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GLOSSARY

Bus

Set of signal carring lines.

Protocol

A set of rules for operating a communication system.

Baud

A unit of signaling speed equal to the number of discrete
conditions or signal events per second.

Buffer

A storage device used to compensate for a difference in the
rate of data flow when transmitting data from one device to
another.

Direct Memory Access

DMA is a facility that permits I/O transfers directly into
or out of memory without passing through the processor's
general registers; either performed independently of the
processor or on a cyclestealing basis.

Link

A communication path between two nodes.

Interrupt

To stop a running program in such a way that it can be re-
sumed at a later time, and in the meanwhile permit some
other action to be performed.

Interface

A piece of hardware used between two pieces of equipment.
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Assembly Language

A direct symbolic representation of the binary instructions
which can be executed by the processor.

Random Access Memory (RAM)

A traditional name for read/write memory.

Read Only Memory (ROM)

A ROM is a memory which, once "programmed", can only be read
by the CPU.

Erasable Programmable Read Only Memory (EPROM)

These are read-only memories programmable by the user which
can be re-programmed a number of times.
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ABSTRACT

The study of real-time control of a power system simu-
lator using the interactive‘graphics is investigated. The
distributed processing is employed using a minicomputer and
a microcomputer for control and data acquisition tasks in-
volved in the research. A real model power system is inter-
faced to a microcomputer, a minicomputer and a graphics ter-
minal. The computers duo are assigned two different specific
basic tasks on a dynamic basis, which in turn are interfaced
through a communication network. The microcomputer services
the needs of data acquisition of all the necessary state
variables of the power system model. The minicomputer acts
in a supervisory status in delegating certain scheduled
routines of data acquisition and also in operating the
status change conditions of all functional and circuit
breaker switches of the simulator. 1In addition to these
tasks the minicomputer also updates the graphic displays
representing the simulator on the graéhics terminal. The
result of this research is a functional power system en-
vironment with distributed computer network, facilitating

real time study and analysis through interacive graphics.
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CHAPTER 1
INTRODUCTION

Electrical power generation, transmission and distribu-
tion networks coupled by switching and load center substa-
tion make up a system that covers a vast geographical area.
These power systems are growing larger and required inter-
connections are more complex to meet increased society ener-
gy requirements. This increased growfh in size and sophisti-
cation has led electric power utilities and research activi-
ties to use digital computers for on-line supervisory con-
trol gf power system networks. Altéough computers have been
used extensively for operation and control in power industry
over the past decade, direct digital control is relatively a
recent development. [30] The use of digital computers in
such fashion has resulted in large degree of improvement and
significant contributions to efficiency, reliability and
secure operation of the system.

{1,2,5,7,17] Various attempts have been made in the
direction of power system monitoring and control. [33] Mar-
tin discusses in his work a simple and inexpensive method of
monitoring the steady state behaviour of power systems using
inexpensive microprocessors. This method assumes that the

voltage and current variables are in steady state. [34]



Deliyannides , See discuss the use of microprocessors in
distributed processing for power system control applica-
tions. In this work the current spectrum of equipment func-
tional sophistication from large energy management centers
to simple supervisory master stations and remote data ac-
quisition and control units is examined to identify asreas of
profitable use of microprocessors. [23,25] Much work has
been done in the studies of automated individual machinery.
[35] Pullman, Hogg described a 1laboratory micro-alternator
system, which 1is a scaled model of a large turbogenerator.
[36] Scriber in his paper discusses the implementation of a
computer driven supervisory control and data acquisition
system. Most of the work described so far has been totally
theoretical in nature and remains untested in the power sys-
tem environment. The real time power system control models
such as automatic contingency analysis and avoidance, au-
tomatic load dispatching, generation control and unit com-
mitment, and automatic security analysis on network schedul-
ing, remain largely untested since a model test environment
does not currently exist other than the actual power system.
For power system security reasons these tests are not per-
mitted to be run in the United States utility grids. Limit-
ed tests have been conducted, however by nationally owned
utilities such as Tai Power and National Swiss Grid. Howev-
er the results of these tests are kept within the testing

organizations and are not available outside. These



organizations are not using any closed loop control.

Recent visits by Tai Power and National Swiss Grid and
their intention to duplicate the OU Simulator and complete
computer control network indicate the key role such a model
test environment can play in the future evaluations of power
system control schemes.

The research conducted in conjunction with this disser-
tation consists of conceptual development and verifiqation
of open/close-loop functional test environment confined to a
scaled power system, through interactive graphics. This
work studies the feasibility of providing the functional
environment for studies towards closed loop control of a
power system in real-time.

[4,8,24] Large number of papers have been written indi-
cating various developments in the direction of data ac-
quisition systems. These differ either in the type of device
used for digitization or the cost of the system itself. The
following research evolved a unique technique of data ac-
quisition. This technique consists of developing predeter-
mined scheduled routines and displaying these routines on
the graphics terminal along with approriate line diagram of
the power system. Thus these routines are executable at the
touch of a light pen. To summarize, this research estab-
lishes 2 proven model of a functional environment for furth-
er ;esearch in real-time control of a power system. Thus

this research advances the present state of art of control



of power systems, through closed-loop real-time interactive
computer graphics.

The system proposed consists of mini and microcomputers
as processing elements performing independent control and
data acquisition tasks.

The system developed consists of a power system simula-
tor by Hampden Engineering Corporation, PDP 11T34, a mini-
computer with graphics capability by Digital Equipment Cor-
poration and a SBC 80/10A microcomputer by Intel Corpora-
tion.

The concepts investigated in this research include (a)
Representation of simulator model 1in single line graphic
displays along with associated state variables. (b)
Transformation of absolute values of variables into scaled
units compatible with data acquisition system employed. (c)
Development of various interface networks. (d) Development
of software structure involving various data acquisition
algorithms, supervisory, communication and simulator con-
troller interface routines with well defined protocol
command/data formats.

The Interactive graphics controlled power system con-
trol proposed and demonstrated in this dissertation work
advances the state of art to make a future closed loop power
system control a reality. The distributed processing out-
lined in this work i11ustfates the feasibility of using

inexpensive microcomputer systems for the data acquisition
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and control at various lower levels of a power system. The
ultimate result of work is a unique test environment for use
in the development of real-time power system control
schemes.

Even though a two node distributed processing network
has been developed, it is possible to extend the concept to

a multi-node network limited by cost only.



CHAPTER 2
BACKGROUND '

AContingencies; whether scheduled or emergency, which
involve the loss of any essential component of the power
system, such as a transmission line or generator or load
result in large degree network‘disturbances eventualiy lead-
ing to a possible failure of a larger portion or the entire
network. During unscheduled system contingencies, the au-
tomatic controls operate to protect the system from overload
and damage. The system dispatcher monitors and makes deci-
sions concerning 1load shedding, - generation scheduling or
tqtal_system rescheduling, attempting to keep-as much of the
system supplying power as possible. [8] Attempts'have been
made to propose schemes that could control primary functions
such as voltages, speeds and loads. Such schemes offer the
advantages of integration and compatibility with the devices
at various levels of system function. This practical device
must be made to meet the security and reliability require-
ments of power utilities. The problem encountered by opera-
tions and system planning, is the inability to do system
testing and checking of closed-loop algorithms and real-time
on-line analysis tools on the actual power systems. A typi-
cal 1line diagram of a power system is shown in figure 1. In

6



the event that these algorithms fail, then often catastroph-

fc system failures occur which are detrimental to the power
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Figure 1. Line Diagram of a Typical

Power System.

[6) A study has been done on on-line digital controller
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dedicated to the closed loop real-time control of such con-
trol functions as terminal voltage, speed and load control.
At lowest level of control the controller assumes direct
control of main generator functions via a digital-analog
interface, passes data to computers at higher levels of con-.
trol for evaluation of overall system performance and also
receives inputs from these levels, such as changes in set
points, and interacts directly with plant operator. [9] The
real-time control system is built around the computer inter-
rupt system and is made up of a system executive to coordi-
nate the execution of many concurrent priority structured
program modules. Economic evaluations must lead to an ac-
ceptable cost if acceptance by the utility industry is to be
expected.  While exact comparisons are impossible, relative
cost estimates can be made, and eveﬁ when one. considers the
cost of the peripheral equipment; the system cost will fali
below the estimated cost per 1line terminal currently re-
quired for protection. [5] Since functions of automation go
beyond the point of protection of system, the actual cost
per function should .prove approximately 20% less than the
present systems.

The prime objective of the power system dispatcher is
:t; make electric energy available, in usable form, whenever
demanded by the customer. 1In order to accomplish this task
the operator can alter various network elements. These in-

clude generation sources, the transmission lines and the

8



distribution of the load. If the power system has been
correctly planned, it will be designed to meet the needs of
a specific area, since the capital costs of surplus genera-
tion equipment is prohibitive. However, a secure power sys-
tem design requires that the bulk power systeﬁ function dur-.
ing the scheduled or unscheduled outage of one or more major
system components.

The . power system operator does have spare equipment
that can be used in accordance with his own ideas. Economics
of power system operations enters the problem and the system
operator is obliged to meet the power system commitments in
most economical way. Unfortunately, the cheapest way to
operate the power system may not be the most economical,
because the probable cost of system outages must be balanced
against increased operational cost to make power system more
secure against component failure.

(13] The occurrence of abnormal conditions is the most
normal state for a large power system. Abnormal means that
one or more of power system components are not available for
service. The component may not be available because of
equipment failure, or equipment out for maintenance, or
because of new construction.

Except during extreme emergency conditions, the power
system operator will have multiple choices as to how the
system can be operated. 1In such a case, a fast and accurate
and efficient decision can be taken by a pre-programmed

9



computer compared to a human operator. Thus there arises a
need for the introduction of computer operations in the

maintenance of the power systems.

Case study for the nécessity of automation of the power sys-.

tem.

NEW YORK BLACKOUT:

(13] On July 13, 1977, an intense storm accompéniéd by
heavy winds and rain moved southeast across Westchester
county in the state of New York. At aprroximately 8:37p.m.,
lighting struck the towers on the section of the right-of-
way between two power transmission stations of the Consoli-
dated Edison system, which serves the boroughs of Manhattan,
Bronx, Brooklyn, Queens and Staten 1Island and most of
Westchester county. Less than 20 minutes later, other towers
were struck. These two lightning strokes initiated a chain
of events that led to the shutdown of the electrical supply
for the city of New York.

~ The conditions that led to the eventual blackout of New
York city bring to light the inability of the equipment and
personnel to respond fully to fast developing emergencies
when tequifed to operate under severe generation and
transmission constraints. Due to strong interconnected sys-
tem that is essential to meet the reliability of supply
within the city, all of the faults that occurred as a result

10



of first initial 1lightning strokes 1led to 1large surge
currents that were sensed by a large number of protective
devices. The vast majority of these devices responded to
these surges properly. The protection equipment malfunctions
that did occur provide a challenge to improve the testing of
installed equipment of the system.

Major elements that led to the failure of the system to
withstand the impact of the storm were the following:

1. The inability of the system as operated to withstand
the 1loss of all its major transmission ties to the North, a
contingency beyond Con Edison's design criterion.

2.The 1inability of generation equipment in the city to
'meet maximum capability as reported to the system operator.

3.The absence, at the energy qontrol center, of a clear
display of the change in status of key bulk power data to
the operator.

The accumulated effect of these'factors was such that
the system operator, based upon his prior experience and
training could not fully respond to an emergency of the pro-
portions associated with the loss of the entire transmission
suppert from the north.

These facts indicate a real time control of a power
system with a possible power to an operator is {inevitably
required. Howe;er, the human operator can be made to pos-
sess the provision to deactivate any of computer decisions-

or actions at any time of operation. It is with this in

11



mind that this project was originated. The concept of
bringing the entire system to well within reachable limits
of operator for control of the entire system is achieved in
this work through the representation of the system by line
diagrams on the graphics terminal. 1In this way a close on-
line interactive approach is made possible. The computer can
check enormoué amount of dat; regarding certain contingency
and reléy the outcome of iaborious computations to the
operator, thus relieving him from the studying of this data,
as a basis for any of his decisions. A modified form of
Hampden's Power Simulator is used as the base of the system.

[12) Interactive computer graphics involves two-way
communication between computer and user. The computer, upon
receiving signals from the input device, can modify fhe
displayed picture appropriately. The user can give a series
of commands, each one generating a graphical resbonse from
the computer. In this way he maintains a conversation, or
dialogue with the computer. With the ability to interact
with the computer the operator can quickly correct a design
error and see a revised picture or data. In this a way there
is always a faster response possible from the operator for
unanticipated result from the system. Thus interactive
graphics improves the response time of communication between
the user and the computer in both directions.

The task of control and monitoring of an electrical

power system through physical components is very extensive

12



in nature. The size of the system prohibits its representa-
tion confined to the limits of a small room. The ability of
computer to store the relevant data which can be retrieved
at any point of time makes it possible for the control of
the entire system through a graphics terminal. The graphigs
terminal provides an instantaneous access for any interac-
tion intended by the operator with the system. The most
important aspect of the system control depends on the part
of data acquisition system. The data is required by the con-
troller before any action is taken. With human operator
gathering data from either a central computer or other
means , one can see the correlation of the data for the
present contingency is, in fact, a unsurmountable task. In
this project the data is acquired from all desired points of
interest and presented in the mosé readable form on the
graphics terminal for any decision.

The data acquisition of these state variables of the
power system is done by a microcomputer system, with the
help of a real-time interface SubSYstem. The microcomputer
has a preassignéd task of collecting data from these vari-
ables and communicating the system status to the central
control computer which takes thé supetvisory role in the
control of the entire system.

[(10] Many improved performances are being attributed to
distributed processing. These include high ' system perfor-
mance, fast response, high throughput, high availibility,

13



high reliability, ease of modular incremental growth, easy
expansion in both capacity and function. The definition of
distributed processing include the following: A multiplicity
of general-purpose resourse components, including both phy-
sical and logical resourses, that can be assigned to specif-
ic tasks on a2 dynamic basis. A high level operating systém
unifies and integfates the control of distributed com-
ponents. Individual processes each have their own local lev-
el operaﬁing system and these may be unique. A physical
distribution of these physical and logical components of the
system interact through a commuﬁication network. The opera-
tion of the distributed logical resources is to a greater
extent autonomous.

Some speak of a system that has any one of these com-
ponents distributed as being "Distributed data processing
system;. A proper definition must cover the concepts under
which the distributed components interact. There is certain-
ly no distribution of processing functions if there is no
distribution of processing hardware and conversely a system
that distributes hardware without Aistribution processing is

difficult to imagine.
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CHAPTER 3
HARDWARE DESCRIPTION
This chapter will outline the hardware structure of the
research project. The simulatdr and the computers will be
introduced briefly in the beginning of the chapter followed
by the introduction on DL-11W and DRS-11 peripheral devices
of miﬁicomputer. In addition, this chapter also includes the
hardware concepts of author's contribution of the research

project.

POWER SYSTEM SIMULATOR:-

The power system simulator is an excellent tool for
education as well as research. In reality the power systems
are very large and expensive. A physical réalization on a
small scale enables the user to see the basics and perform
experiments that would have been prohibitive on real sys-
tems.

The simulator (Figure 2) is a small power system con-
sisting of scaled generators, transmission 1line system, a
subtransmission system, substations, and loads. The genera-
tion is in the form of three DC motor/synchronous generator
sets 6f 1KW, l1KW and 3KW capacity. Additional capacity may

be supllied to the simulator through the interconnnection.
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The high voltage(6#AV) transmission connécts the generation

Figure 2. Photograph of Power Simulator

to two distribution substations where residential and indus-
trial loads are simulated. There is also a network system
fed from both substations, and a load center substation as
well. The circuit breakers and certain circuit controls
switches are accompanied by special modifications, thus
2llowing them to be operated by the computer commands. The

relays provided in the system are 12AVAC operated.

COMPUTER SYSTEMS: -~

- 16



The system described here, employs two computers for
its operation. They are PDP-11T34 Minicomputer and SBC
80/10A Microcomputer systems. In addition to these central
computers, we have associated peripheral devices to both of
these systems. The Interconnection of peripheral devices

with PDP-11 processor are shown in figure 3.

vi-11 CENTRAL MAIN
GRAPHICS PROCESSOR HEMORY

VvV

DRS-11° DL-11

b"] R Hicro-
IHULATOR COMPUTER

Figure 3. Unibus Interface Structure

MINICOMPUTER SYSTEM:-

The minicomputer employed in this research is a DEC
(Digital Equipment Corporation ) PDP 11T34 shown in figure
4. The system supports off-line storage in the form of two
disk drive units (RKAS Disk Cassettes). The CPU is connected

17



to the peripherals by a UNIBUS system. UNIBUS is the name
given to the single bus structure of the PDP-11. The proces-
sor, memory and all peripheral devices share the same high-
speed bus. [38] The maximum transfer rate on the Unibus is

one 16-bit word for every 750 nanoseconds or 1.3 million

16-bit words per second.

.0

e®®

...»...‘ -
» .

e
.
et

Figure 4. Photograph of Minicomputer System

The Unibus enables the processor to view peripheral deviceé
as active memory locations which perform special functi&ns.
Peripherals can thus be addressed as memory. In other
words, memory reference instructions can be operated direct-

ly on control, status, or data registers in peripheral

18



devices. Data transfers from input to output devices can
bypass the processor completely. The memory contains 64K
words of semiconductor memory, of which less than 32K is

rieeded to perform the task described in this work.

SERIAL LINE UNIT (DL-11W):-

The Serial line unit (DL-11W) is an asynchronous 1line
interface which can handle full or half duplex communigatién
between a wide variety of serial communication channels and
a PDP-11 computer._With a DL1l1-W interface, a PDP-11 com-
puter can communicate with a local terminal such as a con-
sole teleprinter, a remote terminal via data sets or private
or public switched telephone facilities, or with another
local or remote computer. The interface between DL11-W and
the UNIBUS is shown in figure 5.

The DL-11W is a character buffered communications in-
terface designed to assemble or disassemble the serial in-
formation required by a communication device for parallel
transfer to or from the PDP-11 Unibus. It also provides the
logic and buffer registers necessary for program-controlled
transfer of data between a PDP-11 system requiring parallel
data and an external device requiring serial data. The
DL11-W provides the flexibility needed to handle a variety
of terminals. For example, the user can use a DL11-W és a
Teletype controller, or in conjunction with ‘another serial

line interfoce. It can be also used as a communication link
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between two processor systems.

<>

I

PDP-11 bL-11

{lCRDCOﬂPUTEF

Figure 5. Communication Interface Between

Mini and Microcomputers.

INPUT-OUTPUT SYSTEM (DRS-11):-

The DRS-11 is an output system to control up to 48
digital outputs by the computer. Each output module has in
addition to 48 buffered output lines, a RC filtered inter-
rupt input with either TTL or open collector .charactetisé
tics. The interface of DRS-11 with the UNIBUS is shown in
figure 6.

Since the wutilization of DRS-11 is made through
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assembly language it is necessary to define device address.
The ten position DIP switch provided on the card is used to
set the device register address. Positions 1-10 correspond
to address bits 12-83 on the DRS-11. To select the desired
address, the switch is put in the OFF position to signify a
ONE in that bit position. The device address in this work
is set at 160030. .
The vector address of this module is selected with the

eight position DIP switch.

s

PDP-11 DRS-11

USER
BUFFER | OUTPUTS

Figure 6. Output System (DRS-11).
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To obtain the desired vector address, the switch is put in
the ON position to signify a ONE for that bit. The vector
address set for this module is 3008. Note that switch posi-
‘ tions 2-8 correspond to data bits 92-88 respectively. The
corresponding device address for ‘'second DRS-11 unit is

160048 and vector address is set at 320.

GRAPHICS TERMINAL (VT-11):-

' {161 The VT-11 graphics terminal is a single cblor,
variable intensity, random position scan CRT terminal for
real time graphics displa?. The screen is 17" diagonal and
defines 1P23 coordinate points in both x and y axis. The
VT-11 Graphics Display Processor (GDP) is a high performance
display processing unit that can operate as a peripheral 'to
any PDP-1l series computer. It "sits" on the Unibus like any
other peripheral (Figure 7 ), and can be addressed by the
éDP-ll CPﬁ.”}he VT-fT GDP is a Direct Memory Accessing (DMA)
device, and can, if granted control of the Unibus by the
PDP-11, fetch its display program independently of the cen-
tral processor. This processing unit of the VT-11 reads the
display buffer located in the main memory of the PDP-11 and
displays an image on the screen in accordance with the in-
structions in the buffer. In the meantime, new instructions
will be placed in the buffer by PDP-11 and on the next read
by the VT-11 , a new image will appear on the screen. This

process is known as refreshing the screen rather than raster
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screcen. The more data in the display buffer the longer the
collection and transportation time to the screen and this
can cause problems of flickering. A light pen is provided

with the graphics terminal for user interaction. The

r---—
1 OTVHER .
POP-11 MEMORY i | PERIPRERAL {
bEvices
i , uNIBUS
{ £ ‘ 375
LIGHT PEN
VT
ot | fmean o]
PROCESSOR

Figure 7. Block Diagram of Graphics Terminal.

display buffer must reside in the lower 28K of memory. The
buffer must be set up by software as an initialization pro-
cess. The VT-11 is capable of issuing interrupts to CPU when
it detects the light pen is being pointed to the sensitive
area of the screen.

The light pen is an infrared light detector. When the
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software directs a screen intensification for the light pen
within the detection angle of the pen, an interrupt is com-
municated to the processor. Then the processor remembers the
- beam position and subpicture number it was tracing when the
light pen hit occurred. Global flags, positional data, and
sub-picture number it was tracing are then passed to CPU.
This information |is used by the program for its changes in
the display buffer. Thus the graphics display 1is changed

with the light pen interaction.

MICROCOMPUTER SYSTEM:-

The SBC 88/10A is a complete microcomputer system on a
single card(Figure 8). The CPU, system clock, read/write
memory, non-volatile read-only-memory, I/0 ports and
drivers, serial communication interface, bus control 1logic
and drivers all reside on the board. Intel's 8-bit n-
channel MOS 8080@A is the central processor for the SBC
80/10A microcomputer. This system' also contains 1K 8-bit
words of read/write memory using Intel's 8102 static RAMs.
Up to 4K of read-only-memory(ROM) may be added in 1K byte
increments using Intel's 2708 electrically erasable read
only memories (EPROM).

A programmable serial communications interface using
Intel's 8251 Universal Synchronous/Asynchronous
Receiver/Trahsmitter (USART) is contained on the board. The

mode of operation, data format, control character format,
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parity, and asynchronous serial transmission rates are all
under program control. The 8251 provides full duplex, double
buffered transmission and receive capability. Parity, over-
run, and framing error detection are all incorporated in the
USART. The inclusion of jumper selectable teletype, or
RS232C compatible interfaces on the board in conjunction
with USART provide a direct interface to a teletype, CRT,
RS232-C compatible devices, and asynchronous and synchronous
modems. Memory and 1/0 expansion may be achieved using stan-
dard Intel boards. [19] Memory may be expanded to 65,536
bytes by adding user specified combinations of SBC @16 16K
byte RAM board, SBC406 6K byte and SBC416 16K byte PROM.

REAL TIME INTERFACE:-

The Real Time Interface (RTI) used in this'research is
RTI-1200 by Analog Devices (Figure 9). This subsystem is
compatible for direct interface with SBC 88/10A. This can
be considered as an integral part of microcomputer. The
most basic function of this subsystem is data acquisition.
The RTI~1208 contains an analog multiplexer that can accept
32 analog channels (single ended), a software programmable
gain amplifier, a sample-and-hold amplifier, and a 12 bit
analog-to-digital converter. The A/D convérter can be preset
by the user for any of three voltage input ranges(@ to +10
V, =5 to +5V and -10 to +18 V). The programmable gain am-

plifier can be used to increase the input sensitivity of
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analog inputs. It also allows the user's program to specify
different gains for different channels, or implement au-
tomatic gain ranging.

One of the most important features of the RTI-1200 is
the way it interfaces to a miCtocomputer system such as.
SBC80/18A. This interface is known as memory mapped inter-
face. This 1is similar to UNIBUS interface mentioned in the
minicomputer description. Thus the RTI-1200 appears to a
microcomputer as a block of memory 1locations in the
microcomputer's memory address space (Figure 16.;). Data and
command information is transmitted to the RTI-1278 via in-
structions that write into memory, and data and status in-
formation is retrieved from the RTI-1200 via instructions
that read from the memory.

The RTI-~1200 contains a socket which can accommodate a
1624 byte X 8 bit PROM, such as 2788. This coﬁld be used as
an extension of microcomputer's PROM capability.

In this work the input range of -5 to +5 Volts is
selected. Since the analog signals from the simulator are
very high compared to the range of voltage set, the follow-

ing scaling networks are incorporated.

SCALING NETWORKS :~
The scaling networks consist of passive elements in-
cluding current and voltage transformers. The amplitude

measurement is done using a peak detection algorithm. For a
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better accuracy with nonuniform sinusoidal voltages, the
peak detection is done three times in three consecutive
cycles. Of these three peak values, the highest number is
selected as the desired value. The scaling network used for

amplitude measurement is shown in figUre 1a.

AMA —
‘O ¢ 7 TO
VOLTAG RII-CHANNEL,
TO BE . (FREQUENCY)
MEASERED R2
; o TO
RTI-CHANNEL
R1

R3 (VOLTAGE)

@ VOLT METER
Figure 10. Amplitude Scaling Network

For current measurement the scaling network used is
shown 1in figure 11. This <circuit consists of a current
transformer(CT) and a voltage transformer(VT) along with
resistive and capacitive elements as shown. The current

through the secondary of CT, which is proportional to the
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current to be measured , develops a voltage across the im-
pedance of the ammeter. This voltage is stepped up through
a voltage transformer and filtered for high frequency com-
ponents. A sample of voltage across the capacitor shown is
then measured and used to calculafe the current through the
primary of the current transformer.

In real power systems there may not be a need to keep
an analog ammeter as an indicating device, as it is done in
this work, while digital reading is measured. In such cases
a linear or piece wise linear current transformer is selected
for divect conversion of current to voltage and the value of

voltage read is interpreted accordingly.

CURRENT

R1

T0
RTI-CHANNEL
R2

For frequency measurement, the sample voltage is derived

from voltage sampling attenuator as shown in figure 18.
THE SIMULATOR INTERFACE CIRCUIT:-

As mentioned earlier the contactors used on this power
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simulator are all 120VAC operated. Since these contactors
are expected to be operated through TTL command signals from
computer, there arises a need for an interface network. The

" simulator interface circuitry is used to perform level
changes from 5 Volt TTL signals available on the DRS-11
board of the PDP-11 to 128 Volts AC, which is required to
operate contactors within the simulator. The purpose of the
interface , in addition to ievel conversion , is to ﬁrovide
a high-level of isolation between the system simulator and
the computer. In order to accomplish this, a relay/triac
arrangement has been utilizéd. The circuit for one of the
channels is shown in figure 12 .

This circuit consists of a transistor switch and a TTL
driven relay along with a triac. The transistor switch sup-
plies the sufficient current to turn on the relay, which is
not possible through DRS-11, because of the current limit
associated with this device. The output from this circuit
is connected across the manual switch terminals x,y shown in
the figure 12 . While the simulator is being operated in
manual: mode, the manual switch bypasses the interface cir-
‘cuit completely. A negative going pulse at the base of the
transistor switch will turn it on, which in turn, turns the

triac on through the TTL driven relay.
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Figure 12. Simulator Interface Circuit.

The contactor relay is then energized through the virtual

short circuit of the triac circuit.

COMMUNICATION LINK BETWEEN MINI AND MICROCOMPUTERS:-

The interconnection of the communication link betweén
the minicomputer and the microcomputer is shown in figure
13. The CRT provides a transparent medium to observe the

protocol between these two processors. The echo ‘feature of
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mini provides the information received by it to be displayed
on the CRT console while the information transmitted by the
micro is displayed since it is connected to the keyboard
terminals of the microcomputer system. The numbers indicat-
ed in this figure correspond to standard RS-232C pin

descriptions.

The interconnection of the entire hardware structure is
shown in figure 14.

This block diagram shows details of interconnection of
various elements described earlier for a successful opera-
tion of a power simulator in a closed loop and open loop
conditions. It is seen that a virtual closed loop is formed
with the inclusion of the operator in the system. This typi-
cal arrangement makes it possible 'to study ﬁhe real-time

control of the power system simulator througﬁ interactive

graphics terminal.

} t 1
MIND 5 gL 2 MICRo
’ - s
17
CRT

Figure 13. Communication Link Between

Mini and Microcomputers
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A special design version of Hampden power simulator is
used in this research. To interface this system with SBC
88/10A microcomputer, RTI-1200 Real Time Interface subsystem
fs used. The compatibility of RTI-12008 with SBC 88/10A is

the basic reason for its selection. The input voltage range

DR3-11
BUFFERED
‘ LINES

of

VT-11
GRAPHICS < :‘ o;gg- -——- > SPYOS""IEEF;
TERMIKAL . S mmee SIMULATOR

(VIRTUAL) ,
- CLOSED LOOP J,

:
¥ ¥

'SCALING
NETHORK

POP11/34 o U
MINI- »

COMPUTER : RT1-1200
REAL-TIME
INTERFACE

DL-11 S8C 80/10A
COMMUNICATION <__:—_> MICRO-
LINK A COMPUTER

Figure 14. Block Diagram of Hardware

Structure.

real time interface module is -5V to +5 Volts. Since the

voltage ranges involved in the power simultor can vary from

BV to ANV rms, an attenuator has been introduced into the
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circuit. This network 1is shown as scaling network betwegn
the elements Power system simulator and RTI-1208 in the
block diagram (Figure 15). The microcomputer SBC 88/18A is
an inexpensive total computer sytem with 1K byte RAM and 4K
byte ROM facilities. The availability of MDS-800, Intel
Corporation, development systems prompted the purchase of
SBC 80/1BA , Single Board Computer system, for this project.

The microcomputer SBC 80/10A is connected to minicom-
puter PDP-11 through an asynchronous communication link
DL-11W as shown in figure 15. Through this channel the pro-
tocol between two processors takes place. This protocol
includes, transmission of command from mini to micro and
return of data from micro to mini. With the help of software
developed the data received by the minicomputer will be pro-
cessed and converted to actual values existing at the simu-
lator end. These values are then displayed on the graphics

terminal indicating the magnitudes of various desired

—N » ] REAL=TIME
PONER DATA SCALING EAL-TIN .
SYSTEN DISTRIBY el :
simnutaTor} PANEL Jro=e== : NETWO N6y
)/ TR

ROL i i DATA

s ﬁ BUS
1CRO-

MICR
COMPUTER |  ADDRESS lusl
{sec

S
80/100)

(I

MEMORY

Figure 15. Architecture of Microcomputer

Based Data Acquisition System.
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variables.

The switching of power simulator contactors is done through
a peripheral device called DRS-1l1. This device is connected
to the power simulator through a buffer interface circuit
shown in fiqure 12. This buffer not only serves the purpose
of 1isolating the computer from the. simulator, it also con-
verts the TTL level signals from computer to 128VAC signals
in order to operate the contactors of the power system. The
operator closes the loop of the entire hardware configuta-
tion to make it a closed 1loop system. By interacting
through the graphics terminal the user is able to know the
status of any desired variable of the poﬁet system, and is
able to either to delete or include any switching element or
load from the system . Thus the user has complete informa-

tion of the system at any time for decision.
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CHAPTER 4
SOFTWARE DESCRIPTION

The chapter will outline the unique software structure
of the research project. The operating systems of both mini
and micro will be introduced briefly and the relationship of
author originated software is discussed. Additionallyl this
chapter outlines 'the system control program ,display
software , mini and micro communication software and proto-
col details. This chapter also furnishes the discussion on
the novel techniques of data'acquisition developed in this

research.

MINICOMPUTER OPERATING SYSTEM:-

The operating system used with the minicomputer is
RSX-11M. t14] RSX-11M is a multiprogramming, real-time
operating system. Its fundaméntal function is to ptoQide
the control for sharing system resources among any number of
user prepared tasks. Tasks stored on a file—structuteé
volume may be installed into an RSX-11M system and gubse-'
quently run by issuing a command to the Monitor Console
Routine (MCR). MCR provides the language interface between

the operator and the system.
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All system tasks in a2 unmapped system are built to run
at specific physical memory address and must be rebuilt if
they are to run elsewhere. Whereas in a mapped system, which
requires a minimum memory of 24K, the user will not have to
rebuild non-privileged tasks if his partition boundaries
move. This is true because non-privileged tasks on a mapped
system are built to run at a virtual base address of zero,
rather than at a physical base address.

Privileged tasks, as with a unmapped system, must al-
ways be rebuilt because they are linked to the Executive
symbol table file. .

This operating system in our case is 64K mapped, which
is designed to give PDP-11 the capability of multi-tasking.
(15] Multi-tasking can be thought of as a type of time shar-
ing operation. Many tasks can be created and stored on the
disk. Each task is assigned a check-pointing priority. Nor-
mally one task will have the priority of CPU until the com-
pletion of the program. Under a multitasking arrangement
the CPU has the power to run one task for a certain period,
switch to another task, and return to the first task. This
situation might arise when one task is stalled for an 1/0
operation. The CPU would then switch to another task until
soﬁe other interrupt occurs.

Of the many features that RSX-11M possesses , the
feature of our interest is Shared Region. A Shared Region is

a block of data or code that can be shared by any number of
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tasks.

Shared Regions are useful because 1. They make mofe effi-
cient use of memory, 2. They provide a way in which two or
more tasks can communicate, and 3. They provide a way in
which a single copy of a data. base or commonly used
subroutines can be shared by several tasks.

Consider the case shown in figure 16. Task A and task B

communicate through sharing of common memory region for

lskaren Regidy SHARED REGION SHARED REGION
TASK B
TASK A TASK B TASK A
EXECUTIVE EXECUTIVE EXECUTIVE
SYSTEN  SYSTEM yoTEn
MEMORY rslnsﬁ\) IS’EEEW
TKE = Ty © OTME=TW THE=T

Figure 16. Shared Region

their operation. These two tesks can communicate through
this shared region independent of their occurence in time
domain. '

A task can link as many as three shared regions. A

shared region has associated with it a task image file and a

39



symbol definition file. When a task links to a shared region
the Task Builder uses the symbol definition file of the

shared region to establish the linkage between the task and

the shared region.

Setting a Common partition/region:-

A common partition is established through a MCR Set
command which specifies that the partition type "COM". For
example, the following cémmand: '

- >SET /MAIN=DTA:1000:40:COM

will set up a main common partition named "DTA", starting at
location 1006A7 that is 4000 bytes long.

Before a task referring a library or common block can
be installed, the common block or library must be installed.

This is done with the MCR INSTALL command, as shown below:

>INS [1,1]}DTA/PAR=DTA

This command causes the library or common block to be loaded
.into the partition. Tasks that.referencethe library will be

installed later.

Graphics Terminal:-
The VT-11 display processor can operate as a peripheral

on the Unibus just as any other device. It can fetch and act
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on the data independent of CPU. The memory accessed is
called display buffer and must exist within lower 28K
memory.

Integral to VT-11 there are special hardware units,
like vector generator and speciallalpha-numeric generator.
There are four types of lines which can be drawn on the
aisplay. These are, solid, 1long dash, short dash and dot
dash. A ROM is provided whicﬁ contains digital equivalent
data to draw alpha-numeric characters. The text genefator
has 96 ASCII characters and 31 additional special characters
such as Greek letters and méth s&mbols.

The commands that are used to display images on the
screen are FORTRAN calls. A graphics library can be built
into thé operating system, which c;n£ains the specific
FORTRAN subset dealing with the graphics calls. Thus to draw
figqures an ordinary FORTRAN program needs to be written.
The graphics calls are treated as any other FORTRAN calls
and are completely compatible with regular statements.

Some of the graphics calls are listed below:

CALL INIT (X) Informs the CPU the number of words(X)

to be used in the display buffer.

CALL APNT(X,Y,1,i,f,t) APNT sets the CRT beam at the
point X,Y on th screen, If 1,i,£,t are
included. They control the light pen

(on or off), light intensity,
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CALL

CALL

CALL

CALL

CALL

CALL

CALL

CALL

display flash, and line type.
TEXT ('xxx') Prints the characters specified,xxx

VECT(X,Y¥,1,i,f,t) Causes a line to be drawn from
present beam position to a point X,Y

relative to present position.

RDOT (X,Y) Causes the beam to be displaced X and Y,

relative to beam present position.

SUBP (M) Begins the definition of a subpicture
identified Ey a number M. A subpicture is
a group of graphic calls forming a user
controlled image.
This image can be redrawn in its entirety

without continually having to recreate it.

OFF (M) Removes the subpicture M image from the

screen.

ESUB Identifies the end of a subpicture

definition.

ON (M) Restores the image created in

subpicture M.

INIT((n)] The INIT subroutine sets up a display
file for use in performing graphics

operations or initializes the file for
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subsequent use.

CALL NMBR(m,var{,n,format])

The NMBR subroutine creates a special

numeric subpicture that can be displayed

on the screen in any FORTRAN format

and can be updated in "odometer"

fashion. The m parameter identifies

the tag to be assigned to the

subpicture, and var is the FORTRAN

variable containing the numeric data

to be output on the display screen.

CALL LPEN (IH,IT[,X,Y,IP,IA,IM ])

Indicates whether or not a light pen

hit has taken place, and returns.

the following variables:

IH:

IT:

IpP:

IA:

nonzero if light pen hit has
occurred; alway$ @ or 1 for VT-11l.
tag of the subpicture in which the
hit occurred.

coordinates of the hit.

number of the primitive within the
subpicture at which the hit

occurred.

~array in which the precedents or

ancestors of subpicture IT are
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stored.

IM: always 1 for light pen hit

'~ MICROCOMPUTER OPERATING SYSTEM:-

{19] The microcomputer system does not employ 2 highly
developed software for its operation. It is a command con-
trolled operations supervisor for the single board computer.
It provides input and outpﬁt facilities in the form of 1/0
drivers for user console devices. The user may access two
of 1I/0 system routines from his program by calling them as
normal subroutines. The following baragraphs describe the

routines available and their respective functions.
CI - Console Input

This routine returns an 8 bit character received from the
console device to the caller in the A- Register. The A-
Register and the CPU condition codes are affected by this

operation. The entry point of this routine is 3FDH.

Example:

CI EQU 3FDH

CALL CI
STA DATA
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CO - Console Output

~ This routine transmits an 8 bit character, passed from the
caller in the C- Register, to the console device. The A and
C registers, and the CPU condition code registers, are af-
fected by this operation. The entry point of this routine is
3FAH.

