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PREFACE

This thesis is the descri ption of the desi gn of a di g ital control for an

electric power system. The input — output  terminal  is an innovat ive , in teract ive

graphics terminal. The techni ques and intricasies of such a des i gn are described in

detail so the user may make modifications and improvements to the system.

The thesis goes further  to propose various power system app lications for

this type control system. Not only is the system described here an important

Power System educational tool but can become a powerful  experimental  research

tool as well.

I am extremely indebted to the foresig htedness of Dr. John E. Fagan ,

my faculty advisor , and Dr. M. E. Council for conceiving such a system and

procuring the equipment to make the desi gn realization p sible.

I thank Dr. Fagan for his constant help and advice on matters

concerning both the design and the prepara tion of this thesis.

I also thank Dr. Council and Dr. C. R. Hayden for serving as members of

my graduate committee.

Last but never least , I thank my wife , Judi , for constant care and

understanding while I was engaged in this effort.
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ABSTRACT

\~ This thesis presents the details of the desi gn for the digital computer

control of an electric power system. The input-output m edium is the innovat ive ,

interactive graphics terminal. The combination enables a man-machine interface

with interaction at a level not achieveable in earlier control systems. The system

easily solves the problem of scale encountered with the large power system by

storing representations of the system on disk and recalling them as needed. The

displays also present the system variables from remote points to enable better

monitoring and control.

The collection of disp lays described in this thesis make possible a

powerful and unique research and educational faci l i ty .  Experimental research on

digital control of an electric power system is prohibit ive on a real power system.

Educationally, it provides the student state-of-the-art t ra in ing in control of

electric power systems.

The information provided is applicable to the design of any dig ital

control system using interactive graphics.

— - -___ — 
-— 

_I ~ —



TABLE OF CONTENTS

Page

PREFACE . . - . . . . - i i i

ABSTRACT . . . . . . . iv

LIST OF ILLUSTRATIONS - - . - . v i i

Chapter

I. INTRODUCTION . . . . . . I

Chapter Overview . . . . . 3

11. HARDW ARE . . . . . . 4

Power System Simulator . . . - 4

Computer . . . . - . - 6

Grap hics Terminal . . . . . 7

Limita t ions  . . . . . - 8

Interface . . . . . . . ~1

Reliabi l i ty . . . . . . 9

HI. GRAPHICS SOFTWARE . . . . 10

Ini t ia l izat ion . - . . . . 10

Disp lay Buffer  . . . . . . 11

Basic Subroutines . . . . . 11

Subpictures . . . . . . 12

0~ Text . . . . . . . 14

Conclusion . . . . . . 14

V

— _ _ _ _ _ _ _ _ _ _ _ _ _ _ _  
___________



IV. ONE-LINE DIAGRA M DISPLAYS . . . 15

Considerations . . . . . 16

Desi gn - . . . . . . I S

Optimizing - . . . . . 19

Subpicture Numbering . . . . 21

Saving Displays . . . . - 22

Trouble Shooting . . . . . 22

Conclusion . . . . . . 22

V. CONTROL PROGRAM . . . 25

initialization . . . . . . 25

Update . . . . . . . 27

The Loop . . . . . . . 28

Display Pecularities . . . . . 30

VI. PRESENTATION OF RESEARCH PRODUCT . 32

Introduction Display . . . . . 33

Hig h Voltage Transmission Display . . 33

Substation-4 Display . . . . - 35

Industrial Load Display . . . . 35

Substation-6 Display . . . . . 35

Network System Display . . . . 38

Load Center Display . . . . . 38

Station 11 Display . . . . . 38

Station 1 and Generator 1 Display . . . 41

Synchronizing Display . . . . . 4 1

VII. CONCLUSIONS . . . . . . 44

APPENDIX . . . . . . . 47

REFERENCES . . . . . . . 126
Vi

— 
-- 

—---- — 

— ~

- 

_ _ _ _ _ _ _  ~~~~~~~~~~~~~



LIST OF ILLUSTRATIONS

FIGURES Page

2.1. Power System Simulator . . . . 4

2.2. PDP II T34  Di gital Computer . . . 5

2.3. Graphics Grid Coordinates . . - . 5

3.1. Initiation Calls . . . - . . 10

3.2. Sample of Subpicturc Calls . . . . I 3

4.1. Close-up of Generator Control Section . . 15

4.2. CBs , Switches , “You Sure?” , and Menu . . 16

5.1 . Flow Chart for Main Program . . . 26

6.1. Introduction Display . . . . . 34

6.2. High Voltage Transmission Disp lay - . 34

6.3. Substation-4 Display . . . . - 36

6.4. Industrial Load Display . . . .
6.5. Substation-6 Display - . . . - 37

6.6. Manual Substation-6 Disp lay . . . . 37

6.7. Network System Display . . . . 39

6.8. Load Center Display . . . . - 39

6.9. Station 11 Display . . . . . 40

6.10. Manual Station 11 Display . . . . 40

6.11. Station I Display . . . . . 42

6.12. Generator 1 Display . . . . . 42

6.13. Synchronizing Display . . . . 43

6.14. Adding Load , Display in Use . . . 43

— — — 

Vi~ ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ 

—



DIGITAL COMPUTER , INTERACTIVE G R A P H I C S  CONTROL

OF AN ELECTRICAL POWER SYSTEM

CHAPTER ONE

INTRO DU CTION

Power System generation , t ransmiss ion , and d i s t r i bu t ion  network s

coup led by switching and load center substations make up a system that  covers

vast geograp hical areas. Wi thou t  adequate p lar i ing for protection and control

during cont ing~ ncies , this  network system may collapse , as was th e case in the

New England power outages.

Contingencies, such as the removal of a transmission line or generator

due to faults  caused by weather conditions , may cause a system unbalance that

cannot be sim ply corrected. As the syste m ’s autom at i c  controls operat e to

protect system equipment from overload and destruction , the human conto ller

monitors and makes decisions as to load shedding, generation adding, or system

rescheduling, attempting to keep as much of the system supply ing  power as

possible. If the decisions are in error because of inadequate system protection ,

controllers lack of information , and/or lack of controller t raining,  the result wil l

be a possible system collaspe.

In an effort  to enhance the control of an electric power system , the

digital computer and related devices are being used to better control system

reactions. The computer ’s ability to recall instructions and make pre-programmed 



decisions at the proper instant make it a very ef fect ive  power system controller.

The adaptibility and speed of the computer points to f u t u r e  closed loop operation

of the electric power system.

A problem encountered wi th  computer interface is the real t i m e

presentation of system confi guration and data for  the human controller.  Also

needed is an input medium for real t imne  reaction to cont ingenc ies  by the

controller. The solution is interactive grap hics.

Interactive graphics provides near real t ime communica t ion  between a

human operator , the computer , and , ul t imately ,  the system being controlled. The

controller sees a representation of the system confi guration and data that ’s

updated constantly. Any changes desired are commanded by opting to a l is t  of

commands or circuit actions on the display. The interface between man and

machine is as direct as seeing and acting; interaction at a level not achieveahie in

earlier control systems.

The problem of scale for the control and moni tor ing of an e lec t r ica l

power system is not a m inor problem. The ph ysical dimensions of most power

systems precludes representation on a small scale in a control room env i ronment .

However, the compactness of the computer and its ab i l i ty  to store data has

enabled the reduction of the system representation and its  associated data to a

control cabinet and the graphics terminal.  Wi thout  p hysical movement , the

operator has at his command the complete system on a series of displays , called as

needed by point ing to the graphics screen.

Of prime importance to control and monitoring are the current  values

of a systems variables. For the large power system the collection of data from

very remote points and presentation in a meaningful , readable form is nearly an

insurmountable task. With graphics oriented control, the task is reduced to a size2



easily prc ~er ~t a t ~e . The graphi cs  f i s p l a v s  present  r e r n o t e l  y sensed da t . i  - r h~ i i’~ d

to di g i t a l  form , at posi t ions on t ii’ i f  pin a t ion d i sp la y  p r e sen t ing  t~ or i~:ui.

The data can be changed to per uni t  i f  desi ed.

It is wi th  this in mind that  th i s  t r i ~~.~ was ori g i n at~’d~ I a Contro l  of a

Power Sys te r i i  S imulator  w iu  a di g i t a l  computer  connected to an i r t er ; :r

grap hics ter m inal. Specifical l y, t h r  proj ect  wus to f i r s t  dra~ t f ~~ one—line  diagram

representations of the simulator  and then & oc’r z ina te  the cnnU ot of the displays tn

u l t imate ly  per form actions on the system. This paper a t t empts  to expla in  the

details of designing such a sys tern.

Chapter O ver v i e~~’

Chapter One contains the  in t roduc t ion  to the problem.

Chapter Two contains descriptions of the i~d~.are  r iecess ;ir , to

accomp lish the di g i t a l—s imula to r  interface. The l ima t ions  of the h a r d w ~~ri~ and i ts

r e l i a b i l i t y  are discussed.

Chapter Three contains brief descriptions of the code necessary to build

a grap hics display.

( l h i p t c r  Four details  considerat ions , desi gn , and opti m iz ing  of the

software for completing the one-line diagram displays. Aspects of suh pic ture

number ing  and trouble shooting ideas are also presented.

Chapter Five describes in detail  the main program that  controls a r i

performs actions as directed. It approaches the program in chronolog ical order.

Chapter 5k’ is the results in the form of photographs of the disp lays.

Chapter Seven concludes with some f u t u r e  appl icat ions f a r  th is type of

— control system.

_ _ _  ~~~~~~~~~~~~~~~~~~~~~~~~~~ ~~~



CHAPTER TWO

H A R D W A R E

Power System Simulator

The power system simulator is an excellent educational tool. Power

systems are excessively large and expensive. A ph ysical realization on a small

scale enables the student to “see” the basics and perform experiments that would

be prohibitive on a real system.

The simulator (Fig. 2.1) is a small power system consisting of scaled

generators , a transmission system , sub-transmission system , substations , and

- - .——-- -
_

* 
I

*~~ rn ~p

Fig. 2.1. The Power System Simulator.

4
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Fig. 2.2. PDPJ 1T34 Digital Computer System.

Fig. 2.3. VT-lI and Graphics Grid Coordinate Axis.
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loads. The generation is three dc motor/synchronous generator sets of I KW , 1

KW , and 3 KW capacity. Additional tie capacity may be supp lied throug h the

simulator system interconnection. The hi gh voltage (~ b O v )  t r ansmiss ion  system

connects the generation to two dis t r ibut ion substat ions  where residential and

industrial loads are simulated. There is also a n etwork  sy stem fed f rom both

substations , and a load center substation as well.

The circuit breakers and certain control switches are accom panied by a

special modification. The breakers have a remotely or manua l l y  cen t r a l l e d

contactor in series. This allows the breaker and c i rcui t s  to be closed and opened

by the computer instructions. The contactor ’s ter m inals are routed to a control

panel where special buffer  circuits change f ive  volt computer ori ginated si gnals to

115 v signals.

Computer

The di gital computer used for the interface and to run the VT! ! ,

graphics terminal is a Di gital Equi pment Corporation P11W! 1134 (Fi g. 2.2). It

includes a DECWRITER typewri ter  input te rminal  and two RK O 5 magnetic disk

cassettes. The CPu is connected to the peripherals by a (JNII3U S system. The

data transfer takes place over this bus. The memory section contains 64K words

of semi-conductor memory of which less than 28K is needed to p erfor m the task

described here.

The operating system is RSX-l IM which has a multi-tasking capability.

The task or programn described here runs as a single task , however. The graphics

terminal doesn’t require full t ime servicing from the CPU , so multi-tasking is

possible while it is operating.

6



Grap hics Terminal

The VT! I graphics terminal (Fig. 2.3) is a single color , variable

intensity,  random position scan CRT te rmina l  for real t ime grap hics disp lay. The

screen is 17” diagonal and def ines 1023 coordinate points  in both x- and y-

directions. A light pen for user interaction wi th  the CPU is provided , too. The

terminal contains a disp lay processor that is integral  to the system.

The VT! I display processor can operate as a peri pheral on the UN I P ,t JS

system just as any other device. It can also access the memory directly and fe tch

its data independentl y of the CPU. The mem ory accessed is called a display

buffer  and must exist in the lower 28K of memory.  The buf fe r  must be set up by

software as an ini t ial izat ion process. The VT ! I will  also issue interrupts  to the

CPU when it detects the li ght pen has~
’
~~~~ pointed to a sensitive area of the

screen (a u gh pen “hit ”).

The light pen is an infrared li ght detector. When the software directs a

screen intensification for the lig ht pen within  the detection ang le of the pen , and

interrupt is communicated. The processor “remembers ” the beam position and

subpicture number it was tracing when the “hit ” occurs. Global flags , positional

data , and subpicture number are then passed to the CPU. This information is used

as it is programmed to be used by the CPU to change the disp lay buffer.  Thus , the

graphics display is changed as a response to a li ght pen hit.

Integral to the VT I 1 is a group of specialized hardware to accomplish

quickly and accur ately certai n grap hi cs displays. One is the vector generator.

The calculations necessary to draw a vector or line between two points is done

internally with hardware. The line display is di f f icul t  because the beam must

follow any slope and li ght  enough points of the square grid pattern to look

strai ght. There is also a problem of accuracy of start and stop points. Since there 
-
.

7



is some delay between the t ime the beam is turned of f  and when it ac tual ly

disappears on the screen, the delay n’iu st  he accounted for  by the c i r c u i t ry .  To

avoid fl icker of the presentation , the vectors must  also he d r a w n  quickly .  Four

vector types are available: solid , long dash , short dash , and dot dash.

The text or al pha-numeric characters are generated by special

hardware , also. As the text mode is i n i t i a t ed  a special  sweep generator  is set up

that sweeps the beam up and down in a small rect ang le. A ROM contains dig i t a l

words for each character so the appropriate dots in the ma t r i x  are in ten s i f ied  to

f ina l ly  cause the representation to appear. As an added fea tu re  t i e  sweep is

slanted with ramp signals to cause the characters to appear as italics. The text

generator has 96 ASCII characters and an addit ional  31 special characters such as

Greek letters and math symbols. The variety of characters available enable

excellent J~’r ity  and distinguishability of textual presentation.

L imi ta t ions

There are som e l imi ta t ions  to the system , none of which are c r i t i ca l .

One is a very slight fl icker of the display. Since the be ani traces the pattern l ine

by line and point b y point , the more that  is displayed , the longer it takes to trace.

The phosphor on the screen holds this problem to a m i n i m u m  by holding the display

long enoug h for the next trace to re- i l luminate the disp lay. The f l icker  becomes

pronounced wi th  a disp lay buffer  size of around 1000 words. This does l i m i t  the

• data to be disp layed on one picture. This is easily f ixed by using more pictures ,

each with less detail. However , optimization of the buf fe r  is a necessity and will

be discussed later.

Another l imitat ion is compiler and task size. The grap hics language is

Fortran. The Fortran compiler (8K words) must be resident in memory while

8
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comp iling. So the programs may have to be sectioned into subroutines to obtain

the object files. A similiar problem , to a lesser degree , exists wi th  the task

builder or link step. These l imi ta t ions  have been relieved wi th  the recent addi t ion

of 32K words of memory for total of 64K .

Interface

The interface circuitry is desi gned by the Unive r s i ty  of Oklahoma and

built by a number of students. This hardware changes the f i v e  volt si gnals of the

computer to 115 volt level commands for the simulator  contactors. The analog

data sampling hardware interface for u l t imate  di g ital  disp lay on the grap hics

terminal has been built by this team.

Analog to di gital converters are necessary to convert the analog data

samples to digital form. The software subroutine to handle the AR 11 /s-fl

converters was wri t ten by OU students. Minor changes were made to make it

more compatible to the main program and system.

Reliability

All of the system hardware has proven capable of performing the task

described herein. Its reliability is demonstrated best by its past performance.

There has been onl y one major malfunct ion in the past years operation. There has

been some diff icul t ies  wi th  the l ight  pens. They are unable to take roug h handling

and if damaged may cause spurious li ght pen hits to occur.

9
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CHAPTER T H R E E

GRAPHICS SOFTWARE

The software available for the grap hics is provided as part  of the

computer package by DEC. It is a collection of Fortran callable subroutines that

build a disp lay buffer  that contains instructions for the display processor.

Functions on the disp lay such as line drawing, point p lacement , sub picture

numbering, and text placement are then performed when the task is ran. RSX --

1 IM , version 2 is the operating system used with the more sop histicated version 3

becoming avaitab le soon. A descri ption of the subroutines and concepts necessary

to complete a display or picture follows.

Ini t ial izat ion

The beginning of each picture must be the creation of a common block

to contain the disp lay buffer .  It is standard and called [‘)FILE and contains t~ a

array !BUF(n), the display buffer .  The next call is a grap hics i n i t i a l i z i n g  call ,

called IN IT(n ) . Its purpose is to clear the screen , i n i t i a l i ’  all control  I ~~~ and

system variables , and link the V I I I  to the UNIBUS. The INIT (n )  c-all rr it y be used

af terward at any point in a program to re-init iate a new d i - ~p1~~~. (See f i g u r e  3 .1)

COMM ON /D F IL E/ IBL JF ( 1  100)

CALL lN lT( I 1 00)

Fig. 3.1. Example of in i t i a t ion  calls.

10 
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Disp lay Buffe r

The heart of the graphics disp lay is the disp lay bu f f e r .  All the

information used by the disp lay processor in the VT ! I is in the disp lay hj f f e r

which is the common array, IBUF (see Fig. 3. ? ). The dimensioned size of the arr ay

is l imited onl y by the requirement to be resident in the lower 28K of memory.

However , it should be kept at a min i m un i  to avoid f l i c k e r . The dimensioned size

of the buffer  has no effect on the fl icker.  It is t h e  ac tual ly  used portion that is

important. This doesn’t mean that the array should be dimensioned large , because

the memory is reserved , even if its not used , wasting memory you may need. If

the buffer size is too small , an error message stating such will be issued to the

teletype terminal .  The program is now ready for drawing.

Basic Subroutines

The basic subroutines used to build pictures are APNT , VECT , LVLC T ,

RDOT , and FIGR. Each is described br ie f ly :

a. APNT (x ,y) - causes the beam to be positioned at absolute point x ,y

on the screen.

h. RDOT(x,y) - causes the beam to be displaced x and y, relative to

the present position.

c. VECT(x,y) causes a line to be drawn fro m present beam position ,

to a point x ,y relative to present posit ion. Also called short vector

for use in short distances - not accurate for long distance.

d. LVECT(x ,y) - same as VECT except used for long lines - more

accurate.

— e. FIGR( ) - will cause lines to be drawn between relative
coordinates in an array list.

I I

I
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Each of the above subroutines have optional integer a rguments  tha t

determine the parameters for the beam for tha t  point , l ine , or f igure.  The

arguments appear in the order l ,i ,f ,t and must be included only if  a change occurs.

A succession of two commas indicates no change for one parameter but a change

for later one. If a change is made to the i , f , or t parameter , the prior parameters

must be included , in order , or two commas used in each place to represent no

change. For instance , to change the f parameter  onl y, the sequence could be

(x ,y, l ,i ,f) ,(x ,y ,,i ,f) , (x ,y ,,,f) , or (x ,y, l ,,f) . The nl eaning of the parameters  fol! ov~~:

- li ght pen sensitivity. If zero , stays the same , if greater than zero ,

it is sensitive , if less than zero , it is not.

- intensity of point , line , or f igure.  Scale f rom one to ei ght.

f - flash of presentation. Same code as I except rep lace sensitive wi th

flash.

t - type of line. I for solid , 2 for long dashed , 3 for short dashed , ard 4

for dot dashed.

~~~p1ictures

Essential to the optimizat ion of the grap hics display and rna n i p u~at ion

of the the presentation is the concept of sub pictures. They are similar to Fortran

subroutines but have other characteristics tha t  must  he known to successfully

program a disp lay.

Basically, a subpicture is some part of an overall  picture or nested part

of another subpic Lure. It is a defined group of for t ran  and grap hics statements

that draw that part. The SUBP(n) call with one argument is placed at the

beginning of the group. The argument n is a unique integer tha t  is associated w i t L

the subpicture. The ESIJB call defines the end of the subp icture. (see Fi g. 3.2)

I
I t

k
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Once a representation of a fi gure , for example a t r ans fo rmer , is defined

as a subpicture , it may be copied at other points on the picture. The call is

SUBP(n ,m) where n is a new unique integer and m is the suhpicture ben g cop ied .

ON(n) and OFF(n) routines cause subpicture n to be added or removed fro m the

disp lay. By defining subp ictures and tu rn ing  them on or off , the disp lay is changed

as desired.

C THIS IS A SAMPLE OF BUILDING A SUBPICT L I RE  N U M B E R E D  25.
CALL SUBP(25)
CALL APNT(l00., 200.,-I ,-4)
CALL VECT( l 00.,550.)
CALL RDOT(-l00., 0.,,-4)
CALL VECT(256.,-300.)
CALL ESUB
C THE END OF SUBPICT IJRE NUM B ER 25.
C COPY SUBPICTURE 25 ELSEWHERE AS SU B P IC T I JRE 26.
CALL APNT(2OO.,1~52.,-l ,-1~)
CALL S UBP (26 ,25)
C TURN OFF SI JBP ICTURE N U M B E R  26.
CALL OFF(26)

Fi g. 3.2. Samp le of creating sub picture 25 and copy ing as 26 . Then tu rn ing  off  26.

From an optimal display buffer ’s point of view , the concept of

subpictures is very important.  Each sub picture s t a r t i ng  place is known to the

processor and a jump to this s tar t ing address is made when copying. Because of

the capabil i ty  to jump and use parts of the buffer  again and again the buf fe r  size

is kept at a min imum.  The importance is great when dealing with mini—computers .

The OFF(n) subroutine uses the jump instruction also. When a

subpicture is turned off the processor jumps to the end of the subpicture and

continues. Invariabl y, the start and end po int  of the subpicture isn ’t ti ’ ’ same.

The results of turning a subpicture off are therefore very humoro us if there is a :1
‘3
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routine containing relative plotting following the turned off sub picture. So, follow

all subpictures to be turned off with an absolute plott in g call.

Text

The TEXT (XXX) subroutine is called for the presentation of the

characters described in the hardware chapter. The arguments are mani pulated to

present sequential tex t , special characters, and carriage return.  The STAT(n) call

enables or disables the italics.

Conclusio n

The grap hics subrou tines are f u ll y described in the manual DEC -I l-

AMLEAA- D , Grap hics Extensions User ’s Guide. Detailed descri ption of the

afore mentioned calls and others is contained there. If a person desired to learn

the language, the manual contains several faulty examples that are recommended

as starters for a beginner. The mistakes in the examp les provide ample

opportunity for learning trouble shooting.

I
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CHAPTER FOUR

ONE-LINE DIAGRAM DISPLAYS

The beginning of the design process for the interactive graphics control

system was to build the displays to represent the power system simulator. In

addition to limitations of the hardware , the design had to consider the ultimate 

I

_

4

Fig. 4.1. Close-up of Generator Control Section.
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user , the student system operator. The one-line diagram representations had to be

easy to use, easil y recognizable , coherent with regard to voltage levels , and easily

adaptive to hardware and software requirements.

Considerations

Since the system is to be educationally used by students with l i t t le  or no

experience in interactive graphics control , the system has to be as simple to use

as possible. The switches and circuit breakers are designed to change to the

opposite state when pointed at. For raising or lowering voltage or frequency,

arrows poin tin g up or down leave no doubt as to their purpose. Additionally , the

U S

Fig. 4.2. Close-up of CB’s, switches, “YOU SURE?” , and “MENU” for displays. p
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magnitude being changed is displayed d i rec t ly  to the l e f t  of the arrows. The

result is a simple , easily read and understood group of d i splays  fo r r i i i n g  the

system. (see Fig. 4. 1 , and 4.2)

Users will be famil iar  wi th  the s imula tor  before  using the sys tem.  It is

impor tan t  that  the layout of the one-line diagrams clo’- c l v  rese m ble the s i m nu l a to ~ ,

so the user wastes l i t t le -  t ime learn ing  the s y s t e r r i .

Ideally, transmission , d i s t r ibu t ion , and wc on c iary voltage i c v e l s  should

be represented together. This would allow swi tching at equal voltage Je ’~-’ ~ on the

same picture. This is desirable from the standpoint of sequential  sv~i tch in g  and

(-valuat ion of system status. For ident ical  reasons , the substat ions  ar c  each

represented separately. The network system and , loads large enoug h to deserve

the at tent ion , each have their own display, too. See Chapter  Six for photograp hs

of each display.

Since the comp lete desi gn was orig inal , it o f f e red  excel lent  oppor tuni ty

to avoid mnan -ma chin e in te r fa ce  problems. 1~y considering r i ght -handerl  users ar id

the right side light pen connection , the data disp lays and v ar iable  controls  were

oriented for ease of viewing. The d i f f e r en t  text types for t i t l i n g  and comm ands

avoids confusion. The symbols used for circuit  breakers and switches leave ic

doubt as to their  being open or closed. A special a t t c r n p t  was made to place data

and commands to leave l i t t l e  question of their  meanings.

Every attempt was made to make the com mands as direct as possible by

avoiding sub-commands for actions. Instead of poin t ing  to a voltage regulator ,

then to a raise or lower command in the marg in , then to a surety command , this

system has arrows as described earlier. After pointing to th e a r r ow , a s a f e t y

command is included , too. The sequence , avoiding sub-commands , is more direct

and saves time. The fewer lig ht pen hits needed to perform an action; the quicker

17
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the action is performed. While this met hod of presenta t ion  is more wastef ,l in

presentation , ease of use and time saved m ore than compensates.

As mentioned above , a safe ty  “swi t ch”  is included to avoid accidental

li ght pen hits. The switch enables the operator to make sure the command

directed was the intended one. A stop in the main  control program causes tkc

words “YOU SURE?” , wi th  “YES” and “NO” answers beneath the question , to

appear after a hit  on a circuit  action. At this point  no th ing  else wi l l  happen on

the screen until  the question is answered by a h i t  on the desir ’~-d answer . Thus ,

mistakenly dropping generation or load is avoided.

Design

As described , the display on the screen has to be b u i l t  by d i r ec t ing  the

electron beam with the grap hics software subrout ine s .  The problem here is to

have the beam at the correct coordinate position for  the l ine or f igure  to be

drawn. This was solved by drawing the desired disp lay to scaV on grap h paper

with small grid markings. The coordinates were then easily picked off  the

drawing. Another by-product of the scale drawings  was the abi l i ty  to

predetermine the layout and placement . Changes to e f fec t  bet t er  disp lay could be

made much easier on the drawing than af ter  programming the disp lay on the

computer.

After  the drawings were completed , cr i t i qued , and correc ted ,

subroutines to draw any repetitive figures such as t r a n s f o r m e r s , generators , and

circuit  breakers were wri t ten.  Part of the process involved fu r the r  scaling of the

fi gures to determine the most asthetic presentation. The scaled drawings  were

very necessary for placement but in some instances the scale would look d i f f e r en t

on the screen. To avoid such scaling modificat ions the figure subroutines were

made as general as possible. For instance an argument  to the circle subroutine is

18
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the desired radius and several of the subroutines have argu m ents for  h g r t  pen

sensi t ivi ty,  intensity,  and flash.

Optimizing

At this point , the programming involved w r i t i n g ,  i n orde r , the grap hics

subroutine calls to duplicate the drawings on the screen. The order becomes

important for optimal memory use. The task itself can be made shorter by proper

ordering of the calls to avoid moving the beam needlessly and rep eating certain

calls. The display buffer  can be made smaller as a resul t  of proper ordering.

Several ideas and facts are instrumental in opt imizing.

The subpicture concept keeps the size of the buf fe r  much lower by

ut i l iz ing  the same area of the buffer  many times. The .SUBI’(n ,m) routine does use

several words; so, there is a trade-off when copying sLlhp ictur es of few

statements. While the copy ing of subpictures keeps the b u f f e r  sm all , the beam

still has to trace out more patterns; so, the refresh rate is still  longer. For

instance , a buffer size of 900 words with many subp icture copies may cause more

fl icker than one of 1100 words with few sub picture copies.

One of the most efficient means of saving buf fe r  and decreasing f l icker

is to l imi t  the use of certain calls. Since the APNT and LVECT routines use two

words of buf fer  to point and draw long vectors , a min imal  use of these routines

helps. By using RDOT , except when a APNT is needed after  an ON-OFF

subpicture , the buffer  size for this type call is halved. The almost total use of the

VECT rout ine causes some gaps to appear at the end of long lines but these are

• not distracting. After  viewing the number of lines on a disp lay, it  is easy to see a

sizable buffer  savings is made by using the VECT routine.

Similarly, the TEXT subroutine displays two symbols per dig ital word. 
- ‘

A line of text with an odd number of characters and spaces wastes a half word.
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Shortening the text by one character will  free a whole word in this s i t ua t i on .

Also , once the graphics is in the text mode , it s t ay s  there for successive

characters on a line. By presenting all text  hor izon ta l ly ,  a savings is made. As an

example , if “RING BUS” is to be displayed , write both words on the same l ine and

not separate lines. Note the total characters and spaces is ei ght , an even number.

Another savings concerning text is made by display ing all i talics at once. This is

to avoid using the STAT(n) call many times if the order of display is careless.

Another way to save buffer  words is to group like calls together to

avoid a system , change mode word. This is particularly applicable to the line

drawing routines , VECT and LVECT . For displays with many lines the goal is to

connect as many end points as possible. Of course , the f i r s t  consideration of this

fact is in the initial scaled drawings. An additional savings is realized by not

having to move the beam invisibly, via an APNT or RDOT call , to another s tar t

point prior to the next line. So as many as three words may be saved by proper

ordering and layout.

To demonstrate the effects of not optimally ordering, the network

system display was built without ordering. All the horizontal lines were disp layed

first  which meant a RDOT call between each VECT call . The vertical lines were

then drawn. This display has one of the largest buf fe rs  and not nearly the degree

of presentation of the other large displays. APNT and LVECT calls (two words in

length) were used ori ginali ly,  also , but had to be replaced with RDOT and VECT

calls to reduce the buffer  to its present size.

A savings will be made by predetermining what  the most likely start and

stop point for the general fi gures will be. The subroutine can start and stop there

on the screen avoiding the need for an invisible beam movement prior to calling

the fi gure. The flow of ordering through a display should be dictated by these

20
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start  and stop points for the copied subp ictures. As an example , if

transformers start at the top center and f in ish  at the bottom center , to approach

the t ransformer  with a line fro m the bottom would require  an add i t iona l  inv i s i5 j e

beam movement to top center to continue the display. Two extra calls are

required to draw from bottom to top, rather than top to bottom. The direction of

the flow is important , too.

One considerat ion whi le  organiz ing the displays  app lies to o p t i m i z i n g

the main control program later. The disp lays are saved on disk to be called as

needed by the main program. If a display isn ’t complete and must  be added to by

the main program , considerable task is used that could have been performed by

the disp lay building task. Modifications to the display necessary in the main

program are affected by turning on and off sub pictures alread y completed by the

display building tasks. The example here is the “YOU SURE?” switch. Each

disp lay building task includes this subroutine and the main program just turns it on

when needed.

Overall , a conscious effort to avoid moving the beam inv i s ib ly  by

planning ahead for layout and text position wi l l  pay of f  in a large disp lay.

Ordering is important.

Subpicture Numbering

As was mentioned earlier , each subp icture must receive a number and i t

must be different from all other subpicture numbers in the display buffer. To

• avoid errors it is important to keep track of each assi gned subpicture number. As

an aid, each separate display has a different hundreds digit pref ixing its numbers.

A list for each display is found in the appendix.

Another numbering system exists for all sub pictures involved with

interaction. This was required because some circuit breakers appear in severul

- 
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disp lays. The system had to have an e f f i c i e n t  method of up da t ing  tha t  c i rcui t

breaker on each display. At the same t ime the c i r c u i t r y  handl ing the change

command had to assign a channel number to each circui t  action it performed. To

facilitate the handling of both channels and subpicture numbers , they were made

equal and are numbered from one to one hundred See SUBN (JM.TXT in the

appendix.

The analog to di gital converter channels were each assi gned a data

collecting point on the simulator.  These assignments become important  when

displaying the data on the screen because a subpicture number  is associated w i t h

each data placement. The appendix contains these listings.

Saving Displays

The last step in completing a disp]ay is to save the display buffer  on a

disk file. The SA VE routine will accomplish this task to a file named in the

argument. When needed it is restored to the main program buffer  via a RSTR

call. All these files are designated “XXXXXX J )PY”  in this system.

Trouble Shooting

Once the program is written , it is ready to be typed in for input.  The

only input terminal available for the computer is teletype to disk files. This step

isn’t as easy as it sounds. A thoroug h knowledge of the com puter ’s RSX- I  IM

Util i t ies is necessary. A description of the u t i l i t i es  isn ’t pertinent to this

discussion and would prove quite lengthy if included. Af te r  the Fortran source fi le

is completed and edited , the source is compiled and the task or link step is

completed. The task is then ran to check the results. See the appendix.

The first run is usuall y quite humorous. Due to mistakes in coordinates

and typos while editing, the display seldom resembles the expected. Since much
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of the display is re la t ive ly  plotted , mis takes  m a g n i f y  t h e r i i s e l  yes throug hou t  the

display. This makes the exact location of the error d i f f i c u l t  to discover. A

solution to this problem lies in completing the disp lay one-quarter at a ti m e and ,

before running,  having a fresh copy of the source to trace throug h.

This d i f f icu l ty  is aided by the small compiler and lack of error detection

part icularly in the arguments of the graphics subroutines. The errors probably

won ’t be detected unt i l  the “run ” stage. Errors listed at either compile or task

building t ime may not contain sufficient error detail  to explain an error . Try to

build the task anyway. if it builds , go ahead and run it  even thoug h error messages

are present. The actual error will  then usually he more apparent. The error

detection and messages aren ’t easy to work with.  An appreciation of this fac t w i l l

save some hair.

Another diff icul ty  when dealing with errors is f indin g the codes. The

for t ran codes are in the fortran book , task builder errors in that book , and general

operator errors in the operator ’s manual.  The ut i l i t ies  errors are under the

appropriate chapter in the utilities manual.

One important  error is the “FATAL ERR OR I” error whi le  comp il ing.

Its code is found somewhere in the middle of the for t ran  book. It means there

isn ’t enough memory for compiling. As a solution , break the program in half and

call the second half as a subroutine from the f irst .  This is but one example oI i - ~~

problems encountered when trouble shooting errors.

