroutine SEEK

- - = - e - - = e - - - -] == = - - - - = = -

Fig. 5
Subprogram ROOTL Overlay Structure

Overlay(CCPCSD,2,0). Overlay(CCPCSD,2,0) represents

the subprogram FREQR, which will provide a polar plot or Bode
plot frequency response for the given transfer functions G(.)
and H(.). (The arguments G(.) and H(.) can be either s=jw or
z=exp(jwT), where w, omega, is in radians per second and T is

the sample period in seconds.) Subprogram FREQR, Overlay
(ccpcsD,2,0), consists only of a primary overlay, but it has
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six specialized subroutines to complete its task (Fig. 6).

Overlay(CCPCSD,2,0)
Program FREQR

Subroutine BODPLOT
Subroutine POLPLOT
Subroutine POLYVAL
Subroutine POLARD
Subroutine POLYRD
Subroutine POLYMUL

Fig. 6
Subprogram FREQR Structure

Overlay(CCPCSD,3,0). Overlay(CCPCSD,3,0) represents

subprogram PARTL, which will calculate the partial fraction

expansion coefficients of a transfer function of the form

K(s+aj+jby) (s+az+jbs) ... (s+ap+ jby) 5

(s+g)L(s+c1+jd1)(s+c2+jd2)...(s+cn+jdn)

print the time function of the transfer function, and tabulate
or plot the time response. Similar in structure to Overlay
(ccpPCSD,2,0) for subprogram FREQR, Overlay(CCPCSD,3,0) contains
only a primary overlay, along with one subroutine and one
FUNCTION routine (Fig. 7).

Overlay(CCPCSD,4,0). Overlay(CCPCSD,4,0) is the last

overlay to consider. It represents subprogram POLY, which as
its only function, calculates the roots of a polynomial

26
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Overlay(CCPCSD, 3,0)
Program PARTL

Subroutine POLAR
FUNCTION FT

Fig. 7
Subprogram PARTL Structure

equation of the form
Po(x) = AgxD + Apx™l 4iih Apx + Apyg =0 . (4)

It, too, is structured with only a primary overlay, subroutine,

and FUNCTION routine (Fig. 8).

Overlay(CCPCSD,4,0)
Program POLY

Subroutine DMULR
FUNCTION RESID

Fig. 8

Subprogram POLY Structure

Standardization of Specific Program Areas

As noted in Chapter I, each of the subprograms (ROOTL,
FREQR, PARTL, and POLY) had different input requirements
(Table II, pages 13 and 14) and output formats, along with

different procedures to begin and stop the programs. The

following subsections describes the specific areas of
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each program that have been standardized.

Inputs. The inputs for FREQR, PARTL, and POLY are
basically the same as the original programmers had written
them. Each subprogram consists of printed statements that
"ask" the operator to submit the specified input in a
required format.

Only the order and coefficients of a desired polynomial
are needed as inputs for POLY. PARTL and FREQR basically
require the factors of the numerator and denominator of a
transfer function, plus specific parameters which control the
type, quantity, duration, and limits of the tabulations,
printouts, and/or plots. These specific parameters are again
"asked for" by the subprograms.

ROOTL, on the other hand, required substantial alteration
to allow standardization with the other subprograms. First
of all, the front end of Overlay(CCPCSD,1,0) was changed to
include a list of options (if the operator desired). The
choice of inputting all of the parameters in either one

NAMELIST statement, or in a step-by-step manner (the sub-

program "asking" for the parameters by associative groupings)
was added to assist the operator. Finally, the signs were
changed for the parameters XP(.) (real poles), YP(.) (imag-
inary poles), XZ(.) (real zeros), and YZ(.) (imaginary zeros)
to allow ROOTL to accept factors instead of roots.

Therefore, each subprogram has the capabilities of
providing a list of options, of "asking" the operator to

input specific parameters, and of accepting factors of the
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numerator and denominator of the transfer function instead of
roots.

Termination. Although the actual method of terminating

E each of the subprograms seemed small and near insignificant,
] standardizing the method has been accomplished. For each of
the subprograms (ROOTL, FREQR, PARTL, and POLY), the method
for termination is to type a '0' (zero) and return the

carriage. A note of caution: typing a zero at any point in

Pt

the program will not necessarily cause termination. The
program must present the list of options which include
termination before the operator types the zero. However, to
terminate the total CCPCSD program (not just the subprogram),
the operator may type a '%A'. All prior information and
calculated results are lost once the %a is entered and the
program stops.