Example:

co EQU 3FAH
MVI C,'**
CALL co

The monitor provides following functional facilities.
A.Disﬁlay register/memory contents
B.Substitute/change the contents of memory locations
C.Insert the data/program in hex starting at a

certain location.

D.Go to start a loaded program from a defined

starting address.

The SBC 80(/10A monitor is a command controlled
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operations supervisor. These basic functions ére necessary
for changing contents of some locations in order to either
increase or decrease values of some constants for satisfac-
tory operation of the program. For example, the scan inter-
val, which will be introduced later in this chapter, can be
adjusted by changing the content value at the location 3CAlH
location. It is also possible to delete this monitor from
the system for the basic opefation of the entire system but
does not provide any additional facilities other than pro-
viding a socket for an additional 1K of EPROM in case of

future need.
DATA ACQUISITION PROGRAM:-

This section discusses conceptual development of unique
sampling schedules of data acquisition. This program serves
the basic functions of data acquisition and communication
with the minicomputer. These two functions are interwoven in
this program. The occurrence of the functional activity
depends on the timeframe of the state of the system opera-
tion. The Real Time Interface subsystem employed has an ana-
log input multiplexer, a programmable gain amplifier, a sam-
Ple and ‘hold amplifier, and a 12-bit A/D converter. The
RTI-1200 provides 32 single ended or 16 differential ended
inputs. The most important feature of this subsystem is
that it employs memory mapped interface with the SBC88/10A

microcomputer. The SBC 80/10A can address 65,536 bytes of
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memory, which can be viewed as 64 blocks of 10824 bytes of
each. The RTI-12A@ can be inserted to occupy one of 14
selected blocks. The possible 14 = blocks are spread
throughout the memory space ,so that user can select any one
of these 14 blocks. 1In this work the ﬁTI-lZﬂﬂ is 1inserted
in block 8, indicating the starting address of the card is
8FFPH. These top 16 addresses (ie.the highest numbered) in
the 1K block occupied by the RTI are devoted to the data and
control functions of the RTI-120@d. These addresées contain-
ing RTI-1208 control, data, and status information are
referenced in assembly language via labels. The 1labels and

their corresponding addresses are shown below:

LABEL EQUATE ) ADDRESS
CRDSEL EQU 8FFF H
ADCHI EQU 8FFE H
ADCLO EQU 8FFD H
STATUS EQU 8FFC H
CNVCMD EQU 8FFB H
MUXADR EQU 8FFA H
GNSEL EQU 8FF9 H
ADCS . EQU 8FF8 H
SETUP EQU 8FF0 H

The bottom 1008 addresses are available for the use of the .
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operator. The memory map of RTI-1200 is shown below

16.1).

FCBD TO FFFFH ——>

ECO3 TO ECFFH —>

8083 vo 8 FFFH-—>

o —
8C03 vo 4 FFFH —M

308 10 3 FFFH —>

2088 vo 2 FFFH ——>

rommmasmd

—

820 1o B FFFH ——

LOCATION
RT]-1200
LOCK
At MORY
‘“sio%c?

THERE TWO -
BLOCKS

ARE USED
BY
BC 80/1CA

NOTE: EACH BLOCK CONTAINING 1024 BYTES.

Figure 16.1 Memory Map of RTI-1240

Since the RTI interfaces as the memory, any of

48
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memory reference {nstructions can be used. When acquiring
data, the desired channel is written into address 8FFAH.
The number of selected channel can also be read back, allow-
@ng the use of an increment instruction to advance the input
multiplexer to the next channel. The desired gain of the
programmable gain amplifier is written into address 8FF9H..A
fcohvertion -is commanded either by a pulse from one of the
pacer clocks, or by writing convert command into address
BFFBH. The end of conversion can be determined by checking
the End Of Conversion(EOC) bit in the status word, or by
directing the A/D conveter's EOC signal to trigger an inter-
rupt. The A/D converter's output data can be read as 12 bit
data in two byte format at addresses 8FFD and 8FFEH. This
can be performed by a single LHLD instruction. If only 8 bit
data is required, as it is in thé present case, the 8 most
significant bits can be read as a single byte at the 1loca-
tion 8FF8H. The uniques sampling schedules are outlined

below:

COMMAND ANALOG CHANNELS ( CHANNEL #S ).

A Gen.l Voltage (1)

B Gen.2 Voltage (3)

Cc Continue previous command
D Gen.3 Voltage (5)

E Inter Tie Voltage (7)

F Gen.l Frequency (17)
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WM O Z == RN G = m O

Gen.?

Gen.3

Inter
Gen.l
Gen.2
Gen.3
Gen.1
Gen.2
Gen.3
Gen.l
Gen.l
w.r.t
Gen.2
Gen.2
w.r.t
Gen.3
Gen.3
w.r.t
Gen.l
Gen.3

Frequency (18)

Frequency (19)

Tie Frequency (20)

Phase w.r.t Int. Tie (17,20)
Phase w.r.t Int. Tie (18,20)
Phase w.r.t Int. Tie (19,20)
Current (2)

Current (4)

Current (6)

Voltage (1), Gen.l Current (2)
Frequency (17) and Gen.l Phase
Inter Tie (17,2a).

Voltage (3), Gen.2 Current (4)
Frequency (18) and Gen.2 Phase
Inter Tie (18,20)

Voltage (5), Gen.3 Current(6)
Frequency (19) and Gen.3 Phase
Inter Tie (19,20)

Freq. (17), Gen.2 Freq.(18)

Frequency (19) and Inter Tie

Frequency (20)

Gen.l
Gen.3

Voltage (1), Gen.2 Voltage (3)

Voltage (5) and Inter

Tie Voltage (7)

Sub-station 4 Right Bus (9),

Station 1 Voltage (10),
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Industrial Regulator Voltage (1l1),
Line B1-3 Voltage (13),
Substation-6 Bus Voltage (14),
Network system Voltage L-N1 (15)

v Inter Tie Current (8),

Industrial Load current (12),

Network system Ccurrent line 1 (16)

Same as T and U

Same as M, N, O and V

For future expansion

N K X =

For future expansion

The various stages involved in this program can be explained
in detail by the flowchart shown in figure 17. |

The execution of sampling program begins with the com-
mand ffom the minicomputer. The command structure consists
of a certain defined format and a sequence of characters.
The command format is shown in figure 18. This format con-
sists of a.leader ¢ the command and a terminator. The char-
acter corresponding to the desired command is duplicated in
the command structure for verification purposes. Eventhough
this seems to be redundant it is important to realize that

if the simulator(in other words the power system) and the

computer were to be quite apart the command format serves a
great deal of verification purpose. The leading character
'p' can be considered as part of leader with only difference

that this character follows a time delay during which the
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INITIALIZE
DATA

p

IRITIALIZE
SCAN SUMBER

4

INITIALIZE
SCAN INTERVAL

JUMP 10
- SCHEDULE ADDRESS

v/(\r\
NeCoese O N o VD

REINITIALIZE
SCAN NUMBER

mmess

Figure 17. Schedule Branching Routine
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HEADER
COIMAND

CHECK '
TERMINATOR

Figure 18. Command Format

minicomputer will be alerted to anticipate the arrival of

actual data string from the microcomputer. This leading

character is clearly seen in photograph shown in figure 19.

Figure 19. Photograph of Protocol.
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DATA ACQUSITION ROUTINE:-

The Data acquisition program can be explained in more
detail by referring to the flowchart shown in figure 20
The program begins with the initialization of the memory
locations correspondintg to the power system chosen vari-
ables. Then follows the initialization of Scan Number. fhis
scan number determines the number of times a particular
schedule is to be repeated before requesting another
schedule. At present this number is fixed at 3. The‘next
step is initialization of scan interval. This is a crucial
parameter for real time operation of the system. Since the
time required by other tasks is definite, the selection of
this parameter is started with trial and error method. This
value greatly depends on the number of I/O operations the
proceesor 1is requested to do. Lesser the I/0 operations
smaller the value of this variable is. The scan interval can
be changed any time by addressing the location 3CAlH in the
random access memory of SBC 80/10A.

After selection of required constants and initializa-
tion of desired variables the pProgram waits for the
comménd/schedule from the minicomputer. Once the command is
received the validity of this command is checked. If it |is
found to be valid, program branches to corresponding loca-
tion for the continuation of the service . If the command
happens to be a continue command, the initialization process

preceeds the execution of prior command again.
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< STARY >

) 4

INITIALIZE
SAMPLE
DATA

[watT for
COMMAND
FRO

DECODE THE
COMMAND

SAMPLE AND
1 STORE

)

TRANSMIT
SAMPLED
DATA 10

MInt

WAIT FOR
ir COMMAND N
FROM MINI

YES

TERMINRATE] 1O YES
- SAMPLING [ > CALL IDLE >

Figure 2. Microcomputer Sampling routine
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The service of a particular routine can be explained

with the flowchart shown in figure 21. The variable under

STORE CHANNEL
NUMBERS

RANCH
AMPLT;

B

PF:

ngnmspl#

AIE 10
( NqCOHPUTER

\

CALL IDLE
(DELAY)

!

DECREMENT
SCAN NUMBER

HO )\ YES P
< W e EGIN

Figure 21. Service Recognition Routine.
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request for display is reached through its corresponding
channel number. This number is stored at a location from
where the sampling routine requests the channel number to be
sampled. In order to determine the type of sampling demanded
some constant values are stored in ‘intermediate 1locations,
facilitating the necessary action to be taken. In this pro-
gram hexadecimal number 31 is stored to indicate that the
following request is for phase mea2surement and 32H is stored
to indicate that the request is for frequency measurement.
Finally a constant number 30H indicates the termination of
the process of sampling process, or in other words 30H im-

plies that the request has been serviced.

AMPLITUDE MEASUREMENT: -

Figure 22 shows various steps involved inzdigitiziqg an
analog . signal through RTI-1200 subsytem; This subprogram
starts with the selection of the amplifier gain constant
followed by turning off the pacer. This pacer controls a
real time clock which 1is an opﬁional package on the real
time interface éard. Then follows the reading of the .chan-
nel number from the stored locétion so that the multiplexer
can decide the_channel to look for the signal. Now the ana=
log to digital conversion is triggered. It is notL necessary
to load the accumulator with any particular data prior to

executing the STA CNVCMD (triggering the conversion
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fnstruction). This byte, when addressed, uses the memory

write

Y

SELECT GAIN
SET PACER OFF
SELECT CHANNE

}

TRIGGER A/D

CORVERS 10N

Figure 22. A/D Conversion.

pulse as

a

READ 8-BIT
DATA

}

ADD 80H

convert

RETURN

value of the data has no effect.

code

Note that the card

command signal, and the actual

select

is the first parameter to be initialized. All the ini-

tializaion refers to a card which has been already selected.
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Therefore, in a multicard system, typically same initializa-
tion sequence is followed for each card.

{18] Next, although a minimum of 10 microseconds must
be allowed to elapse between the addressing of a channel and
the start of an A/D conversion, thé user does not have to be.
concerned about it. If a convert command is issued within 1@
microseconds of addressing either the MU*ADR or GNSEL bytes,
the beginning of an A/D conversion will automatically be
delayed until a 106 microseconds time period has'elépsed.
Thus this program is perfectly valid even though 1less than
14 microseconds may have elapsed between the multiplexer
channel select instruction and the convert command instruc-
tion.

Before reading the ADC data it must be ascertained that
the conversion process 1is over. This is accomplished by
checking the End of Conversion (EOC) bit in the status byte.
The RLC and JNC instructions are used in a loop to determine
when the EOC bit changes from @ to 1,  indicating that the
conversion is over and the data is ready. Eventhough 12 bits
of data is available as a result of ADC, we are required
only 8 bits for the 8 bit microprocessor employed. This 8
bit data is read at the address ADCS. |

(18] Note that the time for the instructions bethen
the convert command and data read instructions must be at
least 25 microseconds unless the convert command is immedi-

ately preceeded by a gain select or multiplexer channel
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CALL SAMP
A (SAMP)

DETECT ZEFRO
CROSSING
BeA

A <-(SAMP)

CALL saMp
A —(SAMP)

Figure 23.
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select instruction. In the 1later case at least 35 mi-

croseconds must be allowed to pass before reading the data.

In the beginning the amplitude measurement was done by con-
verting the signal under observation into DC value by rec-
tification. This DC value was then sampled and later con-
verted into its actual value by taking into account the
error involved because of non-linear element like diode. For
more accuréte measurement this method of measurement is
switched to peak detection technique. This technique does
not involve any rectifica;ion process, thus allowing more
precise measurements. Various steps involved in this algo-
rithm are shown in figure 23. First, the positive slope of

of the waveform is deteced and then followed by the detec-
tioﬁ of the peak of the signal. During this peak detection a
constant search f;r negative slope is made. .fhe detection
of negative slope terminates the search for the peak of the

signal under test.
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FREQUENCY MEASUREMENT: -

The principle involved in this measurement is to count
the the number of eqully time spaced pulses spanned between
two zéro crossing of the waveform. The count thus obtained
is directly the measure of half the period of the unkrown
signal. While counting the pulses it is made sure fhat Athe
first zero crossing lies in the positive slope of the
waveform and the second zero crossing lies in the negative

slope of the waveform as shown in the figure 24. The

Figure 24. Zero Crossing Limits.

time interval between each count is adjusted to a equal
value by introducing ﬁOP instructions between each sampling.
The resolution of the zero crossing'is limited to @3H of the
céunt. The sampled data is read from loéation ADC8 1is in
two's complement form. In order to linearize the analog vol-
tage values, 80H is added so that the range now lies between
006H to FFH. The zero crossing.then corresponds to 80H.

The assumption made fbr determining the =zero crossing

point: Any sample 1lying between the range 7EH and 82H is
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PRESERVE
REGISTERS

|

-CeCel

JIRITIALIZE €

\ 4

-5
T

GET SAMPLE
(A » SAYPLE)
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PN

, YES

GET-SAMPLE
(A - SAPLD

z‘:’EREGATg‘{EP 0

RESLT-C(COUNT

)

v

& - A-801

RESTORE

REGISTERS

o

GET SAYPLE
(A * SAMPLE)

~VECHEGATIVE SLOPE)

< A-B=?

+VE

(POSITIVE SLOPE)

Figure 25. Frequency Measurement Flowchart



considered to be zero crossing point (Figure 24). Since this

error exists in all measurements the error in the net result
is not very significant. The various program steps involved
in this frequency measuring algorithm are illustrated in the
flowchart shown in figure 25,

To begin, the count is initialized and various regis-
ters are preserved. Then follows the‘ search for positive
slope of the waveform. Once the positive slope is detected
the count is started. This count is incremented for eveéy
sample taken until negative slope zero crossing is found.
The count thus obtained is the measure of half the period of

tfle waveform.

PHASE MEASUREMENT: -

fhe principle utilized in this measurement is to count
number of equally time spaced pulses between two positive
zero_crosgings of two different signals. This is followed by
the count corresponding to the half period of the second
waveform . These .two measures will be used to calculate the
power factor of a signal. The various steps involved in this
measurement are vividly shown in the flowchart given in the
figure 26. The register values are preserved before entering
this routine followed by the initialization of count. The
search‘will be made for a sample in.the neichborhood of 80H
value. Once a° - sample around 8¢H is found the decision is

made regarding the slope of the waveform on which it 1lies.
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If it is found to lie on the positive slope, the program is
continued, otherwise it is looped back to the beginning,
where it starts the search for the positive slope. If the
positive slope zero crossing is detected the count will be
incremented for every sample taken of the second channel,
till the positive zero crossing of the second waveform is
detected. As mentibned earlier the count interval is adjust-
ed to be equal during any stage of the program with the
introduction of NOP instructions wherever required. When
the positive zero crossing of second waveform is found the
count value is stored at location PHASE, since this gives a
number directly proportional to the phase difference between
two signals (Figure 27). After initializing the count second
time the sampling is continued till the negative zero cross-
ing of second signal is found. The count obtained thus will

give a measure of the frequency of the waveform.

. o - smem se.s mees.
—— o

N
= (ﬁ-l) x 180.0°
- ¢ = 2

(2%)

[ T/2 —
(N2)
Fiqure 27. phase and Frequency Relationship.
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In all above subroutines if .the desired channel is
under critical observation the sampling is done at twice the
normal frequency. The normal frequency is that which is used
to display some variable information for routine check pur-
poses only. This criterion is embedded in the software so .
the user dogs not have to change anything for such oéqra-

tion.

SOFTWARE STRUCTURE OF THE SYSTEM:-

[MeLceaL
CONMO
(DATA

COMMUNT . |
//w\ . INTERFACE | | BUFFERS
|[; GRAPHIC
ECWRITER| | CRT TERMINALS ]
{4 \

T ' MICRO- POWER-
COMPUTER SIMULATOR

1

REAL-TIME
INTERFACE

1

POWER-
SIMULATOR

Figure 28. Software Structure of the System.
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A block diagrém of the entire software structure is
shown in figure 28. The_software consists of three basic

components, which are Supervisory routine (TSK 1), Command
and Communication Routine (TSK 2) and Simulator Controller
Routine iTSK 3). TSK1 performs the major role in the opera-
tion of the entire structure of the software. TSK2 prbgram
establishes the communication 1link with the microcomputer
through DL-11 W interface. TSKl and TSK2 are connected with
global common memory shared region called Data(DTA). Func-
tions of TSKl include support of graphics routines and the
operation of updating the system variable values on the
display. TSK3 controls the status of the functional switches
of the power simulator, through DRS-11 interface. The CRT
display provides transparent medium to view the communica-
tion protocol between the mini.and micro. Thg connection

details of CRT with mini and micro are shown in figure 13.

SUPERVISORY ROUTINE (TSK 1):~-

This is the main control program for the interface
between fhe graphics terminal and the simulator. It coordi-
nates commands issued from the graphics terminal with the
simulator and keeps the displays updated with the current
status of the switches and variable data. The operation of
this program is explained by referring to the flowchart
shown in fiqure 29. The first.step of this program 1is to

display the operating instructions of the entire operation
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of the graphics interaction and selection of desired display

(Figure 3@). After updating the selected display the loop

INITIATE
THE LINE
DIAGRAM

(e
T

UPDATE.
DISPLAY'S
CRNT, STATUS

—

UPDATE
DATA ON
DISPLAY

DATA
AcquisiTion

COMMUNICATE
WITH

TASK 2

DISPLAY
NEXT
DISPLAY

2
3
Z
o
>
-y
m
[ XX X s

CLOSE/OPEN
RELAY

SWITCHES

Y

Figure 29. Control Program (TSK 1)

for monitoring data and weiting for light pen hits is en-
tered. If there is a light pen, it is ascertained whether

.the hit corresponds to 2 reqguest which results in displaying
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already stored display or a request to change the status of
certain switch, which controls opening or closing of

relay/switch on the power simulator panel. Tf the request is

DAaTa e

L

Figure 3@. Photograph of Initial Display

for the later, then it communicates with TSK3 through common
block of data called SW(96) and updates the requested

relay/switch status. If the hit corresponds to & sampling
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schedule, then the necessary command in predetermined format
is transmitted to the microcomputer through DL-11 W communi-

cation link. This communication is displayed on CRT as shown

in figure 31.

SOURRY

MJHKHEW(MM‘W?BWWQY“WI{U
Wmnuusow 30 IEC298I79SEF DES2BAESF 483858337¢
anczimsnm;cmmcmmmmmzwmamems

&ID(ZI)?BII?HUICWN309C30A7989784UDO8284£Y4838583675
'MKZOWJIIB’CIJWMH4&989786800828“5“8385838{5
4

PEDC2£ 2833 IE30ICI0I4 I0ICICO698979ILFDIB2B4ESF 4838583¢7 ¢

Figure 31. Photograph of Commuhication

Between Mini and Micro.
If not, program jumps back to the stage of updating the

display's current status and waits for the light pen hit to

occur, as described earlier.
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COMMAND AND COMMUNICATION ROUTINE (TSK 2):-

The flowchart of this program is shown in figure 32.
_The program starts with the initialization of system vari-
ables.  After reading the command from graphics terminal
because of user interaction ,the Qalidity of the command is
checked against predefined format, which is shown in figure
18. 1If it is a valid command, it is transmitted to the
microcomputer.

The program then waits for the arrival of digital data
from the microcomputer corresponding to the state variables
under request. This da;a is checked against the predeter-
mined data format shown in figure 33. 1If the received data

§s found to be valid it is normalized.

Ujofx. -+ x)y]s

HEADER

eeo o0 ey
32 BYTES LONG
DATA

CHECK SUM 4

TERMINATOR

Figure 31. Data Format.

The following table 1 provides the relationship between the

clments of Common Array A(l174) with its corresponding analog
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>+

COUNTER =
0

@

ACCEPT
COMMAND

TRANSMIT
4 COMMAND TO
MICRO

DECODE DATA
PROCESS
AND STORE
COUNTER =
COUNTER+]
“NO'
Can
{ 3 N FIXED NUMBER

1. YES

Figure 32. Command and Communication Flowchart.
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channels of Power Simulator.

ARRAY A(164)
VARIABLE
A(131)
A(132)
A(133)
A(134)
A(135)
A(136)
A(137)
A(138)
A(139)
A(140)
A(141)
A(142)
A(143)
- A(144)
A(145)
A(146)
A(147)
A(148)
A(150)
A(151)
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SIMULATOR

VARIABLE

Gen.l
Gen.l
Gen.l
Gen.l
Gen.l
Gen.?2
Gen.2
Gen.2
Geq.z
Gen.2
Gen.3
Gen.3
Gen.3
Gen.3
Gen.3
Inter
Inter

Inter

Voltage
Frequency
Current
Power factor
KW

Voltage
Frequency
Current
Power factor
KW

Voltage
Frequency
Current
Power factor
KW

Tie Voltage
Tie Frequency

Tie Current

Substation 4 Right Bus

Industrial Load Voltage



A(152) Industrial Load Powerfactor

A(153) Industrial Load Current
A(154) Load Center Right current
A(155) Load Center left Current
A(156) Load center left Voltage
A(157) ' Load center right Voltage
A(158) ~ Substation 6 Bus Voltage

| A(159) Network System L-N1 Voltage
A(l160) Network System L-N2 Voltage
A(l61) Network System L-n3 Voltage
A(162) Net. Sys. Line-; Current
A(163) Net. Sys. Line-2 Current
A(l64) Net. Sys. Line-3 Current

Table 1

The following expressions are used to normalize the

state variables of power simulator.

A(131) = (Y1(1)-128) * 5.045

A(132) = (62.06 * 64.0) / Y1(5)

A(133) = (Y1(15)-126) * 0.0167

A(134) = (((Yl(l@) / Y1(9)) * 187.7)
or

A(134) = -((Y1(10)/Y1(9)) * 1806.0)
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A(135)

A(136)

A(137)

A(138)

A(139)

A(139)

A(l40)
A(l41)
A(l142)
A(143)
A(1445
A(145)
A(l46)

A(148)

A(147)
A(150)

A(15))

A(131) * A(133) / 1732.0

(Y1(2)-128) * 4.96

(62.08 * 60.0) / Y1(6)

(Y1(16)-128) * @.0165

((Y1(12) / Y1(11)) * 18@.@)

or

-(Y1(12)/Y1(11)) * 180.0)

(A(136) * A(138)) / 1732.8

(Y1(3)-124) * 5.35

= (62.0 * 60.8) / Y1(7)

(Y1(17) - 128) * 0.01936

((Y1(14) / Y1(13)) * 180.@)

(A(141) * A(143)) / 1732.0

= (Y1(4)-128) * 4.0

(Y1(24) - 128) * 0.2238

" (62.0 * 60.2) / Y1(B)

(¥Y1(18)-128) * 4.47
= (Y1(20) - 128) * 4.273
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A(152) = 1.0

A(153) = (Y1(25) - 128) * @.23178
A(155) = A(146) * 2.8846

A(156) = (Y1(19) - 122) * 5.109
A(158) = (Y1(22)-128) * 4.765
A(159) = (Y1(23)-128) * 1.098
A(l62) = (Y1(26) - 128) * §.10556

Thu§ normalized data is stored in a global common data which
is a common memory region shared by TSK2 and TSK3. This data
is used to update the displays on the graphicé console as
described before. This is looped for a fixed number of
times(N=3), which is a software variable parameter, before a
decision is taken whether to continue the same parameters
sampling or not. If it is desired to continue the saée for
another set of N times, the process continues, otherwise
counter 1is reset to 2zero and the command for a change of

variables is accepted.

SIMULATOR CONTROLLER INTERFACE:-

This program controls the status of various switches
involved in the power simulator. The status of 2 particular
switch is derived from the global common array SW(96). This

array maintains current status of all functionel controlling
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switches of the simulator. The opening or ¢losing of a cer-
tain switch is decided by this program. The operator's in-
teraction is transferred as a change in the value of one of
the elements of the common array. If the switch's current
status is 0, after user interaction- it changes to 1, and
vice versa. TSK3 senses this change and acts accordingly in
updating the status of a particular switch of the power

simulator.
INTERDEPENDENCY OF ALL TASKS:-

The interdependency of various tasks can be explained

referring to the timing diagrams shown in figure 34.

XMIT COMMAND

RECEIVE DATA

—
PROCESS DATA
—_—
UPDATE DISPLAY
R SCAN INTERVAL-==-==-==-= >

Figure 34. Interdependency of all Tasks.
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lThere are two flag variables A(101) and A(102), which are
used as indirect software interrupts among all the programs.
To begin, these two flags are reset { A(101)=6.6 and
A(102)=ﬂ.ﬂ }. In the main control program the user interac-
tion with the graphics display results in a light pen hit.
If‘this hit implies a request for samp}ing schedule the flag
A(1061) is set to a numerical value wgich directly
corresponds the name of the schedule requested. For example
if the schedule requested is E then the values of this vari-
able is equalled to 5.8, or if the schedule requested is H,
thé variable A(101) is set equal to 8.0. These numerical
values of A(1¢1) indicate the position of the Alphabetical
command in the 26 alphabetical list. During this time Com—
" munication program is waiting for the variable A(181) to be
set t& a non-zero value. Once the variable A(161) is set to
Non-Zero value, the communication‘routine is reactivated.
This program sendé properly formatted command to microcom-
puter and waits for the data from the microcomputer.
Meanwhile, the display updating routine of main control pro-
gram, MOD is waiting for the variable A(182) to be set. When
communicafion routine receivgs data relating all the 26
variabiés of the simulator, it will process the data and
normalize using the equations givén.in Table 1 . After com-
pleting the processing of received data A(1/2) is set, indi-
cating that the data is teédy for display. At this time the

MOD routine takes over and updates the display of simulator
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section on the graphics terminal. Before this routine loops
back to testing of A(1@2), it will reset A(lﬂé). Bythis time
the scan interval is over resulting second transmission of
data from microcomputer to the minicomputer communication
program. Thus the process of updating the display for a
period of N times is follwed. After completion of predeter-
mined number of scans, the communication program loops back
to the stage of checking the‘non—zero value for A(161) which
was reset by communication program before it transmits the

command to micro.
Following are some of the graphical displays correspond-~
ing to the power simulator. These line diagrams show the node

voltages and associated branch currents dand frequencies. ..

SUBSTRTION-6

495,86 4075
SCHEDULE

H

HETW o p i

LoAnb CENTER
SYSTENM [ SUBSTRTION

Figure 35. Substation-6 Display.
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495.56 40L TS
SUBSTHTION-6

SCHEDULE

'
491,70 JVLTS

(\) ! ENn

PRINE MOLR OFF
TATIOH CFF

LTl

Figure 37. Station-l
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Figure 39. HV Transmission Display.
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To summarize, this chapter discusses the operating
systems of both computer systems followed by the software
introduction of the real time interface module. The sam-

pling schedules for data acquisition are introduced and

their operational details discussed. This followed by the
discussion on software structure of system with reference to

the operation of the entire configuration.
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CHAPTER 5
SUMMARY AND CONCLUSIONS
Interactive graphics controlled power system control
demonstrated in this dissertation advances the state of art
to make a future closed loop fower system control a reality.
The distributed processing outlined herein demonstrates the
use of an 1inexpensive microcomputer systems for the data
acquisition and control at various lower levels of a power
system. The contributions of this research are outlined as

follows:

1. The conceptual development and verification of a closed
loop real-time controlled power system with a multi-node
computer network having interactive graphics as the medium

of interaction with the system.

2. Conceptual development of communication protocol between
mini and microcomputers with RSX-11M as the operating system

of the minicomputer.

3. Development of interface between mini‘aﬁd micro, mini and

simulator and micro and simulator.

4. Conceptual development of graphics oriented interactive

data acquisition schemes. These schemes serve the
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measurement of phase, frequency and amplitude measurements.

$. The concept of integrated power system with distributed
processing computer systems for real-time monitoring and

control.

The result of all above, is a one of a kind research and
educational tooi in the area of power engineering, which
provides the functional environment for studies towards
closed loop control of a power system. Although hafdware
and software are in a continuous state of evolution, the
tool serves as an operational device for education as well
as research. As a testbed for research it can be used for
testing contingency analysis algorithms or forced fault
analysis which cannot be possible on a real life power sys-
tem, because of fear of disrupting the power supplies to the

community.

In the problems involving the monitoring of data for a deci-
sion, the proposed technique of on-line graphics displays
makes it easy for quick review of various state variables of
the system. The interactive model can also be used by dis-
tribution planners to model, study, and test present and
future distribution systems. The system also can be used to
as an operating tool for quick evaluation of alternatives
when abnormal circuit conditions arise 'due to planned

outages or when problems arise because of the delays
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involved in the gonstruction or repairs .

In additiééﬁito“aone the result of this research is a
"one of a kind" simulator of power systems which will be
used to improve real-time understanding and operation of the

power system.

CONCLUSION:

Although hardware and software are in a continuous
state of evolution, the tool serves as an operational device
for education as well as research. The system developed in
this work forms a unique testbed for future research in the
direction of real time control of power systems. This dev-
fce can also be used to train the operators and students for
understanding the system.

The employment of inexpensive microcomputer system for
successful operation in the lower levels of control of power
system indicate that a multiple number of microcomputer sys-
tems can be employed to share the processing and acquisition
of data. The future development lies in writing various con-
tingency algorithms either to control generation or fault

analysis of the power systems.
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Appendix I
Microcomputer based Data Acquisition

Algorithms.
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ASHBO JAN?.SRC MACROFILE PAGELERGTH(S8) PAGEUIDTH(90)

1818-11 8080/8085 MACRD ASSENBLER, V3.0 HODULE  PAGE 1

Loc osJ LINE SOURCE STATENENT

0800 ORS 800H

’

-y THIS PROGRAN RUNS ON-SBC-80/10A AND ITS

sFANILY RELATED SINGLE BOARD COMPUTERS. THE USER
715 REQUIRED TO HAVE HININAL HONITOR FUNCTIONS
sVITH THE SYSTEM IN ORDER TD EXECUTE THIS PROGRAN.
$EXECUTABLE INSTRUCTIONS ARE STORED IN EPROMS AND
sUPPER PORTIDN OF THE SCRATCHPAD NERORY 1S USED
sFOR STACKING AND OTHER TEHPORARY DATA STORAGE

10 SREOVIREHENTS,

11 STHIS ASSEMBLY LISTING FACILITATES THE USER TO

12 370 USE ANY SUBROUTINE FOR THE DEVELOPMENT OF

13 ;HIS/HER OWN PROGRAMSFOR FUTURE ADDITIONS

14 370 THIS PROGRAM.

15 jFOLLOVING EQUATE CONNANDS CAN BE SEEN FOR HORE
16 JEXPLANATIONS IN THE DOCUHENTS LISTED BELOUs

17 ;

18
19 $1...RT1-1200,ANALOG DEVICES, USERS HANUAL

20 32...5BC 80/10A,INTEL CORP.,USERS GUIBE

21

22 ;THIS PROGRAN SATISFIES ALL THE REQUIRENENTS OF DATA
23 3ACQUISITION OF NOST DESIRED VARIABLES OF POUER

24 3SYSTEN WODEL FOR DATA UPDATE AND DECISION

25 FREQUIREMENTS BY THE MINICOMPUTER.

CHONOARLWN -

26

27 3
03F3 28 C1 EQU 03FDH
O3FA 29 €0 EQU 03FAH
8FFE 30 ADCHI  EOV 8FFEH
8FFD - 31 ADLCO  EOQU SFFDH
8FFC 32 STATUS EOU 8FFCH
8FF3 33 CNVCHD EQY 8FFBH
BFFA 34 NUXADR EQU 8FFAH
OFF? 35 GNSEL EQU 8FF9H
8FF8 36 ADCS EQY 8FFBH
8FF3 37 DRIVE EOU 8FF3H
8FFO ' 368 SETUP EQU 8FFOH
SFFF 39 CRDSEL EQU 8FFFH
0o0tB 40 ESC EQu 1BH
0024 41 bOL EQY 24H
02DF 42 RE6DS EOU 02DFH
002¢C :2 GETCH  EQU 2CH

'
:: HE IRITIALIZE THE STACKPOINTER
'
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18I8-11 8080/8083 NACRO ASSEMBLER, V3.0 HODULE PAGE 2

Le o) LINE SOURCE STATEMNENT
0800 21FO3F 7 LX H,3FFOR
0803 FY 48 SPHL
49 ;
50 ;
t1 I INITIALIZE THE CONSTANTS TO FIX
32 3 THE DELAY REQUIRED FOR DL-11 TO RESPOND
3
0804 3EOF 94 n Ay 0FH
0804 329F3C 33 STA HARCH
0809 3EFF 34 i A, 0FFH
0808 32A01C 37 . STA HARCH#1
38 3
LT
&0 3 INITIALIZE THE DATA STORAGE LOCATIONS
1
0B0E 21473C 82 L H,0ATA
0811 0414 83 I 8,26
0813 3E00 &4 L1 A0
0815 77 45 BEG: NOV M,
0814 23 84 INX H
0817 035 §2 BCR B
0818 C21508 &8 JN2Z BES -
0818 32403C 8 - STA TEST s INTIALIZE COATINUE CONND. FLAG
0B1E 3E03 70 NI 4,03 s INITIALIZE THE WUNBER OF
N %08 FTINES THE SANPLING REQUIRED WITHOUT OPERA
72 ; INPUT.
0820 328C3C 73 STA NUNB
0823 C32608 74 "Jnp START
) - 3.
73 HACRO DEFINITION FOR ORE CHANNNEL SAMPLING
8 3
7%
80 OKE NACRO NI .
. . 81 i1 A, N1
- 82 Kov L)
- 83 INX ]
84 ENDN
83 3
:; H HACRO DEFINITION FOR TWO CHANNEL SANPLING
[
88
89 TV HACRO - N2,N3
. 90 INX )
. " NI AN2
. 92 Hov LY )
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,ISiS-ll 808078085 MACRO ASSEMBLER, V3.0 MODULE  PAGE 3

Lc on

0826 218D3C
0829 040E
0828 CDFDO3
082E E&7F
0830 77
0831 23
0832 05
0833 C22B08
0836 00

0837 218E3C
083A 7€
0838 FE24
083D C2A10F
0840 23
0841 7E
0842 FEAF

LINE SOURCE STATENENT
” N
" NI AN
93 HOV WA
2°% ENDH
97 ;
98 ;
9 ; HACRO FOR SAMPLING TERMINATOR CMARACTER
100 3
100 STP  NACRO
102 NI A,30M
103 KOV  N,A
104 ENDN
105 ;
105 3 HACRO DEFINITION 70 SET THE IDLE-TINE FOR
107 3 FAST SCHEDULES
108 3
109 FAST  MACRO A
110 WL A
1 STA  TIME
12 ENDN
13 ;
1" ; RECEIVE AND STORE THE COMMAND(SCHEDULE)
"s ; TRANSHITTED BY THE MINICONPUTER
16 3
1" 3
118 START: LXI  H,CHND
19 Wi 3,14
120 L3 CALL  CI
121 ANL  FWC
122 KOV N,A
123 mx M
124 DR B
125 MU
" 126 KOP
122 3
128 3
129 3
:;g : CHECK THE VALIDITY OF THE COMNAND
[
132 3
133 LXI  H,CHND#
134 NOV AN
135 Pl oL
136 JNZ  ERROR
132120 I M
138 NV AN

137 cel ‘0’

90



1S1S-11 8080/8085 MACRO ASSEMBLER, V3.0

Ltoc osJ

0844 C2A10F
0847 23
0848 7E
0849 FESS
084B C2A10F
0B4E 23
084F 7E
0850 23
0831 44
08352 B8
0853 C2A10F
0854 FEA3
0858 CABOOS
0858 3JEO1
085D 32403C

0840 78

08461 011400
0864 21D90E
0867 BE
08468 CA7308
0848 23
084C 0D
086D C26708
0820 C3A10F
0873 21F30E
0876 09
0877 09
0878 7t
0879 23
0824 66
0873 &F
087C 22%23C
087F E9
0880 3A403C
0883 FEO!
0883 CA430C
0888 C3IJIFOC

LINE

140
1Al
142
143
144
143
1446
147
148
149
150
194
1352
153
154
KNANRD
153

154
157
158
159
160
161
162 LOC1s
163
164
1485
164
187
168 LOC2:
169
120
”
172
173
124
173
126
177 CONTa
178
129
180
181
182
183
184
183 ACHDa

NODULE PAGE 4

SOURCE STATEMENT

JNZ
INX
NOV
cPl
JNZ
INX
nov
INX
HOV
chp
JINZ
CPI1
J1

L)
STA

Hov

FIND THE CORRESPONDING SERVICE ROUTINE ADDRESS

LX1
LX1
cup
J2
INX
DCR
JNZ
JHP
LXI
DAD
DAD
nov
INX
NOV
Hov
SHLD
PCHL
LBA
crl
Ji
JHP

ERROR
H
a,N
’ul-
ERROR
H

’c’ +IS IT CONTINUE CONNAND ?
CONT +YES

TEST +SET CONTINUE FLAG IF CCHD IS NOT FIRST CO

B,26
H,SCHED
i

Loc2

H

c

Locs
ERROR
H,ADRES
3

B

Al

H

R, M
L4,
SLEP

TEST

1 +18 THIS FIRST CONMAND ?
CCHD1  ;NO

ccud $YES

‘A’ SCHEDULE{COXNAND)
GENERATOR 1 VOLTAGE (CHANNEL 1) DC
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181S-11 8080/8085 MACRO ASSEMBLER, V3.0