I
4’ Conclusion

The building of the simulator displays involves more than just pu t t ing

lines and figures on the screen. Consideration must  be given to man-machine

interface , optimal ordering of statements and drawings , judicious ~‘se of certain

23

I

~~~

I 

_ _ _ _ _ _  
_ _ _ _ _ _ _ _ _ _ _

- - - 

- - -— 

- - 

—



t a l l s , and e f f i c i en t  number ing  of suh p i - t i i r ~ -~. I l f i n i s h e d  r~~~ m iS j

meaning ful , (l icker free disp lay.

The source program for each disp lay is .it t a  I .d  in the 5~ j ) 1 ) & f l (~ 1 S • ~~~~ th

detailed comment cards to explain the bea m position throug hout.
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CHAPTER FIVE

CONTROL PROGRA M

The main control program is the master program for the interface

between the interactive grap hics terminal  and the s imulator .  It coordinates

commands issued from the graphics term inal wi th  s imulator  commands. It keeps

the disp lays up dated with current switch positions and data. This program must  be

on-line to the control the simulator.

This chapter explains the main program in a chronolog ical manner , as

the CPU would see the program. Each of the eleven disp lays are handled basically

the same. A diagram in Fig 5 .1 i llustrates the f low for the display handling

sections. The variables for the disp lays are the subp icture  numbers that were

optimally ordered to minimize these variables. The optimal ordering also allows

the standardized handling of each display to min imize  the main program.

Init ial izat ion

The first step must be to ini t ia te  the grap hics disp lay by def ining the

com mon block for the display buffer  and calling IN I T to in it ia l ize  the buffer .  The

buf fe r  is ini t ia l ized each time a new display is desired. This accomplishes turning

the old display off , too. The INI T call is followed by the RSTR call that brings the

new disp lay into the buffer  from disk. See CONTROL.FTN source in the appendix. )
-7
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[ini t ia te  D i s p l a y

R e s t o r e  D isp lay

—

~~~~~~~~~~~~~~~~~~~~~~~~
Update  D isp lay ’ s

C u r r e n t  S t a t u s

[ D a t a  Upd a t e

T u r n  On
YOU SU R E?

W a i t  Fo r No
A n s w e r

Yes

C h a n g e? C o m p u t e d  G o Ta

Change I
SW A r r a y  N e x t D i sp l ay

Fig. 5.1. Flow Chart for Main Control Program. 
I 
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U pdate

Since each display is stored wi th  - 
- xed i n i t i a l  swi tch  and c i rcu i t  breaker

positions , a display, newly loaded into the bu f fe r , must be updated wi th  the

systems latest status. This applies to tr ansn~ ssion line switches and c i rcui t

breakers as well as generation control switches. (In the fo l lowing  paragrap hs a

“switch” will  refer to a binary operation of whi ch the above three types are all

included , unless otherwise noted.) This suh rou t in ~ IS t h e  r e tu rn  point  a f t e r  a

switch change command ; it accomplishes the disp lay change .

A subroutine called UPDATE accomplishes the update by passing

arguments that are optimall y ordered to enable the up date of only those switches

on the current display. The opt imal i ty  achieved results in a few of the many

switches being updated at once , so that  the reaction t ime f rom new disp lay to

updated disp lay is almost instantaneous.

The subroutine uses all array of length 100 to store the in fo r m ation

necessary to indicate switch positions. A switch is a b inary  operation , so the

array is a Logical array where each elem en t is one byte long and contains oily

.TRUE. or .FALSE. values. This saves m e m ory. The subroutine checks the value

of the array elements corresponding to sub picture numbers  for switches in the

current display. (Switch subpicture numbers are identical to array subscripts to

save ar i thmet ic  and time.) If the value of the array element is .FALSE., it turns

the sub pictur e on that exists in the orig inal display and turns  its com panion

subpicture off .  The array is initialized all .FALSE. to beg in so that  all circuit

breakers start open and most functional switches, closed. It is the switch’s ini t ia l

position subpicture that is numbered less than one hundred of which only 76 are

now in use.

The companion subpicture is the opposite switch position subpicture. To

27



make ident i f ica t ion simp le , they are numbered the samr ie as the orig inal , plus one

hundred. So, if UPDATE checks an array element and discovers it is .TRUE ., it

turns off sub picture N and on subpicture N + l O O .  If the N + I 0 0  sub p icture  receives

a lig ht pen hit , a check must be made to see if the sub p icture number  is greater

than 100 and if it is , subtract 100 so the update and change -~v i!l  occur properly.

One subtlety remains. The circuit  breakers use only one light  pen

sensitive main subpicture and a non-sensitive companion. The companion is Just

the “X” to indicate it is open. Its absence indicates closed. This means only

turning on or off one subpicture every change of circui t  breaker position. A l l

circuit breakers are numbered consecutively so d i f fe re n t  sections of UPDATE

handle circuit breakers and switches. The reason for this was to avoid dup lication

the graphics statements required to draw two semi-identical sub pictures in the

display program. The result is a smaller buf fe r  size (less f l icker )  but sli gh t ly

lengthier update subroutine.

The Loop

After  updating the new display, the loop for mnoni tor ing  data and

waiting for l ight pen hits is entered. The f i rs t  step is to insure the system ’s event

flag for a light pen hit is clear. The system subroutine CLREF accomplishes this.

The event flag isn’t cleared automatically after each li ght pen hit so it must be

cleared at an appropriate time by the subroutine. The clearing at the beg inning

saves clearing at each different end of the loop. Next to be presented is the data.

The simulator’s data to presented on the disp lay must be obtained from

a channel on the analog to digital converters. A subroutine called SINCON

accomplishes this. Each display ’s data channels are a consequtive sequence. The

end points of the sequence provide the arguments for a DO loop to check the

channel value and then put it on the screen. The necessary alp hanumberic fields
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were given position on the disp lays in the display bu i ld ing  programs. Now , only

their subpicture number is referenced by the N \~BR rou t ine .  The subp icture

numbers are also consecutively numbered and equal tc~ t he (h a n n ~-l number  i ius

constant. This enables the same DO loop to he sed for  a l l  i n i i n  disp lays.

To detect a l ig ht pen hi t , the LP EN subrout ine  m ust  he called. If no

lig ht pen hit occurs when LPEN is called , the event  f lag  s tays  set to zero. At t h is

point , a check for the status of the event f lag de term i~~ s whether  to continue

with the lig ht pen command or go back to the top of the loop. It is easy to see

that  data changes and li ght pen hits  may not be instantaneous , depending on which

part of the loop the CPU is handling at the time.

If there has been a lig ht pen hit  during the call to LPEN , the loop is

extended , the “YOU SURE?” subpicture with answers is turned on , the li ght  pen

event flag ‘ leared , and another sub-loop is entered to w~~i t  for the answer of the

question. The sub-loop is on a LP EN call and if  the ans v eF is NO , t h e  cont ro l

returns to the top of the loop.

If YES , the loop is extended and the “YOU SURE?”  subpicture  is turned

of f .  At this point the subpicture number , N , where the orig inal h i t  occurred , is

tested for its value. If less than 200 , the command is for  switch change. The next

few statements determine whether the N is gr f ~ l t ~~r than J~)0, and if  i t  is , 100 is

subtracted f rom it. The array element correspon ding to N , SW(N ) , is checked for

.TRUE. or .FALSE. and the array element is changed to the opposite value. The

return of this section of the loop is to the UPDATE call where the display is

changed. This completes the loop for a switch change h i t  and the cycle is

repeated.

If the value ~-‘I is greater than 3, some change to the disp lay or a

change of disp lay itself h a s  been directed. The loop is then exited for a section
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dealing ~ itn peculiarities for the current display.

The group of statements forming the loop is c r  ~ned in a subrout ine

called CHECK. The arguments of CHECK are the end points of two sets of

subp icture number sequences for use in two UPDATE calls. Another pair of end

points describe sequences for data channels. The last argument  is passed back to

the main program and is the sub picture number where a lig ht pen hit  occurred.

The CHECK subroutine is used for  all disp lays execpt the introduct ion

and hi gh voltage transmission displays. The in t roduct ion control loop is more

simp le so it doesn ’t need the detail of CHECK. The hi gh voltage transmission

disp lay has the date and time disp layed which causes its loop to be di f ferent .  The

loops for these displays funct ion the same as CHECK , however.

Display Peculiarities

The section dealing with peculiarities of a disp lay currently contains

statements to discern which disp lay is desired next. Every display has a different

list of displays available from that display. The switch is text on the screen in

standard capitals that has a subpicture number greater than 200 and is li ght pen

sensitive. Any text not a switch is in italics. A l ig ht  pen hi t  on the text causes

the loop to be exited and the subpicture number to be passed to this section.

Each display ’s subpicture numbers are prefixed with  a d i f feren t

hundreds di git. The exception is the circuit  breakers and functional  switches.

One of the reasons for this is to be able to easily change pictures or perform some

action peculiar to a single display. If the subpicture numbers for a display are

consecutively numbered from some hundred plus one , and the hundred is

subtracted , the new subpicture numbers are consecutive from one. This is done to

provide the variable for a computed GO TO statement.

The arguments of the computed GO TO statement have special
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signif icance.  The IN IT state m ent tha t  beg ins each disp lay ’s section in the main

program has the statement number ident ica l  to the display ’s sub p icture numbe r ,

hundreds digit .  For examp le , the cu r ren t  display h as a sw i tch cU F ~~T \ T I O N ~ 1~

wi th  subpicture number 1105 and the suhs ta t io n- t ~ di s p lay ’s hundreds  di gi t  is 1. A

hit  on SIJB STATION-4 would cause l l 0 ~ to he passed o u t  of the  loop. In the 1~~~~ t

step, variable NB would be calculated as equal to 1 l 0 5 - l l O O - 5 .  Thus , the f i f t h

argument in the computed GO TO statement would be ~Oh and the n e x t  step

executed would be statement 300 , the substation -4 disp lay in i t i a to r .  It is in this

manner that  all display changes are made.

Conclusion

The comp lete cycle of control in the main  program has been discussed.

From disp lay initiation , to changes on that d i sp lay ,  to new disp lays , the main

program uses opti m al ordering of sub pi cture numbers  to e f f i c i e n t l y  change t h e

disp lays. The loop provides the oppor tuni ty  for data up date and reception of l ig h t

pen commands , continuously. The last accomnp lished func t ion  is to turn off the

program. The program is exited by a li ght  pen hi t  on the word EXIT found on the

introduction disp lay.
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CHAPTE R SIX

PRESENTATION or P E . S E A R C H  PRODUCT

Photograp hs of the one-line diagra m disp lays , as they appear on the

grap hics screen , are presented in this chapter to i l l u s t r a t e  t h e  resul ts  of the

programs. The control of the diagrams is d y n a m i c  and impossible to demonstrate

in this medium.  The results of the control program m a y  be followed on the

photograp hs , as the system was set up to provide power to both substa t ions  f rom

generator one and two and the interconnection when the photos were taken. ‘~orr c

of the f iner  details of each display is included for  be t ter  unders tand ing  of the

disp lays.

There are eleven displays. Two of the disp lays contain i n f o r m a t i o n  tha t  .~~~

may be obscured by varying the intensi ty control; so these have two photogra ~~”s

to show both intensi ty levels.

-V
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Introduct ion Disp lay

The introduction disp lay (Fi g. 6.1) contains a paragrap h of text to

explain the system operation. In an educational s i tua t ion , s imi la r  disp lays m a y  he

developed to contain instructions for experimnents.  To the ri ght  of the display is a

list or menu of available displays and the exi t  switch. Each word of the men u is

li ght pen sensitive and is referred to as a “switch. ” This disp lay is presented

init ial ly,  automatically,  when the control program is i n i t i a t e d .  This d isp lay is

selected by the “MENU” switch in the other displays. Pages 102 t b l r o t I * 104 in

the appendix contains l ist ings of the fi les necessary to create this  disp lay.

High Voltage Transmission Display

This display (Fi g. 6.2) contains all the hi gh voltage lines and buses. It is

a general layout of the entire system. It would be referenced to get the overall

view of generation and supp ly for the system. Larger scale displays of the

components are obtained by selecting the display ’s, word switch wi th  the li ght pen.

Due to its size , no data is presented on this disp lay. Def in ing  rout ing is its

pr imary function.  Pages 52 throug h 59 of the appendix conta ins the f i l e  l i s t i ngs

for this disp lay.
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Fi g. 6.1. The Introduction Display wit’ Display Menu.

Fig. 6.2. The High Voltage Transmission Display.
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Substat ion-4 Display

This disp lay (Fi g. 6.3) gives a layout of the substat ion and its connected

load. The dot-dashed lines indicate breaks between this and other disp lays. So the

display picks up with the hig h side of the t ransformer.  In the photograp h the

network system and the residential loads are being fed f rom this station. The

appendix contains the files for this display beginning on page 60.

Industrial Load Display

The display (Fi g. 6.4) gives the large scale layout of the connected

industrial load. The layout starts at the substation-4 bus for cont inui ty  of

presentation. The arrows and data near the regulator are for control of the

regulator from the console and monitoring of the load. The switches en the

individual loads are not just manual switches, so that the load may be shed f r o m

the terminal. This is not the case for the capacitive load , however. The appendix

contains the files for this display beginning with page 80.

Substation-6 Display

Fi g. 6. 5 and 6.6 show the disp lay with intensi ty down and up,

respectively. Note the manual switch , when closed , will  g ive warning of itself on

the low intensity disp lay by being brighter than whe r -t it ’s open. This substation is

feeding both loads in the confi guration in the photo. The numbers on the incoming

lines are their identification. The appendix contains the f i l e s  for this display on

pages 65 throug h 69.

4
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Fig. 6.3. The Substation-4 Display. 
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Fig. 6.4. The Industrial Load Display.

36



P 
-V

~~

—

~~

-- --

~~~~

- - -V

- L’tiifl... - -

Fig. 6.5. Graphics Controlled Substation-6 Display.
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Fig. 6.6. Manual and Controlled Substation-6 Display. Intensity up. 4
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Network System Display

The network system (Fig. 6.7) is d i f f e r e n t  f r o m  the other d isp la y s

because it  is fed from two d i f f e r e n t  subs ta t ions .  Both buses and the i r  voltages dr e

included for con t inu i ty  of presentat ion.  Ea cH ph ise ’s v o h t ~ t ’ -  and cu r ren t  is

disp layed for the secondarybeing fed f rom both s i h s t a t i o n s  on one feeder r~ieh .

The appendix contains information on this display be~~nn in g on page 75.

Load Center Display

This disp lay (Fig. 6.8) depicts a secondary se lec t ive  system. Again the

substation-6 bus and bus voltage is included for  c l ea r i ty .  Note that  the

configuration indicated in the photo would result in no power supp lied to any load

unless the r ight feeder breaker is closed. The position of the breakers in this

system w0~~~m -~i11ow selective load management  at  the~ secondary level. Dat~

presented to enable monitor in g of load. The appendix cont a ins  the f i l e s  for this

disp lay on pages 70 throug h 74.

Station 11 Display

These photograp hs (Figs. 6.9, and 6.10) are large scale dep ictions of t e

controlable and manual features of this switching station. The display

incorporates the features of the displays discussed earl ier , par t icular ly  the

substation-4 display. The peak load generator is presently a dummy generator but

was included for future use. Pages 85 throug h 89 of the appendix contain the

files for this display.

2
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Fi g. 6.7. The Network System Display.
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Fi g. 6.8. The Load Center Disp lay.
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Fi g. 6.9. Graphics Controlled Station 11.
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Fig. 6.10. Manual and Controlled Station 11. Intensity up. 
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Station 1 and Generator I Displays

These two disp lays (Figs. 6.11 , and 6.12) contain large scale dep ictions

of the generation control stations. The control switches in each case are

identical. The prime mover is the switch for the DC motor and is activated by a

hit  on the word “ON” or “OFF” , at which time the opposite position will  be

displayed. The word displayed indicates its current  condition. The excitat ion

switch operates the same. The arrows for voltage control raises or lowers the

excitation and the arrows for frequency varies the power input  to the DC motor or

prime mover , simulating increasing the steam to a steam turbine.  The generator-

1 depiction also includes all the data for the other suppliers making generator one

an ideal swing bus generator. The indications on the data presentations are all

identical because the A-D channels are all tied to a power supply unti l  the

hardware to the simulator is finished. The appendix on pages 90 throug h 94 and

105 through 110 contains the files for this disp lay. Fig. 6.14. shows a user

closing the circuit breaker to the Station Service load on the Station 1 disp lay.

Synchronizing Display

This display (Fig 6.13) contains the controls for all the suppliers and a

route for synchronizing the generators at any of several points. Space has been

allowed below the word synchronizing for the inclusion of a remote controlled

synchronizing di splay. One method of accomplishing a syncroscope function would

be to use the th ree li ghts system and si mu late the li ghts with small circles on the

screen. Another method would actually di splay the movi ng voltage vectors ,

superimposed. Later a switch for automatic synchronizing could be added , too.

Files for this display are in the appendix , pages 95 throug h 101.
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Fig. A. I I .  Station 1 Display.

•

Fi g. 6.12. Generator I Display.
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Fig. 6.13, Synchronizing Display.
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Fi g. 6.14. Adding Load to Station 1. Display Control in Use.
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CHAPTER SEVEN

CONCLUSIONS

The collection of displays described in this  thes is make possible a

powerful and unique research and educational faci l i ty .

The combination of the PDPI  1134 and Po~~er System sim ula t or  in to  a

com puter controlled power system provides a very un i qu e research toot fo r

control of power systems. The possibilities and capabi l i t i e s  of the computer  to

control a complete power system are just beginning to he explored. Whi le  an

actual power system does not allow experimental research because of cost and

possible service loss if f a i lu re  occurs , the system developed here does.

The abi l i ty  of the computer to completely control a power system has

yet to be completely explored. With this system it would be possible to write

software to start from zero power production , bring generators up, synchron i ’~e

th em , add load , close breakers , provide the relay ing and circ ui t breaking signals ,

open lines , issue ma nual operation commands , and shut down the system. The

coordinated use of real time stability and load flow calculations , coup led wi th  real

t ime , short-run load forecasts would enable the computer to suppl y the

operational necessities of a system automaticall y. Of course , the computer has to

be programmed by very knowledgeable eng ineers so that  the decisions made by the

computer are sound ones. The computer really only provides the capability of not

for getting past mistakes and storing all of present knowled ge if properly

programmed. The ability to provide an operator with that capability should not be
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overlooked.

Thus , the foundation for fu r ther  rcsearch has been laid in the form of a

computer controlled simulator.  Its u l t ima t e  worth belongs to the fu tu re  and the

foresi ght of those who use it.

Th~ educational value of the computer controlled s imulator  is

unquestionable. It is state of the art or better for many power cc -ipanys. The

system provides the power systems eng ineer with a current  system with  which to

learn the operation of the power system . The student wil l  be “at home ” with  any

company after completion of his education.

The opportunities for the dig ital or circ uit desi gn eng ineerin g student to

apply his knowled ge to the hardware interface has been grea t and will continue as

more and more research is advanced. While  the power systems student learns with

“hands on” the equipment , all students l earn about digi tal controJ systems.

After  some con sideration of the capabilities of the grap hics terminal

and the computer , it has come to mind that on even more powe rfu l  tool may exist

here than this paper describes. By using the computer or groups of micro-

compters to run real time simulations of a real power system and combining the

outputs of these sim ulations to the graphics terminal , a real power system could

be simulated and contr olled from the grap hics terminal .  This would void the need

of the power system simulator itself and the resulting interface. It would allow

the student to control a simulated , real power system.

It could be used effectively for research on new software to perform

the cont rol functions for the power system. Additionall y the system planning

di visions at power uti l i t ies  level would be able to study contingencies presently

i mpossible to preview. The human element could be included since the operator

would be ul t imately controllin g during contingencies , especially if the system was
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not f u l l y  a it omnat e d.  The con t r ibu t ion  to ( o f l  t r o l  ler t r i i  r ~ we ii  (~ he i nv . t  I t ah l ,

The ‘
~ecent advances in C O i f l~~ I i  t er s  and ‘ o r m i p u  t er  grap hi s we 1 1 ( 1  ci

the desi gn of such a system to become a r ea l i t y .  The possibi l i t ies  for  Slid a

- 
system simulator would be great. F-{opef il l y, the s t r i r t  as out l ined in this  thesis

wil l  not be the f i n ’ish.

f
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APPEN D IX

The appendix is the users manual for the sof tware comprising the di g i ta l

control system. The complete users manual exists as f i les  on magnet ic  disk and

thu s should be updated as progress and improvements are made. The

documentation is contained in TXT files , source in FTN f i les , and task builder

commands in CMD files.

Each program , eleven graphics display and one control , has a text  f i le

(e.g., HVTRNS.TXT ) where information necessary to use that program is

contained. T- r’se f i les preceed each app licable program section in this manual .

Two additional text fi les document common subp icture numbers ( SUBNUM.TXT )

and list A— D channel assi gnments (ADCHN L.TXT ) and are listed at the end.

Following each text file are the Fortran source file(s) (e.g.,

HVTRNS.FTN) necessary for that program. The fi le  containing the subroutines for

the display sources , DSPSUB .FTN , is listed after  the last dispay source program.

Likewise , the subroutine fi le , CNTLSB.FTN , for the control program follows the

control source listing. The command files are listed in each program section , too.

A list of the existing file directories immediately follows this

introduction.  Note objective (.0B 1) and task (.TSK) files have been deleted where

no longer needed. The minimal  number of disk blocks needed is 400. More will be

needed when the tasks are built. An explanation of the file name prefix

accompanies each section. The order of sections in the list is the same as the

order of the listings in the remainder of the appendix.
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The Hi gh Voltage Transmission Files.

NE VT 4’~ .* * ,H VRF!3r .  *~~* /LI

1’ F1J C ItILY [‘K t : 200,200]
22 N O V - / /  1t,:’~u

HVTLNS.rSK l 80. C t’~ ill —77 1,c:09
I IVT K NS. r E Y ;  14 5. p~

- - , i I :J - - / 7  71:09
I - Iv IRNS.TxT ;7 5. 27 -NOV—77  13:13

14. 1 9 — O I l - ? ?  21:21
HVTRNS.C~1E’ 2 1. 22-NOV-77 10:41
l--IVTRNS.r ’r-Y;13 5. ~r~~~ir , -- 77 09:44
HvREF~1.FTN;2 8. P~ — OC 1 -77 71:71

TO1AI .~ OF 118. BLOCKS IN 7. FILES

The Substation -4 Files.

FIF SUBST4 • * ;  */ L I

OTRECTORY EIK1:E200,200]
22—NOV--77 15:36

stJ~e~r4.cMr ;2 1 • ::‘- NOV-77 10:49
s(iro;1 4.TXT 3 4. : ‘ 2 - N I I  - / 7  17:09

14 FTN’ l  11 • 30- ~~I IO / 7  09:44
— S I ’ l o ; 14 . r ’ FY ; 11  3, 30 AI J O- 77 09:50

- 
TOT A L OF 19. BLOCKS IN 4. FI LES

The Substation-6 Files.

PIF ’,:- StJBST6.* */L I

t’i 1~F C r O R Y  tt I~ -t : r 2 00 ,2 0 0 ]
22 - -N OV - 77 15: 36

s t ’ r s r6  .CMD 1 1 , 2 2 - N OV — 7 7  10 50
sur~s r6 .F r N; 1  13. 23— AUG— 77 00:40
s u rs T 6 . T x T ;6  4. 2 7—NCV —7 7 12:40
suBSro.r ’F’v ;14 3. 2 3—AUG-77  16:04

TOTAL OF 21. BLOCKS IN 4. FILES

The Load Center Files.

FIF ;L r’CTR ,* */LI

4

r’IRECTORY DK1:C200~ 20O]
22—NOV-17 15:37

Lr’CTR.FTNU 11. 25—A (JG—77 12:27
LrjcTR.TxT;5 4. 27—NOV—77 12:41
LPCTR.t’FYUI 3. 25—Au G—77 12:34
Lr’CTR.CMt’$2 1. 27 - NOV— 77 10:52

TOTAL OF 19. BLOCKS IN 4. FILES

_ _ _ _  _ _ _ _  
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The Network System Files.

PIF~:>NETsYS.* ;*/ LI

t IR [ [T ( 1KY riKi :1200,200]
22-NOV-77 15:37

NCTSYS.r ’Fy;S 3. 5—A UG-77 13:11
NETSYS .CMr’ ; 1 1 • 22—NOV-77 to :  53
NE 1SYS.FT N ; 1 12. 25-AUG - 77  13:02
N ET S Y S . r x r ;5  4.  22—NOV-77  12:42

TOTAL OF 20. rLOC KS IN 4 , FILES

The Industrial Load Files.

pIp ::-INrLri .*;*/LI

DIRECTORY t’K1:f200,23o]
22-NOV-77 15:37

INr’Lr’.cslr’;l 1. 22—NOV-77 10 56
[N1’Lr’.rTN;l 11. 25—AUG— 77 16 16
INI’L r’.EIFY;12 3. 25—AuJr~—-77 16:22
:[Nr,I [.TxT;5 4. 22—NOV— 77 12:42

TO rAL OF 19. BLOCt~7 IN 4. FILES

The Station 11 Files.

PI P:STA T 1 1 ,*;*/LI

DIREr, IORY tiKi :1200,200]
22-NOV—77 15:38

STAril.TxT ;4 4. 22-NOV—77 :2:37
SrATII.II FY;10 4. 25-AUG- 77 13:39
STAT1T.cMri;1 1. 22—NOV— 77 1O~ 58
STAT11. FTN I 12. 25—AUG—77 16:22

t O T A L  OF 21. BLOCKS IN 4. FILES

The Generator I Files.
PIP:I-flEN1.*~~*/LI

rI IREL1ORY r ’ Kt : J200 ,200]
22—NOV— 7 7 15:38

GE N1 .TxT ;3  4. 22— NOV-77 12:46
(3EN1.r’F-Y;l l  4. 25— AL IG—77 14:20
(3FN1.FTN~~1 10. 25—A UG—77  14:12

-— GEN1.CM r I ; 1 1. 22—NOV—77 11 03

TOTAL OF 19. I4I OCKS IN 4 .  FILES

49

_ _ _ _ _ _

V ~— -- ---- — —--- - -- ~~~~ ___________



The Synchronizing Files.
F PIP SYNCRN.*;*.SYR-EST.*;*/LI

DI1~FC r O R Y  1 K  : (2 O ~~~ 20 O)
22—NOV-77  15 39

SY NCRN.CM EI ;1 1. 7?—N f l~~- - ? 7  11:04
9y  Ni I~N , r’i- Y ; 3 5, 2 5— Au G—77 1 5:06
SY NCRN.FTN ; 1 t o .  2 7 — A u G— 7 7  20:07
SYNCRN. TxT ;3  6 . 72 N IJY - - ? 7  12 :49
5SY RES T .FTN ; 1  6. 2 5 - A U G— 7 7  14:59

T Ot A l .  OF 211. 81 t I CKS IN 5. ElI ES

The Introduction Files.
FIP:- - I N T R O .  *1*/L i

DIRECTORY r’K1:c200~~200]
22 -NOV—77  15 40

INrRO.cMr’ ; l  1. 2 7 — N O V — 7 7  11 :08
INTR0.FTN;i 5. 7 - - c , l I r ;-7? 08:25
INT RO. r’ PY;6  3. 7 7 — A l J h -  77 20:35
INT RO.TX U3 3. ~‘ 2 — N f l V - ? 1  12:53

V T O r A I OF 17, BLOC KS T N 4. Flu ES

The Station I Files.
PIF -: -S T AT 1 .*1* ,ST 1FIN.* ;*/L I

rIT LI 1Tflt~Y tiKl :1200.200]
2 2 - N OV - 7 7  15 41

131A11 .1XT ;4  5. 2 2 - N OV - 7 7  12 :46
t 3 T A T i . C ~1r;1 1. ‘ 7 - N O V - 7 7  ii :oo
STA T 1 .FTNI I  12. 75-~~ I I O - 7 ’  16:33
STAT 1 ,rirY; 11 4. 7 9 — A t I f l — 7 7  14:42
ST 1FIN.FT NII 3. ~‘ - ~~‘ iO- 7 13:55

TOTAL OF 75. BLOCKS TN 5. FlI ES

The Display Subroutine Files.
F T  F : ! iS F SIJP, *; */L I

DIRECTORY IIKI :1200,2001
22--NO V - - /7 15:41

Ii~ FSUFi ,FTNU 17. 06 -AUG—77 19:47
DSPSL~~.OBJ~ 1 31 , 10—OCT-77 15:58

TOTAL OF 43 .  BI OCKS T N 2 .  FILES

1 - ’-
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The Control Program Files.

PIP - CONTROL • *1 * ,CNTLSF1 .* */LI

DIRECt ORY riKl:r700,200]
22—NOV—77 15 43

CONT RO L.FrN;1 11. 10-OCT-77 15 4 1
C0N TRIJL .rsK;i 66. C L9—OC T -- - 77  21:29
CONTROL.CMIU 1 1. ~7--NOV- - 77 i i:t i
COt4T RO L . TX T ; 2  3. 72--r~C1V-

;’? 11:33
CONT~~OL.FTN;4 11. 22—NOV— 77  is :ia
CNTI s r .FTN;2  s. 22 - NOV—77 13:04
CNTLSB .OBJ;i 8. 10—OCT—77 15 50

TOTAL OF 105. BL OCKS IN 7. FILES

The text files for A-D channels and Subp icture Numbers.

PT F :-At ’C HNL.TXfl * ,SLJ BNIJ II ,TXT */ LT

rrrl1r c rnI1Y IlK I :C700 ,200]
22— NOV—77 15:44

A rC HNI ,T x T ;3  5. 18—N OV -77 15 51
SUFNUM .TXT~ 2 6. 21—NOV—77 08:23

TOTAL OF ii. BLOCKS IN 2. FILES

51

- 

~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~



THE ~Hv1RNS , FTN~ AND ~HV REST .FTN ’  Fi t  ES C O N T A I N  THE FORTRAN
SOU RCE FOR 1110 NV T RANSTIIS S ION IISFL A Y •  THEY II~~[ SIJLROIJTINE S
CONTAI NED IN A FILE, T ISPSUB.FT N’ . EDIT THE FILES USiNG THE Fl IT
(JT ILI1Y .

TO Cfl~-4 r i LE  W ITHOUT A SOu RCE I ISTINIS , TYFE:

:>FOR IV VIRNS=HV rRNS
THEN F1)R HLREST ~~HVR EST
TH EN )-FOK IlSL S1JFi~’ E S F S I J B

TO COMPILE WI FH A NUMLEkEri SOu RCE I. is r i NG~ TYPE:

::-FnR I4VT R NS- HV IRN S/LI :1
THEN ::.Ffli~ HY R C S I = H V R EST / L I : 1
THE N -FOR [5f-SUB=DSF-S0B/LI :1

TO TASK R O I L  Ii USING THE INDIRECT lT(JN,-1 /~,-~ iI Ffl F. TYP E

: 1KB £~HVTR NS

T H IS CAUSES Eli . C S ,  HVTRNS .OFIJ ’ , ~HVRFSl .Ot I~ , ~~~~~~~ 
• [1c~~:V :  JTI , O BJ ’

T O RI- IKI . T I )  N Y  INN ‘FOR • CflM1IAND AND A Fi t  F, ‘I-ILIIRNS . 1SK~ , TO tIE
CF - IA  T I  I’ I ~ T i E  • Ti\ 1 COMMAND • THE P SYMBOL TNr IT CA T ES T I N  u S E  OF
AN T N T  t k ~ C F IT MM MA Nr I El i  I • THIS IS FILE,  HV IK NS.C MI ’  , AN D CONTA INS
THE FflSI-~ ru i t  [ ‘CC coMMAfI rs  NECE;SSARY [0 BIJ ILl) THIS TAS K .

TU K- N ON THE V T — i l  AND Bu ILD THE r i r s F LAY TO [ IF  SAVED BY TYPING :

>RUN HVTRNS

IF TI-IF A BOVE SFIIUENCE IS FOLLOWED . A NE.W FILE [9 CREATEI1 CALLED
~HVTRNS .[ i IY  THAT C O N T A I N S  T i-IF SAVE D DISPLAY.

-T 141 - ‘ - ;  I OWl NO IS A LIST OF THE SIJBP1:CTURF NIJM8ERS FOR THE
IIV TRANSM17~S I e-J DISPLAY . TH E FIRST SFT CONTA INS Ti-I F SiJ rPICT IJRE Nu MBERS
T HAI WILL. FE LIGHT FEW SENSITIVE • THE ORDER DETERMINES ~UE ORDER
OF THE COMFIJ I Eli GO TO STATEMENT ’  S A RGUMENTS EN THE MA IN PROGRAM.

~HE REMAINDER ARE NOT SENSITIVE AND ARE FOR COPYING FURFOSES ONLY.

SURPICTURE NUMBER I1ESCR.TPTION

201 GEN 1 T E X T  FOR SW
202 STAT 1 T EX  I FOR SW
203 MENU T E X T  FOR SW
204 SUB ST 4 T EXT  FOR SW
205 S u B  ST 6 TEXT FOR SW
206 ST 11 TEXT FOR SW

239 TIME
240 TIME
250 GEN I CIRCLE
251 40 UNIT BUS @ GEN 1
252 GEN 2 CIRCLE
253 RING B u S  180 LONG
254 GEN 3 CIRCLE
755 VERTICAL BUS FOR R IN G  BUS
256 SUB ST 4 BOX
257 SUB ST 6 BOX
261
THRU *
270 RING B IJS SEGMENTS 4271 ST 11 BUS
276 GEN 1 TEXT
277 ‘GEN 2 TEXT
278 GEN ’ 3 TEXT
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C
C F’ROr,RAM ro DRAW THE I-lION VOLTAGE TRANSMISSION L INE PICTURE.
C

COMM0N/rFII E/IriuIF 1100)
rITME NSION rTM(4 )
CALL INIT (i100)

C
CALL R I IO T ( O . ,5 0 . , — 1 , — 1)  0,50

H
C START SIJBPICTIJRE OF THE GENERATORS.
C

CALL SLJBP(250) ‘S1iFW~ 0114 , TRANS
C
C rIRAw A CIRCLE OF RAD IUS 20 FOR G ENE RATOR ONE .
C

CALL CIRELE (70..—1.4.—1 )
C

CALL RLiOT(20. ,20. ,O ,4)  70 .70
CALL V E c r (o . , 1 30 . )  20.200
CALL ESUB I END OF SEN SURF

C
C DRAW THE TWO CIRCUIT BREAKERS FOR GENERATOR ONE.
C lINE BREAKER IS IIFEN ANtI ONE CLOSED.
C

CALL Rr’or (-- io . .0. ,O,—4) I FR FOR CR
GAI L .. SuJDF (6) ssuJFiF :1~ CR GEN 1
CAt N. CEICLI,(4 )
CALL ES(JB
CAl L SURF~ 106) SUBP: OF CB GEN 1
CAL L ~ BO PN(4 )
CALL ESUB
CAl L A P N I (2 0 . , 22 0 . ,— 1 , - —4 )

C
C DRAW TRANSMISSION LINE C 1— 3 ANT’ BUS FOR GENERATOR 1.
C

CALL VECT (0. ,79.) I 20,299
CALL . RLIOT (—20.,1.,,—4)
CALL SUBP ( 251 ) ‘SURF : BUS FOR (SEN 1
CAL.L HFIUS(40 ,,5)
CALl . ESUB
GA I L R D O T ( - - - 2 0 . , 1 . , — 1 , —4 )  20,301
CALL V E C T ( 0 . ,4 18 . )  20~~7l9

C
C D RAW R I N G BUS WITH CR’S  START ING AT THE LOWER RIGHT CORNER .
C

CA LL R D O T ( — 1 . . 0 . .— l , - — 4 )
CALL 5IJBP(255) !SURF VBUS MASrER
CALL V BUS( 164 . ,5)  I 19,882
CAl N ESUB

• CA LL. RI’OT( 1. ~-— 1 . , ,—4)
CAl . L SIIBP( 261 .251 ) ! SURF : (iF LFT RNG BUS
CAl L. Rr’O T ( O . , — l O . , , — 4 )  60,870
CA LL SIIBF ( 1 ~6) I SURF : CI 511 CR RNG BulB 1
CALL SUFiF ( 1  01 , 106 ) I s ’wr :  01-EN CR RNG BUS 1
CAL L A P N T( 8 0 . , 88 0 . ,— 1 , —4 )
CALL SIJBP (7 62 ,2 5 1  ) I SIIRP liP MID RNG BUS
CAl L. 5(JRF ( 763,251 ) ‘ SIIRF liP MID RNI3 BUS
CAl I R D O r c o . .— l o . , ,— 4 )  160,870
CALL.. SUBF(2 ,1) ‘ SURF : CLSD CR RN(3 BIJS 2
CAL I .  9UBPC102,1O 1) ‘SU RF- : OPEN CF RNG PUS 2
CAL.L A F ’NT U 3 O . , 88 0 . .— 1 , —4 )
CALL I3IJBP(264,251) ‘SIJRF RNG BUS
CALL SUBP(265,251) P SURP: RNG ?IJS
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CALL ESUB 
-

C
C i’~~AW LINE A 1 - - 3  WITH CB’S.
C

CALL A FN T (160. ,340. ,-1,—4 )
CA LL SIJF IF(9 . 1) I S L I DE :  CI SD CII. A t— 3
CA l I SUF’F ( 109,101) SURF O l i N  CR. Al —3
CALL A F N t ( 1 70 .  .360. , — l . — 4 >
CALL V EC l ( 0 . , 3 6 0 .)  I 170,720

C
C DRAW LINE Fi I—3 WITH CB’S ,
C

CALL RE uOT (140. ,—380 .,--1,—4 ) 310 ,340
CALL SUTiP (10,1) Isu iTiF : CLSD CR . 01—3
CALL SUE~F (1 l0,i01) ‘sutrip : ( l r E N  CB~ 111—3
CALL AFNr(370 .~~360..--1,—4)
CALL vECr (o .,:359.) 320,720

C
C
C DRAW LINES F3--4 ANtI F6-11 WITH SWITCHES AT SECTIO WA LIZ I NG
C STATION 10.
C

CALl.. RrIOT —200.,160.,—1,—4)
CALL.. VECT(0 ..118.) ! 120.1000
CALL VECT(690,,0.) 810,1000
CALL VECT (0.,—100.) I 810,900

C
C DRAW THE OPEN AND CLSJT’ SWITCHES AT STAT t o .
- 

CALL. SUBP(160 ) !s t IB F - :  OPEN SW F6-l0
GA L L SW O F V ( 4 )
CAL.  ESUB
CALL.. OFF(160 )
CALL SIJBP(60) ‘SuRF : CLSD SW F6— 10
CALL S W C L V ( 4 )
CALL ESUB

C
C CONTINUE WITH ITNE AT SECT IONA LIZING STATION 10.

GALL A F N r ( R 1 0 . , 8 8 0 . , — 1 ,— 4 )
CALL VECT (0.,—40 .) I 8 10,840
C A L L  SU E~F (1 61,i60) ‘SUE~F:OPEN SW LR
CALL OFF( 161)
CALL SUBP(61,60) ‘SURF : CLSD SW LR
CALL AFNT (810.,820..—1,—4 ) F R FOR LINE FlO— il
CALL VECT(0.,—300.) I A1 0,520
CALL RDOT( --10.,—20...—4)
CALL SIJBF (16,1) I5 i l~ IF C LOD CR IN FlO—i l
CAl I SUBF(116,i01) I

~~~I I N I  OP EN CR LW FlO—li
CAL L A F NT ( 8 i 0 . , 5 0 0 . ,— 1,— 4 )  FR FOR LINE TO BUS
CALL V EC T ( 0 . , — 9 8 . )  ! 810~~402

- C
C DRAW THE B I tS AT STATION 11 .
C THE SECONII BUS ANti DETA IL IS ON STATION 11 F’ICTIJRE .
C

CALL R D O T ( — 1 2 0 , ,— 2 . ,— 1 . — 4 )  ! 690,400
CALL SURF 771 ,253) ‘ suiliF : B u S  i~ ST 11
CALL VECT(0 .,— 120 .)

