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Preface

This thesis is basically a revision to a digital com-
puter program originally prepared at the Air Force Institute
of Technology in 1975. Although minor corrections have been
made and additional features added, the basic program struc-
ture has remained unchanged. Since the original program was
completed, students and faculty at the Air Force Institute
of Technology have used the program for analysis of actual
and theoretical power distribution systems. The many com-
ments and suggestions received from the users have served as
one of the motivating forces for the revision.

This thesis is written to be used in conjunction with
the thesis for the original program. As only theoretical
development is given in this thesis for the changes and add-
ed features, both these should be studied in order to obtain
a complete description of the theory and operation of the
program. The highlight of this thesis is the User's Guide,
listed as Appendix A. The thesis was purposely written so
the guide could be withdrawn and :sed separately. Anyone
only interested in using the program should find Appendix A
complete and sufficient for their needs.

1 wish to acknowledge all those who contributed to the
success of this thesis project with my special thanks to my
advisor, Capt. Frederick C. Brockhurst; my readers, Capt.
Michael A. Aimone and Mr. Charles W. Richard, Jr.; and to
the original program author, Capt. Michael C. Heer. The
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. comments and guidance from my advisor and the original pro-
gram author were especially helpful in doing the background
work and research. I also wish to thank my typist, Mrs.

Charlette Kjesbo for her help in preparing this thesis.

Jesse A. Underwood, Jr.
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Abstract

This paper is a revision of a digital computer program
written to perform a load flow and/q; short circuit analysis
of a power distribution system. The program has been named
Power Distribution System Analysis Program (PDSAP). The
program capacity is 250 buses and 500 line elements, with
250 of the line elements being transformers. Input routines
accept data as impedances (ohms or per-unit), or as descrip-
tive information such as wire size, length, or transformer
ratings. For descriptive data, the program uses pre-calcu-
lated approximations to derive the impedance values for the
various line elements and the program will adjust impedance
values due to neutral conductors in the system. The load
flow routine uses the fast-decoupled Newton-Raphson technique
and has the capability of changing loads to represent load
growth within the system. The short circuit routine analyzes
systems in 50 bus groups, simulating various types of faults
for each bus. Bus voltages and line currents in the system
are calculated for each simulated fault.‘Q&:: paper contains
a comprehensive User's Guide which provides lear and concise
instructions for operating the program. The PDSAP program
is intended for use by anyone in the Air Force with an elec-
trical engineering background and concerned with power dis-

tribution.
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( ; I. Introduction

Background
In 1975 a digital computer program was written at the

Air Force Institute of Technology that was capable of simu-
§ lating power distribution systems such as found at most Air
Force installations (Ref 2:xii). The program was success-

fully designed to provide the Air Force with the capability
to analyze power distribution systems without incurring ex-

cessive costs. However, the original version of the program

: had some characteristics that limited its applicability in

certain cases.

Since efficient Bperation of power distribution systems
continues to be of great interest and concern, the need for
comprehensive analysis capability at minimum cost remains a
; valid goal. During the past year, several power distribution
systems have been simulated with the computer program. As a

result of certain problems encountered in attempting to sim-

ulate actual systems, the necessity of revising the original

program became apparent.

Problem Statement and Scope

The problem was to analyze the existing digital compu-
ter program and investigate possible changes and additions
to improve the capability of simulating power distribution
systems as generally found throughout the Air Force. The
program was re-named the Power Distribution System Analysis

‘ Program, PDSAP, and modified to overcome certain limitations

SRl N T ———wy———
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” £ that existed in the original version. Two of these limita-

f* tions were the adjustment of impedance values for systems
with neutrals and the ability to do short circuit analysis
on non-radial systems.

| The scope of the work was limited to modifications and
changes of the existing program structure, endeavoring to re-
tain the basic logic structure as used in the original Ver-
sion of the program. Additionally, a new User's Guide, Ap-
pendix A, was written to aid and encourage the use of the
program by Air Force electrical engineering personnel in re-
solving problems and increasing efficiency of power distri-
bution systems with as little expense as possible.

: ‘ Assumptions: The assumptions used in the original pro-

{‘ gram preparation were also used in this modification of the

program. Basically, these assumptions were that a one-line

diagram of the power system to be studied would be available

for a data source, that accuracies in load-flow calculations

e

within #10 percent would be reasonable, and that the program
would be used on the CDC CYBER computer system. An addition-
al assumption was that systems being simulated in the program
were either actual systems or systems that were designed to
accepted standards.

Approach: The existing digital program was used as the

basis for the new program. Each area of the program was ex-

amined and tested with additional system simulations taken

from textbooks, actual systems or theoretical systems. Prob-

lems identified by use of the additional systems were cate-
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( gorized into groups for each routine in the program. Each
group of problems was then considered in making the revision
to the program. In addition, several different persons uti-
lized the program and difficulties encountered in coding in-
put data provided suggestions to be incorporated into the
new User's Guide.

The overall goal was to modify the existing program to
make it more versatile and useful to the Air Force by assist-
ing electrical engineering personnel in power distribution
system analysis and design.

Presentation: The paper is organized into 4 chapters

with appendices which include a copy of the revised program

and the new User's Guide. Chapter II, '"Development,'" dis-
{ cusses the changes to each routine in the program with the

inclusion of the theoretical basis for information that has
{ been added. Chapter III, "Tests and Results,'" details the
results of test data that was used to verify the accuracy of
; the program. This includes comparison with the test results
from the original program, plus additional tests used for
new routines that have been added. The final chapter, '"Con-
clusion and Recommendations,'" discusses future changes that
would enhance the value of the program and limitations that
have been found to exist with the revised version.

In addition, information contained in the four appen-

dices are the User's Guide, program logic charts, program

data flow charts and program listing.

O




GE/EE/76-43

‘ II. Development

Introduction

In this chapter, each of the major routines in the ori-
; ginal program is discussed in terms of changes and additions

that have been made. The major subdivisions of the chapter

are Control Cards, Line Element Input Routines, Load Flow
Routine, Short Circuit Routine and User's Guide.

Equations utilized have been adapted from the original
program or from additional sources as cited. The reader is
referred to the original program (Ref 2:190) for a complete
discussion on basic program theory and logic structure. In
cases where there was a significant modification to the ori-
ginal program logic, there is additional documentation to

support the changes.

Control Cards

One of the significant changes in the program was to

introduce a new standardized format for all program control
cards. Previously, control cards were varied in both loca-
tion and format within the program. The revision attempted
to standardize all program control cards to prevent confu-
sion. Additionally the coatrol cards are used as an error

checking routine to help prevent erroneous input data. The

o A AR B

program control cards all use a keyword that is read and com-
pared to the expected word before the program will continue.
Errors and omission in the use of the keyword will cause the

program to halt and print an appropriate error message. An-

|
!
i
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other change to the program control cards was the location
relative to the data cards. By the addition of one program
control card, all control cards now appear in front of the
data cards for each routine and help identify the data cards
which follow. This scheme also facilitates finding control

cards in a large data deck.

Line Element Input Routines

Two line element routines are in the PDSAP program,
LINEZ and LINDATA. The LINEZ routine utilizes input data in
ohms or per-unit to calculate all impedance values for line
elements. The LINDATA routine uses line element information
such as wire size, transformer rating and similar variables
to calculate impedance values.

In the LINEZ routine, changes were made to compensate
for neutral, or ground wires, that would affect the zero se-
quence impedance values. The method used to adjust the zero
sequence values was to multiply the given values by a con-
stant, 2.7. The constant value was taken as the higher
value for a representative range (Ref 7:21). The higher
value was chosen to give the lowest value for the phase-to-
ground fault current that might be expected within the system.
Tlhie lowest phase-to-ground fault current is of primary in-
terest in being able to detect this type of fault within the
system relative to normal load current values.

Also in the LINEZ routine, a constant value of 3.5 was

used to create zero sequence impedance when no input value
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was given. Again, the constant was used as a representative
value based on an average range (Ref 7:21). The higher
value was chosen for the same reason as‘cited in the pre-
ceding paragraph.

In the LINDATA routine, changes were made to accomodate
a larger number of standard wire sizes for both aerial con-
ductors and underground cable. A table was added in the
User's Guide listing all the wire sizes available in the
program. The impedance values for the additional wire sizes
were based on interpolation of curves generated by using rep-
resentative impedance values for wire sizes used in the ori-
ginal program (Ref 3:19-20)

Also in the LINDATA program, provision was made to in-
clude the¢ effects of grounds, or neutrals, on the impedance
values. The program uses the values given for the phase con-
ductors, and information for the neutral conductors, to de-
termine the proper zero sequence impedance values for aerial
lines. An additional section was added to the LINDATA rou-
tine to perform this calculation as detailed in the follow-
ing three paragraphs.

The zero sequence impedance is adjusted as follows:

The input line element card is coded to reflect the presence
of neutrals with information as to number, size, and spacing.
The program uses this information to find the zero sequence
self-impedance of the ground wires, Eq (3), and the zero se-
quence mutual impedance between the three-phase circuit as

one group of conductors and the neutrals as the other con-
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ductor group, Eq (2). The equation for one circuit with n

neutrals (Ref 8:44-45) is as follows:

2
20 = ZOA - li%ggl- (1)

where ZOA is the zero sequence impedance without neutrals,
Z20G is the zero sequence self impedance of the neutrals, and
ZOAG is the zero sequence mutual impedance between the three-
phase circuit as one group and the neutrals as another group.
With this equation, the zero sequence impedance for n neu-
trals, or ground wires, can be determined with relative ac-
curacy.

The addition to the LINDATA routine was constructed to
utilize values and logic from the original routine as much
as possible. The value of Z0A was used from the original

program. ZOAG is calculated as follows:

I0AG = v * flx. - Sx (2)
where " .004764 (£)
e 4.6655(10%)p
Xg = -006985(£f)1og, | 7 )

Xq = .004657(f)10g10De

f = frequency (hertz)
p = resistivity (meter-ohms)

D, = equivalent spacing (feet)

The value for Z0G is calculated as follows:

3x Sxd

206G = S/n(ra) e, j(xe + -55 e o (3)
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where r_ = ac resistance (ohms)

number of neutrals

s ]
]

.004764 (f)
: .
A .004657(f)10g10(ﬁ;)

b
"

and f

frequency (hertz)

D
]

GMR of neutrals

Adjustment to the zero sequence value can also be made
when neutrals are present but their size and spacing are un-
known. When neutrals are present and only the number is
specified, the program assumes an equivalent spacing from
the conductors of 4 feet and a spacing between neutrals of
15 feet for more than one neutral. The assumed wire size
for neutrals is 105,500 CM (Circular Mils) for copper and
133,100 CM for aluminum when size is not specified. This
addition was added to the LINDATA routine between statements
230 and 300 of the program listing (Appendix D).

In both the LINEZ and LINDATA routines, minor changes
were necessary to the calculated impedance values for trans-
formers. The original program contained impedance values
for three-winding transformers which could not be used with
the present input data format. Therefore, all three-winding
transformer impedance values were blocked, except for three-
winding phase-shifting transformers, and all references were
deleted from the User's Guide. Three-winding phase-shifter
transformers that have only two windings connected external-
ly are compatible and codes for these have been retained.

To simulate a three-winding transformer, a procedure was

BB civis st onitais e
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added to the User's Guide to use three two-winding transfor-
mers. Although blocked from use, the values for all three-

winding transformers were left in the program for possible

future use.

Load Flow Routine

In the Load Flow routine, convergence with certain sys-
tems can be a problem. By extensive testing with several
simulated systems, it became apparent that if the loads with-
in the system are not reasonably well distributed or the R/X
ratio was greater than approximately 1.5, convergence some-
times is impossible regardless of the tolerance or number of
iterations allowed. From limited analysis of several systems,
under these conditions the simulated system in the program
appears to diverge. As a result, the difference between the
specified and calculated power becomes greater with each ad-
ditional iteration. Eventually, the numbers become larger
than allowed by the program and a processing error, or mode
error, results. To prevent mode errors, limitation on the
voltage array elements, V (I), was set at +100.00 per-unit
and the angle array elements, ANG(I), at +30n radians. Also,
a limitation was placed on Theta, the angle between the
start bus and end bus of each line, at +30n radians. By
using these extreme limits, most systems being simulated
should not be affected, but systems that will not converge

will not halt the program with a mode error.

R

Another change to the Load Flow routine was to print

the voltage magnitude, voltage angle, DLP and DLQ values




GE/EE/76-43

when convergence is not obtained. DLP and DLQ are the dif-
ferences between the calculated and specified real and reac-
tive power respectively. This additional information can
aid the user in being able to detect what parts of the simu-
lated system are causing the convergence problem. By using
this information, the system configuration can usually be
altered to obtain a satisfactory solution.

A significant addition to the Load Flow routine was the
addition of the load change capability. After the initial
system has converged and the results printed, any number of
Type I load buses can be changed and the Load Flow routine
run with the revised data. Type 1 load buses have no restric-
tions on voltage limits. Only changes to Type 1 buses are
allowed as to change voltage controlled buses, Type 2, would
require recalculating the B°” matrix (Ref 4:863). After the
new solution is obtained, it is printed with a list of buses
that were changed and the new load values for all buses in
the system. This routine is included in statements 580 thru

60V of the program (Appendix D).

Short Circuit Routine

The Short Circuit routine as originally designed had
several limitations. It was only capable of analyzing a ra-
dial system and the process used to select various buses as
subsystems for fault analysis did not have repetitive cap-
ability. Lastly, some of the transformers connection codes
were apparently in error, occasionally causing invalid re-

sults for the zero sequence impedance values.

10
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The first change was to modify the BUS and and BUS@ sub-
routines to allow a system of any configuration to be satis-
factorily simulated. This required extensive analysis of
these routines and considerable testing with various simula-
ted systems to insure the new logic was correct. Additional-
ly, the necessary changes were made to initialize the arrays
each time the BUS and BUS@ routines were called, which cor-
rected the problem of not being able to run successive sub-
system studies.

Some minor changes were necessary in the routine where
the transformer connection codes, or C values, adjust the
line table entries to properly reflect the transformer winding
configuration. The changes were made and testing done with
various simulated systems to insure the impedance values in
the line tables were being correctly adjusted (Ref 3:25).

Another minor change was to the equations used for the
phase-phase-ground faults as there was an apparent error in
the original program. The present equations used in this
part of the program were carefully checked for accuracy (Ref
3:10). Logic changes can be noted by comparison of the log-
ic flow charts, Appendix B or the program listing, Appendix
D, with the original program (Ref 2:84).

A major addition to the Short Circuit routine was the
section from statements 135 to 148 of the program (Appendix
D). Using the elements of the ZBUS matrix as developed by
the BUS routine, the three-phase fault currents for lines

were calculated using the equation:

11
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o e )
b zline se Zkk

where ISe is fault current, in per-unit, on the line between
S and E (SB and EB) with the fault at bus K. ZSk and Zek are
the calculated impedance values between bus K and bus S or E.
Zyx is the driving point impedance value or diagonal value,
of bus K (Ref 1:26-27). The lines are any existing lines
between buses listed in the subsystem being analyzed.
Likcwise, the phase-ground fault currents were calcu-

lated using the equation

+ 0
Is'e ZIse 5 Ise (5)

where I;e and Ige are the positive and zero sequence currents
respectively (Ref 1:78-79).

The positive sequence current, I;e is found by

+ +
+ 1 Zsk - Lok

R (6)
se + 0 +
szk 5 Zkk 2 line se

and, the zero sequence current is found by

0 0

1 Zsk = Zek

e e S (7
i szk o zkk . line se

where K is the bus at fault and S and E are the SB and EB of
the line in question.

The line current values are stored in arrays CU and CUR
for three-phase and phase-ground respectively these values
are then printed following the bus voltages when the proper

OUT code is selected.

12
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' ‘ User's Guide

The User's Guide has been completely re-written. The
revision was written with the concept that anyone in the elec-

trical engineering field could follow the instructions for

LG

s LY

utilization of the program to include preparation of the in-

put data and analysis of the results.
All changes and additions discussed in the preceding
? paragraphs have been incorporated into the new guide. The

; layout of figures and tables was done with the expectation
i that these might be extracted and used separately, therefore

much information contained in the writing was purposely dup-

A TR

licated in the tables and figures.

Some additional information, such as wire tables and

gl

{: current equations, has been added to assist the user in pre-

paring the data for input to the program. Although the CDC

CYBER computer is the only system presently capable of using
PDSAP, the guide is designed so that persons at any location
can prepare the input data based on instructions in the User's
Guide. Likewise, the output products can be analyzed at any

location with the aid of the guide.

13
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III. Tests and Results

Introduction

The overall PDSAP program had many changes and additions
during this revision. Each change or addition was implemen-
ted and tested until the desired accuracy was achieved. Al-
though the results cited in the following paragraphs do not
compare exactly with published results for the same problems,
it is noteworthy that the degree of error is tolerable given
to inaccuracies that are inherent with such a computer pro-
gram.

Testing of simulated large systems was done to a limited
degree. Systems with up to 167 buses have been run with sat-
isfactory results. However, due to time limitations, not all
functions of the revised program have been completely tested
on systems larger than 130 buses. Changes in each routine
were tested and the results summarized in the following para-

graphs.

Line Element Input Routines

In the LINEZ routine, the significant changes were to
modify the zero sequence impedance values when neutrals were
present and to assume a zero sequence impedance value when no
input value was specified. Testing for the change consisted
of using an example problem (Ref 7:2-34 to 2-43) where the
zero sequence impedance was assumed to be 3.5 times the pos-
itive sequence impedance. The program values were identical

to the example problem values. Likewise, the same problem

14
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was modified and the effect of neutrals on the impedance
values was tested. The results were as expected; since a
constant, 2.7, is used when neutrals are considered.

In the LINDATA routine, the changes were more extensive
and designed to give greater accuracy in calculating the
zero sequence impedance values. To test the routine designed
to adjust the zero sequence impedance value for the affect
of neutrals, a problem was especially designed to compare
approximate values from a published table (Ref 3:14-15).
The results of the comparison are given in Table I. The top
figure is the published value and lower figure the program
calculated value. The first two columns are the positive
sequence impedance values, the next two the zero sequence
values, and the last two the zero sequence values with neu-
trals. It should be noted that having the wide range of wire
sizes available necessitates some approximations. However,
as shown in the table, the difference is not of the magni-

tude that the program results would be in jeopardy.

Load Flow Tests

In the Load Flow routine, since minor '‘changes were made
to prevent the program from going into a mode error condi-
tion for certain systems, some of the same problems used for
testing i; the original program were again tested. The Stagg-
and El-Abiad System (Ref 5:284-299), shown in Fig. A-18, give
the identical results as previously reported (Ref 2:41).

One of the major changes in the routine was the addition

15
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Table 1

Wire Impedance Value Comparisons

Wire
Size Type R1 Xl RO Xo ROG XOG
(CM) (ohms per mile)
500,000 Cu .1229 .6310 .4161 2.9600 .6922 1.9388
.1190 .6332 .4047 2.9566 .6761 1.8711
300,000 ACSR .3421 .6442 .6278 3.1590 1.0259 2.2429
.3095 .6618 .5951 2.9852 1.0141 2.0901
250,000 Cu .2571 .6732 .5428 3.0022 .8189 1.9811
.2333 .6761 .5190 2.9994 .7903 1.9139
105,500 ACSR 1.1200 .8422 1.4061 3.3570 1.8200 2.5312
.8856 .8284 1.1712 3.1518 1.6283 2.3853
83,690 Cu .7651 .7461 1.0512 3.0751 1.3881 1.9811
.6999 .7475 .9855 3.0708 1.3236 2.0758
66,370 ACSR 1.6901 .8511 1.8850 3.3660 2.3910 2.5402
1.4093 .8570 1.6949 3.1803 2.1139 2.4235

Comparison of Bus Voltages

Table J1

Bus 1st Run (Original) 2nd Run (Modified) 3rd Run §OriEinalg
No. MICZp.u.; Kﬂé(aegg MKCZp.u.{ KNCIHeg} p.u. eg

1 1.06 0.0

2 1.037 -2.6357
3 1.009 -4.7990
4 1.008 -5.1239
5 1.002 -5.9684

1.06
1.0364

O.o
-2.3942

1.0082 -4.3160
1.0064 -4.5358
1.0012 -5.6227

1.06

1.037
1.009
1.007
1.002

0.0
-2.640
-4.807
-5.133
-5.981

16
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of the load change capability. This was tested using the

same system by changing to new bus loads on the second run
and then back to the original values on the third run. As
noted in Table II, there are slight differences between the
first and last result. However, the differences, probably
introduced by rounding errors, should not measurably affect

the overall program accuracy.

Short Circuit Testing

To test the Short Circuit routine, a comparison was made

with the example problem called the DSPM System (Ref 3:40-44).