Data Structure. The ideal data structure for this

consolidated computer program must be one in which data, such
as the numerator coefficients (zeros), denominator coefficients
(poles), gain constant, and other similar parameters, are 4
entered one time - all of the subprograms using this one-time
input - and that data changes could be made to only the

parameters desired to be changed without effecting any of the

3 remaining parameters. However, for reasons stated in the
first section of this chapter, the data structure for each of

the subprograms was not altered towards achieving a standardized

structure. Subprogram ROOTL makes use of the NAMELIST

statement for parameters that are entered as inputs, called
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out for processing, put back as either the same parameter or
as an altered parameter, and used for tabulations and/or
plots as required. COMMON statements are used as vehicles

for data transfer from overlay to subroutine and overlay to )

overlay. Subprogram FREQR, PARTL, and POLY made use of

COMMON statements only. If a change in a parameter is desired,

the subprogram must be re-started and all of the data must be
entered; this is unlike ROOTL's NAMELIST data capability of
changing only selected parameters (knowing that all others
will remain unchanged and at their initialized value). T
Standardizing the data structure for the CCPCSD program
remains to be a complex task yet to be fully accomplished.

Chapter IV discusses some recommendations which affect the

data structure selection.
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III. Realization, Testing, and Results

Once a total algorithm and flow chart analysis had been
formulated, and the total overlay structure for the CCPCSD
had been determined, the job of realization of the algorithm
as an efficient, usable program became a reality. The
following subsections contain a discussion concerning the
realization of the total algorithm, the testing_criteria and

methods, and the results obtained from the testing.

Realization
In order, first, to make sure that continuity throughout
all of the subprograms would be accomplished, the program
statement for the executive overlay (Overlay(CCPCSD,0,0)) was
modified to include all inputs, outputs, and tape files. It
readss
PROGRAM CCPCSD(INPUT=100B,OUTPUT=100B,ANSWER, PPLOT,

CFILE,PLOT,TAPE5=INPUT, TAPE6=ANSWER, TAPE7=0UTPUT,
TAPE8=PPLOT, TAPE9=100B)

Next, to incorporate the modified file system, the input

statements for the subprograms ROOTL and POLY were updated

where necessary. Subprograms PARTL and FREQR did not require

any modification to their file system. 0Only the executive

overlay (Overlay(CCPCSD,0,0)) contained the program statement

with the specified file names required for all of the overlay 3

levels in the CCPCSD program. Hence, each of the separate ‘

subprograms were properly corrected for consolidation.

Overlay statements were written; "return" statements

were substituted for "stop" and "end" statements (as needed); and
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all COMMON and data statements for each of the subprograms

were checked for duplication which could cause erroneous

results (i.e., storing and manipulating different parameters
from the same locations - unintentionally).

The executive overlay (Overlay(CCPCSD,0,0)), subprogram

Tl R L, SR o s Ao &

ROOTL, and subprogram POLY were "put together" first. The

errors were corrected, and finally these three parts function-
ed properly together. (Testing is discussed in the following
subsection.) Subprograms FREQR and PARTL were added to the
consolidated program sequentially, and, after each was added,
the same error-correcting test procedure was applied until

the total CCPCSD program functioned without errors. At this

stage, the CCPCSD program was ready for testing.

Testing

Testing centered basically around four areas:

a. inducing errors intentionally

b. using each option for every subprogram
c. checking for correctiveness of results by

comparing with a set of controlled test problems

d. making sure that the termination option functioned
properly.
If plots or printed outputs could be "sent" to a central
location, (i.e., AFIT computer room, building 640), they
were indeed "sent," and were verified as reaching that

location by physically picking them up and checking them

i oaaibe ae o i Bl e e
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Executive Overlay (Overlay(CCPCSD,0,0)). Each option

in the executive overlay was tested for proper functioning,
and each performed properly without fault. Intentional
errors, such as typing a symbolic name incorrectly, returning
the carriage without any information being previously entered,
and omitting part of an instruction, were induced and the
response was noted. Error statements were printed out each
time an error was entered intentionally, along with a comment
for the operator to "try again by typinge...". Because the
executive overlay must maintain the overall flow of the CCPCSD
program, it was extremely important that no error introduced,
by mistake or intentionally, would cause the program to jump
to another location, or halt without proper cause. The error
checks tested operated satisfactory. The executive overlay
was not tested for "correctness of results," as it does not
perform any calculations, but the terminating operation was
performed to insure that the total CCPCSD stopped and that a
CP time was given. Hence, the executive overlay (Overlay
(CCPCSD,0,0)) was subjected to each of the applicable test
areas.