--  C
C DRAW LINE P10—Il AWl ’ SWITCHES AT STATION 10,
C

CALL. A PNr(27o .,8R1. ,— 1 ,—4 ) ‘ FR FOR LN E3—4
CAL L VECT (0 .,89.) I 770,970
GAI L VFCT(360.,0 .) ! 580~ 920
GAI L RDOT (0 ..—l0 .,,—4) •

CALL SUBP ( 18, 1) I SUBF~ CR CL LN E4—6
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CALL R I IO T ( 0 . ,— 1 0 . , ,— 4 )  
- 

! 760,870
CALL SIJBP( 3,1) I SI rIF OFEN GB RN13 RUS 3
Cr _ I L SUEIP(103,101) ISuOF : 01-EN CR R-NG BUS 3
CAL L A F N T ( 2 8 0 , , 0 0 0 . ,— 1 , — 4 )
CALL SLJBF ( 266 ,251) ‘ SIJRP OF RT RNG BUS
CA LL Rr IOT (—ioo . , — 1 6 0 . , , — 4 )  I 70.720
GALL SURF (268 .251) SURF- : LW L!~T RN G BUS
CAL L RtlflT (O . ,-iO. • ,—4 )
CA LL S IJE IF(4 ,1)  1 5m b - :  CLSI:I CR RNG BUS 4
CAl . 1 SUEIP (104,101) 51181- : OPEN CR RNG BUS 4
CALL A F Nr (s o . .720 . ,— 1, --4 )
CA L.L 5li f~[ (253)  I suor : LW MIII RNG BUS
CA L .L HTIIjS (1130,,5)
CALL ESUB
CALL K D O T ( O , , -— 10 . , , —4 )  160.710
CA LL SIJR P( 5, i SIl) :l CLST I CF4 RN (3 BUS 5
CAL I SUBF( 105,101) S’JBF OPEN CR RNG OIlS 5
GA I L AFNT(7l10.,720.,—1,—4) I F R FOR BUS
CAL L SURF (270.251 ) I SUDI- LW R T RNG BUS
CAL L R [IOT (1.,—2.,,—4 )
CALL SLJBP(267,255 ) ISI .JE’p: RT RNG BlJS

C COPY GENERATOR SURFICTURE AT THE DESIRED POSITION FOR
C GENERATOR 2.
C

CAL L AFNT (150.,50.,—1,—4 )
CA LL SUBF(252 ,250) ‘ SlIr-IF : GEN 2 TO CR
CA LL R D O T ( — i 0 • , 0 . , - 0 , — 4 )  140,200 PR FOR CB
CALL SUBP (7 ,1) I SURF~ CLSII CR FOR (SEN 7
CALL SIJBF ( 107,101 ) !SiJRl- OPEN CR FOR (SEN 7
CALL A P N T ( 17 0 . ,2 2 0 . , —l ,— 4 )
CA L L V E C T (0 . , 12 0 , )  ICONNECTION TO CR A 1—3

C
C DRAW BUS AT STATION 1.
C

CALL RIIOT (0.,--40.,—1 --4) I FB FOR BUS
CALL HFIUS(150.,5)
CAI ...L Rt’OT (—-20,,—250.,-1,—4) I 300,50
CALL SURF ( 254 ,250) !SUBF- : (SEN 3 TO CR
CALL RDOT (— 10 ,,0.,.—4) ! 340,200
CALL SIJBP(8,1) !SuIE ,F- : CLSD CR (? 8
CALL. SUBP( 108,.tOl) !SURF~ OPEN GB AT B
CALL AF ’NT(320. ,220 .,-1 ,—4)
CALL V E C T ( 0 . , 12 0 .)  ‘CONNECTION TO CR B1— 3

C
C WRITE THE TEXT ON THE GENERATORS.
C - -

CALL RI IOr (— 32o .  ,—330. , , —5 )
CAl L SUBF (276 ) SIITIF : (SEN 1 TEXT
CALL T EXT (  ‘ ( S E W ’ )
CALL ESUB
CALL A F N T ( 1 5 .,3 8 . , 1 ,— 5 )
CALL SI1BF ( 201) !suio~~: SW FOR flEW 1
CALL T EX T ( ’ l ’ )
CALL ESIJR

• GALL A P NT ( 1 5 0 . , 1 Q .~~— 1,-—5 )
CALL SU BF(?7 7 ,276)  ‘SURF : GEN 2 TEXT
CALL APN 1( 165 .,38 . ,0 ,— 5)
CALL. T EXT (  2 ’ )
CA I V L  A P N T ( 3 0 0 . v 1 0 . ,O ,— 5 )
CALL SUEIF (278.276) ‘SURP : GEN 3 TEXT .~~

CALL A PNT(3 15 .,38 . ,0 ,— 5)
CALL TEXT ( ’3’)
CALL AF NT(220.  ,270. .1,—4 )
CALL S(J BP(202 ) !sURP: SW FOR ST I
CALL TEXT ( ’ST--l’)
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C AL L. SlIFIF ( ii H, 101 ) I SIJ}~F : CII (IF LN E4— 6
( A t  A F N F ( 6 0 0 .  .970 . ,- — 1 ,— 4)
CA P I VF L N ISO. ,0. ) I 750,970
CAL l V F C I ( 0 .  ~ — 70. ) I /50 ,900
CALL SI.JB F- (  i67~ 160) 

I ~iuirb : 514 OP S t — T O  U!
CA I.I i)FF ( 162)
CAl L SI.JF’F(67 ,60) I SIJFI F SW CI S T — i 0  IJL
CAL .L A P N T ( 75 0 . ,8 R 0 . , — 1 ,— 4 )
CALL V E C T ( 0 . . — 4 0 . )  I 750,840
CALL SURF (163,  160) ! SURF : SW OP S T — t O  LL
CALL  OFF( 163)
CALL SUBP(63,60) ‘suop : SW CL ST—10 LL

C
C riRAw CENTER S ECTIONAL IZING SWITCH FOR ST 10.
C

CA LL A F N T ( 7 0 0 . , 8 6 0 . , — l , —4 )
CAl I V E C T ( 2 0 . t O , )  I 770.860
CALL SUBF ( 164) I S(JT~F SW CL MID ST 10
CA LL. SW CLH (4 )
CALL ESU R
CALL OFF(164 )
CA L L. SURP(64) I 5LIFIP: SW OP MIII ST 10
CALL SWOPH (4 )
rAIL ESUB
CA LL A P N T ( 7 9 0 . , 86 0 , ,— 1 ,— 4 )
CA l l V E C T (2 0 . . 0 . )  I 810,860
CA L L. RI IO I( -— 60 . ,— 40. ,-— 1 ,— 4 )  I 750,1320
CA L l. V E C t ( 0 . . - - 3 0 0 . )  I 750,520
GAI L. R I ’ O t (— l O .  ,— 20. ,— 1 ,— 4 )
CAl N SLJ BP( 17 , 1)  SURF: CL CR E l0—l1
CAl l SURFUi7 ,101 SURF : OF CF E l O — l i
CA LL A F N T ( 7 5 0 . , 5 0 0 . , — l , —4 )
CALL VECT (0. ,— 99 .) ‘750,401

C WRITE THE TITl E OF THE F ICTUR E IN ITALICS.
- 

CALL STAT (-1)
CAL L A PNT(4 00 . ,500 . ,— 1 ,— 5 )
CALL TEXT (’HV TRANSMISSION’)

C
C CAL L SUBROIJTINF TO COMPLETE PICTURE
C

CALL THERST
STOP
END

1

I
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C
C A SUF~R O I i T l N F  TO FINISH T I-iF HI) TRANSMISSION I TN E
C F-T CT I IRE.  TIlE ¶ ; l i r : C f l t i  I INC [S NI CF OS FTA T F I I  I~ Fl-I F FORTRAN
C COMPILER NOT II: t NI; AI.l F Iii FIANIIL F A l l  [HE NECESSARY
C FROGRAM AT ONCE IN MEMORY.
C

SLJBROUTINE THERST
[IIMINSION T I M ( 4 )

C
C DRAW THE INT ERCON NECTION REFFESENTA T ION.
C

CALL. A F N T ( 6 3 3 . , 5 5 O . , — l , - — S )
CAL ! T EX T ( ’ [ N T  CON’ )
CALL S T A T ( 1)
CAL L A F N T (6 13 0 . ,5 0 0 . , — 1,— 4 )
CALL SURF (13,1) ! SI III:-: CL CR flIT CON
CAL.L SUBP(113,101) !sIJF~F :  O F CO T NT CON
C A l l .  A P N T ( 6 9 O . ,5 0 0 . ,— i , —4 )

C DRAW l INE C l —l i  WITH CIRCUIT BREAKERS.
C

GAI L V EC T (Q . ,- - 2 2 0 .)  ! 690.2 130
C A L L  R D O T (— - i O .  ,—20 . ,—1 , —4 )
CA LL SUEIF( 14,1)  ISlIF~F CR CL I N  C l — I l
CAl L SIJBPU14 ,i01) IS( 1r 1 I CO OF LN C l — l i
CA LL A F NT (6 9 0 . ,2 6 0 . ,— l , —4 )
CALL VECT (0.,--40.) ! 690,220
CALL 1

~ECT (—29O .,0.) I 400.220
CALL VECT(O.~~l80.) 

I 400,400
CAL.L VECT(—180.,0.) ! 220.400
CALL VECT(0 .,—40.) ‘ 220,360
CALL RDOT (—i0. ,—20 . .—1 ,—4)
CAl L SUBP(ll,1 ) !S’IDF : CE’ CL LN Cl— il
C AL L SUBP(lil,101) IsIfl~p: CII OP LN cl—il
CALL AFNT (22O .,340.~~— 1,—4)
CML VECT(O.p—39.) I 720.301 ST 1 BIJS

C
C DRAW LINE 01-il WITH CIRCUIT BREAKERS.
C

CAl L. RTI OT (50 .  .0. ,— 1 ,— 4)  I 270. 3O~L PB FOR 0:1—11
CALL V EC T ( 0 . ,3 9 .)  I 770,340
CALL R I IO T (— : L 0 . ,0 . , ,— 4 )
CA l I S(JE’F (12, 1) I 5i IRE : CII Cl LN rI i — I  I
CAl L SLIEIF( 117,101) IS IJDF- : CR OF LN [ It— i l

CALL A PNT (27O .~~36O.~~— 1 , — 4 )
CA L L VECT (O .,20 .) I 770,380
CALL VECT( 1l0 .,O .) 380,380
CAI V L VECT(0 . v— 18 0 , ) ‘ 3~~0~ 2OO
CA l I VECT (490.,0,) I 870,700
CAL L V EC T ( O . ,6 0 . )  I 870.760
CA l I RIIOT (— 10. ,O.,,—4)

• CAI N SUBP( 15,i ) I s I l ~,F: CR C i i N  R i — I l
CAL~.. SLJBP( 115 ,1O1) ISI J RE CE’ ~P u . N [Il— li
CAL.L A PNT(750. ,370. ,1,—5)
GA I L SURF ( 206 ) I 5( IRp: SW FOR ST — i l
CA l L T F X T ( ’ S T - - l l ’ )
CALL E SUB

C
C [‘RAW THE CONNECTIONS TO SUBSTATION 4 WITH CERC IJIT RREA l~ERS .
C

CALL APNT(425.v970 .,—1 ,— 4)
CALL VECT(0 .,—30 .) I 410,940
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CALL Rt’OT (--1O ..—7( . ‘— 4) 
-

CAL L SUBP (19 .1) ISC Ir IF - : CII CI ST 4 LF
CAL L SIJE’P( 119,101) I SuJ BF : CR OF ST 4 LF
CALL A P NT (4 2 5 . , 9 20 . ,— 1 ,— 4 )

C
C [‘RAW A SUBPICTIJRE OF THE SUBSTATION BOX.
C

CALL SURP(256) 151181 : suio ST BOX
CALL V E C T (O .~~—6 0 .)  I 425.860
CAL L. R r Io r ( - - 3 o . ,o . , ,— 4 )  I 395~~86O
CAl L. I-IFIUS(120 . ,4)  I 515.860

C A L L . Rr’oT (3o. ,20 . , ,—4 , .4) I 545,8130
CAL L V F CT ( O . , - - 10 0 , )  I 545 ,713Q
CALL VECT (--I80 .,0 .) I 395,780
CALL.. VECT(O.~~1O0.) ! 395,8130
C A L L  V E CT ( i ( 3 0 , , O . )  I 54 5,880
CAL L R I IOT (— 6 0 . , —2 0 . , ,— 4 , , 1 )  I 485.860
CALL. V E C T ( 0 . .6 0 . )  ! 485.920
CALL ESUB
CALL RDOT (—i0. ,O .,,— 4)
CAL L. SUF~P (2O~~1) ‘SIJF ’F : CL CR 51J# ST—4
CALL. SURF (120,101) ‘SURF : OP CE’ SUB ST—4
CAL l A P N T(4 8 5 . , 9 40 . , — 1 , —4 )
CAl L VECT (0..60.) ‘485.1000
CALL RIIOT(—85 . .—1 90. ,1 ,—5)
CA LL SIJBP (204) I SIJRF : SW FOR SliP ST-4
CAL L T E X T ( ’ S U B  S T — 4 ’ )
CAL..L ESUR

C
C DRAW THE REPRESENTATION OF SUBSTATION 6 WITH BIJS.
C

CAL l A FN T(560.,970.,-1,—4,,1)
CA L L  VECT (0 . •-— 1RO. ) I 560.790
CA l I SURF (207,256 ) I SI ElF : BOX FOR OUR ST— ~
CAL l . VECT(O. ,18O .) I 670.970
CAl L. Rr’O r —R5. ,—290..i,—5) ! 535,680
CAL L SUBP(205) IS IJBF SW FOR SIJB ST—6
CALL TEXT (’SUEI ST—6’)
CALL. ES(JB

C
C PLACE THE NUMBER FOR THE TIME.
C

(‘A l L  APNT (1385.,85O.,— 1,-5)
CAL L NMEIR (2 19 ,T IM (i),4 , ‘(A4 )’
CALL NM BR(240 ,T IM (2 )  ,4 , ‘( A 4 ) ’ )

C -

C ArI r, MENIJ AS T FIF SWITCH TO RF(~A IW THE 1NTR OIIIICTIO N MENu .
C

CAl l APNT(930.,500 .,1,—5)
CALL SIJRP ( 203)
CALL TEXT ( ‘MENU’)
CAL L. ESIJB

C
C WR iTE THE TEXT FOR THE ARE YOU SURE’ [IOI1BLF CHECK
C FOR I TG HT PEN HITS I’lJRINr, THE PROGRAM RUN .

CALL I3URP(90 ) ‘ SURF : R Ii SIJRE
CAL L. A FNT (870 . ,75O .~~— 1 , —5 , 1 )
CALL TEXT(’YOU SURE?’)

C
C [‘RAW THE ‘YES’ SIJBPICTIJRE .
C

CALL SURP(91) ‘Su RF : CK IF YES
CAl L AFNT(8RO .,70O .,1~~—5 ,— I )
CALL TFXT( ’YES’)
CALL ESUEI

C 
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C [‘RAW THE N0 SU l Ir ICTU RE .
C

CALL SIJBP (92)
CAl ! A F N I( 9 1 5 0 . ,7 0 0 . , l .— 5 . — 1)
CAl l  1EXT (’NO’)
CALL ESIJ E’

C
CALL ESUEI

C
CAl l QFF(?O )

C
C SAV F~ THE F- I(:1LJRF IN A EIt. E CAl I I - Fl HIJ L R NC .T I P Y ’

C
CAI ..L SAVE ( ‘HVTR NS. I I FY’ )

C
RE TU RN
END

THE FOLLOWING IS HvTRNs .CMI I :

HUTF:NS/— CF ,T i I /SH~~HVTR NS,tuSP S11B,HVREST,G L lB/LB
/
4sG~ GRo:1,,

_ _ _  _ _  
____ 
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TI l E • slJ F’ST4 . FT 1-l • FT I C  CON [Al  NO lI-IF FIll- [ IsAN Ofl I IRCE FOR THE
I3UF’STAT IO N 4 r I I S F L A Y .  IT  USFS SIIFI RIIIIT TN ES C(lN ~ATNF[I [N A FILE
CALL ED • I’ SIT Sl iB.FTN ’ . [D l i  JH E F [IF S UOT NG THE [ [ II I  H I T I I T Y .

TO COMPILE W IT H O U T  A SOURCE L T I ;  I IllS, TY I- E

-~FOR SI1115T4=SURST4
THEN : l - 0R IISF SUB IISF SUEI

TO COMPIL E Will-I A NIIME’ERE[I S.IURCE L TOTING , TYPE:

>FIIE - I l l <5 I4=S ( .IBsr4/ LI:1
THEN ~FOlS [ISI-Sl .J BrTIS FSIJ R/ LI :i

T O TASN FIUTL ri USING THE IN FITRECT COMMA ND FJ I F .  -T YFE:

- I KE’ @SUF~ST4

THIS CAUSES FT L  ES~ ‘S I J BST 4 • OR-Y  ANT I  • I ISFi3l18 , flI~ 1 • TO BE CREAT ED
BY THE • F 1 R  1:OMMANTI AN rI A F I L E ,  SI.IPST4 .  T OE , 10 lIE I:r~rA 1ErI BY
THE ‘T EE’ ’ COMMAN D.
T I-iT ‘(p ’ SYM BOL. INDICATE S THE u S E  OF AN INDIRECT I IIMMAf4TI FILE. THIS
IS FIL F SUJRST4 CM II , ANTI CONTAIN S TI lE  TASI\ BII T I nt I I UMMANIIS NFl FSSA RY
TO BUIL.Fi THIS TASK.

u R N ON THE V I - I l ,  THEN BUILT’ THE DISPl AY In OF SAVE D BY TYFING :

;-RLJN SIJE’ST4

II THE AB OVE SEOUENCE IS FOL I t~W E1I A NT W F I L E  15 rp l-A l  I-Il CA LLED
511B5T4 . L I l Y  • I ~4A I CON IA IN S  IRE SA VEJI  rI ISl:LAY

I HF FIT L I O W I N G  IS A LiE S I (IF 1111 SUF ’ FT CT iJR F NIJ MOFRS FOR THE
SUr-’STAT TON 4 1110Pm 6Y • THE FIRST SE1 CONTA INS THE SUBI- EGI I IFE Nu MBERS
THAT Lii LI BE I IGHI lEN SENSITIVE • TI-IF fif~f IFk lIE ! E 1 M I  NI- S T  I-IF ORDER
OF THE COM I ill F J ’ ( U  Ill s (A l l  MFN I S A Rt I ‘MI N 10 IN I Hi rid- TN F bO ISRAM
IHE REMA INT IE N ARE NOT S ENSIT IVE  AND ARE FOR C (iFY:[NG E l  ~F 0SES ONLY.

SIIRFICTURE NUMBERS IIFSCRTFTION
301 HV T R A N S M I S S I O N  T E X T  FOR SW
302 NE! ROkE 5(0  T I II TEXT FOR SW
303 TNL ’lIOI LOAD IF X l  FO R S W
304 MENIJ TEX~ FOR SW

:340 TRANSFOR MER- I l l - P E R  I FF1
341 T RANSF(lF:MER UFFER RIGHT
342 LEFT BIJS
343 RIGHT O h S

‘ 344 RESI!IF NTT AL  SFCONI IARI TRANSF
345 RES IDF :N IIAL LI I 6
346 RET; [ IIENTIAI .. l~FI 5
347 kFs:r TIFN TIAL LII 4
348 RESTF IENT IAL Lii 3
349 RE S IDENTIAL LII 2
350 RESIDENTIAL Lii 1
351 R’ESI[’FNTA IL ST LTG

:4

4
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C
C A FROGRAM TO DRAW rilE FICruRE FOR- S U R5TAT IO N 4 •
C

COMMON/ rE 1 LE/ Ir’Ur ( 1050 )
CALL INIT(1050 )

C
C DRAW ¶ ; IIFI F II: T lIRE Ill IRANOrUll-a11 R A r h-IV l~~;I • - Ill II I - iNFO SHOW
C W RERI- TIlE F T  (~ lIRE FJ C I \O  I IF FROM FORME R I (Cli 10! OF WHITRl: THE
C i F TIAJNIIER OF IIIE l- [ ( ; I I ILE IS.
C

C ALL A l N I  ( t O O .  ,920• . — 1 , - - 4 )
FALL V (-Ct(700..O .~~--l.,-—1, 4 ) I 800,920
CALL A F N T ( 1 i 5 , , 8 8 0 . , - — 1 , - — 5 . — 1 , 1 )
CALL S I A T ( — l )
CALL ! E X T ( ’ E 4 — 6 ~~)
C ALL A F N I( 35 0 . ,9 7 0 . , 1 ,— 5 )
CALL S IA T ( 1
CALL SIJBF c :3o1
CALL ! E X T ( ’ H V  T RANSMISSION’ )
CAlL. FSUR
CALL AF -N T (715 • .800.,--- ! ,—5)
CAL L S TA T ( —i )
CA LL T E X ! ( ’ F 4 — 6 ’ )
CALL AI NT (~~60. ,700, ,-— 1 , — 5 )
CALL TEXT ( ‘SIIEISTATION—4 ’)
CALL STAT (1)

C
C DRAW A SIJBFXCTURE OF IHE TRANSFORMERS.
C

CALL.. A F N T ( 1 5 0 . . 7 2 0 . ,— 1 , —4 )
CALL SURF (340) I :s i iu - ’ u- :  TOE TRA NS • S
CALL. VEC !  (0.  .60 . .— l ,4)
CALL rRANSF
CALL V E CT (0 . ,50 . )
CALL ESUR
CALL A R R O W I ’ ( — 1~~4 . — 1 )

C
C DRAW THE TOE CIRCUIT BREAKER ON THE LEFT.

CALL APNT (140. .700. ,—1 ,—4)
CALL SUBP(2 1)  ‘slur ir : IF IF CL CR
(‘AL.L CBCLT’(4)
CALL E SUB
CAl .. I. 131J0P( 121 ) I 5 1 1 B 1  TF I F OP CR
CAL L CBOPN (4)
CAL.L ESUB
CA LL A F N T( 1 5 0 . .7 0 0 , , -- 1 , — 4 )
(:41. 1. V F C T ( 0 .  .—700 . )
CALL A FN 1 (140..400. ,— 1 .—4)
C A L L . SIIFIF (72,2i ) ‘ I- ;IIRF l U R  LF CL. CR

• CALL 131IBF ( 172,121) 0111 11- :  f U R  LF OF CE’
CAl L.. Al: NT ( 1 5 0 .  .400 . p -—I ,—4)
CALL V EC T (0 . , — 1 80 . )  I 150.300
CALL VFCT (600• ,0 .) I 750,300
CAI. .L V FCT (0.,1130. ) I 750,480
CALL AFNI (740.,480.,—1.—4)
CALL S(JBP (23 ,21) IS !IBP L W R  RT CL CR
CAL L S1JRP (173.121) I c ~~ lkF L. WR RT OP CR
CALL A FNT (7S0 • ,500.,-t.—4)
CAL L vF:CT (0.,200.) I 750.700
CALL AFNT (740. ,700 .,—1 ,—4)
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CA LL suurlp( 74 .71)  
- 

I 51101 I l l - k F T  CI CR
CALL 01.111 1- (124. 121) I SURF : I il-k F I OF CR
CALL AFNF(750.,720.,—1,—4 )
CAL L SIJFIF’ 341 .340) I SIJE’F ; h F  TRANS RT
CAl 1 APROW [I(— 1,4,—1 )

C
C DRAW DIE BUS WI T H CIRCUIT BREAKER.
C
C DRAW A SURF OF THE LEFT OF THE OIlS.
C

CALL A FN T (15O ..600. ,— 1p— 4)
CALL.. s uJoP(342) !I3IJBF : LET SIDE B u S
CAL L HBUS(290. ,5)
CALL ESUB
CAL l., A P N T (4 4 0 . , 59 0 . ,— 1.— 4 )
CA LL SUE1F(25,2 1 ) ISI J O F : MIII O h S  CL CR
CAl . I . SIJF’F ( 125~ 121) ! SURF : MID BUS OF CR
CA Ll A F N T ( 4 6 C . .600. ,— i ,— 4 )
CALL SUF’F ( 343,342)  I Sl1R F- : FT SIDE BUS
CALL A F NT ( 6 0 0 . , 5 9 9 . ,— 1 ,— 4 )
CA LL V E C T ( O . ,— 9 9 . )  I 600.500
CAL l . A F N T ( 5 9 0 . ,4 8 0 . ,— 1 ,— 4 )
CAL L. SUBP (26,21 ) cOI J E I F : L W R R I  MII I CL CR
CALL SUBP(126 ,12 1) ‘SURF : LW R RT MIII OP CR
CALL A PNT ( 600 . .480 . .- 1 ,— 4 )
CALL . VECT( O.,—30..) ! 600,550

C
C DRAW THE NE:TW ORI< SYSrE M AS A BOX WITH A
C DASHED LINE BOUNDARY
C

CA L.L Al :NT(650 ,  ,450. ,— 1 , — 4 , — 1  ,4)
CA1  VECT(O • ,— iO O .
CA I..L C T (— 4 0 0 . ,0 . )
CA LL V E C I (O . , 1 00 .)
CALL vECrc-400.,o .)
CAl l.. A F N r ( 3 0 0 .  .450. ,—1. -— 4 ,—1 ,1 )
CALl. V E C T ( 0 . ,3 0 .)  I 300,480
CALL A FNr(29o . .48o . ,— 1,~~4
CA l . I SIJRF(27.2 1 ) 150111 : LI4 R l .F MID CL CO
CAL L . SIJF IF(127,12 1) 151 .1111-- :  L14R I F  MIII OF CR
CAL _ I AF NT ( 3 0 0 • ,5 0 0 , ,— 1 , —4 )
CALL V E C I ( 0 . .9 9 . )  I 300.599

WRIT E THE TEXT FOR THE NETWORK SYSTEM.
C

CAL L 4FNr 350. .390. .1 ,—5)
CAl . 1. SURF (302) I SiiRl-’ 514 FOR NETWORK
CA Ll T E X T ( ’ N F T W O R K  SYSTEM ’ )
CAI . . L ESUB

C
C [‘RAW THE RFF RESE NTATI UN OF THE INDUSTRIAL LOA D.

CAl A FNT(750 . .400. ,— i  .— 4 )
CALL VECT(30. .0.)
CAL l A r - N I C  780 . .450. ,— 1 ,—4 ,— 1 ,4)
CAl l . V EC I (1i0 .,0.)
CA LL.  V EC I  (0 .  c— 100 . )
CAL L V E C t (— 1 1 0 . ,0 .)
CAL l.. V E CT ( 0 . , 1 0 0• )
C-A l . I A FNT(795. .410., 1 ,— 5 ,—1 v i )
CALL. SIJBF (303) ‘ Su JBF : SW FOR IN [RJS LII
CALL TEXi( ’INI’UST’)
CAL L FSUB
C( I I .  A PN T ( h 1 1 0 . ,3 70 . ,— 1,— 5 )
CAL L TEXT (’LOA[” ) •
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C [‘RAW IRE RESIDENTIAL LOADS W I III THE TRANSFORMER.
C

C(~L.L AFNT (450. ,I5O. ,-— 1 ,-— 4)
CALL SIJ}’F(344,340) ISI IB F RFS SEC TRANS
CAl l A P Nr ( l s o. , l s o . , - — 1 , — 4 )
CALL.. VECT (600. .0.)
CAL. L SIJBP( 345) I SURF : I ( - ~T’ 6
CALL. LOAD
CALL ESUB
CAL L AF NT (~~S 0 . , t 5 O . ,— 1 ,— 4 )
CALL SUF’F (346,345) !SUBP LOAD 5
CALL APNI(500. .150. p— i ,—4)
(TAL L. ShIRF (3 47,345) !s l I o F : LOAD 4
T A L l . AF NT (4 5 0 .  .150. ,-— 1 ,— 4 )
CAL L SUFIP (34 1- 1,345)  1 5 f  lOP I flAIl 3
(241. 1 AP N I ( 3 5 0 . , 1 5 0 . ,— l , - -4 )
EAl ..l - TW Il l ( ~I49,34 5) I SI IRE : I OAT’ 2
CA l L  AFNT (250.,150 .,--t,—4)
CALL SUF’P (350 .345)  I SI . IDF : L OAT’ 1
CAl l A F N T( 1 5 0 . , l 5 0 .~~— 1 , — 4 )
CA LL SUFIP (351 .345) I SlIBP: I_ OAT ’ ST LTNG
CAL L A F N T ( 3 3 0 . ,2 0 . , -- l,--5)
CA L L  S T A T ( — 1 )
CAl I TEXT C ‘RESIDENTIAL. LOADS’
CALL. S T A T ( 1)

C
C

CAM A F N T ( 200. ,670. ,-~ 1,— 5)
CAl L NM RR(~~i 7 ,V O I 1 S,5 ,  ‘ (F5 .2 )  ‘
CALL S r A T ( — 1 )
CALL T E X T ( ’  VOLTS ’)
CAL L STAT(1)
CALL A F’ N T ( 5 Z 0 . v 62 0 , , - - i .— 5 )
CAl L.. NMRR( 3 113,VOLT S ,5 ,  ‘ (F5.2)
CAL L S T A T ( — I )
CALL TEXT( ’ VOLTS ’)
CALL. STA T(1)

C
C ADr’ THE MENIJ SWITCH.
C

CALL AFNT (9:3 0 • .500. , 1 , — 5 )
CALL SUBP (304)
CALL TEXT( ‘MENU’)
CALL. ESUB

C
C
C WRITE THE TEXT FOR TI-I F ‘ARE YOI .l SIIRF tIflhJPl.E CHECK
C Ei)R LIGHT PEN H IT S  IIlJR:I NG THE FRO G RAM RUN .

CA Ll ShIR F ( 90 ) I 5 u l H p :  F Ii SIJRE
CAI. I APNT (87O . ,750 . .- - i~~-5,1)
CALL TEXT (’YO IJ SURE? ’)

C
I: DRAW THE ‘YES’ SIJFIPICTIJRE.
C

CA L I. ShJF4P(91 ) I SI. lF,F : CK IF YES
f A l l. A FNT(800 , ,70O .~~1v — 5 , — 1 )
CAL L TEXT C ‘YES’
CALL ESU B

C
C [IRAW THE ‘NO’ SIIRFICTURE .
C

CALL SLJE IP(92)
CAl I APNT (950 .,700 .vi,—5,—1 )
CAL L. IEXT( ‘NO’) .~ 

-

CALL ESUB
C
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CALL ESUF4
C

CALL CFF (90)

C
C SAVE THE FICTURE IN A FILE CAL . LFD ‘S l IB5T4 . t’FY .