Ltoc opJ

0888 3E01
0880 329C3C
0890 21313C

0893 3E01
0893 27
. 0896 23

0897 3E30
0899 77
089A CD290F
089D 3A813C
08A0 32673C

08A3 C3480C

08A6 3JEO1

08A8 329C3C

08AB 213513C

0BAE 3EO3
0880 77
08Bt 23

08B2 3JE30
0884 77
08B5 CD290F
0888 3A813C
0888 32433C
0BBE C3480C

08C1 3E00
08C3 329C3C
08Cé 21313C

08CY 3E03

LIKE

184
187+
188¢
189
190
191¢
192+
193¢
194
195+
194¢
192
198
199
200
201
202
203
204
205 ;
204 BCHDs
207
208+
209+
210
211
212+
213+
214+
213
2158+
217+
218
219
220
221
222
223
224
225
224 DCHD:
227

228+
229+

230

231

232+

S WO W Vs W2

ecoran g

T e asmt e

SOURCE STATEHENT

FAST

WD A
STA  TINE
LXI  H,TENP
ONE 1

WI A2
HOV  M,A
NN H

STP

I  A,30H
KOV A
CALL  PREP
LA Quasl
STA  DpATA
P LOCA
*BCONMAND{ SCHEDULE)

NODULE  PAGE

GENERATOR 2 VOLTAGE (CHANNEL 2) DC

FAST

WL A,
STA  TINE

LXI  H,TENP

ORE 3

WI A3

HOV A

I W

STP

WI  A,30H

HOV  M,A

CALL  PREP

LDA  QUASI

STA  DATA#

JIP LOCA
*D’CONMAND{ SCHEDULE)

GENERATOR 3VOLTAGE(CHANNEL 5) DE

FAST

(U] S X
STA  TINE
LXI N, TENP
ONE S

W A5

92
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1515-11 8080/8083 NACRO ASSEMBLER, V3.0 NODULE  PAGE )

toc 08J LINE SOURCE STATENENT
083 77 233+ WV n,A
08CC 23 234¢ X M
235 1P
08CD 3E30 23+ . W1 4,30H
03CF 77 237+ WV WA
0800 CD290F 238 . CALL  PREP
0803 3A813C 239 LDA  QUAST  ;LOAD THE SANPLE VALUE
0806 32493C 240 . STA  DATA+2 STORE AT CORRESPONDING LOCATION
0809 C3480C 241 JIP LOC4
242 ;
243
244 *E*CONNAND( SCHEDULE)
245 § IHTERCONNECTION VOLTAGE (CHANNEL 7) DC
246 §
247 ECAD:
. 248 FAST
08DC 3E01 249+ VD Al
08DE 329C3C 250+ STA  TIAE
0BE} 21513C 251 LXI  H,TENP
252 ONE 7
08E4 3IE07 253+ I A2
08ES 77 254+ NV N,A
08E7 23 255+ I M
254 TP
08E8 3E30 257+ W1  A,30H
08EA 77 258+ oY M,A
08EB CD290F 259 CALL  PREP
0BEE 3AB13C 240 LDA  Quast
08F1 326A3C 261 STA  DATA+3
08F4 C3480C 262 NP LOCS
263 ; .
264 ; *F/CONNAND(SCHEDULE)
25 ; GENERATOR 1 FREQUENCY (CHANNEL 17) AC
266 ;
267 FCHDs
268 FAST
08F7 3E01 269+ I A
08F9 329C3C 270+ STA  TIME
08FC 21513C 271 WXI M, TENP
08FF 3E32 272 W1 A,324
0901 27 273 WOV N4
0902 23 224 I R
275 ONE 17
- 0903 3E11 276+ WI A7
0905 77 227+ KOV N,A
0906 23 278¢ I W
279 sTe
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IS18-11 8080/8085 MACRO ASSENBLER, V3.0 MODULE PAGE 2

Loc 08J LINE SOURCE STATENENT
0907 3€30 280+ NI A,30H
0909 77 281+ WOV M,A
090A CD290F 282 CALL  PREP
090D 3A813C 283 tDA  QUASE
0910 3263C 284 STA  DATA#A
0913 C3480¢ 28: JEP  LOCA
286 ;
287 ; *GCONNAND( SCHEDULE)
288 GEKERATOR 2 FREQUENCY (CHANNEL 18) AC
289 ; :
290 GCHD:
291 FAST
0914 3E01 292+ Wl A,
0918 329C3¢C 293+ STA  TINE
0913 21513¢C 294 LXI  H,TENP
091E 3E32 295 I A32M
0920 77 294 KOV KA
0921 23 297 I H
298 ONE 18
0922 3E12 299+ WL a8
0924 27 300+ MOV  N,A
0925 23 301+ INN W
. 302 TP
0924 3£30 303+ I A,308
0928 77 304+ Y WA
0929 CD290F 308 CALL. PREP
092C 3A813C 306 LDA  QUASI
092F 324C3C 307 STA  DATA+S
0932 C3480C 308 JiP LOCA
. 309 ;
310 ; *HCONNAND(SCHEDULE)
3t ; GENERATGR 3 FREQUENCY (CHANNEL 19) AC
312 ;
313 HCNDs
34 FAST
0935 3e01 3184 (T S X
0937 329¢3C 316+ STA  TINE
093A 21513¢C 114 LXI  H,TENP
093D 3E32 318 W1 A32M
093F 77 319 KOV N,A
0940 23 320 IX M
32 ORE 19
0941 3E13 322+ WI 4,19
0943 77 323+ MV NA
0944 23 324+ I
325 STP
0945 3€30 326+ WL 4,304
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1515-11 8080/8085 NACRO ASSENBLER, V3.0

Ltoc o)

0942 7?7

0948 CD290F
0948 3A813C
094E 324D3C
0931 C3480C

0954 3E01
0954 329C3C
0959 21313C
095C 3E32
095€ 27
095F 23

0940 3E14
0962 727
09463 23

0944 3E30
0946 77
0987 CD250F
094A 3AB13C
096D 3J26€3C
0970 €3480C

0923 3EO1
0923 329CaC
0928 21313C
0978 3E3
0970 727

097€ 23
097F 3E11
098t 77
0982 23
0983 3E14
0983 27

LINE

327+
328
329
330
33
332
333
334
333
336 ;
337 ICHDs
338
339¢
340¢
341
342
343
344
3438
344+
347+
J48+
349
350+
331+
332
353
354
359
356
357
358
359
340 JCHD:
361

J62¢

43¢

364

343

368

367

348¢
349+
370+

- 371e

372¢
373+

HODULE PAGE 8

SOURCE STATENENT

Hov n,A

CaALL PREP

LDA QUASI

‘STA DATA+S

JAP LOCh

7 1/CONNAND (SCHEDULE)

INTERCONNECTION FREQUENCY (CHANNEL 20) AC

Fast
WL At

STA  TINE

LXI W, TEWP

WI A3

BV H,A

1 S

GNE 20

WI 4,20

HOV  N,A

I K

sTp

WI  A,30H

HOV  N,A

CALL  PREP

LDA  QUASI

STA  DATA®?

JIP LOCA
*J*COMMAND (SCHEDULE)

GEN. 1 PHASE V.R.T INTERCONNECTION (CHANNELS 17,20)AC,AC

FAST

WL Al
STA  TIME
LXI  N,TENP
I A3
NOV  H,A
Wo 17,20
INX M

WL A2
WOV N,A
I H

WL A,20 .
KOV N,A
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1S1S-11 8080/8085 HACRO ASSENBLER, V3.0 NODULE PAGE ¢

Lc 08J LINE SOURCE STATEMENT
0986 23 374 X N
375 STP
0987 3E30 376+ WI  A,30H
0989 77 377 KOV N,A
0984 CD290F 378 CALL  PREP
098D 21813¢ 379 LXI  H,QUASI
0990 7€ 380 HOV AN
0991 326F3C 384 STA  DATA+8
0994 23 382 mx M
0995 7€ 383 NOV AN
0996 32703¢ 384 STA  DATA+9
0999 C3480C 385 P LOCA
386 ;
387 ; “K*CONNAND ¢ SCHEDULE)
388 ; GEN.2 PHASE W.R.T INTERCONNECTION (CHANNELS 18,20) AC,AC
389
390 KCHDs
9 FAST
099C 3E01 392¢ Wl Al
099 329C3C 393+ STA  TINE
09A1 21513C 394 LXI M, TENP
09A4 3JE31 395 Wl A,3MH
0988 727 . 396 NV N,A
397 wo 18,20
0947 23 398+ I W
09A8 3E12 399+ WI A8
0944 77 400+ NV N,A
094B 23 4014 X W
09AC 3E14 402+ W1 A,20
Q94E 77 403+ NV M,A
~ O09AF 23 404 IX M
: 403 sTP
0980 3£30 404+ I A,30H
0982 77 407+ NV N,A
0983 CD290F 408 CALL ' PREP
0984 21813C 409 LXI  H,0UAS1
0989 7€ 410 NV AN
0984 32713C a1 STA  DATA+10
098D 23 12 INX N
09BE 7E 13 HOV AN
098F 32723C 414 STA  DATA+1M
09C2 C3480C M P LOCA
16 ;
M7 g “L*CONNANDC SCHEDULE)
::e ; GEN.3 PHASE W.R.T INTERCONNECTION (CHANNELS 19,20) ac.ac
?3
420 LCHD:
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181S-11 8000/8085 MACRO ASSENBLER, V3.0 NODULE PAGE 10

Loc ond LINE SOURCE STATENENT
09C5 21513C 21 LXI  H,TENP
09C8 3E38 422 I A,3MH
09CA 27 A23 NV N,A
a2 W0 19,20
093 23 A25¢ X H
09CC 3E13 428+ WL A9
09CE 77 2 WV WA
09CF 23 420+ X
0900 3E14 429¢ WL a,20
0902 77 A30¢ WOV N,A
0903 23 43 I H
432 STP
09D4 3€30 433+ WI  A,30H
0906 77 A34e WOV M,A
0907 CD290F A35 . CALL  PREP
09DA 21813C A3 LXI  H,QUASI
090D 7E Ay HOV AN
09DE 32733¢ 438 STA  DATA#!2
09E1 23 439 X W
09E2 7€ 440 KOV A,
09E3 32743C Al STA  DATA#I3
09E4 £3480C a2 JHP  LOCA
a3 ; .
g #1*COMMAND{SCHEDULE)
M5 GENERATOR 1 CURRENT (CHANNEL 2) DC
TR
447 HCKD3
' 448 FAST
09E9 3£ A9 U S W
09ED 329C3C S0+ STA  TINE
09EE 21513¢C A81 LXI  H,TENP
452 ONE 2
09F1 3£02 AS3+ W1 A2
09F3 77 454+ WOV M,A
09F4 23 ASS+ INX M
AS4 STP -
09FS 3E30 AS2+ I  A,30H
09F? 77 A58+ HOV M4
09F8 CD290F 459 CALL  PREP
09FD 3A813C 480 LDA  GUASt
O9FE 32733C A8 STA  DATA+IA
0A01 €3480C 482 P LOCA
~ 483 3
A4} “N“CONNAND (SCHEDOLE)
LS ; GENERATOR 2 CURRENT(CHANNEL 4) DC
486 3
467 NCADs
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1815-11 808078085 HACRO ASéEHBLER, V3.0

Loc o»J

0A04 3E01
0A08 329C3C
0A09 21513C

0A0C 3JE04
0AOE 77
0AOF 23

0A10 3£30
0A12 77
0A13 CD290F
0A14 3AB13C
0A19 32763C
0A1C C3480C

OATF 3EO01
0A21 329C3C
0A24 21513C

0A27 JEOS
0R29 27
0A2a 23

0A2B 3JE30
0A2D 77
OA2E CD290F
0A31 JAB13C
0A34 32723C
0A37 C3480C

0A3A 21313C
OA3D 3E01
0A3F 727
0A40 23
0Ad1 3E02
0A43 77

LINE

448
469+
470+
o
472
473+
474+
475+
4726
477¢
478+
479
480

486 ;
487 OCHDs
488
489+
490+
491
492
493+
494+
495+
496
497+
498¢
499
500
501
502
503
504
505
508
507
508 PCNDs
509

ST
512
13
34

NODULE PAGE 11

SOURCE STATEMENY

FAST

Wl A

STA  TIME

LXI W, TENP
CONE 4

Wl 4,4

NOV  M,A

X W

§TP

NI A,30H

WOV N,A

CALL  PREP

LDA  QUASI

STA  DATA#1S

JIP LOCS

20 CONNAND (SCHEDULE)

GENERATOR 3 CURRENT (CHANNEL 6) DC

FAST
B A

STA  TINE

LXI M, TENP

ONE &

WI A8

KOV M,A

I M

STP

WL A,30H

HOV  H,A

CALL  PREP

LDA  QUASE

STA  DATA+14

JIP LOCA
“PCONNAND { SCHEDULE)

GEN.1 VOLTAGE(1),GEN.1 CURRENT(2),FREQUENCY(17)
AND PHASE W.R.T INTERCONNECTION (17,20)

LxI H
NVl A
Hov N
INX ]
L) A
Hov N
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1818-11 8080/8085 NACRO ASSEMBLER, V3.0  AUDULE  PAUE 12

L0C 0BJ LINE SOURCE STATENENT
0A44 23 1T W
0A4S 3E32 514 W1 A,328
0Ad? 27 517 NV N,A
0A48 23 518 IX M
0A49 3E11 519 WD A7
0A4B 77 520 NV M,A
0AAC 23 521 CINK N
0A4D 3E31 522 WI  A,31H
OAMF 77 523 NV M,A
524 ™Wo 12,20
0A50 23 525+ X H
0AS1 3E1 526+ I A,82
0AS3 77 527+ HOV A
0AS4 23 528+ IX M
0ASS 3E14 529+ W1 A,20
0AS? 77 . 530+ NV N,A
0438 23 531 I M
332 STP
0AS9 3E30 533 I A,30H
0SB 77 534+ HOV  M,A
0ASC CD290F 535 CALL  PREP
0ASF 21813¢ 535 LXI  H,0UAST
0A82 76 537 HOV AN
0A83 32673¢ 538 STA  DATA
0A84 23 539 X W
0A8? 7E 540 NOV AN
0A88 32753C 541 STA  DATA+14
0ASB 23 542 mx M
0ASC 7E 543 NOV AN
0ASD 324B3C S44 STA  DATA#A
0470 23 545 X M
0A71 7€ 546 WOV AN
0A72 326F3¢ 547 STA  DATA'S
0475 23 549 I W
0476 7E 549 HOV AN
0A77 32703¢ 550 8TA  DATA9
0A7A C3480C 551 JP LOC4
552
553
554 “Q’ COMMAND (SCHEDULE)

0 WO WE VO WO N

339 GEN2 VOLTAGE(3),CURRENT(4), FREGUENCY{18)
336 AND PHASE W.R.T INTERCONNECTION (18,20)
357 .
538 QCNDs

0A7D 21313C 359 LX1 #,TENP

0A80 3JEO3 540 L) Ay3

0AB2 77 , 361 HoV Hyh
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151S-11 B0B0/B085 MACRO ASSEMBLER, V3.0

LoC 08y

0RB3 23 .
0AB4 3E04
0A8s 77
0487 23
0A88 3JE32
0ABA 77
0ABB 23
0ABC JEI2
0ASE 77
0ASF 23
0490 3EI1
0A92 77

0A93 23
0494 3E12:
0A9s 77
0A97 23
0A98 3E14
0A%4A 77
0A93 23

0AYC 3E30
0ASE 77
0AF CD290F
0AA2 21813C
0AAS 7E
0AAS 32683C
0AAY 23
0AAA 7E
0ARB 32743C
0ARE 23
OARF 7€
0ABO 324C3C
0AB3 23
0ABA 7€
0ABS 32713C
0ABB 23
0ABY 7€
0ABA 32723C
0ABD C3480C

. OACO 21313C

LINE

542

563

S84

S543

1Y

367

568

3469

570

$71

372

373

574

5725+
374+
377+
$78¢
379+
$80+
581

382

583+
584+
5835

S84

587

588

589

390

371

592

593

394

393

396

597

398

599

400

401

402

403

404

605

604

607 RCAD:
608

€O We VA Va we

SOURCE STATENENT

mx A

I A4

KOV N,A

X N

WI  A,328
KOV M,A

I M

HI A8

NOV  M,A

I M

W1 A,3MH

KOV N4

TwWo 18,20

INX H

WI A8

HOV  M,A

mx W

WL A,20

KOV N,A

I M

STP

WI  A,304

OV M,A

CALL  PREP

LXI  H,QUASI

KOV AN

STA  DATAH

X

HoV AN

STA  DATAHS

INX M

KOV AN

STA  DBATA+S

INX W

NOV A

STA  DATAH10

I H

NV AN

STA  DATA#Y

JIP  LOCA

“R*COMMAND(SCHEDULE)

GEN3 VOLTAGE(S),CURRENT(4),FREQUENCY(19)
AND PHASE U.R.T INTERCONNECTION (19,20)

Lx1 N, TENP

100

NODULE  PAGE

13



381S-11 8080/8083 NACRO ASSEMBLER, V3.0 HODULE PAGE 14

Loc o08J LINE SOURCE STATENENT
OAC3 3E0S 809 WI  A,S
0ACS 77 610 HOV  M,A
0ACS 23 & IX
0AC? 3E04 812 - WI a8
0AC? 72 813 KOV H,A
0ACA 23 614 NN W
0ACB 3E32 815 W 4,324
0ACD 77 816 HOV  N,A
0ACE 23 87 INN 8
O0ACF 3E13 618 I A09
0ADY 77 819 HOV  M,A
0AD2 23 620 X M
0AD3 3E31 21 W1 A,3H
0ADS 77 622 HOV  N,A
‘ 623 W0 19,20
0ADS 23 24+ INX
0AD? 3E13 - 825¢ MWI  A,19
0AD? 77 826+ KOV M,A .
0ADA 23 827+ INN H
0ADB 3E14 628+ I A,20
0ADD 77 829+ HOV  N,A
OADE 23 630 mx M
631 8TP
OADF 3E30 432+ I A,30H
0AEY 77 633+ HOV  H,A
0AE2 CD290F 634 CALL  PREP
0AES 21813C 633 LXI  H,0UASI
0AES 7E 836 KOV AN
OAE? 32693C 637 STA  DATA+2
0AEC 23 638 I W
OAED 7€ 639 KOV AN
OAEE 32773C 640 STA  DATA1S
0AF1 23 441 INN o
0AF2 7€ 642 HOV AN
OAF3 32:B3C 643 STA  DATA%s
0AFS 23 644 I W
0AF7 7€ 645 HOV A,
0AFS 32733C 846 STA  DATA#12
0AFB 23 647 INN H
OAFC 7E 648 HOV AN
OAFD 32743¢C 649 STA  DATA#3
0800 C3480C 650 JIP LOCA
851 3
652 ; *$/CONRAND(SCHEDULE)
653 ; SEN1 FREQUENCY(17),GEN2 FREGUENCY(18),GEN3 FREQUENCY(19)
854 ; AND INTER CONNECTION FREQUENCY(20)
655 3
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Loc osJ

0803 21313C
0804 3E32
0B08 77
0B0% 23
0BOA JEI
0BOC 77
080D 23
OBOE JE3I2
0B10 727
0Bt1 23
0B12 JEI2
0B14 77
0815 23
0B14 3E32
0318 727
0B19 23
0B1A JEII
0BIC 77
0B1D 23
0BIE JE32
0820 77
0821 23
0822 3E14
0824 77
0825 23
0B24 3JEIO
028 77
0829 CD290F
0B2C 04604
0B2E 21813C
0B3§ 114BIC
0834 CDS1OF
0B37 C3480C

- 0B3A 21503C

0B3D 23
0B3E 3E01
0840 77
0BAt 23
0R42 3E03

LINE

43586 SCHDs
857
638
659
8460
461
682
683
(11]
863
666
847
448
849
670
&N
672
823
674
673
876
877
678
679
480
481
682
483
684
483
886
687
488
489
690
691
692
693
494
693
896
897
898+
499+
700+
701+
702+

-l W we 9 We B

Cibs

T NI

NODULE PAGE 1S

SOURCE STATEMENT

LX1I H, TENP
NVl A, 321
NOV N,

IRX

-~

NOV
INX
L1
Hov
INX
w1 A
NOv M
INX H
L1 ¢ A
Hov N
InX H
L1 A
HOV N
INX H
L1 A
N
H
A
n
H
A
N
P
B

> Gl > =
NS
=

- - - -

> i D ==
n L]
=

Nov
INX
L)
Nov
INX
Hv1
Nov
CALL
)
LX1 H,0UAST
LX1 D,DATA#4

CALL FILL
JKP L.oc4
*T/CONNARD(SCHEDULE)

GEN1 VOLTAGE(1),GEN2 VOLTAGE(3) ,6EN3 VOLTAGE(S)

ARD INTER CONMECTION VOLTAGE(?)

LXI . H,TENP-!

TU0 1,3
INX "
1) A,
NOV H,A
INX H
KVl A,3
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Loc 034

0B44 77
0345 25

0B4s 23
0B4? 3JEO3
034y 727
0B4A 23
0B4B 3E07
0B4D 77
OB4E 23

OBAF JE30
083t 722
0B52 CD290F
0835 0404
0837 21813C
0BS5A 114673C
0838 CDSIOF
0B40 C3480C

0863 21503C

0846 23
0B67 JEO?
0By 77
0béA. 23
0B4&B IE0A
0BéD 77

0B4E 23
O0B&F 3E0B
0871 77
0872 23
0B73 3E0B
0875 77

0876 23
0B727 3E0E
0829 27
0B7A 23
0870 JEOF

LINE

7203+
204
7203
706+
207+
708+
709+
710¢
711+
22
713
714+
715+
718
717
7218
raki
720
21
222
223
224
725
228
227
728 UCKD:
229

730

731+
7232+
733+
734+
235+
734+

737

738+
739+
740+
7414
742¢
243+

744

745+
746+
742+
748¢
249+

HODULE PAGE 14

SOURCE STATENENT

WOV M,A
X M

TH0 5,7
wx M

nvi A,S
v M,A
W W

NI A7
NOV NN
INX M

sTP

NI A, 300
KOV N,A
CALL  PREP
w1 B,4
LXI H,QUAST
LXI D,DATA
CALL  FILL
JNP LOCA
U’ CONNANDCSCHEDULE)

SUBSTATION 4 RIGHT BUS(9),STATION-1 BUS(10)

_INDUSTRIAL LOAD VOLTAGE(11),LINE B1-3 VOLTAGE(13)

SUBSTATION & BUS(14),NETUORK SYSYTEM L-N1(¢135)

Lt R, TENP-1

wWo 9,10
X M

NI a0
NOV M,
I W

HVI 4,10
NOV  M,A
™o 11,13
INN N

Wl A
MOV N,A
X W

W1 A3
KoY  N,A
THO 14,15
INX H
NI A4
KOV K,A
I

M1 A8
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Loc 08y LINE SOURCE STATEMENT
0370 727 730¢ Hov H,A
0B7E 23 rell X H
782 sTP
O0B7F 3E30 7334 wt A,308
oBst1 77 754+ nov N,A
0B82 CD290F 733 CALL  PREP
0B8Y 0404 736 L) Byé
0887 21813C 737 LXI H,0UAST
088A 11783C 758 Xl D,DATA+Y?
0BGD CDB1OF 739 CALL  FILL
0890 C3480C 260 JHP Laca
7681 ;5
262 ; “Y/CONNAND(SCHEDULE)
783 3 INTER CONNECTION CURRENT(8), INDUSTRIAL LOAD
268 3 CURRENT (12) AND KETUORK SYSTEN CURRENT LINEY {14)
r{ ]
264 VCADs
0293 21303C 762 LX1 H, TENP-1
268 THO 8,12
0895 23 769+ INX ]
0897 3E08 7704 L) h,8
0899 77 7714 HOV LY
0894 23 . 7724 INX H
0B9B 3EOC 773+ L) Ay 12
089D 77 224+ nov H,h
0BE 23 773 INX H
726 ONE 16
OBYF 3IE10 277+ Hvl Agté
0BAY 77 7784 Hov N,4
0BA2 23 279+ INX H
780 sTP
0BA3 3JE30 781+ M1 Ay 30H
0BAS 27 782¢ nov N,A
0BAS CD290OF 783 €ALL  PREP
0BAY 0403 784 BV B3
0BAB 21813C 783 LX1 H,QUAST
OBAE 117E3C 784 LXx B,DATA#23
0BB1 CDBIOF 787 CALL FILL
0BBA C3480C 788 JHP LOC4
. 89 3
790 ; “U’CONNAND(SCHEDULE)
9 3 ALL OTHER VOLTAGES INDICATED IN SCHEDULES T AND U
792
. 293 UCHDs
0887 21503C 7974 Ll H, TENP-1
795 T80 1,3
0B32A 23 798¢ INX H
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toc osJ

0BBB JEO1
088D 77
0BBE 23
0BBF 3E03
0BC1 727

0BC2 23
0BC3 3JE05
03C5 77
0BCé 23
0BC7 3E07
0BCY 77

0BCA 23
0BCB 3E09
03CD 77
OBCE 23
OBCF 3E0A .
08D} 77

08D2 23
0BD3 3E0B
08D3 77
0BDS 23
08D7 3EOD
0BDY 77

0BDA 23
08DB 3EOE
0BDD 77
0BDE 23
O0BDF 3EOF
OBE1 77
0BE2 23

0BE3 3E30
0BES 77
0BES CD290F
0BE9 0404
0BEB 21813C
0BEE 11473C
0BFt CDBIOF
0BF4 0606
0BFé 11783C
0BF9 CDB1OF
OBFC C3480C

LINE

72972+
798¢
799+
800¢
801+
802
803+
804+
805+
804+
802+
808+
809
810+
811+
812+
813¢
814+
815+
814
817+
818+
819+
820+
821+
822+
823
824+
823+
824+
827+
828+
829+
830
831
832+
833+
834
835
834
837
838
839
840
841
842
843 ;

NODULE  PAGE

SOURCE STATENENT

nv1
HOV
N
1
HoV
o
INX
i
Hov
INX
nv1
NV
Tuo
1Ny
VI
Hov
INX
NI
HOV
o
INX
Wi
HoV
INX
1
MOV
THO
INX
vl
Hov
INX
vl
HOV
INX
STP
Wi
MOV
CALL
VI
LXI
LXI
CALL
NI
LX1
CALL
JHP

()
L

“B>N DU NDW

30H
A
EP
4

’

,QUAST
D,DATA
FILL

B,6
D,DATA?
FILL

LoC4

T OXD> TXP>®X
D=
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LoC 034 LINE SOURCE STATENENT
84 ; *X*COMMAND(SCHEDULE)
845 ; ALL OTHER CURRENTS INDICATED IN SCHEDULES M,N,0 AND V
845 o
847 XCHDs
OBFF 21503¢C 848 LX1 H, TENP-1
849 Vo 2,4
0c02 23 850+ INX H
0C03 3£02 8s1e VI A2
0C0S 77 852¢ NOV N, A
0C05 23 853¢ INX H .
007 3E04 854¢ V1 A4
0co9 77 855+ HOV H,A
856 v 4,8
0C0A 23 857+ InX H
0C0B 3E04 858+ - w1 a8
ocop 77 . 859¢ KoV H,A
0COE 23 860+ INX N
0COF 3E08 . 851+ w1 A,8
octt 77 882+ Nov A
883 THO 12,16
0c12 23 854+ INX B
0C13 3e0C 865+ KVt A,12
octs 77 864+ KoV N,A
0C14 23 887+ INX "
0C17 3E10 868+ 1 Ay14
oct9 77 859+ KoV N,A
oC1A 23 870 INX N
87 sTP .
0C13 3E30 872+ w1 A,30H
octd 77 873+ KoV N,A
OCIE CD290F 874 CALL  PREP
0C21 0603 873 vl 3,3
023 21813¢C 876 LX1 H,0UASI
0026 11753C 877 LX1 D,DATA+14
0029 CDB1OF 878 CALL  FILL.
0C2C 0603 879 HVI B,3
0C2E 117E3C 880 LXI D,DATA+23
0631 CDB10F 881 CALL  FILL
0C34 €3480C 882 NP LOCA
883 ;
884 ; FOR FUTURE EXPANSION
885 - A
886 YCHD:
0637 00 887 NoP
0C38 C3A10F 868 JEP  ERROR
889 3
890 ; FOR FUTURE EXPANSION

106



I$18-11 8080/8085 MACRO

Loc o08J

0c3s 00
0C3C CIAMOF

0C3F 00
0C40 C3A10F

0CA3 2A9D3C
0C44 E?
0C47 00

0C48 CDS40C
0C43 CDO40OD
0CAE 3ABC3C
0C51 3D
0C52 CASBOC
0C35 328C3C
0C38 €3430C
0CSD 3E03
0C3D 328C3C

0Cé0 00
0C61 C3A70F

0Cé4 CDBIOC
0C4? D3
0Cé8 ES
0C69 0ESO
0C&B CDFAO3
OCSE OEOD
0C20 CDFAO3
0C?23 CDB1OC
0C74 CDBIOC
0C?9 CbB10OC
0C72C CppioC
0C?F CbB1oOC
0C82 0ESS
0C84 CDFAO3

LINE

8

892 ICids
893
894
89S
898
897
898
899
900 CCKD:
901

902 cCibts
903

904

903 LOC3:
906 LOCAs
907

908

909

910

911

12

913

914 LOCS:
913

916 LOCS:
12

918

19 ;

220
921
922 ;
923 XN1Ts
924

925

926

927 LS:
928

929

930

931

932

933

934

933

938

937

ASSENBLER, V3.0

NODULE PAGE 20

SOURCE STATENENT

NOP .
Jnp ERROR
*C’COMNAND{SCHEDULE)

CONTINUE CONHAND.. SANPLES PREVIOUSLY
DETERNINED SCHEDULE FOR 3 TIMES

NoP :
JHP ERROR  ;FIRST COMNAND CANNOT BE A C CONMAND
LHLD  SLEP
PCHL

NOP

CALL  XMIY
calL  IDLE
LDA NUMB
DCR A

Jz Locs
8§74 NUNB
JHP CCNDY
Wi A3
sTA NuMB
NOP

JHP DONE
SUBROUTINE; . . XNIT
CALL  DELAY
PUSH D
PUSH H .
NI C,’p’
calL  co
[]) C,00H
calL co
CALL  DELAY
CALL  DELAY
CALL  DELAY
CALL  DELAY
CALL  DELAY
NVl C,’v’
CAlL Co
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Loc 08 LINE SOURCE STATENENT
0C87 OEAF 939 W1 C,°0”
0c89 CDFAO3 939 CALL €O
0c8c 214673¢C 940 LXS  H,DATA
OCBF 0400 941 W 5,0  INITIALIZE B
0Co1 1414 942 WI  D,26
0093 7€ A3 L6 MOV AN
0c94 80 944 ADB B
0C9S 47 945 NV B,A
0c9s 7€ 944 KOV AN
0092 CDCSOC 947 CALL  CONV
o0c9a 23 948 I M
0C9B 15 949 DR D
0C9C C2930C 950 MNZ L
0C9F 78 951 HOV A,
0CAO 2F 952 KA ;COMPLENENT THE SUN OF 35 BYTES OF DATA
0CAS €DCSOC 9353 CALL  CONV
0CA4 O0E24 954 WL C,’8
0CA6 CDFAO3 955 cALL . CO
0CA9 OEOD 954 HV1  C,0DR  3CARRIAGE RETURN
O0CAB CDFAO3 957 cALL €O
OCAE E1 958 POP B
OCAF D1 959 POP B
0CB0 C9 960 RET
941 3
962 ;
963 3 SUBROUTINE. .DELAY
964 ;
945 3
964 DELAY:
0ChI FS 967 PUSH  PSU
0CB2 C5 968 PUSH B
0CB3 3APFIC 989 LDA  MARCH
0CB6 47 970 HOV  B,A
0CB? 3AA03C 971 APRs  LDA  RARCH#
0CBA 3D 972 NAYs BCR A
0CBB C28A0C 973 T NAY
O0CBE 05 974 DR B
OCBF C2B70C 975 INZ  APR
occ2 ¢ 976 POP B
0ce3 Fy 922 POP  PSU
occa Cf 978 RET
. 9 -
980 3 ,
981 ; SUBROUTINE. .CONV
9g§ : QUTPUTS ASCII EQUIVALENTS OF BOTH HIGHER AND LOUER 4BITS
983 § :
984 CONVS
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Loc OB LINE SOURCE STATENENT
0CCS €5 983 PUSH )
occe 47 984 nov D,A
0CC? E&FO 982 ANl OFOH
occy oF 988 RRC
0CCA OF 989 RRC
0CCD OF 990 RRC
otce OF 991 RRC
0CCD FEOA y92 cPl 0AH
O0CCF FAEYOC 993 JH L10
0cb2 €437 994 adl1 I7H
' 995 Lit:
0CPA 4F 996 nov C,h
0CDS CDFAO3 997 CALL  Co
oco8 78 998 Hov A,B
aCDY E&OF 999 ARL OFH
0CDB FEOA 1000 crPl OAH
0CDOD FAEEOC 1001 JN L12
OCEO €437 1002 ADI 374
1003 Lide
OCE2 4F 1004 nov C,A
OCE3 CDFAOQ3 1003 Calt €O
0CES CIF30C 1004 JWP L14
OCE? C430 1007 L102 ADI J0H
OCED C3DA0C 1008 JHp L
OCEE €630 1009 L12: adl JOH
0CFO C3E20C 1010 JiiP L3
OCF3 C1 1011 Lids POP B
OCFa CY 1012 REY
1013 3 .
1014 ; .
10135 SUBROUTINE..PRNT
1016 ;
‘ 1017 PRNT:
OCFS €3 1018 PUSH B
OCF8 7E 1019 L15s  "NOV AN
O0CF7 FEOO 1020 4] o -
OCF® CAO40D 1021 J2 L1é
O0CFC AF 1022 Nov C,A
OCFB CDFAOJ 1023 CALL Co
0D00 23 1024 INX H
0D01 C3F40C 1023 JHp LIS '
0D04. CY 1026 Liss POP B
0005 C? . 1027 RET
1028 ;
1029 ;
1030 3 SUBROUTINE..IDLE
1031 3 THE IDLE TINE CAN BE CHANGED BY CHANGING THE
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Lt o

D04 FS
0002 €5
0bo8 D3
0D09 3AAI3C
obocC 57
0D0D 0840
ODOF OEFF
0Dt 0D
0D12 C2110D
0013 035
014 C20F0D
019 15
0D1A C20DOD
0D1D 3A9CIC
0020 3D

. 0D21 CA2F0D
0D24 329C3C
0027 C3090D
0024 3E02
0Dp2C 329C3C
0D2F D1
0B30 €1
0031 F1
0032 €9

0033 11473C
0034 21FABF
0D3% 3E00
oD3B 77
0D3C 32FBBF
0D3F 34
0D40 3AFCSF
0D43 07
0D44 D2400D
0047 3AFBBF
0D4A 12
004B 13
oD4C 7€

LINE

1032
1033
1034
1035
1036
1037
1038
1039
1040 L243
1044

1042 L22;
1043 L213
1044 0203
1045

1044

1047

1048

1049

1050

1031

1052

1033

1054

1033

1056

1057 L23a
1058
1059
1040
1041
1082
1063
1084
1043
1086
10487
1048
1049
1070 NEXT3:
1021

1072 LOOP)
10723

1074

1075
1026

1077

1078

DLEs

ANP3s

HODULE PAGE 23

SOURCE STATENENT

DATA STORED AT LOCATION AUG
UNIT INCREMENT OF AUG LOCATION CONTENT
VILL DELAY BY APPROXINATELY BY 0.25 SECS.