Subprogram Overlays. Initially, each of the subprograms
were test for termination upon command. Next, to insure that
all of the options for gvery subprogram worked, and that each
worked correctly, the prior-tested examples contained in the
original user's guide (ROOTL, FREQR, PARTL,and POLY) were used

as the controlled test problems. Every option was tested, and

the results of the CCPCSD brogram were compared with the
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results of the sample problems. Finally, intentional errors
were introduced randomly throughout each subprogram. Some

of the errors used weres exceeding the order of a system
beyond its capability; typing in too much data at one time
(i.e.,%00 many coefficients, constants, or other parameters);
typing an option number that did not exist; and creating a
situation in which the computer had "trouble calculating the
results within the limits/bounds” (i.e., very small numerator
and extremely large denominator of a transfer function with

a division process taking place).

Results

The results of testing the CCPCSD program were indeed
favorable and encouraging. Each of the subprograms, plus
the executive overlay, did terminate upon command. At any
point in the program, typing the "%A" did cause complete
program termination - as predicted.

All of the options for every subprogram operated as
planned; each of the problem results obtained from the CCPCSD
program did compare exactly with the results of each of the
sample problemss and, finally, the error checking capability
of each subprogram proved adequate, but not optimal. Common
errors (wrong options, too many constants) were "caught" by
a subprogram, and the operator was given instructions to "try
again;" however, errors forcing equations to become mathemati-

cally unsolvable caused the total CCPCSD program to be

terminated.

Although the greater portion of the CCPCSD program worked

34
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well, the subprogram ROOTL does contain one annoying
characteristic. The operator is given the choice to enter ,

the data and parameters either as one NAMELIST statement, or

as a step-by-step grouping of parameters, with each grouping

being "printed out" for the operator to do with as he please.

Accomplishing the one-time NAMELIST data is relatively simple

if one knows what he wishes to input prior to typing the

statement. Accomplishing the step-by-step procedure can be

annoying, but its procedure is still simple. As an example,

the following statement may be printed out for the operator:
"ENTER NUMBER OF LOCUS POINTS COMPUTED, *JK=*3
DAMPING RATIO, 'ZETA='; AND STEP-SIZE ON RADIAL
SEARCH FOR GIVEN ZETA, 'RAD='."

If the operator does not wish to change any of the
parameters mentioned, he must start in column two, and type
*$INPUD $'. Hence, regardless of whether or not data is
entered, the operator must start in column two and type
*$INPUD', then skip a space and type either another °'$' for
no data change, or type the data and a '$*' at the end of the

data. The process is at times annoying, but certainly not

unbearable.

All in all, the results from testing the CCPCSD program 3
indicated that the program operated as planned, and that it ;
provided correct results (compared to the testing sample

problems). The CCPCSD program is usable.
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IV. Conclusions and Recommendations

This chapter provides the reader with the conclusions

and recommendations for the CCPCSD program.

Conclusions

Completion of the Consolidated Computer Program for
Control System Design (CCPCSD) is definitely a positive step i

towards providing the control engineer and/or engineering

student with the optimum computer-aided design tool. Although
the CCPCSD program is not the "optimal program," it is
definitely a working program, and it can be used in its
present state for field use in control system design and
analysis work.

The overlay structure insures that the core used at any
time is at an absolute minimum. The overlay structure also
demonstrates current state of the art practices for develop-
ing large program/subprogram combinations, and it possesses
the capability to add other programs/subprograms as desired
with little modification. In short, the overlay structure

is effective.

In the view of being a useful product, the CCPCSD does
meet the following criteria:s
a. It works effectively, and it has understandable

instructions.

b. It provides correct results (calculations, plots,
tabulations).

c. It contains error diagnosis/statements.
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d. It is usable on computers with Fortran IV (Extended)
languaze (CDC 6600, in particular).

The CCPCSD, however, does not meet the criteria for a
single data structure that (1) enables the operator to enter
the input data one time - this input satisfying all of the
subprograms input requirements; and (2) enables information to
be passed from one subprogram to another.