C -

CALL SA VE ( ‘S UBST4 .DPY’)
C

STOP
ENI ’

THE FOLLOWING IS CONTAINED IN FILE SUFI5T4,CMI’ :

SUBST4/—C P,T I  :,SH=SIJBST4,[ISPSUB,GLIB/LB
/
Asa-~GR0:l

- 
I,

V

I
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TI-IF ‘SIJ RST6 .ETN’ FILE CONTA INS THE FORT RAN SOUR-CF FOR THE
SUBSTATION 6 D I S F L A Y .  EDIT THE F ILE  IISING THE ED I T  UT I L I T Y .
IT USES S1IRRfll.1TT N ES CONTA INEr’ IN THE F TI . F , ‘IISF SIIR.FTN’ • IF ~HtS
FILE HAS NOT BEEN PRFVIOUOI.. Y l2(IMI:IL i l l  I! TILlS! RE CCIIIT- ~LE o -Too .

TO C( J MFIL f f  WITH O UT A 0l1iIkCL~ I. IS! 114G. TYPE :

::-F0R Sl105T6=SUBOT6

TO COMPILE W I T H  A N U M B E R E D  SOURCE LISTING , TYPE :

::FOR SIJBST6=SUBST6/LI:1

TO TASK BUILT’ USING THE INDIRECT COMMAND FILE. TYPE :

r:-T KB (?SUBST6

THIS CAUSES A FILE. SI.lE’ST 6 ,O B.J ’ TO TIE C R- EATE r’ BY THF FOR’
COMMANri A ND A ElI F. 1; I I E IOT 6.TS K’ , TO RE CR EATED BY THE T KT~ COMMA ND.
Il-IF & SYMBOl iNDiCA TES THE 11SF OF AN INDIRECT ITOMMAND FILE. THIS
IS F I L E .  • 5005T6 .CMT” , ANII CONTAINS THE TAS K BUILDER COMMAN DS NECESSARY
ro BUILT’ THIS TASK.

TURN ON T HE V T — l i ,  THEN BUILD THE DISPLAY TO OF SAVED BY TYPING:

-RUN SUBST6

IF THE ABOVE SEOIIENCE IS FOL.L (JW ET’ A NEW FIl E IS CREATED CALLED
‘SIJ RST6.r ’PY’ THA I CO NTAINS THE SAvEr’ II:(SPLAY.

THE F T~I. I.OW INU -r S A I 101 OF IHE SI lOp T C T  JR-F NI IMUFRO FOR THE
SI J F’ STAT TON 6 II I~~H AY 1 HI- E l  hO I 5E- I CON IA 1N’~ 1HI ‘-11111 [ 1 I III..F NIJMRFI’ S
ri-fA T WILL  BE U 1(381 f- FN SENSITIVE • THE ORDER IIFTF RH TN F S IHF ORDER
OF THE CO MF1ITET’ GO TO S T A T E M E N T ’ S  ARGI. IMENTS IN THE MAIN FROGRAM .
Ti-hE REMAINDER ARE NOT SENSITIVE ANt’ ARE FOR COPYING F-URFOSES ONLY.

SUF’FICTURE N(JMEIERS DESCRIPTION
401 HV T RANSMISSI O N TEXT FOR SW
402 1.041’ CENTER TEXT FOR SW
403 NETWORK SYSTEM TEXT FOR SW

H 
404 MENU TEXT FOR SW

420 
‘

. LEFT SIDE TRANS FORMER
421 RIGHT SIDE TRANSF
422 RIGHT SIDE BOX
423 LEFT SIDE BOX

V

• THE FOLLOWING IS THE CONTENTS OF SIJBST6.CMI’:

1~’ 
SUBS T6/—CP ~ T I :  /SH~ S(JRST6 , IISF StiB , GLIB/LB
/
ASG=GRO :1
1/

ei
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C
C FROGRAM TO DRAW THE F ICTL IRE FOR SUF ISTAII ON—6 .
C

COMMON/[,FILF/ IIliiF (1000)
CALL. INIT( 1000)

C
C [‘RAW IRA NSFORMER ANTI TEXT FOR INCOMING LINES.
C -

CAL.L A F- NT ( 100 .,92 0 . , - - 1 ,—4 )
CALL V E C T ( 7 0 0 . . O , ,— 1 , , — l ,4 )  I 800,920
CAL L A PNT( 175 ,  ,(390 . , -— 1 ,— 5 ,— 1 . 1 )
CALL TEXT (’E4—6 ’)

C
C [‘RAW THE SWITCH FOR lW TRANSMISSION FICT IJRE.
C

CALL AFNT (350. ,940. ,i ,—5)
CALL S(JFIP(40 1) !sUB~~: HV—T RNS SW
CALL TEXT ( ’HV TRANSMISSION’)
CALL ESUB

C
C TEXT FOR OTHER INCOMING LINE.
C

CAL L A F N T C 6 6 3 .  p890. ,-- 1 , — 5 , — i  .1)
CALL.. T E X T ( ’ E ó - - i O ’ )

C
C TEXT FOR PICTURE LABEL ‘SUO STATI ON— 6 .
C

CALL :FNT C3 6 ~~.,7OO .,— 1 ,—5)
CALL S T A T ( — 1 )  ‘ IIJRN ON ITALICS.
CALL TFXT( ’SUB!3 TATION—6 ’)
CALL STAT (1)

C
C [‘RAW A SUBPICT IJRE OF THE TRANSFORMER . TO BE COPIEI’ LATER.

CALL . AFNT(2 00..720.v— i ,—4)
CALL SUE’P(420) !SUOF : LI rRANSF
CALL VECT (0 .~~30.)
CALL TRA N SF
CALL V E C T ( 0 . .6 0 . )
CALL ARR OW I ’ (— 1.4 . - - 1)
CALL ESUB

C -

C [‘RAW TI--I F CIRCUIT BREAKER ON THE LEFT TOP , CR $1.
C

CALL A F NT ( 19 O .  .700. . - - 1 ,— 4 )
CALL SIJBP(34 ) I 51101- : CL CR *1
CALL CRCL[’ (4 )
CALL ESUB
CALL. SUJr- ’P( 134 ) 15111W : OF CR *1
CAL L CFIOPN (4)
CALL ESIJB

C
C CONTINUE WITH CONNECTIONS TO THE BIJS AN D THE MAIN BIJS ITSELF .
C

CALL AF NT (20O .,700.,—~~,—4)
CALL VFCT (O..— tO O •) -*
CALL HF’US (SOO. vS )
CALL VECT (O. .100.v— 1, 4 )

C Z -

C [‘RAW THE CIRCUIT BREAKER *2.
C

CALL RDOT (— 1O.,0.,,—4)

_ _  

_ _ _ _
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CALL 01101(30 ,34 ) I SIITI F : CL. (211 $7
(TAL L. 50111 ( 135w 134) I 51111 - I (Ii- CE’ $7

C
C COPY TI-IF TRANSFORMER.
C

CAL l A FNTC700. ,720 .,--1,—4 )
CAL L. SIJ [lF(421,420 ) ‘ IiII F ’ F RT TRANSF

C
C ElEGIN D R A W I N G  THE f I R - C h IT BREAK ERS AN! ’ CO NNECTIONS TO THE
C BOXES FUR TH E NETWOR K SYSTEM ANt ’ 1HE I 041’ CENTER .

CALL A F NT (3 2 5 .~~600. , - 1 , —4 )
CALL. VECT(0. ,—200 .) 325.400
CALL R[ ’ C I r ( - - 1O . .—2 0 . , --- 1,— 4 )
CALL. SIJFIF(32,34) ‘ SIJFIP : CL CR $4
CALL SfJF~P( 132 ,134 )  I5U~,p: OP CR 44
CALl A PNT(375.~~3 8 O . , — 1 , — 4 )
CA LL V E C I C O . . - 8 0. )

C
CALL. AFN T( 45 0..600.,—1,—4)
CALL V E CT ( 0 .  .— 2 0 0 . )
CAL L. R [ ’ O T (— i0 , ,— 2 0 . , — 1 , — 4 )
CALL. SIJ BF(33 ’34 )  151101- : CL CR -$5
CALL . SUI1P( 133,134 ) 1 SURF oF CII -$5
CAl L. A FN T(4 5 0 . ,3 8 0 . ,— 1, - - -4 )
CAL.L VECT (0. .—80 .)

C
CA L l. A PNT(573.  ,300. ,-- l ,—4 )
CA l l V EC I(0 . .80 .)
CALL Rr ’oTC— 10.~~0 .,-—1 , —4 )
(TALL SUBF ( 38.34) ‘SI .IRP: CL CR $6
CALL . SUBP (138 ,134 ) ISuF ’F : OP CB $6
CAL L. APNT ( 575 . .400. ,—1 ,—4)
CALL VECT(Q. .200.)

C
CALL APNT (700.v600.,—1 v-- 4)
CALL VECT(0 .’—200 .)
CALL RDCIN—i0.  ,-—20 . ,— 1 ,—4)
CALL SIJBF (37 .34 ) !SUBF : CL CR $7
CAL L. SURP( 137.134) ! SlIOP : OP CO -$7
CAL ! APNJ (700.,380. ,-1,—4)
CAL L VEC 1 (0 . .—80.)

C
C [‘RAW THE BOXES FOR THE OTHER SYSTEMS.
-C

CALL Rt’OT (30 . .0. ,—1 ~—4)
CALL SUE {P(422) ‘0(11W : oox

CALL VECT (0..-i00.,—i,4 ,— l,4) ‘750,200
CALL V E C T ( — 2 2 5 . . 0 . , — 1 )  I 320,200
CALL VECT (0 .,100.) I 525.300
CALL VECT (225.,O .) I 750.300
CALL ESUB

C
C WRITE THE TEXT IN THE RIGHT BOX.
C

CAI..L AFNT (560. ,260. ,l ,— 5 ,—1.1 )
CALL SUBF(402) I SUBF : SW FOR LB CTR
CALL TEXT (’LOA I’ CENTER’)
CALL AFN1 (57O.. 225.vlv —5 )
CALL T EX T ( ’S US BSTATI ON ’)
CALL ESUB

C
C COPY THE LEFT BOX ANtI ADD THE TEXT.
C

CALL APHT (500.,300. ,-i ,-4) ~~ . -
, -

CALL SUBF (423v422 ) ‘SIJRP BOX 
•

CALL AFNT(340 .,260 ,,1 ,-5v— 1 ,1)

- 
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C ALL. SIJ RF- (4 03) 1511141- - ;  SW FOr~ N TWK
(T ALL . F E X F (  ‘N I:TWOR K’
(~~A I  l. A P N T ( 3 47 . ,7 2 5 . , 1,— 5 )
CAL TEXT ( ‘SYSTEM ’)

C
C WRITE THE T F X T  FOR THE ARE YOU SURF’ [‘OliRl . F CHECK
C FOR I I GHT H N III TB ~~~~~~~~~ T HE PROGRAM RIJN ,

(TAt I. SIJ BF(  90) I S I l i F  R LI SIJRE
(TALL APN TCR7O ,.750,,—1,— 5 ,i )
CALL TEXT C ‘ YOu Su RE ?

C
C DR AW THE ‘YES’ SUE’PlCTIJRE.
C

CALL SIJ BP(9 1) !S(J B F- : CK IF YES
CAL L AP Nr(8130 .,700 ., 1, — 5 ,— l )
CALL. T E X T (  ‘Y E S ’ )
CALL ESUB

C
C [‘RAW 1HE N0 SUBPICTURE .
C

CALL SUBP (92)
CALL APNr (95o , .700. ,1 ,— 5 ,—1)
CALL TEXT (’NO ’)
CALL ESUB

C
CALL ESUB

C
C THE MANUAL f’I.JS WITH THE TIE CIRCIJIT BREAKER T O DRAWN NEXT.
C THE L INES ARE DRAW N AT A INTENSITY OF TWO SO THAT IT WILL
C SHOW ONL Y WHEN IT DESIRED TO OPERATE IN THE MA Nu AL MODE . -

C
(241 1 A P N T(2 0 0 . ,75 0 . , — 1, - -1 .— 1, 1)
CALL )ECr (—so. ,0.
CALL. V E C F C O . . -- 100.)

C
C DRAW THE SUFIFICTURES (IF THE OFEN AND CLOSFI) MANu AL SWITCHES .
C rIlE: SWITCHES OF-EN ANTI CLOSE ONLY ON THE SCREEN.
C
C

CAL L SIJBF ( 71 ) ISl J 0l ~: SW OF UP LI
CAl I. SWO PV ( 1)
CAl L ESUB
CAL L SIJBP(171) ‘ suo~~: SW CL OF- LT
CAL L SWCLV(1)
CALl . ESUB
CALL OFF(171)
CALL . A PNT ( 150 . .630. ,—i ,—1 ,—1 .1)

C
C CONTINUE WITH THE L.rNE CONNECTION TO THE BUS.
C

CALL VECT (0 . .—130 . ,—1 , 1)
C

• C [‘RAW THE DIM BIJS .
C

CAL L HBUS(600.,1)
C
C CONTINUE W I T H  IHE MANUAL SWITCHES ANT ’ CONNECTIONS.

CALL APNT(700.,750.,— 1.—1 )
fALl . VFCT (50 .’O.)
CALL V EC T ( 0 . , — 10 0 . )
CAL L SLJR F (72,71) ‘sii~ F: SW o~ lip RI
CA l. U . SURF (172, 171 ) I 51JRp 914 CL liP RI
CAL .L (JFF(172 )
CA LL AF -NT (7~ 0. .630 . ,—1 ,~~1 )
CALL vEcrco ..—23o .~~— 1 ,1 ) I 750.400
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CAL L. Sl.JF’F (73,71) Is ’ sop : ow OF LW R RI
CAL L. SURF (173, 171 ) I SIJ IF: SW Cl.. CUR RI
CAL l (1FF ( 173)
(:4 1 1  APN J (750 . .380, ,— 1 , — 1
CA L . . 1 V EC 1(0. ,---30 . , —1 , 1)
CAL L . V E C T ( - -50 .,0 .)  I 700,350

CAL. L A F- Nr(623 . .500. ,— 1 , - — 1 )
CALL. v E C r ( O . ,— 10 0 . )
CAL L. BURP (74,71  ) ‘ SI IOF-~ SW OF I. HR MID RI
CALL S UF’ F( 174 ,17 1)  1 51.101- : SW CL I HR MIT’ RI
CALl 0FFC1 74)
CALL A PNT C 62S. ,380. ,—i ,—1 )
CALL VECT (0..--30 .,—1 ,1 )
CALL. VECT (—5O ..0.)

C
CAL l A P NT( 500 . ,500. ,— 1 . —l )
CALL V E C T C O . ,— - i 0 0 . )
CALL 5001- (73,71 ) I SI JOF : 014 OF’ LI4R MIt’ LI
CAL.L SUBF ( 173,171) I Sl .I1< F 514 Cl . LUR MID LT
CAI .L OFF(175 )
r ,,L l A F N r ( 5 0 0 .  .380. p— i  ,-— 1
CALL VEC J (0. .—30 . .—1 .1)
CALL V E C T ( - 50 . ,0 . )

C
CAL l. AFNT( 375. ,300. ,--l ,--l)
CAL L. V E C T ( O . ,— 10 0 . )
CAL L SI.IFIP(76,71 ) ! Sh ElF : SW OF- I .WR LT
CAL . L SIJF~F(  176,171) I Sh ElF : SW CI. LUR LT
(TALL OFF (176)
CAL L. AFNT C 37 5. ,380 .,— 1 ,—1)
CALL VECT( 0. ,—30.)
CALL VECT (—50. ,0.) I 325.350

C
C [‘RAW THE 01.10 TIE CIRCUIT BREAKER.
C

CAL L A PNT(200 .  .500. ,— i ,— 1 )
CALl VECT(0 . .40.)
CA LL. R[’ OU— IO.  ~0.
CA L L  SURF (36 ) 01. 11-IF : BUS TIE CR
ITAI .. L CBCLI)(!)
CALL E SUB
CAL L. SUEIP (136 ) ‘ sUBF- : BUS TIE CR OP
CALL CBOFN (l)
CAL L ESUB
CALL APNTC?00..560 ..—1,—1 )
(TALL VECT (0.,40.)

C
C
C AD [’ A MENU SWITCH .

(‘Al L APNT (930.,300.,1,—5)
141 C Sb IRP(4 04 )
(TAI L. TEXT C ‘MENU’)
CAI..L ESIJO

- C
C ArI D THE BUS VOLTAGE .
C

(TAL.L AF ’NT (400. .620 , ,—i , -5)
C A l  I NMF IR(90H ,VOLTS ,5 , ‘ (F5.2)
(‘All. STAT (--1)
CALL. TEXT( ’ VOLTS’)
CAL L S T A T ( 1)

C 4
CALL OFF (90)

C
C SAVE THE FICT URE IN A FIL.E CALLED ‘SIJ RST6.DF’Y’ .
C

CAL L SAVE (’SIJBST6.t(PY’)
C

STOP
END

69

-.--- ~~~--.- - .--.-- --.~~~~.--- 
- 

.-- - .

-

—~~~~~~~~~~~~~~~~~~~~~~~~~

- - - “ .--- - - - - 1.~~



TI-IF U r’CTR.FT N ’ FT I . , F CONTAINS THE FO RTRAN SOIIRC F FOR THE
LOAD CENTER [‘ 101- LAY. Er’Ir THE FILE USING THE EDIT U T I L I T Y .
IT IJSES SlJ} ’R-O I.JTINES CONTAINE D IN THE EIL.F. IISF Sl .J R. FT N’  • IF THIS
FILE HAS NOT BEEN FREUIOI,JS I.. Y COMF II..ETI , IT MIIST RE Cf lM FILET ’  TOO.

TO CO MFII ..E W I T H O U T  A SOIJRCE L I S T I N G , T Y F E

-FOR L[’CTR~~LDCTR

TO COMPILE WITH A NUMBERED SOIJRCE LISTING. TYPE :

-FOR LtICT R~~Lt’CTR/Lfl i

TO TASK BUILD IJSIi-JG TI-IE INT’IRECT COMMAN 1’ Eli F. T Y F E :

>TKEI @LDCTR

THIS CAUSES A FILE, Lr’CTR.OBJ’ , TO RE CR- EATE r’ BY THE ‘FOR’
COMMANrI AN!:’ A FILE, ‘L[’CTR .T SK ’, TO ElF CRFATEt I RY THE T K5 COMIIANTI .
FHE @ SYMBOL. INDICATES THE UJSE OF AN INt’IRFCT CO MMA ND FILE. tHIS
IS FILE, ‘Lt’CTR.CMt” . AWL ’ CONTAINS THE TASK B!JII.t’ER CCHMANrIR NECESSARY
TO BUILT’ THIS TASK .

TURN ON THE V T — i l ,  THEN Bu ILt’ THE t ’ ISFLAY TI) BE SAVEr’ BY TYPING :

::-RujN Lt’CTR

IF THE ABOVE SE(~IJENCF IS FOLl OWE D A NEW ElI E IS CREATE D CAL.LET’
L[’CTR.I’PY T HAT CONTAINS THE SAVE D DISPLAY.

THF FOLLOWING IS A I TO T OF THE SIJRFTCT1 IRF NII M F~FRS FOR THE
LOAD CENTER t ’ ISFLA~’ . THE FIRST SET CONTAINS THE SIJTI F ICT I.JRF NIJHRERS
THAT WI l  L BE LIGHT F-EN SENSITIVE. I-Hf: OR -rIER t ,ETERM ENF S THE ORDER
OF THE COMPUTEr’ GO TO STATF:MENT’ S AR GUMENTS IN THE -A IN  PROGRAM .
rHE REMA INDER ARE NOT SFNSIT: IVE ANt’ ARE FOR COF-Y ING FiJR FOSES ONLY.

SSIRFICTURE NUMBERS DESCRIPTION
501 HV T RANSMISSION TEXT FOR SW
502 SUBSTA TION 6 TEXT FOR SW
503 MEN u TEXT FOR 514
504 SUB ST 6 BUS VOLTAGE
505 L.FFT STt ’ E SECON DARY VOLTAGE
506 l EFT ST IlE SECON DARY A M FS
507 RIGHT STIl E SECONDARY VOLTS
508 RIGHT SIDE I SECONDARY AMPS

520 TRANSFORMER IJPPER LEFT
521 TRANSFORMER IJFPFR RIGHT
522 LOAD *1
523 LOA [I *2
524 LOAD *3
525 LOAD *4

THE FOLLOWIN (3 IS CONTAINED IN THE FILE L [’CTR .CMEI:

5
. 4

L [’CTR/—CF’.TI: /SH-= L rICTR , [iSPSI.JB ,GLIB/LB 4
/
ASC3=GROU
/1 4
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C
C PROGRAM TO DRAW THE LOAt ’ CENTER SIJEI STATION .
C

COMMI)N/TIFILE/IDIJF (1000)
C A L L . TNIT (1000)

C
C STAR T AT r h--IF ror OF THE LE FT L (lAI’ Awn F’ROCEET’ CLOCKWISE .
C

CAL.L APNN200. .300. ,—l  , — 4 , — 1  , 1)

CALL.. VECT CO . .200. .—1)
C
C [‘RAW CIRCUIT BREAKER S B—I .
C

CALL Rt’OT (— 1O .,0 .,,— 4)
CAL L SUBP(39) I SIJEIP: CL CR *S5-1
CAL L CBCLD(4 )
CALL . ESUB
CALl SIJBP(139) ‘SURF : OF- CR *55— 1
CALL CBOPN(4)
CALJ . ESUB
CAL L APNT (200. ,520. ,—1 ,—4)
(TAL L SIJRP (520 ) ‘5110 1 TRANS ON LT
CALL VECT(O , .110.) 200.630
CALL TRANSF 1 700,670
CAL L VECT (0 ,,1l0,) ‘ 200.780
CAL L.. ESUR

C
C [‘RAW THE *1. CIRCI.JIT BREAKER FROM SU BSTATION 6.
C

CALL. R[ ’ OT (— i O .  ,0. ,— l  , —4 )
CALL SUBP (30,39) ‘SURF’: CL CR $6
CALL. SIJBF ’(J38 ,139) IS IIRP : OP CR $6
(TALL A F’ NT(2 00 . ,800 . ,— 1, - -4 )
CALL. V E CT ( 0 . , l0 O .)  I 200.900

C
C [‘RAW THE BUS OF SUBSTATION 6.
C

CALL HE (USC SOO.,5) I 700,900
IT
C CONTINUE WITH ri-IF RIGHT PORTION .
C

CA l I V E C T ( 0 . . - - i O 0 . , — i ,4 )  I 700.,800
CAl .L R t ’ OT (— l O .  ,—20 . , ,— 4 )
CAl.. L SI 11,1-’ (37,39) I ~~l I T 4 f . CL CR *7
(TALl .. SIJBF(137,139) ISIIRF’ OF- CR $7
CALL. AFNT (700.,520.,—1.--4)

- C A l l , SIJBF-(52 1.520) ‘ s I l i - ( :  TRANS ON RT
FAI L. A P N T(6 9 0 . . 3 00 . ,— 1, —4 )
CALL. SUBF’(40,39) ‘S l .IRF’: CL CR *99—3
CALL. SIJEIP(140 ,139) ‘ SURF- : OF CR *99—3
(TAI L.. AF ’NT (700.,500.,—1 ,—4)
CALL. VECT (0..—200 .) I 700,300

C
C DRAW THE DASHED LINE ACROSS THE F-ICTLJR ’E TO TiEFTCT THE PORTION
C THAT TS ALREA DY r’rF-ICTFT r’ ON THE SI.IBSTATION 6 F ICT I .IRE .
C

CALL. AFNT (800 ..730 .,—1.—4 ,—1 ,4)
CAL L. VECT(-700.,0.) I 100,750

C
C DRAW A TIASHFTI I INF ABOVE THE BUS TO [‘FPICT THE FACT THAI THE . .

‘
C HI) TRANSMISSION LINE PICTURE CONTAINS THE GENERATION WHICH IS
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C THE I N P U T  r i~ ~HE F - I C T ( I R E . TI-IF T E X T  WILL. BE THE SWITCH FOR
C CHANGING TO T I-U S PICTURE.
C

141 1 A F ’ N T ( j O O . . 9 4 0 . , — 1 . — 4 , — 1 )
CA LL.. Er ’T (700 . ,0 ,  ! 800.950
CAI ..L AF-Nr(330. ,950.,1,—5,—1,I)
CALL SUDP(50 1) !SLIR F’ SW FOR HVTRNS
CAl L. TEXTC ’HV TRANSMISSION ’)
CAL ..L ESUB

C
C WRITE THE TEXT FOR SUB STATION 6 ANt ’ SENSITIZE IT FOR THE
C LIGHT PEN .
c

CAL.L A F N T( 3 6 5 . . G iO . , 1 ,— 5 )
CAL L SUBP(502) SURF’ : SW FOR ST—6
CAL .L T EX T (  ‘S U BSTA T IO N—6 ’ )
CALL ESUB

C
C DRAW THE SECONDARIES STARTING ON THE RIGHT.
C

CALL APNT (300..300 ..-1,—4)
CALL vECrc—200..o.) ‘ 100.300
CAl L VECT CO. p— SO.) I 100.250
CALL Rr’OT -— lO . ,—20 . .—1 ,—4)
CALL SUB P(42 ,39)  ‘ SUBF~ CL CR *1
CAL L.. S (J B F ’ ( 142 .139 )  !S IJBF’ OF’ CR *1
CAL l.. . APNT ( 10 0 .  .230. ,— i ‘—4)
CALL V E C T ( 0 . , — 6 0 . )
CALL SIJBF(522) ‘SURF ’ : LOAD
CAL L LOAD
CALL. ESUB

C
C WRIT E THE NAME OF THE PICTURE IN ITALICS.
- 

CAL L. STAT (— 1)
CAL.L A PNT(297 .  .6 00. , — 1 , — 5 )
CAL L TEX T ( ’ l .OAT .  CENTER SUBSTATION’)
CALL AP NT (3 i8 .  .550. ,— i , — 5 )
CALL TEXT (  ‘SECONDARY SELECTIVE’)

C
C DRAW THE TIE BREAKER.
C

CALL A F N T (2 0 0 . ,4 5 0 . ,— 1 .— 4 )
(TALL V E C T ( 7 4 0 . ,O . )  ‘ 440 ,450
CA I ..L Rt ’OT (O.  ,—10. ,— 1  ,— 4 )
CALL. SIJ B F’ (4 1.39 ) ! SIJEIP CL CB t SS—2
CAl l SU BP ( 14 1 .139 ) ‘ S h ElF- : OF’ CR *55—2
CALL. AF - NT (46 0 .  ,4 5 0 . , — 1 , —4 )
CALL V F C ’ T ( 2 40 . ,O . )  1 700.450

C
CALL APNT(300. ,300 . ,—1,—4)
CAL L VECT (0. ,-50.) I 300.250
CAL l R t ’ O T (— i 0 . , — 2 0 . . — 1 . — 4 )
CALL S U R F ’(4 3 , 3 9)  ‘SUOF’ : CL CR *2
CAL L SUBF~~143,139 ) ‘ SIJFIF’ : OP CR $2
CAL L A F N i ( 3 0 0 . ,2 3 0 . , — i , —4 )
(TALl VEC ’l (0.,—60 .) I 300.t70
CULL SUBP (523 ,522) I SIJ EIF’: LOAD $2

C
- CAL L. AF ’NT (RO 0.,300. ,— I.—4)

CALL VEC 1 (—2 00. .0.)
CALL VECT (0.,--50 .)
CALL R[~OT (— lO .,—20. ,—4 ,—4)
CALL SIJF’F’(44.39) ‘SURF- : CL CR *3
CALL SIJE’F’(144,139 ) ‘SUBP ~ OP CR *3
CALL 4F’NT(6OO .c230.~~— 1~~—4 )
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CALL.  V ECT~~O . . — 6 0 . )  ‘ / 0 0 . 1 70
CALL slJLcrC52 4,~~22) I SUIIF’: LOAD $3

UI (T ALL A F ’ N T ( 8 0 0 . , 3 0 0 . . — l , — 4 )
CA Ll ) C l T T ( 0 . .— 5 0 . )
CAl I R I I I ) l ( — L O  , — 2 0 , , — 1 . - — 4 )
CALL SURF’ C 4 5 ,39)  I S I IF~f : CL CR $4
(TA LL SIJFI F’ ( 145 ,139)  I S I I F F  OF TO $4
C ALL Ai N’T (800.  . 10  - .— 1 , —4 )
CA LL VECT ( 0 . ,— 6 O . )  ‘800,170
CALL. S(J O F’(525,522) ‘ SIJTIF : LOA E’ *4

C
C
C WRITE THE TEXT AT ‘THE BOTTOM ‘TO [‘ESCRIRE THE t’ ISTR IBIJT ION
(T SYSTEM.

CAL . L Ar’Nr (2:~~,, .40. ~~~(TALL I l:x I C ‘240 V — 3’  ,- — i • ‘B’ , ‘ — 3W t’ [ST RI I I IJT I I) N’

C An t I THE MENU sWIrCH .

CALL AfNT(930. .500 . .1, -5)
(TALl.. S T A T ( 1)
CALL SUEIF’( 503)
CAL L T Ex r( ’MENU’ )
CALL ESUEI

C
C WRITE THE TEXT FOR THE ‘ARE YOIJ SURE t’OIJBLE CHECK
IT FOR L. IOU ! PEN I-li IS !IllR I NO UHF VROG RA M RLIN .
C

CALL SIJBP (90) I Sl,JDF- : R U SIJRE
CALL A P N T ( 8 7 0 . . 7 5 0 . ,— 1 ,— 5 , 1)
CA l L T E X 7 ( ’ Y O J  S U R E ? ’)

• C -

C [‘RAW TIlE YES • SliDE ICTIJRE .
C

CALL. SUE’F’ (91) I Sh op: CK IF YES
CALL AF’NT(880. .700. ,1 ,— 5 .—1 )
CALL T E X T  C ‘ Y E S ’ )
CALL  ESUE4

C
C t ’ RAW r i-J r ‘ NI:l • SIJBFICT URE.
C

CA I ,L SIJBP (92 )
CALl .. Al :S NT 95O. .70() . ,1. — 5 , — - 1 )
CALL TEXT ( ‘ N O ’ )
CALL E SIJB
CALL ESUB

C
CA L ,L OFF (90)

C
C BUS VOL TA G E UN SUBSTATION 6.
C

- CAL..L A FW ’ T ( 720 . ,890 .,- ’ 1, -5 )
CALL NML~R( 95F3 ,V O L’T S ,S . ’ (F 5 .2 ) ’ )
CALL . STAT (-1 )
CALL TEXTC ’ VOLTS ’)

C
C LEFT SIDE SECONDARY VOLTAGE AND CURRENT.
C

CALL A P N T ( 2 7 0 .v 4 0 0 . , — 5 ,— 5 )
CALL S I A T ( 1 )
CALL NMBR(956.VOLTS ,5 , ’ ( F 5.2 ) ’ )
CALL S T A T C — 1 )
CALL T E X ’ i ( ’  VOLTS ’ )
CALL A F NT ( 2 2 0 . , 3 5 0 . , — I , — 5 )  - -

CALL S T A T ( l )

- 
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CALL NMFIR (955,VOL l :3,5, ’(F5.2)’)
CALL STAT (— 1)
CALL T E X T ( ’  AMF ’ S ’ )

C
C RIGHT SI~ . T SF.C ~~~ 1IAR ~

‘ V O L T  AGE A NT’ CURRENT.
C

CAI .L A F N T C 7 2 O .  .400 . , — 1 , — 5 )
CALL. STA I ( 1)
CALL. NMI’R(957.V O LTS ,S ,  ‘ ( F5 .2 ) ’ )
CALL ST A N - i)
CALL TEXT C ‘ V O L T S’

CA LL. A L’NT ( ??O. .3 50.  , -— 1 , — 5 )
(TA LL.. STAT C 1)
CAH NME~R( 9 54 ,V O L T S ,5 , ’ C F 5 . 2 ) ’ )
CALL S r A T ( — l )
CALL T E X T ( ’  A L-IF’S’)

C
C SAVE THE FICTU R E IN A FILE CALLED Lr’CT R.t IF-Y ’ .
C

CALL SAVE ( ‘ Lt ’CTR .t t PY’ )
C

STOP
E Nt’

0
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THE ‘N ETSY S. FTL4 ’ FIL. E cONrAINS rHF FORTRAN SOIJRCE FOR THE
NETWOR K SYSTEM DISPl A Y .  C T J J ’ T  TH E FIL ,E l.ISING TIll- FIlL! IJTILITY.
i t  USFS SIJoS’olirINFs CONTAINED IN THE FILE. TISFS (,JFI .FTN • IF 1HIS
FILE HAS NOT BEEN F’REV:(O US LY COMFILEt’ . IT MIIST OFT COMPILE!) TOO.

TO COMF’ILE WITHOUT A SOu RCE LISrING, TYPE :

>FOR- NETSYS=NE rSYS

TO COMPILE WITH A NIJM[iFRETI SOURCE LISTING, TYF - E:

,: FOR NETSYS=NFTSYS/Lr:I

TO TASK L’UIL. I’ USING THE INt ’ iR-F Cl COMMANI ’ FILF~ ‘TYPE :

mB (~NETSYS

THIS CAUSES A F I L E ,  ‘NETSYS .OBJ . TO BE ITREATEt’ BY THE ‘FOR’
COMMAND ANT’ A FILE, NETSYS,TSK~~. TO OF CREATEr I  BY THE T KR COMMAND.
TI-IE ~J SYMBOL INDICATES THE USE OF AN rNr, IRECT rnL~1ANr , FI l E .  THIS
[S F I lE,  NETSYS ,(T M[’ . ANt’ CONTAINS THE TASK BIIIL [‘FR COMMA NDS NECESSARY

‘TO BUILD THIS TAS K .
TURN ON THE V T — i l .  THEN BUiLT ’ T H E  D1SF’LAY TO RE SAVED ElY TYPING

> RIJN NETSYS

IF THE A BOVE SEO(JENCE IS FOLLOWE D A NEW Fit C IS CR-EATEr, CALLED
‘NETSYS .t’F’Y’  THAT CONTAINS THE SAVED DISPLAY.