The DSPM system is an 18 bus radial system with copper aeri-
al conductors and aluminum underground cable, Fig. A-21.
This system uses the LINDATA input routine to calculate im-
pedance values. Table III shows the published values on the
top line for fault currents and the PDSAP program calculated
value on the second line. There was no zero fault impedance
on faults for the underground cable and 20 ohms resistance
for the aerial faults.

Analysis of the data reveals that the program values
are very close to the published values in all cases. The
largest error is approximately 2.2% on the Ph-Ph-Gnd(B)
value for Bus 6. Considering the slight difference in con-
ductor impedance values calculated by the program as shown
in Table I, the accuracy of the Short Circuit routine is
considered very good. This same problem was used for the
original program (Ref 2:43). The calculated values for bus-

es 1, 12, and 13 are very similar. The others vary as zero

17
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Table III

Comparison of Fault Currents - DSPM System

Bus No. 3Ph-Gnd Ph-Gnd Ph-Ph Ph-Ph-Gnd(B) Ph-Ph-Gnd(C)
(Values in Amperes)

1 3123 3793 2705 3506 3720
3123 3793 2705 3506 3720
2 2506 2947 2170 3068 2497
2504 2944 2169 3065 2496
3 335 332 533 1822 1665
336 332 535 1828 1670
5 294 277 414 913 799
297 279 421 928 810
6 276 254 312 730 633
280 257 379 746 643
7 0 240 0 0 0
0 244 0 0 0
10 2244 2579 1944 2756 2083
2243 2576 1943 2753 2082
11 2059 2322 1783 2518 1831
2059 2319 1783 2514 1830
12 1924 2138 1666 2340 1650
1923 2135 1665 2337 1665
13 1729 1879 1497 2082 1448
1728 1876 1496 2078 1449
16 1972 2202 1707 2403 1721
1971 2199 1707 2399 1721
17 0 2125 0 0 0
0 2124 0 0 0

18
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fault impedance was used previously for all buses.

Another test problem run with the Short Circuit routine
was the Westinghouse example problem (Ref 7:2-34 to 2-43) to
illustrate that a three-winding transformer can be simulated
as three two-winding transformers and to verify the new line
current routine. Fig. A-24, page1ll5is a one line diagram
of the problem. Using the procedure detailed in Appendix A,
the three-winding transformer impedance values were converted
to three two-winding transformers and input to the program
through the LINEZ routine. The results are shown in Table
IV. 1In this gxample problem, the text values were altered
to reflect the positive and negative sequence values being
equal. In Table IV, the text values are on tue top line and
the program values on the following line. The error between
the values is less than 1% on the average. As the three-
winding transformer was modeled differently in the program,
no current magnitude comparison was made for the three-

winding transformer buses.

Summary
The additions and changes to PDSAP appear to greatly

enhance the value of the program. Although extensive test-
ing in all areas was not permitted due to time constraints,
several additional examples consisting of large and small
systems have been simulated with success. In some cases,
comparison data is not available, but indications tend to
support the supposition that the program results are well

within acceptable tolerances for all functions.

19
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: (2 Table IV. 5
F" Comparison of Fault Currents - Westinghouse System
Ling 3Ph-Gnd Ph-Gnd
SB - EB Current Magnitude in Amperes
s S . §72.5 359.1%
§71.7 358.7
2 =3 201.8 126.5
202.0 126.7
3 -4 1095.6 1124.9
1095.1 1125.0
4 -5 793.7 652.0
793.6 652.2
5-8 535.5 335.6
O 534.9 335.5
, =
*All text values estimated on positive and negative sequence
impedances being equal.
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IV. Conclusions and Recommendations

Introduction

The purpose of this chapter is to summarize the signif-
icant results obtained from the revised PDSAP program. The
chapter is divided into two areas, conclusions and recommen-
dations. The conclusions will detail information gained from
the project regarding capabilities and limitations of the
program. Recommendations will detail suggested changes and

additions that might be added at some future time.

Conclusions

Program Capabilities. The goal to expand the capabil-

ity of the PDSAP program to simulate certain power distri-
bution systems not possible with the original version was
realized. Systems with neutrals and non-radial systems can
now be successfully simulated with the program. Accuracy
of the program improves with the quality of the input data,
but results obtained from using the minimum data required
will often suffice. The program has been exercised on simu-
lating several different distribution systems, large and
small, with the largest being 167 buses. Comparison of the
prograr results with published data on sample problems shows
that the PDSAP program has acceptable accuracy in both load
flow analysis (Ref 2:41) and short circuit analysis (Ref 3:
44).

Limitations. The PDSAP program has certain limitations.

As pointed out by the original author (Ref 2:50), the pro-
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gram uses a series impedance representation for the Load
Flow routine and this may not be adequate for systems with
large shunt admittances. Also, by experience, it has been
proven that some systems can not be successfully simulated
by the Load Flow routine. Changes to the program will pre-
vent termination due to processing, or mode, errors; but the
output data will be of questionable accuracy.

Another limitation with the Load Flow routine, is the
program capability to simulate low voltage systems. The
program was primarily designed to simulate high voltage
(above 600 V) systems where the impedance ratio, X/R, was
less than approximately 0.4. Problems where the R value was
large compared to the X value tended to cause convergence
problems. This limitation is not unusual, and has been en-
countered by others (Ref 4:868).

In the input data, certain limitations had to be placed
on transformer winding configurations. As a result, three-
winding transformers can not be simulated unless used as
three two-winding transformers. With the limited number of
three-winding transformers in use, this program limitation
should affect relatively few prospective users.

At present, the program has no capability for transient
stability analysis. Certain information, such as generator
reactances, needed to determine the stability constraints of
a system would have to be added before this feature could be
included.

Most power distribution systems on Air Force installa-

22
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tions use a mixture of single and three-phase circuits. At
present, there is no provision in the program to simulate
single phase branch circuits on a specified phase of a three-
phase system. This can cause problems in adequately simu-
lating the system where the attachment of single phase branch
circuits will noticeably alter the load balance between

phases.

Recommendations

General. PDSAP is an excellent program for power dis-
tribution system analysis, but additional capability would
enhance its usefulness even further. As noted in the fore-
going material, several additions and changes were made to
the original program. Where practical, additions and changes
were integrated into the existing logic structure to require
as little additional computer memory space as possible. Al-
though the revised program is apparently working accurately
in all respects, it is recommended that before many more ad-
ditions or changes are made, an attempt be made to condense
the present program. For example, adoption of a dynamic mem-
ory allocation ﬁ;bcedure would greatly increase the effi-
ciency of the program. With this method, memory space would
be allocated according to the size of the problem instead of
using the maximum for every problem.

The recommendations cited by the original author remain
valid (Ref 2:51-52) with the exception of those items incor-
porated into this revision. Especially the need for trans-

ient stability analysis and a line outage routine. Modifi-
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cation to the network representation from a series to a
model in the Load Flow routine would also be considered a
desirable change.

One general recommendation that would greatly enhance
the value of the program is to add some method of specifying
how single phase branch currents are connected to three-
phase systems. At many installations in the Air Force, the
power distribution system will have several single phase
branch circuits. Presently, single phase loads on branch
circuits have to be simulated as three-phase loads or ignored
when using the Load Flow routine. This kind of approxima-
tion could have an undesirable effect for accurate analysis
of the system.

To further enhance the credibility of the PDSAP program,
extensive testing using the IEEE Standard Test System and
then a comparison with published results for these test sys-
tems is recommended. Some of the logic in the PDSAP program
is based on published articles that used the IEEE standard
systems (Ref 4:864), and a comparison of the results from
different programs would be noteworthy.

Input Routines. Often errors on the line element data

cards cause premature termination of the program. Develop-
ment of a separate data scan program, using minimum computer
memory space and processing time, is recommended. With the
use of a separate input error checking routine, computer
usage would be considerably more efficient than the present

methods with error checking in the main program.
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In the LINDATA routine, adding the capability to use
all aluminum wire or cable would be a worthwhile addition.
As more aluminum comes into use, the need for this change
may become more urgent.

Also in the LINDATA routine, expanding the wire tables
to lower voltages and smaller wire sizes is recommended.
From data submitted to date, there appears a need for a com-
puter program to analyze power distribution systems for in-
dividual buildings. As often only sketchy information is
available on drawings, use of the LINDATA routine would be
very valuable in these situations.

Load Flow Routine. As presently configured, the Load

Flow routine has certain limitations. It is often difficult
to satisfactorily simulate the systems with X/R ratios less
than approximately 0.4. Using the fast decoupled method and
trying to keep the program condensed as much as possible,

the low X/R ratios can cause convergence problems when the
0.4 ratio is exceeded. This type limitation is most likely
to be encountered with low voltage (less than 600 V) systems.
If it is desired to extensively utilize the PDSAP on low vol-
tage systems, this problem would have to be overcome since
X/R ratios less than .4 are very common at lower voltages.

Short Circuit. In addition to the line outage routine

previously recommended, a routine to change certain short
circuit input data would be useful. In this regard, if fault
impedances could be changed, similar to the load change cap-

ability in the Load Flow routine, the time required for addi-

tional computer runs could be minimized.
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Appendix A. User's Guide

This appendix contains a User's Guide for the PDSAP

program. The guide is written so that it is a complete doc-

ument that can be withdrawn and used separately with the

PDSAP program.
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1. Introduction

Purpose

The purpose of the Power Distribution System Analysis
Program, PDSAP, is to provide analysis capability for var-
ious electrical distribution systems located on Air Force
installations and to provide information to aid in the
study and operation of these systems. The program has been
developed so that it can easily be used to model electrical
systems of the type normally operated and maintained by Base

Civil Engineering personnel.

Capabilities and Limitations

The PDSAP program is capable of simulating systems
with up to 250 buses and 500 lines. The program is format-
ted for the CDC CYBER 74 computer system and is written in
FORTRAN. With necessary programing changes, it could be
adapted to other computer systems of similar size. In ad-
dition to the lines, 250 transformers can be represented of
which 50 may be Tap-Changing Under Load (TCUL) and 25 phase-
shifting transformers. Series reactors and capacitors can
also be modeled. Up to 50 of the 250 buses can be voltage
controlled buses.

The program has 3 major functions: Calculate line im-
pedance values; calculate power flows in lines throughout
the system; and calculate fault currents for simulated
faults at selected buses in the system.

Although the program is quite large and can simulate

30




e —

GE/EE/76-43

almost any electrical system found with the Air Force, there
are certain limitations that are necessary. These limita-
tions are usually minor and will not adversely affect the
overall accuracy of the analysis. The specific limitations
are noted at appropriate locations in the following chapters.
As presently configured, the program has no capability of
transient stability analysis nor simulating line outages.
Line outages can be simulated by alterations to the input
data.

The following chapters of the guide, with the excep-
tion of the last two chapters, are entitled to represent
the sections of the program: Program Control, Line Element
Data, Load Flow Analysis and Short Circuit Analysis. It is
suggested that the first two chapters be read in detail
prior to attempting to use the program. Each chapter, with
the exception of the last two, discusses input requirements
and output products unique to that section of the program.
Once the user has selected the desired functions in the con-
trol section, subsequent sections of little interest can be

passed with a brief overview.

Input Data Requirements

The power system analysis program is designed to devel-
op a computer simulation of a power system based in informa-
tion usually found on a complete one-line system diagram.
The program has the flexibility of using this information in
almost any form normally found. Depending upon the desire

of the user, some input data may be omitted if not using all
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the major functions of the program. Information not avail-
«able can often be approximated by the user. For some vari-
;ables, preset values within the program can be used if actual
values are unknown. Variables with the preset option will
be so noted throughout the following chapters.l However, for
the best results, the more detailed the input information,
the greater the accuracy of the result.
Input data for the program is entered by the use of
the standard 80 column computer card. Coding of the data on
standard coding forms such as AF Form 1531, Punch Card Tran-
script, is highly recommended before punching of the data
cards is attempted. As is true with most computer data, ac-
curacy in the coding is very important. As a general rule,
after the coding forms have been prepared, a cross check
should be made with the one-1line diagram of other source data
to insure correctness. Throughout the instructions, the var-
ious input requirements will be specified using one of 3
FORTRAN formats: F, I or R. The F format is used where real
numbers, such as 875.53, may be used. The I format is used
where an integer, such as 9, is required. With an integer
format, no decimal points are allowed. No entry always im-
plies an integer value of 0. Integers can be used in F for-
mats, but care should be taken as the decimal point will be
inserted automatically. An F5.2 format and an input value
of 4839 will be used as 48.39 for example. For integers
used with I or F formats, if the number is not right justi-

fied, or started in the right most column, zeros will be
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added in the empty columns to the right to complete the for-
mat. For example, if the format was I3 and a 4 was placed

in column 2, a value of 40, would be assumed by the program.
Use of commas in large numbers is not permitted; 1,043 should
be 1043 as an example.

The R format is an alphanumeric format where various
combinations may be used as desired. For example, an R7
format could be Alpha 2. The program has several important
control cards in each function. The cards are started with
an R format and use a key word such as PGMCON. The purpose
of the key word is to insure the control cards are properly
identified and located in the program. The spelling and lo-
cation of the key word on the control cards is essential and
it is imperative that the data be entered in the columns

specified for proper computation.

Output Data and Errors

The output data will vary in format and quantity depend-
ing on which of several options is selected by the user. In
each of the following chapters, the output products are dis-
cussed for each major function of the program.

The PDSAP program contains a fairly comprehensive data
checking and error detection routine. Should a problem be
encountered with the input data or in computation, the pro-
gram will output a message to identify the problem. Usage
of the error messages in resolving problems is discussed in

the next to last chapter of the guide.
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r% G Examples

The last chapter presents several examples showing the
various input and output formats. These examples are neces-

sarily brief due to space limitations, but can be used as a

guide in modeling larger systems.
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2. Control

Introduction

In the PDSAP program there are two types of control
cards, FORTRAN and program. FORTRAN control cards are used
to load the program into the computer's permanent file or to
access the program if already on file. The FORTRAN control
cards should be prepared by the person who will be submit-
ting the information to the computer center. Program con-
trol cards determine the functions of the program to be
used, output products and system parameters. Program con-
trol cards should be prepared by the person who is preparing

the data for computation.

FORTRAN Control Cards

The PDSAP program exists as a source deck, or data card
deck, consisting of some 3700 standard computer cards. The
program must be loaded into the computer and a binary file
created before data can be submitted for processing. To
load the source deck, the following cards are required:

1. xx,T40,1080,CM164000,STCSB. Txxxxxx,Name,Tel.Ext.

2. REQUEST,PDSAP,*PF.

3. MAP,PART.

4. FTN,OPT=2,B=PDSAP,R=3.

S. LOAD,PDSAP.

6. NOGO.

7. REWIND,PDSAP.

8. CATALOG,PDSAP,CY=xx ,RP=xxx,ID=Txxxxxx,XR=xxxx.

35
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v.
10.
11.
12.

*EOR
Source deck
*EOR
*EOF

For detailed information on FORTRAN cards, consult the

User's Guide available at the computer terminal or see the

FORTRAN Reference Manual. Alternative options are available

on the FIN card as noted in the preceding references.

The following FORTRAN control cards are used when the

source deck has been previously loaded, compiled and perman-

ently filed in the computer.

8'
9.

xxx,Txxx,I0xx,CM164000,STCSB. Txxxxxx,Name,Tel.Ext.
ATTACH,PDSAP,CY=xx, ID=Txxxxxx.

PDSAP.

DISPOSE,TAPE1,PR=IBB.

DISPOSE,TAPE2,PR=1IBB.

*EOR

Data Cards

*EOR

*EOF

The first Txxx is processing time requested. For im-

pedance calculations and/or short circuit analysis, TS50 is

usually sufficient. For load flow analysis a larger Txx,

up to T200 or more, may be required for time to obtain the

desired convergence on a large system. IOxx is the amount

of input/output time required. For programs of 50 buses or

less, 1020 should be sufficient. Systems with more buses
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. ‘ may require I050.
Other combinatioms of control cards are possible. For
a one-time job, the source deck and data deck could be run
; at the same time, however this method might prove to be
slightly more expensive and less efficient. The source deck
is not designed to be repeatedly loaded and great care must

be used not to get the deck out of sequence.

R R I T T

The program uses two output files, Tape 1 and Tape 2.

b oo

Information printed on the tapes will be detailed in later

chapters and illustrated with the example problems.
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Program Control Cards

The program is designed to perform three separate func-

tions as described in the introduction. The order and format
of the program control cards is very important as all calcu-
lations will be affected by these values. Program control
cards will be referred to as 'control cards" throughout the
following chapters and do not include the FORTRAN control
cards previously discussed. The first three control cards
title the system, select the functions desired and establish
parameters to be used throughout the program. Figure A-1
will show the overall program card deck arrangement. This
figure and the examples in the last chapter should be used
to arrange the cards in proper order.

The first control card, which follows the first *EOR
FORTRAN control card, is the Title card. This card can have

80 alphanumeric characters, in two groups of 40 columns each.
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*EOR

Subsystem Bus List

Subsystem Control Card (NOBSYS)

/rFault Impedance Control Card(NOFALT)
(NFT=0)

Bus List for Fault Impedance

Fault Impedance Control Card (NOFALT)

\ﬂw\\‘

Mutual Coupling Data Cards
Mutual Coupling Control Card (NOMUTL)

/V Current Source Data Cards
/r Current Source Control Card (CURSOR)

/' Load Change Bus Data Cards
[> Load Change Control Card (BUSCHG)
o8

Load Flow Bus Data Cards
Load Flow Control Card (LDFLOW)

——

Line Element Data Cards
System Parameter Control Card(SYSPAR)

Input-Output Control Card(PGMCON)
Title Card
2
( FORTRAN Control Cards

Notes: For CON=1, omit all cards after last
line element card.

For CON=2, omit all cards after Load
Flow or Load Change Bus cards. j

For CON=3, all Load Flow and Load
Change cards can be omitted.

Fig. A-1. PDSAP Card Deck Structure

38

:
s
ki
i
i
3
:




GE/EE/76-43

This card provides two '"title" lines for the program. The
first 40 columns will appear on one line and the second 40
columns on the following line.

The second control card is the Input-Output card. This
card controls the selection of the program function, input
format to be used, and output products produced. Four vari-
ables: CON, INP, OUT, and CHG are used on this card. The
CON variable is for the funétion control, the INP variable
is for line data input control, the OUT variable is for out-
put selection, and the CHG variable is not used at present.
Table A-1I details the code values for the Input-Output card. e

The third control card is the System Parameter card.
This card is used to select the base KVA, frequency, tempera-
ture and earth resistivity. The program uses pre-selected
values for any parameter not specified on this card. Table
A-11 specifies the variable location for the System Param-

eter card.
Fig. A-2 shows the location of the variables on the

first three control cards. Examples of actual control cards

are in the last chapter.

B e S TS
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...4041...

. .80A

4R10

1st Line of Title

il

Title Card

2nd Line of Title

4R10

System Parameter Control Card

ioiias 6 7-9 10-12 13-15 16-18 19... ..80
| i I i |
R6 13 13 I3 I3
KYWD CON INP OUT CHG
Input-Output Control Card
1 - 6 7-13 14-18 19-23 24-28 29... ..80
{ | | | |
R6 F7.0 F5.0 F5.0 F5.0
KYWD BKVA F T RHO1

Fig. A-2. Title, Input-Output, and System Parameter Cards
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'5 . Table A-1
3 % Input-Output Control Card Variables
4 “Variable
' (Card Col) Definition/Use
E (’1"_’2")’ Keyword, use PGMCON.
J CON Function selector. Choose 1, 2, 3, or 5.
(7-9) : 1=Assemble line input data only.
2=Assemble line input data and
run Load Flow analysis.
3=Assemble line input data and
run Short Circuit analysis.
4=Not used at present.
S5=Assemble line input data and
run both Load Flow and Short
Circuit analysis.
INP Input selector for line data. Choose 1 or 0.
(10-12) No entry implies 0. Use 1 when input impe-
dances in ohms or per-unit. See chapter on
line data.
ouT Output selector. Choose value from Table
(13-15) A-III for desired output lists. No entry im-
(j plies 0.
| CHG Not used at present, leave blank
(16-18) P ’ :
Table A-II
1 System Parameter Control Card Variables
Variable Definition/Use
('1“_"6")’ Keyword, use SYSPAR.
BKVA Base KVA. Use selected base. N¢ entry im-
(7-13) plies 100,000 KVA. Base KVA range: 1 to
| 100,000 KVA.
| (14518) Frequency in hertz. No entry implies 60 hz.
T Temperature in degrees C. No entry implies
(19-23) 25 C.,
RHO1 Earth resistivity in meter-ohms. No entry
(24-28) implies 100 meter-ohm.
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' Table A-III
Codes for OUT Variable
Code Definition
0 No outputs suppressed. Assembled line data prin-

ted in per-unit values.