PUSH  PSU '
PUSH B

PUSH B

LDA AU

NV D,A

NVI  B,40H  ;DELAY APPROX. 0.5 SECS
W C,OFFH
DR €

Mz L20

DR B

Mz 2

DR B

M 22

LDA  TINE

DR A

2 L23

STA  TINE

JP L2

W1 A2

STA  TINE

POP D

POP B

POP  PSV
RET

SUBROUTINE. .SANP3
LXI  D,DATA
LXI  M,NUXADR
W1 A0

KOV M,A

STA  CNVCHD
IR M

LDA  STATUS
RLC

JRC  LOOP

LDA  ance
STAX B

I »

WOV AN
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1818-11 BOBOIOOOS.HﬁCRO ASSENBLER, V3.0 MODULE - PAGE 24

Loc o LIKE SOURCE STATENENT
004D FE20 © 1079 cPl 208
0DAF C23C0D 1080 JNZ REXT
0bs§2 C? 1084 RET

1082 §

1083 ;

1084 § SUBROUTINE .. FREQ

1085

1086 FREQ:
0D53 F3 1087 PUSH PSy
034 C3 1088 PUSH B
0035 DS 1089 PUSH b
0D34 ES 1090 PUSH B
0D57 OE0D 1091 MVl c,0
0059 CD980D 1092 FREQ1: CALL SANPY
0D5C FESO 1093 CPL 80H
O0DSE FAS90D 1094 JN FREQY
0Dt 47 1095 NV ByA
0D542 D680 1096 sul 80H
0D&4 FEO3 1097 cet 3
0D&8 F2590D 1098 JP FREQY
0D49 CD980OD 1099 CALL  SANPY
0DsC D8 1100 Chp »
0D4D FASP0D - 1101 JN FREQ1
0070 CAS90D 1102 J2 FREQY
0073 C3810D 1103 JHP PP
0074 0OC 1104 FREQ2: INR c
0077 CD980D 1105 caLL SANPY
0D?A B8 1106 cwe B
0D?8 FABFOD 1107 JH P4
0D7E C38460D 1108 Jhp PP3
0bst 00 1109 PP1: noP
0882 00 110 NoP
0D83 C3740D Hi JHP FREG2
0D8s 00 1112 PPIs NOP
0087 00 "3 Nop
0D88 C38B0D 114 Jup PP4
opsB 00 1115 PPA2 NOP
008C C37460D 118 JiP FREQ2
0DsF 29 1117 PAs uov f,C
0090 32493C 1118 STA RESLY
0?3 E 1119 PoP L
0094 D1 . 1120 poP D
0093 Ct 1121 poP B
0D96 F1 1122 POP PSY
0D97 C? 1123 RET

1124 §

1123 3§
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Ltoc oM

0098 3E00
0B74 32F98F
009D 32FO8F
0DAO 3JAAF3C
ODA3 32FABF
0DAS 32FBBF
O0DA9 3JAFCOF
0DAC 07
0BAD D2A90D
0DBO 3AFBSF
0DB3 C480
B3 C9

0DBs €5
0DB? ES
0DB8 21423C
0DBB OE04
0DBD £D980D
0DCO FESO
0DC2 FABDOD
0bCS 47
0DCé D8O
03C8 FEO3
0DCA F2BDOD
0dCD CD980D
0000 B8
0DD! FABDOD
0BD4 CABDOD
0007 47
DS CDYBOD
0DDB 38
0BDC FAE30D
O0DDF 47
ODEO £3080D
0DE3 78
O0DE4 27
ODES 23
O0DES 0D
O0DE? C28D0D

LINE

126

127 ;

1128 SANP13s
1129
1130

131

1132

1133

1134

1133 KATe
1138
137
1138
1139
1140
1141
1142
143
1144
11435
1144 ANPLTS
1147

1148

1149

11350

1151 ANPLY:
1152

11353

1134

1153

1134

11352

1158 ANPL2s
1159

11460

1161

1162

1163 ANPL3S
1144

1163

1184

1162

1168 ANPLAS
1149

1170

1121

1122

MODULE PAGE 2%

SOURCE STATEMENT

SUBROUTINE ., .SANP!
Ml A0
STA GNSEL  ;SET GAIN TO 1

STA  SETUP  ;SET PACER OFF
LDA  CHAN  SELECT THE .CHANNEL
STA  NUXADR

STA  CNVCHD ;START A/D CONVERSION
LDA  STATUS

RLC -

JNC  KAT ;IS SAMPLING DONE?
LDA  ADC8  ;READ ADC DATA

ADI  8OH

RET

SUBROUTINE, . ANPLT

PUSH B

PUSH W

LXI  H,3CA2H

Wl c,6

CALL  SANP1

Pl 80H

M ANPL1

NV 9,8

SUI  80H

1 3

5P ANPLY

CALL  SANPY

e 3

N ANPL1

Jz AMPLY

KOV B,A

CALL  SANPY

chP B

N ANPLA

NV B,A

MP  ANPLI

KOV A,B

nV  N,A

I M

DR €

T ANPLY
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Loc o

0DEA 21A23C
ODED 0E04
ODEF 7€
0DFO 23
0DF1 0D
0DF2 48
0DF3 B8
ODFA FAO20E
0DF? F20BOE
0DFA 23
0DFB 0D
0DFC C2F20D
ODFF C3100E
0€02 78
0£03 23
0E04 0D
0E0S C2F20D
0E08 C3100F
0E0B 23
0EOC 0D
0£0D C2F20D
0E10 Et
0E11 C1
0E12 C9

0E13 F5
0E14 €5
€15 DS
0E18 ES
0E1? 0E00
0E19 CD980D
0EIC FEBO
0E1E FA190E
0E21 47
0E22 D480
0E24 FEO3
0E25 F2190F

0E29 CD98OD
0c2C 38

0E2D FAI9OE
0E30 CA190E

LINE

1123
1124
1173
1126
1122
1128 ANPL?s
1179
1180
1181
1182
1183
1184
1183

. 1186 ANPLS:

1187

1188

1189

1190

1191 ANPLS:
1192

1193

1194 ANPLE:
1193
1198
1192
1198
1199
1200
1201
1202 PFs
1203

1204

1205

1204

1207

1208 FIRST:
1209

1210

121

1212

1213

1214

1213 3

1218 P37s
1212

1218

1219

SOURCE STATEMENT
(87 W, 3CA2H
NI c,é
nv AN
mx H
R O
HOV BN
cip B
JN ANPLS
Jp ANPLS
IX W
DR ¢
Iz ANPL?
JNP  ANPLB
KOV A,
I
DR ¢
MNZ  aNPL?
JIP  ANPLS
I R
DR ¢
JNZ  ANPL?
POP R
POP B
RET
SUBROUTINE. .PF
PUSH  PSV
PUSH B
PUSH D
PUSR M
V1 c,0
CALL  SANP1
cPI 80H
N FIRST
KOV  B,A
sul 80H
cPl 3
JP FIRST
CALL  SANPY
chp B
N FIRSY
a2 FIRST
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$BA
$A0B
$h=B

357y

sPOSITIVE AND EQUAL TO 80H

sIF THE SANPLE IS GREATER THAN GOW
AND SNALLER THAN 83
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Ltoc asJ

0E33 OC
0E34 3A503C
0E3? 324F3C
0E3A CD980D
OE3D FEBO
OEJF CASFOE
0E4A2 FA4B0E
0EAS F26CO0E

0E48 0C
0E49 CD?60D
QEAC FEBO
0EAE FAAAOE
0ESt 47
0ES2 79
0ES3 €630
0ESS 32483C
0ES8 0E0O .

0ESA 0C
0ESB CD980D
0ESE BB
OESF FASSOE
0E42 CIBSOE

0ELS 79
QE6S 32473C
0E49 C3DAOE
0ESC OC
0E4D D&BO
OE4F FEOS
0E7% FASFOE
0E?24 OC
0E75 CD98OD
O0E78 FEBO
0E?A F2BFOE
0E7D 47
0E7E 79

0E7F 32483C .

0EB2 0E00

0EB4 OC
0E8S CD980D
0E88 B8
0EBY F2450E
0ESC CICBOE

LIKE

1220

1221

1222

1223 P32
1224

1225

1226

1222
1228 LAO:2
1229

1230

123

1232

1233

1234

1235

1234

1232

1238 LAGS:
123¢

1240

1241

1242

1243

1244 P32
1245

1244

1247

1248 LEAD:
1249

1250

1251

1252 LEAD1:
1253

1254

1253

1254

1252

1258

1259

1260 LEADS:
1281

1282

1243

1264

1265

1266 PI2:

NODULE PAGE 27

SOURCE STATEMENT

INR
LDA
sTA
CatL
CPl
Jz
Jn
JP

INR
CALL
cPl
Ju
Hov
Hov
ADI
STA
NVl

INR
CALL
chp
JN
JNP

Hov
STA
Jup
INR
sul
cPl

INR
CALL
cPl
Je
Hov
HOV
STA
L1) |

INR
CaLL
cHp
Jp
JHP

¢ ;COUNT STARTS HERE
CHAN#Y

CHAN

SANPY

808

P32

LAG

LEAD

c
SANPY
804
LAGY
B,&
A,C
S0H
PHASE
€0

c
SANPY
B
P33
LAGS

A,C
HAFP
TERN
c
80K
8
P32
¢
SANPY
80H
LEAD2
B,4
AyC
PHASE
C,0

¢
SANPY
]
P33
LEADS
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Loc osJ

OESF 47
0E?0 CD980B
0E?3 D8
0E?4 FAAOOE
0E?7 3EQ0
0E?? 32483C
QE9C 4AF
0E?D CISAOE

0EAO 3E3E
0EA2 32483C
0EAS OE00
0EA7 CIBA0E

0EAA 00
0EAB C3AECE

OEAE 00 .
OEAF C3B20E

0EB2 00
OEB3 C3480¢

O0EBS CIBYOE
OEBY C3IBCOE
QEBC C3ISA0E

0EBF 00
0ECO C3IC3I0E

0EC3 00
0EC4 C3IC70E

0EC7 00
0EC8 C3740E

0ECB C3ICEOE
OECE C3IDIOE

OEDt C3B40E
0ED4 E?
0EDS DY
0EDS C1
OED7 F1

LINE

1287

1248

1249

1270

127

1272

1273

1274

1275 P3ss
12726

1272

1278

1279

1280 LAGIs
1281

1282

1283 LAG2:
1284

1283

1286 LAG3:
1267

1288

1289 LAGS:
1290

1291 LAG?s
1292

1293 LAGE:
1294

1295 LEAD2:
1294

1297

1298 LEAD3s
1299

1300

1301 LEADAs
1302

1303

1304 LEADS:
1305

1306 LEAD?s
1307

1308 LEADS:
1309

1310 TERMa

MODULE PAGE 28

SOURCE STATEMENT

nov
cawL
cip
L]
I
STA
nov
JHP

WVt
STA
NVl
JHP’

NOP
Jup

NoP
Jp

NOP
JHP

JHP
JUP
Jup
NoOP
JNP

{4
Jip

NP
JiP

JUP
JiP
JHP
POP
POP

poP
poP

3,4
SANPY
b

P34
4,0
PHASE
C,A
LAGY
A,3EH
PHASE
c,0
1EADS

LAG2
LAGI

LA8
LAG7
LADS
LAGY |

LEAD3
LEAD4

LEAD?
LEAD?
LEADS
LEADS
H
D

' -
PSU
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Loc - 08J LINE SOURCE STATENENT
0EDS CY 1314 RET

1315 ;

1315 3

1317 ; SCHEDULE TABLE

1318 ;

1319 SCHED: -
0EDY 41 1320 DB %
0EDA 42 1321 DB ’p’
0EDB 44 1322 0B p’
O0EDC 45 1323 DB g’
0EDD 44 1324 B *f
OEDE 47 1325 BB g’
OEDF 48 1326 DB W
OEE0 49 1327 DB 1
0EE) 4A 1328 0B g
0EE2 4B 1329 B R
0EE3 4C 1330 B .
OEE4 4B 133 B N .
OEES 4E 1332 B N’
OEES AF 1333 DB 9
0EE? 50 1334 B ps
OEES St 1335 B Q
QEE9 52 1335 DB *R”
OEEA 53 1337 B g’
OEED 54 1338 DB 4 i
OEEC 55 1339 B g
OEED 54 1340 DB oy
OEEE 57 1341 DB y’
OEEF 58 1342 B X
0EFO 59 1343 08 ye
OEF1 5A 134 B 2
0EF2 43 1345 D3 ¢’

1346 ; ,

1347 ; SCHEDULE ADDRESS TABLE

1348 3

1349 ADRES:
0EF3 0000 1350 b 0
0EFS 3IFOC 1351 B )
0EF7 3B0C 1352 o 2CHD
0EF? 370C 1353 by YCHD
_OEFB FFOB 1354 ¥ XCHD
0EFD 5703 1353 o ucKD
O0EFF 9308 1354 v VCKD
OFO1 4308 . 1357 o UcHD
0FO3 3408 1358 W cND
0F0S 0303 1359 o SCHD
0F07 CO0A 1340 1 RCND
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Lec o

0F09 2D0A
OFOB 3JA0A
OFOD 1FO0A
OFOF 0404
OF11 E909
0F13 €309
OF15 7C0Y
0F17 7309
OF19 5409
OF1B 3309
OFID 1509
OFIF F208
0F21 DCO8
0F23 Ci108
OF23 A408
0F2? 8308

0F29 €5

© OF2A D3
0F2B ES
OF2C 21513¢C
OF2F 11813C

0F32 7€
0F33 FE3D
0F35 CA7DOF
0F38 FE3N
OF3A CASEOF
0F3D FE32
OF3F CASOOF
OF42 324F3C
OFAS CDB&OD
OF48 EB
0FA9 27
0FAA 23
0F4B €D
OFAC 23
OFAD C3320F
0F50 23 .
OFSt 7€
0F52 324F3C
OFSS CD330D
0F38 3A493C
OF5B C3480F

LINE

1361
1342
1363
1364
1363
1364
1347
1348
1349
1370
13721
1372
13723
1374
13723
1326
1327
1378
1379
13890
1381
1382
1383
1384
1383
1336 CAPS:

1387

1388

1389

1390

1391

1392

1393

1394

1393

1396 INTER:
1392

1398

1399

1400

1401

1402 PERD:

1403

1404

1403

1406

1407

"Uws we we

REP:

NODULE PAGE 30

SOURCE STATENENT

W ocup

DU PCHD

DU OCND

DU NCHD

DU HCHD

DU LCHD

W KTWD

ou Jcup

DU ICHD

U NCMD

ou GCHD

DU FCND

DU ECHD

W DCWD

DU BCHD

DU ACHD

SUBROUTINE. .PREP

PUSH B

PUSH D

PUSH M

LXI M, TENP

LXI  D,QUASI

HOV A

CPI  30H  $IS IT SANPLING TERNINATOR?
3z LOCK

CPI  31H ;IS IT PHASE NEASURE REQUEST?
3 SPECL

CPI 324 ;IS IT FRED. NEASURE REQUEST?
3z PERD

STA  CHAN  ANPLITUDE

CALL  AWPLT

XCHS " jANPLITUDE NEASURENENT
HOV WA

X W

XCHO

Iy W

JNP  CaPS

X W $FREQUENCY NEASURENENT
HOV AN

STA  CHAN

CALL  FREQ

LA RESLY

JWP INTER
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Lo 0BJ LINE SOURCE STATENENT
OFSE 23 1408 SPECLs  INX L} sPHASE NEASUREHENT
OFSF 7¢ 1409 NOV A
OF80 324F3C 1410 | STA CHaN
OFé3 23 1411 {) 4 H
OFé4 7€ 1412 L1 A
O0F&S 32503C 1413 STA CHAN+Y
O0FéB CD130E 1414 CALL PF
OF&B JA4Z3C 1413 LDA HAFP
OFéE EB 1418 XCHG
OF4F 77 1417 NOV N,A
0F70 23 1418 INX ]
O0F71 €8 1419 XCHe
0F72 23 1420 INX H
O0F73 3A483C 1421 LDA PHASE
0F26 EB 1422 XCHB
OF727 77 1423 Hov A
0F78 23 . 1424 INX H
OF79 EB - 1425 XCHe
0F25 CI320F 1426 JNP CAPS
O0F7D EY 1427 LOCKXs  POP H
OF7E DY 1428 POP. ]
OF?F C1 1429 POP B
O0F80 C? 1430 REY

1431 3 .

1432 3§ SUBROUTINE..FILL

1433 JTRNSFERS DATA FROM TEMPORARY LOCS. TO
1434 JALLOCATED MEMORY LOCATIONS.

1435 3
1435 FILL:
O0F0! 7€ 1437 nov AN
OF82 EB 1438 XCHO
0F83 77 1439 Hov A
OF84 23 1440 INX H
0F83 EB 1441 xcHe
OFB8s 23 1442 - INK "
OF8? 05 1443 DCR B
0F88 T2810F 1444 JINZ FILL
0F8s C9 1445 RET
1446 ;
1447 ;
1448 NESG1s
OFBC 494E5641 1449 Dy ZINVALID CONNAND’
OF90 4CA94420 :
OF94 AJ4FADAD
OF98 414E44
O0F93 0D 1450 ] ) 00K
OF9C 00 1431 Do 0
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LoC OBJ LINE SOURCE STATENENT
1432 3
1453 ERORI:
0F9B 00 1454 NoP
OFFE C3400C 1455 Jnp Locs
1456 3
1437 3
1438
1459 ERROR3
OFAY 218COF 1440 LXI H,MESG]
OFA4 CDFS0C 1441 caLL PRNT
OFA7 CDBIOC 1462 DONEs  CALL DELAY
OFAA CDFDO3 1443 calL ¢t
OFAD 32608 1444 JNP START
14463

’
1486 ;THIS SECTION OF THE PROGRAM RESIDES
1447 IN THE RANDON ACCESS NEMORY.

1448 3

3C40 . 1449 OR6 3CA0H
3C40 1470 TESTs DS 1
3C41 1471 PF13 DS 2
3C43 ' 1472 PF21 DS 2
3CAY 14723 PFY3 DS 2
3C47 1474 HAFPs DS 1
3C48 1425 PHASEs DS !
3C49 1476 RESLY: DS 2
3C48 147272 COUNT: DS 1
3CAC 1478 FLAGI: DS 1
3C4D 1479 FLAG2: DS \
3C4AE 1480 FLAG3s DS 1
3CAF 148t CHAN: DS 2
3¢50 1482 TENP: DS 22
3C6?7 1483 DATA: DS 28
3cet 1484 QUASIT DS "
3c8C 1485 KUNBs DS 1
3c8d 1486 CHNDs DS . 14
3C9B 1487 FLAG: DS 1
3C9C 1488 TIMEs DS 1
3L 1489 SLEP: DS 2
3C9F . 1490 NARCH: DS 2
ICAS ‘1491 AUSS DS \
0800 1492 END 800K

PUBLIC SYNBOLS

EXTERNAL SYNBOLS
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USER SYNBOLS

ACHD A 088B
ANPLY A ODBD
ANPLS A OEOB
AU A 3CAY
CCHDt A OCA3
co A 03FA
DATA A 3C&7
DRIVE A BFF3
FAST 4 0003
FLAGY A 3CAC
FRE@2 A 0D74
HCHD A 0935
KAT h ODA?
L12 A OCEE
L2 A 0840
L24 A 0009
LAG2 A OEAE
LAGB A OEBC
LEADI A OEC3
LEADS A O0EDY
LOCS A 0Cs0
NAY A O0CBA
NEXT A 0D3C
P32 A OESF
PCHD A 0A3A
PF3 A 3C45
PREP A OF2Y
REGDS A 02DF
SCHD A 0BO3
STATUS A BFFC
TEST A 3C40
WCHD & 0BB?

ASSENBLY CONPLETE,

ADC8 A BFF8
ANPLZ & ODCD
ANPL? A ODF2
BCHD A 0BAS
CHAR A 3CAF
CONT & 0880
DC¥D A 08CH
ECND A 08DC
FCHD A O8F7
FLAG2 A 3C4D
GCHD A 0914
ICHD A 0954
KCHD A 099C
L3 A OCE2
L20 A 0D11
LS A 0C&9
LAG3 A OEB2
LCHD A 09C5
LEAD4 A QEC?
LOCT A 0867
LoCé A 0CSB
HCHD A 09E?
HUNB A 3C8C
P33 A 0E&S
PERD A OF50
PHASE A 3CA8
PRRT A OCF3
RESLT A 3cCA9
SETUP A 8FFQ
STP + 0002
TINE A 3C9C
XCHD A OBFF

NO ERRORS

COPIED :FO3JANZ.LST T0 :COs

ADCHI

ANPLY.

ANPLS
BEG
c1
CONV
DELAY
ERORY
FILL
FLAG3
GETCH
IDLE
L
L4
L21
Lé
LAGY
LEAD
LEADS
Loc2
LocK
NESG1
0CHD
P34
PF
PPI
0CHD

" SAKPY

SLEP
TCHD
TVO

XN1T

DPEDOIEDDIDODDDIDDIIDDDIDIODDIDDED
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HODULE

ADLCO
ANPLA
ANPLY
CAPS
CHND
COUNT
boL
ERROR
FIRST
FREQ
GNSEL
INTER
L10
L5
t22
LAD
LAGS
LEADY
LEADS
Loc3
Loop
NUXADR
ONE
P32
PF1
PP3
QUASI
SAKP3
SPECL
TENP
UCHD
YCHD

PAGE 33

& 8FFD
A 0DE3
& 0DBS
A OF32
A 3C8D
A 3CAB
A 0024
A OFAt
A 0E1?
A 0D33
A 8FF9
A OF48
A OCE?
A OCFb
A 0DOD
A OE48
A OEBS
A 0E74
& OECB
A 0C47
A 0DAO
A BFFA
+ 0000
A 0E29
& 3CM
A 0D86
A 3C81
A 0033
A OFSE
A

A 0037

ABRES A OEF3
ANPLS A 0E02
APR A OCB?
CCHD A OC3F
CRVCHD A BFFB
CRDSEL A GFFF

DONE A OFA?
ESC A 001B
FLAG A 3C9B
FREQY A 0DS9
HAFP A 3C47
JCHD A 0973
L1t A OCD4
Lié A 0DOA
L23 A OD2F
LAGt & OEAA
LAG? A OEBY

LEAD2 A OEBF
LEAD? A OECE

LOCA A 0Ca8
HARCH A 3C9F
NCKD A 0A0A
P31 A OE3A
P4 A ODBF
PF2 4 3C43
PPA A 0D8B
RCNB A 0ACO

SCRED A OED9
START A 0826

TERN & JEDA
YCHD A 0B93
ICHD A 0C3B



Appendix II .

Control Routine (TSK 1) Listing.
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aaoaaooaaaoanaaoan

aaaon

100

140
120

130

iz iz Xy aoa gnon (2]
(<]

a0

THE MAIN ROUTINE (TSK 1) FOR THE SIMULATOR.,

THE 'COMMON RLOCK DTA/AC144)/ 1S THE MEMORY REGION
SHARED BY MAIN CONTROL TASK (TSK 1) AND
COMMUNICATION TASN (TSK 2) OF THE SOFTWARE STRUCTURE

SET UF THE COMMON RLOCKS REQUIRED FOR THE GRAFHICS BUFFER

AND ALSO THE BLOCK THAT STORES THE ARRAY SW(100).

THIS ARRAY IS A "LOGICALX1® ARRAY WHICH MEANS IT USES ONLY

ONE DYTE FER SURBSCRIFT. THE ARRAY’S NAME IS SHORT FOR SWUITCH»

AND THE ARRAY CONTAINS DATA TO CHANGE 100 SWITCHES ON THE DRS-11/
SIHULATOR INTERFACE. THE ARRAY IS ALSO INITIALIZED TO ALL °*FALSE®
Ok SWITCH OFEN FOSITION TO LKEGIN THE PROGRAM.

LOGICAL¥1 SW

COMMON /70TA/ AC164)91
COMMOMN/DFILE/IRUF(1100)/SUB/SW(100)
DIMENSION TIM(2)»DAT(3)

DATA SW/100%.FALSE./

DATA COMMN /6RCOMMN /

INTRODUCTORY DRISFLAY WITH OPERATING INFORMATION.

CALL REQUES(COMMN)
CALL INIT(1100)

CALL RSTR(’INTRO.DPY’)
CALL CLREF(11)

CALL LFPEN(MsNsXX2YY)
IF(M.EQ.0)GOTO 120
CALL ON(90)

RESTORE FICT FROM DISK

CLR THE LGT PEN EVENT FLAG

RET THE SURP WHERE LGT PEN HIT
LOOP TO WAIT FOR LGT PEN HIT

s sam sem sam

CALL CLREF(11) ! CLR LFT FEN EVENT FLAG
NZ=0
CALL LPEN(MZ/NZ) I CK IF HIT IS SURE

IF(NZJ.NE.?1 +AND. NZJ.NE,22)GOTO 130

CALL OFF(20)

IF(NZJEQ.92)GOTO 140
GOTO(200,1100,200,80051000,300y700,400,500,500,9799) 7N
INITIATE THE HV TRANSMISSION PICTURE WITH ASSOCIATED DATA.

CALL INIT(1100)
CALL RSTR(/HVTRNS.DOPY’) ! RESTORE PICTURE

FLACE THE DATE ON THE PICTURE,
CALL DATE(DAT)

CALLL APNT(835.+,900,s~1,-5)
CALL TEXT(DAT)

UPDATE THE PICTURE’S SWITCHES AND CIRCUIT EREAKERS.

CALL UFDATEC1,20)
CALL URPDATE(60164)

SET UP LOOF TO DISPLAY DATA AND DETECT LIGHT PEN HITS,.
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220 CALL CLREF(11) ! CLR LPEN HIT
230 CALL TIMECTIM)
CALL NMERC239,TIM»8»’(2A4)°)
c .
c CHECK FOR LIGHT PEN MIT.
[ .
CALL LPENCMsN¢XXr YY)
IF(M.EQ.0)GOTO 230
c
c CLEAR EVENT FLAG FOR THE LIGHT PEN SO NO FURTHER ACTION WILL
c TAKE FLACE UNTIL THE DOURLE CHECK LIGHT FEN HIT IS MADE.
c FIRST TURN ON THE °"YOU SURE?’ SWITCH.
¢
CALL ON(90)
CALL CLREF(11)
c
c SET UP LUOP FOR LIGHT FEN HIT ON °ARE YOU SURE?" ANSUWER.
c
NZ=0
240 CALL LPEN(MZ,NZ)
IF(NZ.NE.91 .AND, NZ.NE,?2)GO TO 240
c
c TURN OFF *YOU SURE?‘ PICTURE.
c
CALL OFF(90)
c
IF(NZ.EQ.92)GOTO 220 ! IF "NO®* GO TO START
c . .
c IF THE HIT WAS ON A SUITCH OR CIRCUIT BREAKER GO TO 250
c
IF(N,GT.200)GOTO 260
c .
c ROUTINE TO CHANGE CIRCUIT EREAKER AND SWITCHES ARRAY.
c
250 IFCSW(N) ,EQ. . TRUE, )GOTO 251
SU(N)=0TRUEO
GOTO 210
251 SWN)=+FALSE,
GOY0 210
c
c "
c CALCULATE THE NUMEERS FOR THE COMPUTED GO TO STATEMENTS.
c
260 NB=N-200
c
c GOT0(100059005,1005,30054005800) sNB
c
c
E THE. SUBSTATION 4 PICTURE ANI DATA.
300 CALL INIT(1100)
CALL RSTR(/SULST4.DFY’) ' .
335 CALL CHECK(21,26+2792759501950195079505 9507950950950, N)
NE=N-300
WRITE(6»336)NR
338 FORMAT(1X,I3)
GOTO(2005,400,700,3315100) rNB
331 A(101)=21,0
A(102)=0,0
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332

DO00000

435

436
431

432

au aaonon
W O
a O

936
531

636

637
631
~632

633
634

635

WRITEC6»332)A(101)90(102)
FORMAT(1X»2F8.2)

CALL HON(9505 95059509 950,950,95097505950)
GOTO 335

THE SURSTATION &6 FICTURE ANDR DATA.
AT PRESENT THERE IS NO CHANNEL ASSIGNED TO THIS VARIABLE,

CALL INIT(1100)

CALL RSTR(‘/SUBSTSH.DPY’)

CALL CHECK(32s38»71y76,958,953,958,958, 958958258, 958»N)
NE=N~-400

WRITE(52436)NB

FORMAT(1X,I3)
GOTO(200,500»,600,431,100)¢NR

A(101)=23.0

A(102)=0,0

WRITECS6»,432)A(101)5AC102)
FORMATC(1X22F8,2)

CALL MOR(?593y958,958,258,958,958,938,958)
GOTO 4335

THE LOAD CENTER FICTURE AND DATA FLACEMENT.

CALL INIT(1100)

CALL RSTR(’LIDCTR.DPY’)

CALL CHECK(37r447,45545,958,958,958,958,958,958,958,758,N)
NER=N-549

WRITE(L:536)

FORMAT(1X+13)

GOTO (200,4005,531,100)»NR

AC101)=21,0

AC102)=0.0

WRITE(4r532)A¢C101),AC102)
FORMAT(1X»2F8,2)

CALL. MOD(958,9538,958,958,958,958,958,958)
GOTO S35 ’

THE NETWORK SYSTEM FICTURE AND DATA FLACEMENT.

CALL INIT(1100)

CALL RSTR(’/NETSYS.DPY’)

CALL CHECK(R26y3213323359507950,9581959+962126219621962sN)
NE=N-500

WRITEC(Sr637)INR

FORMAT(LX,I3) e e
GOTDC200,y4009300,2007631546327633,100)sNB
A¢101)=21,0 .

GOTO 634

AC101)=22,0

GOTO &34

A(101)=23,0

AC102)=0.0

WRITE(S9635)A(101),AC102)
FORMAT(1Xy2FB42)

CALL MOD(9350,950,958»2591960276019560,960)
GOTO 636
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NOAGOOO

00
735

736
731

732
733

734

OO0

837

877
831
832
833

834
835

839

«oanonn

00
995

T 996
991

992
993

THE INDUSTRIAL LOAD PICTURE AND DATA PLACEMENT.

CALL INIT(1100)

CALL RSTR(/INDLD.DFY’)

CALL CHECK(53,58:23923»9509953,9531953»95399532,9233v9253,N)
NE=N~700 .
WRITE(S6s736)NR

FORMAT(1X» 13) .
GOT0O(2005300,7009700,731,732790071000:800,100) yNR
A(101)=21,0

GOTO 733

A(101)=22,0

AC102)=0.0

WRITE(6,734)A(101),A(102)

FORMATC(1Xy2F8.2)

CALL MOR(950s?253y2537953595319531953,953)

GOTO 735

THE STATION 11 FICTURE AND DATA FLACEMENT.

CALL INIT(1100)
CALL RSTR(’STAT11.DPY’)

CALL CHECK(13,17165970994679248y965196512651,9659965,965»N)
NE=N-800

- WRITEC(6y877)NR

FORMAT (1X, I3)
GOTO(200,200,800,800,8315832,833,834,900,1000,100) yNB
AC101)=5,0

GOTO 835

AC101)=22,0

GOTO 835

AC101)=9.0

GOTO 835

AC101)=21,0

AC102)=0.0 .
WRITE(4,839)A(101) yA(102)

FORMAT (30X» 2F8,2)

CALL MOD(944y 948965 s 965, 965 s 965 9657 965)
GOTO 837

.

THE STATION 1 PICTURE AND DATA FPLACEMENT.

CALL INIT(1100) ,
CALL RSTRC/STAT1.DPFY’)

CALL CHECK(7512,469501936194519687196619681965196619661N)
IF(A(1).EQ.1.,0)GC0TO 99

NE=N-900 -

WRITECH» 7946)NB

FORMAT(1X»I3)
GOTO(20099005900,2002920079005,900,900:90021000,991,992,100)sNB
AC(101)=17.0

GOTO 993

AC101)=18.0

AC102)=0.,0

WRITE(6,994)A€101),A(202)
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994

aaonon

1000
1038

1031
1032
1033
1034
1035

- 1036

1037

aanon

1100
1135

1136

1130
1131

1132
1133

1134

9999

FORMAT(1X22F3.2)

CALL MOD(9361945996819669966996699669966)
GOTO 995

CALL DRSOUT

AC101)=0.0

GOT0 995

THE GENERATOR 1 PICTURE AND DATA PLACEMENT.,

CALL INIT(1100)

CALL RSTRC/‘GEN1.DPY’) .

CALL CHECK(O16951952993159379940994299451947 99672967 9N)
NE=N-1000

GOTU(200,1031,1032,1033v1034,1035+11005100,

1 100051000,10C0,1000)sND

AC101)=146.0
GOTO 1036
A(101)=17.0
GOTO 1036
A(101)=18.0
GOTO 1036
A(101)=5.0
GOTO 1036
A(101)=9.0

_A102)=0.0

WRITE(5,1037)AC101),A(102)
FORMAT(1X»2F8.2)

CALL HOD(P31,9379240r94299459947 1987 9967)
GOTO 1038

THE SYNCROMIZING PICTURE AND DATA FLACEMENT.

CALL INIT(1100)

CALL RSTR(’/SYNCRN.DFY’)

CALL CHECKR(Ar14,15+15+931,9329936293719419742+9461947sN)
NB=N-1100

UWRITE(S621136)NB

FORMAT(1XsI3)

IF(NE.GT.4?)GOTO 1130

GOTO (110091100,1100,1100,110051100,1100,1100,1100,1100,1100»

1 1100,1100,1100) #NE

NE=NE-49

60T0¢(1131,1132,1000,900,100) +NB
AC101)=21,.0

GOTO 1133

A€101)=22.0

A(102)=0.0

URITE(691134)A(101),AC102)
FORMAT(1X,21°8,2)

CALL MOD(931,932¢93699379741+242+2462947)
GOTO 1135

sToP
END
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SURROUTINE UFDATECJL,J2)
LOGICALX1 SUW
COMHMON/SUKR/SW(100)
COMMON /DTA/ AC164)+1

DO 250 I=J1,J42

aon o

CHECK IF UFDATE IS FOR FUNCTIONAL SWITCH OF CIRCUIT BREAKER.

IF(I.GT.46)GOTO 440
I11=1+100

UFPDATE CIRCUIT BREAKER SUBFICTURE.

nan

IF(SN(I).EQ, .FALSE.)GOTO 251
CALL OFF(II)
GOTO 250
251 CALL ON(ID)
GOTO 250

c UFLATE FUNCTIONAL SWITCH PICTURE.

440 IF(SW(I).EQ. .FALSE.)GOTO 451
CALL OFF(I)
CALL ON(I+100)
GOTC 250
451 CALL OFF(I+100)
CALL ON(I)
250 CONTINUE
RETURN
END

aonn

SURROUTINE CHECK(L1sL2sL3sL4sL5sL6sL75LErLPrL10,L11,L125N)
LOGICALX1 SU
. COMMON/SUR/SW(100)
COMMON /LTA/ AC164) 91
DATA COMMN /4RCOMMN 7
100 CALL UFDATECL1,L2)
] CALL UFDATE(L3,L4)
130 CALL CLREF(11)
130 DO 131 J=LSsL6
- 1=J-800
VOLTS=ACT)
131 CALL NMER(JIVOLTS ¢5¢’ (F5.1)7)
no 331 J=L7,L8
I=J-800
 VOLTS=A(T)
331 CALL NMOR(JrVOLTS»S»’(F5.1)7)
N0 332 J=L9sL10
1=J-800
VOLTS=ALT)
332 CALL NMBR(JsVOLTS»S»’(FS5.1)7)
DO 333 J=L11,012
1=0--800
VOLTS=A(T)
333 CALL NMER(Js)VOLTS»S» * (FSe1)7)
CALL LPEN(M/N»XXsYY)
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140

141

151
152

150

nonoon

161

146

162

164

334

335

336

163

IF(M.EQ.0)GOTO 130

CALL ON(¢?0)

CALL CLRCF(11)

NZ=0

CALL LFEN(MZyNZ)
IFC(NZ.NE,?1 .AND. NZ.NE.?2)GOTO 140
CaLL. OFF(?0)
WRITE(S»,141)NZ

FORMAT (1X»13)
IFC(NZ.EQ.22)G0TO 120
IF(N.GT.200)G0TO 150
IF(N.GT.20)N=N-100
IF(SWCN) LEQ. » TRUE,)GOTO 151
SWIN)=,TRUE,

GOTO 152 :
SU(N)=.FALSE,

N=1

A(101)=1.0

RETURN

END

SURROUTINE TO UPDATE THE DISFLAY FOR
3 TIMES IRRESFECTIVE OF ANYTHING

SUEBROUTINE MOD(M1sM2,M3sMA»HSsM6sM72M48)
LOGICAL¥1 SW
COMMON/SUL/SW(100)

COMMON /LTA/ A(164),1

DATA COMMN /&RCOMMN /

NUM=0

ITEMP=0

IF(A(102) JEQ+1.0)GOTO 162
WRITE(Sr166)
FORMAT (1X» * TEST?)

6OTO 161

DO 1464 J=M1,M2

1=J-8300

VOLTS=A(I)

CALL IDLE

CALL NMER(JyYOLTSsSs’(FSe1)*)
DO 334 J=M3sM4

I=J-800

VOLTS=A(I)

CALL MMER(JyVOLTSsSy’ (F5.1)7)
DO 335 J=MS/M6

1=J-800

VOLTS=A(1)

CALL NMER(JyVOLTS»Sy/(FS:1)*)
D0 335 J=M7,48

1=J-800

VOLTS=A(1)

CALL NMBR(JyVOLTS»S»‘(F5,1)*)
A€102)=0,0

NUM=NUM 1

IF (NUM.EQ.3)G0TO 143

GOTO 161

RETURN

END
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10

20

SUBRCUTINE IDLE

COMMON /DTA/ AC(164)+1
ICLK=1

ICLK=ICLR+1L
IF(ICLK.EQ.100)GOT) 20
GOTO 10

RETURN

END

128



Appendix III
Command and Communication Routine (TSK 2)

Listing.
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THIS COMMUNICATION ROUTINE (TSK 2) PERFORMS

THE TRANSMISSION OF EITHER COMMANDS TO MICRO.