THE :OL l...OWTNr~ IS A LIST OF Ti--IF SIJBF’ICTIiRE NIJMRFRS FOR THE
NETWORK SYSTEM DISPLAY • THE FIRST SET CO NTATN S THE SlItlF’ICTIiRE NUMBERS
THAT WI L.L,. OF . LIGHT F-EN SENS IT IVE • THE ORU’ER DETERMINES ‘THE ORDER
OF THE C(JMPII’IEt’ 130 CI STATE MENr ‘S ARO4.JMFN TS IN TI-IF MAIN PROGRAM .
rHE REMAINDER ARE NO’l’ SE:NSI’ IIVE ANT’ ARE FOR coi’Y:(NG PURPOSES ONLY.

f l hj OF - T CT IJRE NUMBERS t ’ ESCR IFTTON
601 TOP -IV T RA NSM T S S( (3 W [ EXT  FOR 914
602 SUBSTAT ION 6 TEXT FOR SW
603 SUBSTATION 4 TEXT FOR SW
604 BOTTOM HV TRANSMISSION TEXT FOR SW
605 MEN(J TEXT FOR SW

S I IRSTA T ION 6 O h S
~ ‘1 S!.JR ST A T IO N 4 ‘

~F4uJS
T RA NSF’ I OI4FR- RIGHT
TRA NSF I IF’F’ER RI GH T

~ ‘ 4  TRA NSF I OW FR LEFT
- ‘ TRANS I l I FF E R  I EFT

OA T’ $1
I OAT ’ *2

______________________ - 
S —“- _____



C
C PROGRAM TO [‘RAW THE NETWORK SYSTEM.
C

COMMON/TIFI LE/IBUF( 1000 )
(TALL INIT(1000 )

C
C START WIrH THE TEXT AT THE TOP .
C

CAl L.. AF’NT (350. .950 . . 1 ,— 5 ,— 1, 1)
CAL.L. SIJRF(601) ‘!3UOP:HVTRNS SW
CALL TEXT(’HV TRANSMISSION’)
IA LL ESUB

C
C DRAW tIASHEt’ LINE TO INDICATE WHERE SEPARATION OF FRIOR F’ICT IJRES.
C

CALL. AFNT (i00. .940.,—1,—4,—1,4)
CALL VECT (7 00 . ,0 .)  800,940

C
C [‘RAW THE BUS FOR E;TATION 6 AS A SUBFTCTLJRE .
C

CALL AP NT(750 . .900. ,-i ,— 4 ,— 1  .1)
CALL. SUBF-(620) !SIJBP : HBIJS ST—6
CAl L HBI.JS(—600. .5)
(TAL l . ESUF’

C
C CONTINUE W I T H  TEXT ANt I t’ASHEt’ LINES.
C

CA~.I . AF’NTC365 • .840, ‘1 ,—5,—1 ~ 1)
CALL.. ~UBP(602) ‘si lOp: SIJ BST—6 SW
CALl.. TEXT (  ‘Sh IRSTA T I ON— 6 ’ )
CALL ES(JR
CAL l. AFNT ( 100 .  .7 8 0 . , — 1. —4 . — 1 .4 )
CALL V EC T G ’O O . ,O . )

C
C WRITE THE TIT I.. E OF THE F- Ic- rb .IRE [N ITALICS.
C ADD THE STREET MAINS OF THE NETWORK’ IN ONE—L INE DIAGRAM FORM .
C

CALL. AF’NT(700. .550, .—1,—4,— 1,1)
CAI.L VECT (-500.  .0.)
CA l L S T A T ( — 1)
CA LL AP NT (350 .  .500 . ,— 1 ,—5)
CALL TFXT(’NETWORK SYSTEM’)
CAl L. A F’ NT C ’ 7 0 0 . ,4 5 0 . . - 1 , —4 )
CA L L.. V E C T C — 2 14 . . 0 , )  ‘ 486,450
CA l l A FNT (4 1 .4 . .4 5 0 . ,— i .— 4 )
CALL V E C T (— 2 14 , , 0 . )  ‘ 700.450

C
C W R I T E  THE TEXT ON THE [ITSTRIRIJTION SYSTEM.
C

CALL AF’NT (3?~,. ,260. .—i ,— 5)
CAL L T EXT (’7081120V — 3’.—1. ’R’ ,’ — 414’)
CAl L. A F ’ N T ( 3 6 5 . . 2 3 8 . .— i ,— 5)
CAL L TEXT( ‘t’ISTRJRIJTION ’)
CALL SrAT (1)

C
C r’RAW THE RFPRFSFNTAT ION OF Sl,JBSTATT ITN-- 4 AND
C IIV TRAN SMISSION AS A BOVE . -~C - 1

CALL APN T (iOO . ,220 . .—i,—4 ,— i ~~4)
CALL.. VFCT (700. .O.)
CAI..L A PNT (365 ..i5O .,1 ,—5p— 4 ,1)
CAL. .L SUF4F(603) ‘suoP: SURST—4 sw

76



CAL L TExT( ’SI IF’STATION—4’)
(TC~L L ESUB
C(’ L L A F N T C 7 S O . . i O O . ,— 1 , -4 )
(TAL L SIJJ ’F’(671 .620) ShI RE - : HBIJS ST—4
CAL I A FNT ( 100. .60. .—l •—4 .— 1 ~4)
CAI. I VFCT (700. .0.)
(TA I. L AF’NT(350. ,30,.1,—5 ,—i.1)
CAI..I SURF (604 .601 ) ‘S lIr ’F : HVTRNS SW

C
C S T A R T  ON R I G H T  S IDE AND DRAW C I R C O I T S  FROM ROTTOM TO TOP .
C

CALL. APNT(700. .100. .—i .—4,—1 .1 )
CAl l . VEC’r O .•SO.)
CAI . I Rt’OT (—10.,0.,.—4)
CALL. SU J t IP(27) ISt ,IBF’ : CL CR *7 ST— 4
CAll CRCL i’ (4 )
CAL L. ESLIB
CAL I ShiR E- (127) Sl ,IRF’ OF’ CR 17 ST—4
CALL. C ROF N(4 )
CAl I . ETSUB
CAL L. AFNT (700 . .170. ,— 1 ,— 4 )
(TAI L SIJF’F’(622 ) ! suRF : LWR RT TRANS
(TALL. V EC T ( 0 . ,9 5 . )  I 700,265
(TA I I. TRANSF
(TA l l. V E CT (0 . ,9 5 .)
CALL ESUFI

C
CAl l. Rt’OTC -—i0 .,0.,—1.’—4)
CA l L. SUBF’C2fl,27) ‘SURF’ : Cl. CR 14
CALL . SUF4 F’ ( 178 .127) !Sl ,IFIF”. OF’ ITO 14
CALL AF ’ NT(700 .  .420. ,— 1 , — 4 )
CA~~I. V E C T (0 . . 16 0 .)
(TAL L T ’ 1 ) T ( — i 0 . , O , , - — 1 , — 4 )
CALL SUBF(29 .27 )  ‘ ShJRP CL CR *2
CAl L. 5l.J RF(129,127 ) ~SURF’ OF’ CR $2
CA LL. AFNT (7 00 .  ,600 . , — i . — 4 )
CAt  1. SIJF’F (623  ‘622)  I ~~~~~~ liP RT TRANS
CAl L. Rt ’ O T (— - 1 O . . 0 . , .— 4 )
CAl l. Sl.IOF’(33,27) ‘51101’ : CL CR *5 91—6
CAl L. SIJOP (133 .127) ‘ SIJRP OF’ (TO *5 ST— 6
CA! I. ‘~PNT (700.,850.,—1,—4)
CAL L VECT(O.,50 .) I 500,900

C
STAR T ON FT T SIDE ANT’ DRAW CIRCUITS FROM BOTTOM TO TOF’ .

C
C A L L .  A F NT (2 0 0 .  .100. , — 1 .— 4 ,— i , i )
CAI.. I.. V EC T ( 0 . . S O . )
CAL l.. RrIoN— I0.  ,O. • ,— 4 )
CA L I.. SI.bF’ F (76 .27 )  ISl lE lp Cl . CR *8 S T—4
CALL S(JRF-( 126.127) ‘SU RF- : OF- CR *8 91—4
( A l  I A F’NT(700 , .170 . • — 1 , — 4 )
LAI  I SIJ RF(624 .622 )  ‘9 1.101 : L.W R I T  TRANS

C
(TA I . I RDO T (— i 0 .  .0. .—i  .— 4 )
CAl I S IJF~F’ ( 3O,77) ISI IRF- CL CR $3
CA l I SIJF4F’(130.127) !S’iBp: OP CR $3
CA L .L APN IC200 . .420. ,— 1 , — 4 )
CAL L V FC T (0 .~~160.)
CAl I Rr’nT (—lo. .0. ,—1 ,—4)
CAl L Sl lPf (~~l,27) ‘cl~RF- : Ci CR *1
CAL L. SURF 113 ip 12 7)  !SIJBF- : OP CR *1
CAl l.. AFNT (200 .•600. ,— 1 .—4 )
CA l I SLJYfF(/,7~.,622) 19I 1ElP liE’ l.T TRANS
CAl . I.. RTiO’T (—-IO. .0.. ,—4) 4

C A l l . S hJR F ’ ( 32 ,? 7 )  ‘Sl J F4P~ CL CR *4 ST—6
CAL L SIIRF’(132 ,127) ‘SlIRF~ OP CR *4 ST— 6

I
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CA T I ..~- N i ( ? 0O , .850 . ,— 1
CAl I ‘ ) T l ’ T ( O .  .50.)  ‘ ~OO.900

C
C [‘RA W THE ONE—LINE REF’RFSF NTATION OF THE MANI-lOl F RING RIJS.
C

CAL L AF ’NT (411 ..430..— 1 ,— 4)
CAL L C IRCLE (4 0. •—l. 4 ,—i)

C
C T’RAW TH E RF Ph -FS ENTAT ION OF THE LOAD S.
C

CAL. I
(TAI L . V E C T C — 7 1 . , — 21 .>
CAl I SURF’ (626)  I 51 JOE : LOA D ii
CAl I L.OA[’
t ;Al L. ESliB
(TA L L AFNT’ 41 9, .401. . —1 •—4>
CAl . I Vi IT I C  : i  . • — I •
CAL . L ;IIoI:(6 2,. 626) ‘SlIRF’ LOAD *2

C
C W R T TE TIlE 1 1 * 1  FOR TIl l ARF YflI l SURE TIOURI F CHECK
C FOR I IIlHT F-EN HI T S [IIJRJNG THE F’ROI3RAM RlIN.
C

CAL I SliDE’ (90 ) I suor: R Ii SIJRE
(TA I L A PNTC87 O.  .750. ~— 1 . — 5,1
CALl . TU X T ( ’ Y O ( J  ShiRE?’)

C
C [‘RAW THE •Y ES Sl.J RFICTURE .
C

CA L L. SIJ F’P (9 1)  ‘S I IRP~ CK IF YES
CAL L A FN’F ( BBO . .700 . • 1
CALL r Ex r c ’ Y E S ’)
CALL ESUB

C
C [‘RAW lilE 11O SURF’ICTURE.
C

CA I..L.. SIJ BP(92)
CA lL .  AP NT (950 . .700. , 1 p — 5 ,— 1 )
C A L L  T E X T ( ’ N O ’ )
CAL ,L ESUB
( T A L L . ESIJO

C
CALL. OFF(90 )

C
IT AlIt’ T H E  MFN IJ SWITCH.
C

CALL.
CA LL SURF ( 605)
CAl . I . FEXT ( ‘MENU’)
CAI. L ESUR

C
C F I . AF F THE DATA TO RE MON ITORED.
C

CAL I S T A T ( — 1 )
CAl l. A F’ N TV S O . , 6 4 0 . ,— - i , — 5 )
(TAI I. TFXT ( ’I TNFS’ )
CAL L. AF ’P4TC4 16 .,640 ..—I.—5)
CAl I, TEXr . ‘ i ‘ )
CAL.L.. APNI (516. ,640 ..—1v—5)

4 CAL l.
CAl L AF N T C6 I 6 .  .640. , — 1 , — ~~)
(TAL l . TFXT (’3 ’)
CALL APNT (250..600..—1,—5 )
CA l l . T F X T ( ’ V D L . T S ’ )
CAl C AF’N1(250. .560 . .— 1 ,— 5 )
CALL T E X T ( ’A L - I P S ’ )
CAl L. S TA T ( 1)

____ - - - — - -_ — 
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CAL . I AF’ N 1(400 .  , /MO. , --1 • — 5 )
CAL L. NMOR C 9~’ i .V U L FS,~.,, ‘C r 5 . 2 ) ’
l A l  I A F N r( 5 0 0 . .6 0 0 . • — 1 , — 5 )
(‘Al I . NMOi ~(9 60. VOl 15 . 5 ,  ‘ (F5. 2)
(‘Al I AI’ N I C/.00. .AOC) . • — t  • — 5 )
(TAI L NM }’R (961 ,UOl I5 ,~~. ‘(1 5 .7)’)
( A l  I AF ’ N lC400 .  ,s~cO.  . — l  ,—5
CA P I NMI.’ R (Y ~~: . U O I  FE, ” ,’ ( l ’,.2)
(TAI .L (Il-N l’(~,O0 , ~~~~~ , — ‘1 .-—5)
CAl_ I. NMRk-~9~~3,V(JLTS,5, ‘(V5.2)’)
CAL.L AF NT ( ~0O. .560. , -1 , -5)
CAL L. NME’R (9é4.V(.)I TS.5, ‘ CFS.2)
CA L.L A F ’ N T ( 7 4 0 . . 8 7 0 . .— 1,— 5 )
CALL NIIF’R(7 fl,VOLTS,5, ‘(F5 .2)’)
CAI_ L S T A r  ( — 1
CA L L. T E X T C ’  V O L T S ’ )
CALl. STAT C 1
CALL A P N T ( 7 4 0 . . 1 1 0 . . — 1 ,— 5 )
CALL. NMFIR’(950 ,VOLTS .5 ,’ ( F5 . 2) ’ )
CALL S T A N - i )
CALL T EX T ( ’  V O L T S ’ )

C
C SAVE ~I1F F- ICTI IRF’ TN A FII..E CAI . I Fl’ ‘NFT’~Y S. lIF’Y
C

CALL. S AV E ( ’ N E T SY S .t ’ F ’Y ’ )
C

S TOP
ENI’

THE FOLLOWING IS THE CONTENTS OF NETSYS.CMII :

NETSY S/ — CF ’ . TI :  /SH~~NETSYS .  1’SPSUR .131. 10/1.0
/
AsG~ GR0 : 1,,
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T i- l IT • INEII.,rI .FTN F 11.. E CONTAINS THE F(lR T RAN EflllkCl: FOR THE
INDUSTRIAl . I OAr ’ 0151 1 AY - Fri Ll TI-IF FJL IT USINIi TI lT  I l I L T  h I l l  ITY.
.1 T USES SIIBRlJIi l rm s CON ’TATN EI’  .1 N ((IL F ‘I I.. I: , !I5l’ El,I!I - F IN’ , IF ‘THIS
FILE HAS NOT TIFEN F R I  V [01.151. ‘( COMP IE.ETI . T I  MIlS I TIE C ( IM I -T I . I: TI TOO .

TO COM E- IL F W I I 1101.11’ A SUIJ RCE I 1 STING . lY lE

‘-FOR TNTi L[’= INt’l 0

TO COMF’IL.E W I T H  A NUMFiEREt’ SOURCE I ISTING. ‘TYPE :

FOR I NtIL ,.JT i’~INDL . t,/L ~ :1

TO TA S K BUILT’ USING THE INTII RECT COMMAND FILE, TYPE :

>Tl< B &INDLD

THIS CAUSES A FILE. • INT’Lt’ .fir~ l , TO (IF CREAT FF’ BY THE FOR
COMMAN D ANT’ A FILE. • JN EII.,t’ . TSK • TO ICE (TREATEr’ FlY THE • ~KF~ COMMAND .
THE •P~ SYMBOL TNT ’TCATFS THE 1 .1SF fir AN TNr’JRFrT COMMANTI FILE. THIS
IS FILE. • I NOLD • CMI’ ’ • ANT I CONTAINS THE TASK FOil L TIER C(JMMA NTI S NECESSARY
‘TO BUILD THIS TASK .

TURN ON THE V T - i l .  THEN BUILT’ THE [IISFI.AY TO BE SAVED BY TYF-ING :

>RUN INEI L TI

IF THE A BOVE SFUIJE NC F IS FOL I IT IWE T I A NEW Fit F IS (TREATE D CALL ED
INIIL E’ .IIF V THAT CO NTAI NS THE. SAVED DISPLAY .

‘r i-IF F:1.Jl. l OW l NIl IS A L [s r  OF TIlE S1.bRI- ’ TC T I  IRE NI IMRE’RS F fiR THE
I NIiLlSl RIAL L (IA!’ III Sit. AY • THE F ii<~’; I S I T  (TlIN TA I N E T  HF ElIDE 1C’ th J RF NIJMFIFRS
THA T WILL RE LIG HT F I N  SENSITIVE • THE ORDE R III TER MT NFS TI-IF ORDER
OF TIlE COMF’U’TEI’ 131) ‘TO S T A T E M E N T ’ S  ARGIJMFNTS TN THE MAIN PROGRAM .
THE REMAINDER ARE NOT SENSITIVE ANT’ ARE FOR (TCIF Y ING f’I,IRF-(:ISES ONLY.

SIJI1PICTURE NUMBERS DESCRIPTION
701 HV TRANSMISSION TEXT FOR SW
702 i3I.IRSTA’T T (IN 4 TEXT FOR SW
703 VIII TAGE RFGIJI A lOE’ RA iSE ARROW
704 VIII. TAGE RF(3hIl . A T O R  I. OUIT:R ARROW
705 S T A T I O N  I TEXT FOR SW
706 GF NFTR ATO R i Tl X I FOR SW
707 STATION 11 T E X T  FOR SW
708 MENU TEXT FOR SW

720 l IGHTING LOAD
721 HEATING LOAD
722 POWER *1 LOAD
723 POWER $2 LOAD
724 REACTIVE LOAD
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C
C FROGR A M TO DRAW THE INDUSTRIAL LOADING PICTURE .
C

COMMON/t’FILE/ IBUF( 1000)
CAL,L INIT (1000)

C
C START AT THE TOF WITH THE REFR ESENTATION OF THE HV TRANSMISSION
C ANT’ S(J BSTATIO N 4 WHICH F’ROVIiIIT ‘THE SOURCE ANT:’ PROTECTION FOR
C THIS LINE .
C

CAL L AFNT (345. .950 .,1 ,—5 ,—1,1)
CALL SIJ RP(701) ISUO F- : HVTRANS SW
(TA LL. T E X T ( ’ H V  TRANSMISSION’)
(TALL ESUB

C
C [‘RAW [‘ASHEII L.INE DEPICTION OF BOUNtIARY BETWEEN HV TRANSMISSION,
C SUBSTATION 4. AND INI’IJSTRIAL LOAD.
C

CALL AF’NT (800. .940 . ,— 1 ,— 4 , — 1  ,4 )
(TALL VECT (—700. ,O .) ! 100.,940
CALL APNT(1 00 , ,780. ,— 1 ,—4)
CALL VECT (700.,0.) I 800,780

C
C t ’RAW RIJS . CIRCUIT BREAKER, ANT’ SWITCH FOR SUBSTATION 4.
C

CALL APNT (350,.900.,—1.—4,—1,1)
CAL.I. HBIJS(200 . ,5)
C(~LL APNT(450 ,.900..— 1 ,—4)
CAL .L V E C T C O . , — 5 0 . )  I 450.850
CALL Rt ’ OT (— lO .  ,—20 , ,— 1 , — 5 )
CALL. SUBP(23) 1 SUBF- : CL CR *9 61—4
CALL CBCLD(4)
CALL ESUB
CALL SUBP(123) lsUBP : OF- CR *9 ST— 4
(TALL CBOFN (4)
CALL ESUB
CALL A P NT (4 3 0 . ,8 3 0 . , — 1, —4 )
CALL VECT (0,.—10 0 .)
CALL A PNT(530. ,830 , ,1,—5)
CAl L. SUBP (702) !SUBP: ST—4 SW

CALL . ‘tEXT( ‘SUBSTATION—4’)
CALL ESUB

C
C [‘RAW THE FIEF’ICTTO N OF THE VOL .TAGE REGULATOR.
C AL SO INCLU DE A SET OF ARROWS THAT WILL BE IJSED TO
C CHANCE’ THE OUTF’LJT VOLTAGE OF THE RE G UL .A TOR .
C

• C ALL AF -NT (421..700 .,— 1 ,—4)
CAl L CIRCLE (30 ,.—1,4 ,— 1)
CAI..L A P N T (4 4 3 . ,6 9 0 . ,— 1, — 5 )

- CALL TEXT(’R ’)
CAL L AF’NT(550..710 .,1.—4)
CAL.L. SUFIP(703> ‘SUFIP: RAISE REG VOLT
CALl, V EC T (0 . . 3 0.)
CA l l ( IR ROW II( 1 ,4 ,— 1)
CALL ESUR
C A L L . APNT(550..690.,1,—4)
CAL L. SIJRF (704) ‘SLIOF- : 1.OWR REG VOLT
CAl L VE’ITT(O. •—30 . .1,4)
CALL ARR OWLI (1 ,4 ,— 1)
CALL ESIJB
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C
C CONTINUE WITH THE FEFITIER , TO THE TRANSFORMER.
C

CALL. APNT (450. ,400. ,—1 ,—4)
CAL.L VECT (0.,60.)
CAL L TRANSF
CALL VECT (0. ,170.)

C
C [‘RAW THE REPRESENTATION OF THE CAPACITOR .
C

CAL L. AF’NT (450.,600..—1.—4)
(TAL L VECT (100.,0.)
CAL L VECT (O .,--30.)
CALL. SIJBP(158) ‘ ‘ SURF’ : Cl. SW CAP
CALL SWCLV (4)
CALL. ESUB
CALL OFF (158)
CAL L. SUEJP(58)
CAI..L SWO PV(4 )
CALL ESUB
CAL L APNT (550,,550..-1,--4)
CAL. ,L. VECT (0.,—50.)
CALL. CAPCTR
CAL L VECT(O . ,—30.)
CAL.E. ONE’

C
c DRAW THE LIGHTNING F’ROTECTOR .
C

CAL L. A PNT(4 50 .  .550 . .— 1 ,— 4 )
CAl L, V E C T (— i 0 0 . , 0 . )
CAI , l VECTCO .,-50 .)
CAl C RTIOT(0. .—l • ,—1 ,6)
(TALL. Rt’OT (O . ,— iR . .—1 .6)
CALL. R[’OT(O. ,—i • •— l  ‘—4)
CALL , VECT (O . ,—20.)
CALL GN D

C
C [‘RAW THE LOADS , SWITCHES , ANTI TEXT.
C

(TALL A F ’ N T (8 0 0 . ,4 00 . .— 1 ,— 4 )
CAL L VECT (— 700 . .0.)
CAI .,L VECT (0.,— 150 ,)
(TAL l... SUBP(l.53,158 ) ‘SUE~P CL SW LTG L.T;
CA l I. OFF(153 )
CAL L. SIJBP (53 ,58) ‘si.IBP : op SW LTG LB
CAL L. AFNT (100 ..230 .,— 1,—4)
CALL VECT (0 .,—30 .)
CALL SURF (720)  ! shiF-FI : LTG LB
CALL. LOAD
CAI,L ESIJB

C
• C

CA I ,L APNT (275 ..400..—1,—4)
CAI .L VECT (0.,— 150 .)
CAL L . SIJRP (154 ,158) !SURP : Cl... SW HEAT LII

• CAL ,L OFF (154 )
CALL SUFIF’ (54,5O) ‘SIJBF’ OP SW HEAT LII
CAL L APNI (275.~~230.~~— 1,—4 )
CAl l. V FTCTCO.,—30. )
CAL l, SURP (721,720 ) ‘SUFFI! LTG LB

C
C

CAL L APNT (537 .~~400.,—1 ,—4)
CAL L VFCT(0. ,—100.)
CAL L, APNT (625 .,300..—1,—4 )
CALL VECT (-175 .,O.)
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CAl l V F C T ( 0 • . - 5 0 . )
ST f.I L 5(J FIF’(j 55,158) ‘S l .JF’F- : CL SW FUR -* 1 LII
CALL OFE (155 )
CALL SlIDE (55.513 ) I SI IRE’: 0F 514 F-WE ’ *1 1. 1’
CALL. AF ’NT (450. ,730. ,—1 .—4 )
(TAI..L VECT (0.,—30.)
CALL SliDE’ C 722, 720) I 5 1 $ II: F-US’ *1 LII

C
C

CALL ,. AF-NT (6?5. ,300. ,— 1 ,— 4)
CALL. VECT (O . ,—50 .)
CAI.L SI.JE’F- (15 6, 158) I SIJ0i ’~ C l SW 1141 *2 Lii
CA L L OFF (156)
CALL SUBF’(56 ,5(3 ) ISIJ ’F OF SW FUR *2 LII
CALL A F N T(6 2 5 . ,2 3 0 .~~-- 1 .— 4 )
(TALL VECT (0 . ,—30. )
CALL. SLJFO~- ( 723. 720 ) ‘51)1-rI : F-WE’ *2 LII

C
C

CA L L APNT (800,.400. ,—J .—4)
CAL l VECT (O .,—150 .)
CALL.. SIJE IF (157 , 158 ) ‘SU RF’ : CL SW l ,TG LI)
CALL (iFF (157)
(TAI l, SIJBF’(57.58) I SlIBF’~ (IF’ SW STG LI’
(‘Al l . A F ’NT <E300..23O ..— 1~~—4 )CAI , 1 VECT (0• ,— 30.)
CA LL ShJBF-(724 ,720 ) ‘Sl’F’ R REACT LII

C
C WRITE TEXT ON LOADS.
C

CALl . srAr (— f)
CA Ll .  nF’N T (4 0 .  ,130. ,— 1 ,— 5 )
CAL.I.. T E X T ( ’ L .. If ;HT ING’)
CAl L A F N r ( 2 4 2 . . 8 0 . , — i . —5 )
(TAI L, ‘TEXT( ‘HEAT’)
(TAI..L . AF’NT (507.,80..—lr—5 )
CALL. IFXT( ‘FOldER ’
CAl L. AF’NT (’740. .80. ,— .L,—5 )
F Al _ I. II x r ‘REACTIVE ’
CAl . I. A FNT (5O. .560. •— l .-5)
CAl, L. TFX ’T ( ‘ INT’ IJSTR IAI I ITST RI BI .ITT O N’
(TAL .L STAT( 1)

C
C W RT T F  THE TEXT FOR TIll ‘ARE YI l I .I SIIR F • flOhiBl ..F CHECK
C FOR I TC,l-l~ PEN H I T S  Ttl .JRTNG i l-lIT F’ROGE’AM RUN.

I Al I. SIJFiF’ (90) ‘ SI IRE - : R IJ SIJRE
CAI.L APNT (870 .,750. ,-1 ,— 5,1 )
[Al I TEXT ( ‘ YOU S U R E ? ’)

C
C DRAW IHE YES SIJBFTCT IJRE.
C

CAl I. SUBP(9 1) ISIJO F : CK IF YES
CAL L AF ’NT (880. .700 . • 1 ,— 5 ,— 1)
(TALL TEXT( ‘YES ’)
CALL ESIJR

C
C [‘RAW THE N0 SIJEiPICT IJRE .
C

CAL L SIIRP C 92)
(T AL l A F’ N T (9 5( ) . ,7 0 0 . , i , —5 ,— 1)
CAL L l E X T ( ’N IJ ’) a
CA L L E SUR

C
CALL ESLJ B ~~~-

C •
CAL L OFF (90)
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C
C F-LACE THE rIAr A ‘TO BE : MONI TORED .
C

CAL L. APNT(700, .870 . ,—1 ‘-5)
CAL L. NMBR( 950 ,VOL ,TS,5, ‘(F5 .2)’)
CALL. STA TC— i )
CAL.L TEXT C ’ VOLTS’)
CAL.L STAT(1)
CALL . AF ’NT (200• ,700 .,—1.—5)
CAl ,!. NHRR( 951.VOL ,TS.~ • ‘(F5.2)’)
CALL. STAT(—1)
(TAL .L ‘TEXT( ’ VOLTS’)
CALL. S T A T C 1 )
CAL L. AF ’NTC200.,650 ..---1.-5)
CAL L., NMFIR(9 E7,VOLT S ,5 , ’ ( F 5.2 ) ’ )
(TALL STAT (— 1 )
CALL ,. TEX TC ’ FE’)
CAL.L S T A T ( 1)
CALL. APNT(700. ,600 ..--1.—5)
CALL NMBR (953 .VOLTS.5 .’(F5.2) ’)
CALL STAT (—l)
CALL. TEXT(’ AMPS’)

C
C WRITE A MENI.J OF OTHER FICTURES rI) BE l.JSFLI .
C

CALL STATC1 )
CALL MENIJ (930..500.,—50 , .705 . ‘STAT 1’ . ‘GEN 1’ , ‘ S T A T ) ) ’ . ‘M ENU’)

C
C SAVE THE F’TCT IJRE IN A F I L E  (TAL I...Et’ INT ILT’ .t’F’Y .
C

CAL.L SAVE ( ‘INTI L L’.DPY’)
C

STOP -

EN D

THE FOLLOWING IS THE CONTENTS OF THE INIIL. [I .CMii FILE:

IN B[ .L ’. / — C P , TI  :/SI-(=INIILDPDSPSUB.r,LIB/LB
/
A SG=GRO : 1
/ /

— 

‘ 

- 
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THE ‘ ST A T )  I .F’TN III F C O N T A I N S  (HF FO R T R A N  Ef’II IR(TF FOR THE
STAT I(1N 11 l’[SF’I A Y .  ( ( ‘ I T T  T i- IF i - I l l  I IEIN( i ’IIIE C D I I  1 1 1 1 1  T~~Y .
I t  (ISI S Sl lBRIlhJ TTN F’ • (Tll N ( A .T N F I’ T N li-IF’ F ( I I, II ;F El lr l .I IN’ • IF TH IS
FILE HAS NO T [‘IT I N F E’FV I(iIlSI Y LT T1 MF’TI FE’ . IT  MIlE I Ill ’ (TIIMI T L . ETI ron.

IC) COMPII E W I T H O U T  A SOI.JRCF I T E l  IN13, TYPE:

>FOR STAT 1 1=STAT 1 1

TO COMFILE WITH A NUMBERED SOURCE LISTING, TYPE :

>FOR STAT11=sTAT 11/L I :1

TO TASK BIJIL.I’ (ISING THE INT’ IRFCT COMMAN D FILE. TYPE :

: T KR PSTAT 11

THIS CAUSES A FILE. STAT 11.OFIJ , TO RF CRFATET ’ BY THE FOR
COMMAND ANTI A FIl..,E~ STAT 11 .TSK . TO RE CREATE D BY THE T KR COMMAND.
THE ~~~~~

‘ SYMFCOI . INDICATES THE u S E  OF AN INDIRECT COMMAN D FTI .F. T HIS
IS FILE• STAT 1I.CMEI , ANTI CONTAINS THE TASK BUILDER’ COMMANDS NECESSARY
TO BUILD THIS TASK .

TI.JRN ON THE V T — i l .  THEN BUILr’ THE DISPl AY TO RE SAVEr , BY TYPING:

>RIJN STAT 1l

TF TI -IF A BOV E SFUI,IENCE IS FOL L OWE D A NEW FILE IS CREATE D C~~l.l FII
STAT 1I .[ ’ PY ’  THAT CONTAINS THE SAVED DISPL A Y .

THE FOLLOWING IS A LAST OF THE SUBF-ICTIJRF NI,IMF~FE’S FOR TI~rSTATION ii 01SF- LAY. THE FIRST SET CONTAINS THE 5I,JFiF’ICT IJRE NIJMRERS
THAT W I L L  BE LIGHT F-EN SENSITIVE . THE ORDER DETERMINES THE ORDER
OF THE COMPUTED GO TO STATEMENT’S ARG IJMFN TS IN THE MAIN FRO GRAM .
THE REMAINDER ARE NOT SENSITIVE ANT’ ARE FOR COF’YIN I3 FIJRPOSES ONLY.

SI,JBPICTURE NUMBERS r’ESCRIPTIIIN
801 TOP HV TRANSMISSION TEXT FOR SW
802 BOTTOM HV TRANSMI SSION TEXT FOR SW
803 VOl.. rAGE REG I,IL ,ATC1 R RAI SE ARROW
804 VOl TAGE RE(31.Il,. AI DE ’ LOWER AR ROW
805 STATION I TEXT FOR SW
806 GENERATOR 1 TEXT FOR SW
807 MEN(J TEXT FOR SW

- -
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_
___________-. - — 

- 
‘

~~

‘.
_. 

~~ 
— ~~~~~~~~~~~~~~~~~~



C
C PROGRAM TO [‘RAW THE STATION 11 PICTURE.
C

COMMON/i’FT LF/IRUF( 1000)
CALL INIT (1000 )

C
C STAR T WITH ALL HORIZONTAL L. INES BEGINNING AT THE TOP
C NV TRANSMISSI ON SWITCH .
C

CALL. APNT (340. .950.,) ,-5 ,—1 • 1)
CAL L. SUBP(80l) IS lJFI F’ HVTRN S SW
CAL.L TEXT (’HV TRANSMISSION ’)
CALL. ESUR
CALL AFNT(800..940..—1 .—4 ,—1,4)
CALL VECT (-700.,0.)
CALL , STAT C— 1 )
CALl. APNT (30. .900. ,—i ,— 5 ,—1 .1)
CAI,L TEXT C ‘INTERCONNECTION ’)
CALL APNT (305.,900..— l.—5)
CALL T E X T ( ’ E 10 — 1 1’ )
CALL, A P N TC 5 O S . .9 0 0 . ,— 1,— 5)
CALL TEX TC ’F lO—l l ’)
CALL A PNT C668 . • 84 0 . , — 1 ,— 1)
CALL T E X T ( ’ P E A K  LOAD a ’ )
CALL A P N T C6 9 0 . ,8 I0 .~~-- 1 .— 1)
CALL TEXT ( ’E M ER GEN’)
CALL . A PNTC25O. .700. ,— 1 ,— 1)
CAL. L VECT ( 100 . .0.)
CALL RE’OT ( 100 . .0.. ,— 1)
CALL VECT ( 100. p0 .)
CALL REIOT (100.,O. ,,—1 )
CALL VECT (100 ..0.)
CALL APNT (50.•550. ,— 1.— 1)
CALL VECT (100 ..0 .)
CALL RDOT (0..—50.. ,—4)
CALL HBUS (600..5) BRIGHT BUS
ITf4l I VFCT (0. .—300 . •— 1 .4)
CA l l. Rr ’OTCO. ,SO. ,— l ,— l )
CAL.L VECT (—100 ..0 .)
CAL,L Rf ’OT (O. ,lSO. ,— i ,— I)
CALL. HRUS (—600.,l) ‘ [‘TM BIJS
CALL Rr’oT (o..-iso..—l,—l )
CAl L. V FCT( 100. ,0 .)
CAL L AFNT (375. ,300 ..— 1,—5 )
CAI .L. TEXT ( ‘STA TION—il ’)
CAL L. A PNT (l10 .,80.,— 1 ,-—5 )

• (TAL. .L TEX’r ’C l— ll’
CALl AF ’NT(710..80,,— 1.— 5)
CALL ‘TFXTC ’IIi—ll’ )
CAl L. STAT (1)
CAL. L. APNT(R00. .60. ,—i.—4 ,— 1,4)
CALL . VECT(—700 .,0.) I LOWER [lASHED LN
CALL APNTC34O. ,30. .1,—5,— 1 ,1 )
CALL SUBP (802) ‘SURF : HVTRNS SW LW R
CAL L TFXT C’HV TRANSMISSION’)
CALL ESUI4

C
C [‘RAW THE VERTICAL LINES STARTING WITH LINE C l—Il
C ANT’ WORKING UPWARD.
C •

CALL APNT(150.~~12O ..—1,—4~ — 1 ’1)
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CA LL A R R O W U C - l , 4 . — l )
CALL V E C r ( 0 . .6 0 . )

-~~~ (TA I.L. R [ ’ O T (— l 0 . . 0 . .— 1 , —4 )
CALL SUBP (14) ‘SIJBF ~ CL CE’ C l— i l
(TAL L. CE4CLT,(4)
CAL.,L ESLJB
CALL SIJRF’ (114) ‘SURF OF CR C l— i l
CALL CBOPN(4 )

p . CALL ESIJB
H CALL. APNT (i5O ..200.,—1,—4)

CALL . VECT (0,,390.)
CALL TRANSF
CALL. V FC T (0 , ,6 0 . )
CAL L,, AF ’NT (l25.~~7l5. ,— l ,— 4)
CALL. CIRCLE C25 .,— i ,4 ,— l )
CAL L. A PNT (143.,705. ,,—5)
CAL,.L TEXT( ’R’)
CALL. APNr (210 .,730. ,l .—4) ! FR FOR ARROWS
CALL SUBP (803 ) (SUBP : RAISE REG VOLT
CALL VECT (0..30.)
CAL l, A RRO W UC 1 .4 ,— i)
CAL L ESUR
CALL . AFNT (210..710.,l .—4)
CA I ,L SUBPCSO4 ‘SURF- : LUR REG VOLT
CALL. VECT (0 .,—30.)
CALL ARROU I’ (l ,4 ,—l)
CALL ,. ESUB
CALL A PNTC15O.. 740 .,—l ,—4 )
CAL ,L VECT(0 .,60.)
CALL R [’OT (—10..0.— l.—4 )
CALL S (J8P113 .14) ¶S I ,IBF- : Cl.. CD TNT CON
CALL SUB F (113 .114) IS IJRE - : OP CR INT CON
CAI.L A FN T CI5O. ,820 ..—l ,—4)
CAL.L VECT(0. .60.)
(TALL ARROWE ’ (—i,4 ,— 1)

C
C CONTINu E WITH ElO— lJ ., [‘OUNWARD.
C

CAI ...L AFNT (350 .•880.,— l .—4)
CAL ,,L ARROW T ’ (—1.4 ,— i)
CALL VECT(0 .,--60.)
CAL.L Rt ’OT (—iO. ,—20 . ,—l .—4)
CAL L. SIJBP( 17,14) 

. 