1 No outputs suppressed. Assembled line data prin-
ted in ohms.

2 Suppress Tape 1 data. This includes all line data,
input bus lists, input short circuit data.

T

3 Suppress assembled line data only. Sorted list of
line data still printed.

4 Suppress sorted line data (G and B list). As-
sembled line data printed in per-unit values.

; 5 Suppress both assembled and sorted line data.

Suppress line flows in Load Flow function. Output
bus data printed.

Suppress reordered bus list, input bus list printed.

Suppress assembled and sorted line data, reordered
bus 1list and input bus list.

Suppress transformer output data. Line list and
bus list printed.

Suppress all outputs except Load Flow bus summaries
and short circuit fault summaries.

Start new page for each fault summary.

Suppress Short Circuit voltage and line current
summaries.

Suppress Short Circuit voltage summaries.

Suppress Short Circuit voltage summaries and start
new page for each fault summary.

Applies to LINDATA routine only. Input data is
grinted exactly as appears on data cards, program
alts.
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3. Line Element Data

Introduction

There are two line element routines available, LINEZ
and LINDATA. The LINEZ routine should be used where input
impedance values are in per-unit, ohms or a combination of
the two. The LINDATA routine should be used where impedance
values are unknown. The size, rating, length and other vari-
ables with LINDATA routine are used to calculate the correct
impedances. The two routines cannot be used in the same sys-
tem simulation. Therefore, the data for the line elements
should be reviewed and the routine selected that will re-
sult in as little manual computation by the user as possible.
As noted in the preceding chapter; on the Input-Output con-
trol card‘(PGMCON) a value of 1 for INP selects the LINEZ
routine and a 0 selects LINDATA.

Both the LINEZ and LINDATA routines use several vari-
ables to compute the line impedance values which are then
used by other functions of the program. Each data card is
used to represent a line element. Line elements are aerial
lines, underground cables, transformers, series capacitors,
and series reactors. All line elements must be connected
between two buses. Bus numbers must start with 1 and run con-
secutively until all buses are numbered. The location of the
bus numbers is not significant, but some logical order will
facilitate cross checking for errors and omissions. Bus lo-

cations should be chosen at points of interest and where line
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elements change. Locations would normally be ends of lines,

both sides of transformers, both sides of switches, and

where loads are connected.

The line element data cards can be assembled in any or-

der except the last data card which represents the ground or

reference. This card should have a start bus (SB) and end

bus (EB) of 0. No other entry is used on this card.

Neutral or ground wires in close proximity to phase con-
ductors will have an effect on zero sequence impedance values.

The presence of neutrals can be coded in both routines when

simulating aerial conductors. The routines adjust the zero

sequence impedance values to account for the presence of the

neutrals.

Both routines use the same codes for line element iden-

tifiers (ID) and transformer windings (C). Codes for these

variables are listed in Tables A-IV and A-V.

Table A-1IV
ID Code Values

ID Code Line Element Description

Copper, aerial

ACSR, aerial

Underground cable, aluminum conductor
Underground cable, copper conductor
Transformer, fixed up

Transformer, auto

Transformer, TCUL

Transformer, Phase-shifter

Series Capacitor

Series Reactor

W 0 NN O &Ny -

[
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Table A-V
‘ Transformer Connection Codes

Type Code Winding Description (SB/EB)

Fixed or
TCUL

‘ - Py
WIS W“"‘

Y/Y, Y/%, &/Y, Y/, A/Y
A/A

Y+ /Ya

A/

YAs?

Y/Y (Not 3-ph core type)

spoy

———

Auto
Y= /Y2 (Not 3-ph core type)
Y2 /¥Ys (3-ph core type)

LN ! AN -

Y+ /Y= two series windings (Not
3-ph core type)

* ('; 5 Y2 /Y= two series windings (3-ph
_ ¥ core type)

Phase-Shifter 1 Series; Y/Y auto exciting (grounded
or ungrounded neutral).

] 2 Series; Y/Y auto exciting (grounded
] neutral, 3-ph core type).

| § 3 Series; Y/Y auto exciting (grounded
1 neutral/tertiary).

4 Series; Y/star exciting (grounded
or ungrounded neutral).

5 Series; Y/star exciting (grounded E
neutral, 3-ph core type). 3

6 Series; Y/star exciting (grounded §
neutral, tertiary). s

7 Excited series.

8 Star series; A/star exciting 4
(grounded or ungrounded neutral).
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LINEZ Routine

The LINEZ input routine, INP=1, is capable of accepting
only values in per-unit or ohms for all line elements.
Values for both positive and zero sequence, operating voltage,
and bus connections are entered on each line element data
card. If the zero sequence impedance is not specified, the
program assumes a value for lines based on 3.5 times the
positive sequence impedance for lines with neutrals. For
transformers, capacitors, and reactors, the zero sequence
impedance value is set equal to the positive sequence impe-
dance value unless specified otherwise on the data card.

The format for the LINEZ line element data card is
shown in Fig. A-3. The variables and the definitions for

the LINEZ data card are given in Table A-VI.

LINDATA Routine

The LINDATA routine, INP=0, is designed to accept line
element information that may be available when the impedance
values are unknown. The conductor size, length, spacing and
other information is used to calculate line impedances.

Table A-VII shows the various sizes and strands of conductors
that can be simulated in the program. The routine has the
capability to use different size wire for phase conductors
than that used for the neutral. If data on neutral conduc-
tors is not available, an approximation is made of 133,100
CM for ACSR neutrals and 105,500 CM for copper neutrals.

KVA ratings, voltages, and winding information are used to

?
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1-3 4-6 7-11 12-13 14 15-20 21-26 27-32 33-38 39-44 _
| | | e | ! ! | ¥ 3
I3 I3 F5.0 1I2 1I1 F6.0 F6.0 F6.0 F6.0 F6.0

SB EB VP D M L ReZZ 1ImZZ ReZZ0 ImZZ0

’ oL AR
S S A et AR

R

T o an

45-48 49-53 54-58 59-63 64-65 66-67 68-73 74-78 79 80
o I T I T T | g
F4.0 FS.0 FS.0 FS.0 12 12 F6.0 F6.0 I1

oy

P

Yy 10

PHI TPI TMNN TMXX C IUNIT ReIZN ImZN CH

NP

s ke

Fig. A-3. Line Element Card Format for LINEZ Routine

~—
el SR R

Table A-VI
Line Element Variables for LINEZ Routine

Variable §
(Card Column) Definition/Use §
SB Start bus; bus number to which one end of line :
(1-3) element is connected. Also called "from bus." 3
Must be tapping end of a TCUL element. ,
EB End bus; bus number of other end of line ele- ?
(4-6) ment. Also called '"to bus." :
VP For conductors, capacitors, and reactors: Vol- ?
(7-11) tage (KV) line-to-line if 3-ph or line to-neu- 1
tral if 1-ph.
For Transformers: Voltage (KV) high side rating.
ID Line element identifier; Choose code from Table
(12-13) A-1V. s
(;g) Phase. Choose 1 or 3.
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Table A-VI (Cont'd)

(Card Column)

I ¢ .
” Variable

Definition/Use

L
(15-20)

YA
(21-26)
(27-32)

220

(33-38)
(39-44)

PHI
(45-53)

TPI
(49-53)

} (J TMNN
: (54-58)

TMXX
(59-63)

(64-65)

IUNIT
(66-67)

IN
(68-73)
(74-78)

CH

L (79)

For conductors: Length in feet.
For other elements: KVA rating in KVA.

Positive sequence impedance. Complex, enter
as two numbers in ohms or per-unit values.

lero sequence impedance. Complex, enter as
two numbers. If unknown, leave blank; program
will assume values based on positive sequence
values.

Phase angle (degrees). For phase-shifter only.
All other elements: Leave blank.

For conductors: Enter 1 for zero sequence ad-
justment for ground or neutrals, otherwise skip.
For transformers: 1Initial tap setting in per
unit. No entry implies 1.0.

For other elements: leave blank.

For TCUL transformer, minimum tap limit in per
unit. No entry implies .9.
For other elements: Leave blank.

For TCUL transformer, maximum tap limit in per
unit. No entry implies 1.1.
For other elements: Leave blank.

For conductors, capacitors and reactors:

Leave blank.

For transformers: Choose connection code from
Table A-V.

Impedance units identifier. For all elements:
Blank or 0 for impedance values in ohms. 1
implies per-unit on system base KVA.

For transformers capacitors and reactors: 2
implies per-unit on element base KVA.

For conductors, capacitors and reactors:
Leave blank.

For transformers, neutral impedance if other
than zero. Use ohms or per-unit values.

Not used presently, leave blank.
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Table A-VII

Wire Sizes

Circular Mils(CM) A.W.G.

Comments

1,000,000
750,000
500,000
350,000
300,000
250,000

f 211,600

| ; O) 167,800

i 133,100

| 105,500

83,690

66,370

41,740

26,250

16,510

Number

4/0
3/0
2/0

1/0

of Strands:

If UG, 3-ph only
If UG, 3-ph only

If UG, 3-ph only

Copper: 37,19,12,7,3,1,0or 0
ACSR (Aluminum part): 54,30,26,6,0or 0
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I3 15 F5.0 12 F6.0 12 :13 F7.0 12 F4.0 F6.0

1
é SB EB VP ID L C P 8 STR DM SG

F5.0 FS5.0 F5.0 F5.0 F5.0 I1 F6.0 F6.0 Il

STRG DMCG DMGG ReIZIN ImIZIN NG Rel ImZz CH

NOTE: For elements other than conductors, use Fig. A-S5.

R et

Fig. A-4. Conductor Data Card Format for LINDATA Routine.

1-3 4-6 7-11 12-13 14-19 20-21 22 23-29 30-31 32-35 36-41
g ! T Tt T T T i
8 13 9P5.0 12 P60 12 11 ¥r.00 12 F4.0 F6.0

SB EB VP ID L C... P - 8 STR  PHI VS

46 47-51 52-56 57-61 62-66 67 68-73 74-79 80_
e e SIS SR S T S IS

F5.0 F5.0 FS5.0 FS5.0 FS5.0 I1 F6.0 F6.0 Il

TMNN TMXX TPI ReZN ImZN TC ReZ ImZ CH

NOTE: For conductors use Fig. A-4.

‘ Fig. A-5. Data Card Format for LINDATA Routine.
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Table A-VIII

Line Element Variables for LINDATA Routine

Variabie
(Card Column)

Definition/Use

SB
(1-3)

EB
(4-6)

VP
(7-11)

1D
(12-13)

(14-19)

(20-21)

PH
(22)

(23-29)

STR
(30-31)

DM or
PHI
(32-3L

SG or
VS
(36-41)

Start bus: Bus number to which one end of
line element is connected. Also called
"from bus." Must be taping end of a TCUL
element.

End bus: Bus number of other end of line
element. Also called '"to bus."

For conductors: Voltage (KV) line-to-line
if 3 ph or line-to-neutral if 1 ph.
For transformers: Voltage (KV) high side.

Line element identifier: Choose code from
Table A-1V.

For conductors: Length in feet.
For other elements: Leave blank.

Connection code. For conductors: Leave
blank.

For transformers: Choose code from Table
A-v.

Phase. Choose 1 or 3.

For conductors: Diameter in circular mils
(CM). See Table A-VII for choices on wire
sizes.

For transformers and others: Rating in KVA.

For conductors: Number of strands. See
Table A-VII for choices. If unknown, leave
blank.

For other elements: Leave blank.

For conductors: Equivalent spacing in feet.
If unknown, leave blank and value assumed as
4.69 for 25 KV or less, 12.57 for above 25
Kv.

For phase-shifter transformers: Phase angle.
For other elements: Leave blank.

For conductors: Size of neutral in circu-
lar mils. If none or unknown, leave blank.
For transformers: Secondar{ voltage in KV.
For other elements: Leave blank.
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Table A-VIII (Cont'd)

Variable
(Card Column)

Definition/Use

STRG or
TMNN
(42-46)

DMCG or
TMXX
(47-51)

DMGG or
(52-56)

IN
(57-61)
(62-66)

NG or
(67)

(68-73)
(74-79)

CH
(80)

For conductors: Number of strands in neu-
tral, if known. If unknown or none, leave
blank.

For transformers: Minimum tap setting for
TCUL in per-unit. If blank, assumes .9.
For other elements: Leave blank.

For conductors: Equivalent spacing between
conductors and neutral (ft). If unknown

or none, leave blank.

For transformers: Maximum tap setting for
TCUL in per-unit. If blank, assumes 1.1.
For other elements: Leave blank.

For conductors: Equivalent spacing between
neutrals if more than one. If unknown or
none, leave blank.

For transformers: Initial tap setting in
per-unit. If blank, assumes 1.0.

For other elements: Leave blank.

For conductors: Leave blank.

For transformers: Neutral impedance, if
other than zero, in ohms. Enter as real
and imaginary.

For other elements: Leave blank.

For conductors: Number of neutral of ground !
wires.

For other elements: Positive sequence im-

pedance selector. 0 will use program calcu-

lated value. 1 will use value specified by

Z variable as ohms. 2 will use value spe-

cified by Z variable as per-unit on base

KVA of line element.

For conductors: Leave blank.

For transformers: Positive sequence impe-
dance in ohms or per-unit. Complex value,
enter as two numbers in ohms or per-unit.

If unknown, insure TC variable is 0.

Not used presently, leave blank.
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determine the impedance values for transformers and other
elements.

Two formats are used for the LINDATA routine, one for
conductors and the other for transformers, series capaci-
tors and series reactors. Zero sequence impedance values
are calculated in the routine based on the positive sequence
values. Fig. A-4 shows the format for the conductors and
Fig. A-5 shows the format for other elements. Variables

for both formats are defined in Table A-VIII.

Limitations

Both LINEZ and LINDATA routines have certain limitations.
Due to the algorithm used with the Load Flow routine, input
line elements usually cannot have an X/R ratio less than .4,
but this restriction can be waivered if only using the Short
Circuit routine. With the LINEZ routine, the data can be
checked before being entered on the data cards. With the
LINDATA routine it may be necessary to run the program,
using CON=1 on the Input-Output control card, to calculate
impedance values in order to determine the X/R ratio.

The line element routines do not have the capability to
simulate a three-winding transformer except those used as
phase shifting transformers can be simulated if only two
windings are connected to the system. The problem of simu-
lating a three-winding transformer can be resolved by model-
ing the transformer as three separate two-winding transfor-

mers as described by the following procedure:
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‘ 1. Identify the impedance of the three wind-
ings; Hi (ZH), Med (ZM), and Lo (ZL). Note winding
information such as Hi/Med is (Wye-Delta).

2. Using the impedance values given for Zhl,

Zmh, and Zml, calculate vales for ZH, ZM, and ZL

as shown. Zhl, Zml, Zmh are the given impedance

values for Hi/Lo, Med/Lo and Med/Hi windings re-

spectively.
7H = Zhl+Zgh-Zm1 (8)
7L = Zm1+zgl-2mh (9)
o Zmh+Zml-Zhl
M 7 (10)

3. Use a wye configuration for the three
impedance values, ZH, ZL, and ZM as shown in Fig.

A-6. Use bus numbers, such as 1, 2 and 3 for each

end of the wye and use N for the common middle

point.

4. Convert the wye configuration to an equil-

valent delta by any standard method (Ref 6:155-156

as follows:

2, = gZH)(ZM)+(ZM§£ZL)+(ZH)(ZL) 1)

7. = (ZH)(ZM)+(ZM) (ZL)+(2H) (2L (12)
13 L"ll"l‘j‘"%é"l'i“li“l
2,5 gzazgzn1+gzug§ZL1+52H2g2L1 (13)

5. Using the winding characteristics asso-
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IM

ZL
3

Wye Configuration

2(8)
12

10%) Z.

213

3(4)
Delta Equivalent Configuration

Fig. A-6 Delta EquivalentNThree-Winding Transformer

ciated with each bus number, such as Hi(l) (wye) or
Med (2) (delta), assign appropriate winding character-
istics to each bus as shown in Fig. A-6. Winding
characteristics should be chosen from the given
information for the transformer.

6. Code the input data for the program using
the equivalent delta configuration as three two-
winding transformers with connection codes as ap-
propriate. Use the highest voltage rating of the

three-winding transformer as the high side voltage

' on the three two-winding transformers.

7. Unless other information is given, let the
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LINEZ or LINDATA routine calculate the zero sequence

impedance values.

Output
Output from both the LINEZ and LINDATA routines is sim-

ilar. The first item is the program title and printout desig-
nation, Tape 1 or Tape 2. The second item is the system
title chosen by the user. The third item is the program
control constants as chosen on the Input-Output control
card. A -0 indicates no entry was made and is the same as
0. The fourth item is the program parameter constants as
coded on the System Parameter control card. These four
items appear on both Tape 1 and Tape 2 printouts.

Next, on the Tape 1 printout only, appears the LINEZ
or LINDATA header format stating the assembled line element
data is in per-unit or ohms. The entries in this listing
are in the same order as the line data input cards. Fol-
lowing the assembled line input data is the sorted line data
list. The list is sorted by ascending line numbers and lists
the start and end bus, the G (Conductance) and B (Suspectance)
values, plus the zero sequence impedance values. If either
the Load Flow or the Short Circuit routine is utilized,
other entries appear between the assembled line list and the
sorted line list.

The output data from the LINEZ and LINDATA routines is
controlled by the OUT variable on the Input-Output control
card. A review of Table A-III indicates output content is

on Tape 1 and Tape 2 when a value of OUT other than 0 is

selected.

2\
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4. Load Flow Analysis

Introduction

The Load Flow function of the program is used to calcu-
late power flow throughout the system. Inputs required, in
addition to the line element data, are the loads and genera-
ting sources in the system. Output is the power distribu-
tion throughout the system which shows the load requirements
at each bus, line flows, and the amount of power imbalance

that is accounted for on the slack bus.

Inputs

The first card in the Load Flow function is the Load
Flow control card, LDFLOW, which is used to select the tol-
erance desired for the comparison between the calculated and
specified power requirements on each bus. The tolerances,
expressed in per-unit, are labeled PTOL and QTOL, for real
and reactive power. Accuracies to about 1 KVA are possible.
The tolerances should be consistent with the magnitude of
the loads on the system. On the same card, the number of
iterations that will be permitted to reach the selected tol-
erance is also specified as ITR1 and ITR2. ITR1 is the it-
eration counter for PTOL and ITRZ the counter for QTOL.
One other item, NLC, is also specified on the LDFLOW control
card. This variable is used to select the load change rou-

tine. Any number, other than zero, will select the number of

5

times the basic program is to be modified by load changes

within the system and a new load flow result calculated.

57




GE/EE/76-43

O The format and variable description for the Load Flow
"‘ control card are found in Table A-IX and Fig. A-7.
1-6 7-10 11-14 15-21 22-28 29-31.... o

I | 1 I | |
R6 I4 14 F7.5 PB7.5 I3

KYWD ITR1 ITRZ PTOL QTOL NLC

Fig. A-7. Load Flow Control Card

Table A-IX
( Load Flow Control Card Variables
(ngslégismn) Description/Use
E %{Yg) Key word. Always use LDFLOW.
ITR1 Maximum number of iterations to reach speci-
(7-10) fied tolerance in PTOL. Choose number be-
tween 1 and 9999.
ITR2 Maximum number of iterations to reach speci-
(11-14) fied tolerance in QTOL, Choose number be-
tween 1 and 9999,
PTOL Tolerance, difference between P specified
(15-21) and P calculated in per-unit. Usually be-
tween .1 and .0001.
QTOL Tolerance, difference between Q specified f
(22-28) and Q calculated in per-unit, Usually be- ;
tween .1 and .0001. ¢
i
NLC Number of times load buses will be changed ;
(29-31) and load flows re-calculated. Choose num- §
‘l 3 ber between 0 and 999, §
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Following the Load Flow control card, LDFLOW, are the
bus data cards. One bus data card is required for each bus.
If the bus does not have a load or a source, the P and Q
values may be left blank, but the bus number and type are
« required. If more than one load is located at a bus, the
loads must be combined as only one bus card is permitted for
each bus. Power flowing into a bus, such as from a genera-
tor, is considered positive. Power flowing out of a bus,
such as to a load, is listed as negative values. The for-
mat and definition of variables used for the Load Flow Bus
Data cards are shown in Fig. A-8 and Table A-X.