The CCPCSD offers considerable advantage (time and
convenience) to the engineer or student by providing each
design tool (root locus, frequency response, and time response)
at his fingertips (one call up of the computer yields all of
the programs). And, based upon the results of this thesis
(relating to the criteria and tests), the CCPCSD is a useful
program for control system design and analysis. It must now
be "tried and proven" by serious engineers and/or students -

improving its performance wherever possible.

Recommendations

Two distinct areas for immediate/near-future development

are recommended:
1. To continue with the present CCPCSD, improving it
and expanding its capabilities.
2. To convert the present CCPCSD into an interactive
graphics package.
Case 1. If case one is selected, the data structure
should be attacked with a goal to make one data structure
which is used by all of the programs in the CCPCSD. Provisions

should be made to accept added programs without any affect on
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the data structure ~ a challenging job. Also, the CCPCSD
should be expanded to accomplish both continuous and digital
control system design and analysis. The main overlay should
contain the necessary logic, with user-instructions for the
added capability. The CCPCSD should also be capable of being
run as BATCH jobs.

More programs, as listed in Chapter I, should be added
to the CCPCSD, as long as duplications are removed and non-
productive programs are eliminated. Prospective avenues for
improving and expanding the present CCPCSD are almost limitless.

Case 2. If case 2 is selected, the task of converting the
CCPCSD to operate from a graphics terminal would involve
restructuring both the data structure and some of the CCPCSD
architecture. However, there is a graphics package already
developed for program ROOTL (called GROOTL; available in the
AFIT library of the CDC 6600 computer system). This graphics
package could be a good starting point for a CCPCSD graphics
package. Regardless, a graphics package with even the present
CCPCSD capabilities is definitely an option urgently needed
by engineers and/or engineering students.

Long Range Goals. Long range goals could call for the
CCPCSD to be capable, first of all, of operating BATCH, at an
intercom terminal, or from a graphics terminal/console. As
mentioned before, the amount of inputs required should be at
an absolute minimum, and they should be entered only one time
to accomplish each task for all of the programs.

Further, the CCPCSD could be expanded to do several tasks
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both within and without the realm of control system design
and analysis. The CCPCSD could be expanded to do:
a. synthesis of control systems
b. block diagram manipulations (build-up and
reduction)

c. optimal estimation and control design (Kalman

filter design)
d. statistical analysis
e. continuous-to-digital and digital-to-continuous
transformations
f. specific filter designs (Butterworth, Chebyshev,
Finite Impulse Response)
g. compensation networks - design and analysis
There are already algorithms that have been developed to
accomplish some of the tasks mentioned above. But, actually,
before one accepts the challenge of developing the CCPCSD to
accomplish all of the tasks listed, the "ground floor" must
be done first---attack the data structure; insure that extra
programs can be added without altering the data structure,
the main CCPCSD, and, if possible, the program being added; | 3
and make the CCPCSD concept totally user-oriented and simple
to understand. Now the executive overlay (Overlay(CCPCSD,0,0))
can be shaped with the necessary logic to accomplish each
newly added tasks step-by-step. (Note: All efforts to expand
the capabilities of the CCPCSD should, of course, be coordin-

ated with knowledgeable control systems personnel in both the

field and the academic environment.)
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An evaluation of the algorithms (programs) already
available (by job and effectiveness---excellent, adequate,
poor) might seem worthy, but past experience has shown that
it is nearly impossible to keep track of these algorithms due
to changes in location, task, updating, and growth. The
confidence factor becomes short termed. Therefore, to help
eliminate any frustrating experiences for some other soul
who might "trust" that which is in print as being totally
correct and up-to-date, the evaluation of the algorithms is
not included.

"+ « . up-to-date information must be

updated frequently to insure its
validity. . " (unsigned)
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Brief Description of Programs

ROOTL, FREQR, PARTL, and POLY

This appendix is indeed a brief description of each of
the programs - ROOTL, FREQR, PARTL, and POLY. Initially, the
approach to this appendix was to obtain every bit of infor-
mation about each of the programs, and then to write a brief,
but thorough, description of each program using the informa-
tion that had been gathered. However, it is determined that
the original user's guides for each of the programs is an
"authority" for not only its description, but also for its
operation. Hence, with an intent not to draw from that which
is already in the original user's guides (duplication of
effort is both unprofitable and unnecessary), but yet to
provide a better understanding of the programs in their
present state (in the CCPCSD), it is decided instead to make
the reader aware of each user's guide, and to provide all of
the changes to each program since incorporating each into the

CCPCSD.