‘ sI.IRF- : CL CR ElO— I l
CAl I SIJBP (117 ,1i4) ‘SURF- : OF’ CR E lO—li
CALL APNT(350..800 ..—l,—4)
(TALL VECT(0 . .--300.)

C
C

(TALL AP NTCSSO . .500 . ,—1 , —4 )
CALL VECT (0 . ,300 ,)
CALL RIIOT (—l0 . .0. .—l ,—4 )
(TALL SIJ BF’(i6 .14) !SUBF- : CL CR ElO— i l
CALL . SUBP(116 ,114) !S IJBF - : OP CR F l O — l i
CAI. L APNT(550. .820. ,—1 ,—4 )
CALL VECT (0.,60.)

• CALL ARROU II(—l.4 ,—l )
C

• C FINISH LINE D i— Il .
C

(TAL l APP4 T ( 7 4 0 . . 1 f l O . , — I .— 4 )
CALL SUBPC15 ,14 ) ‘si ’~P: CL CR Ill—li
CALL SUBP(il5 ,114) - ‘sl. F4P : OP CR Di— li
CAL L .. APNT C 7SO..180., 1, 4)
CALL VFCT (0.•-60.)
CALL ARRC)W IJC— 1 ,4 ,— l )

C
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C CONTINIJF WITH THE MANUA L. . T I M  COMF’ON ENT S.
C STARE W IIH THF FEA R LOAD ANTI EM ER-OCU TY GENERATOR ANtI
C WORK TO THE LEFT.
C

CAL L. A PNI(726 .  .765. , — i ,— 4 )
CAL L C I R C L E ( ? 5 .  ,— l , i , — l )
CA LL. A F ’ NT ( 7 4 3 . . 7 5 5 . . — 1 , — I )
CA L L. T E X T ( ’ 4 ’ )
CALL. APNTC7SO..740..— l. — l )
‘TALL. VECT (0•,—2 40 .)
CALL APNT (650..700..—l.— i )
CALL VECTCO .,— 80.)
CALL. SIJBF(165) I SIJBF’ : CL SW EMER GEN
CALL S W C L V ( 1)
CALL ESUB
CALL OFF( 165 )
CALL SUBP(65) SURF’ : OF’ 5:4 EMFR GEN
CALL S W O P V ( 1)
CALL ESUB
CALL AF ’ N’t (6 50 . ,6 00 . .— l ,— i)
CALL VECT(0 . ,—260.)
CALL SUF4 PC166, i65)  !SURF- : CL SW t i— l i
CALL OFF (166 )
CALL SUBF-(66 ,65) !S(JBF’ : OP SW 0 1—11
CALL APNT (650 .,320 .,— l ,— 1)
CALL VECT(0 .,—70.)

C
C CONTINUE WITH MANUAL CONNECTION TO F lO— i l .
C

CALL APNT (450 .,700. ,—i ,— l)
CALL VECT(0 . .—80 .)
CALL. SUBP(167,165 ) SURF - : CL. SW F lO— Il
CALL OFF(167)
CALL SLJBPC67 ,65) ! SIJBF’ : OP SW F l O — i l
CALL APNT (450. ,600. ,—1 ,—l)
CALL VECT(0 . ,—200 .)

C
C CONTINUE WITH MANUAL CONNECTION TO E lO—i l .
C

CALL APNT (250 ..700..’-l.—i)
CALL V E C T (0 .  ,-80.)
CALL SURP(168,165 ) ‘sURF- : CL SW F lO—I l
CAL.L OFFCI6 B )
(TAL L. SURP(68,65) ‘SURF- : OF’ SW E lO- l i
CALL APNT (250. .600 . ,—1 ‘— 1)
CALL VECTCO. .—200.)

C
C CONTINUE WITH MANUAL. CONNECTION TO C l-Il ANtI INTERCONNECTION .
C

CALL APNT (50 ..550..—l ,— i)
CALL VECT(0. .—70.)
CALL SUBF”,169,i65) ‘SLIBF- : CL SW E l O — i l
CALL OFF (169)
CAL L SIJBP (69,65) ‘SURP : OF’ SW E l O— l i
CALL. APNT (50 . ,460 . ,— 1 .—1 )
CALL. VECT (0.,—i20 .)
CAI.L SUBF (i70 ,165 ) ‘SIJRP : CL SW C l — l i
CALL OFF (170)
CALL SIJRP (70,65) suRF- : OP SW Cl — l I
CAL.L. APNT (50. ,320 . ,— 1 ,— l)

• CALL VECTCO .,—70.)
C
C WRITE THE TEXT FOR THE ‘AR C YOU SURE ’ DOUBLE CHECK
C FOR LIGHT PEN HITS DURING THE F-ROGRAM RUN .
C •

CALL SIJRF’ (90) ‘Su RF : R Ii SURE
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CALL APNT (R7O.~~75O.,—1,—5 ,1)
CALL TEXT (’YOU SURE’?’)

C
C DRAW THE ‘YES~ SUBPICTURE .
C

CALL SUBP(91) ‘ SIThF : CK IF YES
CALL AFNT(880.,700.,1,—5,—1)
CALL TEXT ( ‘YES’)
CALL ESUB

C
C DRAW THE N0 SUBF’ICTURE.
C

CALL. SUBP(92)
CALL APNT(950.,700.,1,—5,—1)
CALL TEXT (’NO ’)
CALL ESUD

C
CALL ESU8

C
CALL OFF (90)

C
C ILACE THE DATA TO E4E MONITORED.
C

CALL APNT (O.~~725.~~— 1~ —5 )
CALL NMBR (946,VOLTS,5, ‘ (F5.2)’)
CALL STATC—1)
CALL TEXT( ’ U’)
CALL STAT(1)
CALL A F N T ( O . ,6 7 5 . ,— 1 ,— 5 )
CALL NMBR(947 ,V O LTS,5 , ’ ( F 5.2 ) ’ )
CALL S T A T C — 1 )
CA ll TEXT (’ HZ’)
CAL L STAT CI )
CAL L A P N T (O . , 62 5 . ,— 1~~—~~)
CALL NMBR (948,VOLTS,5,’(F5.2)’)
CALL STAT (—1)
CALL TEXT(’ A’)
CALL STAT CI )
CAL L. AP NT(2~~~.,4 6 O . , — 1 , —~~)
CALL NMBR(965~ VOLTS~~5, ‘ (F 5 . 2) ’ )
CALL S T A T ( — 1
CAL L. TEXT (’ VOLTS’)
CALL STAT (1)

C AI:’D THE MENU OF OTHER FICTURES.
C

CALL MENU(93O. ,5OO .,~~5O.~~BO5, ’STA T 1’ ,’(~EN i’,’MENIJ ’)
C
C SAVE THE PICTURE ON A FILE CALLED ‘STAT I I. rIPY’ .
C

CALL. SAVE C ‘STAh l .DF’Y’)
C

STOP
END

THE FOLLOWINr IS THE CONTENTS OF FILE, STATII.CMD

STAT1 l/—CP,TI : /SH~STATl 1 ,DSP9UB,GLXP/L~/
ASG=GROU
//

89

______ - 
~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~



THE •GEN1.FT N FILE CONTAINS TH F FORTRAN SOu RCE FOR THE
(3ENERATOR 1 DISPLAY. EDIT THE FIE. E (JST N1~ THE EDIT UTIL ITY.

H IT USES SUBROUTINES CONTAINED IN THE FILE,  riSFSuJF4 .FTN . IF THIS
FILE HAS NOT BEEN PREVIOUSLY COMPILED~ IT MUST BE COMPILED TOO .

TO COMPILE WITHOUT A SOURCE LTST ING, TYPE :

>FOR GEN1=GENI

TO COMPILE WITH A NUMBERED SOURCE LIST ING~ TYP E:

:~FOR GEN 1=GEN1/Lx :1

TO TASK BUILD USING THE INDIRECT COMMAND FILE, TYPE:

>TKB ~GEN1

THIS CAUSES A FILE, GEN1.OBJ’ p TO BE CREATEr’ BY THE ‘FOR
COMMAND AND A FILE, 6ENl.TsI~~, TO BE CREATED BY THE TKB COMMAND.
THE P SYMBOL INDICATES THE USE OF AN INDIRECT COMMAND FILE. THIS
IS FILE, GEN1.CMEi , ANt’ CONTAINS THE TASK BUILDER COMMANDS NECESSARY
ro BUILD THIS TASK.

TURN ON THE VT—il , THEN BUILD THE DISPLAY TO BE SAVED BY TYPING :

>RVN GEN1

IF THE ABOVE SEOUENCE IS FOLLOWED A NEW FILE TS CREATED CALLED
GENI.DF Y THAT CONTAINS THE SAVEr’ DISPLAY .

THE FOLLOWING IS A LIST OF THE SUBPICT(.JRE NUMBERS FOR THE
(3ENERATOR 1 DISPLAY . THE FIRST SET CONTAINS THE SUBPICTURE NUMBERS
ThAT WILL BE L I G H T  PEN SENSITIVE . THE ORDER flETERMINES THE ORDER
OF THE COMF’UTEEI GO TO STATEMENT ’S ARGUMENTS IN THE MAIN PROGRAM .
rHE REMAINDER ARE NOT SENSITIVE AND ARE FOR COPYING Pu RPOSES ONLY.

SUBPICTIJRE NUMBERS DESCRIPTION
1001 HV TRANSMISSION TEXT FOR SW
1002 SYNCRN TEXT FOR SW
1003 STATION I TEXT FOR SW
1004 STATION ii TEXT FOR SW
1005 MENu TEXT FOR SW
1006 GENERATOR 1 VOLTAGE RAISE ARROW
1007 GENERATOR 1 VOLTAGE L OWER ARROW
1008 GENERATOR 1 FREOIIENCY RAISE ARROW
1009 GENERATOR 1 FREOIJFNCY RAISE ARROW
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C PROGRAM TO DRAW THE GENERATOR 1 STATION .
C

COMMON/t’FILE/IBUF ( 1000)
CALL INIT (l000)

C
C START AT THE SECTION OF THE RING BUS.
C

CALL AFNT (300.,l020.,—l~ —4)
CALL VBUS (— 10.,5)
CA l RDOT (0,,—10.,—i,—5)
CALL VDUS (-10.,5)
CALL.. RDOT (O,,—10. ,—1,—4 )
CAL.L VBtJS(—30.,5)
CAL L.. RI’oT(— 1.~~— 1.,—l,—4)
CALL HBUS(50.,5)
CALL RruOT (10,,0,,—1,0—4)
CALL HBUS (10.,5)
CALL RIIOT (l0.,O.p—1p—4)
CALL HBUS (l0.,5)
CALL STATC— 1)
CAL L APNT (350,,980.,—1,—5)
CALL TEXT (’RING BUS’)
CALL STAT(l)

C
C DRAW THE 1W TRANSMISSION SWITCH WITH DASHED LINE.
C

CALL APNT (500.,910.,1,—5)
CALL SUBP (1001) ‘SIJRP : HVTRNS SW
CALL TEXT (’HV TRANSMISSION’)
CALL ESUB
CALL APNT (800.,900.,—l,—4,—l,4)
CALL VECT (— 700. ,0.)

C
C DRAW THE CONNECTION LINE 61—3 ANt’ GENERATOR 1.
C

CALL APNT (266. ,365. ,—I ,—4 ,—1 1)
CAL.L CIRCL.F(35.,—1,4,—1)
CALL. APNT(293.,355.,—1,—5)
CALL TEXT (’l’)
CAL L APNT(300.,400.,—i,—4)
CALL VECT (0.~ 80,)CALL TRANSF
CALL VECT (0. ,60.)
CALL RDOT(— 1O,~ 0.,—l,—4)
CALL SUBP(6) ‘SlJRP~ CL CR GEN 1
CAl L. CBCL DC4 )
CAL L. ESUB
CAL.L SUBF (106) ‘SIJRP: OP CR GEN 1
CALL CROPN(4)
CALL ESUP
CALL.. APNT (300.,600.,—l,—4)
CALL VECTC0.~~348.)C

C WRITE A ll. THU TEXT FOR GENERATOR ONE.
C $

CALL. AFNT (2O0,,29O.,~~l,—5 )
CALL. STAT (— 1)
CALl. TEXT (’FRTME MOVER ’)
CALL APNt (200.,2l~0.,—i,—5)
CALL TEXT (’EXCITATION ’)

t ~~~~~~~~~~~~~~~ --‘
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CALl A PNT ( ’ OO . ,22O . ,— i~~— 5 )
CALL rE.xr (’VoL rAr,E AMPS ’)
CALL AFNT( 290.,180.,l,—4)
CALL SUDP(1006) ‘siu ~ p : RAISE VOLT GEN
CALL VECT (0.~~30.)
CALL ARROWU (l,4,—l)
CALL ESIJB
CALL.. AFNT (290.,l70.,1,—4)
CALL SUBP(1007) !SURP : LWR VOLT GEN I
CALL VECT (0.~~—30.)CALL ARR OWI’(1,4,—j)
CALL ESUB
CALL AFNT (375.,150.,—1,—5)
CALL TEXTYP.F.’)
CALL APNT (215.,100.,—1,—5 )
CALL TEXT (’FRELI’)
CALL APNT (290.,60.,1,—4)
CAL L SIJBP(1008,1006) ~RiIBP RATS E FRFO GEN 1
CALL APNT (290. ,50 . ,1,— 5)
CALL SIJBP(1009,1007) ‘SIJBP L~4R FREO GEN 1
CALL AF’NTC385.,80.,—l,—5)
CALL TEXT (’KW’)
CALL STAT (1)

C
C DRAW THE PRIME MOVER ANti EXCITATION SWTTCHFc FOR GENERATOR 1.
C

CALL APNT (390.,29O.,1~ —5)
CALL SUBP (l51) iSi .IBP r,FN 1 tiC SUP ON
CALL TEXT (’ON’)
CALL ESUB
CALL OFF (151)
CALL SUBP(51) ‘S(JRP GEN 1 DC SUP OFF
CALL tEXT (~ OFF’)CALL ESUR
CALL APNT (390.,260.,1,—5)
CALL SUBP(152,l51) !SIJRP : GEN I EXCI
CALL OFF(152)
CALL SUBP(52,51) !SIJBF GEN 3 EXCIT OFF

C
C PLACE THE DATA TO BE MONITORED IN CORRECT POSITION.
C

CALL STAT (l)
CALL APNT (200.,165.,—1,—5)
CALL NMBR (931,VOLTS,5,’(F5.2)’)
CALL APNT (200.,45.,—l,—5)
CALL NMBR (932,VOLTS,5,’(F5,2)’)
CAL L APNT (360.,190.,—lv—5 )
CAL L NMBR (933,VOLTS,5,’(F5.2) )
CAl L APNTc36O.,12O,,~~1,—5 )CALL NMRR (934,VOL.TS,5,’(F5.2)’)
CALL APNT (36O.~~50.,—1,—5)( ‘ALL N M R R ( 9 3 5 , V O L T S , 5, ’ ( F 5 . 2) ’)

C WRITE THE TEXT FOR THE ‘AR E YOl.l Sl.IRE’ t’OURI.E CHECK
C roR l Jf ;Hr PEN HITS [lURING THE PROGRAM RI.JN.

CALL SIJRP(90 ) !Sl . IRF : R 1.1 Su RE
CALL A F’ NT(870 .,730. ,— 1,— 5,l)
CALL TEXT ( ’YOU SURE?’)

C
C DRAW THE ‘YES’ SUBRICTURE.
C

CALL SUBP(91) ‘suJRP : CK IF YES
CALL APNT (880.,7OO.,l,—5~—1)
CALL TEXT (’YES’)
CALL ESUB
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C DRAW THE ‘NO’ SURPICTURE .
C

CALL SUBP(92)
CALL APNT (950. p700., 1 ,—5,—1)
CAL L. TEXT (’NO’)
CALL ESUB

C
CALL ESUB

C
CALL OFF (90)

C
C WRITE DATA ON THE RIGHT SIDE OF PICTURE .
C

CALL STAT (— 1)
CALL AF’NT(60O.,7O0.,—l~ —5)
CALL TFXT (’*** DATA ***‘)
CALL. AF’NT (600.,660.,—1,—5 )
CALL TEXT (’GEN 2’)
CALL AF’NT(650.,620.,—1,—5)
CALL STAT(i)
CALL NMBR(936~ VOLTS,5~ ‘(F5.2)’)
CALL STAT(—1)
CALL TEXT (’ VOLTS’)
CALL APNT (65O.,580.,—1,—5)
CALL STAT(i)
CALL NMBR(937,VOLTS,5,’(F5.2)’)
CALL STAT(—l )
CALL TEXT( ’ HZ’)
CALL APNT (650.,540.,—l,—5)
CAL L STAT (1)
CAL..L NMBR(940,VOLTS,5,’(F5.2)’)
CALL STAT(—1)
CALL TEXT(’ KW’)

C
C WRITE THE DATA FOR GEN 3.
C

CALL APNT (600.,460.,—1,—5)
C
C

CALL.. TEXT(’GEN 3’)
CAL L. AF’NT(65O.~~420.,—l,—5)
CALL STAT(1)
CALL NMBR (941~ VOLTS,5,’(F5.2)’)
CALL STAT(—I)
CALL. tEXT (’ VOLTS’)
CALL APNT(6~O.,380.,—1,—5)CAL L. STATCI)
CALl NMRR(942,VOLTS,5~~’(F5.2)’)CALL.. RTAT(— l)
CALL TEXT(’ HZ’)
CAL L.. APNT(6~O.,34O.,—l,—5)CAL L. STATCI)
CALL NMBR(945,VOLTS,5, ‘(F5.2)’)
CALL STAT(—l )

• CALL TEXT(’ KU’)
C
C WRITE THE DATA FOR INTERCONNECTION.
C

CALL A P N T ( 6 0 0 . , 2 6 0 . , — I , — 5)
CALL TEXTC’ INT CON’)
CALL APNT(650.,220.,—l,—5)
CALL STAT(l)
CALL NMRR(946~VOLTS,5~ ’(F~ .2)’)CALL STAT(—l)
CALL TEXT(’ VOLTS’) t ~

-



CALL.. APNT (6~O.~~1flO.,-1p—5 )
CALL S~ AT (1)
CALL.. NMFiR(947 ,VOL..TS ,5 , ‘ ( F5 .2) ’)
CAU STAT(—1)
CALL. T EX T ( ’  H7’)
CAL L APNT (200.,355.,—1,—5)
CALL TEXT( ‘GEN’)
CALL STATCI)
CAL L. APNT (35O.,R~ O.,— 1,—5 )
CALL . NMBR (967~VOLTS,~5, ‘(F5.2)’)CALL. STAT(-1)
CALL. TEXT (’ VOLTS’)
CALL STAT (1)

C
C ADD THE MENI.J FOR SWITCHES FOR OTHER PTCT I .IRFS.
C

CALL MENlJ(93O.,~~OO .,—5O.,1OO2~~’SYNCRN’ ,’STAT 1’ ,’STATlI’ .’MFNIJ’)
C
C SAVE THE PICT(JRE IN A FILE CALLEtI ‘GENI.DPY ’.
C

CALL SAVE (’GENl.E’PY’)
C

STOP
END

THE FOLLOWING IS CONTAINED IN THE FILE, GEN1.cMt’:

GEN 1/—CP,TI:/SH=I3EN1~ DSPSUB,GLIB/LB
/
ASG=u3Ro:1
//
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THE SYNCRN.FTN’ ANt’ ‘SYREST.FTN’ FILES CI1NTATN THE FORTRAN
SOu RCE FOR THE SYNCHRONIZING DISPLAY. EDIT r I-W E l i  ES USING THE F t ilT
UTILITY. THESE FILES USE S1JF~ROUTINFS CONTAINED IN A F!! F CALLED
[i!3PSIJR.FTN’ • IF THIS FILE HAS NOT BEEN FREVIOIJSLY COMPILED,

IT MUST RE COMPILEr’ TOO.
TC) COMPILE WITHOUT A SOURCE L IST ING,  [Y F E :

)FOR SYNCRN=SYNCRN
ANtI THEN :~FOR SYR EST-~SYREST

TO COMPILE WITH A NUMBERED SOURCE LISTING . TYPE :

>F’OR SYNCRN=SYNCRN/LI :1
AND THEN :>F0R sYRE5T=5YREST/LI:1

TO TASK BU ILt’ USING THE INDIRECT COMMAND FILE, TYPE:

:1KB ~SYNCRN

THIS CAIJSES FILES, SYNCRN.OBJ AND SYREST .OBJ’. TO RE CREATED
BY THE ‘FOR’ COMMAND AND A FILE, ‘SY NCRN.TSN ’. TO BE CRFATE D BY
II IE 1KB’ COMMAND. THE ‘1? ’ SYMBOL INDICATES THE II~~F OF AN INDIRECT

COMMAND FILE . THIS IS FIlE , ‘SYNCRN.CME” , AND CONTAINS THE TASK BIJILEIER
COMMANDS NECESSARY TO BUILD THIS TASK.

Tu RN ON THE V T — i l  ANt’ Bu ILt’ THE DISPLAY TO BE SAVED BY TYPING :

>RLJN SYNCRN

IF THE ABOVE SEO(JENCE IS FOL L OWE D, A NEW Fil E iS r.REATFr, CA~ L EE’
‘SYNCRN .DF’ Y THAT CONTAINS THE SAVED DISPLAY.

f~

_ _ _  
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THE FOLL OWING IS A LIST OF THE SuJF~F T ET u J R F  NIIM~~ERS ‘O R  THE
SYNCHRONIZING DISPL A Y .  THE FIRST SET CON rA T NS TH[ SuIr ~F T C r l I R E  NuJMRFRS
[HAT WILL BE LIGHT PEN SENSITIVE . THE ORDER riETERMTNFS THE ORDER
OF THE COMPtJTEt ’ GO TO STATEMENT’S A RGu MENTS TN THE MAIN FRfl i~RA M.
[HE REMAINDER ARE NOT SENSITIVE ANt’ ARE FOR COPYIN G FIIRPOSES ONLY.

SUBF’ICTURE NUMBER r’EsCRTPT ION

1101 GFN 1 V O L TAGE RAISE ARROW
1102 GEt’! 1 VOl TAGE l OW ER ARROW
1103 (3EN I FRFOI. IENCY RAISE ARROW
1104 GEN 1 FRFOUFNFY L OWER ARROW
1105 GEN 2 VOLTAGE RAISE ARROW
11Ô6 GEN 2 VOl TAGE u.OI4ER ARROW
1107 GEN 2 FRFOUENCY RAT S E ARROW
1109 GEL’! 2 FREOUENI’,Y LOWER ARROW
1109 GEN 3 VOLTAGE RAISE ARROW
1110 GEN 3 VO l. TAG F I. OWFR ARROW
1111 (3FN 3 FRFPIJFNCY RAISE ARROW
1112 GEN 3 FRFI1IJENCY L OWE R ARROW
1113 INT CON VOLTAGE RAISE ARROW
1114 INT CON VOL TAflF l OWER ARROW
1115 HV TRANSMISSION TEXT FOR SW
1116 STATION I TEXT FOR SW
1117 GEN I TEXT FOR SW
1118 ST 11 TEXT FOR SW
1119 MENU TEXT FOR SW

1120 VERTICAL RIJS J:’AsH to UNITS
1121 VERTICAL .. BUS [‘ASH tO UNITS
1122 VERTICAL. BUS ON LEFT
1123 HORTZ. BUS 100 LEFT
1124 HORTZ. BUS 100 RIGHT
1125 VERTICAL BUS ON RIGHT
1126 GEN ANt’ TRANSF 1
1127 GEN ANt’ TRANSF 2
1128 GEN ANti TRANSF 3
1129 ST Ii BUS
1130 GEN 1 TRANSF ONLY
1131 INT CON TRANSF
1135 CIRCLE ONLY
1136 INT CON CIRCLE

• THE FOLLOWING IS THE CONTENTS OF THE FILE , SYNCRN.CMD

SYNCRN/-CP,TI:/SH~ SYNCRN,SYRFST,EISPSUB,GLIB/LB
/
ASG~GR0U
I,
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C
C PROGRAM TO [‘RAW THE SYNCHRONIZ ING FICT IJRE .
C

COMLION/r’rrLr/IRIJF C 1050)
CALL INIT (105O)

C
C START WITH THE RING BUS SFCTION .

CALL A F N r( l so . , 1o ?o . ,— l , — 4 )
CALL SIJF’P(1122 ) ‘ S I I r F :  VR IJS SECT ION
CALL.. SIJBP (1120) ‘ Si iDF~ VRIJS 10
CAL L VRlJS (-iO.~ 5)CALL ESIJB
CALL Rt’OT (O. ,—1O. ~— l ,—4)
CALL SUBP (1121,1120) ‘su.JRF : VF~LlS 10
CALL R[IOT(0. ,—10. p— i  ~~ 4 )
CALL VT4LJS (—30, ‘5)
CALL ESUB
CALL.. SUBP( 1123) ‘SIIBP: HRIJS 100
CALL l-IRUS( 100 . ,5)
CALL ESUB
CALL REIOT (O.,—10. ,—5 ,—5)
CALL . SUBP(4) ‘SLuRP : CL CR RNG BUS LT
CALL CBCLC’(4)
CAL L ESUR
CALL SIJBP (104) ‘sURF: OF CR EW E, RIJS I. T
CALL CE ~f l P N ( 4)
CALL r SUB
CALL AF NT (27O.,95O.,—1~~—4 )
CALL HBUS(160.,5)
CALL Rt’OT (O.,—1O. ,—1,—4)
CALL SIJBP(5,4) ‘S&IRF Cl. CR RNG Bu S RT
CALL SURP(105,104 ) ‘ Su B!- : OP CR RNG BUS RT
CALL APNT(450.,950.,-1,—5)
CALL SUBF (1l24~ 1123) ‘SliDE : HRIJS ON RT
CALL RtuOT (o.,70.,—1,—4)
CALL slThPU125~ i122) ‘sluRp : VRUS SECT ON RT

C
C WRITE THE EiUS.T Gt4ATTfTh : FOR THE OE!IERATORS ANT’ EFI3IJI.AT OR.
C

CALL APWT (143..405.,-1,—5)
CALL TEXT (’l’)
CAL L AFNT (343.,405.,—1,—5)
(A LL [EXT(’2’)
CAL L A F NT (54 3 ,  ,405. ,—1 ,—5 )
CAL .! T EXT (  ‘3 ’ )
l;A L .L A F N T (74 3 . ’ 8 0 5 . .— 1 ,— 5 )
(ALL TEXT (’R’)

C
C TEXT FOR RING BUS .
C ALSO FOR [HE GENERATORS.
C

CALL STAT (—1 )
CALL APNT (290.,980,,—1,—5)
CALL TEXT (’RING BUS’)
CAL.! APt4T(70.’405.,—i,—5)
CALL TEXT (’GEN’)
CALL APNT (270.,405.,—1,—5)
r;ALI. TEXT (’GEN’)
CALL APNT (470.,405.,-1,-5)
CALL TEXT (’GEN ’)

C
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C [‘RAW GEN 1, T RANS FORMFR, ANT’ CIRCUIT BREAKER.
C

CAL L APWT (126.,415. ,—1,—4 )
CALL. SLJFiF’(1126 ) ~SiJF4F’ GFNI I TRANS
CAL L SURP (1135) ‘SIJ BF : CIRCLE ONLY
CALL CIRCLE (25.,—i,4,—1)
CALL ESIJB
CALL. RE’OT (24.,25.,—1,—4)
CALL SUBP (1130) ‘su .JBF : TRANS ONLY
CAL. L. VECT (O.,50.)
CAL..L TRANSF ‘ GEN 1 TRNS
CALL VECT(0.,50.)
CALL ESUR
CALL ESUR
CALL. RDOT( 10. ,0. p— i ~~4)
CALL SLJBF ( 6 ,4 )  u su IRE: Cl . cn GFN i
CALL. SUBP (106,104) ‘SURF : OF’ CR GEN 1
CALL AF ’NT (150,,600.,—1,—4)
CALL VECT (0.,350.)

C
C DRAW GEN 2~ TRANSFORMER, AN ti CIRCI.JTT BREAKERS iF TO THE RING BUS.
C

CALl. APNT(375. ,415. ,—1 ,—4 )
CAL L. S(.JRP(1127 ,1126) ‘ SIJBF’ : GEN 2 ~ TRNS
CALL . Rt’OT (— lO. ,O. ~— i ~—4)CAl L SUBP(7,4) ‘Sl ,JRF : CL CR GEL’! 2
CAL L SIJRF(107.104) !sIJRF’: OF’ CR GEN 2
CAL L APNT (350.,600.,—1,—4)
CAL.! VECT (0.,100.)
CAL L RI’OT (—l0.,0.,—1,—4 )
CALL SUBP(9~4) ‘S IJBF’: CL CR A 1—3
CALL SLJBP(109,104) ‘slJRP: OP CR A 1—3
CAI..L APNT (350. ,720. ,—l .—4)
CALL VECT(0. p230.)

C
C [‘RAW GEN 3~ TRANSFORMER, AND CIRCI.JTT BREAKERS TO RING PIJS .

CAL..L AF’NT (575.,4J.5.,—1~ —4 )
CALL. SUBP (1128,1126) ‘sluRP : 6EN 3 1 TRNS
CAL.L Rt’OT (—1O.,0.,—1,—4)
CAL..L ‘3(JBP(8,4) lS l .JRF’ CL CR GEN 3
CALL. SLJRF (1OG,104) ‘SURF’ OF’ CR GEN 3
CAl...!,. APNT (5SO.,600.,—1,—4)
EAL.L VECT (0.,100.)
CA!..L R[IOT (—1O. ,0. ,—1,—4 )
CAl L.. ~HJBF~

( 1O,4) ‘SluRP : CL. CR R1—3
i.Al I Sl.JRP (1lO~ 1O4) ‘SIIR F’ OF CR Rt—3
(Al l APNI(5S0.,720.,—1~ ’— 4)
CALl. VFCT(Q.,230.)

C
C [‘RAW STATION 11 BUS THEN THE LINES Cl-l i ANTi [il—Il .
C

CAL L. APNT (350.,650. ,—1,—4 )
CAL.L HE’US(200.,5)
CAL..L AF NT (416.,650.,—1,—4) ‘START Cl—li
CALL VECT (0.,50.)
CA J.L R [,OT(—i0.,0.,—1,—4)
CALL SUBP (11,4) ‘SlJBP~ CL CR Cl— il ST—I
CAL !.. SLIBP (111,104) ‘SURF : CL CR Cl—i l ST—I
CAl C AFNT (4l6.,720.,—1~ —4)
CALL VECT (0.,80.) ‘ 416,800
CALL VECT (234.,0.) ! 650,800
CALL VECT (0.,—250.) I 650,550 4
CALL VECT (50.,0.) ‘ 700,550
CAL L VECT (O.,30.)
CALL &rlcrr(— lo.,o.,—1.—4)

98

— ~ — 

~~~~~~~ 

— 

~~~~‘i.—~~~’r’ ’~~~~



CALL SIJF’P(14.4) ‘SIIRF Cl [ [ 4  C l — i l  S l i t
CALL SURP( 114,104) SIJFF’ : (iF’ CR C l — i l  ST1 I
CAL L. APNT (700.,600.,—1,—4)
CAL l VECi(0.~~5O.)CALl SIJBF’(lt?9,t123) ‘S I IEF : SI - i i  RIJS
141 , 1 V E CT ( O .  ,— 50.  p— i  ,4) I ‘ N~C [ (‘1 11
CAI .L. Rr’or (-1o..--2o .~~—i,— 4)CALL SURP(1~~,4) ISI PBP: Cl . CR I l — I l  5Th
CAL L SlJE~P (1i5,lO4) ‘SURF’ : OF’ CR [‘I— li STI1
CAL L. AF’NT (800.,580.,—1,—4)
CALL VECT (0..—80.) I 800.500
CALL .  V E C ’ r (— 2 0 0 . , O . )  I /~00, 5OO
CAL l. V E C T (0 . ,2 5 0 .)  ! M)0,750
CALL VECT(—116.,0.) ‘ 4 R4 . 7 ’~0
CAL L V E C T ( O . .— 3 0 . )  ‘ 484 .720
CAL L R!IO[(—1O,,—20.,—1,—4)
CALL SURP (12,4) ‘SURF’ : CL CR [‘i—li ST—i
CAL.!. SURP( 1i2 ,104 ) ‘ SliDE’ : OF’ CR E l i— h i ST—i
CAL L AF’NT (484.,700.,—l,—4)
CALL . VECT (0.,-50.)