Three types of buses are used as shown in Table A-X.
The most numerous are the load buses, or Type 1 buses. Type
2 buses, voltage controlled buses, are normally for sources
where the voltage should be held constant. The program as-
sumes that whatever reactive power required to do this will
be available as long as it does not exceed the QMIN or QMAX
limits selected. If the limits are exceeded, the voltage
will be adjusted and a message printed with the results
noting the voltage has not been held constant. The slack
bus, Type 3, is to absorb all overages and shortages through-
out the system. There must be one, and only one, slack bus
for each system. The voltage must be specified for the
slack bus but not the P and Q values.

The load change feature changes any number of loads in
the simulated system and then calculates a revised load flow

system summary. The same PTOL, QTOL, ITR1, and ITR2 will be
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1-2 3-5 6-15 16-20 21-25 26-35 36-45 46-55 56-65 66..80

| o o l l ; 1 I |
12 I3 R10 F5.0 F5.0 F10.0 F10.0 F10.0 F10.0

IDB IBUS BUSNME V ANG P Q QMIN QMAX

Fig. A-8. Load Flow Bus Card Format

Table A-X

Load Flow Bus Card Variables

(ngglégiﬁmn) Description/Use
IDB Bus type. Choose 1,2,or 3.
(1-2) 1 Load bus. Specify P and Q.
2 Voltage Control Bus. Specify P and V.
3 Slack Bus. Specify V and ANG.
(Only one type 3 bus allowed and required)
IBUS Bus number. Use consecutive numbers between
(3-5) 1 and 250, same as used for lines.
BUSNME Name of bus, up to 10 numbers and/or letters.
(6-15) May leave blank if desired.
' Bus voltage magnitude, in per-unit. No entry
(16-20) implies 1.0.
ANG Bus voltage angle, in degrees. No entry im- i
(21-25) plies 0 degrees. {
P Bus real power specified in KVA. Injected ;
(26-35) power is positive, loads are negative. :
Bus reactive power specified in KVAR. In-
(36-45) jected is positive, loads are negative.
QMIN Minimum reactive power limit. Specified for
(46-55) type 2 buses in KVAR. Other types, 0.
QMAX Maximum reactive power limit., Specified for
(56-65) type 2 buses in KVAR. Other types, 0 or leave

blank.
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used. The line data used is also the same as for the initial
calculation. To vary the loads, select the value of NLC on
the LDFLOW control card to indicate how many times the sys-
tem will be modified and re-calculated. Next, following the
last bus data card, add the load change control card, BUSCHG,
with a value for NC représenting the number of buses to be
modified w: . this change. Following the load change con-
trol card, 24dd the bus cards as changed. The bus cards must
only be Type 1 and use the same bus number as the bus to be
replace . Fig. A-9 illustrates the load change control card,
BUSCHG. Bus data cards should be in format as shown in Fig.
A-8. If more than one change is selected, NLC greater than
1, additional BUSCHG control cards and bus data cards are
added as required.

1f several load changes are used or the system is very
large, an increase in the computation time, TXXX, as allowed

by the FORTRAN Control card may be required.

1-6 7-9 10.... ....80

it AERS &
R6 I3

KYWD NC

Variable
(Card Column

B

Definition/Use

KYWD
(1-6) Key word, use BUSCHG.

NC Number of buses to be changed. Fol-
(7-9) low with same number of bus data cards.

Fig. A-9., Load Change Control Card
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Limitations

As noted previously, only one bus card is allowed per
bus. Therefore, if both loads and sources are present at
the same bus, only the net difference can be entered on the
bus card.

The program uses an iterative routine to balance the
system between calculated and specified power at each bus.

If the number of buses is large, a larger time on the first
FORTRAN control card, TXXX, may be required for the desired
tolerance.

Convergence to any selected tolerance is usually obtain-
able unless the X/R ratio is .4 or less. When the X/R ratio
approaches .4, convergence becomes more difficult and some-
times impossible regardless of the tolerance selected. When
the specified tolerance is not reached with the number of it-
erations allowed, the output will not show line flows, but
will show the DLP and DLQ values. The DLP and DLQ values
are the difference between the sbecified and calculated power
at each bus when the iteration limit was reached. Load
changes will not be processed when convergence to the select-
ed tolerance has not been obtained.

There is no way of assigning a single phase load to a
particular phase in a three-phase system. All loads are con-

sidered as balanced between phases.

Output
The output from the Load Flow routine is varied by the
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OUT value selected on the Input-Output control card, PGMCON.
If an OUT value of 0 is selected, all tables are printed.

On Tape 1 printout appears an input bus list, showing the
input load values for each bus and the type of bus. On Tape
2 printout appears the output bus data showing the calcula-
ted loads for each bus, the number of iterations required for
convergence, the line flow power between all buses, and the
slack bus power. If the load change routine is used, on the
Tape 2 printout appears the number of the load change, the
new bus data being added, and the re-calculated load flow
result based on the modified system. All valugs”i;é in per-
unit notation and should be multiplig@,by"tﬁe appropriate

base for actual KW and KVA Yglues.“
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5. Short Circuit Analysis

Introduction

The third function of the PDSAP program is the Short
Circuit Analysis routine. The short circuit routine selec-
tively simulates faults of various types at each bus and
then examines the other buses and lines in the system to
show fault currents available at these locations. The types
of faults that can be simulated are three-phase, phase-

ground, phase-phase, and phase-phase-ground.

Input

The first card in the Short Circuit routine is the
Short Circuit control card, SHTCKT. On this card are en-
tered 2 values, ISYS and SCOP. 1ISYS determines the network
configuration for the short circuit study. The short cir-
cuit study can be run on any system up to 500 lines and 250
buses.” However, simulated faults can only be calculated on
50 bus segments or less. ISYS indicates the number of bus
groups to be analyzed. Each group can have from 1 to 50
buses and one bus may appear in more than one group. It is
important to note, that although only 50 buses are shown,
the entire system is used in the fault simulation. Changing
the bus numbers in the subsystem does not in any way alter
the system configuration. If changes in line connections
are desired, the line element cards must be changed and the
program re-run. The SCOP variable is used to select the

type of fault conditions to be used. A blank implies a value
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‘E of 0. For most occasions, values of 0 or 2 should be used

for SCOP. Table A-XI and Fig. A-10 illustrate the format

and variable codes for the Short Circuit Control card,

SHTCKT.

1-6 7-9 10-12 13.... s w5 s 00
 Je ¢ I
R6 I3 I3

KYWD ISYS SCOP

Fig. A-10., Short Circuit Control Card

Table A-XI

Short Circuit Control Card Variables

(nggiggi:mn) Definition/Use
’(“1"_'2) Key word, use SHTCKT.
1SYS Number of subsystems to be used. If 0 or
(7-9) blank, all buses will be faulted in groups
of 50. g
SCOP Type of short circuit analysis. Choose f
(10-12) 0,12, 0r 3, i
0=A11 fault tyges used (3 Ph-Gnd, :
Ph-Gnd, Ph-Ph, Ph-Ph-Gnd). Bus Vol-
tages are set to 1.0 per-unit.
1=Same as 0 except voltages are re-
sult of Load Flow routine,
2-0n1K Ph-Gnd and 3 Ph-Gnd faults used
(} with bus voltages at 1,0 per unit,

3=Same as 2, except bus voltages are
result of Load Flow routine.
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The second card read by the Short Circuit routine is
the Current Source Control card, CURSOR. This card specifies
the number of buses that will contribute short circuit cur-
rent to the system. Current sources will normally include
the system source and large loads such as motors. It should
include anything that would contribute current into the sys-
tem in the event of a fault. If no current sources are pres-
ent, the'value on the CURSOR card may be 0 or blank. If
there are no current sources, there must be at least one
path to ground, or reference, through a transformer or other
line element in the system being simulated. The last line
element card is not considered part of the system although
the SB and EB are 0. Fig. A-11 and Table A-XII show the for-
mat for current source control card.

Following the Current Source Control card are the Cur-

rent Source Data cards. The variables on the Current Source

Data cards are shown in Fig., A-12 and defined in Table A-XIII.

The fault current, both FA3 and FAl, should normally have a
large negative imaginary part based on the assumption 6f a
positive reactance value for the source being simulated. If
the data available for the system does not list short circuit
current for the source, it may be calculated by knowing two
of the following: KVA, voltage, or impedance of the source.
Table A-XIV lists equations to use to find the short circuit
current. The fault impedance, ZF, is any additional impe-
dance, other than source impedance, prior to entering the

system at the designated bus. Likewise, the neutral impe-
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1=6 7=9 10.... «a..80

| |
R6 I3

KYWD IREF

Fig. A-11. Current Source Control Card

Table A-XII

Current Source Control Card Variables

(ngglggiﬁmn) Definition/Use

(§Yg? Key word, use CURSOR.
IREF Number of current source data cards. If
(7-9) none, leave blank; but system then must

have at least one path to grouna through
a transformer.

1-3 4-5 6-14 15-23 24-32 33-41 42-50 3
| jRE R : | | | ] 4
I3 12 F9.2 F9.2 F9.2 F9.2 F9.2

IBF BLK ReVN ImVN ReFA3 ImFA3 ReFAl

51-59 60-64 65-69 70-74 75-79 80
b St T T T T
F9.2 FS.1 F5.1 F5.1 F5.1

ImFA1l ReZF ImZF ReZG ImZG

Fig. A-12. Current Source Data Card
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Current

Table A-XIII

Source Data Card Variables

Variable
(Card Column)

Definition/Use

IBF
(1-3)

BLK
(4-5)

VN
(6-14)
(15-23)

FA3
(24-32)
(33-41)

FAl
(42-50)
(51-59)

ZF
(60-64)
(65-69)

6
(70-74)
(75-79)

Bus number of current source. Same as
used for line elements.

Not used, Leave blank.

Voltage (KV) line-to-neutral as to a com-
plex number. Usually all real.

Short circuit input current (amps) as
complex number. Usually all negative
imaginary.

Short circuit input current (amps) for
Ph-Gnd fault. Usually all negative imag-
inary.

Fault impedance (ohms) as a complex num-
ber. Should be in addition to values
used to calculate FA3 or FAl. Usually
none.

Neutral impedance (ohms) as complex num-
ber. If any, should be in addition to
values used to calculate FA3 or FAl.

Table A-"7V

Current Source Equations

Three Phase

Single Phase or

Per-Unit
I = KVA/VLLIS I = KVA/V
I = VLLIZIS I1=1V/Z
12 = KVA/32Z 12 = KVA/Z

Voltage values in KV or per-unit. Impedance values in ohms

or per-unit,.
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dance, ZG, is any impedance, other than zero, between the
source and the reference or ground.

Following the current Source Data cards is the Mutual
Coupling Control card, NOMUTL. This card indicates the num-
ber of mutually coupled lines in the system being simulated.
The routine has the capacity to simulate up to 25 mutually
coupled lines. If there are no mutually coupled lines, the
value on the card should be 0 or blank. Fig. A-13 illustrates
the format for the Mutual Coupling Control card. When mu-
tual coupling is present, following the Mutual Coupling Con-
trol card will be the Mutual Coupling Data cards. These
cards should have the format as illustrated in Fig. A-13 and

defined in Table A-XV.

1-6 .79 16.... L N0
T T
R6 I3
KYWD NOMU

1-3 4-6 7-9 10-12 13-15 16-25 26-35
Control Card | | | | { | jt

I3 I3 13 I3 I3 F10.5 F10.5

LA LB LR LS BLK ReZM ImZIM

Data Card

Fig. A-13, Mutual Coupling Control and Data Cards
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Table A-XV
Mutual Coupling Variables

Variable
(Card Column)

Definition/Use

KYWD
(1-6)

NOMU
(7-9)

Key word, use NOMUTL.

Number of mutually coupled lines. Same
number of data cards should follow. If
none, leave blank or enter 0.

— e - e - e - - e e = - — - - - —— — — — — —

Start bus of mutually coupled line.
Use same numbers as in line element data.

End bus of mutually coupled line.
Start bus of line to which coupled.
End bus of line to which coupled.
Not used, leave blank.

Mutual impedance between two lines in per-
unit, complex.

After the mutual coupling cards are the fault impedance

cards. The first fault impedance card is a Fault Impedance

Control card, NOFALT. This card specifies the voltage,

phase and fault impedance for a series of buses. Fault im-

pedance, ZF, is the value of impedance between the fault and

ground. Usually this is zero or some real value in ohms.

If the fault impedance is assumed to be zero for the entire

system, only one Fault Impedance Control card is required.
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If there is more than one fault impedance value or different
phases and voltages for the same value, additional Fault Im-
pedance Control cards are needed. Fig. A-14 illustrates the
format for the Fault Impedance Control card, and Table A-XVI
lists the definition of the variables. With each Fault Im-
pedance Control card that specifies an impedance other than
zero, a bus list must immediately follow indicating to what
buses the fault impedance applies. Fig. A-14 illustrates

the bus list format and Table A-XVII the variables. The

- last card in this group must be a Fault Impedance Control

card with NFT of 0.

The last group of cards in the Short Circuit routine
are the subsystem cards. The Subsystem Control Card, NOBSYS,
specifies the number of buses in the subsystem as shown in
Fig. A-16 with the variables defined in Table A-XVIII. Up
to 50 buses can be in any one subsystem. The bus numbers
are listed on a bus list following the NOBSYS card. Fig.
A-15 illustrates the format for the bus list. If there is
more than one subsystem, ISYS greater than 1, then addition-
al NOBSYS cards and bus lists are used. It is important to
insure the number of NOBSYS cards equals the ISYS value on
the Short Circuit Control card.

The use of the subsystem bus 1list should be considered
carefully. When working with large systems, over 50 buses,
and line currents in particular lines are of interest, the
subsystem bus list should be used. When using the automatic

feature (ISYS=0), there is no assurance that buses for lines
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T —— 5.0 s S S IS e

1-6 7-9 10-15 16-21 22-24 25-30 31.... ss0080

KYWD NFT ReZF

| | [

I !
[R6 I3 F6.0 F6.0 I3 F6.0

ImZF PH VP

Fig. A-14. Fault Impedance Control Card

Table A-XVI

Fault Impedance Control Card Variables

Variables
(Card Column)

Definition/Use

KYWD
(1-6)

NFT
(7-9)

LF
(10-15)
(16-21)

PH
(22-24)

VP
(25-30)

Key word, use NOFALT.

Number of buses to which fault impedance
applies. If none, leave blank. Last
NOFALT card must have NFT=0.

Fault impedance in ohms, complex. If
any, usually all real,.

Phase, Choose 1 or 3, All buses in
group must have same phase,

Voltage (KV). Line-to-line if 3-Ph,
Line-to-neutral if single phase. All
buses in group must have the same vol-
tage.,
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I 1-3 4-6 7-9 10-12 13.... ....75 76-78 79-80
i . e T T |
e I3 35 15 13 13 12
i
] IFB IFB IFB 1IFB IFB BL
¥
¢
8 Fig. A-15. Bus List Format for Fault Impedance and
g Subsystem Buses.
Table A-XVII
Bus List Card Variables
: Variables e
g (Card Column) Definition
b
b - IFB Bus numbers to which fault impedance or
(. (1-3) subsystem applies. Numbers should be in
(4-6) increasing order. Skip numbers to which
etc. does not apply.
BL Leave blank. If more than 26 buses in
(79-80) list, continue on a following card.
1'6 7-9 100'-0 000'80>
| 1
R6 I3
KYWD NBS

Fig. A-16. Subsystem Control Card

B P inir i
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Table A-XVIII

Subsystem Control Card Variables

(ngglggiﬁin) Definition/Use
Iarv-ng) ; Key word, use NOBSYS.
NBS

Number of buses in subsystem list.
(7-9) Choose number between 1 and 50. List
“bus numbers on following card.

of interest will be in the same group if the system is large.

For the line current to be printed, both the start (SB) and

end bus (EB) of the line must be in the same group.

Limitations

There is no way to control to what phase of a three
phase system a single phase branch circuit will be attached.
A single phase circuit is always assumed to be attached to
Ph-A. For better accuracy in short circuit studies, it may
be beneficial to simulate the three-phase and single phase

parts of the system separately.

Output
The output of the Short Circuit routine is controlled
by the OUT variable on the Input-Output Control card and by
the SCOP variable on the Short Circuit Control card. When
both OUT and SCOP are 0, maximum information will be printed.
The Tape 1 printout shows the Short Circuit Input Data.
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This includes the current sources, fault impedance and mu-
tual coupling information.

Tape 2 printout shows the Fault Summary for each bus in
the selected subsystem. The complete summary includes the
three-phase, phase-ground, phase-phase, and phase-phase-
ground fault currents and X/R ratios. An R for the X/R ra-
tio indicates that no ratio could be formed as one value
was 0. If any value appears as **** this indicates the
calculated value has exceeded the allowed space for the num-
ber. For the current magnitudes and X/R ratios, 999 per-
unit is the limit. |

Also as part of the Fault Summary are printed the phase
voltages for the various types of faults. For faults be-
tween phases, the routine assumes the fault is between phases
B and C. For the three-phase and phase-to-ground faults,
the bus voltages for all buses in the subsystem will be lis-
ted. Likewise, line currents for three-phase and phase-to-
ground will be listed for any lines connecting buses in the
subsystem. If the fault current on a specific line is de-
sired, both the start and end buses must be included in the
subsystem list,

The magnitude of the fault current will be greatly in-
fluenced by the location and size of current sources, trans-
former connections, and impedance values for conductors. A
small error in any one of the foregoing, could make a signif-
icant difference in the fault currents.

When the faulted bus is single phase, even if part of a
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‘ three-phase system, only the phase-to-ground information will
be printed. Again, note that all values are in per-unit and
should be converted to amps, ohms or volts by using the ap-

propriate base values,
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6. Trouble Shooting

The PDSAP program has numerous routines designed to
detect errors with input data and errors that occur with
calculations. When there is an error, usually it will ap-
pear as either a program error or a FORTRAN error.

For program errors, a statement will appear with the
output data stating that the program has terminated for a
particular reason. Usually there is enough information giv-
en to locate the input data card causing the problem. Pro-
gram errors can usually be grouped into those caused by data
cards and those caused by program control cards. When
trouble develops, first check the deck structure as shown in
Fig. A-1 for proper sequence of control cards and data cards.

Errors on data cards are usually caused by data not in
the proper columns or improper coding. Both are very common
errors and can be held to a minimum by careful checking of
the data after the cards have been punched. Sometimes values
entered for impedance, wire size or other parameters are non-
standard and may cause problems. When this type of error oc-
curs, the best solution is to change the variable causing the
problem to a standard size or value. Also, impedance values
of several hundred ohms may be too large for some operations.
This can be corrected by adding additional buses to lower
the values.

Other program errors can result from insufficient data
being supplied. In some cases, values will be assumed for

sizes, impedance or other variables when the input is omitted.
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“ However, in other cases no entry results in a zero value
which will halt the program. The error messages should help
to identify the variable causing the problem.

A third situation that may cause an error is improper
format being used. This is the result of a decimal point
being omitted or an error in placing the data in the proper
columns. This type of error may or may not halt the program.
It is advisable to at least once check the printout of the
assembled input line data to verify that no mistakes have
occurred even if the program has run successfully.

When the error is a FORTRAN error, no output is pro-
duced except the day file which contains the FORTRAN control
card information and the FORTRAN error. FORTRAN errors are

(}- not as easy to detect or correct as program errors.

Two common mistakes are to omit necessary data cards
or to mis-count data cards. In several instances the number
of data cards must match a variable designated on a preced-
ing control card. This is true with the Load Change Control
cards, BUSCHG, and the Current Source Control cards, CURSOR.
In the Load Flow routine, the bus data cards must be the
same number as the number of buses used in the line element

program. When the number of data cards is less than required,

or data cards are missing, the most frequent result is the

FORTRAN error, '"Illegal data in the field." When this type

of error occurs, it means that the card with the data listed
" above the error statement is not compatible with the input

0’ format required. For this type of error, first check the
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card for proper format and location. Perhaps a line element
card got in the bus card group. Also check for missing con-
trol cards or missing data cards.

Another method of finding the cause of the FORTRAN er-
ror, "Illegal data in the field" is to look for the line num-
bers of the routines that were being used when the error oc-
curred. This information will be just below the error state-
ment. Fig. A-17 has an example of this type of error. By
checking the line number with the same line number in a
listing of the program, it is often easy to see why the er-
ror occurred.

One FORTRAN error that is almost impossible to locate
is a mode error. A mode error usually occurs when division
by zero is attempted in the program. For resolution of
mode errors or other FORTRAN errors, one of the following
methods may prove successful.

Try each function separately. Start by running input
data only with either the LINEZ or LINDATA routines. Then
add either the Load Flow or Short Circuit functions. This
should determine which program function is causing the er-
ror. Carefully review the input data that is used by the

program and compare it with the formats in the preceding

chapters.