- - - ——— - - - - - - - - - —— - - ——— - — - -

ROOTL (Root Locus Program)

The user's guide for program ROOTL is:
NAME: ROOTL USER'S MANUAL
A DIGITAL COMPUTER PROGRAM TO CALCULATE
AND PLOT THE ROOT LOCUS
DATE: March 1975

DEPARTMENT: Air Force Institute of Technology (AFIT/EN)
Wright-Patterson Air Force Base, OHio 45433

A-1
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The following changes have been made to ROOTL:

i 1. PFactors instead of roots are now entered for poles

! and zeros (i.e., for poles (s+3)(s+6): BEFORE =~

% XP(1)=-3,-6 (as roots); NOW - XP(1)=3,6 (as factors).

. 2. The operator is provided with a list of options (if

| he desires).

‘ 3. The operator may elect to enter the input parameters
either in one NAMELIST statement, or in groups of
parameters in the form of a step-by-step procedure
- several NAMELIST entries (each "asked" by the

computer). For each entry, a °*'$INPUD' must start

in column two, and a '$' must be added at the end
of the entry.
EXAMPLE: a. Regular one~NAMELIST entry:
$INPUD AA=12,BB=13,CC=-10,DD=-14,
Y2(1)=03

b. Reply after being "asked" about
option by the step-by-step procedure:

$INPUD LL=1$
c. Wanting no change to parameters

being "asked" by the step-by-step
procedure:

$INPUD $ i

- —————— - ——— - — - - - - - - ——— - — - —— - ——— - - - - -

FREQR (Frequency Response Program)

o

The user's guide for program FREQR is:

NAME: FREQR
FREQUENCY RESPONSE PROGRAM
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DATE: November 1975

DEPARTMENT: Air Force Institute of Technology (AFIT/EN)
Wright-Patterson Air Force Base, Ohio 45433

Program FREQR remains relatively unchanged with the only

addition being a list of options (operator requested).

PARTL (Time Response Program)

The user's guide for program PARTL IS:

NAME: PARTL
HEAVISIDE PARTIAL FRACTION EXPANSION AND
TIME RESPONSE PROGRAM
DATE: December 1974 (Revised)
DEPARTMENT: Air Force Institute of Technology (AFIT/EN)
Wright-Patterson Air Force Base, Ohio 45433
The version of program PARTL that is presently in the

CCPCSD is, unfortunately, not the latest AFIT version.

However, the only change that the updated version has
incorporated in it is in the format of the coefficients for
the partial fraction expansion. (The version in the CCPCSD
was received from the AFIT CDC 6600 computer library as the
"latest" version of PARTL.)

Present (CCPCSD) PARTL: (Coefficient printout)

ROOT POWER COEFFICIENT
REAL IMAG REAL IMAG
REAL IMAG REAL IMAG
A-3
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Updated version of PARTL: (Coefficient Printout)

FACTOR POWER COEFFICIENT
REAL IMAG REAL IMAG MAGNITUDE  ANGLE

It is quite possible that the truly updated version of

PARTL is available now.

The only change to program PARTL is the termination
procedure. A '0' (zero) is used to terminate normally instead
of a '6' (six). Also, the operator must remember to dispose

his plots to the calcomp plotter.

POLY (Polynomial Factoring Program)

The user's guide for program POLY is:
NAME: POLY
CDC 6600 PROGRAM TO FIND THE ZEROS OF
A POLYNOMIAL
DATE: October 1974 (Revised)
DEPARTMENT: Air Force Institute of Technology (AFIT/ENC)
Wright-Patterson Air Force Base, Ohio 45433

Program POLY does not have any changes or additions since

its incorporation into the CCPCSD program.

- - - - - - - - - - - - - - - - - - —— - - - - - - -

It should be noted that, even without the program

A-4
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descriptions or the original user's guide for each of the
programs, programs POLY, PARTL, and FREQR (in the CCPCSD)
could be used satisfactorily by the operator. ROOTL is
more complicated and, because of its input requirements,
requires the user's guide as a reference for the symbols
(LL, GTOL, GANE, XP(1), and others). These input symbols
may be foreign to the operator. Therefore, the user's

guides for programs ROOTL, FREQR, PARTL, and POLY should be

obtained for references before using the CCPCSD.