C
C DRAW INTERCONNECTION .
C

CAL!. AF’NT(750..650..—l,—4)
CALL . Sl.JRP(1i31,1130) !SIJF4 F’ : TNT CON TRNS
CALL APNT(726.,815.r’-l,—4)
CAL..L SUBF’(i136,1135) ‘SURF’ : TN CON CIR
CAL L. APNT (750.,840.p—1,--4)
CALL VECT(O.,50.)
CAl L Rt’OT (—l0.,O.,—l,—4 )
CAl L. SLJE4P (i3,4) ‘SURF : Cl... CR T NT CON
CALl. SUBP (113,104) ‘SlIDE ’ : OF’ CR TNT CON
CALL AP NT(75O.~~9 1 0 ., — l , —4 )
CALL VECT(0. ,70.>
CALL ARROWE1 (— l,4,-l)
CALL AF’NT(700. .1000. .—I ,—5)
CALL TEXT(’INT CON ’)
CALL APNT (650.,400.,—1,—5)
CALL TEXT(’SYNCHRONIZINO’)

C
C CALL THE REST OF THE PICTURE .

CALL RESTOF
C

ST OF’
END

I—
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C
C SUBROUTiNE TO FINiSH THE SYNCHRONIZING PICTURE.
C

SUBROUTINE RESTOF
C
C IIISF’L.AY THE DATA FOR THE VARIOUS SOURCES.
C

CAL L. A F ’NT ( l iS,  ,350. ,— i , — 5 , — l , I
CAL.L T E X T (  ‘ V O L T ’ )
CALL. AF” NT( l8O. ,300 . , l~~— 4 )
CALL SIIBF’( i lOl)  ‘S l Ir IF’ :  RAISE IWNI VOLT
CA ll. VJ ’ C f ( 0 . , 30.)
[Al I A R R O W IJ ( l ,4 ,— l )
CALL ESUB
CALL . Rt’OT (O. ,-40.,—1, 4)
CAL.L SURP( iiO2 )  ‘ S U RF’ : LUR GEN I VOLT
CALL V E C T ( 0 . . — 3 0 .)
CALL A R R O W D ( l . 4 ,— l )
CALL ESUB
CA LL AF’NT( .120 . ,220 . ,— l ,—5 )
CALL T E X T (  ‘FRED’)
CALL A F’ NT ( I80 . , 170 . , i ,—4 )
CA I_ L SUFuF’(110 ,3 ,i lOl) ‘ slilIF’ : RAISE ~,EWi FRED
CA L.L R r ’ o T ( o , . — 4 o . , 1 ,— 4 )
CALL. SIJBF’(1104,1102) ‘ SURF’ : L. WR GENI FRED

C
CAL.L AF ’NT (315.,350 .,—i,-5)
CAL L.. T E x T ( ’V o L r ’ )
CALL ~F’NT (380. ,300 . , i ,— 4 )
CALL SIJBF’(1lO5,1101) ‘SHElF : RAISE GEt’! 2 VOLT
rAi l F : t ’ O T ( 0 . , —4 0 . , — l , —4 )
CA l l SUI’F’(1106 ,1102) ISurip: L W R  GEN 2 VOLT
CALL A F ’ N T ( 3 2 0 .c 2 2 0 . ,— i , —5 )
i;Al.L, I E X T ( ’ F R E O ’ )
CAL l. APNT (3E10.,i70.,i,—4)
CALL SlIFuI( 1107,1l01 ) SURF’: RAISE GEN 2 FRED
CALL.. Rt’OT (O. .—40.,i,—4 )
CALL SIJBP(110R,1102 ) ‘SURF’ : L.WR GEN2 FRED

CALL AF ’Nr (515. .350. ,— i,—5 )
FAL.L TEXT ( ‘VOLT’ )
CALL , APNT (5130.,300..1,—4)
CALL SIJR [’(1109.1101) ‘SURF’ : RAISE GEL’! 3 VOLT
CAl L R~’Ol(0. ,— 40. , I .—4)( A l l. ‘1IJ RF’ ( 1110.1102) ‘SI IRE’ : LWR GEN :3 VOLT
CALL.. AF’NT (520..220..—l,—5 )
CALL . TFXT (  ‘FRED’
[ful l APN I (5R0.,170 . ,1 ,—4)
[Al l StJRF’ (iI11~~1lOl ) ‘Su RF’: RAISE GEN3 FRED
CALL RIIOT (0..—40.,l,—4)
CALL SURF’(1112,1102) ‘SURF’: L..WR GEN3 FREt?

CALL AF’NT (B15..8Z0.~ — l,— 5)
CALL TEXT (’VOLT’)
CALL AF’NT (880.,800.,l,—4)
CALL. SIJRF (1113,l10l ) ‘SURF: RATSF TNT VOL T
CALL RL’O1 (0.,—40.,1,—4)
CALL SIJBP(1114,1102) !sur.IF : LWR TNT VOLT
CALL APNT (870.,720.,—i,—5)
CALL . TFXT (’FRED’)
CALL STATU)

C
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C iJRI IF THE TFXT FOR THE ‘ARE’ YO U S1.JS’F’ EIflIJFII. F CHECK
C FOR I IGHT F’FN HITS [‘t iRING iiir F’ROGEAM RUN.

CALL SliIiP(90) ‘SIJ Fu P: R U SU RE
CAL L. AF’NT(R90..750..-i~ —5 ,l)
CALL. [CX [( ‘YOU SIJP ’? ’ )

C
C [‘RAW THE ‘YES’ SURPICTURE .
C

CAL L SIJBP(9i ) I SURF’: CK IF YES
CA L ..L A PNT(900. .700. , i,  -5, — i )
CALL TEXT (’YES’)
CALL ESUB

C
C [‘RAW THE ‘NO’ SUFIPICTURE.
C

CALL SUBP(92)
CAL.L AFNT (970..700.,1,—5,—l)
CALL T E X T ( ’ N O ’ )
CALL ESUB

C
CALL ESUB

C
CALL OFF (90)

C
C PLACE THE Nu MBERS FOR THE DATA TO BE ri :SPLAY ED.
C

CALL APNT (l00.,285.,—1~ —5)
CALL S TA T ( 1)
CAL L NMBR(93i ,V O LTS,5 ,  ‘ ( F 5 . 2) ’ )
CAL L. AF’NT ( 100 . • 155 . ,— l ,— 5 )
CALL. NMRR(932 ,V OLTS .5 , ’ (F 5 .i) ’ )
CAL .. !. AF’NT(300.,285., — 1 .— 5 )
CAL L PJLIBR(936 ,V OL.T S,5 , ‘ ( F 5 . 2) ’ )
CA l L A F ’ N T (3 0 0 . , 15 5 , , — l , —5 )
CALL NMFIR(937 ,V OLTS,5 , ’ (F5 . 1) ’ )
CAL .L APNT(500. ,285. .— I ,—5 )
CALL NMBR(941.VOLTS,5,’(F5.2)’)
CAI ..L APNT (5OO.~~l55.,—l,—5 )
(‘Al L NMRR(947 ,VO L.TS ,5 , ’ ( FS . i ) ’ )
CALL A P N T ( R 00 . ,7 R 5. , — 1,— 5)
CAl L NMBR(946 ,V OL .. TS , 5, ‘ ( F5 . 2) ’ )
CALL A PNT(800 . ,~~90.,- i , —5 )
CALL NMRR’ (947pVOLTS,5.’(F5.l)’)

C SETUP THE MENU.
C

CALL. t-WNU (930. ,500.,—50.,iilS, ‘HVTR’NS’.’STAT I’ , ‘f l EW 1’ ,
I ‘STAT 11’ ,’LIENU’)

C
C SAVE THE PICTu RE IN A FILE CALLED •SYNCRN.ti F’Y’ .
C

CAL.L SAVE C ‘SY NCRN.t’PY’)
C
C

RETURN
ENI~

4I.
lot
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PIP>TI : =INTRO .TXT
THE INTRO.FTN’ Fl! u r .ONTAIH ; THE FORTRAN snluRCF FOR THE

INTRODUCTION 111SF’! A Y .  FR I  I THE IlL F ‘uS ING THE E D I T  L IT IL  T r Y .
TI) COMPILE: WI I I-lIMIT A 5(lllId:F I I ST INCh TYF ’ E

>FOR T NTRO~~INTRO

TO COMF’ILE WITH A NUMPEREII SOu RCE LISTING, TYPE:

~~
F’fIR rNTRo~ INTE O/LI:1

TO TASK F~lJIL[’ USING THE INDIRECT COMMAND FTI .E, TYF’E :

:>TKB ~ INTRO

THIS CAI.ISFS A FILE, ‘ INTRO.O B, .I’ , TO RE t’RFAT FlI BY THE ‘FOR’
COMMAND fuN[~ A FILE. ‘ T N TR O . T S K ’ , TO RE CRFAT F’ r’ DY THE ‘ T t ~R’ CflMMANTi.
THE ‘~~ SYMBOL INDICATE’ S THE USE OF AN INDIRECT COMMAN ri F I lE .  THIS
IS FILE, ‘INTRO.CME” , ANt’ CONTAINS THE TASK RI.JT L(’ ER rOMMANr,s NFCESSARY
TO BUILD THIS TASK .

TURN ON THE V T — i l ,  THEN BUILT’ THE E’ISF’l AY TO RE SAVEr’ BY TYF’ING

>RIJN INTRO

T F TC~ ABOVE S1OI.LFNCE IS FOL l OWE D A NEW FT I  I IS CREATE D CAl I Fri
‘ INTRO • REV’ T HAi CONTAINS THE SAVED 111SF’! A Y .

• THE. ~NTROtIt .lCTTt l N E’T S F’ L.AY HAS SI.JR F’TCT I .IRFS (iF TEXT FOR
SWITC HIN~j F’URPOSES O N L Y .  THEY ARE u SED FOR CHAN(3TNG EIISF’l AYS.

SIJBFICTURE NUMBER DESCRIPTION

1 HVTRNS TEXT FOR SW
2 SYNCRN TEXT
3 STAT I TEXT
4 STAT1 1 TEXT
5 GFN 1 TEXT
6 Sl.IRST4 TEXT
7 INt’ LII TEXT
8 SIJBST6 TEXT
9 NETSYS ‘T EXT

10 It’ CTR TEXT
11 EXIT TEXT

THE FOLLOWING IS CONTAINED IN THE FIL.E, INTRO ,CMEI

INTRO/-CF’~ TI :/SH=INTRO,ru gpS(JB,I3LIB/LB

ASG~GRO U
I,
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C
C PROGRAM TO WRITE THE INTRODUCTION ANT’ ENTRY MFNI.I FOR THE
C CONTROL PROGRAM.
C

COtIIION/DFILE/IBIJF ( A000)
CALL INIT(1000)

C
C WRITE THE TEXT FOR EXPLANATION START INf l  WITH TITLE.
C

CAL L AF’NT(250..R50..-1~~—5)
CALL S T A T (— 1 )
CALL TEXT ( ’ POW ER STSTELI CONTROL GRAPHICS’)
CALL STATU)

C
C WRITE TEXT.
C

CALL A PNT ( 5 0 . .7 5 0 , ,— l ,— 5 )
CALL T E X T ( ’ T H E  GRAPHICS THAT FOL L OWS THIS FYF’l .A NAT TO N CAN

1 CONTROL THE ’ , 1, ‘POWER’ SYSTEM SIMI.IL.ATOR ’ TN FRONT OF YO U. THE
2 COMPUTER IS’ ..l ‘PROGRAMMED TO DETECT WHERE Aw n WHEN Yfl il POINT
3 LIGHT PEN ON’ ,i,’SENSIT IZEE’ PORTIONS OF THIS SCREEN . IF IT
4 DETECTS A HIT’ .’,l)

CALL T E X T ( ’ I T  WILL THEN EXECUTE SOME A CTION THAT HAS Al SO BEEN
I PROGRAMIIET”,i, ’TNT O THE COMPUTER. THE A~~T IflN MA Y BE TO CLOSE
7 A CIRCUIT’ ,l,’DREAKER, RAISE A VOl TAGE , OR CHA NGE F’TC T I .IRFS. TO
3 AV OI t” ,1~~’MISTA KE5, A DOUBLE CHECK IS ARtiFri T N THE FORM OF
4 A’ ,l)

CALL F E X T ( ’ ~’YOt .I SURE” QUESTION. POINT THE I IGHT F’FN TO THE
1 ‘YES’  OR’ ,l,’ ’ND’ , AS tIESIRFI’ , FOR THE r.HANflE INDICATED BY
2 A TRIANGLE ’pI .  ‘THAT APPEARS AROI.IN[I THE I.. .TSHT F’EN HIT. THE
3 CIRClJIT’ ,l~~’BRF:AKERS ANtI SWITCHES WIl l. OPEN IF Cl OSED ANTI
4 VICE VERSA ’,I)

CALL.. TEXT (’WHEN F’OTNTE [’ AT. TO CHANGE F’TCT IJR FS F’OT NT AT THE
1 W O R E ” p l ,  ‘DESCRIBING THE F’ICTIIRE t’FSIR’Er’ . OW l Y THOSE WOR DS TN
7 T~l. CCK ’,i, ’LETT ER5, NOT ITALICS. ARE S FNST TTV E.  TO CONTINUE ‘HIT’
3 ONE OF’ ,l,’TH F WORDS ON THE RIGHT. THE F’ROflRAM CA N RE STOFF’Efl
4 ONLY RY’ ,1, ’A HIT ON ‘EXIT’ .’)

C
CREATE THE MENI.l TO BE IJSEt’ TO CHOOSE WHICH F’ICTIJRE TO START FROM .

C
CAI...L MENIJC93O .,550.,—50.,l.’HVTRNS’ ,’SYNCRN’ ,’STA T I ’ ,’STA TlI’ ,

1 ‘GUN 1’ , ‘SURST4’ •‘INT’ ~~~~ ‘SI,IBST6 ’ p ‘W ETSYS ’  • ‘I,rI CTR ’
CAE ,.L LIENI.l(930..50.,50.,l1, ’EX IT ’)

C
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C WRITE THE 1 I X T  FOR THE AFW Yfl Il SIIRE’ fltllIl’l I (‘HECK
C FOR L.. TGHT F’F N H I T  S I’IJR I Nfl THI F’RTH’,RAM RI IN.

CAL L. Sl IDE’ (90 ) I [1 IRF’ : II SI IRE
CAL .L AF’NT (870.  .750 . . - 1 . — 5~~ 1)
CALL TEXT C’YC)I.I SURE?’)

C
C [‘RAW THE ‘YES’  SUBPICTIJRE .
C

CALL. SLJRP(.91) ‘SlIDE : CK IF YES
CAL .L AF’NT (RRO . ,700. 1 ,—5 ,—1)
CAL L TEXT (  ‘YES’)
CALL ESUB

C
C [‘RAW THE ‘NO’ SIJBPICTIJRE.
C

CALL SU.IBP(92)
CALL APNT (950..700.,1,—5,—l)
CALL T E X T ( ’ N O ’ )
CALL ESUI1

C
CAL..L ESUB

C
CAl ..!. OFF’(90)

C
C SAVE THE F’ICTUJRE IN A FILE CAL. L.E[’ ‘ INTRO.[iF’Y’ .
C

CALL S AV E( ’ I N T R O .DPY’ )

STOP
EWE’

4
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THE STATI.FTN’ AND ‘STlFIN.ETN’ Fit ES C,.1NTA IN THF FORTRAN
SOURCE FOR THE STATION 1 t’IISPI.AY. EDIT THE F ILES USING THE EDIT
IJTILITY. THESE FILES u S E  ,SU. IRE’OUTINFS CONTAINEr ’  TN A FILE CALLED
‘DSF’SUR.FTN’ • IF TI- ITS FILE HAS NOT E~EFN FRI V If l l.J51 Y COMPILEr’ ,
IT MUST BE COMF’ILED roci .

TO COMF’ ILE WITHOUT A SOURCE LISTING , TYPE :

FOR STAT1=STATI
ANn THEN >FOR ST1FIN=ST1FIN

TO COMPILE WITH A NI.JMBEREE’ SOURCE LISTING. TYPE:

‘>FOR STAT 1=STAT i /L I :1
ANr’ THEN >FOR ST 1FIN=ST 1EIN/LI:i

TO TASK BUILD I.ISING THE INDIRECT COMMAND FILE . TYPE:

>TKB (~STATl

THIS CAUSES FILES, ‘STATl.ORJ’ AND ‘STiFIN. flR.I’ , TO RE CREATED
BY THE ‘FOR’ COMMAND AND A FILE, ‘STAT I . .TSK ’. rn RE CREATED BY

~HE ‘TKB’ COMMAND. THE ‘L~’ SYMBOL. INDICATES THE U SE OF AN INDIRECT
COMMAND FILE. THIS IS FILE, ‘STATi.CMt” , ANT’ CONTAINS THE TASK RIJTLT,FR
COMMANDS NECESSARY TO Rl.IIL [’ THIS TASK .

TURN ON THE VT—il AND BUILT’ THE DISPL AY TO TuE SAVED BY TYPING :

>RUN STAT1

IF THE ABOVE SEQUENCE IS FOLLOWE D, A NEW F I L E  IS CREATED CALLED
‘ ST A T i  .t’PY’ THAT CONTA INS THE SAVED [ ‘ 151-LAY.

THE FIll LOWING IS A LIST OF THE SI.IFIPTCT IJRF NIJLIRERS FOR THE
STATION 1 DISPLAY.  THE FIRST SET CONTAINS THE Sl ,IFuF’TCTIJR’F NI.JMRERS
T HAT W I L l .  BE LIGHT FEW SENSITIVE . THE ORDER [‘ETERMTN F’ S THE ORDER
OF THF CDLIF’IJTFTi (3D TO STATEMENT’S ARGI.IMENTS T N THE’ MAIN F’ROI3RAM .
[Hr REMAINDER ARE NOT SENSITIVE ANn ARE FOR COFY ING P I .IRF’flSFS ONI..Y.

SIJF.uPICTIJRE Nu MBER DESCRIPTION

901 HV TRANSMISSI ON TEXT FOR SW
902 I3EN 3 RAI SE VOl.. TAGE ARROW
903 flEW 3 I flUFF VflI.TAGE ARROW
904 I3EN I RAISE VF.’FIIIIFN[Y ARROW
905 GEN 3 L. OWIR FRFQ IIFNCY ARROW
906 flEW 2 RAISE VflI.TA GF ARROW
907 GEN 2 I OWFR VOL TAGE ARROW
908 (3EN 7 RAISE F’R’EDIIFNCY ARROW
909 flEW 7 I.. OWFR’ FREQUENCY ARROW
910 SYNCRN TEXT FOR SW
911 liEN I TEXT FOR SW
912 .STA’rION Ii TEXT FOR SW
913 MENU TEXT FOR SW

920 OEN 7 ANti TRNSF
921 TRANSF ORMER
922 GiN TEXT
923 ST SERV LOAD
924 AG BFRV LB
925 ST SFRV TRNSF •

- 
926 (3EN 3 AND TRNSF
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C
C F’ROGRAM TO r’Imw STATION 1.
C

C (iIIMON/n’FIl F/IRI.IF ( 1050)
CAL.!.. .INIT( 1050)

C
C START WITH THE TOP OF THE PICTURE ANtI WORK DOWNWARD.
C

CALL AF’NT(340.,950.,1,—5~ — 1,1 )
CALL SUBF’(901 ) ‘SI ,IRp: HVTRNS SW
CAL..L TEXT (’HV TRANSMISSION’)
CAL..L ESUB
CAL L AF’NT (F350.,940.p’—1,—4~ —1 ,4)
CAL L. VECT (-800.,0.)

C
C WRITE TEXT ON THE OUTGOING LINES.
C

CALL STAT (’-l)
CAL..L APNT (120.,900.,—1,—5.—1,i)
CAl L TEXT (’A1—3’)
CALL APNT (314.,900.,—i.—5)
CALL TEXT (’Cl—ll’)
CALL AF’NT (514. ,900. ,—i .—5)
CAl L . T F .X T ( ’ t ’ i— i l ’ )
CAl L. AF ’ NT(720 . ,900 . ,— 1.—5)
CALL TEXT (’Eul—3 ’)

C
C [‘RAW I INE A1—3.
C

CAL..L APNT (150..600.,—1,—4)
CAL.L VECT(0.,200.)
CALL. RDOT (—10.,0.,—1,—4 )
CAL L SUBP(9) ‘ SURE: CL CR A 1—3
CALL. CRCLD (4)
CALL ESLIB
CA!..L SIJFIP( 109) ‘ 9IjBP~ OF’ CR A i — 3
CAL.!.. CBOPN(4)
CAL.L ESUB
CAL l. APNT(150. .820. ,‘-i ,—4)
CALL VECT(0. .70.) 

~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~CALL ~RROWU ( —1 ,4,—i ) ~~~~~~

C [‘RAW LINE Cl—il .
C

CALL APNT(350.,700.,—i,—4)
CALL VECT(0.,100.)
CAI...L RnIOT(—iO.,0.,—1,—4)
CAL.L SIJBF’(il,9) ‘SlIDE: Cl. CR Cl—li
CAl L, SURF’(i11,109) ‘SI .IRP OF’ CR Cl—Il
CAL L AF’NT(350. ,E320. ,—i ,—4)
CAL.!.. VECT(0.,70.)
CAI..L ARROWLJ(—1, 4,—1 )

C
C [‘RAW LINE Ri—i l.
C

CAI .I AF’NT (55O..700.,—1,—4)
CAL L.. VFCTCO.,100.)
CAL L REIOT (—i0.,0.,—1,—4 )
CAl L. SUBF’(12,9) ‘Sl.IRF’ CL CR 1)1—11
CALL. SURF’(112,109) 1SI.IBP OP CR Ri—li
CAL.I AF’NT(550.,820.,—1,—4)
CALL VFCT (0.,70.)
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CALL ARROWIJ(-l,4,— 1)
C
C DRAW LINE 81—3.
C

CALL AF’NT (750.,600..—1,—4)
CALL VECT(0 .,200.)
CALL RtIOT (—10. ,O. ,—i ,—4 )
CALL SUBP( 10.9) ‘SUBF’~ EL . CR Ri— I
CAL L . SLJFIF’(l10,109) ‘SI .IBF’ : OP CD 81—3
CAL..L APNT (750. .820 . ,—i,—4 )
CAl L VECT(0. ,70.)
CALL ARROUI.1 (1,4,—1)

C
C r’RAw THE BUS.
C

CALL APN N750. ,700. ,—1 .—4)
CALL HBLJS (—600. .5)

C
C [‘RAW CONNECTION TO GENERATOR 2.
C

CALL AF’NT( 140. ,5R0. ,—i ,—4 )
CAL L SURPC7.9) ‘SIIPI’ Cl . C R (31W 2
CALL SLIBP (107.109 ) ‘SIIDF’ OF’ CR 13F’N 2
CAL.!. APNT(1t6..365..1,—4)
CALL SliDE (920) ‘SI .IRF’ : flEW 2 TRANS
CAL..L CIR’CLE(35.,—i,4.—i)
CAL.L Rt’OT(34.~~35..—1.—4)
CAL.L SIJBP(9?1 ) 

. 
‘SI .IRE: (WN 7 TRANS ONLY

CALL . VECT (0.,80.)
CAl..!. TRANSF
CALL VECT (O ,  ,60.)

• CALL. FSIJB
CALL ESUFu

C
C WRITE THE TEXT FOR THE GENERATOR .

• C
CAL L APNT (25..355.,—l,—5)
CALL STAT (— 1 )
[‘AL ! SUBP(922) ‘S lURP: ‘13E’N’ TEST
CAL L IEXT (’GEN’)
CAL L. ESUB
CAI .L STAT (1)
CAL I. A PNT (14 3 .355..’- 1,—5)
CAL L T E X T ( ’ 2 ’ )

C
C [‘RAW THE SERVICE LOADS.
C

CALL. APNT(400.,400.,—1,—4)
[‘Al..!. Sl.IBF’(923) ‘SURF’ : ST SERV Lt’
CALL LOAD
CAL L ESI.IB
[‘Al l. APNT(400.,400,,—1,—4)
CAl L.. VECT (i00.,0.)
CALL SIJF4F (924.923) ‘SI .IRF’ : AG SERV LD
[‘Al L STAT(—i )
CAL L. APNT (350. .780. p—i ,—5)
CAL ..L TE’X’r (’SERVICE LOADS’)
CAL.L AF’NT (450.,400.,—1,—4)
CAl L. SllEuF’(925,92i) ‘sliDE: ST SERV TRANS

[‘Al L. R [ I I I T (— l 0 . ’ 0 . ,— 1 ,— 4 )
CALL SUBF (46,9) lSl .IRP El . CR ST SERV
CALL SURP(146,109) ‘SIJRP~ OF’ CD ST SERV
CALl, APNT(450.p600.,—1,—4)
CALL VECT(0.,100.)

C
C DRAW GENERATOR 3.
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C
CAL L. AINT (71~~.,365.,—1, 4)
CAL L. 511141(926,920) ‘sluRP : GEN 3 TRANS
CAL L RIiflT ( — 10. .0. ,—i , — 4 )
CAL. 1 SUFuF’(B,9) ISIIRF’ CI. CD GFN .3
CAL !. SISRF(10R.109) ~SI lFuF’ OP CR flEW 3
CALL.. AF ’NT (ii2S.p 355. ,—1,—5 )
CAL L SIJIiF (977,922) ‘SURE : (3EN TEXT
CALL AF’NT (743..3~~~.,—1,—5 )
CALL. STATC1)
CALL. TEXT (’3’)

C
C WRITE ALL THE TEXT FOR THE GENERATORS AS A SIIRF’ICT I.IRE TO RE
C COF’T E ti FOR ‘[ifi OTHER GENERATOR.
C

CALL AF’NT(650..290.,—1,-5)
CALL . STAT (— 1)
CAL l TEXT(’F’RTME MOVER’)
(‘Al. L . AF’NT (650 . p460. ,—l ,—5)
CAL L TFXT( ‘EXCITATION ’)
CA!.!.. APNT (650..220.,—1,—5)
CAL. L TEXT (’VIlL.TAGE AMPS’)
CAL..!. AFNT(740. .180., 1 ,—4)
CAL L.. !3UF’P(902 ) ‘SlIDE : RAISE VGI . T (3FN 3
CAL.! VFCT(0.,30.)
[‘Al. I ARROWIJ ( 1,4,—i)
CAL L EISLIB
CAl L AF’NT(740..170.,1,—4)
CAL L. SIJBP(903) ‘S llRF’ : LWR VOLT GEN 3
CAL L VECT(0. ,—30.)
CAL L ARROWt’(1,4.—i)

• CA LL. ESUB
[‘A lL  ~uF’NT (R75..150.,—i,—5)(‘Al L TEXT ( ‘F’.F.
[‘Al l AF’NT (665.,100.,—1,—5)
CAL L rEX Tu ’FREP’)
(‘Al l AFNT (740..60.,1,—4)
[‘Al I SIJ1.P(904,902) ‘SlIDE : RAISE VOL T GEN 3
CAl l APNT(740..50..i.—4)
CAl.!. SUF4F’(905,903) ‘SURF’: LWR FRFO GEN 3
CAL l AF’NT (R35,v8O .,—i,—5)
CAL L IEXT( ’NW’)

C
‘C [‘RAW THE FRIME MOVER AND EXCITATION SWITCHES FOR GENERATOR 3.
C

CALL STAT (l )
CAL L AF’NT(840..290.pl,—5)
CAL .L SIiRP(149) ‘SIIRF’ : C~FN i DC SliF’ ON
CAL . !.. T E X T ( ’O N’ )
CAL L. ESUB
CAL..I OFF(149)
[‘Al.!. SUBP(49) ‘SIJRF’: flEW 3 DC SliP OFF
CAL L.. TEXT (’OFF’)
CAL L ESUB
[‘Al l AF’NT(840..260.,l,—5)
CAL L.. SIiBP(150,149) ‘SlIDE : flEW I FXCIT ON
CAL..L OFF(130 )
CALL SIJBP ( 50,49) ‘stj~ p: flEW I EXCTT OFF

c
C E l AEF TIlE DATA TO BE’ MONITORED IN CORRECT F’OSTTTON.
C

CALL AF ’ NT (650. p165 . ,—l .—5 )
CAL L NMBR ( 941.VO LTS,5, ’ (F5.2) ’ )
CAl l.. A PNT(650 . .4 5 . ,—1 ,— 5)
CALL NMBR(942 pV O LTS,5, ’(F5.2 ) ’ )
CAL.L A F’NT (RlO ., i90 . ,— i ,— 5)
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CAL L NMBR (94:;,vol..Ts,5,’CFS,2)’)
CALL APNT (FllO.p120., 1p—5)
CALL NMBR(944,VOLTS,5,’(F5.2)’)
CALL AFNT (810. .50. .—l ,—5)
CALL NMBR’(94~~,VOLT5,~5,’(F5.2)’)

C WRITE AL I.. THE TEXT FOR THE GENERATORS AS A ‘3IJRPICTIJR E TO RE
C COF’IFL’ FOR THE OTHER GENERATOR.
C

CALL APNT(50.,290.,”-1~~—5)
CALL STAT(—l)
CALL TEXT (’PRIME MOVER’)
CALL APNT (50..260..—l,—5)
CALL TEXT (’EXCITATION ’)
CAL L APNT(50.p220.,—i,—5)
CALL TEXT( ’VOLTAGE AMPS’>
CAL.L APWT ( 140. .180., 1 .—4 )
CALL SUIIN9O6,902) ‘S lURP :  RAISE Vfll. T GFN 2
CALL APNT(140. ,170.,l,—4 )
CALL SUBF’(907,903) ‘sluRp : LWR VOI..T GEN 2
CALL AF’NT(225. .150. ,—1 .—5)
CALL TEXT (’P.F.’)
CALL. AF’NT (65.,i00.,—1,—5)
CALL T E X T ( ’ F REO ’ )
CALL AF’NT(140.,60.,i,—4)
CAL L SIJBP(908,902) !S;JBF’: RAISE FREQ GiN 2
CALL. A PNT ( 140 . . 50. , i .—4 )
CALL. SIJBP(909,903 ) ‘Sl . IBF LWR FREO flEW 2
CAL.!. A PN T(2 3 5 , ,8 O . , —l .— 5 )
CALL TEXT(’t<W’)

C
C [‘RAW THE F’RIME MOVER ANn’ EXCITATION SWITCHES FOR GENERATOR 2.

• C
CALL STAT( l)
CALL AF’NT (240..290.,i, 5)
CALL SUBF’(147,149) ‘SURE : (3EN 2 tiC SIJF’ ON
CALL OFF (147)
CALL SUBF’(47,49) ‘SURF’: GEN 2 [‘C 9IJP OFF
CALL AF’NT (240.,260..l~~ 5)
CALL SUBF’(149,149) !Su.JBP: flEW 2 EXC I T ON
CALL OFF(148)
CALL SUBP(48,49) ‘SURE : (3EN 2 EXCIT OFF

C
C CALL THE REST OF THE PROGRAM.
‘C

CALL FINISH
STOP
END

• THE FOLLOWING IS CONTAINED IN THE FILE, STATI .CMEU

STAT1/—CP.TI :/SH=STAT 1 ,ST1FIN,IISPSIJB ,GLIB/LP
/
AsnI=GRO :l
/1
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C
C SUBROU TINE TO FINISH THE STATION 1 PICTURE .
C

SU BROUTINE FINISH
CALL OFF (155)

C
C PL ACE THE DATA TO BE MONITORED IN CORRECT POSITION .
C

CAL.!. A PNT(50.,165., -l , — 5 )
CALL NMBR (936.VOLTS .5~~’(F5.2)’)
CALL. AF’WT(SO. ,45. .‘-l .—5 )
CALL NMDR (937,VOLTS,5,’(F5.2)’)
CAl L AF’WT (210. ,190.,—i,—5)
CALL, NMF’R (9313’VOLTS,5.’(F5.2)’)
CAL L APNT (?10..120..—i,—5)
CAl...! NMRR(939.VOLTS.5,’(F5.2)’)
CALL APNT (210. ,50. ,— 1,—5)
CAL.!.. NMDR(940.VOLTS,5r ’(F5.2)’)
CAL..L AF’NT (162.,710.,—i,—5)
CALL NMBR(966.,VOLTS,5,’(F5.2)’)
CALL STAT (—1 )
CALL TEXT(’ VOLTS’)
CALL. APNT (233. .650. , 1 p 5)
CALL TEXT (’STATION 1’)
CALL STAT (l)

C
• C Alit’ THE MENU FOR THE SWITCHES FOR THE OTHER F’ICTIJRFS NEEDED

C ON THIS PICTURE,
C

CALL MENLJ (930..500.,—50.p9i0, ’SYNCR W ’ .’GEN 1’ ,’S T A T l l ’ ,’MENIJ’)
C
C’. WRITE THE TEXT FOR THE ‘ARE YOIJ SIJRE’ t’OIJBLE CHECK
C FOR LIGHT F’EN HITS IIURING THE PROGRA M RUN.

CALL I3LJBP (90 ‘SURF’: R U Su RE
CALL APNT(870.,750.,’-i,—5,i)
CAl TEX’I(’YOU SURE?’)

C
C [‘RAW THE Y FS SUDPICTURE .

CALL SUBP(91) ‘SliFup: CN IF YES
CAL L. AF’NT(SBO . .700 . ,i,—5,—i)
CALl.. TEXT (’YES’)
CAL.L ESUB

C
C DRAW THE ‘NO’ SUFuPICTURE.
C

CAL L SlIDE (92)
[‘All  APNT(950.,700.,1p-’S,—i)
CAL.I TEXT ( ‘NO’)
[‘Al l. ESUB

C
CALL ESUD

C
CALL OFF(90)

C
C SAVE THE PICTURE IN A FILE CALLED ‘STATi.DPY’.
C

CAI.L SAVE (’STATI.DPY’)
C

RETURN ,, •

END
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The Contents of the file, DSPSUB.FTN;

C
C St)DROIITINF [[I [‘RAW A CIRCLE OF RAT iIll ~ R. BEGINS AT THE
C LEFT SIDE ANt’ 1-NI ’S AT THE LEFT SIDE .
C
C F’ASS THE r’ESTI.:rI’ F’A RAMETF RS IN T I-IF’ AI.~r,I IMFNTS IN THE
C SAME ORr’ER AS I .1.1 IN A NORMAl.. GRAP HICS CALl. .
C

SIIFIFWUTINF C1R’CLE (R.i F’..lNT.LF )
CALL R[ ’ f l F(O .  ,0. .L r’ .INT~ LF)
XOL.Il=—R
YOLII=0.
fl4 3. 14159
I’TH=l5./57.2958
hO 1 1=1.24
TH~ TH+IlTH
XNFEW=R*COS ( TH)
YNFW.=R*SIN(TH)
XI’ XNEW-XOLD
YF’~’YNFW—YOLrl
IF (XF’ .LT. 0.)GOTO 2
XF’=XF+ .5
13OT0 3

2 XF’=XF’— .5
3 CONTINUE

IE (YF’ ,LT. 0.)GOTO 4
YP=YF+.5
GOTO 5

4 YF’~ YP— .5
5 CONTINUE

CALL VECT (XF’,YP)
XOL [I: XNEW
YOLD=YP4EW

I CONTINUE
RETURN
EN!’