A second method that may prove useful if the system is
quite large is to divide the system into smaller parts. If
the program will work with 10 buses, add more until the prob-

lem is encountered. Look for abnormal sizes or mistakes in
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ts st 3 T 3 1 s s8¢ $3 $3 43 133
£ L3 3 T 3 ts s b3 I 3 ] $s &8 3]
Li) $ea88s $388¢S SPE38%E  $88%%sS $83883

ORECORD NO, 1% SHTCKT

Passeveee 123456789012345673301234L567390123455739
0% SRRO DATA IN2JT * ILLISAL DATA IN FIE.D ®**

FRRAR NUMBRTR 73 NETESTIN 9Y INCOM= AT ADD2ISS 100202
CALLZD FRNM W2AKIR= AT ADDRISS 000345

CALLED FROM NP3z AT ADDRZISS 000075

CALLED FROM LINZZ AT LINZ 658

CALLEN FROM INPUT AT L_INZ 24

CALLED FROM =XI3 AT LINE 33 ‘
1 CSB NOS/87T LbLisE Y8R CMR3 R,D 22.33

22,42, 13. TUBIASY  FROM /83

22.42,13,1° 09000320 WORDS - FILE INPUT , OC 00
22 .42, 13.TUKyT30,1220,C41650004STCSA. T750139,UNDE
22,424 13,000, 40144

22,424 17 ATTAZH, LDFLONW,LIF _OA5,CY=5,1I0=T760162,
22.42,17.L0F.OH,

22.44, 40, FTN ~ FATAL ERRIR 78

224 4k ¢ 4D «155 CP SICINDS EXECUTION TIME
22, bbo 40,0P 00060128 WIRDS - FILE OUTPUT 4 DC 40
22.44 ¢ 40, MS 82L32 WORIS ( 82432 MAX JSED)
22,44, 40.SCH 164000 WORIS MAXIMUNM
22. 44 4 40,CPA 4e 317 3E2, 1,553 ADJ,
22,4k 40, ID 654909 323, 3743 ADJ,
22, LY. 40, CM 534,982 <H3, T«b27 &0J,
22, vl s 40, CRUS 12,924
22, bh o 40, COST o7
22. 44, 40, PP 12,486 323, DATE 11/22/76
22. bbb 40, EJ END OF JOB, 82 T750159,
0
bbb oo by o TU6BB3M //// END OF LIST //7/
0

Fig. A-17. FORTRAN Error Example.
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coding that may have occurred.

Sometimes the use of the tape dump routine may help find
a mode error. By use of additional FORTRAN control cards,
the content of the output tapes, Tape 1 and Tape 2, will be
printed even if the mode error occurs. These cards are plac-
ed just before the first EOR card and should be after the
DISPOSE, TAPE2 card. The cards are as follows:

1. EXIT.

2. DISPOSE,TAPE1l,PR=IBB.

3. DISPOSE,TAPE2,PR=1IBB.

The trouble is usually beyond the last information printed
a: the program execution is ahead of the printer.

A fourth method to find a mode error is the mode over-
ride method. By placing a FORTRAN control card, MODE;. im-
mediately following the ATTACH,PDSAP,ID=Txxxxxx,CY=XX card,
the program will continue even when a mode error is encoun-
tered. The results from the program should not be trusted
under this condition. The reasons for the mode error ap-
pears on a separate annotation in the dayfile listing.

In an effort to help the user locate some of the more
frequent errors, Table A-XIX is a list of some of the error
messages and their cause. Other error messages may appear
but there should be enough information given to locate the
problem. It would be most helpful to have a listing of the
program to trace some of the errors when the messages do
not specify the exact card causing the problem.

In summary, if there is no success in resolving the
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Table A-XIX
Error Messages and Causes

Error Message

Cause

Control card not in proper
format or location.

Illegal Data in the
Field (FORTRAN ERROR).

Use of CON code ( ) not
allowed.

Too many slack buses.

Bus ( ) should be connected
to line bus of same number.

Error with ID or C value,
line card ( ).

Error with input line card

().

Positive and zero sequence
impedance values are zero.

IDB can't be greater than
1 in Load Change routine.

82

Mis-spelling of keyword.
Control cards omitted or
out of order.

(1) SB=0,EB=0 card not last
card in line element list.
(2) Number of bus data cards
not equal to highest bus num-
ber in line element 1list.

(3) Number of bus data cards
not equal value on preceding
control card.

Improper CON code, check
table of values again.

Two or more Type 3 buses in
bus data cards for Load Flow
routine. Only one allowed.

Bus numbers on bus data
cards for Load Flow must
match line bus numbers.

Improper ID or C value on
line element data .card.
Check proper columns and
values.

Error with wire size or
number of ground wires.
Check if standard size and
in proper columns.

No impedance specified on
line element data card for
LINEZ routine.

Bus data card in Load Change
routine is in error. Check
format. No Type 2 or 3
buses allowed.
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Table A-XIX (Cont'd)

Error Message Cause

Error in transformer Wrong connection code for

connection code. transformer or format error.
Check with table of codes.

Fault source impedance No 3-ph fault current

routine has detected a specified for current source

zero input for 3-ph fault (FA3-0). FA3 can not be zero.

Bus 0 cannot be in sub- Bus number specified on

system list. NOBSYS not equal to number

of buses on card following.

problem by using the foregoing information, the advice of a
qualified programmer would be helpful. Although éxtensive

use of the program has been made by simulating various actu-
al and theoretical systems, unique situations may be encoun-
tered that cannot be simulated with the program without some

modification.
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7. Example Problems

Example problems contained in this chapter were selected
to illustrate the capability and validity of the PDSAP pro-
gram. To validate the program results, comparison was made
with published results for the same problems.

Problems were chosen for a specific purpose as noted by
the introductory paragraph for each problem. Each example
has a one-line diagram from which the computer input data
was prepared. An illustration for each problem shows the
arrangement and format of the data cards for input to the
program. In order to conserve space, the FORTRAN cards are
not shown. The order and format of the FORTRAN cards is
found in Chapter 2.

. The computer printout for each problem follows the il-
lustration of the data cards. By choice of the various OUT

codes, information not required can be omitted from the

AN AR R i R R

printouts.

%
A
&
3
s

The user is encouraged to take the one-line diagrams
for each problem and duplicate the results to gain familiar-
ity with the program. The introduction to each problem in-

dicates which routines were used and other necessary infor-

mation.
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Example Problem 1.

This example illustrates the use of the LINEZ input
routine and the Load Flow routine. It was adapted for the
PDSAP program to validate the accuracy of the Load Flow
routine (Ref 5:284). The system base is 100 MVA. The neg-
ative values indicate power out of the system and the posi-
tive values indicate power into the system. All values are
in per-unit. Fig. A-18 is the one-line diagram of the sys-

tem. Fig. A-19 is the data card format and order.

[ —EE
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L A A A A A A A A A R A L T A R R R Y R R R P NN T Y )

= *
. PIAZR JISTRIRITION SYSTEM ANALYSIS PR0GAYM (PISAP) .
» TAPE 1 PRINTOJT L
. .

222 R R L I A A Y L Y Yy P Y Y Y YTy

L Al L L I T R A I R T XY I R P A Y Y Y YT Yy Y PYY

» ¢ .
4 EXAMPLE PROILIM M1 .
* LO&D FLOW ANA_YSIS(STAGG) .
. .

el B b A L L2 A A A A R L e R I R R Y Y Y A R I R P YN P AN Y Y Yy

SEEE PIDISIUM CONTROL SONSTANTS eves

CON= 2
INP= 1
out= 0
CHG= =0

$e® PRISAM PARAMETER SONSTANTS #rve

BASE XvA FRIQUENSY TEMPERATJRE EARTY RISISTIVITY
100070, xvA 50, 42 25, JE5, 3 10)e METER=IHM

et L E RIS R A Ly o Y Y T Ry 1

5 3
- LTNEZ SUBROJTINZ '
. ASSIMBLID INPUT LINE DATA (PIR-UNIT) 3
v *

ettt X R L R Y T YT Ty ey Yy

CONDUCTOR M3, i

FROM = T) RE(2) IMN(Z) RE(ZD) IM(Z0)

1 2 « 0200 « 0600 o078 e 2100
CONDUCTOR 2. 2
FRON - 9 RE(Y) IN(Z) . RE(Z0) IMzny

1 3 «0800 2400 . 22800 « 8400
CONDUCTD2 N). 3
FROM - T2 RELD) IM(2) RE(20) I4(20)

2 3 « 0530 « 1800 «24020 « 6300
CONDUCTOR NJ. L]
FROM « T3 RELD) IND) RE(ZD) IN(Z0)

? L] « 0530 01800 02100 +6300

B e Sy
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CONDUCTOR NJ, 5

FROM - T) RE(D) IN(2) RE(20) IM(70)

2 3 + 0490 « 1200 1600 * 4200
CONDUCTOR NO, 6
FROM - T) RZ(2) IMC2Z) REC2Z0) IMez0)

3 L3 . «01%0 « 0300 « 0350 «1050
CONDUCTOR N). 4
FROM = T) RE(2) IMN(2) RE(Z0) IMz0)

L] 5 <0330 + 2400 + 2800 2 8400

.‘....O."..l.‘.'!l..‘....'l.‘..l..ll"“.l.....l'!“.0.‘5“..‘....O..
» .

. : SUMMARIZZ) INPUT BUS DATAI P:RUNIT .
. LISTE) 3Y ASCENDING BJS NUMBERS >
]

.
.“C.“.“.I.O.Il...Ull..."...'...“.“.."l.o.....“00‘0'..‘.'."‘.'

. POHER
NO. TYPE V(4A5) V(ANG=)Z3) REAL REASTIVE 2(4I ) Q(vax)

1 3 1,060 0,3000 0,00000 0,00300 0.0000 0,0000
28 1.000 0,0000 «20000 «20000 0.0000 0,0000
3 1 1,000 0,0000 =+45000 -,15000 9. 0000 0.,0000
o 1 1.qQ00 0.,0000 = 40000 =: 05000 0.0000 0,0000
'S 1 1,000 0.,0000 =e60000 =-,10000 9. 0000 0.0000

hadddd adddddd I IAL R AL T2 ST R 2T Y TRy Y Y Y Y Y Py T T RY YT V7Y T T vy gy
] ; .
. TORIEZRED BUSLIST RETURNED 3¢ SUBROUTINZ 0R0D:IR .
» - .
haddaddadadd At LI T IR L a XTI T Iy Y Y Ty TP rrrrrrrirrrrrrre
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Al 22X 22 2 2 2 A X A A R I T A A R I R R A T R A A R A I A R R L A )

»
»
-
L]

SORTZI LINE INPUT DATA

LISTED 3¥ ASCENDING BJUS NUMBERS

(2R 2R A2 1AL R A R A R A R R I R R A R A R S A A S A A L A RS A ]

VI W & &P F NN NN e e

&S N N W N F N OE WS W AN

]
.500002¢01
. 125002401
+530000:+01
+166675401
«166572+018
» 250002401
«12500£+01
« 156572401
+10000E+02
1665672401
«100002¢+02

- «125002+¢01

+250002+01
+ 125002401

8
©«15000E+02
=s37500E+01
-+ 15000€+02
-«30000E+01
=430000E+01
=+ 75000E+01
-0 375008401
*+30000E+01
=+ 30900E+02
-+ 50000€+ 01
=+ 30000E+02
«s 37500E+04
=e75000E+01
~e37500€¢01

90

RE(CZO)
«70000€£-01
+28000E+00
+70000E-01
+21000€+00
«21000E+00
¢ 140002400
«28000E+00
+21000€+00
+35000E-01
+21000€+00
+35000E-01
+28000E+00
+14000E¢00
+28000E+00

m™aezn
«210002+¢00
¢343002+00

«21000:¢00

«630002400
«530002¢00
«420002¢00
+B840002¢00
«630002+00
»105002¢+00
«630002¢00
«105002+00
+840002400
¢520002¢00
-ObODDiObD

B U 2
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SUSIOBNPUPIIVBIITNIS VNIV IUBIBIFINIABIIVIBLIIITIINIIVARUBIABBINIBIIIENS

. - .
° PONTR VISTRIAUTION SYSTEM ANALYSIS P0OGRAY (PISAP) .
. TAPE 2 PRINTIIT .
L L]

LR T R P T P R L R R R Y Y L S T R Y L A A I A R R R R R Y A R R R X L

LTI TR R T R A P R R P T R A R R L Rl A A S R A AT S R Y S S R L X

L L 3
. SXAMPLE POAL™Y #1 .
. LOAD FLOW ANBLYSIS(STAGS) .
» &

I R R R S A R R A AR L R R R R A A A R R A R R R 2

s8%s POGRAM CONTROL CINSTANTS ®ese

CON= 2
INPz {1
ouT= o
CHG= =0

#%% PROGRA' PARAMETER SONSTANTS ®e¢

BASE KvA FREQUENTY TEMPERATJRE EQATH AZSISTIVITY
100000, KvA 60, HZ 25, DE3e C 100 YETER=I4M

(2222 2 R R R R R R Y I R R L R Y R R A R R T R T R A L R R A Y L)

.

. RESULTS OF FAST NECOUPLED LOAD FLOW ANALYSTS »
i ALL MAGNITUDE VALUES A3 PER=UNIT »
» SYSTFM HAS F BUSESE: 0 AT TYPE 2, .
s NUMARTR OF TIMES LOAD RUSES WILL 3E CHANGED(NLS)= 2, .
. CONVIRGENCE TOLERANCCSE *
. PTOL= ,00019 '
. aTOoL= , 00019 .
L ] L
. s

CESSSRFEESFRFIISLBPBRUBIFSVS P EV SIS RII SNSRI ISIIIBIIIRIIIOIRISIIYY

9
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Y T R Y Y R R P R R R R R R R A R A R AR R R R A N A R R R R R A R Y

SYSTIM SuMvAdY

8 DLTA THETA AND
8 DTLTA V ITERATIINS,

S8 s & a

.
L
.
CONVERRENCT OBTAINE) INt »
]
.
.
.

[ R YR R R R Y R P R R L R R L A P R A N R R R R R A R R A Y

savsss SLACK QUS PO4S2 *ssess
ans wn, REAL REACTIVE s,

1 1.298%2? 024445 1.32103

Yy T T e Y YRy
. .
. CALSULATED LINI F_OWS ¥
® (THE "LINZ FL WS ARE DEFINED POSITIVFE W4ZN FLOWING 01T FROM THE 3US)*
. .

I P R R I R R R R R R R R Rl R R R R R R R R RS SR R R L R R R R A S R A 2 ]

LINE PONER LINE POWZR
FROM T0 RIAL REAMTIVE FROM TO RTAL RIASTIVE
1 2 +88955 +13865 2 | =e 87512 -+ 03537
1 3 40857 *11580 3 i -¢ 33598 = 05774
2 3 «2L6%8 10146 3 2 -o 262114 - 07014
2 4 «27932 108061 & 2 =e 27450 =e 05545
2 5 «5u891 «13330 3 2 =+53703 =+ 09765
3 & «18909 -e01213 L3 3 -oiRBTk «01319
b 5 05334 + 00326 5 & = 05302 =+ 00231

(22T R T A I R R R R Y R L R R R I P L R R R S R A R R R S ]

L L3
- OUTPUT 8US DATA '
- L3

(AT R S A A I A L R A e R R R Y R R A A R A R SR R R L R R A )

P0HZR
NO, TYPE NAME V(MA3) V(ANG=DES) RETAL REACTIVE
i 3 NORTH 1,0600 0,0009 1,79922 e 24445
2 1 enuTy 1.03455 -2, 6397 + 20000 + 20000
3 i LAKE 10”038 .‘00007’ 'obg'"'ﬂ -.1;000
& 1 MATN 1.0072 =5. 13004 -, %0190 = 05000
5 1 FLM 1. 7016 =5, 9330 =s50000 =, 10000

(22 IR AT I T A R A R A L R L A L R R R R I R I A R S L S R R Y R R L 2 ]

92
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T e A R

—

e
i -
—

T L Y Y T Y T Y Y Y R Y R P A R T R R I R R R R 2

. LOA FLOW RUS SHANGE .
. CHENGE NUMBFR .
. NUM3ER OF SUSES SHANSED 2 .
L 1 g

I Ry Y R R R R R R R R e X R R P Y R A RS A R A R S R R R

L Y R Y Y R T R R P L R R R L R R L AL R L R e R s e s 2

] .
. AJS CHANGE DATA .
» ¥

[T Y R Yy T R X R R S R AR i A A L L A R L2

5 0 20WIR
ND, TYPE HAMT V(MaG6) V(ANG=IES) 2TAL RIZASTIVE
3 1 LU 1,000 04000 =, 45910 =¢15100
b 1 1 RED 1. 000 0,000 =+ 30009 =«¢10000

I R R Y T e R R R R R R N I I A R A e A

TYSTEM SUMMARY

.
L
L]
CONVETGONCE O3TATHEY INt .
14 DTLTA THETA ANN .
14 DLTA V ITERMTIINS. .
.

.

« 2 8e sz

L R R R R R A R R A A R A A A S A S S A R A A X

é ( ’ sapsss QL ACK WS POWE? *ssese
§ 8ys wI, REAL REACTIVT MAG,
3 1 1419242 27750 1.22437

L T T T Ty Y R YT e R Yy
. .
- CALCULATED LINZ FLOWS .
® (THE LINE FLOWS ARE DIFINSN POSITIVE WHEN FLOWING 0YT “ROY THE 3US)H*
. .

P R E R R R Y R R R e L R R R A e S R R AR X T A

LINT POWER LINE POWZR

FROM YO REAL RIACTIVE FROM TO WAL REASTIVE
i 4 «8184L0G + 16079 2 1 =« 80605 =+ 12360
1 3 « 376006 «11682 3 1 ~e 35311 -0 08402
2 3 «22485 00057 3 2 e 22457 =. 08072
2 L] 26783 02287 L 2 =¢ 204331 =, 03210
2 L] 53340 +13920 5 2 = 52208 =+ 10525
3 & «13068 ALY b 3 =¢ 13050 =+ 010619
b s 07840 -y 00374 5 b =« 07792 000517

93
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Y Yy Y R S R R R R R Y RS R R A R PR R R A R R R

. .
L oUTPUT RUS NATA i
. .

LY R R R R R N R R P R R R R R R I Y S E R AR Y T R R R R R A

S0WIR
N0, TYPE NAMZ V(MAR) V(ANG=IZ5) REAL REACTIVZ
1 3 MO2TH 1.0600 0.9100 1.13249 27760
2 1 cANTH 1.,0374 =2.3342 + 29090 20000
3 1 ALY 1.0082 =-le 3150 - 45000 ~, 15000
b 1 pEn 1. 00%4 -4 5353 =, 30090 ~.10000
5 1 £ 1.0012 =5.6227 =«59100 -+ 10000

Yy R R R R R Y R R R S R R R S R R R L ]
P Y Y Y Y R R R Y R R R R Y R I R R XY R S S S RS S R A S

s LOAD FLOW US CHANGE .
L SHANGE NUMBER 2 ®
b NUMBTR OF BUSES CHANGED 2 . *
» 3

IR E R R T R N R R R R P R I R A R R R A A R R R RS R S R A R

p [y P Y R R S R R R R R R NIRRT R RSN SRR SRS R RS RN RS R L R 2
{ » .
. RIS CHANGE NATA »
8 L
Y R Y T Y Y P R YRR R RS YR R RS NSRS SRS S RS S R S L X

; 204zIR
NO., TYPE NAMZ V(MAG) V (ANG=IE5) REAL REACTIVE
é . L 1 MATN 1,000 0,000 = 40900 ~. 05000
3 1 LAKZ ~1.000 0.000 =, 45000 ~» 15000

T L
SYSTEM SUMMARY
CONVERGENCE OBTATNTID INt

.
L 3
L3
L
19 OTLTA THETA AND e
18 DZLTA V ITERATIONS. v

.

('Y

EeE s as

T Y R R R R L R R R R P R L A N P A S RS R S R R R R R R

sawess SLACK JUS POATR #eseas
8US NO. REAL REACTIVZ MAG,

1 1.29815% 24453 1,32098

94
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LI X L R R S R R R R L R R R R R R R R R R R R R e e e R R R 2

L3
-

CALTULATED LINE

c_0NS

.
.

® (THE LINT FLOWS ARE NEFINEN POSITIVE WHEN FLOWING 0JT FRIY THI 3U5)*
£ .