FOR DATA ACQUISITION OR TO SIMULATOR CONTROLLER
(TSK 3) ROUTINE FOR UPDATE OF FUNCTIONAL SWITCHES.
AND RELAY CONTACTORS. IN ADDITION THIS PROGRAM
RECEIVES THE DATA FROM MICRO AND NORMALIZES TO REAL
VARIAELE UNITS AND VALUES.

aOaaOnNnNnNnn

INTEGER HDWF

INTEGER SCAN

INTEGER S(26),2(16)

INTEGER Y1(26)yY2(24)

INTEGER X2(58)

COMMON /DTA/A(174),1

DATA S/’A’y’B’y’C’ s 'D’y’'E’ 3 F’»'G’»’H 9’179’ 9’K*'»‘'L’»'MH’>»
1 'N’s’09’Po'Q’s'R 9 ‘'S 2'T’2'U’ e’V s’ W !X 'Y 9’2/

DATA Z/’QA°y 'R’ y’C’9’D’y’'E’9’F’9’0%9’1757'279°3’9'49’T"»
1 76°9°7+°8°9°9'/ ‘

DATA XsYsT/’0’9’U’9’$’/

c
c THE DATA FROM MICRO IS RECEIVED THREE TIMES FOR
4 EVERY SCHEDULE REQUESTED.
c INITIALIZES THE SCAN NUMERER
Cc <
SCAN=0
c .
C INITIALIZE THE THE ARRAY A(174) WHICH CORRESFONDS
c TO THE VARIARLES OF POWER SYSTEM SIMULATOR.
Cc.
DO 10 I=1,174
ACI)=0,0
10 CONTINUE
C
CALL DELAY
25 IF(AC101).NE.O.0)GOTO 30
CALL DELAY
GOT0 25
C
c DECODE THE USER INPUT THRU THE LIGHT FEN
c AND' SEND FROFER FORMATTED COMMAND TO MICRO.
>
30 K=A(101)/1
P=8(K)
AC101)=0.0
WRITEC(4+40)T e XeYoPeF» T
30 FORMAT(1X»6A19/)
c RECEIVES THE HEXADECIMAL DATA FROM MICRO AND
g FPROCESSES TO REAL MAGNITUDES AND UNITS.
- 201 READ(4545)X2(1)
45 FORMAT(A1)
IF(X2¢(1).EQ.S(16))GOTO 231
GOTO 201
231 READ(4+46) (X2(1) 9 I=1,58)
446 FORMAT(S8A1)
WRITE(6:47)
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47 FORMAT(1Xs* )
IF(X2(1).NE.S(9))GOTO S50
A(3102)=0.0
SCAN=0
GOTO 30

CONVERSION OF HEX NUMBERS INTO DECIMAL. NUMRERS

‘umaan

0 HD=16
DO 52 I=3,53,2
JsC(I+1)/72)-1
IF(X2(I).EQ.Z(1))GOTO &0
IF(X2(I).EQ.Z(2))G0TO 61
IF(X2(1).EQ.Z(3))GOTO &2
IF(X2(I).EQ.Z(4))G0TO &3
IF(X2(I).ER.2(5))GOTO 44
IF(X2(I).EQ.Z2(4))GOTO 45
IF(X2¢I).EQ.Z(7))GOTO 160
IF(X2(¢(I).EQ.Z(8))GOTO 161
IF(X2¢I) EQ.Z(?))GOTO 162
IF(X2(I).EQ.2¢10))GOTO 163
IF(X2(I).EQ.Z(11))GOTO 164
IF(X2(I).EQ.Z(12))GATO 165
IF(X2(I).EQ.Z(13))GATO 1646
IF(X2(I)EQ.2(14))G0TO 167
IF(X2¢(I).EQ.Z¢(15))GOTO 148 =
IF(X2(I).EQ.Z(16))GATO 169
60 ¥2(I)=HD%10
GOTO 70
61 Y2(I)=HD%11
) GOTO 70
62 Y2{I)=HDX12
GoTO 70
63 Y2¢I)=HD¥13
GOTO 70
64 Y2(I)=HD%14
6070 70
65 Y2(I)=HDX1S
GOTO0 70
160 Y2(I)=0Q
: 6070 70
161 Y2(I)=HDx1
GOTO 70
162 Y2(I)=KRD%2
GOT0 70
163 Y2(¢I)=HD%3
GOTO 70
164 Y2¢I)=HD%4
GOTO 70
165 Y2(I)=HD%X3
GoTo 70 ’
166 Y2(I)=HDXé
GOTO 70
167 Y2(1)=HD%?
GOTO 70
168 Y2(1)=HD%8
GOTO 70
169 Y2(1)=HD%?
70 IF(X2¢(I+1).EQ.Z(1))GNTO 80
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80
81
82
83
84
85
180
181
182
183
184
185
186
187
188
189

ann ﬂﬂﬂﬂg

146

IF(X2(I+1).EQ.2Z2(3))GOTO 82
IF(X2(I+1).EQ.2Z(4)>G0TO 83
IF(X2¢(141).EQ.2(5))CGOTO 84
IF(X2¢(I+1).EQ.Z(6))GOTO 85
IF(X2¢(I+1).EQ.2(7))COTO 180
IF¢(X2(I+1).EQ.Z2(8))COTO 181
IF(X2(I+1).EQ.Z(?))COTO 182
IF(X2¢I+1).EQ.2Z2(10))GOTO 183
IF(X2(I+1).EQ.Z(11))GOTO 184
IF(X2¢(I+1).EQ.Z2(12))GOTO 185
IF(X2(XI+1).EQ.Z(13))GOTO 186
IF(X2(I+1).EQ.Z2(14))GOTO 187
IF(X2(I+1).EQ.2¢(15))GOTO 188
IF(X2(I+1).EQ.Z2(16))GOTC 189

Y1¢J)=Y2¢I)+10
GOTO S2
Y1()=Y2¢I)+11
GOTO 52
Y1(J)=Y2¢1)$12
GOTO 52
Y1¢J)=Y2(1)+13
GOTO 52
Y1¢J)=Y2(I)+14
GOTO 52
Y1(J)=Y2(I)+1S
GOTO 52

L Y1¢J)=Y2¢1)

GOTO 52
Y1¢J)=Y2(I)+1
GOTO 52
Y1{(J)=Y2(I)+2
GOTO S2
Y1¢J)=Y2(I)+3
GOTO 52
¥1¢J)=Y2(I)+4
GOTD 52
Y1¢J)=Y2(I)+S
GOTO S2
Y1¢D)=Y2(I)t+6
GOTO 52
Y1(JI)=Y2(1)+?7
GOTO S2
Y1(J)=sY2(I)+8
GOTO 52
Y1¢J3=Y2(I)+9
CONTINUE

CONVERSION OF SCALED DECIMAL DATA INTO REAL VALUES
IF(Y1(1).EQ.0)GOTO 146

GENERATOR 1 VOLTAGE

AC131)=(Y1(1)~122)%5,045

GOTOD 147
AC131)=0.0
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€ GENERATOR 1 FREQUENCY

C

147 IF(Y1(5).EQ.0)GOTO 141
A(132)=(42,0%60.0)/Y1(3)
GOTO 142

141 A(132)=0.0

C

C GENERATOR 1 CURRENT

c

142 IF(Y1(15).EQ.0)GOTO 148
AC133)=(Y1(13)-126)%0,0167
GOTO 149

148 A(133)=0.0

C

c GENERATOR 1 FHASE WRT TO INTER TIE

c

149 IF(Y1(9).EQ.0)GOTO 101
IF(Y1(10).67.80)6G0TO0 S00
A(134)=C(Y1(10)/Y1(9))%180.0)
GOTO 91

300 ¥1¢(10)=Y1¢(10)-80
GOTO 90

101 A(134)=0,0
GOTO %1

90 . AC(134)==((Y1(10)/Y1(9))%X180.0)

c .

€ GENERATOR 1 VOLTAMFERES

c

gl A(135)=A(131)%A(133)/1732,0

c GENERATOR 2 VOLTAGE

c

c
IF(Y1(2).EQ.0)GOTO 171
Al136)=(Y1(2)-128)%4.96

c

c GENERATOR 2 FREQUENCY

Cc ) .
GOTO 172

171 AC134)=0.0

172 IF(Y1(6).EQ.0)GOTO 102
AC137)=(62.0%60,0)/Y1(6)
GOTO 103

102 A(137)=0,0

c

c GENERATOR 2 CURRENT

c

103 IFC(Y1¢(16).EQ.0)GOTO 173 .
AC138)=(Y1(16)-128)%0.,0145
GOT0O 174

173 A(138)=0.0

c

g GENERATOR 2 PHASE WRT INTER TIE

174 IF(Y1(11).EQ.0)GOTO 104
IF(Y1(12).6GT.80)GQT0 501
AC139)=C(Y1¢12)/7Y1(11))%180.0)
GOTO0 93

501 Y1(12)=Y1¢(12)-80
6070 92
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N ©
F )

ﬂﬂﬂaﬂﬂﬂ@

175
176

105

1046

177

178

503

[
=]
~N

Oﬂﬂaﬂﬂﬂf

A(139)=0.0
GOTO 93
A(139)=~-((Y¥Y1C¢12)/Y1(11))%180.0)

GENERATOR 2 VOLTAMPERES
A€140)=(A(1356)%A(138))/1732.0
GENERATOR 3 VOLTAGE

IF(Y1(3).EQ.0)GATO 175
AC141)=(Y1(3)~-124)%5.35
GOTO 176

A(141)=0.0

GENERATOR 3 FREQUENCY

IFC(Y1(7).EQ.0)GOTO 105
A(142)=(62.0%60.0)/Y1(7)
GOTO 106

A(142)=0.0

GENERATOR 3 CURRENT

IF(Y1(17).ER.0)GOTO 177
A(143)=(Y1(17)-128)%0.01936
60TO 178

A(143)=0.0

GENERATOR 3 PHASE WRT INTER TI1E

IF(Y1(13).EQ.0)GOTO 107
IF(Y1(14).GT.80)GOTO 503
A(144)= ((Y1(14)/Y1(13))*180.0)
GOTO 95

¥1(14)=Y1(14)-80

GOTO 94

A{144)=0,0

GOTO 95 .
A(144)=-((Y1(14)/Y1(13))%180.0)

. GENERATOR 3 VOLTAMFPERES

AC145)=(A(1413%A(143))/1732.0
INTERTIE VOLTAGE

IF(Y1(4).,EQ.0)GOTO 191
AC(146)=(Y1(4)-128)%4,0
GOTO 192

A<146)=0.0

INTERTIE CURRENT
FOR S AMFS. RANGE ONLY.

IF(Y1(24).EQ.0)GOTO 193
A(148)=(Y1(24)~-128)%0.2238
GOTO 194

A(148)=0.,0

134



INTERTIE FREQUENCY

IF(Y1(¢(8).EQ.0)GOTO 195
AC147)=(62.,0%60.0)/Y1(8)
GOTO 196

AC147)=0.0

SUBRSTATION-4 RIGHT EUS VOLTAGE

IF(Y1¢18).EQ.0)GOTO 211
AC150)=(Y1(18)-128)%k4.47
GOTO 212

A(150)=0.0

INDUSTRIAL LOAD VOLTAGE

IF(Y1(20).EQ.0)GOTO 301
AC151)=(Y1(20)-128)%4,273
GOTO 302 '

A(151)=0.,0

NETWORK SYSTEM VOLTAGE L1-N

IF(Y1(23).EQ.0)GOTO 307
A(1S59)=(Y1(23)~-128)%1.098
GOTO 308

A(159)=0.0

INDUSTRIAL LOAD CURRENT

IF(Y1(¢(25).EQ.0)GOTO 309
AC153)=(Y1(25)~-128)%0,23178
GoTo 311

A(153)=0.0

NETWORK SYSTEM LOAD CURRENT °
GOTO 312
AC162)=(Y1(24)~-128)%0.10556
6070 313 :
AC162)=0.0

SURSTATION-6 BUS VOLTAGE
IF(Y1(22).,EQ.0)GOTO 315
AC158)=(Y1(22)~-128)%4.765
GOTO 316

A(158)=0.0
A(152)=1,.0

STATION-1 BUS VOLTAGE
IF(Y1¢19).EQ.,0)GOTO 445
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445

446
444

225

10

20
PIF>

AC156)=CY1(19)-122)%5,109
GOTO 446
A€1562=0.0

STATION-11 BUS VOLTAGE

A(155)=A(146)%2.8844
WRITE(69444)
FORMAT(1Xs’ “)
AC102)=1.0
SCAN=SCAN+1
IF(SCAN.EQ.3)GOTO 225
GOTO 201

SCAN=0

GOTO 25

STOP

END

SURROUTINE DELAY
COMMON /DITA/ A(164)»1
ITEST=1

ITEST=ITEST+1
IFCITEST.EQ.S50)GOTO 20
GOTO 10

RETURN

END
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Appendix IV
DRS - Output Driver Routine (TSK 3)
Listing.

(Simulator Controller Interface Routine)
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+«NLIST TTMIME

+GLORL DRSOUT

$THIS PROGRAM (TSK 3) CONTROLS THE
FFUNCTIONAL SWITCHES AND CIRCUIT

FBREARCRS OF THE FOWER SIMULATOR

# THROUGH RELAY/TRIAC ARRANGEMENT

oTITLE DRSOUT - SET DRS-11 OQUTIFUTS

ROUTINE TO SET DRS-11 OUTFUT DEVICES, IT
WILL READI THE COMMON INTEGER ARRAY SUW
(100 LOGICALX1) AND SET THE 48 LINES ON
EACH XIRS-11 ACCORDING TO THE SETTINGS OF
THE LOGICALS IN SW. THE SUBROUTINE ALSO
FEATURES A SOFTUWARE FATCH EBOARD (RYTE
ARRAY PATCH) WHICH ALLOWS A SOFTUARE RE-
WIRING EBETWEEN THE ENTRY NUMEER IN SUW
AND ANY FIN NUMBER IN EITHER DRS-11.
UPON EACH CALLy THE ENTIRE OUTPUT FROM
EACH DRS-11 IS REGENERATED FROM SUW.

WS WS WP WS WS WS WO WP W W W W

PSW=177774
+FSECT DRSOUT
+RADIX 10
DRSOUT? JSR FC»SAVREG i SAVE REGS
MoV FORSREGYRS
MoV $16sR1
Mov F#PATCH»R2
AGAIN: CLR R3
MOVB (R2)+sR3 i R3 IS SW ENTRY¥ FOR NEXT PIN
DEC R3 i ALLOVW FOR FORTRAN ‘1‘/ INDEX
ADD +SUBYR3 3 R3 HAS ADDR OF SW EBYTE FOR PIN
MOVB (R3)rR47 RAIS SW VALUE FOR PIN O
ROR R4 # SET CARRY
ROR RO i MOVE INTO RO
DEC R1 3 TIME TO WRITE RO?
BNE TEST i IF NOT, SKIP
MoV RO»@(RG)+ i MOVE TO DRSREG VALUE
MOV $16:R1 i RESET COUNT
TESTS cMP 2y¥PATCHE®S 37 TIME TO STOR?
BNE AGAIN ‘
JSR FC»RESREG
RTS FC .
DRSREG: DRSORO § BERUS ADDRESS OF DRS-11
DRSOR1
IRSOR2
IIRS1RO
DRS1IR1
IRS1R2
PATCH: JBYTE 1 i PIN O = SU( 1)
+BYTE 2 3 FIN 1 = SW( 2)
+BYTE 3 i PIN 2 = SW( 3)
+BYTE 4 i FIN 3 = SW(4)
+BYTE S i PIN 4 = SW( 5)
+BYTE 6 i PIS = SW( &)
+BYTE 7 i PIN 6 = SW( 7)
+BYTE 8 i PIN 7 = GU( 8)
«BYTE 9 i PIN 3 = SW( 9)
BYTE 10 | § FIN 9 = SUW(10)
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+«BYTE
+BYTE
+BYTE
+BYTE
+BYTE
+BYTE
+BYTE
«BYTE
+RYTE
+BYTE
+RYTE
«RYTE
+BYTE
+BYTE
+BYTE
+RYTE
+RYTE
+RYTE
+BYTE
«BYTE
+BYTE
+BYTE
+BYTE
«BYTE
+BYTE
«RYTE
+BYTE
+BYTE
«BYTE
+BYTE
+BYTE
+RYTE
+«BYTE
+RYTE
«BRYTE
+BYTE
+BYTE
+RYTE
+BYTE
+BYTE
+BYTE
+BYTE
+RYTE
+«RYTE
+BYTE
+RYTE
+BYTE
+BYTE
+RYTE

+BYTE &0

+BYTE
+«BYTE
+BYTE
+BYTE
+BYTE
+RYTE
+BRYTE
+BYTE
+BYTE
+BYTE

“»

PIN
PIN
PIN
PIN
FIN
PIN
PIN
PIN
PIN
PIN
FIN
PIN
PIN
PIN
PIN
PIN
FIN
FIN
PIN
PIN
PIN
EIN
FIN
PIN
PIN
FIN
PIN
FIN
PIN
FIN
PIN
PIN
PIN
PIN
FIN
PIN
PIN
PIN
PIN
PIN
FIN
PIN
PIN
FIN
PIN
PIN

W) WD WO WP WP WP WP P WP WP WP WP C) WP W WP Ch WP WH WS WP WS WS WP WP WP WH W) WP WH W W W W WP WP W Wp W W WS WS WS WS wWs W

PIN 8

PIN
FIN
PIN
PIN
PIN
PIN
PIN
FIN
PIN
PIN

s WP W WP W WH W W W WP

nauwuuwaundu

N2 O

SW(11)
SW(12)
SW(13)
SW(13)
SW(15)
SW(148)
SW(17)
suW(18)
SW(1?)

5W(20)
= SW(21)

SW(22)
SW(23)

SW(24)

SW(25)
SU(26)
SW(27)
SU(28)
SW(29)
SW(30)
BW(31)
SW(32)
SU((33)
SW(34)
5UW35)

= SUW(Z6)
= SW(I7)

SW{38)
SW(3%)
54(40)
sw(41)
SW((42)

SW(43) -

SW(44)

sSW45)

SU(46)
SW(47)
5W(48)
SW(49)
SW(S0)
sW(S1)
SW(52)
SW(S3)
SU(S4)
SW(SS)
SU(S6)

= SUW(S7)
i PIN 9 = SUW(S8)
i PIN 10= SUW(39)
PIN 11= 8W(80)

12=
13=
14=
15=
16=
16=
18=
19=
20=
Q2AN=

SW(s1)
SW(62)
SW(63)
SK(64)
SW(™%)
SUW(&5)
SW(67)
SW(568)
SUW(S6?)
SW(70)
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SAVREG?

RESREG ¢

SAVPCR ¢
RSTPCR

SUK:

«BYTE
+BYTE
+RYTE
+RYTE
+RYTE
+RYTE
+RYTE
+RYTE
«RYTE
«IYTE
«RYTE 81
+RYTE 82
+BYTE 83
+BYTE 84
+RYTE 85
+RYTE 86
+BYTE
+BYTE
+RYTE
+BYTE
+RYTE
+BYTE
+BYTE
«RYTE
+BYTE
+RYTE
MOV
MoV’
MoV
MoV
MoV
MOV
MOV
MOV
MoV
RTS
MOV
MoV
MOV
MOV
MOV
MoV
MoV
MoV
MoV
RTS
0
0

PIN
PIN
FIN
PIN
PIN
PIN
PIN
PIN
FIN
FIN
PIN
PIN

W WP W WP wr WS WP WS W W WP We

-

PIN
FIN
PIN
PIN
PIN
PIN
FIN
FIN
FIN
FIN
FIN
PIN

> W> W WH WH WD Wp WS W WH W Ws W

i
{SP) t»SAVFCR
FPSWy—-(SP)

RSy~ (SP)
R4y~ (SP)
R3y~(SPF)
R2y=(SP)
R1,~(SP)

‘RO»~(SP)

i

Bananngi

th-OGJVt?ULbGJM

CIWRNRNIRRNRRR

32=

33=5
FIN 34= SW(B3)
PIN3S= SW(33)

34=
37=
3=
39=
40=
a1=
42=
43=
44=
45=
46=
47=

SAVPCRs-(SP)

PC

(SP)+,yRSTPCR

(SF)tsRO
(SP)+sR1
(SP)+»R2
(SF)*+sR3
(SF)1+sR4
(SP)+sRS

(SF)+»$#PSY
RSTFCR»~(SP)

FrC

+FSECT SUD»OUR

+BLRR 100

+END

SW(71)
SW(72)
SW(73)
SW(74)"
SW(75)
SW(75)
SW(77)
SW(78)
SH(79)
SW(80)
SW(81)
w(82)

SU((86)
SW(as)
5W87)
sWas)
SW(89?)
SW((90)
SW(?1)
SW(22)
SW{93)
SW(24)
SW(93)
SW(?5)
i SAVE REGS

7 RESTORE REGS
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Appendix V
Indirect Command Fiies and

Startup File.
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+CONTROL/-CP¢T1$/SH=CONTROL »CNTLSBsIRSOUTsGLIB/LB
/

PAR=GEN
COMMON=DTAIRUY
COMNON=DEVFFARSRY
ASG=GRO?1

7/

COMMN=COMMN

/

PAR=GEN
COMMON=DTARW
7/

L1,1IDTA/FILTI/SH,SYOIL191IDTA/-HD=DTA
/

STACK=0

PAR=DTA

Va4

IP>TI=L1+2]ISTARTUF .CHD

SET /NOFRIV=TT1!

SET /BUF=CL 2132,

INS C1,13DTA/FAR=DTA

ING L[200,2002C0MMN

REA COMMN 4 TT1?

ING C20052003CONTROL

PRARXERGIVE ME THE TIME AND DATEXKKXKX
FXRKKKFOR INSTRUCTIONS TYFE GFREPRXKX¥
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SUBSTA/~CPs T {/SH=SUBSTA» DSPSUR,GLIR/LE
/

ASG=GRO:1
144

§UBSTél-CPvTI8/SH=SUBSTéIDSPSUB;GLIB/LB

ASG=GRO:1
7/

HUTRNS/-CP:TI:/SH=HUTRN39DSPSUBvHVRESTrGLIB}LB
/

ASG=GRO?1

/7

§YNCRN/-CP’TI8/SH=9YNCRN'SYRESTvDSPSUBvGLIBVLB'

ASG=GRO?%1
7/

INDLD/~CP»TX¢/SH=INDLD) DSPSUR,GLIG/LE
/

ASG=GRO?$1

77
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INTRO/-CPQTI2/5H=INTR0:DSFSUBvGLIﬁ/LB
/

ASG=GRO?1
77/

GEN1/-CPsTI:/SH=CEN1yDSPSUB,GLIR/LB
/ .

ASG=GRO:1
//

STAT1/~CPsTI$/SH=STAT1,ST1FINyDSFSUB,GLIB/LB
7/

ASG=GRO%1
/7

STAT11/-CP,T1$/SH=STAT11,DSPSUBsGLIB/LB
/

ASG=GRO21

/7
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Appendix VI

Graphic Display Routines (line diagrams)
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anonon

ann

(s Xz Mg

onoon

ann

0oan

(AR o

SORH Nt HOMNE DG

PROGRAM TO WRITLC THE INTRODUCTION AND ENTRY MENU FOR THE
MAIN SUPERVIGORY ROUTINE (TSK 1) PROGRAM.

COMMON/EFFILE/ZIBUF(1000)
CALL INIT(1000)

WRITE THE TEXT FOR EXFLANATION STARTING WITH TITLE.

CALL AFNT(85.+850.9--1y-5)
CALL STAT(-1)

CALL TEXT(/INTERACTIVE GRAFHICS CONTROLLED POWER SYSTLCM

SIMULATIONS 91y’

APFROACH, *11)
CALL STAT(1)
WRITE TEXT.

CALL AFNT(S049750.9-19-3)

CALL TEXTC(’ THE LIGHT PEN ATTACHEDR TO THE ORAFHICS TERMINAL

A DISTRIBUTED MINI/ZMICRO PROCESSING

IS USED TO‘s14/INTERACT WITH THE FOUCR SIMULATOR IN FRONT OF YQU.
COMIMUTER IS’s1y’FRCGRAMMED TO DETECT WHERE AND WHEN YOU POINT
LIGHT PEN ON’s1y/SENSITIZED PORTIONS OF THIS SCREEN. IF IT

DETECTS A *HIT"»’»1)

CALL TEXT(/IT WILL THEN EXECUTE SOME ACTIOM THAT HAS ALSO BEEN
THE ACTION MAY ERE TO CLOSE -

PROGRAMNMED 919 “INTO THE COMPUTER,

A CIRCUIT BREAKER,‘»1,’SEND A REQUEST FOR DATA ACRUISITION

OF CERTAIN VARIABLES’»1y/0OR TO CHANGE FICTURES

CORRESFONDING TO THE SIMULATOR.’»1)

CALL TEXT(’*YOU SURE® QUESTION SERVES THE PURPOSE OF DOUBLE

CHECK. ‘s1y‘THE CIRCUIT RREARERS WILL OFEN

IF CLOSED OR VICE VERSA‘y1)

CALL TEXT(’/WHEN FOINTED AT, TO CHANGE FICTURES FPOINT AT THE

WORB’ »1+DESCRILING THE PICTURE LESIRED.

BLOCK’ 1y LETTERSy NOT ITALIC3y ARE SENSITIVZ,

ONE OF‘s1y’THE WORLS ON THE RIGHT.
ONLY EY‘y1s’A HIT ON "EXIT".’)

TO CONTINUE

ONLY THOSE WORDS IN

*HIiT*"

THE FROGRAM CAN RBE STOFFED

CREATE THE MENU TO BE USED TO CHOOQSE WHICH FICTURE TO START FROM.

CALL MENU(?30.735045~50e 915 HUTRNS’ » SYNCRN’ 9 *STAT1 /5 STATL1/»
‘GEN 1’y’/SURST4/y/IND LI’y ‘SURSTSE’ s ‘NETSYS’ /LD CTR’)

CALL MENU(?30.s50.75049115EXIT’)

WRITE THE TEXT FOR TIIE "ARE YOU SURE® DOURLE CHECK
FOR LIGHT FEN HITS DURING THE PROGRAM RUN,

CALL SUBF(90)
CALL APNT(900.,98300.y-17-5y1)
CALL TEXT(‘YOU SURLE?’)

DRAW THE °*YES® SURFICTURE.
CALL SULF(?1)
CALL APNT(?15.97504919v~5y-1)

CALL TEXT(’YES‘)
fatL ESUR
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ISUBF S

R U SURE

CK IF YES



ann

aao 60 0

DRAY
cALL
CAaLL
caLt
caLL
CALL
CcaLL
SAVE
CALL

STOP
END

THE °*NO*® SUBPFICTURE.,

SuURrCe2)

AMNT(P854927004929=S9~1)

TEXT(/NO)

ESURB

ESUB

OFF(?0)

THE PICTURE IN A FILE CALLED *INTROJDPY®.

SAVEC/ INTROLIFY /)
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ann

000

ano

noon

anon

PROGRAM TO DRAW THE GENERATOR 1 STATION.,

COMMON/IFILE/IRUF(1000)

CALL

INIT¢1000)

START AT THE SECTION OF THE RING BUS.

cALL
CALL
cALL
CALL
CALL
cALL
CALL
CALL
CALL
CALL
CALL
CALL
cALL
CALL
CALL
cALL

DRAUW

caLL
CaLl
Call
CALL
CAaLL
cALL

DRAY
CALL

caLL
CALL

- CALL

caLlL
CALL
Call
CALL
CALL.
CALL
CaLL
cAaLL
caLL
CAaLL
CaLL
CALL
caLL

AFNT(300,,1020,9~19-4)
VEBUS(—=10,+3)
RIOT(Os»-104s9~19-5)
VEUS(~10495)
RIOT(0s1=10,s2-19~4)
VERUS(~30,15)
RIOT(~1ev~1. r~1¢-4)
HEUB(S50.,95)
ROOT(10+9049—-1,0-4)
HIUS(10495)
RIOOTC(10+50s9—~19-4)
HOUS(10.53)

STAT(-1)

AFNT (35049980, r-1»-5)
TEXT(’/RING EUS’)
STAT(1)

THE HV TRANSMISSION SWITCH WITH DASHED LINE.

AFNT (500, :,9210.515»-5)

SUER(1001) ISUBP$ HVTRNS SuW
TEXT(’HV TRANSMISSION’)

ESUR

APNT (800, 79004 y=29=45-174)

VECT(=700.20.)

THE CONNECTION LINE G1-3 AND GENERATOR 1.

AFNT(265,9385e9=19=4y-151)
CIRCLE(3S.9—-1r4,-1)

AFNT (2934235549 ~1»-3)
TEXT(’1’)
APNT(300.9400.9~19—4)
VECT(0.780,)

TRANSF

UECT(O. !600)
RIOT(=104904s9~1y-4)

SULF(8) ISUEP: CL CR GEN 1

CECLTIC4)
ESUD

SUBRF(105) I1SUBP: OF CR GEN 1

CROFNC4)

ESUR

AFNT (300,500, 7-1v-4)
VECT(0.»348,)

WRITE ALL THE TEXT FOR GENERATOR ONE.

caLlL
cALL
caLlL

AFNT(200,929049~19-5)
STAT(~1)
TEXT(’FRIME MOVER’)
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0onn

aco

ann

cAaLL

- cALL
CALL

CALL
CaLL
CALL
caLL
CAaLL
CALL
CALL
CALL
CALL
calLl
CALL
CALL
CALL
CaLL
CALL
CALL
CALL
CaLL
CALL
caLl
CALL
cAaLL

DRAU

CALL
cAaLL
CALL
CAaLL
CALL
CALL
CALL
CALL
CALL
CALL
CALL
CALL

AFNT(2004 2260, 9v-19-5) -
TEXT(/EXCITATION?)

TAFNT(200: 9220491 5-5)

TEXTC(/VOLTAGE AMPS?)
AFNT(29045180.21»-4)
SULFP(1009)
VECT(0.»30.)
ARROWUC1949~1)

ESun
AFNT(290,5170.71v-4)
SUEF(1010)
VECT(C04+9~304)
ARROWDC1945-1)

ESUR
AFNT(375,915042~1,-3)
TEXTC/FHASE WRT IC’)
AFNT(215.510009~15-5)
TEXTC(’FREQ’)

AFNT (29041604912 ~4)
SUR(10315,1009)

APNT (290, 250.9219~-5)
SUBF(1012,1010)
QF'NT(3850 »80., !"1!"5)
TEXT(’VA’)

STAT(1)

1SURP ¢

1SULP ¢

ISURF?$
§SUBF$

RAISE VOLT GEN 1

LWR VOLT GEN 1

RAISE FREQ GEN 1
LWR FREQ GEN 1

THE PRIME MOVER AND EXCITATION SWITCHES FOR GENERATOR 1,

APNT(3%90.,92904915-5)
SUIF(151)

TEXTC(/ONY)

ESUB

OFF(151)

SURF(S1) .
TEXT('OFF’)

ESUR

AFNT (39204724049 1y=5)
SULF(152,151)

OFF (152)

SULF(52551)

1SUBP

1SUBP?

1SURP?

GEN 1 DC SUP ON

GEN 1 DC SUP OFF

1suBP: GEN 1 EXCIT ON

GEN 3 EXCIT OFF

FLACE THE DATA TO BE MONITORED IN CORRECT FOSITION.

CALL
CALL
CALL
CALL
cALL
caLtL
caLL
CAaLlL
caLt.
caLlL
CALL

STAT(1)

APNT (200, 7 165.7~-19-5)
NMER(P31,V0DLTS»yS» 7 (FS.2) )
AFNT(2004745¢9-19-3)
NMER(P32,VOLTSrS9 P (FS,2) %)
AFNT(36047190,v~19-5)
NMIRCPIZ L VOLTS Sy P (FS5.2) 1)
AFNT (3604912049195}
NMERC(F34»VOLTS» S (FG2) %)
OFNT(3604+5049~19-5)
NMER(P35yVOLTS»3» ' (FS.2) )

URITE THE TEXT FOR THE "ARE YOU SURE® DOULLE CHECK
FOR LIGHT PEN HITS DURING THE PROGRAM RUN.

CALL
CALL
caLL

SULR(90)
APNT(870¢77504,2-19-3s1)
TEXT(’YOU SURE?’)
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anon ann

anod o O

aonon 000

DRAW THE *YES® SUDRICTURE.

CALL SURP(91) .
CALL APNT(880.17004219~5r-1)
CALL TEXT(’YES’)

CALL ESUB

DRAW THE °NO°* SUEBPICTURE.

CALL SURF(922)

CALL AFPNT(9%0.927004919~5s-1)
CALL TEXT(’NO‘)

CALL ESUB

CALL ESUR
CALL OFF(90)
WRITE DATA ON THE RIGHT SIDE OF PICTURE.

CALL STAT(-1)

CALL AFNT(600.7700.y-15-3)
CALL TEXT(’%%x DATA %kX’)

CALL APNT(500.766047-19~5)
CALL TEXT(’CGEN 27)

CALL AFPNT(450.962049-1y-5)
CALL STAT(1) Y

CALL NMER(934,V0LTSsSs’ (F5.2)7)
CALL STAT(-1)

CALL TEXT(’ VOLTS’)

CALL AFNT (65042358049 ~15-5)

CALL STAT(1) .
CALL NMBR(937,VOLTS»Sr’(FS.2)7)
CALL STAT(-1)

CaLL TEXT(’ HZ’)

CALL AFNT(650,5540,9-15-3)

CALL STAT(1)

CALL NMDR(240,VOLTS»Sy  (FS.2)7)
CaLL STAT(-1) :

CALL TEXT(’ VA‘)

WRITE THE DATA FOR GEN 3.
CALL AFNT(600.7440,9-19-5)

CALL TEXT(’GEN 3’)
CALL APNT(4650.9420.9-19-5)
CALL STAT(L)

. CALL NMRR(941,VOLTS1S»’(F5.2)7)

caLl STAT(-1)

CALL TEXT(’ VOLTS’)

CALL APNT(C550,9380,9-19-5)

CALL STAT(1) )
CALL NMUR(?42,V0LTS»Sr ' (FS5.2)’)
CaLL STAT(-1)

CALL TEXT(’ HZ’)

CALL AFNT(65049340.9-17-3)
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ano

oo

G oo

CALL STAT(1)

. CALL HMER(245,V0LTS»Sy  (F342)7)
‘CALL STAT(=1)
- CALL TEXT(’ VA‘)

WRITE THE DATA FOR INTERCONNECTION.,

CALL AFPNT(4600472460.9~1y~5)

CALL TEXTC(’INT CONCIC)?)

CALL AFNT(65045220.9=19~5)

CALL STAT(1) .
CALL NMIER(2446,VOLTSrS» ' (FS.2)7)
CALL STAT(-1)

CALL TEXT(’ VOLTS”)

CALL AFNT(65049180,9-19~5)
CALL STAT(1) -

CALL NMEBR(P47,VOLTS»S»’(F5.2)°)
CALL STAT(-1)

CALL TEXT(’ HZ’)

CALL AFNT{200,r355.r-19~-5)
CALL TEXT(’GEN’)

CALL STAT(1)

CALL APNT(350.,r850.r-1,-5)

CALL NMBR(967,VOLTS»Sr(F5.2)7)
CALL STAT(-1)

CALL TEXT(’ VOLTS’)

CALL STAT(1)

ADD THE MENU FOR SWITCHES FOR OTHER PICTURES.

CALL APNT(900.760047~1»~3)

CALL TEXT(’'SCHEDULES’)

CALL MENUCSS0.v54049~50421002,'P’»’Q’r’R’»
E’» I’y SYNCRN’ s 'MENU’) '

SAVE THE PICTURE IN A FILE CALLED ‘GEN1.DPY’,
CALL SAVEC’GEN1.DPY’)

STOP
END
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anece

acnn

ann

aono

ann

e XXz}

PROGRAM TO DRAW STATION 1.

COMMON/LFILE/ZTDBUF(1050)

CAaLL

INIT(10G0)

.

START WITH THE TOF OF THE PICTURE AND WORK DOWNWARD.

CALL
CaLL
CAaLL
CALL
caLL
CALL

APNT (340, 2950,219-5r-191)
SUKF(S01)

TEXT(’HV TRANSMISSION’)
ESUB
AFNT(850. 9940, y-1r-45-1+4)
VECT(-800.10.)

WRITE TEXT ON THE OUTGOING LINES,

CALL
CALL

DRAUW

caLL
CALL
CALL
cALL
CALL

. CALL

cALL
CALL
CALL
CALL
CALL.
cALL
CALL

STAT(~-1)
APNT(120.9y200,9~19~59~151)

CONNECTION TO GENERATOR 2.
APNT(1404»3804v~12-4)

SUEF(759)

SUEBF(107+109)

AFNT (11645365, 919~4)
SULRP (220)
CIRCLE(3S.9~1v49~1)
RDOT(34493049-15~-4)
SURF(921)
VECT(0.280,)

TRANSF

VECT(0s9604)

ESURB

ESUB

URITE THE TEXT FOR THE GENERATOR.

cALL
caLL
CALL
CALL
caLL
CALL
CAaLL
CAaLL

DRAU

CALL
CaLL
cAaLL
CALL
CALL
caLL
CALL
CALL
CALL
CALL
CALL
CAaLL

APNT (25,355, 2~1,-5)
STAT(-1)

SURF (922)

TEXT(/GEN”)

ESUB

STAT(1)

AFNT (143, 1355, y~1y~5)
TEXT(/2°)

THE SERVICE LOALS.

AFNT (400454004 r~17~4)
SULF(923)

LOAD

ESUR

AFNT (400454004 5~15=4)
VECT(1004704)

SULF (924, 923)
STAT(~1)

AFNT (35047280, 9~1y=5)
TEXT(’SERVICE LOADS’)
APNT(45041400, 1-11-4)
SULP(P25¢921)
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ISULP?

YSUBF$
1SURBF ¢

ISUEPS

{SUBF?

.

1SUEP 3

}SUBF$

ISURP$

ISURBP?

HVTRNS SW

CL CB GEN 2
OF CB GEN 2

GEN 2 TRANS

GEN 2 TRANS ONLY

’GEN’ TEST

ST SERV LD

AG SERV LD

ST SERV TRANS



onn

s Az X7}

onn

o000

calL

“CALL

CALL
cALL
caLL

DRAW

caLL.
CALL
caLL
CALL

cALL’

caL.L
CALL
CALL
CALL
caLl.
cALL
CALL
CALL
CALL
CALL
CaALL
CaLL

_DRAY

caLL
CALL
CALL
caLL
caLL
CALL
CALL
CALL
CALL
CALL
CaLL
CALL

DRAY

CALL
caLL
CALL
cAaLL
CALL
cAaLL
cAaLL
caLL

DRAW

CALL
CAaLL
caLL
CALL
caLl.
caLL
CaLl.

ROOT(~10.70s7r~17--4)
SULRF (469 9)
SULF(144,107)

APNT (4504550040 ~15~4)
VECT(0.7100,)

GENERNTOR 3.

APNT(715.936549-~19-4)
SUEFP(92246/,9220)
RIOOT(~104704r~19-4)
SUEBF(8,9?) .
SUEF(108,109)
APNT(825,93554r-19-5)
SUERFP(927,922)
AFNT(743,y335.s9-1»~5)
STAT(1)

TEXT(37)

TEXT(/A1-37)
APNT(314,920049-17~5)
TEXT(’C1-117)
APNT(S14.¢200492—15~5)
TEXTC¢D1-11")
AFNT(72047900,y~15~3)
TEXT(’'R1-3)

LINE Al1-3,

APNT(150,94600,7=15~4)
VECT(0,2200,)
ROOT(-10,904s9~12-4)
SUERPF(9)

CRCLDC4)

ESUR

SURP(109)

CROFPN(4)

ESUR
APNT(150,7820.9~19~4)
VECT(0.9704)
ARROWUC~194,~1)

LINE C1-11,

APNT(350,+700,.9v-1s~4)
VECT(0.7100.)
RIOT(-10,5049v-1r-4)
SUBP(11,9)
SUEBP(111,109)
AF‘NT(ZSSO. 1820, r~1 !"‘4)
VECT(0+270.)
ARROWUC~-1,4,~-1)

LINE Di-11.

APNT (55042700, 2=1y-4)
VECT(0.5100,)
RIOT(~10.20sr~19~4)
SULF(12,9)
SUEF(112,109)
AFPNT(5504982049~1v-4)
VECT( (049704
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1SUEPS CL CE ST SERV
ISUBP! OF CB ST SERV

1SUEBF? GEN 3 TRANS

I1SUBP: CL CR GEN 3
1SUNPS OF CB GEN 3

{SUEF? GEN TEXT

ISURF¢ CL CB A1-3

ISUEF¢ OP CE A1-3

tsuBFr: CL CB C1-11
1SUBRP¢ OF CH Ci-11

1SUBPS CL. CB D1-11
tSUsF: OF CB Di-11



Qa0

ann

aaonn

aan

catlL
DRAUW

CALL
CcAaLL
CaLL
CALL
CALL
CALL
CaLL
CALL

DRAY

CaLL
caLL

ARROWU(-1+4¢-1)
LINE B1-3,

APNT (750096004 y=19-41)
VECT(0,9200.) a)
- [ 001"19-
2321213?9; . 1SuURP: CL CR B1-3
SUEF(110,109) ISUERPS OF CB B1-3
AFNT(7%50.9820.s9~12~4)
VECT{0¢270,)
ARROWU(1245~1)

THE RUS.

AFNT(750.970049~17~4)
HBUS(~6004¢3)

WRITE ALL THE TEXT FOR THE GENERATORS AS A SUBPICTURE TO RE
COFIED FOR THE OTHER GENERATOR.

caLL
catL
caLL
CALL
caLL
caLL

‘CALL

cAaLL
caLL
CALL
caLL
caLL
catt
cAaLL
caLL
CAaLL
caLL
CALL
CaLL
CaLL
CALL
cAaLL
caLl
cAaLL
caLL
cALL
CALL

DRAW

CALL
cALL
CALL
CALL
caLL
caLL
caLL
cALL
caLL

AFNT (6350492904 9-17~5)
STAT(~1)
TEXT(/FRIME MOVER’)
AFNT (6504, 72600 9y-19-3)
TEXTC(’EXCITATION")
APNT (650492200 9~19-3)
TEXT(/VOLTAGE AMPS’)
AFNT(740471804919-4)
SULRP(202) ISUBRFS RAISE VOLT GEN 3
VECT(0.530.)
RROWU(1749-1)
ESUn
APNT(740¢5170.519-4)
SURF(203) ISUBP? LWR VOLT GEN 3
VECT(0.»-30.)
ARROWD(1y4,~1)
ESUE .
AFNT (825,150, y=1y-5)
TEXT(’FHASE WRT IC’)
APNT (68549100, 9-1+-5)

TEXT(’FREQ’)

AFNT (7404960, 719-4) '

SUEF (904,%02) ISURF! RAISE VOLT GEN 3
AFNT(7406 23049194

SULF (905, 903) IsUnP? LWR FREQ GEN 3
AFNT(83S+980¢y-19-5)

TEXTC(’VA)

THE PRIME MOVER AND EXCITATION SWITCHES FOR GENERATOR 3.