.
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APPENDIX B

USER'S MANUAL FOR THE CONSOLIDATED
COMPUTER PROGRAM FOR CONTROL SYSTEM
DESIGN (CCPCSD)
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CCPCSD
USER'S MANUAL

R T ——

Introduction

The CCPCSD is developed to be completely user-oriented.
With this in mind, an engineer or student need only know 1
how to call it up (if it is already in the CDC 6600 computer
library), and what commands to give the computer to begin
executing the program. Therefore, it is assumed that the
CCPCSD is in the permanent files in binary deck form and
source deck form. A discussion follows now for using both
forms. (Underlined commands and instructions indicate the
computer commands; the replies from the operator are not

underlined.)

CCPCSD In Binary Deck Form

When the CCPCSD is in the CDC 6600 computer in binary

form, the commands to use the program are as follows:

(NOTE: PROJX is the file name for the CCPCSD.)
PLEASE LOGIN

LOGIN, (your problem number), (your password), (terminal
ID number)

COMMAND

ATTACH,PROJX, (file name PROJX cataloged
under),CY=(cycle PROJX cataloged),ID=
(ID number PROJX cataloged under if
different from yours),PW=(password if
used when PROJX cataloged)

COMMAND - ATTACH,CCAUX,ID=X654321,SN=AFIT
COMMAND - LIBRARY,CCAUX
COMMAND - PROJX

B-1
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The CCPCSD program now begins to execute. From this
point, the operator need only follow the directions as they

are presented, as they are completely self explanatory.

CCPCSD In Source Deck Form

If the source deck for the CCPCSD is in the permanent
files, the following procedure is to be used to make the

CCPCSD operationals (PROJX is the file name for the CCPCSD.)

PLEASE LOGIN

LOGIN, (your problem number), (your password),
(terminal ID number)

COMMAND - ATTACH,PROJX, (file name PROJX cataloged
under), CY=(cycle PROJX cataloged), ID=
(ID number PROJX cataloged under if
different from yours),PW=(password if
used when PROJX cataloged)

COMMAND - ATTACH,CCAUX,ID=X654321,SN=AFIT

COMMAND - LIBRARY,CCAUX

COMMAND - RU,F=PROJX,FTN

The CCPCSD is now ready for execution. It is compiled
(approximately 19 seconds of compilation time), and after
being compiled, it begins execution by presenting a program
title banner and the statement, "PLEASE TYPE °‘TTY' IF YOU ARE
AT AN INTERCOM TERMINAL." Again, the operator need only
follow the directions as they are presented, as they are

completely self explanatory.

Statements The CCPCSD Presents To The Operator

The executive overlay (Overlay(CCPCSD,0,0)) of the




GE/EE/76D~38

CCPCSD presents the following directions, questions, statements,

and explanations in the order given below:

a. "DO YOU WANT AN EXPLANATION OF THE PROGRAM? TYPE
'YES* OR *NO‘'."™

b. If your reply is °'YES', the following explanation is
presented:

" YOU ARE ABOUT TO BEGIN A CONSOLIDATED COMPUTER
PROGRAM WHICH CAN BE USED AS AN AID IN DESIGNING AND
ANALYZING CONTROL SYSTEMS. YOU MUST HAVE YOUR SYSTEM
REDUCED TO A SINGLE TRANSFER FUNCTION OF THE FORM:

(S + Py) «oc (S + Py)

WHERE K=GAIN CONSTANT, Z=ZEROS, P=POLES OF THE
SYSTEM3 OR OF THE FORM:

K (AXM + aoxM-1 4+ Lo+ AyX + Ayt

(B1XN + BoxN-1 & ... + BNX + Byyq

IF YOU HAVE THE LAST FORM SHOWN, YOU WILL BE GIVEN

AN OPPORTUNITY TO USE PROGRAM 'POLY' TO OBTAIN FACTORS
(ROOTS) OF THE NUMERATOR AND DENOMINATOR FOR YOUR
TRANSFER FUNCTION. THEN YOU WILL BE PROVIDED WITH

A LIST OF THE INDIVIDUAL SUBPROGRAMS THAT ARE PRESENT-
LY AVAILABLE FOR YOUR USE. THE INPUT REQUIREMENTS
WILL BE SPECIFIED AT THE BEGINNING OF YOUR RUN. AT
THE END OF EACH RUN, YOU WILL BE GIVEN THE CHOICE TO
STOP, CONTINUE WITH THE PRESENT RUN USING NEW DATA,