LI I R TR R Y R R R R R R A R R R R R S R RS SR R RS R L X

LINZ

FROM

1

N

w ~N ~N

T0

u.

w & N oW

REAL

«BROLI
« 40866
«2L688
27972
«5L830
+18909

«06333

POWER

RZACTIVE

+172871
10582
071656
« 03062
«13236
-, 01211

,00329

LINE
FRIM TO
? 1
3 1
3 2
4 2
5 2
& 3
5 L

POWIR

AL

-4.87595
-433597
-. 24311
-4 27450
..?170?
=4 1337%

=e 05302

RIASTIVE
-s 03544
=+ 05775
-e 07014
=+ 05545
-e 03771
« 01317

=. 00234

P2 2 22 R R R R A R A A R P R R R P R R Y P S R R R A A R Y R T A RS R R A R R S L R

L]
L3
L

OUTPUT 8US DATA

L
.
L

I T R R I R Y R Y A A R A R R R R R R S R S A R L A L

NO.

VS W -

N ™)

TYPE

MAME

HNRTH
SONUTH
LAKE
MATN
LM

vV (MAG)

1.0500
1,0355
1.0037
1.0072
1. 0015

-

V (ANG=DEG)

95

0,0000
=2:5393
=4s 8075
-5, 1342
-5,9325

PONZR
REACTIVE

REAL

1.29815
+ 20000
= 45000
=« 40100
=450000

e 24453
20000
-e15000
-, 05000
-9 10000
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Example Problem 2

This example illustrates the use of the LINDAT: input
routine and the Short Circuit routine. It is adapted from
a text to show the validity of the PDSAP program in calcula-
tion of fault currents (Ref 3:11). Fig. A-20 is the one-
line diagram and Fig. A-21 illustrates the format and order

of the data cards.
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LI T AT R A A A A R R R S R R R A R A R A R R A R R R A R A R R R R Y R R R R Y]

» ]
. POME? NTISTRTIBYUTION SYSTEM ANALYSIS P206°av (PN54P) ®
. TARE 1 PRINTOUT b4
. .

LTI RS TR R A R R A R R R R A R R R R A R RN S A R R S A NS Y Y R R R Y Y

(LI T R LR A N R A R R R Y P Py R Y R L Rl R R R A A R Y PR R R N Y Y

S AN

) .

E . SXAMPLE PR0AL™Y  #2 .
. S492T CIRCUIT ANMALYSIS - 4
® y .

L2 A R R R R L R e S R R R A R I R A R RS R R S R R R A A R R )

s883% PROSRAM CONTROL SONSTANTS sese

CON= 3
INP= O
oUT= &
CHf= =0

s%% PROGIAM PARAMETER SONSTANTS #s=

RASE Kva FREOUENCY TEMPERAT JRE EATH BISISTIVITY
} 100000, KvA 50, H7 25, DE3 > 100, 4ETER=)4M

LR T R I R Y R Y Y Y S N R Y P R R R A R R R RS R Y S R R R P PR N S Y Y

» .
< LINDATA SUPROUTING : =
. ASSTMBLED IMPUT LINE DATA (PIR=UNIT) .
> .

LA R L A e A R R L R R R A R S R R A R T ]

CONQUCTO® WO, 1
FROM = T2 RE(Z) IM(2) RE(20) IMLZ0)
1 ? 2977 ° 3167 «B45Y 1635

CONDUCTO® MO, 4
FROM = TO RE(DY IM(2) RE(20) IM(Z0)
2 3 « 2856 « 3773 «6070 1. 0602

CONDUCT N2 NO, 3 .
FROM - 70 RE(2) IM(2) RE(20) ™Mzo)
3 L] 02142 2830 o553 « 7951

CONDUCTO® MJ, b
FROM = T RE(2) IM(Z) RE(20) IMZ0)
3 » 1,4387 1,9008 3.0578 303000

CONDUSTOR? NO, 5
FROM = TO RE(7) IM(Z). RE(720) IM(20)
5 5 7140 09433 1.5173 246504




me |

RN R

e

SR

S T A SRS Y R

I

GE/EE/76-43

coNDUSTNA® ),
FROM = Tn
5 -

coNOUCTOR NO,
FRAM = 19
S L]

CONDUCTN® NI,
FRCM - 7O
2 aQ

CONDUICTO® NO,
FRCM = TN
St e

CONDUCTO? 19,
FOCM = T9
10 11

coNOUCTNA® *10,
FRNM = TO
11 1?

CONDUCTN® NO,
FROM = T9
12 1%

CONDUCTN? NI,
FROM = 10
12 1z

CONDUCTO2 NO.
FRCM = 70
11 15

CONDUCTO® NI,
FROM - T2
10 15

CONDUCTOP MO,
FROM = T2
16 1

CONDUCTO® WO,
FROM = T3
16 18

L)
RE(Z)
10404

7
WU
1.5142

8
RE(?)
o17410

9
RE(2)
«1656

10
RE(Z)
« 1396

11
REL?)
«1172

12
RE(2)
¢ 0526

12
RE(Z)
1991

16
RE(2)
¢ DLGY

156
RE(2)
« 2140

15
RE(?)
« 0556

17
RE(2)
+ 0696

IML?)
1, 2457

ML)
1,3095

IM2)
o« 0461

IM(2)
01762

IM(2)
¢ 1485

IM(2)
1247

IM(2)
« 0166

IM(7)
e2118

IM(2)
+ 0613

IMLZ)
*2276

IM(Z)
0 0147

IM(2)
« 0184

100

RE(70)
2.6315

RE(20)
27663

RE(Z0)
4837

PE(70)
+ 3530

RE(Z0)
« 3025

RE(70)
2541

RE(20)
«1752

RE(20)
u317

RE(20)
«0703

RE(2D)
%633

RE(70)
«1555

RE(20)
«1953

IM(70)
3.7903

IM(70)
3,984

IM(720)
2210

IM(70)
* 0943

IM(Z0)
« 0735

IMC(Z0)
0667

IM(Z0)
+ 0795

IMZ20)
«11306

IM(Z0)
¢ 2555

M(zo)
o128

IM(20)
« 0707

IM(720)
« 0884
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LA R L R R Y T R R Y Y Y Y Y SRS R )

2 .
» SHORT CIRCUIT INPUT DATA .
. .

gt R R At R R L R R L R R R R R Y R Yy Y R TP T Y PP e R YLy

SOUREE TIMPUNAMAT 3US NN, 1 VOLTS L=V(<V) 7.2 0,00
3=0H FAULT TU22ZNT (AMPS) LG, bt =3104,09

PH=GND FAULT SYRRIMT(AMPS ) 339,94 =3778.06

FAULY 7(0MMS) =0,0 =003 NIUT Z(OHMS) =740 =0,0

FAULT TMPINANCT(ZF) (OHMS)=20. 090 =0,000
PHASE= 3 AUS VOLTAGZ(KV)= 12, 47

BUS 3

BUS &

s S

BUS 6

PUS 8

FAULT TMPEZINANCT(2F) (NHMS)=20,000 =0,000
PHASE= 1 3US VOLTAGZ(KVI= 7,20
aus 7
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el X R L A R Y A R T L R Y Py Y Y Yy Y T Y YY YL}

» .
. POMER JISTRIBUTION SYSTEM ANALYSIS PR0GRAM (©D3A9) g
ad TAPE 2 DRINTOIT \:
. .

A A A I A L R R R R R Y R P Yy Y Y Py ]

L2 St R A R R R TR Y Y Y Ty R P I

. .
i EXAMPLE PR0BL™M #2 -
b SHIRT CIRCUIT AMALYSIS =
L .

laaa X AL T2 S X I I T T L Y Ty Y Y TPy Ty Yy

Sex2 PROSAM CONTROL CINSTANTS #ese

CON= 3
INP= 0
ouT= &
CHG= «0

#8% PROGRAM PARLYETER SOUSTANTS #as

BASE KvA FREQUINCY TEMPERATJRE EARTH RISISTIVITY
100000, Kv4 60. 42 25, DESe C 100, METER=JHM

e R I R A A Y I R Ly Y Y Y Y T T T T Yy Y Yy

.
RESULTS OF SHORT CIRCUIT ANALYSIS e

ALL VALUES ARE PER=INIT .

SYSTZM HAS 18 HISTS, FAULT 30JS(S29P) TS =0 .
)

.

@

L BRI I WY

THERE ARE 1 SUBSYSTEM STUDTES(ISYS),

el a s R R A A R R R R R Yy Ty P Y YT ety

L ad i A A2 A L T ST I R R Ty L Ly Yy Y Yy Y Y T T T Py TR
L

v ]
. SU3ISYSTEM STUDY NI 1. *
» NUMBER OF BJSSES IN THIS SYSTIv ISt &, »
. .

L add R LA T T R R L T L Y Yy Y Y T T L L Ir Ry
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X/R= «159
(LTI Y Y Py YTy Yy

WS VOLTAGFS
8US viMAR)

T S P T B A ATA S R A I

e T

e P T Y T R YY)
* FAULT SUMMARY FOR 13JS 3¢
. 7F= (12.%69 0,09) P4, *

. 26= ( 8,00, 0,00) ®,U, *
L A P Y TR I T LT

X/P= W 152
3853853508880

X/= 302
EF(A)= 1.,0790

’ THRF S=pHAST PHAS==5201IND SHASE=24ASE P4=PH=06IUN)
g SssssnssssssIE s SsssnssssvnIsNN BUSBNENNISNANESEE SBEUEBINEIINSTEY
IF(MAG)= P IF(MAG) = «1718  IF(MAG)= 1155 IF(MAG)= 00372

X/R= «075
IF(a)= 1,0060

EF(A)= 1,0081 IF(3)= L4786

EF(C)= 7551 TF(3)= L4784

-  *eessnaasessnnes  TE(Y) =, 3349
/(%)= 3,035

IF(3)=  ,3607
XK/ACI= 2,713

PHASE YOLTAGES
A n c

% 1 «97719 «98 9% 1,01

! i L <9713 «92 1,0" 1,01
{ 3 .« 9213 «92 1,07 1,01

5 «023% ¢392 1.00 1,01

o ————

LINE FAULT(D) FAULT(I) PMHep
6 5 n.n0"0 0,0000
5 3 0, 0000 0,0000
| 1
{ ( j T R R Rt
* FAULT SIHIMMARY FOR 3US 5"
% 2F= (12.864 0,00) 2,U, *
. 25= ¢ 0,00, 0,00) P,U, *
BIGBENSINSIBININIENSIIN SIS
THRES=PHAST PHASZ=GIOUND SHASF=OHASS P4=PH=5IUNI
SeNIBBEBRLIRERSE SBRFBBRNEEESEBNS SUUANNABSNINUIURE AR BNINEERNIEES
| IF(MAG)= NB42 IF (MAG) = «+0603 IF(MAG) = +0303 IF(YAG)= «0334%
X/R= «270 X/R= «¥26 X/R= W72 X/R= 0212
8535555885088 S255585055588888 EF(A)= 1.0000 IFta)= 1,0309
Ef(%)= ,9171 IF(I) = L4291
EF(C)= ,584) IF(3) = ,4291
sysssssssnssEsNs  [F(3)= L2005
/U8 = 2.128%
IF(2) = w1751
L/(C)= 1,616
. T Y T T Ty
8US VYOLTARTS PHASE VOLTAGES
RUS V (MAR) A 8 c
1 «9532 «97 .97 1,01
6 « 8251 o78 1,07 499
3 «9768% «91 1,00 1,01
5 « 8254 o78 1,07 499
LINE CURRENTS LINE CSURIFNTS
LINE FAULT(T) FAULT(I) PHe=A
6 L] N, 0190 0.0000
S 3 o 0542 LAY R
0
103
. g_ 74 S—
e - 4

LINE CURPTUTS

LINE CURPTNTS

S8 P B EsBy
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THREZ-pHAS™
SERJB28388 0808800
IF(MAG)=  ,R745
X/R=  B,98%
$3508 533388308088

qUS VOLTARTS
8uUs V(YA S)
0.00N0
NN
00010
«00N9

VD

LINF CURRFNTS

LINE FAULT(T)
' 5 5 9.000
(:} S 3 0.0000
: 1
THREZ-PHAST
S8V ENVERS
IF(MAG)= 0505
X/R= .8

5355838588880 38

BUS VOLTAGTS

vMArR)
«9R70
«T776
07239
«8228

swonl

LINE CURPFENTS

LINE FAULTI(T)
6 S «"515
5 3

Y R R N R A R I R A R 2

* FAULT SUMMARY FOP 3§ i
. ?f= ( 0.00, 0.00) PV, *

. 2G= ( 0,00, 0,00) P,U, *

T L L R Yy Yy Y
PHASEZ=G20UND dHAST=P4ASE
BRssBENBRERBISNN ¥esssEBNcIRENNSS
IF (MAG) = 8193 IF(MAG)= 053042
X/R= 11,117 X/3= 8.985
SEBEBIERBUENSSES EF(A)= 1.0000

.EF(83):  ,5000
EF(C)= .500N

(I ZA R A RS2 2 L2 2]

PHASE VOLTAGES
A 3 o
0.00 .9- L89
0.00 3% L399
0.00 9> L8389
0,00 3% .89

LINZ CJURPENTS

FAULT(T) PH=A
0.0000
0, 7000

TSPV RSIR SRR R R X R 22 B ]
* FAULT SUMMARY FOR 3US e
- 2= (12,96, 0.00) P,U, .

o 76= ( 0,00, 0,00) P,U, *
SASEUENIRNNSRN ISR IUEEIIENE

PHASE =G0UND OHASE=PHASE"
T Y e Y R T R R
IF(MAS) = 0555 IF(MAS) = + 0313
X/R= 397 X/= «537
sevsvsusanusssNs  SF(A)= 4,0000

EF(Y= ,3805
EF(C)= ,5270

SRSV EBFERIBIIINE

PHASE VOLTAGES
A L] c
«97 493 1,01
o71 1,10 L399
«91 1,00 1,014
o77 1,06 1,00

LINE CURPENTS
FAULT(I) PHeA
«0555
+ 0555

P4=PH=330UND
SEEBSIBVISEBIIVES
TF(4AG)=  1,0422
X/2= 17,501
IF(A)= L7293
IF(3)= 0,000
EF(3)= 040000

[F(¥ = L7516

X/2(2)= 1,360
IF(3) = +803%
X/R(C) = 0942

PRBVENIEBEBIBEELS

P4=PH=3VUND
sIEBRSEEERERNEY
LF(Ya6) = « 0315
X/R= 0271
SF(A) = 1,04061

SF(3) = L%060
EF(S)= L4060
IF(3)= L1611
X/2(0) = 2¢0%%
IF(0) = +1383
X/(C) = 16645

(I X E RS AR R 22
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Example Problem 3

This example illustrates the use of the LINDATA input
routine and both the Load Flow and Short Circuit routines.
Fig. A-22 is the one-line diagram of a system specifically
designed to test the total PDSAP program (Ref 2:258). This
example highlights the capability of the PDSAP program to
utilize information other than impedance values to make a

system analysis.
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GUIPL BBV IVATEIRBPIARDR IR GV BN PIN B0 4IBPRBBIB8380 1438380388380 000080

» .
b PAMTR JISTRIPUTION SYSTIv AMALYSIS P2062A4Y (")5AP) o
- TAPE 1 PRINTDJT 5
L .

LI R R R L R R R R R R AR R R S R A R R S S R Y R R R R R Y Y )

LI R R R R R R R R R R R R S R R A R R R RS R R R R Y

L .
* EXAMPLY 9R)ALTM #3 4
* LOAD FLOW AMD SHORT CKT ANALYSTS »
= .

.
(A2 22 R R 2 X R L R R R R A R L R e R L E R S R P R R R RS SR RS R A R Y

s%38 PROGRAM CONTROL COHSTANTS *exs
CON= &
INP= 0
QUT= 12
CHG= =0

¥¥% PROGRAM PARAMETER JOMNSTANTS wee

AASE KVA FRIaucHsY TEMPEPATJRT E8°TH RISISTIVITY
100010, XKv* 60. 47 25, 025, C 100s 4ETSR=I4M

LA X ST R R L R R R R R R R R R R R P R R R R R R R R R R Y

L4 .
. LI'IDATA SUBROUTINE .
» : ASSEMBLID TYPUT LINZ DATA  (PTR=UNIT) B
- L

LAl R Rl e Rl A A R R L A R R R I R S R R T R S L R ]

CONDUSTO® NO, 1

FRCM = T RE(Z) IM(2) RE(Z0) IM(Z0)

1 3 0132 «0293 «025%) 1036
coNDUSTN NI, 2
FROM = T1 RZ(2) I1M(2) RE(20) IM(Z0)

1 ) « 0100 0222 00182 « 0783
TRANSFNRYZ2, LTC NO, 1
FROM ~ TI RE(2) IM(2) i RE(Z0) IM(Z0)

5 3 0.0990 +0293 0,000 - « 0233
TA® TYN T™YX CONEC COIE

1,00000 +30000 1,10009 5

TPANSFORMZ2, AUTO, NO, 1

FROM -~ T) RE(”) I14(7) RE(Z0) ™Moy
5 5 0,0000 « 0464 0,000) 0,0000
TAP CONZIC S0NnE
1,000 i
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{
CONDUCTO? MO, 3
FROM = TO RE(2) IM(2) PE(20) 14(20)
4 s 0295 « 0154 0781 e 0412
CONDUSTD? ND. b
FROM = T2 2E(7) IMLZ) RE(Z0) 14(20)
2 3 « 0147 e 0344 00257 01170
CONDUCTO? Y3, &
FROM - T2 T(2) IM(2) RZ(20) IM(Z0)
2 ’ . 0227 ¢ 0502 e0413 1773
CONDUCTOR MO« h
FROM = T E(2) IM(2) RE(20) I(Z0)
g e 0157 ¢ 0370 «030% 21308
TRANSFORMT2, FIXTD NO. 1
FROM = T2 2E(7) IM(7) RE(Z0) IM(70)
7 ) 0,0000 + 1486 040000 01485
TAP coNra 2ons
1.00000 2 3
Pl RS R R R R R L P I R R R R R R R R R S R R R AR PSR RN R R A R R AR R R RN R Y Y
‘ » [
: , . SUMMA®IZZI TNPUT 3US DATAt PIZ2-UNTT .
; ( - . LISTED 3Y ASCINDING 8US NUM3ERS .
£ - s .
raf EIZ T R R R R R R A A R R R R R R A R R R R P R N R R R PR YRR R APPSR Y )
i
: PONER
NO. TYPE V(¥A5) V(ANG=NZ3) REAL EASTIVE 2(4IV) Q(ax)
3 8 1,000 08,0000 0.00000 0,00000 0000 0.9000
2 1 1. 090 02,0000 “e20000 =,30000 740000 0,0000
3 1 1,000 0.1000 “e20000 =4 15100 1, 0000 0,0000
“ 1 1,999 040000 “¢50000 =, 75000 9, 0000 0,0000
5 1 1,010 0.0000 ©e25000 =420700 1,0000 08,0000
6 1 1,090 0.0000 =¢30000 =4 30000 7.0000 0,0000
7 1 1,990 0. 0000 “e30000 =4 15100 1. 0000 0.0000
s 1 1,090 0,0000 ~e40000  =,39000 140000 0+0000
9 2 1,000 0,0000 1.50000 0,00000 7, 0000 145000

LI R T R R Y Y Y Ty T Yy Y Y Ty Yy YY)

= .
» SENRIERTO BUSLIST RETURNED BY SUBROUTINE IRDEIR ‘
= ; .

2 2 A 2 A I Al A R R A A L R R I R R R R R Y Y R A PR R S R X Y
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SUSIBBJBLP VLTSI LPLBBBBPRIINBIGI335340309300B3033358330%88000000808008

. L]
b SHO2T CI2CUIT INPYT DATA .
b .

SPOSB 25323530330 NBS2BBLBUBEVIPNBITIIIIIVITIINLIEIBBIINBIIBIIIIEIINTS

SOURCT IMPZOANCI BUS NO, 1 VOLTS L=N(XV) 655440 0.00
3=PH FAULT CUARAINT(AMPS) S7%,73 =1078,32
PH=GND FA'ULT SURRENT (AMPS ) 434e96¢ 754,27

FAULT 7(0HMS) =0e0 =0,0% NEUT Z (OHMS) =040 =0,0

S5 330353033503BRIBLIBNTBEJRJINIIVBIVENBIVIIIPBI880800388580800808

L d L ]
. SNeTT) LINE INGUT DATA .
- LISTED Y ASOTNDING AUS NUMAERS .
@ [ ]

LI IR YT R R IR R R A R R Y R Y R R R R L R R A RS R R P TR R R S R R A A R R Y R A A Y ¥ Y Y

s8 E1 6 8 RE(20) ™M(ZD)
0 | «110L53Z¢01 -oz}h°15#01 «47757E+00 e 778152400
| 8 N 0. 0. 23261201
i 1 0 o114682¢01 =e215491C+01 e 47757E400 « 774152400
? 1 3 «128302¢02 =e28389E+N2 ¢24049E-01 «103561Z¢00
: ( 1 ] «15335%+02 e 37434E+02 " ¢18219E5~01 «78496:=01
i 4 2 5 «105082+02 =, 24599E+02 ¢ 265922-01 «115982+¢00
é 2 g «74735E¢01 =e16720E402 W 412835~01 177872400
3 1 «12830Z+02 =e283595+02 02404L9E-01 «103612+00
& 5 o PB5733402 -, 13027E€+02  ,78052E-01  +41155I-01
| S5 2 105085402 -4243599E402  ,26632E-01 115982400
S 4 ,26573I402 -.13327E+02  ,780525-01  o411553-01

¥ -e21532E402 0, 0,
5 7 101615402 =,22461E402  ,30365E-01  +130832400
5 .9 o, -.36173E402 0, ¢292632-01
6 1 (163355402 -, 37%3GEe02  ,182195-01  ,734962-01

s 5N : “e21532E402  ,10000E¢i1 0.
7 2 J7WTIBESD1 =, 16520E402  o41283E-01 177873400
7 5 JA04315602 © «,22051E402  ,30355E-01 130835400

Vo8 “¢67293E401  o10000E+11 0.