STAT(1)

AFNT (84045290, 1 9-5)

SULP (149) ISUBPS GEN 3 DC SUP ON
TEXT(/ON*)

CSUR .
OFF(149) ,
SURF (49) 1SUBP: GEN 3 IC SUP OFF
TCXT(OFF ) :

ESUR
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0oon

oa6n

ann

ann

CALL ARNT(840.,2604919-3)
CALL SULF(150.149)

CALL UFF(150)

CalLl. SURF(S0,49)

ISURP? GEN 3 EXCIT ON
ISUBF? GEN 3 EXCIT OFF

FLACE THE DATA TO BE MONITORED IN CORRECT FOSITION.

CALL APNT(650.2165.7-1»-5)

CALL NMER(?41,VOLTS»S» " (FG.2)°)
CALL AFNT(650.745,9~19-3) )

CALL NMER(242,V0LTS» 59 (FS.2)7)
CALL APNT(810.5170.y-1»-5)

CALL MNMOR(?A3,VOLTS»S» 7 (F3.2)7)
CALL APFPNT(810,,120.s9~1y-3)

CALL NMDR(?44,V0LTS»S5» (F3.2)7)
CALL APNT(810475049~1,-5)

CALL NMBR(P?AT,VOLTS»S5»/ (FG.2)7)
WRITE ALL THE TEXT FOR THLE GENERATORS
COPIEDR FOR THE OTHER GENERATOR. '

CALL AFNT(S0.¢290,9-1»-3)

CALL STAT(-1)

CALL TEXT(/FRIME MOVER’)

CALL AFNT(30.726049-1,-3)

CalL TEXT(/EXCITATION’)

CALL AFNT(S0.»220.y-19-3)

CALL TEXT(’VOLTAGE AMFS’)

- CALL APNT(140,5180.v1,-4)

CALL SUEF(905,902) °

CALL APNT(140.51704215-4)
CALL SUDF(?07,9203)

CALL APNT(225,515049-19-3)
CALL TEXT(’FHASE WRT IC’)
CALL AFNT(65:710049-1,-5)
CALL TEXT('FREQ’)

CAaLL APNT(1404560.91,-4)
CALL SULF(908,202)

CALL AFPNT(140.s50.71y-4)
CALL SUBF(909»903)

CALL AFPNT(235.s80e¢7~15-3)
CALL TEXT(’VA‘)

AS A SURFICTURE TO BE

ISUBP? RAISE VOLT GEN 2
ISUBFS LWR VOLT GEN 2

ISUEF?! RAISE FREQ GEN 2
ISURP?! LWR FREQ GEN 2

DRAW THE FRIME MOVER AND EXCITATION SWITCHES FOR GENERATOR 2.

CALL STAT(1)

CALL AFNT(240.72904915-5)
CALL SULRF(147,149)

CALL OFF(147)

-CALL SUEP(A47,49)

CALL APNT(240,2260,91,»-5)
CALL SUEBF(148,149)

CALL OFF(148)

CALL SUEBF(43,49)

CALL THE REST OF THE PROGRAM.
CAlLL FINISH

STOF
END
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ISUBP?! GEN 2 DC SUP ON
!SUERF? GEN DC SUP OFF
{SUEP? GEN EXCIT ON

ISUERF? GEN 2 EXCIT OFF
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SUBROUTINE TO FINISH THE STATION 1 PICTURE.

SUBROUTINE FINISH
CALL OFF(153)

FLACE .THE DATA TO DE MONITORER IN CORRECT FOSITION.

CALL APNT(50.7185.9~19-5)

CALL NMBR(?34sVOLTS»Sy (FS5.2)%)
CALL AFNT(G04r AT e r=19-3)

CALL NMOGR(?37,VOLTS»Sr (FS5.2)7)
CALL AFNT(210.919049-19-3)

CALL HHDBR(P?38yVOLTS»Sr (FS.2) %)
CALL APNT(210.,»120.9-1,-3)

CALL NMBR(?3?+,VOLTS»Sy (F3.2)°)
CALL AFPNT(210.950s9~15-5)

CALL NMER(P40,VOLTS»Sr» (FT.2) )
CALL AFNT(162,57104.5-15-3)

CALL NMBR(P64.yVOLTS»Sy’ (FS5.2)7)

callL STAT(~1) . e et o

CALL TEXT(’ VOLTS’)

CALL AFNT(233.94650.7-1,-5)
CALL TEXT(’/STATION 1)
caLL STAT(1)

ADDIY THE MENU FOR THE SWITCHES FOR THE OTHER FPICTURES NEEDED
ON THIS FICTURE.

CALL MENU(9230,»500,»-50.79210,’GEN1’»’Q’»’R’» “MENU’)
WRITE THE TEXT FOR THE ®*ARE YOU SURE®" DROUBLE CHECK

GO onon

[y Xy N3]

aan

0O 000 o O

FOR LIGHT FEN HITS DURING THE FROGRAM RUN.

CALL
caLL
CALL
IRAW
caLL
CALL
cal.L
caLL
DRAY
caLL
CALL
CALL
CALL
CALL
caLL
SAVE

CALL

SULRF(90) ISUBF: R U SURE
AFNT(870.975042-1»-5r1)

TEXT(’YOU .SURE?)

THE °*YES® SUEFICTURE.,

SURF(?1) , 1SUBPF? CK IF YES
APNT(830.97004v1»-5y~1)

TEXT('YES’)

ESUB

THE “NO* SULFICTURE.

sSurp(e2) N

AFNT (75049700491 9=59-1)

TEXTC('NO’) )

ESUB

ESUB

OFF(90)

THE PICTURE IN A FILE CALLED *STAT1.DPY*,

SAVE(‘STATLI.DFY’)

RETURN

END
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FROGRAM TO DRAW THE STATION 11 PICTURE.

COMMON/DFILEZIRUF (1000)
CALL 'INIT(1000)

START WITH ALL HORIZONTAL LINES BEGINNING AT THE TOP
HY TRANSMISSION SWITCH.

CALL APNT(340.»9504»1»-5Sr-1,1)
CALl SUER(B01) ISURP: HUTRNS SU
CALL TEXT(’HV TRANSMISSION’)
CALL ESUR

CALL. APNT(800.:940.7~15-45-174)
CALL VECT(-700.70.)

CALL 8TAT(-1)

CALL AFNT(30,9900.»-15-5r-1,1)
CALL TEXT(’/INTERCONNECTION’)
CALL AFPNT(305.y900¢9-19-3)
CALL TEXT(’E10-11')

CALL APNT(505.790049~15-3)
CaLl. TEXT(’F10-11/)

CALL APNT(668,y840,9-15-1)
CaLL TEXT(’/FEAK LOAD &°)

CALL APNT(4690,2810,9~1,-1)
CALL TEXT(’EMER GEN‘)

CALL APNT(250.2700,2-15~-1)
CALL VECT(100.v0,)? ’
CALL RDBOT(100.,50.r»-1)

CALL VECT(100.,20.)

CAlLL ROOT(100. 700’9"‘1)

CALL VECT(100,20.)

CALL APNT(50.75504y~1s~1)

. CALL VECT(100.,+0.)

CALL RIOOTCO«r»-50499-4)

CALL HRUS(500.93) ! BRIGHT BUS

Call. VECT(04r=30047~194)

Call RROTC0+950e9=1s~1)

CALL VECT(=100.+0.)

CALL REOT(0.9150,7~15-1) ' '
CALL HEUS(~-5600.r1) ! DIM BUS
CALL RIOT(O¢r~15049~1r~1)

CALL VIECT(100.+90.)

CALL APNT(375.9300,9-1+-5)

Call. TEXT(’STATION-11)

CALL AFNT(110.98049-15-3)

CALL TEXT(‘Ci-117) -

CALL APNT(710.y804r~1,~5)

CaLl TEXT(’D1-117) -

CALL STAT(1)

CALL APNT(8004960,9~17-4y-1s4)

CALL VECT(~700.,»0.) ! LOWER DASHED LN
CALL APNT(340¢9304919»~Sr~1,1)

CALL SUEP(802) ' ISUEP: HVTRNS SW LWR

CALL TEXT(’HV TRANSMISSION’)
CALL ESUR

DRAW THE VERTICAL LINES STARTING WITH LINE Ci-11

ANQ WORKING UFUARD.,
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CcaLl
CaLl
calL
caLL
CALL
caLL
caLL
CaLL
CAL.L
CALL
caLl
CaLL
caLL
CalLL
CALL
CaLL
CcaLL
CALL
CALL
CALL
CALL
caLL
CALL
CALL
CALL
CALL

‘cALL

CALL
cAaLL
CALL
CALL
CALL
CALL
CALL
CALL
CALL

CONTINUE WITH E10-11, DOWNWARD,

CALL
CALL
CALL
caLl
caLL
caLL
CALL
cat.L

calL
CALL
CaLL
catLl
caLl
CaLL
caLL
€ALL

APNT(150.71204sr~19~45~-1,1)

ARROWUC(-1+4,-1)
VECT(0.760.)
RIOTC(~10490vr-12-4)
SUEP(14)

crClL.n¢4)

ESUD

SULF(114)

CROFN(4)

ESUB

AFNT (1504922000 y~1»~4)
VECT(0.9390.)

TRANSF

VECT(0.740,)
APNT(125,s718549-19-4)
CIRCLE (25¢2~1s4+-1)
APNT(143,9705.79-3)
TEXT(’R’)
AFNT(210,9730,217~4)
SUERF(803)
VECT(0,»30,)

ARROWU 1,4y ~1)

ESUB
APNT(210,9710.71»-4)
SURF(804)

VECT(OO "‘300)
ARROWD (1 s4,~1)

ESUR
AFNT(150,5740,9~1+-4)
VECT(04+2560,)
RIOT{-104»04s~1r-4)
SUBF(13r,14)
SURP(113,114)

APNT (150,820, r-1r-4)
VECT(0.760,)
ARROWDC—1y4,-1)

APNT(350.,9830v97~17,~-4)
ARROWD(~1+45-1)
VECT(0,2-60,)
REOT(~1047~2049-1+-4)
SULF(17:14)
SUBF(117,114)
AFNT(350,9800, 2-19-4)
VECT(0,2~300,)

-

AFPNT (550,500, y~1+~4)
VECT(0.»300.)
RDODF(~1049002~15-4)
SULP(146,14)
SUBP(1162114)
AEFNT(S550. 28206 2~19-4)
VECT(0.140,)
ARROWD(~-154,~1)
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ISUBpF: CL CBR C1-11

!SUnP: OF CB Ci-~-14

! PR FOR ARROUWS
ISUBP?! RAISE REG VOLT

ISUBRP?! LUR REG VOLT

ISURP! CL CE INT CON
ISUBP: OP CR INT CON

ISUEP: CL CB E10-11
ISURPS OF CB E10-11

ISUEBP? CL CR F10-11
ISUPS OF Ck F10-11
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FINISH LINE D1-11.

CALL
caLL
call
CaLL
caLL
cAaLL

AFNT(740.7180.r~-19-4)
SUBF(15,14)
SURF(115,114)

AFNT (750471804 9-12-4)
VECT(0.,2-460.)
ARROWUC=1y4y-1)

CONTINUE WITH THE MANUAL,
START WITH THE FEAK LOAD AND EMERGENCY GENERATOR AND

WORK

CALL
caLL
cal.L
CaLL
caLL
caLL
CALL
caLL
CALL
cAaLL
CALL
CALL
CAaLL
cAaLL
CALL
cALL
caLL
CALL
caLL
CALL
caLL
cAaLL

TO THE LEFT.

AFNT(726 97654 9-19-4)
CIRCLE(R2G,y-1y1s-1)
AFNT(74349755.9-15-1)
TEXT(’4")

APNT (750497400 7~-1y~1)
VECT(Q.,r-240.)

AFNY (45049700, 7-19-1)
VECT(0.,s-80,)
SUEP(145)

SWCLV(1)

ESUR

OFF(165)

SUBF(55)

SWOFV(1)

ESUB

AFNT (465049600, 9~19-1)
VECT(0,»-260.)
SURF(1657165)
OFF(166)

SURF(64965)

AFNT (650493204 9-15-1)
VECT(0Q.9—70.)

ISUEP?
1SULF

DIM COMFOMENTS.,

1sbep:

ISURBP$

ISURF?
ISUBF?

CONTINUE WITH MANUAL CONNECTION TO F10-11,

CALL
cALL
CALL
cAaLL
caLL
cAaLL
caLL

APNT(A450,9700.9-15-1)
VECT(0.,»-80,)
SURF(1467716S5)
OFF{147)

SURP(67165)
APNT(45042600.9-19-1)
VECT{(0.,r~2090,)

ISUBP?
!1SUBP?

CONTINUE WITH MANUAL CONNECTION TO E10-11,

CALL
CALL
CALL
CALL
caLlL
CALL
caLL

APNT (2304970049 ~1,-1)
VECT(0.9-80.)
SULF(168y165)
OFF(148)

SUEF (639 85)
AFNT(2504260047-1y-1)
VECT(0.+»—~200.)

1SUEF?
I1SURP?

CL Cp D1-11
OF CEk D1-11

CL

or

cL

cuL
opP

cL
or

su

sW

sW

sW

Sy

sy

sy
)

EMER GEN

EMER GEN
Di1-11

ni-11

F10-11
F10-11

E10-11
£10-11

CONTINULC WITH MANUAL CONNECTION TO C1-11 AND INTERCONNECTION.

159



aon OO0

aan

o0 O O

CALL
caLl
caLL
caLL
CALL
CaLlL
CALL
CALL
cAaLL
calLl
CaLL
cAaLL

URITE THE TEXT FOR THE

APNT (50,5504 r~-1»~1)
VECT(0.»~70,)
SUEBFP(169,165)
OFF(169)

SURP (69 65)

AFNT (S50, 244606 7-1y-1)
VECT(Q0,»~-120,)
SUBP(170,165)
OFF(¢170)

SURF(707y65)
AFNT(S0.9320.y~1y~1)
VECT(O0.»~70.)

"ARE YOU SURE"

ASUBF: CL SYW E10-11
- 1SUBF: OF SW E10-11

I1SUsP$ CL SY C1-11
ISUEF?: OF SW C1-11

DOUEBLE CHECK

FOR LIGHT FEN HITS DURING THE FROGRAM RUN.

CALL
CalL
calLl.

DRAU
CALL
cALL
cALL
caLL
DRAW
CALL
caLL
CALL.
cALL®
caLL

caLL

sSURF (20>
APNT(370,7750.9~1y-5s1)
TEXT(’YOU SURE?’)

THE *"YES"® SUEFICTURE.
SURIF(?1)
AFNT(880,7700,y19y~59~1)
TEXTCYES’)

ESuUB

THE *MO® SUEBPICTURE.
SUBR(92)

AFNT (95049700, y19-5y~-1)
TEXT{’NO’)

ESUR -

ESUER

OFF(90)

PLACE THE DATA TO BE MONITORED.,

CALL
CaLl.
cAaLL
CaLL
CaLL
CALL
cali
CALL
cat.L
CALL
cal.L
CALL
CALL
CAlLL
caLL
CaLL
caLL
CaLL
CaLL
CALL

APNT (0. » 7254 y~1y=5)

NMER (946, VOLTS»5r  (F5,2)7)
STAT(~1)

TEXTC? V)

STAT(1) :

AFNT (0, 76754919 ~5)

NMER (P47 VOLTS15s  (FS.2) )
STAT(~1)

TEXTC¢ MZ’)

STAT(1)
APNT(O, 16250 y—19-5)

NMOR (748, VOLTS 57/ (F5.2) )
STAT(~1)

TEXTC’ A%)

STAT(1)

APNT (265494604 1-15-5)
NMBR(965,V0LTS»S5r *(F5.2)7)
STAT(~1)

TEXT(’ VOLTS’)

STAT(1)
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ISUBP! R U SURE

' ISUEPS CK IF YES
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CALL AFNT(215.+600,9~19-5)
CALL TEXT(’SCHEDULES’)
CALL: MENUCP465, 154045 =504 78059 E* 9 *V’»° 17y
1 ‘U’»’STAT 1’»’GEN 1’y ’MENU’)
SAVE THE PICTURE ON A FILE CALLED °*STAT11.DPY*,
CALL SAVE(’STAT11.DPY’)

STOP
END
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A FPROGRAM TO DRAW THE PICTURE FOR SURSTATION 4.

COMMON/DFILE/IBUF (1050)
CALL INIT(10350)

IRNAYW SURPICTURE OF TRANSFORMER AT HU END.  DASHED LINES SHOW
WHERE THE FICTURE PICKG UP FROM FORMER PICTURE DR WHERE THE
REMAINDER OF THE PICTURE IS,

CALL APNT(100,9920¢r~15-4)

CALlL. VECT(700.,50s9~1rr-154) ‘ 1 800,920
CALL APNT(115,,880.9~1y-5y~1,1) ’
CALL STAT(-1)

CALL TEXT(’E4-67)

CALL AFNT(3%0.»970.91»-5)

CALLL STAT(1)

CAaLL SURF(301)

CALL TEXT(’HV TRANSMISSIOM’)

CALL ESUB

CaLL APNT(715.,880.r~1»-5)

CaLl STAT(-1)

cALL TEXT(’F4-4’)

CALL APNT (365497004 r~1y~3)

CALL TEXT(’/SURSTATION-47)

caLL STAT(1) .

DRAW A SUBFICTURE OF THE_TRANS#ORHERS;

" CALL APNT(150,y720.9-1y~4)

CALL SUEF(340) . ISUBF: TOF TRANS’S
CAlLL VECT(0.260.5-124)

CALL TRANSF

CALL VECT(0,¢50.)

CaLL ESUB

CALL ARROWD(-1s4y-1)

DRAW THE TOF CIRCUIT BREARER ON THE LEFT.

CALL APNT(140,5700.5~1,~4)

CALL SUBP(21) ) ISUEF: TF LF CL CB
CALL CRBCLD(4) . -

CALL ESUR ' . o .
CaLL SURP(121) ISUERF: TP LF OP CR
CALL CBOFPN(4)

CALL ESUB

CALL APNT(130,2700.5-1y-4)

CALL VECT(0+2-200.)

CALL APNT(140,,48045-1y-4) )
CALL SUBP(22,21) . ‘ ISUERP: LWR LF CL. CR
CALL SUBR(122,121) 1SUBF: LWR LF OF CR
CALL APNT(150,,480.y-15-4) ' '

CALL VECT(0.»-180.) ! 150,300

CALL VECT(600.5042 } 750,300

CALL VECT(0.»180.) 1 750,430

CALL AFNT(740,,480.r~1y-4)

CALL SUEP(23,21) 1SULP: LUR RT CL CR
CALL SURF(123,121) . 1SUEFS LUWR RT OF CB
CAlLL AFNT(750,,500.y~1r~4) : c
CALL VECT(0.,200.) . ! 750,700
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CALL ATPNT (74042700, r—~1r-4) .

- CALL SUEF(24,21)

CALL SUTN*(124,121)

CALL AFNT(750.9720.7~15-4)
CALL SURF(341,340)

CALL ARKOWD(-1,4y-1)

DRAW THE EBEUS WITH CIRCUIT EREAKER.
DRAW A SULF OF THE LEFT OF THE kUS.

CALL APNT(1504960049~135-4)
CALL SUtP(342)

cALL HIUS(290.+5)

CALL ESUR

CALL AFNT(440,95904ss~17-4)
cALL sSunr42s,21)

CALL SUERF(125,121)

CALL APNT(460.,74600¢9~19~4)
CALL SURP(343,342)

caLL APNT(bOO.!u9907~11-4)
CALL VECT(0.9—99,)

CALL APNT(590.7480.y~1y—-4)
CALL: SUEBP(26,21)

CALL SUEF(124,121)

CALL AFPNT( 400.,7480.v-19-4)
CALL VECTC 0,9-30.v)

DRAY THE. NETWORK SYSTEM AS A BOX WITH A
DASHEDR LINE EROUNDARY.,

CALL APNT(450.9450.9~19-45-1+4)
CALL VECT(0.+y—-100.)

CALL VECT(—-400.+0.)

CAlLL VECT(0.y100,)

CALL VECT(400.+0.)

CALL APNT(300.:450.!*11“41-1!1)
CALL VECT(0.,30.)

CALL AFNT(290.54804¢~15-4)
CALL SUEF(27,21)

CALL SURP(127y121)

CALL APNT(300,s500¢2~19-4)
CALL VECT(0.799.)

WRITE THE TEXT FOR THE NETWORK SYSTEM.

CALL AFNT(35049390491,-3)
CALL SURP(302)

CALL TEXT(’NETUORK SYSTEM’)
CALL ESUR

DRAUW THE REFRESENTATION OF THE INDUSTRIAL LOAD.

CALL APNT(750454900.1~19~4)
CALL VECT(30.¢0.)

CALL: AFNT(7E80.545049=19-4y~1+4)
CALL VECT(110.20,)

CALL VECT(0.s-100,)

CALL VECT(-110.,0.)

CALL VECT(0.+100,)
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1SURFP
tSURPS

1SURFS

1SURF ¢

SURPS
1SUBF?:

{ SURPS

UFR RT CL CD
UPFR RT OP CB

UF TRANS RT

LFT SIDE BUS

MID BRUS CL CR
MID BUS OP CE

RT SIIE BUS

! 600,500

ISURP?$
1SUBF?

LUR RT #MIp CL CR
LWR RT MID OF CR

! 600,350

! 300,480

tSUBPRS
1SURPF?

LWR LF MID CL CB
LWR LF MID OP CR

1 300,599

{SUBF

SW FOR NETWORK
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CALL AFNT(795.5410.919~59-151)

CALL SURF(I03) ISURP! SW FOR INDUS LD
CALL TEXTC/INDUST’)

CALL ESUB

- CALL AFNT(AL10,9370,9~15-5)

CALL TEXT(’LOAD’)
DRAW THE RESIDENTIAL LOADS WITH THE TRANSFORMCR.

CALL AFNT(450.v1%50sr=1+~4) .

CALL SURM(344,340) ISUBF? RES SEC TRANS
CALL AFNT(150,715047-15-4)

CALL VIECT(600.,+04)

CALL SUEF(345) ISUBP: LOAD &
CALL LDAD

CALL ESUD

CALL AFNT(650,5150,r=15=4) :

CALL SUDF(346,343) . ISUBP: LDAD 5
CALL AFNT(S550,s150,r~1y~4) C .
CALL SULP(347,345) ISUEP: LOAD 4
CALL APNT(450,51504r=1y=4)

CALL SULF(348,345) ISULPS LOAD 3
CALL AFNT(350.,150.,7~15~4)

CALL SULF(349,345) ISURP: LOAD 2
CALL AFNT(250,5150.y~17=4)

CALL SUEBF(350,345) : 1SUBP! LOAD 1
CALL APNT(150,9150.s~1s~4) :
CALL SUBP(351,345) 1SUBP! LOAD ST LTNG

CALL APFNT(330,720.7~1y-5)

CALL STAT(-1)

CALL TEXT(’RESIDENTIAL LOADS’)
CALL STAT(1)

CALL APNT(SS50.r620.9~15-5)

CALL NMER(?30,VOLTS»Sy ' (FS5,2)7)
CALL STAT(¢(-1)

CALL TEXT(’ VOLTS’)

CALL STAT(1)

CALL. APNT(900.7600.»-1,-5)
CALL TEXT(’/SCHEDULES’)
CALL HMENUCP50.554049-30.23045°U’ 5 *MENU’)

WRITE THE TEXT FOR THE °*ARE YOU SURE® DROUEBLE CHECK

FOR LIGHT PEN HITS DURING THE FROGRAM RUN,

CALL SUER(20) 1SURPE R U SURE
CALL AFNT(B70.77504s9~19-Gs1)

CALL. TEXT(’YOU SURE?’)

DRAW THE °"YES® SURFICTURE.,
CALL SUBP(?1) - 18UBP?! CK IF YES
CALL AFNT(080,,7004717~5r~1)

CALL TEXT(’YES’)
CALL ESUB

l64



an

0O 000 0o O

.'

DRAY
cALL
cALL
cALL
CALL
caLL
CALL
SAVE
cALL

STOF
END

THE °*NO* SUDRPICTURE.

SUBF(92)

APNT (9504927004915 ~5

TEXT(’NO’)
ESUB

ESUR
OFF (20)

THE PICTURE IN A FILE CALLED

SAVE(SURST4 . DPY*)

v"i)
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PROGRAM TQ DRAW THE PICTURE FOR SUBSTATION-6.

COMMON/DFILE/IRUF(1000)

CALL
DRAUW

cALL
CALL

. CALL

CALL
DRAUW

CALL
CALL
CALL
CALL

TEXT

CALL
CALL

TEXT

CALL

EALL

CALL

DRAW
caLL
caLL
CALL
CALL
CALL
CAatL
CALL

DRAW

CALL
CaLL
cALL
CALL
CALL
CALL
CALL

INIT(1000)

TRANSFORMER AND TEXT FOR INCOMING LINES.

APNT(100.,792040~1r-4)

VECT(700,70.7~199-1¢4) !t 800,920
AFNT(175.7890¢9=17~-5y~191)

TEXT(’E4-6")

THE SWITCH FOR HV TRANSMISSION PICTURE.

APNT(350.,7940491+-5)

SUERF(401) {SURP? HV~-TRNS SY
TEXT(’HV TRANSMISSION’) T

ESUB

FOR OTHER INCOMING LINE.

APNT(463.989069—19-5r~1+1)
TEXT(’E&-107)

FOR FICTURE LAREL °*SURSTATION-&®.

APNT(3865.970049y~1y-5)

STAT(-1) tTURN ON ITALICS.
TEXTC¢’SUBRSTATION=-6’) o

STAT(1)

A SURFICTURE OF THE TRANSFORMER, TO BE COFPIED LATER.
AFNT(200.7720e7-19~-4)

SUEP (420) ISUBP: LT TRANSF
VECT(0.+50.) '

TRANSF

VECT(0+960.)

ARROUD(=174,~1)

ESUB

THE CIRCUIT DREAKER ON THE LEFT TOP, CB #1,

AFNT(190.970047-1+-4)

SUEFP(34) '1SUBPS: CL CB #1
CECLD(4) :

ESURB

SUBF(134) ISUBP: OP CB #1
CEOFN(4)

ESUR

CONTINUE WITH CONNECTIONS TO THE BUS AND THE MAIN BUS ITSELF.

CALL
CALL
CALL
CALL

APNT (200, 9700.9~1»-4)
VECT(04:,~-100,.)
HBUS(500.+35)
VECT(0¢2100,9~104)
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DRAW THE CIRCUIT BREAKER 22,

CALL RIOT(-10.50479~4)
CALL SUEF(335+34) 1SURF?: CL CB 2
CALL SUERF(1352134) 1SUDP: OP CB 32

COPY THE TRANSFORMER.

CALL AFNT(7004772042-19-4) .
CALL SUBF(421,420) 4 1SUEBPS RT TRANSF

BEGIN DRAWING THE CIRCUIT LREAKERS AND CONNECTIONS TO THE
KOXES FOR THE NETWORK SYSTIIN AND THE LOAD -CENTER.
CALL AFNT(325.960049~1v-4)

CALL VECT(0Q.s~200.) I 3252400

CALL RDOT(-=10.7-204v-15~4) .

CALL SUEP(32,34) ) 1SUKRFS CL. CR 24
CALL SUDRF(132,134) ISURPS OF CR &4

CALL AFNT(325.7330.9~19~4)
CALL VECT(0.s-80.)

CALL APNT(450.7500.9-1y~4)

cALL VECT(0,r-200.)

CALL RDOT(=10.9-20.9~15-4)

CALL SURF(33,34) ISURP? CL CB 35
CALL SURF(133,134) ISUBF: OP CB 35
CALL APNT(450.+380.9-1y-4)

CALL VECT(0.,7-80.)

CALL AFNT(S75,+300¢7-1y-4)

CALL VECT(0.+80.)

CALL RDOT(=10470s9-1s-4) '

CaLL SURF(33,34) ISUEP?! CL CB #6
CALL SUBFP(133,134) ISUBF: OF CB 6
CALL APNT(575++,40049-1+-4)

CALL VECT{0,+200.)

CALL APNT(700,7560009-1+-4)

CALL VECT(0.r—200.)

CALL RDOT(-10.7-2047~12-4)

CALL SUDF(37+34) ISURPS CL CR #7
CALL SUBP(137,134) ISUEKF! OF CB #7
CALL APNT(700.938049—=17-4)

CALL VECT(0.»-80.)

DIRAW THE EBOXES FOR THE QTHER SYSTEMS.
CALL RIDT(S0.v0ev—19~4)

CAll SULP(422) 1SURPS BOX

CALL VECT(0.v-100.9-194y~154) : §750,200
CALL VECT(~225.70.2-1) 525,200

CALL VLCT(0.:1004) ! 525,300

CALL VECT(2235.,+0.) t 7309300

CALL ESUB '
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_WRITE THE TEXT IN THE RIGHT BOX.

CALL AFNT(560.92604919-Sr~191)

CALL SURP(402) ISUEP: SW FOR LD CTR

CALL TEXT(’LOAD CENTER’)
CALL AFNT(S70,922G4219~3)
CALL TEXT(’SUZSTATION’)
caLL ESUR

COFY THE LEFT BCX AND ADD THE TEXT.
CALL APNT(500,+300.9~1s~4)

CALL SURF(423,422) 1SURFS BOX
CALL AFNT(340,92604919-89y~1s1)

CALL SULF<403) ISUEF! SYW FOR NTUWK
CALL TEXT(/NETWORK’) .

CALL AFNT(347,+225.919-3)

CALL TEXT(’SYSTEM’)

WRITE THE TEXT FOR THE *ARE YOU SURE®™ DOURLE CHECK

FOR LIGHT FEN HITS DURING THE FROGRAM RUN.

CALL SUEPR(90) 1SUBPS R U SURE
CALL AFNT(8704s750s9~12-521)

CALL TEXT(’YOU SURE?’)?

DRAW THE °YES® SUEPICTURE.

CALL SUEP(2?1) I1SUBPS CK IF YES
CALLL AFNT(330.7700.519~5y-1)

CALL TEXT(‘YES’)

CALL ESUR

DRAW THE *NO* SUERPICTURE.

CALL SURP(92)

CALL APNT(950.,97004719~5y~1)
CALL TEXT(’NO’)

CALL ESUB

CALL ESUE

THE MANUAL LUS WITH THE TIE CIRCUIT DREAKER IS DRAWN NEXT.
THE LINEG ARE DRAWN AT A INTENSITY OF TWO SO THAT IT WILL
SHOW ONLY WHEN IT DESIRED TO OFERATE IN THE MANUAL MODE.

CALL AFNT(200,5750e5-1>~1»~1y1)
CALL VECT(~-50.90.)
CALL VECT(0.,~-100.)

DRAW THE SUEBPICTURES OF THE OFEN AND CLOSED MANUAL SWITCHES.
THE SUITCHES OFEN AND CLOSE ONLY ON THE SCREEN. :

CALL SUDR(71) ISURP! SW OF UP LT
Cat.l. SUOFV(L)

CALL ESUR

CALL SUEM(171) ISURPS SW CL UP LT

CALL. SWCLV(1)
CALL ESUB
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CALL OFr¢171)
CALL-APNT(ISO.163Oov-1v-1v—151)

CONTINUE WITH THE LINE CONNECTION TO THE ERUS.
CALL VECT(O.»~130.s-1s1)

DRAW THE DIM BUS.

CALL HRUS(400.,1) .

CONTINUE WITH THE MANUAL SWITCHES AND CONNECTIONS.
CALL AFNT(7004575049=15-1)

CALL VECT(S0.+0,)

CALL VECT(O.s=100,)

CALL SUER(72,71) ISUBP! SU
CALL SUEP(172,171) " ISUBF! SW

CALL OFF(172)
CALL AFNT(7504263049~1y~1)

CALL VECT(0.r-230sr~151) 1 7505400
CALL SURF(73»71) : ISUEP? SUW
CALL SUnP(173,171) 1SUBFP: SU

CALL OFF(173)

CALL ARPNT(750.,380.r~1»-1)

CALL VECT(0,y-30.s97~121)

CALL VECT(~50.+0.) . ! 700,350

CALL AFNT(825.5500.9~1,~1)

CALL VECT(0.r-100.) ‘

CALL SUGR(74,71) I1SUBP: 8Y
CALL SUBP(174,171) (SURFS SUW
CALL OFF(174) :

CALL APNT(625.+380,9-1y-1)

CALL VECT(0.,»-304sr-1,1)

CALL VECT(~50.+0.)

CALL APNT(S00.+500,9~1y~1)

CALL VECT(O0.s-100,) :

CALL SURP(75.71) : ISUBPS SUW
CAlLL SuUnrRC1725,171) 1SUBPS SUW
CALL OFF(17%5)

CALL APNT(S500.,5380.9~-1y~-1)

CALL VECT(O0.9-30,9-1,1)

CALL VECT{~50.50.)

CaLl AFNT(375.»500,97~14-1)

CcaLL VECT(0.»-100.) -
CALL SUBFP(76,71) 1suned Su
CALL SURM(176+171) Isurr: Su
cALL OFF(176)

CALL APNT(375.»380,9~1y-1)

CaLLl VECT(0,9--30.)

CALL VECT(-50.50.) ¢ 325,350

DRAYW THE DBUS TIE CIRCUIT DREAKER.

CALL AFNT(200,,500ss-15~1)
CALL VECT(0.740.)
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UP RT
UP RT

LUR
LWR

LWR
LWR

LUR
LUR

LUWR
LUR

RT
RT

MID RT
MID RT

MID LT
MID LT
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Cal.L
calL
caLL
caLL

caLl.

CaLL
CALL
caLL
caLL

caLlL
CAaLL
CALL

ROOT(~10420,)
SULP(36)

cpclnel)

CSUR

SULF(136)

CLorN¢(1)

ESUR
NAFPNT(200,3560,9~19~1)
VECT(0,240,.)

AFNT (9004500, 9~15-5)
TEXTC¢/SCHEBULES )

MENUC9S0, 9540, 9»-50.7404» W’ » “MENU’)

ADD THE BUS VOLTAGE,

caLL
CALL
cAaLL
CALL
taLL

CALL
SAVE
CALL

sSTOP
END

APNT(400,,6154»-19-3)

MMER (PS8, VOLTS»S»  (FS5.2) )

STAT(~-1)
TEXTC(? VOLTSY)
STAT(1)

OFF (90)

THE PICTURE IN A FILE CALLED "SUBST&.DPY*,

SAVE( *SUEST6 . DPY )
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PROGRAM T DRAW THE HIGH VOLTAGE TRANSMISGION LINE FICTURC.

COMMON/DFILE/IDUF (1100)
DIMENSION TIM(A)

caLL
caLL

START SURPICTURE OF THE GENERATORS.

CALL
DRAW
catL
caLL
CALL
caLL

DRAW

ONE BREARER IS OFEN AND ONE CLOSED.

caLL
caLL
caLl
CatL
CAaLL
CAaLL
CaLlL
caLL

DRAUY

CALL
call
CaLL
CALL
cAaLL
CALL
caLL

DRAUW

cALL
cALL
CALL
cALL
CALL
cALL
CALL
CALL
cALL
CALL
CALL
CALL
cALL
cALL
caLL

INITC1100)
RDOT(0+ 7500 v-1y~1)

SURR(250)

! 0,50

1sunP? GEN » TRANS

A CIRCLE OF RADIUS 20 FOR GENERATOR ONE.

CIRCLE(20.7-174,-1)

ROOTC204920490¢4)
VECT(0,»1304)
ESUR

1 20,70
! 20,200
t END OF GEN sunp

THE TWO CIRCUIT BREAKERS FOR GENERATOR ONE.

RIOT(~104704205~-4)
SURF(48)

CrCLR(4)

ESUR

SUBF(106)

CROFN(4)

ESUR

AFNT (204922049 ~1,-4)

! PB FOR CB
ISURPICL CB GEN 1

ISURP: OF CB GEN 1

TRANSMISSION LINE C1-3 AND' BUS FOR GENERATOR 1.

VECT(0.,79.)
ROOT(-20491,r7-4)
SUBF(231)
HEUS(40.:3)

ESUR
RDOT(~204s914r-19-4)
VECT(0.7418.)

1 20,299

- 18UBP? BUS FOR GEN 1

t 20,301
{ 20,719

RING BUS WITH CE‘S STARTING AT THE LOWER RIGHT CORNER.,

RIOT(=1.70er~1»~4)
SURP(25S5)
VEUS(1644.99)

ESUL
ROOTC(lev=1099-4)
SUBP (261 ,351)
RIOTCOs»~10497-4)
SUGPC1,4)
SULF(101+106)

AFNT (00, 2880s7~1»~4)
SUDP(262,251)
SUDF(263,251)
R[’OT(O. ""100 ’ ""4)
SULF(2,2)
SUEF(102,101)

171

ISUBP: VRUS MASTER
! 19,882

1SURPe UP LFT RNG BUS

! 460,870

{SURF? CLSD CR RNG RUS
ISURP: OPEN CR RNG RUS

ISURPS UP MID RNG BUS

ISUBRF: UP MID RNG BUS

! 160,870

ISUBRS CLSD CR RNG BUS
ISUBP: OFEN CP RNG EUS

[Ty
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cat.l.
caLL
CALL
CALL
CALL
caLL
cAaLL
CALL
caLL
CALL
CALL
caLL
CALL
cALL
CALL
caLL
CALL
CALL
CALL
caLL
CALL
CALL
CaLL
CALL

COPY

caLL
CALL
CALL
CAaLL
cAaLL
cALL
CALL

DRAW

caLL
cAaLL
CALL
CALL
caLL
caLL
CALL
caLL
CALL

WRITE THE TEXT ON THE GENERATORS.

caLL
CALL
caLL
cALL
CALL
caLL
cALL
CcaLL
caLL
caLl

APNT(180.¢080.9~19-4)
SUBR(264+231)
SURF(265,251)
RUOT(Os9~10s92-4)
SULP(3s1)
SULKFP(103,101)
AFNT(280,+88049~19-4)
SULP(2669251)
ROOT(=300,7-1560.7v~4)
SUEP(268,251)
RDOT(Oss~104v2—4)
SURP(491)
SULF(104,101)
AFPNT(8049y72049-19~4)
SURF(253) .
HRBUS(180,95)

ESUR
RIOT(OQs1-10477-4)
SUERF(5,1)
SUEF(105,101)
AFNT(280,972049=19-4)
SURP(270,251)
REOTC(lev~2479—4)

SUEP (2679 255)

1SULFe RNG DBUS

ISUDP: RNG DUS

I 260,870

ISURP? OPEN CB RNG BUS
ISUBRF? OFEN CEB RNG DUS

ISUBF?: UP RT RNG EUS
t 20,720
ISURFS LW LFT RNG RUS

ISURPS CLSD CR RNG RUS
ISUKPS OPEN CB RNG RUS

ISUBF?! LW MID RNG RUS

I 140s710

{SUBP?: CLSD CR RNG BUS
ISURF: OFEN CR RNG BUS
! PB FOR EUS

ISUEP: LW RT RNG BUS

ISUBP: RT RNG BUS

GENERATOR SUBFPICTURE AT THE DESIREDR POSITION FOR
GENERATOR 2.