C
C SVDROIJTTNF TO [‘RAW A HORIZONTA l RI.IS OF VARIA DI F l ENGTH
C STARTING FROM THE L EFT CENTER. DIMENSIONS ARE H,3.
C THE [‘ N T’ IS THE RIGHT CENTER .
‘C

S(IDR OIJ TIN E H E ’ UJ S ( H . I N T )
(‘AL.L R’tiOT(O. , 1 • ,—1 ,—INT )
[‘ALt. VECT (H,O,)
C~,L . L. R[iOT (O.,”2.,,-INT )
CAl L VECT(—H.0.)
[‘Al..!. RDOT (H,l.,,—INT)
RETURN
END

C
C
C SIItROIITTNF TO DRAW A VERTICAL. Rl.IS OF I F N I3TH LV ). STARTING
C FROM THE’ BOTTOM CENTER ANtI ENDING AT THE TOF’ CENTER .
C . DIMENSIONS ARE I BY V~
C

SIIFIROIJTINE VflliS(VpINT)
CAL l. RtiOT (—’l.,O.,—i,—INT)
CALL VEC F (0,,V)
CALL RDOT (2.~~0.,,—INT )
CAL L.. VECT(O..—V)
CALl. Rt’OT (—i .,V,,—INT )
RETURN
END
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L
C .slJDrmlIrr N F Tfl DRA W A TRANSFORMER.
C IT STARTS ON THE FiflITOM [‘INTER AND flU’S ON THE
C TOP CENTER OF THE TRANSFORMER. POSIT ION THE REAM
C ACCORDINGLY. SIZE IS 36 BY 40.
C

SIIT’ROIITINE TRANSF
I’TMF.NSION T RAN S( 12)
I’AI A Tk’A145/6 . .12. .6. ,— l2 .  .6. • 1?. .6, • —12 .,

1 6. .12. •6. ,—12./
CAL L RDOT (--1R . ,28. ,0,—4) i F; —18,75
CAL.!. F IGR(TRA NS.12, iO1)  ‘SLIRF ~ TOF’ (IF TI’AWSF ’ OR’HFR
CAL.!. Rf’OT 0..—6.~~0.—4) ‘ F; 18.27
CALL. VECT (—36.,0.,0,4)
CALL R r ’ O T ( 0 . .— 4 . , 0 ,— 4 )  

* 
‘ F; — 18, 18

CAL.!.. VECT (36.,O..O,4)
CALL Rt’OT (0.,—6. .0.—4) ~ ‘ F 18.12
rio 2 1=1,12

7 iRANS (I )~~—TRAWS(I)
CAL l. FJ G R ’ (T R A W S v I ? , l 0 2 )  ‘ .sII~r’: BO T T OM OF T RANS
(.Al. I R’tlOT (IR.,29.pO,4) I F; (i,40
RETURN
END

C
C SUBROUTINE TO tIRAW A CL OSET’ CIRCIIIT BREAKER.
C START AT THE l OWER LEFT ANT’ FINISH THERE . c T ? F  15 20 DY 20.
C

SIJBROIITINE CEiCI DL INT)
• CA ’  I VEc’r(o. ,20. .1 p INT )

CAL..L JECT(.20. ,0.)
CAL L. VECt (O.,-20.)
CAL L VECT (—20. .0.)
R E T U R N
EN!’

C
C SIJ F4 ROIJTTNF TO DRAW A OPEN CT RC ( ( TT  DRFAK FR .
C START AT THE Lo WER LEFT ANT’ F I N I S H  AT THE i.OWFR RTGHT.
C SIZE 15 20 DV 20.
C.
’

SIIRROUT.IWF CI~flPN( INT )
[‘AU L . VFCT(:’O ..70.,—1.INT)
CA!.I R[’(’IT(—20. ‘0. • ,—INT)
(-AL .!. VECT (20..-20.)
RETURN
END

C
I SLIRROLITTNE TO CREATE A HORIZONTAL RESISTOR’. 70 BY 45.
C STARTING AT TrW’ • FNI’ING AT THE BOTTOM .
C THE RESISTOR HAS A GRC1IJND SYMBOl. AT [HF BOTTOM.

• C
SIJRRO (JTENE RESIST
DIME NSION RFSTS(14)
DA t A  RE ’ ST S/ O .  ,—‘70 . ,— 1 0 .  p — S .  .70. p 10. .—20 . . 10. p ’O.

I - l 0 . . - t O . , - ~~.. 0..-5 . /
CALl. F I f l R ( R ES IS . 14 , 1 14 . ,4 )  ‘SIJ BFI HORTZ RES
CAL l R I ’ O T ( - 1 O . . O . , . — 4 )  ‘ F’R FOR flRP ’4r i
CAL L V F C T ( 2 0 . r 0 . . ,4 )  4
CAL L. R r I O T ( — 4 . , — 3 . . , — 4 )
CA1. l V E C T ( — 1 2 . , O . p , 4 )
CALL RT ’ O T ( 4 . , — 3 . . , — 4 )
CALL V EC T (4 . ,0 . )
RETURN
END
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C
C SlIF’ROlflINF TO CREATE A VERTICAl RF[’TAI4GIIIAR BOX
C R’FF’Rr”.FNIATTON OF A L OAD.
C t’ IMF’N IONS A RC 7 0  BY 86, START TNG AT 101’ AND I rUlING AT r~r)TioM .
C

~ I! I’F”IIIJ1TNF I OAT”
( A l l ‘)F C T ( O , , — 7 0 . , - - 1,4 .— 1 , 1)  ‘ F; 0.—20
[‘Al l - I’fl[( 10. ,0. , ,—4) I I: 1 0 . — l O
[‘ALL. VECTCO .,’-40.) ‘ F; l0.-6()
[‘41.1 VFCT (—20.,0.) ‘ F; lO.-#.O
CAl L. VFC’T(0..40.) ‘ i.; - i o . -:o
(‘Al ..!. VET;T(20.,O.) I R’~ I O . — 70
[‘Al I Rtlf lT (- 10. .—40 .  , .—4) ‘ R; o.—#.o
CAL L. VECT (0.,—70.) ‘ R; 0 .- RO
CA L L GNU
RETURN
ENti

C
C “,IIF~ROhJTT NF TO [‘RAW A GROIJNFi SYMBOl. H f lR I7O NTAI  I V .

IT S I’IMENS’LONS ARE 20 BY A .
C

SLIFrR(JUTINE GNU
CAL L. Rt’OT (’—l0 .,0.,p—4 ) ‘ R ;— l0.—R0 I’D FOR (;wr,

[‘Al. !. VECT (20. ,O.)
[‘Al l Rr ’flT (—4..—3 ...-—4) I F; 1h.—83
CAl l. V ECT ( - 1 2 ., 0 . )  ‘ F; - 8 ,— R3
CAL L. R [ ’ O T ( 4 . , — 3 . . , — 4 )
CALL VECT(4.,0.)
RE ‘TURN
EWE’

C
I’. SIIBF , :flhI TINFS TO
C DRAW AN OPEN AND C!.S[’ MANUAL SWITCH VE RT ICA L I Y. 70 IJNI [S LONG
I; Lu NG! IT ON [HF? TOP AND SWIN G TN TO THE RIGHT. STARTS AT THE
C TOP AND ENDS ON THE BOTTOM CONTACT.
C
C SIIPR O I .ITINF TO [RAW THE OPEN MANI .JAL SWITCH.
C

GIJBROIJTINE SWOF’V( TNT )
CAL.!. Rr’DT (0. , - 1 . p1, INT+t
C(,L.I RT’OT (l • ‘—1 • ,1.—INT ) ‘ RI j
[ ‘ ‘ f l  V F ’CT (17 .~~— 1 2 . . 1 . IN T )
CA l L  RLIOT (’—13..-5..1.INT+1) I F; 0.—19
R’ETIIRN
END

C
C fllllIR fll.JTINE 10 [‘RAw 11W CL flSF’T’ MANILA!, SW iTCH.
C

SIIBRO IJTINF SUCLU
(AL L RT’OT(O..-l.. ~.6)
[ ‘A l l RDO1(0.  ,— I . , l  • — 4 )  ! F; 0 .—2
(Al t VFCT(0..”16 .,i 4)
( A l  I khitJT (0. • I ..1,6) c R; 0.—19
RE [URN
F ND

C
1? [‘RAW AN (WI N AND Cl OSFTi MANUAL SWITCH HORT7ONTAI I V .
C 70 I lNITS !flNI;. HTPIGF IT ON THE LEFT  AND SWING IT liP.
C STARTS ON lilt i F IT  ANt’ ENDS ON THE RIGHT.

C Glfl’ko)UT INE TO [‘RAW OPEN SWIT C H HO RT7 O NTALLY.
C

‘3!lI~Rf)lI[INF SWOPE4 ( T NT) ‘

I’Al L 1% t’flI(l • .0., .TNT + i  ) 4
CAL L Rt ’O T ( l . . l . . . — I NT ) ! RI 7.1
CAL ..! V F C T( 1 7. , 1 7. , l)  I R I  14.13
[‘41.1 R[ ’ O T ( 5 . ,— 1 3 . .— 1 . T NT + 1)  ‘ R I  19,0
RETURN
END

-
— 

~~~~~~~
i_ ’.

_ , — 

-~~~ ~~~~~~~~~~~~ ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ 
.~~~~~~~~~~~~



C
C SUBROUTINE TO [‘RAW CL ..OSFt’ SWItCH HORIZON [Al.LY .
C

SIIFiROUITINE SUIt. H( INT)
[‘Al.!. R t’OT ( l . .O . , , I NT + l)  ‘ R~ 1,0
CAl .!. R l” OT ( 1 . ,0 , , ,— 4 )  I R; 7 ,0
CA! .L. ’J FCT ( l ó .,O , ,l )  ‘ ~~; 18,0
CALL Rt’OT (l.,O .,—l,INT-Il) I I ;  19.0
RETURN
E NE’

C
C SliT~Rfl UITTNF TO T’R’AW A TIOW NWA R’I ’ F’f l I NTt~J1; ARR flW .
C STAR TS AT 1111’ T ’ UTNT ANt ’ ENDS THERE .
C

SURROll[ INF A R ’ R O W T ’ ( L F , I N F , L.F)
CALL . VECT (— ? .,lO .,l . E’ ,INT .LF)
CAl L. Rh’OT( 14. ,0. • ,—INT )
CALL VECT (—7..-1O.)
RETURN
END

C
C SI.Jt’ROII’IINF [fl DRAW A IJF’WAR [’ POINTING ARROW.
C STARTS AT THE F’OINT AWE’ ENI’S [HERE.
C

SI.iFuRfll .J J’I(’41 AR ROUIJ( ! F’ , TNT it F
CAl.!. VECT (-7.,-1O.,LF’.INT,LF)
CAL L. Rt’OT (14. .0.,~~— INT)
CALL VECT (-7.,i0.)
R E T URN
END

C
C SUBROUTINE TO [‘RAW A CAPACITOR HO RT ZON TA I .. I.Y .  r’TMENSIONS ARE
C 30 DV tO.
C.

S!IRROHTTNE CAF’CTR
CAl L R’[’fil(—1S ..O. .—lp—4)
CALl VECI’(30.,0.)
(‘.AL.L k’J’OT (O. • ~~~ ~~~~~~~
CAL .L VECT (- -2. .1.)
CALL. VEC1 (—3.,1.)
CAL..L VECT (-2 .pl,)
CALL VECT (—6.,1.)
CA I.I VECT (-4.,0.)
CAL!, VECT (—’6.,—1,)
CAL L VECT (—7 .,—1.)
CALL VECT (—3..-’l.)
CALL. VECT (—2.,—1.)
CAL ,I REiOT(15.,.4.)
RETURN
END

4-’
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THE ‘CONTROL .FTN’ FII..E CC)NTATNS THE FOR TRAN SOURCE FOR THE
(lAIN CONTROL .. PROGRAM . IT USFS SLJBRUIIJT INFS [ ‘DNIAI NETI T N A FILE
C~,LLEI’ ‘CNTLS}s.FTN’ • EDIT [HE F I L ES  USING THE EDIT IJT II . ITY.

TO COMPILE WITHOUT A SOURCE LISTING . TYF’E

‘~FOR CONTROL.. ’~CONTROL
AND .: FOR’ CNTL..SR~ CNTLSB

TO COMPILE WITH A NUMBERED SOIJRCE LISTINUp 1YPE

:>FOR C0NTR’OL=CONT ROL/LI:1
AWl’ >FOR CN’rLSR=CNTLSB/LI:l

TO TASK BUILt’ IJSING THE INDIRECT COMMA NI’ ElI.. E ,  TYF’E :

>TKB ~CONT ROL

Jf~J$ CAUSES FILES, CONTR’OL...nR.J A NTI CNTLSB,OBj’, TO BE
CREATE D BY THE ‘FOR ’ COMMAND ANT’ A FILE, CONT ROL. .TS K . TO BE
C R E A J E T ”  BY THE ‘IKE” COMMAND.
THE ‘P’ SYMBOL INDICATES THE “SE OF AN ‘INDIRECT COMMANr I F I L E .  THIS
IS FILE, CONTROL...CMI’ , AND CONTAINS THE TASK RIJII.[’ER COMMAN DS N ECF SSARY
TO BUILD THIS TASK .

TO CONTROL THE SIMULATOR WITH THE CON L ROL TASK . TURN ON THE
V T - I l  AND TYPE :

-RUN CONTROL

THE L IST GE 6(JRPICTURES ACT IVE AT ANY ONE TIME WILL  DEPEND
UPON WHICH DISPLAY IS ACTIVE AT THF. TIME.

I-
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C THE MAIN CONTROL. F’ROGRAM FOR THE StM l .ll .ATOR.
C
C TIFTATI...E’r’ COMMENT APF’I. IFS (‘lNL..Y TO THE FIRST TWO PTr,TIJS’ES .
C THE REMAINEIE :R ARE iDENTICAL ANT’ lIRE A S(i5R’OIITINE TO
C ACCOMF’L 1Sf-f TUE TRICKERY.
C
C SET I IF’ THE COMMON BLOCKS P’FflIlT~~Fr’ FOR THF GRAPHICS BUFFER
C AWE ’ ALSO THE Bl OCK THA T SI URF S THF ARRAY 514(100)
C THIS ARRAY IS A L..OGI O.A1 * I • A RRAY Wfu Tr,H MEANS I r IISES ONI .. Y
C ONE BYTE PER SIIRSCRIF’T. JIll’ A RRAY’S NAME I S SHORT FOR SUTTCN~
C ANT’ [HF ARRAY (‘fiNTAINS TIA [A T O CHANGE 100 r;,J 

~ [‘HIS (iN THE T ’ R S— il/
C SIH1H . ATC)R iNTERFACE. THE ARRAY IC~ A L SO CU ) h A l  l ET’ TO A l I. FAI .5E
C OR INITIAL SWITCH POSITION 10 BEGIN THE PROG RAM.
C

i.OGICAL*1 SW
COMMON/EiFILE/IBUF (1100) /SUB/SW( 100)
DIMENSION TIM (2),t’AT(3)
DATA SW/100*.FALSE./
t ’ATA TIM/2 *0 ./

C
C THE ONL Y AUTOMATIC PICTURE’ ON THE’ F’R(lr,RAM IS THE TNTROTI1JCTION
C PICTURE ANt’ HERE IT IS.
C
100 CALL INIT(1100)

CALL RSTR( ’INTRO .DPY’) ‘ RESTORF F’TCT FROM 1115K
140 CALL CLREFLI1) CLR THE I ST PEN EVENT FLAG
120 CALL t PEN(M~ N p X X , Y Y )  RE’!’ THE SIIOP WHERE l.GT F’FN HIT

.TF ( M .EO.0 )O OT O 120 l OOP TO 1~A T T  105’ LOT F’FN HIT
CAL.L ON(90) ‘ Tl.IRN ON YO U SURF?
CAL!, CLREF(11) ‘ CI . R l E T  PEN EVENT FI.AG
NZ=0 ‘ RE SET N7 TO 7FRO

130 CAL L. LPEN(M7 ,NZ) ‘ [‘K IF HIT 15 SURF
IF(NZ.NE.91 • AND. NZ .NF .92)Gfl lO 130 ‘ I’HECl~ YES OR NO
CALL OFF(90) I Tl.lRN OFF YOU SURE?
IF(NZ.EO .9?)GOTO 140 ‘ IF NO GO TO START

C
COMPUTED GO TO FOR ROIJTING OF’ MEN IJ HITS.

GOTO (2 00 ,1 100,900,B00,l000,300,700,4”0.600. ’00.99 99),N
C
C ‘INITIATE THE NV TRANSMISSION PTCTI.IRF WITH ASSOIIATEr ’ DATA.
C
200 CAl L INIT(l100)

CAL.L RSTR( ’HVTRNS.t’F’Y’) ‘ RESTORE PICTu RE
C
C PLACE THE DATE ON THE F’ICTURE .
C

CAL L r’AT ECI’AT )
CAL L. APNT (BRS.,900.,”1,”5)
CAL.L TEXT (E’AT)

C
C UPDATE THE PICTURE’S SWITCHES ANt’ CT RCI .ITT BREA KERS.

‘1 C
210 CALL . liPt’ATE (1,20)

CAL L. li F’DAT E(60 .64)
C
C SET UP LOOP TO DISPLAY DATA AND DETECT L IGHT PEN HITS.
C
220 CALL CLREF (i1) I CLR LPEN HIT
230 CALL TIMELTIM)

CALL NMBR (239,TIM(1).4.’(A4)’)
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CALL NMBR(24 0,T IM(2) ,4 , ’ ( A 4 ) ’ )
C
C CHECK FOR LIGHT PEN HIT.
C

CALL L.PEN (M,N,XX,YY)
IF(M.EO.0)GOT () 230

C
C CL EAR EVENT Fl AG FOR THF LIGHT FEW SO Nfl FIIRTHFR ACTION 1411 .1 ,
C TAKE F’LACF l.JNT ( L THF. [IOliFc l. E CHE CK I. T GHT PEN HIT IS MADE .
C FIRST TURN ON THE •YO IJ SURE’? ’ SW ITCH .
C

CALL ON(90)
CALL CLREE (11)

C
C SET (iF’ LOOF’ FOR LIGHT PEN HIT ON ARF YO U Slj5’E”? ANSWER .
C

NZ=0
240 CALL LPEN (M?,N7)

IF(Ni.NE.91 .ANE’. NZ.NE.92)GO TO 240
C
C TIJRN OFF ‘YOU SURE?’ F’ICTURE.
C

CALL OFF(90)
C

IF(NZ.EO .92 )GOTO 220 I IF Nfl’ GO TO START
C
C IF THE HIT WAS NOT ON A SWITCH OR CIRCUIT BREAKER’ 60 TO 250.
C

IF(N.GT.200)GOTO 260
IF’(N.GT.90)N=N—100

C
• C ROUTINE TO CHANGE CIRCIJIT BREAKER ANT’ SWITCHES ARRAY.

C
250 IF(SW (N).EO.,TRLJE.)GOTO 251

SW(N)= .TRIJE .
6010 210

251 S W ( N )= .FALSE .
(3010 210

C
C
C CALCIJLATF THE Nu MBERS FOR THE COMPUTET’ (30 TO STATEMENTS.

260 NB.~N—200
‘C

(3OTO( 1000,900,100,300,400,800) ,NS
C
C
C** *** * * * * * * * *** * * * * * * * * * * * * * * * *** * * * * * * * * * * * * * * * * *** * * * * * *** * * * * * ** ** *
C
C THE SI.JBSTATION 4 F’ICTLJRE AND DATA .
C
300 CAl L. INIT (1i00)

[‘AL.!. RSTR (’SI.IBST4.EIPY’)
CAL L CHECK(?1,26p27,27,949.950~W)
ND-N’-- 300

• Gr)TO(;.~00,600,700,10O),NB
C

4 C***** * * * * * * * * ** ** * * * * * *** * * * * * * * * * * * * * * *** * ***** * * * * * * *** * * *** * * * * * * * *
C
C THE SUBSTATION 6 PICT I.JRF AND DATA.
c 4
400 CALL INIT(1100)

CALL RSTR (’SIJRST6.DPY’)
CAL!. CHECK (32,,18,71,76,958,958,N)
NT4=N— 400
GOTO(200,500,600,100),NP
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C

C
C THE LOAD CENTER PICT(JRE ANt’ DATA F’L.ACEMFNT.
C
500 CALL. INIT(I100)

CAl...!. RSTS’(’L..t’CTR.DPY’)
CAL.L. CHECK(37,44,45p45,954.958,N)

500
GOTO (200.400,iO0).NB

C

C
C THE NETWORK SYSTEM PICTURE ANTI DATA PLACEMENT.
C
600 CAL.L INIT (1100 )

CAL.!. RSTR ( ‘NETSYS .DPY’)
CALL CHECK (26,32,33,33p959.964~ N)
NB=N—600
GOTO(2OO~ 400,3OO.2O0,10O) ,NB

C
C ********************** ************************* *************** ******* *C
C ‘[HE INDUSTRIAL LOAD PICTURE ANt’ DATA F’l..ACEMENT .
C
700 CALL INIT (1100)

CALL RSTR ( ‘INr’LD.DPY’)
CAL L. CHECK(53.58,23,23,951,953~ N)
NB~-N-700
GOTO (700 ,300,700,700,900, i000~~800,100 ) ,NR

C

• C
C THE STATION 11 PICTURE ANt’ DATA F’!..ACEMENT.
C
800 CALL INIT (1i00)

CAL..L RSTR (’STATl l.EIPY’)
CAL.L CHECK(13,17,65,70,946,948~N)
NB=N—800
L3OTO (2OO.2QO.OOO~ 8OO ,9OO, 1000p100) ,NBC

C

THE STATION I F’ICTI,IRF AND DATA F’!..ACEMFNT .
C
900 CAL L INIT(ii00)

CAI..L RST R( ‘STATi  .DRV’)
CALL.. CHEClc(7~~17~~46,50.936~~945~ N)
NB :N’-900
(30T0 ( 200p4’oo,900,900,900,900,900,900p900.1 100.l000.R00.tO0),NB

C

C
C THE GENE RATOR 1 PICTu RE’ ANT) DATA PL ACEMENT .
C
1000 [‘AL L. TN IT (1100 )

CALL RST R(’G ENi .E’ PY’ )
CALL CHFCK(6p6p51,52 ,931,935,N)

1000
GOTO(200,1100,900,800,100,1000,l000pl000.i000) ,NB

C
C*************************************** *******************************
C
C THE SYNCRONIZING PICTURE AND DATA PLACEMENT. 

•

C •

1i8



1100 CAl L TNTT (1I00)
CALL RSTR( ‘SYNCRN .rjPY’)
CAL..! CHtCK (4,14~~15.15~ 931 ,912,W )
NR~’N ’ 1100
GOTO (11O0,1100.1100~~1 10O,Ji 00,1100~~1100,1 

i0O,i100.Il00,1100~
1 1100~~l100,1100.200~ 900. 1000 ,800, 100).NR

C
C
9999 STOP

END

THE FOLLOWING IS CONTAINED IN THE FILE, CONTROL .CMD:

CONTROL/—’CP~ TI :/SH~ CONTR0i ,CNTLSB,GLIE’/LB
/
As13=ORo: I

• I,

L~~~~~~~. 
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The Contents of the file , CNTLSB.FTN;

C SIJ F iR ( JU TINE TO CHOOSE A CHANNEL OF THE A-Ti CONVERTER’S FOR
C I’ISPI..AY ON THE SCREEN .
C

SIIBRT1IITINE SJNCO N( ICHAN ,VOLTS )
DIMENSION IERR(2),VAR (1)

C
C SINGL E CHANNEL. A/ri CONVERSION PROGRAM
C PARAMETER (ICHAN) CONTAINS TIlE CHANNEl NO. (1—32)

10 ICHAL=ICHAN— 931
IF(ICI-lA !...GE.17)C,O TO 30
[‘Al..!.. ASARI..N(3,IERR,0)
GO TO 50

30 TC HAL .~ ICHAL—1 7
3~ CAl..!. ASA RL.N(3 ,IERR,1)
50 CONV’’At’C(iCHAl.~~VAR,1,IERR )/64.
55 V()L..TS=(CONV*5.0)/1023.O
85 F.’ETIJRN

ENEI
C
C SIJF4ROIJTINE TO l.IF’DATE THE PICTURE EVERY TIME IT IS CAI..l.Et’.
C THE ARGI.IMENTS ARE THE ROUNDS OF THE Sl.$BF’ICTURF ’.S NIJIIBFRS
C THAT BELONG TO THE PICTURE BEING r.’TSPl.AYFI’ AT THE TIME .
C

SUFIROIIT INE IJPDATE C Ji , J2)
E.OGICAL*1 SW
CC)MMON/SIJB/SW ( 100)

C
110 750 I-~,J t..J2

C
C CHECK IF IJP[’ATF IS FOR EIJNCTIONAL SWITCH OF CTRC I.ITT BREAKER.

IE (I.13T.46)GOTO 440
11=1+100

C
C (JF’EIATE CIRCU IT BREAKER SIJRPICTIJRE.
C

I F ( SW ( I ) . EG . . E AL S F . ) G O T O  251
CAI.L OFFCII)
6010 250

251 CAL L ON (II)
6010 250

C
C l.lF’EiATE FIJNC’TIONA!.. SWITCH PICTURE .
C
440 IF SW(I).E0..FALSE.)GOTO 451

CA!..! OFF(I)
CAl. !. ONCI+100)
r.oro 250

451 CAL..L OFECI+ 100)
[‘Al .!. (iNC I )

250 CONTINIJE
RETURN
END

C
C
C SUBROUTINE TO UPDATE THE DATA ANT’ CHANGE THE SW ITCHES IN THE
C MAIN PROGRAM. L1,L2,L3, AND L4 ARE ARG I.IIIFNTR FOR TWO IJPDATE V
C CAL LS. 1.5 AND 1 6 ARr~ AR GUM ENTS FOR TIO I flOP’ TO POSIT ION DATA
C ON THE SCREEN. N IS SIJRPTCTI.JRF NI.IMBFR WHERE I IGHT PEN HIT OCCIJRS ~“
C FOR PASSING RACK TO MAIN PROGRAM. THE ROUT INE WORKS AS THE I.OOPS ~~ .

C IN THE MAIN PROGRAM .
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C
SUBROUTINE CHECK(L1.L2,L3,L4,L5~ L.6~ N)
L.OGICAL*1 SW
COMIION/SUB/SW ( 100 )

100 CAL.L IJPI’ATE (L1,L2)
CALL.. UPr’ATE(L3,L4)

120 CALL CLREFCII )
130 £10 131 I=L5,L6

CAL L.. SINCON (I,VOLTS)
131 CALL NMr~RcI,voL .Ts,5~~’cF5.2r)CALL LF’EN (M,N,XX,YY)

IFCM.EO.0)60Tfl 130
CAL.L ON (90)
CALL CLREF (11)
NZ=0

140 CALL t.PEN (MZ,N7)
IF(N7.NE.91 .ANE’, NZ.NE .92)GOTO 140
CAL..L OFF (90)
IF(N7.EO.97)GOTO 120
IFC N.GT .200) 130T 0 150
IF(N.GT .9O)N~ N-100
IF (SW(N).EQ..TRUE.)GOTO 151
SW (.N ) .= . TRUE
GOTO 100

151 SW (N)= .FALSE.
GOTO 100

150 RETURN
END

0

”
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The Contents of the file , ADCHNL.TXT;

THIS FIL..F CONTAINS TI-IF INFORMATION FITh 1 HI A NAl (15 [0 tIll; I TAP
CHANN EL S • THE INFI1RMO I TON NI LI SSARY TI) I.ISF THE AR II ‘5 50 THAT H4FY
M ON I T~!R THE CHANNFI..S THAT THE CON I’ROI .. i’RIlflS’AM r i 5 F ’ I  A Y S .  FOl l OWS.
[HERE ARE PRESENTL..Y 32 CHANNEL S AVAIl . ABL E NIJMIiERFT’ FROM ONE TO 32.
TI-fE PROGRAM CHANGES •fl~

f•• CHANNEL S TO (‘17 NIJMRFRFTI FROM ZERO TO 31.
FOR THE AR- li ’S. THIS l ISTING IS NU MBERED FROM ONE TO 37 SO THAT
ANYONE WORKING WITH THE SOFTWARE W: ILL NOT HAVE TO CHANGE THE NUMBERS.
ANYONE WORKING WITH TUE HARDWARE WILl . HAVE TO SlJT~T RACT ONE FROM THE
CHANNEL NIIMBFRS GIVEN HERE .

THERE ARE SOME A DDITIONAl.. CHANNELS NEEDED. THEY HAVE REFN GIVEN
PICTURE NUMBERS FROM 33 liP’. ADDITIONAL. CI5’CI.ITTRY W i l l . HAVE TO lIE Bu ILT
TO HAND! F THESE , IT SHOLILFI BE POSSIBLE TO OF’ERATF WT1HOUT THE EXTRA
CHANNELS ANYWAY .

CHANNEL NUMBER VARIABLE FROM SIJBPTCTIJR E Nu MBER

I VOLTS SEN 1 931
2 FREQ SEN 1 932
3 AMPS GEN 1 933
4 FF I3EN I 934
5 NW GEN I 935
6 VOLTS (3EN 2 936
7 FREQ SEN 2 937
8 AMPS GEN 2 9313

• 9 F’F (3EN 2 939
10 , NW GEN 2 940
11 VOLTS (3EN 3 941
12 FREG SEN 3 942
13 AMPS SEN 3 943
14 PF SEN 3 944
15 NW SEN 3 945
16 VOLTS TNT CON i— L 946
17 FREQ TNT CON 947
18 AMPS TNT CON 948
19 VOLTS Si.JB—ST 4 LEFT Bl.JS 949
20 VOLTS SUB—ST 4 RTGHT BUS 950
21 VOLTS INDI.IST LO 951
22 F’F INT’(JST LI’ 9s2
23 AMPS INTIUST LII 953
24 AMPS LII CTR RT 954
25 AMPS LI’ CTR LT 955
26 VOLTS Pt’ CTR LT 956
27 VOLTS LI’ CTR RT 957
28 VOLTS SUB-ST 6 BUS 958
29 VOLTS L-N t NETWORK SYS 959
30 VOL.TS L—N 2 NETWORK SYS 960
31 VOLTS L—N 3 NETWORK SYS 961
32 AMPS LINE 1 NETWORK SYS 967

• * * * * * * * *
33 AMP’S LINE 2 NETWORK SYS 963
34 AMP’S LINE 3 NETWORK SYS 964
35 VOLTS ST 11 BUS 965
36 VOLTS ST 1 BUS 966

- 
37 VOLTS SEN 1 ABOVE CKT L4KR 967

I “
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The Contents of the file, SUBNUM.TXT; a list of the common subpictures.

THIS FILE CONTAINS TH~ LISTINGS OF THE SlJFiF’ ,(CTUR’E NIJMBERS AND
THEIR CORRESPONDING SIMULATOR FART OR DEFINITION .

THE FIRST SECTION CONTAINS THE SURF’ .TCTI .JRF Nl.IMlIF,RS ASSOCIATED
WITH ALL THE PICTURES. THE FIRST SIIHF’ICTURE Nl .IMRFR IS THE INITIAL
CONDITION POSITION OF THE ASSOCIATED SWITCH ANTI THE c;ImOwr, NI.IMFIFR
IS THE FIRST F’LIJS 100, THE SECOND SUIIPICFI.lRE 1 ~ T I-l I- IIF’PflS ITE POSITION
OF THE SWITCH FROM ITS INITIAL CONI’:[TS[ON. THE INITIAl CONDITION OF
ALL CIRCUIT BREAKERS ANT’ SWITCHES IS OPEN EXCEP T FOR THOSE MARKET’
CLOSED.

SIJF’PICTURE NUMBER SWITCH COMF’ANION SIJBPICTURE

I CR RING BUS *1 101
2 CD R I N G  BUS *2 102
3 CR RING BUS 43 103
4 CD RING BUS *4 104
5 CR RING Bu S *5 105
6 CB GEN 1 106

• 7 CP GEN 2 107
8 CD SEN 3 108
9 CD LINE A 1—3 109
10 CR LINE 01—3 110
ii CR LINE Cl—Il STAT 1 111
12 CR L INE t’l—ll STAT 1 112
13 CR TNT CON 113
14 CD L.INE C l — l i  STAT 11 114
15 CD LINE t ’ l — l i  STAT 11 115
16 CR LINE FlO— Il .116
17 CD LINE ElO—il 117
18 CD LINE E4—6 its
19 CD SUB ST 4 *1 119
20 [‘B SUB ST 4 *2 120
21 CR S u B  ST 4 *3 121
22 CR SUB ST 4 *6 142
23 [‘B SliD ST 4 *9 123
24 CR SUB ST 4 *4 174
25 CFi SUB ST 4 45 125
26 CR SUB ST 4 *8 126
27 Cli SliD ST 4 *7 127
28 CR NET SYS *4 178
29 CD NET SYS *2 129
30 Cli NET SYS *3 130

• 31 CR NET SYS *1 131
32 Cli SUB ST 6 *4 132
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SUBF’ICTURE NUMBER SWITCH COMPAN ION SIJBFICT IJRE

33 CD SuB ST 6 15 133
34 Cli SUB ST 6 11 134
35 CD SliD ST 6 *2 135
36 CI’ Sl.IFi ST 6 *3 136
37 CD SlID ST 6 *7 137
38 CD SUB sr 6 *6 138
39 Cl’ LII CTR *SS—1 139
40 Cl’ LI’ CTR *58—3 140
41 CD LI’ CTR *1 141
42 Cl’ LI’ CTR *2 34 2
43. CD LI’ CTR *3 143
44 CD LI’ CTR *4 144
45 CR LI’ CTR 4SS—2 145
46 CR ST 1 SERV LII 146
47 SW GFN 2 tiC SUP—PRIME MOVER 147
48 SW SEN 2 E X C I T A T I O N  148
49 SW SEN 3 L’C SUP—PRIME MOVER 149
50 SW SEN 3 EXCITATION 150
51 SW SEN I [‘C SliP-PRIME MOVER 151
52 SW C;I .:N 1 EXCITATION 152
53 SW TNI 1I. IST LGT LI. 153
54 SW INDIJST HEAT LII 154
55 SW INI’IJST POWER LI’ *1 155
56 SW IND1JST POWER LII *2 156
57 SW TNT’IJST REACTIVE LII 157
58 SW INr.’l.IST CAPACITOR 158
59 NO r  IN USE 159
60 SW SECT ST 4602 (CLOSET’) 160
61 SW ~E C~ ST 4605 (CL OSED) 161
62 SW SECT ST 4601 (CLOSED) 162
63 SW SECT ST 4604 (Cl OSED) 163
64 SW SEC1 ST *603 164
65 SW STATION 11 EMER SEN 165
66 SW STATION 11 Ill—il 166
67 SW STATION 11 FlO—Il 167
60 SW STATION 11 ElO—l i 168
69 SW S1ATION 11 TNT CON 169
70 SW STATION ii Cl—l i 170
71 SW SUB ST 6 4407 171
72 SW SlID ST 6 *509 172
73 SW SliD ST 6 *521 173
74 SW SliD ST 6 *514 174
75 SW S U n  ST 6 *517 175
76 SW SliP ST 6 *414 176
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