8 7 0. “e57203E401  o10000C¢11 O,
9 o o, 0. ' e «292632-01

0 9 5 0. = 361732602 100005411 O,
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AL R R R T R R Y R R R R R R R R R I R A R T R R R A R S R RS R A 2 2

L .
. SONTR JISTRIAYTION SYSTEM ANALYSIS PROGRAM (PDSAP) .
s TADE 2 PRINTOUT .
- L ]

LI R I R T R PR Y R R R I R I A A R R R RN AN R R Y RS AR R R R Y Y

L N Ty N R Y Y P Y YT T Ty

L .
. SXAMPLE PR02L7Y #3 .
. LOAD FLOW ANY SHORT CKT ANALYSIS .
. . L

LI I R R P R R A R R R R R e R R R A R R R R S A A S A S R A 2 )

s¥%8 PNIRLM COMTROL SINSTANTS wess

CoN= 5
INP= 0
ouT= 12
CHG= =D

*8% PPY5AM PARAMETER SONSTANTS =¢»

BASE KvA FRIQUENCY TEMPERAT RS EARTY RISISTIVITY
100000, XKvA 60. HZ 254 286, C 100¢ METZR=IHM

LI AT R R T R A R e R R R L R A R A R R A R I I R A R A AR R R R R XY

.
2ZSULYS OF FAST NICOUPLED LOAD FLOW ANALYSIS »

ALL MAGNITUDF VALUES ARI PSR=UNIT .

SYSTEM HAS 9 AUSZS) 1 ART TYPE 2, .

HUMBZR OF TIMES LOAD ARUSES WILL 9 CHANGED(NLC)= -0, »
COVVIOGENCT TOLIANCES? .

PTOL= .00100 i

OTOL= 00100 "

.

.

(2T R P R R R R R e Y L R AR R RS R R TS RS R YY)

¥sesy RUS NO. 9 EXCEEDED ITS MAXIMUM ) LIVIT
Q SPICIFI®NS 14,5000 PER=UNIT,
O CALCULATEDY  1.5127 PIR=UNIT,
AMOUNT EXCEZOENY 485 PI3CENT,
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SESBL S L5530 229002258000 88800808 S5 59 P PLB LSNP N SRR EBELIEINIENNS

QYSTTH Sumiary

.
.
-
CANVE?GTNSZ O3TAINTY ING .
®
5 NDILTA v ITERATIONS, .

®

.

L
£
L3
. 5 NTLTA THETA AND
L
L d
L

GUBN S SSL S ESCRG P AP FBIIIPRI LV BPI S 0533035324530 3845008808830808000s

Bysxas T ACK BUS PI4IR sssess
RUS M9, REAL REACTIVE 4AG,

1 «70177% ¢ 092561 1415156

P T Ly Y Y R Y
. 3
A CGALSULATEN LINI FLOWS »
& (THE LINT FLOMS ART DEFINED POSITIVE WHEYN FLOWING 2T FROM THI 3US)*
» ®

Yy T T Y T Y A R I R R R R A S R R A R

LINZ POMER LINE 20WzZR
FROM ToO RIAL RIATTIVE FJIY TO RIAL RIASTIVE
1 3 «20084 «15186 3 1 = 20000 - 15000
i 6 +30083 77275 Be iy =+ #3735 - 73431
2 5 =+35554 -+ 37255 5 2 ¢ 25007 039284
2 7 15555 « 07255 7 2 e 15483 =, 07086
L - =+499%90 = 7964 5 L 52773 o 75417
5 6 =,13236 =e 44306 6 5 + 19236 e 43%91
5 7 «55h044 4810 7 5 ~e 54516 -o 42756
S 9 =1,50000 -1.35233 E) 5 1.50000 1048286
7 8 20000 e 3LBL2 S 7 e 49000 =+ 30000

T Y T R Ty Y Y P Y A L R R R R R R R 2 2l

£ .
. QUTPUT BSUS DATA .
L L ]

BUGNUURBNLIBI VLU U S RPN BPID PPV SIRIFVETE S EESEEEBERBEISIIRIINIIIINFTS

F0HIR
NO. TYPE HAMZ V(MAG) V (ANG=DEG) REAL REACTIVE
1 3 ALP4R 1.0000 0. 0900 « 70173 «92561
2 i FAXTRIT «3370 =1, 175% =.20100 =+ 30000
3 1 NRAVI 3929 ‘ = 2232 =4 21109 =s 13000
L 1 SLHD 03277 01330 =+30000 =+ 75000
5 i ELTA ¢ 3563 = 743% =425000 =s 20000
6 1 CMARLTE « 9778 =5 1350 =, 30000 =+ 30000
7 1 RALF «23231 ~1.5315 =y 30910 =0 13000
: ; HOTEL 28750 =5:7583 =y %0000 - =+ 30000

TH0TA 09957 1,9310 1.50000 1463286
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LIS R I R L R Y R R L R R L R AR I N R R SR S A R R A R A R R R R

. L ]
. OUT2UT TRANSFCAMZR JATA e
. [ ]

LI A I X R R I R A R R R R R R R R R Y R R N N R R R R R R R R

bl €8 TAP TAP (MT VY TAS (vAY)
5 5 1.009N0 =«00000 =«0N0ON
5 3 1, 90070 «20000 1.101100
* 8 1. 00010 =+00000 =¢ 00100

LI AT R R T A T Y L Y Y Y R T Y P R A A R R A A R A R R T A R

® .
. RESULTS OF SHORT CIRCUIT AMALYSIS ¢
- ALL VALUZS ARE PER«UNIT »
- SY3TIv HAS 3 STS. FAULT 32I2(S222) IS =0 , *
- THIRM A% 1 SUBSYSTIM STUDTES(ISYS), "
k) .

L2t R I R R R R R R R Y R R R A I R R R R R RS R R SR R R R R R A 2 Y

BRIV IFIPVBVB SRV LV GBI SBRLLBIBINIBINLB VSIS BENB LIS NSRBI EBEPIEBIBINENS

-
»
L)
.

SUISYSTTM STUDY *1J. 1.

NUMAER 9F NJSSZS IN THTS SYSTIv ISt

.
.
.
.

(2 2 PR R R I R R A R R R R Y R Y P R R R R RSN S R R R N Y

THREC=PHAST
L P T PP TP IY
IF(MAG)= 2,L1359
X/R= 1. 874

S3588833848080888

THRE T=PHAS?
S84 43388388880
IF(MAG)= 1,0491
X/R= 2,263

S833830888 850048

LA R S R R R R R I R R X
& FAY_T SUM4ARY FOR 13JS B
Ld ZF= ( 0,00, 0s00) P,Y, 1

s 5= ( 0,00, 0,90) P.U, *
e T T Py ¥y

PHASZ-53NUND SHASE=-PHAST
[ EE YRR IR Y ) CRVBSSEXIENINEE S
IF(MAG)=  1,72743  IF(MAG)= 2,1095
X/R= 1,724 X72=  1.874
S4338%3980 038800 EF(A): l'ouou
EF(3)= ,5000
EF(C)=  .5000

SREBISHREENEVENE

SAVBBEBEBLBIL NV BIIVEBNIIIRIRNEY

& FAULT SUMMARY FOR 34S - B
. = ( 0,00, 0.00) 2,U, .

% 5= ( 0,07, 0,00),.P,Uu, *
Y T T T Y T Y ¥

PHASZ=320UNY dHAST=D4ASE
S3539%8 vy nn S24383 203080000
IF(MAS) = 2,9047 IF(MAG)= 1,721
X/R= 2,335 X/3= 2,253
S385530080388008 EF(‘,g l.noun
EF(3)=  ,5000
EF(C)=  ,5000

2534585888308 00 00

113

P4=PH=G5OUND
CRELEB RIS IIBERES
IF(MAG) = 1,3453
X/3= 1,364
IF(A)= 1,2262
ZF(3)= 0,0000
IF(3) = 0,000
IF(3)= 2,2467

X/R(B) = 5,302
IF(3)Y= 2,1812
X/UAC) = 09565

BAFEBBFIBPNIINEY

P4=«PH=50UND
PAESNBEIRIRRINAS
IF(YAG)= 5,3353
X/R= 24551
IF(A)= L1576
ZF(3)= 0,0000
ZF(3)= 0,000N
[F(3)= 3,1339

X/R(8)= 1e041?
IF(3)= 3,2571
X/(C) = « 185

S4B B4V RBEREY

il
S b e 8 o
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Example Problem 4

This example illustrates the use of the LINEZ input
routine and the Short Circuit routine. This example was
adapted for use with the PDSAP program to show the capabil-
ity of the program to calculate line currents (Ref 7:2-34).
Fig. A-24 is the one-line diagram of the system. System
base for this example is 50 MVA. Note that the example has
a three-winding transformer and the program equivalent is

shown in Detail A. Fig. A-25 illustrates the format and

order of the data cards.
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(V)¢

‘@ 1esu
(R ‘g 03 @ 9oue3ISIpP 193ienb-auo 3B SINdd0 3IINey
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*9seq VAW OT U0 $8 1T 03 H
*9SBq VAN SZ U0 $0T W 03 H
A Z1/££/01T 4 Jauwxojsuel]
*30B31 §8 ‘AN ZI/O0IT ‘VAW 09 :3 JIaurojsuel]
30831 §8 ‘AX ZT/0TT ‘VAW 0Z :Q IsuIojsuei]
*30831 8 ‘AX ZT/0TT ‘VAW 0S :D JoWIOjsSuel]
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-

...‘..“.‘.‘.'.Oll‘ll‘l‘l..".‘.l‘...l‘l“'l.‘l.'...l‘l...l...........

L] LJ
. - PIUTI ATSTIIAUTIAN SYSTS ANALYSIS ©onGosw (P)35A) B
. TAPE { PoINTAIT .
L] L)

.I.l‘lD.l.‘l“llll.lll.ll..'lll.l‘..‘.‘I....I‘l‘.l.l.‘.'......Ql..l...

i ...l."..‘"l.“.l..'..“"‘.lC'O.Qll...l..".i..lll!.llll“‘.l.'.‘...

B .
i ® EXAYDLE PONALTM 44 .
| B SHIRT CIRCHTT ANALYSIS(MESTINGHO'SE) .

3 w

.‘Il‘.l'tllt"l““"b“l‘..‘..'..‘C‘..“l..l.l..l.l"..C.O...‘."...‘

s8sx PRNS2AM CONTROL CONSTANTS sses

CoN= 3
IN?= 1
oUT= &
CHG= =0

i *8% P23524% PARAMITER 3NVSTANTS sse

AASE Kva FRE0UINCY TEMPERAT JR: EARTH WSISTIVITY
( s0090, Xv* 50. M7 2%, N5, € 100, METER=IHM

Rd e dd X A R R R R L Ry I YT Y rrrIrry

s .
s LINE?7 SUTROJTINZ 5 o
} . ASSEMALEN IYMPUT LINE DATA (PZP=UNTT) .
| . .

...‘U.l.‘..‘..II.O“.“‘.'I"“'."“.I‘.l..'..'l..UO“O.'...‘O..l‘..‘

CONDUCTO® NO, i

FRCM = TN RE(2) IM(?) RE(20) IMCZ0)

[ e ~ 0,0000 1200 0,000 e 4333
CONDUCTN? NO, 2
FROM = T2 RE(D) IM(2) RE(Z20) 1M(20)

3 4 0.0000 0613 0,0000 e 1446
CONDURTY® MO, 3 :
FRCM = T9 RE(2) IM(7) 22(20) mMezo

3 5 0,0000 «1653 0,0000 5785
TRANSFNOMER, FIXTH NO. 1
FRCM = TN RE(?) M(2) RE(20) ™MeZ0)

3 1 =0,0000 « 0798 0,9000 « 0798
TAPD COANES SONE

1.n0000 4
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TOANSrNINTY, FTXIN NO, ?

FRo% -« 9 2a? TM(7) 270
2 - ., 9000 «200M 1.0919
TaAP lals & Choliied s Lul
109790 1
TRANSFOINTI, FIXTN NO, X
FOOM =« *1 ALL?) IM(2) RE(Z0)
s L 12,0000 ¢ 0667 0,0009
TAPR rANEL Sanc
1.7070" 1
TRANSFAUTI, FIXDN NO. L
FOMM =« T9 2F(7) 14(7) RE(ZM
5 ’ N, 0000 1.1571 7.,000)
TA® SANEE CODE .
1.M0"70 4
TRANSFAINTR, FIXTD NO. 5
FOOM - 79 TN M) 2E(Z0)
[ r N,0199 3810 09,0000
TA® sNNES tonc
1. 00900 2
ThANSEA T, FIXTN NI, L}
FooR « *9 W) IM(?) PE(20)
" s N.N000 229 0,0000
TA® “NNES ConE
1.00%" s

M7 D)
«2000

I4(20)
0« 0667

IM(70)
1.1571

I4(20)
03814

I4(29)
02233

GOSN ST NESPOPABIBINGNIILTLPINIBININIBIPIBIBNBIBLEBIIIBLRIBINIIIIENTS

4 S402T CIRSHIT INUT DATA
L

L
.
.

PO P00 000N IINIBOUNUTIRIOIO PNV INBIIIBIBINIBIIIINIINIIEIIITS

SEr T THMOTIANTE JuUS N0, 1 VOLTS L=N(<V) 5037
S=0H FANLT FU2ITYT (AVPS) 0,00 =9%013,50
PH=fND FANLT “PE4T (AMDS ) 0,00 =8019%.,50

FAULT P(OMMT) «0,0 =0,0¢t NEUT Z(0HMS) =0,0 =0,0

SOUPLE TvAFNANNT ANS NO, 2 VOLTS L=VN(KV) 533
JeOH FAULT ~U29TYT(AMPS) 0,00 =2769,139
PH=CMN FAYLT “MI3IENT (AMDS ) 0690 =274%9,30

FAULY 7(OMMSY < 0 =Ne0t NFUT 7(OHMS) =N,0 =0,0

SOURCE TUPENANAT S M0, & VOLTS LV (V) 13.73
J=BH FALT CUIIFYT (AMNE) Ne 0N =3751,08
PH=GNN FANLT SURIINTI(AMPS ) 000 =3751,08

FAULTY 7(0OMMS) =Ny 0 =0, Nt  NZJT Z(ONMS) =40 =0,0

SOURCE TMOTAANGE aus NO, 7 VOLTS L=Nt<y) 5¢3%
J=0H FAULT ~JRITNT (A4PS) 0,00 =2672,30
PH=GNN FAULT CURARTUT(AVPS ) 0e0N =2672,20

FAULY T(OHMSY =0,0 =008 NZUT 2(0HMS) 0,9 =0.0

SOMPCE TM2TNANAT AUS NN, 2 VOLTS L=N(KV) 643
3=0H FAULT CURRTNT (AMPS) 0e00=10023,%0
PH=(MN FAULT “MROENT (AMPS ) 0e00=10023,40

FAULT 2(NHMS) =0, 0 «0,01 NiJT Z(0MNS) 7,0 =0.0
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LA A R R R R R L L T Y P Y Y Y Y Y T

a .
. PAMT2 DTSTOINUTION SYSTE' AMALYSIS ©30GRAY (P03AP) .
. TAOE 2 PRINTOUT .
E3 .

(A2 AT R R A L L L R Y R R R Y Y P P YN T I P YNy Y

(1212 R SR R R Y I R T Y Y Y TN Y Yy

» | ]
. EXAMPLE PONALTM #u .
» SHORT CIPCHIT AMALYSIS(HESTINGHONSE) .
B .

(22 2 A2 R T T R T R L Y Y Ry Y Y Y Y P Y Y T Yy Y

s8e8 POAGALM CONTROL CONSTANTS sess

CON= 3
INP= ¢
oUT= &
CHG= =0

( #8% PRANSAAM OARAMETER 3OANSTANUTS esw

? BASE KvA EREQUENCY TEMPERATRE EARTH RISISTIVITY
50090, Yve h0e Y47 28, 2536 C 100, METER=IHM

L A S R A A T R R R Y R R R Y I R R Y E R R R P Y Y N Y Y PR Y YT AV Y

L4 ®
hd RISULTS OF SHORT CIRZUIT ANALYSIS .
b QLL VALMES ARE 2= NIT L
o SYSTIM HAS 8 AJSES. FAULT 20XZ(SC0P) IS -0 .
L THERE AT «N SUASYSTEM STUDIZS(ISYS). .
. .
L] .

(AT R I R S Al L A L R R T R R R Y R R R P I Y R Y Y Y R PP Y Y Y R Oy

e dd Rl R I R Y R Y I LRy Y Ty Yy R Y Y Y Iy Y YY)

.
AUTOMATTIZ SHORT=CIRCUIT STUDY! .
ENTIRE NFTWOSK STUDY WILL 3E COMPLETEN .
IN 1 PASSTS )F SHORT=CIRIUIT P2D3MY, )
®

.