OR GO TO ANOTHER SUBPROGRAM. IN ANY CASE, YOU WILL
BE. PROVIDED THE INITIAL LISTING OF SUBPROGRAMS ONLY
AT THE BEGINNING3 SO, COPY THE LIST AS SOON AS IT IS
SHOWN IF YOU INTEND TO DO MORE THAN ONE DESIGN."

c. " YOU WILL NEED THE ROOTS AND/OR FACTORS OF THE
NUMERATOR AND DENOMINATOR OF THE TRANSFER FUNCTION.
IF YOU DO NOT HAVE THESE ROOTS AND/OR FACTORS, TYPE
'POLY'. OTHERWISE, TYPE 'NO'. (POLY WILL BE
AVAILABLE AGAIN AS A SUBPROGRAM.)"

d. " THE FOLLOWING SUBPROGRAMS WITH EXPLAINED OUTPUTS
ARE AVAILABLE:

B-3
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PARTL...PARTIAL FRACTION EXPANSION AND TIME
RESPONSE OUTPUT

FREQR...FREQUENCY RESPONSE WITH POLAR PLOT OR
BODE PLOT OR BOTH

ROOTL...ROOT LOCUS WITH PRINTS OR PLOTS OR BOTH

POLY....DETERMINES ROOTS OF POLYNOMIAL

TYPE THE SYMBOLIC NAME OF THE RESPONSE YOU DESIRE.
EXAMPLE: PARTL."

e« Once you have finished using any one of the programs
shown in d above, the following statement is presented:

“ JF YOU ARE FINISHED, TYPE 'STOP'. IF YOU DESIRE
TO USE ANOTHER SUBPROGRAM, TYPE THE CORRECT SYMBOLIC
NAME FOR THAT SUBPROGRAM."

Each of the statements shown above is easy to understand,

and the operator should not have any problem directing the

CCPCSD with these statements.

Do's And Dont‘s

Do: a. Make sure the CCPCSD is in the permanent files

before attempting to attach the program. Know
if the CCPCSD is in source or binary form.

b. Remember to attach the auxiliary calcomp routines
(CCAUX) and to LIBRARY,CCAUX.

c+ After commanding the CCPCSD to stop, always check
FPILES to make sure the file PLOT is disposed. If
it is still present, type DISPOSE,PLOT,PT=IBB.

Don'%t:
a. Do not make any mistake while entering the input

data into subprogram ROOTL. This will cause the
total CCPCSD program to terminate.
b. Do not forget to double check each entry you make

before returning the carriage.

B-4
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Sample Problem

The following sample problem demonstrates the usefulness
and versatility of the CCPCSD.

The system to be analyzed is assumed to be described by
the equation

N
s(s2 + s + 1)(s° + 0.4s + 4)

C(s)

= L
s(s + 0.5 £ j0.866)(s + 0.2 ¥ j1.99)

File ANSWER is connected to obtain the printed output
of the partial fraction expansion from subprogram PARTL.
Options 1 (tabular listing) and 4 (calcomp plot) are chosen
from subprogram PARTL. Option 1 (begin new problem), -1
(open-loop response, tabular listing), and -3 (calcomp plot
of Bode diagram of the frequency responce) are chosen from
subprogram FREQR. Option 3 (root locus, calcomp plot) is
chosen for subprogram ROOTL. For the executive overlay, the
explanation of the CCPCSD is printed out. For each of the
subprograms, the list of options is printed out. The plot
file (PLOT) is not disposed at the end of the total run,
because subprogram ROOTL automatically disposes the file.
(If subprogram ROOTL is not used, then the operator must
dispose the plot file by giving the command DISPOSE,PLOT,PT=

IBB before LOGOUT.) The terminal printout and calcomp plots

are now shown.
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CcomMAMD=- ATTRCOHSFREDSOERIEM.CY=S«FU=FLOE1L

COMMAMTI= ATTACH COAUNJIDI=-aS3 351 TH=RFTT
FFH I3

oA

PF CYCLE MO. = 001
COMMAMD- L IERARY « TR

PROTX

COMMAMDO- COMMECT s AMTWER

COMMEMTI—- FRE T

PEPP PP PLEP PP 2000002000000 P00 02 0560800050000 000000
+eseeesTHET OF COMIOLIDRTED COMRPUTER FREIOGEARMesssses
soeeeeel[IF TOMTROL ZYEZTEM TIETIGH, 66000t ssstsstsee
PLPLEPPPPPPP PP 0090040000000 000 8000000000880 00000000

PLEASE TYPE “TT¥- IF ¥OU AFE AT @AM IMTERCOM TERMINAL .