ARPNT (150.950.9=-1y-4)
SURP(252,250)
RIOOT(~10,70420s-4)
SUERP(7,1)
SURPF(107,101) .
APNT(170.922049~1,-4)
VECT(0.,9120,)

BUS AT STATION 1.

RDOT(O04r~40,9-1,~4)
HEUS (1504 ¢5)

RIOT(~20, »~25009-1r~4)
SURP(254,250)
RDOT(~10,900.7¢,-4)
SULP(8, 1)
SURF(103,101)

AFNT (320, 9220097 -17-4)
VECTC(0.r120,)

RROT(-320,45-330499-5) .
SUEBF(278)

TEXT(’GEN’)

ESUD

AFNT (154938421 9~5)
SUBP(201)

TEXT(’L")

ESuUR .
AFNT(150491049~1,-5)
SUBF(277+274)

172

'SURP! GEN 2 TO CR
{ 140,200 PR FOR CRB
ISURP: CLSD CB FOR GEN
1SUBP?! OFEN CB FOR GEN

{CONNECTION TO CB A1-3

! PB FOR EUS

! 300,50

ISURP? GEN 3 TO CB
! 340,200

ISURF: CLSD CB @ 8
ISUEF! OPEN CE AT 8

ICONNECTION TO CB B1-3

ISURFS GEN 1 TEXT

ISUBP! SW FOR GEN 1

ISULP: GEN 2 TEXT

ol ul

7
7
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caLL
CcaLL
caLL
caLL
caLL
caLL
caLL
CaLL
CALL
caLL

DRAW

CALL
caLL
CALL
CAaLL
CALL

IIRAY

CALL
caLl
caLt
caLL
CALL

APNT(165.9384909~3)
TEXT(’2)
AFPNT(300.7104120y-5)
SULF(278,2764)

AFNT (3152384209 ~5)
TEXT(’3’)
APNT(220.9270.219-4)
SURF(202)
TEXT(’ST-1")

ESUR

LINE A1-3 WITH CR’S.,

AFNT (160493400 97-15-4)
SULF(?» 1)
SUBF(107,101)

AFPNT (1704236049 ~19-4)
VECT(0.»360.)

LINE R1-3 WITH CR’S.

RIOT(14047-380s5-1»~4)
SUERF(10,1)
SURF(110,101)

AFNT (320423604 7-19-4)
VECT(0.2359,)

ISUBPS GEN 3 TEXT

ISURF: SW FOR ST 1

ISUEP: CLSD CE» AL1-3
1SURFP? OFEN CEy AL1-3

' 170,720

1 310,340
ISURPS$ CLSD CRy B1-3
ISURFS OFEN CR, R1-3

1 320,720

DRAW LINES F3-4 AND Fé-11 WITH SWITCHES AT SECTIONALIZING
STATION 10.

caLL
CALL
CALL
cAaLL

DRAW

caLl
caLL
cAaLL
caLL
CALL
CALL
caLL

ROOT(~-200471604s7-1y~4)
VECT(0.s118,)
VECT (690490,
VECT(0,»-100,)

! 12051000
! 810,1000
! 810,900

THE OFEN AND CLSD SWITCHES AT STAT 10.

SUEBF(140)
SUOFV(4)
ESUE
OFF(160)
SULF(50)
SWCLV(4)
ESUR

ISURP? OPEN SW F6-10

ISURP? CLSD SW Fé6-10

CONTINUE WITH LINE AT SECTIONALIZING STATION 10,

caLL
CALL
CALL
CaLL
caLL
CaLl.
caLt
CALL
CALL
caLl
caLl
CALL

AFNT(810,588049-15-4)
VECT(O.9~40,)
SURF(1415140)
OFF(161)

SUEF(61+60)
NFNT(810.932049~1r~-4)
VECT(O.»~-300,)
RDOT('1°0’—2001!‘4)
SUDFC14, 1)
SURF(116,101)
AFPNT(810.2500.9-1»~-4)
VECT(0.»—28,.)
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! 810,840
ISUBF{OFEN SW LR

ISURP! CLSD SW LR
! PR FOR LINE F10-11
! 810,520

ISURP? CLSD CR LN F10-11
ISURF?! OFEN CRBR LN F10-11
), FB FOR LINE TO EUS

! 810,402
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IRAY THE RUS AT STATION 11,

THE SECOND DUS AND DETAIL IS ON STATION 11 FICTURE.

CALL
Cal.l.
CalLL

DRAW

CALL
ChALL
CALL
caLL
caLL
caLL
CALL
CALL
CALL
CALL
CALL
caLL
CALL
caLL
caLl
caLL
CALL

DRAY

CaLL
CALL
CALL
CaLL
CALL
CALL
CALL
ChaLL
CALL
CALL
CALL
CALL
CaLL
cAaLL
CaLL
CaLL
CaLl
CALL

ROOT(-120sr-20r~15-4)
SULF(271,253)
VECT(0.97~-120.)

! 670,400
ISURP! DBUS @ ST 11

LINE E10-11 AND SUITCHES AT STATION 10.

APNT(220,,88149-15~4)
VECT(0.+8%.)
VECT(38604+04)
RUOT(Qss~10495-4)
SUEF(18,1)
SUnFC(118,101?

AFPNT (400, 297049-19~-4)
VECT(1504904)
VECT(0+sr-70,)
SUEP(14625y160)
OFF(1462)

SUEBF(462y50)
AFPNT(7504 78804 9-1,-4)
VECT(O. "“'400’
SUEP(163,140)
OFF(163)

SURF{63160)

! PB FOR LN E3-4
! 220,970
! 580,920

ISULRF?! CB CL LN E4-6
!SUEF! CB OF LN E4-6

I 750,970
! 750,900
ISURP? SW OF ST-10 UL
ISURF: SW CL ST-10 UL

! 750,840
ISUBP? SW OF ST-10 LL

ISUEBRS SUW CL ST-10 LL

CENTER SECTIONALIZING SWITCH FOR ST 10,

AFNT (750, 98604 7~1y-4)
VECT(20.+,04)
SUBF(1464)

SUCLH(4)

ESUR

OFF (164)

SUEP(64)

SWorH(4)

ESUR
AFNT(7904,8804v=1y-4)
VECT(20.,0.)
RIOBT(~46049»=4049-1y--4)
VECT(0.9-300.),
RIOT(-10,7-2049~15-4)
SUBR(17+1)
SUBR(117,101)
AFNT(7504y5004 r=1»-4)
VECT(04r~99.)

! 770+850
ISUBF? SW CL MID ST 10

ISUBP? SW OF MID ST 10

! 810,880
I 750,820
! 750,520

ISUEP: CL CR E10-11
ISUBP: OP CP E10-11

17505401

WRITE THE TITLE OF THE PICTURE IN ITALICS.

CaLL
CALL
CALL

CALL
caLL

stop
END

STAT(-1)

AFNT (400,500, y-15-5)
TEXT('HY TRANSHMISSION’)

SUBROUTINE YO COMFLETE PICTURE .,

THERST
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PROGRAM TO DRAW THE SYNCHRONIZING FICTURE.

COMMON/DFILE/IBUF (1050)
CALL .INIT(1050)

START WITH THE RING RUS SECTION.
CALL AFNT(150.,s1020.»-1s-4)
CALL SUBRFP(1122)

CALL SUERP(1120)

CALL VEUS(-10.95)

CALL ESUR .

CALL RIOT(0.»~10.r~19-4)
CALL SUERF(1121,1120)

CALL RIOT(Os9~10.r-1r-4)
CALL VEUS(-30,95)

CALL ESUB

CALL SUBP(1123)

CALL HEUS(100,:9)

CALL ESUR

CALL RDOT(0.7r-104»=5y-5)
CALL SUBRP(4)

CALL CRCLD(4)

CALL ESUR

CALL SUEF(104)

CALL CEBOFN(4)

CALL ESUEB

CALL AFNT(270,»950+s9~1»~4)
CALL HBUS(160.95)

CALL RDOT(0er~1049-15~-4)
CALL SURP(S»4)

CALL SUBF(105,104)

CALL APNT(450,995049~19-5)
CALL SUEP(1124,1123)

CALL RIDOT(0+9270e9-19-4)
CALL SUEP(1125,1122)

ISURP?
1SURF 3

1SUBP?¢

1SUEP?S

ISUBP ¢’

1SUBP?

1SUBP?$
1SUEBF?

1SUBP?
1SUBP$

VBUS SECTION
VBUS 10

VRUS 10

HBUS 100

CL CB RNG BUS LT

OP CB RNG BUS LT

CL CR RNG BUS RT
0P CB RNG BUS RT

HBUS ON RT
VRUS SECT ON RT

WRITE THE DESIGNATION FOR THE GENERATORS AND REGULATOR. -

CALL APNT(143,s405.1-15-5)
CALL TEXT(’1°)

CALL AFPNT(343,5405.9-19-5)
CALL TEXT(’2%)

CALL AFNT(543.7405.9-15-5) .
CALL TEXT(’37)

CALL APNT(743.»805.9-1+-5)
CALL TEXT(’R’)

TEXT FOR RING BRUS.
ALSO FOR THE GENERATORS.

CALL STAT(-1)

CALL APNT(290.9980.9-1»-5)
CALL TEXT(’RING BUS’)
CALL APNT(70.7405.9-19-3)
CALL TEXT(’GEN’)

CALL AFPNT(270.7405.9-19-5)
CALL TEXT(’GEN’)

CALL AFNT(470.9405.9-1»-5)
CALL TEXT(’GEN’)
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DRAY

caLL
CALL
caLlL
caLL
cAaLL
CALL
caLL
cAaLL
CALL
caLL
caLL
CaLL
caLL
CALL
CaLL
caLL
CALL

DRAW

cALL
CALL
CALL
caLL
caLL
CALL
ChALL
CALL
CALL
CaLL
cAaLL
CAaLL

DRAW

cAaLL
cALL
caLL
caLL
caLL
CALL
CALL
caLL
cALL
CALL
caLL
CALL

DRAY

‘CALL

CALL
CALL
caLL
cALL
cAaLL
caLL

CEN 1y TRANSFORMERs, AND CIRCUIT LRREAKER.,
APNT(126.9415.»-11-4)

SUEF(11298) ISULF?: GEN1 & TRANS
SUDF(1135) ISURFS CIRCLE ONLY
CIRCLE(2S,9-174,~1) ’

ESUR

RDOT(24,925,7-19-4)

SULBF(1130) ISUEP? TRANS ONLY
VECT(O.’SO.? :

TRANSGF ! GEN 1 TRNS
VECT(0,250,)

ESUDR

ESUR

R['OT(_IOO 100’—1!‘4) ’

SULRF(C4r4) ISURF: CL C GEN 1
SULIF(104,104) ISUEBF: OPF CB GEN &
AFNT (150, 55600,9~-15~4)

VECT (0. »350,.)

GEN 2, TRANSFORMERs ANI CIRCUIT BREAKERS UP TO THE RING BUS,

-~

APNT(325,2415.9~1,-4)

SUBF(1127,1128) ISUEBP? GEN 2 2 TRNS
RIOT(~104700r-1y-4) .

SURF(754) ISURP? CL CB GEN 2
SUBPC¢107,104) {SUBF?! OF CR GEN 2

AFNT (3350, 7600.7-1,-4) ' .
VECT(0.»100.)

RIOT¢~10450049~-1r-4)

SUEF(7,4) ISULF?: CL CR ALl-3
SULF¢109,104) . ISUEF! OF CE Al1-3
AFNT(350,.9720.9-1+-4)

VECT(0.»230.) .

GEN 3y TRANSFORMER, AND CIRCUIT BREAKERS TO RING RBUS.

AFPNT(525.5415.s~1,-4)

SURF(1128,1126) ISUBF! GEN 3 % TRNS
RREOT(-10420.9~17-4)

SUER(8y4) 1supkPd Cl. CB GEN 3
SUE(108,104) ISUEF?! OP CB GEN 3

AFNT (550, 26004 9~1y-4)

VECT(0.»s100,)

RDOT(-10., !00"1"4)

SUEP(10s4) ISURF: CL CE R1-3
SUEF(110,104) ISURF? OF CR B1-3
APNT(S50% »720.7~1»-4)

VECT(0.»230,)

STATION 11 EUS THEN THE LINES Ci1-11 AND D1-11,

AFNT(350.985047~15~4)
HEBUS(200.,25) -

APNT(415.2650,7-1,~4) ISTART C1-11
VECT(0,+250,)

ROIOT(~10,904sr~1y-4) .
SUEF(1194) IsSURP? CL Ck C1-11 ST-1
SULF(111,104) {SUBP? CL CB C1-11 5T-~1
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enLL
CALL
caLL
cALL
caLL
eaLL
caLL
caLL
caLL
caLL
cALL
caLL
cALL
caLL
caLL
caLl
caLL
CALL
CALL
cALL
cALL
caLL
cALL
cCALL
CALL
CALL
cALL

DRAW

caLL
CALL
cAaLL
caLL
caLL
CALL
CALL
CALL
CALL
CaLL
CALL
CALL
CALL
CaLL
CaLL
CaLl

CAaLL
CAaLL

STOP
END

OAFPNT(418.¢720.9-11-4)
VECT(0.9£0,)
VECT(234.+0,.)
VECT(0.9-250.)
VECT(G0.+0,)

UCCT(O. 1300)
REDT(—=10.,90,9v-1+-4)
SULFCL14s4)
SUr(114,104)

APNT (7004760049 ~-19—-4)
VECT(0.»50.)
SULF(1129,1123)
VECT(0er~50.9~124)
RIOT(-10.9-20,»~15-4)
SUEM(15+4)
SuURF(115,104)
APNT(800,9580s9~1»-4)
VECT(0.s-80.)
VECT(~200,»0,)
VECT(0.92250.)
VEET(-116.20,)
VECT(0.»~-30.)
RDOT(-10,9-20+9-1+-4)
SURF(12,4)
SURF(112,104)

APNT (484, +700,9~1»-4)
VECT(O.»~50.)

INTERCONNECTION.

AFNT (750498504 r—19v—-4)
SULPF(1131,1130)
AFNT(7264 9815 e9—~19—4)
SULF(1134691135)

APNT (7504983404 9~15~4)
VECTC(O0.750.)
RDOT(-104504s9~19-4)
SUP(13+4)
SUEF(113,104)
APNT(750.9910+9~19~4)
VECT(0.970,.)
ARRDWU( -1 s4y=-1)

AFPNT (7004910004 9v-19~5)
TEXTC’INT CON%)
AFNTC(650. 74004 s=19-3)
TEXTCSYNCHRONIZING )

THE REST OF THE FICTURE.

RESTOF

177

4144800

1 8650:5

t

t 650,000
[]

{ 70045

1SURPS
ISURPF?

ISUBRFS

S0
S0

CL CR C1-11 ST11
OF CBR C1-11 ST11

§T-11 BUS

! START D1-11

1SURPS
{SURPS

1SURPS
ISUBP3

ISUBPFS
1SURF$

ISUEP3
{SUEP$

CL CB D1-~-11 5TI11
OF CIr D1~-11 5Ti1

800,500
600,500
600,750
484,750
484,720

L CrR Di-11 5T-1
OF C3 D1-11 ST-1

INT CON TRNS
IN CON CIR

CL CB INT CON
OF CE INT CON
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SUBROUTINE TO FINISH THC SY&CHRONIZING PICTURE.,
SUEROUTINE RESTOF
DISFLAY THE DATA FOR THE VARIOUS SOURCES.

CALL AFPNT(115.,350.7=1y-5r~1+1)

Cal.lL TEXTC(/VOLT’)

CALL  AFPNT(180,23004919~4) .

CALL SUBF(1101) ISUBFP: RAISE GEN1 VOLT
CALL VECT(0.230.) .

CALL ARROWU(1s4y-1)

CALL ESUR

CALL RDOT(0.r-40,2~17-4)

CALL SUEP(1102) ISUERF? LWR GEN 1 VOLT
CALL VECT(0Q,»~30,)

CALL ARROUR(1s4,-1)

CaLL EsSUn

CALL AFNT(120,92204,~-15-5)

CALL TEXT(’FREQ’)

CALL AFNT(180.,170471y-4)

CALL SURP(1103,1101) ISURF? RAISE GEN1 FREQ
CALL RDOT(0.r-40.s1,-4)
CALL SUEF(1104,1102) 1synFd LUR GEN1 FREQ

CALL AFNT(315.y350.9~15-5)
CALL TEXT(’VOLT’)
CALL AFNT(380.,y300.71,~-4)

CALL SURF(1105,1101) . ISUEP? RAISE GEN 2 VOLT
CaLL RDOT(O0+»~40.r~15-4)

CALL SURF(1105,1102) ISUBF?¢ LWR GEN 2 VOLT
CALL AFNT(320,722049-1»-5) .

CALL TEXT(’FREQ’)

CALL AFNT(380.7170.71y~4)

CALL SURF(1107,1101) ISUBF? RAISE GEN 2 FREQ
CALL RROT(O0.»~40.71,-4) .
CALL SUER(1108,1102) o ISUBF? LWR GEN2 FREQ

CALL APNT(515,,350.9-1,-5)
CALL TEXT(’VOLT’)
CALL AFNT(580,5300.71,~4)

CALL SUEBMF(1109,1101) ISUBP? RAISE GEN 3 VOLT
CALL RDOT(O0.»-40¢215~4) .
CALL SULF(1110,1102) ISUEF: LWUR GEN 3 VOLT

CALL APNT(520,7220.7-1,~5)
CALL TEXT(’FREQ’)
CALL AFNT(S580.9170,s1,-4)

CALL SURIF(1111,110%) ISUBP! RAISE GEN3 FREQ
CALL RIOT(O.r»-40¢71r-4)
CALL SUEF(1112,1102) ) ISUBP? LUR GEN3 FREQ

CALL. APNT(815,,850,5-1,-5)
CALL TEXT(’VOLT’)
CALL AFNT(880.,800.r15~4)

CALL SULM(1113,1101) ISUEBPS RAISE INT VOLT
CaALL RDOT(O+2-40.21y-4)
CALL SULF(1114,1102) ISUBRPS LUR INT VOLT

CALL AFNT(820,,7204¢9v~1,-5)
CALL TEXT(’FREQ’)
CALL STAT(1)
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WRITE THE TEXT FOR THE °*ARE YOU SURE® DOUEBLE CHECK

FOR LIGHT PEN HITS DURING THE FROGRAM RUN.

CALL SUEF(%0) ISUBFP! R U SURE
CALL AFNT(020.,»750.r=-1»-5y1)

CALL TEXT(’YOU SURE?‘)

DRAW THE °®YES*® SUEBPICTURE.,

CALL SUEBF(?1) ’ ISUBP?! CK IF YES
CALL AFNT(900477004719~52~1)

CALL TEXT(’YES’)

CaLL ESUB

DRAW THE *NO®* SULRFICTURE.

CALL SUEFP(92)

CALL AFNT(97049700¢715~5»~1)
CALL TEXT(’NO’)

CALL ESUR

CALL ESUB
CALL QFF(90)
PLACE THE NUMRERS FOR THE PATA TO RE DISPLAYED,

CALL APNT(100.,285.5~1»-5)

CaLL STAT(1)

CALL. NMER(931,V0LTS»S, " (F5.2)7%)
CALL AFNT(10045155,9~1y~3)

CALL NMEBR(I32,VOLTS»S» (FU.1)7)
CALL AFNT(300.,285.»~1,-5)

CALL NMEBR(936sVOLTS»Sy’(F5.2)7%)
CALL AFNT(30047155,.y~15-5)

CALL NMER(937,VOLTS»S»’(FS.1)7)
CALL AFNT(3500.,285,9~1,-3)

CALL NMEBR(?41,VOLTS»S»’(F5.2)°)
CALL AFNT(500,7155.9~1»~39)

CALL NMER(P42,VOLTS»S5, 7 (FS5,1) ")
CALL APNT(800,9735,5~19-5)

CALL NMER(P446,VOLTSySy’(FS5.2)*)
CALL AFNT(B800.,7590.y~15-5)

CALL NMER(?47,VOLTS»S»’(FS5.1)7)

SETUF THE MENU.
CALL APFNT(?15.580047~19-5)
CALL TEXT(’SCHETULES’)
CALL MENU(P85.9540, 9~ aOorlinv’U' ‘Y’ y 'GENLY »
1 ’STAT1’y’MENU’) .
SAVE THE PICTURE IN A FILE CALLED °*SYNCRN.DFY®.
CALL SAVE(’SYNCRN.DPY’)

RETURN
END
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PROGRAM TO DIRAW THE INDUSTRIAL LOADING FICTURE.
THIS IS NOT COMFLETE REPRESENTATION OF THE SUL-SECTION

COMMON/DFILE/IRUF(1000)
CALL INIT(¢1000)

START AT THE TOF WITH THE REFRESENTATION OF THE HV TRANSMISSION
AND' SUESTATION 4 WHICH FROVIDE THE SOURCE AND FROTECTION FOR
THIS LINE,

CALL APNT(345,»950.21r~Sr-151)

CALL SUERP(701) ISUEPS HVUTRANS SUW
CALL TEXT(’HV TRANSMISSION’) '

CALL ESUD

DRAW DASHED LINE DEFICTION OF ROUNDARY BETWEEN HV TRANSMISSION,
SURSTATION 4, AND INDUSTRIAL LOAD,

CALL AFPNT (800.s240.9~17-4v~154)

CALL VECT(-700.,+0.) ! 100.+240
CALL AFNT(100,,780.7-1,-4)
CALL VECT(700+10.) ! 800,780

DRAW EUS» CIRCUIT EREAKER» AND SWITCH FOR SUESTATION 4,

CALL APNT(33047900.9~15-49~-1,1)

CALL REUS(200.,5)

CALL APNT(450,2900.,7~1,-4)

CALL VECT(0.»-30,.) 1 450,850

CALL RDOT(-10.,7=20+7~1y~5)

CALL SULRP(23) ISURP? CL. CR #9 ST-4
CaLL CBCLL(4) :

CALL ESUE

CALL SURF(123) ISURFS OF CB %9 ST-4
CALL CROFN(4)

CALL ESUR

CALL APNT(450.s830.9-15-4)

CALL VECT(0.5-100,)

CALL AFNT(530,+8304719~3) '

CALL SUER(702) ISURF? ST-4 SUW

CALL TEXT(’SUESTATION-4’)
CALL ESUB

DRAW THE UCRICTION OF THE VOLTAGE REGULATOR.
ALSO IMCLUDE A SET OF ARROWS THAT WILL RE USED TO
CHANGE THE OUTPUT VOLTAGE OF THE REGULATOR.

CALL APNT(421.,,700.,2~1y-4)

CALL CIRCLE(30.r~1v4dy--1)

CALL AFNT(443,,6%90.9-15-5)

CALL TEXT(’R’)

CALL APNT(T50.971040919~-4) .
CALL SULRF(703) ISUEP! RAISE REG VOLT
CALL VECT(0.»30.)

CALL ARROWU(1s4r~1)

CALL ESUR

CALL AFNT(535049690.71y~4)

CALL SUEF(704) ) ISUBRF! LOWR REG VOLT
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enLl VEET(0.»2~304v194)
CALL ARROWL(1y4y~1)
CaLL ESUDR

CONTINUE WITH THE FEEDCR» TO THE TRANSFORMER.

CALL APNT(450.5400.y~15-4)
CALL VECT(0,»50.)

CALL TRANSF

CALL VECT(0.7170.)

DRAW THE REFRESENTATION OF THE CAFACITOR.

CALL APNT (450426004915 -4)
CALL, VECT(100,50.)

CALL VECT(0,,-30.)

CALL SUEM(158) . ISUBF: CL SW CAF
CALL SWCLV(4)

CALL ESUR

CALL OFF(158)

CALL SURP(S8)

CALL SWOFV(4)

CALL ESUR

CALL AFNT(530,2550.r~17v-94)
CALL VECT(0.»-S0.)

CALL CAPCTR

CALL VECT(0,»-30.) .
CALL GND

DRAW THE LIGHTNING FROTECTOR.

CALL APNT (450495509 —1y—4)
CALL VECT(~1004504)

CALL VECT(0.y=50.)

CALL RDOT(Oss~149~1+6)
CALL RDOTCQ.r~18er-1+8)
CALL RIOT(Qer~1lsy=1y=4)
CALL VECT(Q.y—204)

CALL GND

DRAW THE LOADS, SWITCHES» AND TEXT.
CALL APNT(800,y400,y~1,-4)

CALL VECT(~700.90.)
CaLL VECT(0.»~150.)

CALL SUDP(153,158) ISUBF: TL SW LTG LD
CALL OFF(153)
CALL SUEBR(53»S8) . ISULRF: DP SW LTG LD

CALL APNT{(100+y230sy~1y~4)

CAaLL VECT(0.»=30.)

CALL SURR(720) ' ISUFI:3 LTG5 LD
CALL LOAD ’

CALL ESUB

CALL APNT(27354980049v~1v—9%)
CALL VECT(0.»~1350,)

CALL SURP(1545158) ) ISURF: CL SW HEAT LD
CALL OFFC1359)
CALL SUKP(54,58) . ISURTFI 0P SW HEAT LD
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CALL
CaLL
CaLL

caLL
caLL
CaLL
caLL
CALL
CALL
caLL
caLL
CALL
CAaLL
CALL

CAaLL
CALL
caLL
CALL
caLL
CAlL
CaLL
cAaLL

CALL
CALL
CALL
CALL
caLL
CALL
CaLL
CALL

APNT (275422304 9-11-4)

"VECT(0e¢r~30,)

SUEF(721,720)

AFPNT (537,5400.9-1»-4)
VECT(0.,,~100,)
AFNT(525.9300.9~1r-4)
VECT(~-175.90.)
VECT(0.»-504)
SUBF(155,158)
OFF(155)

SURF(55,58)

AFNT (450, 72304 9~19-4)
VECT(0.+»-304)
SULF(722,720)

APNT(625,930047~11~4)
VECT(04r-50.)
SUBF(156,158)

OFF (156)

SUEBF(56,358)
APNT(625.923049~19-4)
VECT(049~30.)
SURP(723,720)

AFNT(800.,7400+r~17-4)
VECT(0.r~-150,4)
SUERF(157,158)
OFF{157)

SURP(57,58)

APNT (800, 9230,7~1»-4)
VECT(0.9~30,)
SUBF(724,720)

WRITE TEXT ON LOADS.

CALL
catL
CALL
calL
caLL
caLL
CALL
CALL
CALL
CALL
CALL
CALL

WRITE THE TEXT FOR THE

STAT(-1)
APNT(40.98042~1»-5)
TEXTC/LIGHTING’)
APNT(242,78049-15~3)
TEXT(HEAT’)
AFNT(502.93067-15~3)
TEXT('FOWER’)

AFNT (740,980 9-19~5)
TEXT('REACTIVE’)
AFNT (5075604 9-19-5)

TEXT{(’INDUSTRIAL DISTRIBUTION’)

STAT(1)

*ARE YOU SURE®

1SuUPB

fSUBP$
1SURF S

1SUPBS

I1SUBF?
ISUBP?

1SUPB?

ISUBP?
ISURP$

tSUPB3

FOR LIGHT FPEN HITS DURING THE PROGRAM RUN.

CAL.L

CALL APNT(870.17504¢5-19-5:1)

CALL
DRAW

SURF(20)
TEXT(’YOU SURE?’)
THE °YES® SUBPICTURE.

*182

1SUBP?

LTG LD

CL SW FWR
OF SW PUWR

PWR #1 LD

CL SW PUR
OF SW PUWR

FPWR #2 LD

CL SW LTG
OP SW STG

REACT LD

DOUBLE CHFCK

R U SURE

#1
#1

$2

LD

LD
LD

LD
LD

LD
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CALL SUDFR(?1)

CALL APNT(880.9700,91y-5y~1)
CALL TEXT('YES’)

CALL ESUR

DRAW THE °NO® SULFPICTURE.

CALL SURFR(22)

CALL AFNT(?5042700421,~59~1)
CALL TEXT(’ND’)

CALL ESUR

CALL ESUR -
CaLl OrF(90)
FLACE THE DATA TO DBE MONITORED.

CALL AFNT(200.¢870,9~1+-5)
CALL NMDR(?S0:VOLTS»Sy (FS.2)%)
caLl STAT(-1)

CALL TEXT(’ VOLTS’)

CALL STAT(1)

CALL APNT(20045700,y=15-5)
CALL NMIRC(PS1»VOLTS»Sy “(FS.227)
CALL STAT(-1)

CALL TEXT(’ VOLTS”)

CALL STAT(L)

CALL AFNT(200,++65047~1»~5)
CALL NMER(PT2,VOLTS»Sr ' (FS.2)7)
CALL STAT(~-1) .
CALL TEXT(’ PF’)

CALL STAT(1)

CALL AFPNT(2004960049~1»-3)
CALL NMRR(P53sVOLTS»Sy 7 (F5.2)7)
CALL STAT(-1)

CALL TEXT(’ AMFS‘)

WRITE A MENU OF OTHER PICTURES TO RBE USED.

CALL STAT(1)
CALL APNT(895.y500.7~1»-5)
CaLL TEXT(’SCIIEIULES’)

CALL NENU(950415404r~50497059 U’ »*V’ 5 *STAT1»

1 ’GEN 1’»’8STAT 11’y’/MENU’)
SAVE THE PICTURE IN A FILE CALLED
CALL. SAVE("INDLD.DIPY’)

sTOP
END
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PROGRAM TO DRAW THE LOAD CENTER SULSTATION.

COMMON/DFILE/IRUF(1000)
CALL INIT(1000)

START AT THE TOF OF THE LEFT LOAD AND PROCEED CLOCKWISE.

CALL AFNT(200,9300.7-1y-4y~1,1)
CALL VECT(04+22004»-1) )

DRAW CIRCUIT RREAKER S8~-1.,
CALL RDOT(-10470.79-4)

Call. SULF(39) tSURPS CL CB #85-1
CALL CECLI(4)

CALL ESUE )

CALL SURP(139) ISURF? OF CB #5S-1
CALL CEOFN(4) '
CALL ESUB . .
CALL APNT(20047520.7-1»-4)

CALL SUEF(G20) ISUBP? TRANS ON LT
CALL VECT(0.»110,) I 200,630

CALL TRANSF ! 2005670

CALL VECT(0,r110.) ! 200,780

CALL ESUB

DRAW THE #6 CIRCUIT RBREAKER FROM SUBSTATION 4.
CALL RDOT(-10.70.y-1y~-4)

CaLl. SUEBFP(38,37) 1SURME CL CR #6
CaLL SURF(138,139) . ISUKF? OF CR +6
CALL AFNT(200.9800.1-1s-4)

CALL VECT(0.,,100,4) 1 200,900

DRAW THE BUS OF SURSTATION &.

CALL HRUS(S500.95) : ' 700,900

CONTINUE WITH THE RIGHT PORTION.

CAlL VECT(0.,»~100.9-1+4) t 700.:800

CALL RIOT(~10.7-20.79~4)

CALL SURF(37,3%) ISUEP: CL CB #7
CaLl SUBRFP(137,139) ISURPS OF CR 37
CaLL AFNT(Z70049320.y~1y~4)

CAaLL SULF(U21,520) 1SULP? TRANS ON RT
Call: AFNT(5904950049~1,-4) .

CALL SUEP(40,39) ISUERP: CL CB 2$SS-3
caLL SURF(140,13%) ISUBP! OF CEH #S5-3
CALL APNT(700.7500.5-1y~4)

CALL VECT(0,s-200,) ! 700,300

DRAW THE DASHED LINE ACROSS THE PICTURE TO DEPICT THE FORTION
TIAT IS ALREADY DEFICTED ON THE SURSTATION 6 FICTURE.

CALL APNT(B00.»730.»~19-41~-1+4)
CALL VECT(~-700.+0.) 1 100,750
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A DASHED LINE ADOVE THE BUS TO DEFICT TUE FACT THAT THE

HV TRANSMISSION LINE PICTURE CONTAINS THE GENERATION WHICH IS
THE INMUT TO THE PICTURE, THE TEXT WILL RE THLD SWUITCH FOR
CHANGING TO THIS PICTUREL.

CALL

caLL
cnLL
caLL
caLL
caLL

AFNT(100.792404r~17-4,~1)

VECT(700.20.) ! 800,950
AFNT(350.9250.219-52-191)

SUBF(550) ISUBFS SW FOR HVTRNS
TEXT(’HV TRANGMISSION’)Y

ESuUB

WRITE THE TEXT FOR SUEBSTATION &6 AND SENSITIZE IT FOR THE
LIGHT PEN., '

CaLl
call
CALL
caLL

DRAY

caLL
CaLL
CALL
caLL
CALL
CALL
caLL
caLL
CALL
CALL
CAaLL

APNT(3454s810,915-3)

SURF(SS51) ISUBP: SW FOR ST-6
TEXT(/SULSTATION-67) .

ESUB ’

THE SECONDARIES STARTING ON THE RIGHT.

AFNT (300473004 2-19~4)

VECT(~200.,0.) ! 100,300
VECT(0.r-50.) ! 100,230
ROOT(-10+9~2049-1y~4)

SUEF(42,39) ISUBF? CL CR #1
SURF(142,139) I1SUBF: OF CB 11
APNT(100,9230.7-1y-4)

VECT(0.»:-60.)

SULRF(S22) ISUEF?: LOAD
LOAD

ESUR

WRITE THE NAME OF THE PICTURE IN ITALICS.

‘cALL

CALL
CAL.L
cALL
CALL

DRAW

caLL
CALL
CaLL
CaLL
CALL
caLL
caLL

CALL
CaLL
cAaLL
CALL
CALL
CAaLL
CALL
CaLL

STAT(-1)

AFNT(297,94600.92~1,-5)
TEXTC(’LOAD CENTER SURSTATION’)
AFNT(318,7,53047-1y~3)

TEXT( ‘SECONDARY SELECTIVE’)

THE TIE EREAKER,
APNT (200474504 r-1v-4)

VECT(240.50.) t 440,450
RUOT(O,9-1049~1,~-4)

SUBF( 41,39} 1suprd £l CB $955-2
SURP(141,139) I1ISULP: OF CB £35-2
AFNT (460494504 9-19~4) .
VECT(240.,20.) t 700y 450

AFNT (300,300, 7-19-4)

VECT(0.s~50,) 1 300,250
RDOOTC(-10,9-2049~12~4)

SULF(43,39) ISURFS CL CB +2
SURR(143,139) 1SULF: OF CB $2
APNT(300,923041~19~4)

VECT(O0.»~40.) . t 300,170

SULP(523,522) 1SULFS LOAD #2
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CALL APNT(800.,,300.9v~17s-4)
CaLL VECT(-200.,,0.)
CaLL VECT(0.y-50.)
CALL RIOT(~10,7-2049~4+-4)

CALL SULF(44,3%) ISURFS CL CR 3
CALL SUBF(144,139) 1SUnP: OP CB +3
CALL APNT(500,.7230,0-19-4)

CALL VECT(O0.2-50.) ! 600,170

CALL SUDBF(524,522) ISURPS LOAD %3

CALL AFNT(800.r300.,7~-1»-4)
CALL VECT(O0.r~50.)
CALL RIOT(-~10.,5-20.9-17-4)

CALL SULRF(AS5,39) 1SURF: CL CR 4
CALL. SURF(145,139) ISUEF: OF CR %4
CALL AFNT(800,,230,7-1r-4)

CALL VECT (0.r-60,) . 1800,170

CALL SURF(S525,522) ISURFS LOAD #4

WRITE THE TEXT AT THE BOTTOM TO DESCRIBE THE DISTRIBUTION
SYSTEM.

CALL AFNT(235.240.7-1,-5)

CALL TEXT(’240 V =~ 37,-1»’B’y»’ - 3W DISTRIBUTION’)

cALL STAT(1)

CALL AFNT(200.2800,9-1,-5)

CALL TEXT(’/SCHEINULES?)

CALL MENU(?30.2540.9~50.2,552y’U’y 'MENU’)

WRITE THE TEXT FOR THE ®ARE YOU SURE®" DOUELE CHECK
FOR LIBHT PEN HITS DURING THE FROGRAM RUN.

CALL SUEF(?0) ISUBP: R U SURE
CALL APNT(B870.2750.5=1,-5,1)
CALL TEXT(’YOU SURE?’)

DRAW THE °®YES® SUEBFICTURE.,

CALL SUBFR(?1) ISUBP: CK IF YES
CALL AFNT(880.,5700.71¢-5y-1)

CALL TEXT(’YES’)

CALL ESUR

DRAW THE *"NO® SURFICTURE.
CALL SURP(92)

CALL APNT(?50.97004915-55~1)
CALL TEXT (’NO‘)

CALL ESUR

CALL ESUB

CALL OFF(90)

BUS VOLTAGE ON SUESTATION &,
CALL AFNT(720.¢8%20.9~15-5)

CHALL NMBR(?58,VOLTS»S»’(F5.2)7)
CALL STAT(-1)
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CALL TEXT(‘ VOLTS)

c
c 4
c SAVE THE PICTURE IN A FILE CALLED °LRCTR.IPY®,
c .
CALL SAVE(’LRCTR.DPY’)
c
STOR
END
PIP>
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PROGRAM TO DIRAW THE NETWORK SYSTEM.