B8-¢0U WAMT AM EXFLAMATION OF THE FROGRAMT

in EITHER “¥ES DR “Hij-.

CEPLEP PP PP PP PR P P04 0220002000000 4000008500000 0

YOU ARE AEOUT TO BEGIM A CONMIOLIDATED COMPUTER
FROGRAM WHITH CAM BE LUSED AT AN RID IM DESIGHIMG AHD AMALYITHG
COMTROL S¥ITEMT.  WOU MUTT HAWE YOUR SYITEM FEDUCED TO A IINGLE
TRAMZFER FUMCTION 0OF THE FOFRMe

e

WHERE K = GRIM COMETAMT. 2 = ZEROZ. P FREESHE - FHE SSEsiEis

Or OF THE FORM:
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IF yOU HRYE THE LAZET FORM ZHOWM. YOL WILL BE GIYEH RM
OFFORTUNITY TO UEE FROGEAM “FOLYS TO OETAIM FRCTOREZ <ROOTE:
OF THE HUMERRTOR AMHD TEMDMINARTOR FOF Y0OUF TRPAMIFER FLUMCTION.
THEN YOu WILL BE FROVIDED WITH R.LIET OF THE IWDIVIDURL ZUE-
FROGRAMT THRT ARFE FREZEMTLY RWAILRELE FOR 0OUR LUEE. THE
INPLIT RECUIREMEMTS WILL EBE SPECIFIED AT THE EEGIMMINMG OF
YOUR O RLIM, ST THE EMD OF ERCKH RUMe YT WwILL BE SIVEM THFE
CHOICE TO =STOPs COMTIMUE WITH THE FPREZENT RUN UZING HEW
LATH. OF 50 TO ANOTEHER ZUEFREOGERM. IN Ay CRSEs YOU WILL
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IMTENMD TO DO MORE THAM ONE DEZIGM.

PEOEPPPEP 0000000000000 8020000008 00080600 0040000004
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MUMERRTOR AMD DEMOMIMATOR OF THE TRAMNSFER FUMCTIOM, IF
YO0 DO HOT HAYE THETE ROOTI SMD-OF FACTORS, TYFE “POLY".
OTHERWIZEs TYFE “HO-. <FOLY WILL EE AYARILAELE AGRIM AT A
SUEEROGRAM, :

R
THE FOLLOWIMG ZUEBRROGEAME WITH EXFLAIMEL GUTFRUTE ARE
HWRILHELE:

PHEEL ;- cPAEFIRL ERACTIEHN EXFHRSION MITH TIME BESPOMEE HUTEUT.
FREGE. . . FEERLIEHCY RFEIPONSE WITH POLAR FLOT 0OR BODE PLOT OUTFUT.
EEOTL. « +EO0T LOACLEE BITH PRIMIE O BLOTE OF BHTH.

EHL Y e BETERMINES  BRitkE s [ PEL YHEAMEEL.

EYPE FHE SYMBEISIE HAME UF ‘THE FEZPLOMIE YHUBESTRE,

S0P 00000000000 0000800050000000000 0989444202040 44

m

2400000000088 THRT [OF FROGRAEM “FAFTL S SEE LIS 2L LSS
X MO, OF ZEFRNEs FOLEZs FOWER OF REFEARTRID ROOTs HMD MUMERARTOF COMITANT

8:5:0:3 L \
TVPE FEAL AND IMAG PRETS OF DENOMINGTOR FRCTOR (TLD)
TYRE REAL ANT IM&G FARTS OF DENOMINATOR FAcToR (TS, 0.5ec)

COMIIGATE AZIUMED
TYFE FERL AND IMAG FAETS OF DENOMINATOR FRCTOR (T 21,39

COM UIGRTE ATZLIMELD
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T
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2...FRODUCES TTY FLOT OF OPFTIOME -1 OF -2, OF EOTH.
-%...FRODUCES CALCOMF FLOT OF BODE DIRGRANM «FRED FETFOMIE:.
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LISTING OF THE CCPCSD

This appendix contains the source listing for the
Consolidated Computer Program for Control System Design
(CCPCSD). The sequence numbers are on the listing in an
effort to maintain the order of the listing, as it is
physically long, and, hopefully, to assist anyone who wishes

to work with the program.
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