COMMON/DF ILE/IBUF(1000)

cAaLL

INIT(1000)

START WITH THE TEXT AT THE TOPM.

caLL
caLL
caLL
cAaLL

DRAY

CALL
caLL

DRAW

caLL
cal.L
CALL
cAaLL

APNT(350.9250491y~S9—1»1) .

SULE(501) . ISURFIHUTRNS SW
TEXT(’HV TRANSMISSION’)

ESUR

DASHEDR LINE TO INDICATE WHERE SEFARATION OF PRIOGR FICTURES.,
APNT (10049940, 9-19v~45~124)

VECT(700.50,) ' 800,940

THE RUS FOR STATION & AS A SUEFICTURE.
APNT(750,5900,9~19~4y~151)

SULRP(620) ISUBP¢! HRBUS ST-6
HEUS(~400.95)

ESUR

CONTINUE WITH TEXT AND DASHED LINES.

.

caLL
CaLL
caLL
caLl
caLL
caLl

APNT (365, 2840,912-Sr~151)

SUER(602) ISUBF?: SUBST-&6 SW
TEXT(‘SURSTATION-6")

ESup :

APNT(100.2780.r~1r-4r~1+4).

VECT(700Q.704)

WRITE THE TITLE OF THE PICTURE IN ITALICS.
ADD THE STREET MAINS OF THE NETWORK IN ONE-LINE DIAGRAM FORM.

cALL
CALL
CALL
CALL
CALL
CALL
CALL
CALL
CaLL

APNT(700. 7550+ r—19-45-1»1)
VECT(-500.70,4)

STAT(-1)

AFNT (350455004 »—~1»~5)

TEXT(/NETWORK SYSTEM’)

AFNT(70042450.9-19-4)

VECT(~214.,0.) § 486,450
APNTC(414. 245049 -19v~4)

VECT(-214,50,) § 200,450

WRITE THE TEXT ON THE DISTRIEBUTION SYSTEM.

CALL
CALL
CALL
caLlL
CAl.L

DRAUW

AMNT (325, 7260, 9~11-5)
TEXT(/200/120V = 3’/9=19'B’»’ - 4U’%)
APNT (36549 23849~1»-5)
TEXTC(/DISTRIBUTION)

STAT(1)

THE REFRESENTATION OF SURSTATION-4 AND

HV TRANGMISSION AS ALQVE.
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acob

c!

CALL AFNT(100.5220.r~1y-41-154)

CALL VECT(700.+0.)

CALL ArNT(3485.91500¢19-59—-4v1)

CALL SULR(503)

CALL TEXT(’/SURSTATION-4’)

CALL ESUD

CALL APNT(750.+100.5-15~4)

CALL SUDRP(5621,4620)

CALL APNT(100.560.9-19—-45-1,4)

CALL VECT(700,+0,)

CALL GPNT(3500130071v—§r-171)

CALL SULF(&604y601)

ISURP?S
ISULP S

{SURP$

SURST-4 SUW

HEUS ST-4

HUTRNS SW

START ON RIGHT SIDE AND L[RAW CIRCUITS FROM EBOTTOM TO TdPo

CALL AFNT(700.7100.5-15~4s=151)

CALL VECT(0,¢50.)

CALL RIOT(-~10.70.79-4)

CALL SULEP(27)
CaLL CLCcLp(4)
CALL ESUR
CALL SULRP(127)
LALL CBOFN(4)
CALL ESUR

CALL APNT(700.9170.9—-1y-4)

CALL SURF(4622)
CALL VECT(0.:95.)
CALL TRANSF

CALL VECT(0.1954)
CALL ESUR

CALL RDOT(-10.50,7-1y-4)

CALL SUERFP(28y27)
CaLL SUEP(128,127)

CALL APNT(700.7420.1-1>-4)

CALL VECT(0.r1560.)

CALL ROOT(~10.70er~1r~4)

CALL SUEF(29,27)
CALL SUEF(129,127)

CALL AFPNT(70049600.9~1y-4)

CALL SUEBF(623+522)

CALL RIOT(~10.90.79~4)

CALL SUBF(33,27)
CALL SURr(133,127)

CALL AFNT(700,28%50.5~1y~4)

CALL VECT(0.,950.)

1SUBPS

ISUBP?

ISURF?
i 700y

1SUBP?
I1SUBP?

ISURP?
ISUEPF:

ISURPS

'SURPS
ISUERP?

CL CB #7 ST-4

OF CB #7 ST-4

LWR RT TRANS

265

cL
orF

CcL
oP

ur

cL
oF

! 500,900

CB
CB

CB
CB

RT

Ce

$4
$4

$2

$2
TRANS

¥5 8T-6
S ST-6

START ON LEFT SIIE AND DRAW CIRCUITS FROM ROTTOM TO TOP.

CALL AFPNT(200.,510049=1v~4y=151)

CALL VECT(0,950.)

CALL RIOT(~10.70.vy~4)

CALL SUEP(24+27)
CALL SUERF(126,127)

CNALL APNT(200.5170,9~15-4)

CALL SUBF(4624,622)
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non

ann aonan

aaon

€aLL
CoLL
CALL
caLl
cAaLL
caLL
cAaLL
CALL
CALL
caLL
caLL
cALL
cALL
CaLl
caLl

DRAY

caLL
CALL

DRAY

CALL
caLL
caLL
cAaLL
CALL
caLL
call
caLL

RDOT(=-10,10.9—17-4)
SURP(30:,27)
SULKP(130,127)
AFNT(2004942047~19-4)°
VECT(042160,)
RIOT(~10,90s9~1r-4)
SURF(31,27)
SURP(1351,127)

APNT (200, 26004s7~19-4)
SULF(6259622)
RUUT(“].OQ 1049 "'4)
SUEBF(32,27)
SUNP(132,127)

APNT (200, 2850,2~1,~4)
VECT(0.,250,.)

THE ONE-LINE REFRESENTATION OF THE

AFNT(A11,7430,9-1y=-4) °
CIRCLE(A0,s9~-1y4,~1)

THE REPRESENTATION OF THE LOADS,

AFNT (421 .9401,9~1y~4)
VECT(—QI.»TEIo) ‘
SUBF(46248)

LOAD

ESUR -
AFNT(479.2401,7~-15-4)
VECT(21.,,-21,)

SUBP(6271626)

WRITE THE TEXT FOR THE *ARE YOQU SURE®
FOR LIGHT PEN HITS DNURING THE FROGRAM RUN.

CALL
CALL
CALL

DRAUW

CALL
CAaLL
CaLL
caLL

DRAUW

CALL
cAaLL
CALL
call
CALL

caLL
CALL

cat.l
cAaLL

SURF(90)
AFNT(B704975049~19-5+1)
TEXT(’YOU SURE?’)

THE "YES" SUBRICTURE,
SULR(?1)
AFNT(880:9700s917~5r~-1)
TEXT{’YES?)

ESUR

THE *"NO®* SURPICTURE,
SURF(®2)

AFNT (2002700091 9~Cr~-1)

TEXTC(’NO’)
ESUR
ESUR

OFF (90)

APNT(200.9600.9~1v-5)
TEXT(/SCHEIULES )

1SULP S
'SUERPFS

1SURP?
1SUBF?

FSUDF S

1SURF?
1SURFS

cL
OF

CL
or

ur

cL
oF

1 500,900

CR

CB :

CB
CB

LT

CB
CB

MANHOLE RING

1SUBPR ¢

1SURP?S

1 SUEBP?

1SUBR!

+3

1
*1

TRANS

$4 ST-6
$4 ST-6

RUS,

LOAD 31

LOAD #2

ROUELE CHECK

R U SURE

CK IF YES

MENUC?S0. 93404 7~504960T32°U’ » 'V’ »’W s "MENU’)

19n



no

O 0o

FLACE THE DATA TO BE MONITORED,

CALL
CALL
CALL
caLL
CALL
caLl
CALL
CALL
CALL
CALL
caLL
caLL
CALL
CaLL
caLL
CAaLL
CALL
CaLL
CaLlL

SAVE
CaLL
sTOP

"END

STAT(-1)

APNT (250494004 7~19-5)
TEXT(’L1~N VOLTS’)

APNT (25049540491 9-5)
TEXT(” AMFS’)

STAT(1)
AFNT(40049600.9-19-5)
NMER(957sVOLTS Sy ' (FG.2) ),
APNT (400495604919 -5)
NMER(P629yVOLTSs S5, (FS5.2))
AFNT(740.9870497-19-5)
NMER(PS8yVOLTS Sy " (FS5.2)7)
STAT(-1)

TEXT(’ VOLTS’)

STAT(1)
APNT(740.9110,5s—14-5)
NMER(2S0VOLTS»Se " (FS.2)7)
sTaT(-1) .

TEXT(’ VOLTS’Y ... -
THE PICTURE IN A FILE CALLED “NETSYS.IUFY®.

SAVE(’NETSYS.IFY’)
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Appendix VII
Publications resulted from

this research.

192



.t

Interactive Graphics Controlled Power System Simulation:
A Distributed Mini/Micro Processing Approach, ESHWAR
PITTANPALLE, JOMN E. FAGAN, University of UOklahoma=~An
Interactive clectric power system model using distribu-
ted processing cmploying a graphics terminal as an in~
put/output medium is investigated. A real model power
system is interfaced to a microcomputer, a minicomputer
and a graphics terminal. The computcrs duo are assigned
two different specific tasks on a dynamic basis, which
in turn are interfaced through a communication network.
The microcomputer services the needs of data acquisi-
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l Eshviar Pittamgalli
School of Electrical Engineering
and Computer Sciences
University of Okl.. oma
Norman, Ohlah

RBSTRACT

An interactive electric power system model
utilized in the power systems program at the Uni-
versity of Oklahomz using distributed processing
erploying a grephic terminal as an input/output
mediura is investizated. A real model power system
is interfaced to a microcomputer, a minicomputer
and a graphics terminal. The computer duo are
assigned two diiferent specific tasks on a dynamic
basis, which in turn are interiaced through a com-
munication network. The microcomputer services
the needs of cat2 acquisition of all the necessary
state variables of the pcwar systam model. The
minicomputer acts as a supervisory system in del-
egating certain scheduled routines of data ecqui-
sition and the control to the microcorputer and
also in operating certain necassary control func-
tions of the powsr system model. In addition, it
21so0 updates 2 graphic displays. The control
software of minicomputer uses a real time represen-
tation of the powsr system configuration, to do
such tasks as synchronization and autcmatic network
load and generation scheduling.

BACKGRCUND

Power system generation, trensmission and dis-
tribution networks coupled by switching and load
center substations, male up @ systsm that covers
a vast geoaraphic area. Contingancies, whether
scheduled or emorgency, which involve tha removal
of any essential component of the powar system,
such as transnission line or generation can cause
large disturbanzes in the network, and eventually
lead to failurz of a portion or the entire network.
During these cecntingencies, the sysizm's auvtomztic
controls oserate to protect the svsiew from over-
load or da~2g2. The human centroller monitors 2nd
makes the decisions s to loa2d shzdding, cencration
scheduling, or total system rescheduling, attempt-
ing to keap the system supplying pcwar to the user.
In"an effort to enhance the control of the electric
power system, the digital corputer and related de-
vices are boing used extensively to better perform
data acquisition and supervisory control activities.

Investigations were mede to defirne present
substation's auto—atic requirements. This ingcluded
3 complete evaluation of substatiou functicrel and
control require =ats., Madels to dyra2-ically siru-
late and prgdl(. PSear system's presant and future
s2ates have Soeww incorporeted 1o irzic-ent

1572 FRONTIE

il / VG RO

S 12 EDUCATION COotF

RIGITAL Gyl CONTHLLLED
PGWER SYST:EM S

SIVIULATOR USHUG
DISTRISUTED
BiTOCESSING

Oean John E. Fagan

Dean of College cf Engincering
College of Engineering
University of Oklahoma

omna Norman, Oklahoma

real-tire control. In this application the tool
of an interactive grapnics has been selected to
provide near real-time cormunication between a
huran operator, the conputer and the powar system
being controlled. A single line reprasentation
of real power sysien rod21 along with line dia-
graris of verious pcuwer system componants of entire
real life power system are depicted on interactive
terminal with purpose of coordinating the control
of displays on graphical representation to the
actual system.

INTRODUCTION

The mini/micro computer based system is de-
signed to control the operations of a model power
system simulator. The minicomputer supports
graphics display and two other tasPs, one of which
establishes communication link with microcemputer
system. The microcomputer with a real time inter-
face systzm-scans 32 state variebles of the model
powar system providing the digital eguivalent data
to the minicomputer through a common block of data,
which resides a shared memory region. This en-
ables the minicomputer to undate the graphic dis-
plays of power simulator. The multi-tasking capa-
bility of minicomputer facilitates the simultanecous
run of two tasks independsnt of each other threugh
its 2ero power condition to steady state operation.

The segquence of operation starts with dis-
abling of all the rmanual controlled switches of
the simulator. These are replazed by automatic
switches which can be controlled by the minicom-
puter through D.M.A. interfece circuitry. The
aperator either closes or ocins a particular
switch of interest through the help of a light pen
attached to the grephics terminal. The photogravhs
of the minicornutar system/simulator ar2 shown in
Figures la and 1b.

SYSTEM HARDWARE

A block diesram of the system interconnection
is shown in F19ure 2. The minico-puter e~ployed
is a PHP 11732 Digital feuipnent corporation Syse
tem which runs with V-1 graﬂhlc display unit.

It includes a LA2S DEC typoariter, an input/outrut
terminal, and two RKD5 ragnetic disk cassette

drives., The 1173% is connected to the peripherals_

by unibus systen. The data transfer takes place
over this hus, The mi-ury contairs 65k words of
semicenduztor ro y, 0f which less then 32k is
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FIGURE 1b
DEC 11734 SYSTEM

"+ peeded to perform the task described in this paper,

The ¢;erating system is the RSY-11M wi
tasking capability.

th rulti-

The VI11 grephics terminal is a single color,
varfable intensity random position scan CRT terminal
for real time grephics display. The screen is 17"
diagonal end cefires 1,023 x 1,023 ccordirate points
in both X- and Y-directions. The terzinal coniaing
a display processor which acts 2s any other periphe
eral c¢ovice on the UNIBUS., The Y111 will 2lso
fssue intcrupts to the CPU when it dztects that the
light pen hes been pointed in the sensitive area of
the scroen,

The Cate acruisition systen
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HﬂRD VARE INTERCONNECTION MAP

80/10A single card computer system. This micro-
conputer system is interTaced to the power simula-
tor tnrough a real time interface sub-system Ana-
log Devices RTI-1200. This interface sub-system
uses memory rapped interface thus appzaring to the
microcozputer 2s a block memory addresses in the
memory scace. Data and commeand information is
transmitted to the RTI-1200 via instructions that
write into memory, and dsta and status information
is retrieved from RT!-1200 via instructions that
read from memory.

Sirmulator is a small power system model con-
sisting of sceled gsnerators, transmission systems,
substations, distributed systems, and loads. The
generation is three dc motor/synchronous genzrator
sets of 1Kw, 1¥w and 3Kw capacity. Additional
cepacity rmay be supplied through the simulator
system interconnection to the local utility. A
high voltage transmission system connects the gen-
eration to two types of distrihution substations
whare varied forms of resiczntial and indusirial
loads are simulated. Thzre is also a network sys-
tem fed from both substztions and a load center
substations as well. The circuit breakers end
swilches are accomganied by special moadifications.,
The brealers have a remately controlled contactor
in series, thus a11001ng brezher and circuit stetus
to be 2liered under program or rznual conirol.

The resdte switching is routed to a cate level cone
version ranel where special buffer circuits change
the 5 volt TTL smgnals to 115 volt sigrals for
switching. This is accomplished with the help of |
an ln.erface circuitry which performs the voltage
level charces fron that of 5 volt TTL signals
availzhle on the SRS-11 to 115 volts AC corvands
nceled to onerate con;rols within the sirulator.
The purpase of interface, in eddition to level
chznze, is to offer 2 high level of isolation be-
t~zen the systew siruletor and the ccputer. In
oréer to accomplish this a relay/triac arrengement
h2s bien desicned., The circuit of one of the 96
chenn2) arrenziments s s‘can in Ficure 3.
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SANPLE INTERFACE CIRCUIT

The microco—puter used is Intel Corporation
S8C 80/1CA. The microcomputer is interfaced to 32
stat2 variables of the power system simulator
thtrough a real tims interface RTI-1200. This ana-
log to digital ccnverter has capacity of sarpling
32 charnels, single ended or 16 channels differen-
tial. The distribution of hardware processing
. systens interactively corrmunicate through the
2synchroncus DL-11A intarface. The contral soft-
ware of the minicomputer unifies and intsgrates
the distributed components. The microcomputer ser-
vices the needs of the data acquisition of all the
state variables of the powar system model. The
interconnection of the total system is shown in
Figure 4.

SYSTEM SOFTHARE

A Dlock diagram of the software structure is
shown in Figure 5. The sovtware consists of three
pasic components, which are Supervisory Routine
{1SK1), Comrand and Corunication Routine (TSK?2)
and Sirulator Controller Routine (TSK3). TSKI is
the ra2in routine of the entire soiftware structure.
ISKZ is the progran which establishas the communi-
cation link with the microccmputer through DL-11A
interface. TSK) and TSK2 are connaected with the
common global data called DATA. Functions of TSK1
soitware include support of the graphics routine
and the operation of the updating of the system
variable valuos in the display. The status of the
32 variables s stored after sampling, normalizing
in the corimon glchal area by the TSK2. TSK3 cun-
trols the status of the functional switches of the
power sirulator, through ORS-11 interface. The
CRT display providas transparent medium to view
the com-unication protocol between the mini and
wicro. The decwriter provides the madium of trans-
nitting the necessary corimands to the minicomputer.

A. Supervisory Routine (TSK1)

This is the main control program for the in-
terface betwzen the graphics terminal and the simu-
lator, vef. Fig. 7. It coordinates commands issued
from the graphics terminal with the simulator come
eands and keeps the displays updated with current
switch positions anZ data, This progran is on-line
to the simulator. The first step of this program
is to display the rmenu of the entire displays.
After updating the selected display the loop for
sonitoring data and w2iting for Vight pen hits is

tered. If there is a light pen hit, it is
asceridined whether the hit corresponds to 2
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FIGURE 5
SOFTWARE STRUCTURE

-request which results in displaying already stored
display or a request to change the status of cer-
tain switch, which controls opzning or closing of
relay/switch of the pocwar simulator. If the re-
quest is for the latter, then it corrunicates with
ISK3 through co-i~on block of data called Sw{96)
and updates the requested relay/switch status.
This terminates the locp and program jurps back to
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the stage of updating the display's current status
and waits for the light pen hit to occur, as des-
cridbed earlier.

B._Comand and Cormunication Routine (TSK2)

The flow chart of TSK2 is shown in Figure 6.
The program begins with the introductory message
printed on the console (DEC writer) explaining the
details of the interactive nature of the program,
After accepting the cormand rezarding the schedule
of sampling, it tests the validity of the command,
if 1t passes, cormand is transmitied to the micro-
comduter system. Then the program waits for the
arrival of dioital data corras;onding to the var-
jables requested. This data is checked against
transmission errors with 2 simple checksum byte of

then it §s normalized to unit scale. MNormalized
data is stored in a global cormon data which is a
cormon memory region shared by TSK2 and TSK3.
This data is used to update the displays on the
graphics console as described before. This activ-
jty is Yooped for a fixed nurmber of times (N),
which is a software variable parameter, before a
decision is taken whether to continue the same
parameters sampling or not. 1f it is desired to
continue the same for another set of N times, the
process continues, otherwise counter is reset to
2ero and the command for a change of variables is
accepted.

c.

Simulator Controller Routine (TSK3)

This program controls the status of various

data, If ihe data received is found to be correct switches involved in the power simulator. The
status of a particular switch is derived from the
m alobal common array SW(96). This array maintains
the current status of all the controlling switches
of the simuiator. The opening or closing of a
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certain switch §s dezided by this program. The
operator's intzraction is trensferred 2as a change
fn the value of one of the ele-ents of the cozion
array SH(96). TSK3 senses this change and acts
accordingly in updating the status of a certain
switch of the power simulator.

D. Microcomputer_ Samaling Soutine

A simplified flowchart of microco-puter samp-
1ing routine is shown in Figure 9. Sequence begins
by initialization of the glocal cor~on data. lNext
the program waits for the com—and from the console
for the required sampling schadule. The command
follows a definite structure as shown in Figure 8a,

LoTolx- - xT+]s]
0]

32 BYiES LeNG
DAIA

CHECK St
TERIANT0R

TERAIRATOR

FIGURE Ba
COMAND FORMAT

FIGURE 8b
DATA FORMAT

The command hezder consists of two letter OU fol-
lowed by the cormand itselif. The ccrmand letter
is repeated twice in order to make sure the oper-
ator's decision and this results in a simple ver-
ification process at the receiving and. The com-
mand is terminated by $ term. If the received
comrand at the microcomputer differs in any re-
spect from that of cormand structure format shown
in Figure Ra, it will be rejected and danial of
the execution of the comnand is reflected on the
console. If the comnand is decoded as a valid
cormand, based on the predeterminad schedule rou-
tines, Table 1, Arox. A, the sampling process is
carried out by the nicro. The sampled variable
inforration is trensmitted to the mini in the for-
mat shown in Figure Sb, The data word is 33 bytes
Tong with 32 bytes of the sarpled data followed by
the check sum byte, which is the complemented sum
of the 32 bytes of data. The dzta word is termin-
ated by the terninator §. At this time the micro
is in receiving rode for either the continuation
comrand or the tarmination com-and. If it is a
continue corz:and the program idles for some time
before it resumes its sampling process. This
3llows the operator to follow closely the paranster
value changes on the graphic display. If it were
10 be a terminate ccmiend the mini goes to the
beginning of the program wziting fot the input
from the console.

—B
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<
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SAnPLING [T N

CALL Dt e o !

FIGURE 9 !

MICROCOMPUTER SA¥PLING ROUTINE
FLOW CHART

SYSTEM PERFCRM'NCE AND UTILIZATION

The system harcware and software described
herein has been operational very satisfactorily
here at the University of Oklahoma. The major
obstacles have occured in the system interface in
the riding of the triac circuits of interchannel
cross talk., PRegarding operating system of the
minicorputer is concerned the RSX-11} has been op-
erationally good, but bit manipulations in TSK3
have necessitated the use of Assexbly language
routines. It has been also decided in this course
of trials that the use of the Bell's UNIX operat-
ing system is the next upjrade for the total
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system, UNIX provided casier inter task communica-

tion capability and is much better multi tasking
developrent system.

The total system is utilized extensively in
the power systems program at the University of
Oklahoma. The system is utilized in research as

well as undergraduate and graduste lcvel teaching.

Built around the system sirulator, and the system
simulator with the attached computer, a group of
prograrined undergraduate level experiments which
are perforised by the student electing to pursue
courses in energy ccnversion  and power systems
area. System simulator cen be utilized in the
ranual rode 2s well as the autosatic rode, and
the group of experirants taught utilizing the
sirulator and the controllor range from the study
of synchronous machires, in the steady state as
well as in the trensient state, the study of the
power system network utilizing load flow tech-
niques and transient stability techniques, the
study of the characteristic of loads and how they
affect the power system operation. Additionally,
experiments include those in automatic generation
control, power sysiem emzrgency operation, system
relaying 2nd protection, and total sysiems secur-
ity techniques. The sysizm has been an invalu-
able teaching and resezarch tool utilized in com-
bination with the Fareday machines in the labora-
tory.

CONCLUSIONS

- ——

AYthough hardware and software are in a con-
tinual state of evolution, the tool serves as an
operational tool for instruction and research.

Further work which is progress include the linking

of 117134 with 11/70, The Ccllege of Engineering
computer system.
biflities will hopefully result in 2 system in

- which the on-line simulators will be accomplished
in the 11/70 on request from 11734,

Future work includes an auxiliary software
package for the 11/70 providing more ccmplex sys-
tem sirulation where 11734 system turn in to a
purely controlling role for the purpose of opera-
tor training for normal and exargency network
modes,
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INTERACTIVE GRAPHICS CONTROLLED POWER SYSTEM SIMULATION:
PROCESSING APPROACH

MINI-MICRO

Eshwar Pittampalli
School of Elcctrical Engineering
and Computing Sciences
University of Oklahoma
Norman, CK 73019

ABSTRACT

The purpose of this paper is to prcsent one
aspect of continuing research program at the Uni-
versity of Oklahoma for the study of real-time
power system control. The paper presents the
result of the integration of a digital equipment
PDP 11734 computer system with full graphic sup-
port, and an Intel SBC 80/10A microcomputer basecd
data acquisition system to a specially designed
power system simulator.

The power system simulator, DEC PDP 11734
mini-computer, and Intel SBC 80/10A microcomputer
combine to form a unique research tool for study-
ing power system static and dynamic behavior as
well as a test bed for rcal-time control scheme
evaluations. The power system simulator is com-
posed of actual power system components:
gwitching, metering, and remote data acquisition
equipment. In addition, it is also equipped with
an SBC 86/10A microcomputer based data acquisi-
tion system, remotely prcgrammable switching, and
system protection componcnts. The PDP 11734 sys-
tem by mecuns of TTL discrete output and with the
aid of the microcomputer, can perform real-time
supervisory control and data acquisition, either
in a closcd=loop or open-loop on the power system
simulator. This paper will detail the hardware
and software aspects of the system-simulator and
its control, and relate the teaching success at
the graduate/undergraduate level during the devel-
opment of this teaching and research tool. It
will also present additional research aspects of
the entire system in such areas as AGC on-line
load flow and stability studies, automatic con-
tingency analysis and avoidance, and real-time
s:heduling of generation, loading, and transmis-
sion.

BACKGROUND

Power system gencration, transmission, and
distribution networks coupled by switching and
load=-center Substations, make up a system that
covers a vast geogqraphic area. Contingencies,
whether scheduled or emerqgency, which involve the
removal of any esscntial component of the power
system, such as a transmission line or generation
can cause large disturbances in the network, and
eventually }ecad to a failure of a portion ox the
entire network. During these contingencies, the
system's automatic controls operate to protect the
system {rom Such overload and damage. The human
controller monitors and makes decisions as to load-
shedding, generation scheduling, or total system
rescheduling, attempting to kecep the system sup-
plying the power to the user. 1In an cffort to
enhance the control of the clectric power system,
the digital computer and related devices are ke-
ing uscd extensively to better perform data acqui-
sition and control activities. Utilization of
central caorputing facilities or distributed com=
puting facilities in power system on-line dis-
patch and control, are utilized by numcrous
utilitirs, Within the United States, the power
systicm, with the on=1line controllers and data
acquisition aystems aie seldom used in close-loop

relaying, -
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control, even though smaller closed-lcop opera-
tions are being accomplished, such as automatic
gencration control,

The problem encountered by operations and
system planning, is the inability to do system
testing and checking of closed-loop algorithms
and real-time on-line analysis tools on actual
power systems. . In the event that these algorithms
fail, then often catastrophic system failures
occur which are detrimental to the system's per-
formance and customer service. It is with this
in mind that this project was originated. A
modified form of a Hampton power system simulator
was built (Figure l). This power system simulator

FIGURE 1
POWER SYSTEM SIMULATOR

was equipped with remotely programmable switching,
relaying, and generator control. Additionally,
eritical state variables within the power system
simulator wore brought out to a central point for
easy access by data acquisition arrangements. A
small minicomputer, PDP 11T34, (Fiqures 2a and 2b),
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- DEC 11T34 MINICOMPUTER

MINI AND MICROCOMPUTERS (MIMI-79),Montreal, Canada

This paper was also accepted for presentation at Computers in
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capable of handling tho on-line control problem
and graphic system data display, plus rcal-time
system analysis interfaced to the power system

simulator.

L ek § M | o i
i

13
bas e o

USRI (= =11V L7
. — S
.‘\.

PIGURE 2b
VT-11 GRAPHICS DISPLAY

-

A microcomputer was added to the system to
perform the data acquisition., The SBC 80/10A
microcomputer system performs scheduled data
acquisition tasks based upon the status-of the
system and the current control task being per~
formed. The 11T34 system is coupled to the SBC
80/10A through a DL-11 asyncnronous interface,
The 11T34 system performs the data display and
scquisition control. On-line system simulation is
accomplished as a separate task in the PDP 11T34.

POWER SYSTEM SIMULATOR

The simulator (Figure 1), is a small power
system consisting of scaled gencrators, a trans-
mission system, a subtransmission system, substa-
tions, and loads. The gencration is in the form
of three DC motor/synchronous generator sets of
1l XKW, 1 KW, and 3 KW capacity. Additional tie ca--
pacity may be supplied to the simulator through a

* system interconncction. The high voltage (600
volts) transmission connects the generation to two
distribution substations where residential and
industrial loads are simulated. There is also a
network system fed from both substations, and a
load center substation as well, The circuit
breakers and certain control switches are accom=
panied by speccial modifications allowing them to
be operational by the computer on command.

COMPUTER

The Digital Equipment Corporation PDP 11734
system (Figure 2), includes a DEC writer type-
writer, input/output terminal, and two RX05 mag-
netic disk cassettes of 1.5 megabytes each. The
CPU is equipped with 64K words of core storage,
two DRS-11 TTL output boards, and three DL-11
asynchronous line interfaces. The system is also
equipped with a VT-11 point vector, graphics
display tcrminal. The operating system is Digital
Equipment Corporation's RSX~11M which has a real-
time multi~tasking capability.

SIMULATOR INTERFACE

The simulator interface circuitry is used to
perform level changes between the 5 volt TTL
signals available on the DRS~11 board of the
11734 systom and the 115 volt AC commands needed
to operate controls within the simulator. The
purpose of the interface, in addition to level
converstion from the DRS-11 TTL signals to the 115
volt control signals, is to offer a high-loevel of

. ¢
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isolation betwcen the system simulator and the
computer. In order to accomplish this, a relay/
triac arrangement has been utilized. The circuit
for one of the 96 channels is shown in Figure 3,

3= CONTACTOR
TRIAC
RS-11
gmnm ( \VA POER FACTCR
134 | T CORRELATION
Lo s L
* GROUND  TIL SIMULATOR
RE GROUXD
FIGURE 3

SIMULATOR INTERFACE CIRCUIT

MICROCOMPUTER DATA ACQUISITION SYSTEM

Figure 4 shows a schematic represcntation of
the microcomputer-based data acquisition system
used. The SBC 80/10A is a complete computer sys-
tem on a single printed circuit board. The CPU,
system clock, read/write memory, non-volatile
read-only-memory, I/0 ports and drivers all reside
on the board. The Real-Time Interface (RTI-1200)
is a complete analog I/0 subsystem, on a single
printed circuit board. This uses memory mapped
interface with the microcomputer, thus appearing
to the microcomputer as a block of memory loca-
tions in the microcomputer's memory address space.
Data and command information is transmitted to the
RTI-~1200 via instructions that write into memory,
and data and status information is retrieved from
the RTI-1200 via instructions that read from nemory.

[ 1) DATA ycoLive
LR il mpemngee L Lol .
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FIGURE 4

ARCHITECTURE OF MICROCOMPUTER-BASED
DATA ACQUISITION SYSTEH :

As discussed previously, a total of 32 state
variables of the power systemsimulator are inter-
faced to the microcomputer through scaling network
and RTI-1200. 1In gencral, the data acquisition
has two -major functions. Normally, data is acquir-
ed on all variables of the system and digitally
transmitted to the minicomputer, in those special
cases, when a particular variable is of utmost
importance, the minicomputer directs the microcom=-
puter to sample the variable at a different somp-
ling rate (usually at twice the normal rate of
sampling) which has been preset by a prior schedul-
ing decision,

The data on these 32 variables is transferred
to common memory block reserved in the minicom-
puter memory through the DL~1l1l interface.



SYSTEM DESCRIPTORS

The distribution of processing is done be-
tween mini- and microcomputers. This distribu-
tion of the physical and logical resources of the
system intcractively communicate through the asyn-
chronous DL-11 intcerface. The control software
of PDP 11T34 unifics and inteqgrates the control
of the distribution components. The microcomputer
services the nceds of data acquisition of all the
state variables of the power system model. The
interconnection components of the total system is
shown in Figure 5.
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FIGURE 5

SCHEMATIC REPRESENTATION OF THE
COMPLETE SYSTEM

SOFTWARE .
Graphics

The 1I/0 driver software for the VT1l display
operates under the RSX~1llM operating system, It
forms a set of Fortran callable subroutines that
can build display processor buffer. The display
processor in the VT1l utilizes this display buffer
which resides as a dimensioned cormon array in the
main executive program. The dimension size of the
array is limited only by the requirement that it
must reside in the lower 28 K words of memory.

All of the displays are built in the form of
subpictures and storcd on disks. Disk capacity
allows a rapid building of a single display pic-
ture using pre-drawn components. A subpicture is
some part of an overall picture or nested part of
another subpicture. The use of subpictures saves
construction time of the individual portions of
the display speeding display figure deployment.

Executive

The executive control program has two func-
tions (Task 1) (Figurc 6): it provides menu se-
lection of the display, system status display, and
power systems simulator state variable display.
The purpose of this program is to gather commands,
from the display device in the form of light pen
hits and provide thcse to selected areas of global
switch variables, which maintain a current record
of all system switching status, and update this
record of switching status bascd upon interaction
of the operator with the display device, The
switching status record is maintained as an area
in global common access by the controller task
software. The executive is entirely written in
Fortran under the RSX~11M Fortran four compiler.

[
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FIGURE 6
FUNCTIONAL OPERATING SYSTEM STRUCTURE

Controller

The second task but, running under the execu-
tive, is the DRS=11l controller software (Task 3)
(Figure 6). This program®’s function is to strobe
that area of global common, which represents the
current switch status established by the executive
program, and make available this current switch
status on 96 lines of two DRS-1ll TTL output boards.
The DRS-11 software runs a strobe at once a second
unless an update has occurred from the master exec-
utive program, then runs immediately upon a flag
of an update. The DRS-11l controller program is
written entirely in macro-1l1 assembler.

Micro Communication

The third and f£inal task that runs in the
memory is the data acquisition communications in-
terface (Task 2) (Figure 6). This program receives
commands through the global common from the execu-
tive program as to what type of task is being per-
formed, and thus what type of data acquisition
scheme is needed to perform the task, 1t then
selects the appropriate scheduling command for
the microcomputer, formats it, and transnits to
the microcomputer via the DL-1l and awaits a reply.

The program then halts pending an I/0 request
from the microcomputer until such scheduled data
acquisition can be made. It then receives the
updated state variable data, formats it for dis-
play purposes into per unit reading, and places
them in global common variables area for use by
the executive display program.

MICROCOMPUTER DATA ACQUISITION

This software serves two purposes: 1) per-
forms basic protocol opecrations between the mini-
computer and the microcomputer; and 2) based on
the command from the mini, it engages in data
sampling and data transfer. The microcomputer
data acquisitions software consists of a communi-
cation loop which strobes the microcomputer com=
mand live from the DL~11l interface for a micro-
computer command word. After detecction of such
a command word, checks the validity of the command
and then decodes it and takes thenecessary gction
The
analoy to digital converter employad, Real-Time
Interface RTI-1200, uses a memory mapped interface,
thus facilitating the command information trans—
mitted via instructions that write into memory,
and data and status information is retricved from



it via instructions that read from memory. The
sampled state variables data is transmitted to
exccutive software through DL-1l interface using
simple data error checking byte attached to the
data word.

SYSTEM PERFORMANCE AND UTILIZATION

The system hardware and software described
herein has proven reliable in the sense that there
has been only one major system failure in the past
year of opcration. The major obstacles have
occured in the system interface in the riding the
triac circuits of intcrchannel cross task. The
system is utilized in a teaching and research role
involving upper level undergraduate and graduate
students.

The microcomputér data acquisition system has
functioned quite well with reliability of both the
software and hardware proving no significant prob-
lem in the operation of the mini/micro duo,

The RSX-11M operating system, although has
been operationally good, has proven to be mar-
ginal, in that DRS-1ll software support had to be
developed for the system, Also, system software
development is somewhat crude due to the task
builder of the operating system. A possible
change of operating system to UNIX is being con-
sidered to simplify inter-task communication and
scheduling of the executive.

The distributed processing mini/micro control
power systems simulator, is used for a variety of
purposes at the University of Oklahoma. One of
its main purposes is to scrve the faculty in re-
search, with the interactive graphics utilized as
an 1/0 tool. The computer controlled power sys-
tem simulator is additionally used in instruction
of the power engineering students and is part of
& structural as well as discovery laboratory form.
A typical experiment for the student would be that
all manual switches are placed in the "On" posi-
tion and the student is situated at the power sys-
tem control center. He then merely selects the
interconnect and appropriate closing switches from
the interconnect, thus bringing the interconnect
to the system. The student can schedule or direct
by means of the light pen which one of three gen~
eration systems is brought on-line. Once the
operator selects the generation system to be
brought on-line and supply power, the 11T34 di-
rects the microcomputer to a prescribed sampling
algorithm and in a closed-loop fashion the micro-
computer together with the mini, bring up the
spced and put on the line the selected gencration
units. The student or the operator can then
select specific loads to be brought on-line,
whether they be distribution, light industrial,
or commercial loads. The software will readjust
generation to account for varflow, voltage regula-
tion, and automatic frequency control. The stu-
dent then can select any one of a group of
unscheduled contingencies and 1) manually inter-
act with the system to reschedule a system
avoidance, and 2) allow the computer to resched-
ule around the system contingencies. The student
is then capable of obscrving the power system
simulator both in a close~loop automatic mode and
an open-loop manual control mode. The power sys-
tem simulator is very successful, both from a
manual and an automatic standpoint, and is utili-
zed at the University of Oklahoma in the power
system education progyram, The power system simu-
lator can be utilized by both industry and aca-
demic units in both training and research.

CONCLUSIONS AND FURTIIER WORK

The combination of the simulator, PDP 11734,
and the SBC 80/10A systems has proven to produce

.

204

a very unique research and teaching tool for con=-
trol of power systems. Although hardware and
software are in a continual state of evolution,
the tool serves as an operational teaching and
research tool. .

Further development of on-line simulations
are needed to bring the package to a complete
system, Currently, a second DL-1ll is beinqg imple=
mented to link the 11734 system to the Colleqe
11/70 interactive system. This new invention will
hopefully produce a system in which the on-line
simulators will be accomplished in the 11/70 on
request of the 11T34. This is desirable since
the 11T34 system does not have the horsepower to
do control, graphics display, and more detailed
simulators. Both hardware and software aspects
to this problem are currently being examined and
proves to be a useful extension of the work
already accomplished.

Further work includes an auxillary software
package for the 11/70 providing more complex sys-
tem simulation and the 11T34 system cast into a
purely control role for the purpose of operator
training for normal and emergency network modes.
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