«ats s

SESSSS95BPETUSUBI SIS IRUINPR R UBI IS CIIURIBIIISILPUIS LT ISIINRELPRVES
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L4
E
E
g
£ 1
SERETINEISI000 1008008008308 0
S FANLT TuMMARY €03 AJS 1 ¢
g T (N, 00, A7) 2,1, .
s ThE ( 9,00, 0.00) P41, *
1 D P T Y Y P Y Y Y
THRC "aPup" T PHAS C-520'N) AT =DYAST P4=PH=GIIUN)
3 Sessyssssssyveas sessssssscnsesss SESRIEHSCBIINIES  SBIBBEIBIIESIIRIY
: IF M)z ~,Pu9% TE(MAS) . 5,1393 TF(MASYI = Hel0L”™ TF(MAG)= &, 0437
%/2= E) Y/Rzeesssc s X/3= " /9858808y
Sesssssssssnusus Tl EP(AY= 21,0000 IFIV) = 11,2122
5 ST L5000 IF(3I)= 00,0000
EF(CY= L5000 IF(3)= 0,390n0
3 sssvssssssssesss [F(3) =z H5,51207
: X/°2(3) = 3,013
IF(3)=  5,4307
X/2UACH = 3,013
(ISR RIS S R R L
e yoLrance OHASE VOLTAGRCS
aus LAC LS ] a a e
1 [MULLL] 0490 1415 1616
3 « 2255 % 3T ,LO3
2 4274 o72 3% o9
b ¢ 3593 «69 37 493
s + 5495 T8 437 L95
6 «B8391 «93 433,98
7 «R743 ¢392 ¢33 L9838
8 +54758 o83 .35 L96
LINF CUIRTUTS LINE CUR2ENTS
LINE FAULT(T) FAULT(I) PH=A
3 1 3. 7151 1,2062
3 2 LYY +3180
[ 3 1.73119 «ThhY
5 3 1.5%93 MRATS
8 b 1.5319 27441
6 5 1. 746504 «hFGG
? 5 « 20656 «1199
7 6 NHET2 +N207
L] 5 195937 «747%9 i

i
!
!
z
3
1
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THOE“LDyan"
S33s8BssrnsBaBEs

IF(MAG)= 54,0539

X/9=

=]

S885% 29838388088y

JUS vNLTARTS

RUS
1

BNPIOENVW

vMan)
«OTHS
«R87243
0,0n09
5203
«772)
09164
N4
«7909

LINE Cu22ruTsq

SByEINBESSNIIRBNNIIGIIN LRSS
& FAYLT SUMMARY FOR.3)S 2 *
& 7%= ( 0,00, 0,00) P,U, *

» 253= € 0,90, 0.,70) 2,1, *
BENEBIBEBNRINLLINAEIRNNIBINSY

PHAST =524 OHASC=24AST
(R TE TR R R YY) SR8 BB BN L EnY
IF(vaGY= 2,1330 IF(MaG)= 3,513
X/Dz%ssxsrnn X/= R
(IR Y Y TN ¥V ZFE(A)= q,0N0N

EFtM= L5000
ZF(CY=  .5000

PRSI IBRIRRILY

PHAST VOLTARES
A a £
B8 ,97 L37
«f5 495 L9k
N,00 1,22 1,29
e85 4,97 ,L97
«90 ,9° ,98
«97 499 ,L99
«9% 4,93 ,99
¢92 493 498

LINE CURPENTS

LINT FAULT(I)  FAULT(I) PH-A
31 1,079 «3958
3 2 2,014 1.0501
4 3 ,en7g 7272
§ 1,73 $3272
5 4,979 1272
6 5 ,vay 2877
76 L1453 N8 27
7T &  L0v75 138
8 5,710 e31 79

’ .
121

P4=PH=G2IUNI
SRR ENENEIBIBIEN
IT(4A6)=  1,5025
‘/Q:..‘..‘.'
IF(A) = 1,3148
IF(3)= 0.7000
IF(3)= 0,0000
IF(3) = 3,3327
K/(8) = G4 R77
IF(2)= 3,5927

K/R(C) = 4o 677
Y T T T Yy
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THRE T=PYac?
P T T TV
IF(MAGR)= 7,3155
X/2= R
SsssanavvaaNE NN

30S VOLTAG"®
RUS TEL)

S ILE
1,100
RLLY
«0293

J27a7

BNIPNE N W

LINE CURREINTS
LINE FAULT(T)
2,53729

«9392
241752
241752
?2.1752
1.714

«3595

«%339
2,879

BNANADPANST W
NAPAAT X 8 I

AT 1, SRS R S S A A T

PETT YT T ST PO TP T TR Pe YD ¥ PP RY
* FAULT SHUMAARY FNR AYS ik
. Z2F= ( 0,00, 0.03) P,U, *

» 7G6= ( Ne0%y 0.70) Pl *
R R R Y )

PHAS T =G2N1NN
BRIBEIEBYrr AN SEEBAG RSN IEEI LY
IF(MAG)= 9,3L24 IF(MAG)= 64,8543
x,R:‘.'.lb‘l "23 :
5538580833 A8088 Et’(,{): 1.0000

(M= 5000
TE(S)= 5000
[ XX RES R XN R Y )

24AS L =DHASE

PHAST VNLTAGSS
A 2 "
e38 483 L3309
Ne0 ,92 ,L92
«e36 oB= o958
«10 497 492
ot 49 L97
e84 ,9% L96
o82 495 L96
Bl 92 L92

LINE CURRINTS
FAULT(I) PHeA
2.,0717

e7316

1,23%39
11,7333
13239
1.5060

02753

« 2707

1,478

O4=PH=53IUNI
(XX RS X 2R N
IF(4A6)= 11,3371
x,a:“l...“
()= ,7801
FF(3)= 0,0000
IF(3)= 0,000
TF(3)= 38,3139
/(%)= 1,273
IF(3)= 93,9133
X/UACH= 1,297

(A XX R AL LR R S N
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BIREBURBER YR LB 5533838388300 8
* FAYLT SUMMARY FOR 3US L
G Tz ( N0y 0.0 2,U, »
- 26= ( NeNN,y D.OO) D,, »

LR AR SR RS R R RS R RS R R B R S 2

THRE T=pHACT PHAST =5 201IND dHASE-PYASE
22X E PR N R LEE SIS SRR R RS R 22 (R R X R R R XN B J
TR(MAG)= 7,177  TF(MA5)= 5,7726 IF(MAG)= 6,2132
x,og N x/q:‘.l.“'. X/z: D.
SUSRR IBIFYE LB ENE BAEPIBBEBEBBNREYs EF(A,g 1.0000

EF(3)=  ,5000
EF(C)= 45000

SRLEEEREEBBIBIEER

3US YOLTACTS PHASE VOLTALGES

8US vi1a "y A n c
1 ¢ 2LR”Y «eB53 431 (91
3 «1725 «35 L L
2 « 7254 «58 o ¢ 91
b 0,7NNYD 0,00 1,03 1,03
L3 e 3747 49 ,0° ¢96
6 PR LY «88 437 .97
7 «77019 ¢85 .97 L9397
L] «5103 «$9 ,93 ,L,93

LINE CHRRTNTS LINZ CURINTS

LINE FAULT(T) FAULT(I) PH=A
3 1 2.1798 1.3668
3 2 «76578 e B29
& 3 hei73 h,2872
5 3 122068 «7923
5 4 3. 0242 244854
L 5 1.85%5 1.1721
7 L] « X423 « 2147
? 6 «1%78 «NE61
8 5 2,0743 1,2786

P4=PH=30UND
PHBCUINEVIEINEENBLSLE
TF(4AG)= 5,3350
‘,Q:.““."
IF(A) = 1,0553
TF(3)= 0,0000
IF(3)= 0.0000
IF(3)= 7,9056
X/(3) = 14359
IF(3)=  7,005%
X/2U(C)= 1,959

(2L RS I R AR S X L 222

-
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4
BESRYRIRE R L4393 808 83800030y
2 FAY_T SUMMARY FOR 3JS 5 ¢
#  7F= ( 0.00, 0.99) P,U, =
¥ 73z ( 0,00,°0.00) PyU, *
BEPPRPREBBIRNBBPIPRR BB L0 0
THRES=PyA®CT PHASS=G201IND dHASE=PHASE P4=PH=39UN)
SR P IR B I¥VEynEEEN BRBBBBBBRr AN 3434644 EBBEREY I XIS TR RAR R Y NN Y
TF(MAR)= 12,5500  IF(YAG)= R,9786 IF(MAS)= 98,2703 IF(MAG)= 13,4993
x’ﬂ; (-] x’p_gn.s'nu-; x[!g Q ‘,Qg"‘.l."
SesyaspssvrsENss  BasxssEasxmassys ZE(A4)= 1,N0000 IF(A)= 1,0502
EF(T)= L5000 IF(3)= 0,0000
, ZS(C)=: L5100 IF(3)= 0,200N
i SX3338 38538830808 !F(3)= 9‘2757
(/R(B)= 1,953
IF(C)= 13,2757
X/(8)= 14953
i I Z IS RSN Y Y Y
| i S VOLTAGSS DHASE VOLTAGES
- BUS v(4AG) A n c
(’ 1 « IRQY «h?2 92 «9?
i i 3 2275 J4%  L3T a3
? «3712 61 492 ,92
[ «1705 ¢33 293 495 l
| s D.n0NY Ne00 1,0% 1,03
6 6979 80 435 ,95
i 7 h2345 o 77 « 95 ¢35 |
] 8 2174 51 .30 ,L90 ‘
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Appendix B. Program Flow Charts

This appendix, updated from the original (Ref 2:56-84),
is included to provide a more detailed examination of the
program flow and execution. The flow charts do nof provide
minute details of every program element, but do provide the
basic functions performed by major programs and subroutines.
The format is also non-standard, gnd was devised to fit the
purpose of this appendix.

A few points about the format are included to aid under-
standing the figures that follow. Arrows (+ +) indicate pro-
gram flow and branch entry locations. The capped line (])
indicates a statement or a group of statements in the program
that perform a specific or related function. The text fol-
lowing the capped line summarizes the particular function.
Numbers indicate actual program statement numbers. Figures
B-1 through B-10 on the following pages show the major pro-

gram element flow charts.

128




GE/EE/76-43

START
+
Write Program Title, Read Title Card, Program Control

Card; and System Parameter Card; Write program headers

on output files (Tape 1 and Tape 2).
+
J Call Input Overlay, (BASIC, 1, 0).
4
I:Check error status; If input errors, GO TO 950 (Error

input routine). If no errors, continue.

4
! ] Branch to statement number dictated by CON variable:

+ 100 CON=1. Normal output routine; sorted input

line data printed (see statement 100).

+ 20 CON=2. C(Call Load Flow Overlay (LODFLO, 2, 0).
Upon completion, GO TO 100 if no errors, other-

wise GO TO 950.

+ 30 CON=3. Call Short Circuit Overlay (SHRTCKT,

3, 0). Check error status upon completion;

If errors, GO TO 950. If no errors, GO TO 100.

+ 40 CON=4, Write error statement and GO TO 950.

This number reserved for future program use.

Fig, B-1. EXECUTIVE Routine Flow Chart
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+ 50 CON=5, Call Load Flow Overlay (LODFLO, 2, 0).
Upon completion, check for errors, if none con-
tinue, if errors GO TO 950. Call Short Circuit
Overlay (SHRTCKT, 3, 0). Check error status
upon completion: If errors, GO TO 950; other-

wise GO TO 100,

+ 60 CON=6. Write error statement and GO TO 950,
This number reserved for future program use.

100
+ | Statements 100-101. Write desired data on output file

(Tape 1) as dictated by CON and OUT control variables.

Rewind appropriate files.
+
STOP

950
+ | Write program error termination statement on output

file (Tape 2). Write sorted line tables on output file

(Tape 1). Rewind Tape 1.
L 2
STOP

END

»v'.;-; o
T T TR

i

Fig. B-1, (Cont'd)
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START
+
]:Check to see of INP value is correct. If not, GO TO

100.
+
J1f INP = 0, Call LINDATA Overlay (BASIC 1, 1).
+
J1f INP = 1, Call LINEZ Overlay (BASIC 1, 2).
¥
Check if Load Flow is to be performed: If CON=1, or

CON=3, RETURN to EXEC program. IF IERR, error status,

not equal zero, RETURN.
¥
v J Ccall bus data input subroutine (BUSIN).
: +
, (f ]:If errors have been generated by bus input routine,

RETURN to EXEC program.
¥
' J Call Subroutine ORDER to reorder bus list.
’ +
RETURN to EXEC

100
+ ] Write input error statement on output file (Tape 2).

¥
RETURN to EXEC

END

o B S A T eyt

‘s
|
i

4 Fig. B-2. INPUT Routine Flow Chart
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START
¥
IWrite appropriate assembled line data header on output

file (Tape 1).

+

210

+TRead one record (card) of line data.
+

TCheck if last line data record (EB=0). If yes, GO TO
| 930.

+
T Increment line counters. Check if max. number of lines

| has been exceeded; if yes, GO TO 855.
+
T1f 1D, VP or PH equal zero, GO TO 859.
¥
:IBranch to statement number dictated by ID value:

+ 211 1ID=1; Copper, aerial.

+ 212 1ID=2; ACSR, aerial.

+ 300 ID=3; Cable, underground, aluminum.

+ 400 1ID=4; Cable, underground, copper.

+ 500 1ID=5, 6, 7, 8; Transformer (any type).
+ 820 1ID=9; Series Capacitor.

+ 830 1ID=10; Series Reactor,.

211
*ICtlc. p for copper aerial using input temperature;

assign F2 constant value; GO TO 214

Fig. B-3. LINDATA Routine Flow Chart
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21

ES

21
->

23

235

240

2
]:Calc. p for ACSR using input temperature; assign F2

constant value.

+
4
T Calc. DC and AC resistance. Determine F1 constant

from stranding input or default value. Calc. induc-
tive reactance out to one foot radius, ind. reac. due
to conductor spacing, and total ind. reactance. Calc,

| pos. seq. impedance.
+
T Calc. zero seq. resistance and ind. reactance compon-

ents. Calc. zero seq. impedance. Check for neutrals,
| if none GO TO 900.

0
T Initialize variables TC, TMXX, TPI, VS, TMNN for ad-

justing zero sequence impedance values due to neutrals.
Dummy variables used in guide are defined as follows:

j STRG=TMXX, NG=TC, DMCG=TMNN, DMGG=TPI, SG=VS,

T After initial values for variables are established,
repeat statements 214-217 for ac resistance and new

__XA value.

T Return from 217 and calculate new zero sequence impe-

| dance adjusted for neutrals.

¥
GO TO 900

Fig. B-3. (Cont'd)
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T Using table look-up (based on cable size), assign pos.
and zero seq. impedances for aluminum underground

| cables.
¥
[ Statement numbers 302-339; table of alum. UG cable

| impedances.
¥
GO TO 900
I:Using table look-up (based on cable size), assign pos.

and zero seq. impedances for copper cable.
+
I:Statement numbers 402-440; table of copper UG cable

impedances.
¥
GO TO 900

number transformers has been exceeded; if yes, GO TO

+

]:Increnent transformer counter (NOTR). Check if max.
I:Branch to statement number dictated by ID (type of

transformer).

+ 858 1ID=1, 2, 3, 4, 9, 10; error.
+ 860 1ID=5, 6, 7 and C greater than 5; error.

+ 518 1ID=5; fixed transformer.

Fi'o "‘3. (Cont'd)
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+ 600 ID=6; autotransformer.
+ 700 1ID=7; Load tap-changer.

+ 800 ID=8; phase-shifter.
518
+ | Calc. fixed trans. pos. and zero seq. impedances based

| on size (KVA), and high-side voltage rating (KV).
¥
T Statement numbers 519-581; fixed transformer impedance

| table/equations; GO TO 901.

600
+TCalc. pos. and zero seq. impedances for autotrans;

leakage impedance value is determined by fixed trans.

| routine (enter at statement 519).
4
T Statement numbers 649-667; autotrans. impedance equa-

] tions; GO TO 901.

700
+:[Increment LTC counter (NOLTC); If max. no. of LTC's

has been exceeded, GO TO 854.
+
Calc. pos. and zero seq. impedances; leakage impedance

value is determined from fixed trans. routine (enter
at statement 519); GO TO 901.

800
*:[Increlent phase-shifter counter (NOPH); If max. no. of

phase-shifters has been exceeded, GO TO 856.

Fig. B-3. (Cont'd)
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TCalc. pos. and zero seq. impedances; leakage impedance
is determined by fixed trans., routine (enter at state-

| ment 550).

¥
[ Statement numbers 801-805; phase-shifter impedance

-

| equations. GO TO 901,

820
o:[Calc. pos. and zero seq. impedance for series capaci-

tor. GO TO 901.

830
»]:Calc. pos. and zero seq. impedance for series reactor.

GO TO 901.

850
4i[5tatement numbers 850-860; error statements written on

output file (Tape 2); error counter incremented (IERR).
¥
GO TO 210 or RETURN

900
+ T Set S=0 (for per unit calculation); Calc. frequencey

| adjusting factors (for cable only).

¥
901
+ T Check to see that both pos. and zero seq. impedances

are not zero. If yes, GO TO 853, Call PERUNIT to con-
| vert values to per-unit,

+
902
T Statement numbers 902-929; write assembled line data

on output file (Tape 1) with appropriate data header

(conductor, trans. etc.); store data in appropriate

| tables.

Fiao B‘S. (Cont'd)
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930
e

2

-

945

-~

T Statement numbers 945-950; Calc. number of connections

| of buses in system (not including ref. bus) (NBUS) .

GO TO 210

If there are any input errors (IERR # 0), RETURN to

INPUT program,
¥

Call subroutine LSORT to sort line, transformer, and

phase-shifter tables (after all line records are in-
put).
¥

for each bus, and store in CONEC array; calc. no. of

connections (if any) to ref. bus (IZ); Determine no.

¥
RETURN

END

Fig. B-3. (Cont'd)
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START
¥
Write appropriate data headers on output files (Tape 1
}:and Tape 2).
10 X
+ [ Read one data record (card).
¥

-

[ Check for last time data record (EB = 0); If last
record, GO TO 930. If ID = 5, 6, 7 and C greater than

15, 6o TO 800.

+
T Increment line counter; if maximum no, of lines is ex-

ceeded, GO TO 855, If VP, ID, or PH equal 0, GO TO
858.

e

+
]:Check for zero impedances (pos. and neg. sequence); IF

both zero, GO TO 853.

+
IBranch to appropriate statement number based on value

of ID:
v
+ 20 1ID=5, 6, 7, 8; (Transformer routine),
» 30 1ID=9; (series capacitor routine).

+ 35 1ID=10; (series reactor routine)..

IIncrement conductor counter (line is aerial or cable).
4

Fig. B-4, LINEZ Routine Flow Chart
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T Assign pos, and zero seq. impedances and multiply by
line length., If zero seq. not specified, zero seq.

equal to 2.7 or 3.5 times pos. sequence determined by

| presence or absence of neutrals.

+
GO TO 900

20
+-[Increment transformer counter; if max. no. of trans-

formers exceeded, GO TO 857.
L 4
:IBranch to statement number based on ID:

+ 800 1ID=1, 2, 3, 4, 9. or 10 [error),

+ 21 1ID=5; fixed transformer; increment fixed
(} transformer counter and assign Z and Z1§;

GO TO 900.

+ 23 1ID=7; LTC; increment LTC counter; if max. no.
of LTC's exceeded, GO TO 854; assign Z and
Zp. GO TO 900.

+ 24 1ID=8; Phase-shifter; increment phase-shifter
counter; if max. no. of phase-shifters exceed-

ed, GO TO 856; assign Z and Zf. GO TO 900.

3 ;
+ | Increment capacitor counter; assign Z and Zf; GO TO

900.

3
+.i1ncremen; reactor countgr;_gssign.z gnd Zp; GO TO 900.

‘ Fig. B-4, (Cont'd)
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800
*3
900

->

930

-+

Error statememts.

Statements 900-920. Write assembled data on output
file (Tape 1) with appropriate header, in ohms or per-
unit values; convert data to per-unit values if neces-
sary.,
¥

GO TO 10
Statements 930-960, If there are input errors (IERR
# 0) RETURN. Sort line, transformer, and phase-shif-
ter tables into order by ascending bus numbers (call
subroutine LSORT). Do 950 Loop: Calculate no. of con-
nections for each bus and store in CONEC array; count
no. of connections to ref. bus (if any) and save as

I1Z: Determine no. of buses in system (not including

| ref. bus) and save as NBUS.

¥
RETURN

END

Fig. B-4, (Cont'd)
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START
¥
I wWrite load-flow header on output file (Tape 2).
+ :
W'Statements 1-7. 1Initialize NA array. DO 5 Loop:

Calc. array of B off-diagonal elements (DU) and dummy
connection array (NA); DO 7 Loop: Calc. array of B~

| diagonal elements (BDIA).
+
TDO 100 Loop: Triangulate B” matrix; Select row no.

(IRW) from reordered bus list (NB); Calc. Diag. element
(DBP) and assign value to row index pointer (IUBP); If
last bus in list, GO TO 100. Note: Slack bus is by -

| passed in this routine.
¥
DO 10 LOOP: Forms list of row no.'s (IDUM) that will

‘[be affected by elimination of IRW.
+
[DO 15 LOOP: Forms array of upper-triangle elements of

IRW (UBP) and list of column identifiers (JBP) for

each element.

¥
DO 50 LOOP: Eliminated IRW by standard matrix row re-
duction.
100 :
+ [ End of B” Triangulation.
+

Fig. B-5. Load Flow (FDLFLOW)
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TDo 105 Loop: Calc, array of B”~ off-diag. elements
(DU) and dummy connection array (NA); DO 107 Loop:

J_Calc. array of B”~ diag. elements (BDIA).
¥
TDO 200 LOOP: Triangulate B*~ matrix; Select row no.

(IRW) from reordered bus list (NB); Calc. Diag. ele-
ment (DBPP) and assign value to row index pointer
(IUBPP); if last bus in list, GO TO 100. Note 1:
Slack bus and PV buses are bypassed in this routine.

Note 2: interior loops perform same functions as in

DO 100 Loop above.

e

200 ¥
+ TEnd of B*“ Triangulation.
¥
]:Restore dummy NA array; initialize LIST array.
211 '
+ T Entry point for AP - A6 solution routine.
¥

-

B"; If |AP/V|> tolerance, set KP = 1.
+
Ilf KP = 0 (Converged) GO TO 400. If max. no. of itera-

:[DO 250 Loop: Calc. AP/V array (DLP) for each bus in

tions has been exceeded, GO TO 500.
+
'(DO 270 Loop, DO 275 Loop and DO 285 Loop: Direct soln,

of [AP/V] = [B”]-[A6] equation for [A8]. Note: Matrix

operations performed on DLP array transform it into the

| A6 solution array.

Fig. B-5. (Cont'd)
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291

4

-

1

-—

]:DO 290 Loop: Updates bus angle array (ANG) by adding

A8 for each bus,
¥

] Increment AP-A8 iteration counter,

¥

+ ] Entry point for AQ-AV solution routine.

¥

T DO 350 loop: Calc. AQ/V array (DLQ) for each bus in
| B“*; If |AQ/V|> tolerance KQ = 1,

¥
IF KQ = 0 (Converged) GO TO 401. If max. no. of itera-

tions has been exceeded, GO TO 500.
+
DO 370 loop, DO 375 loop, and DO 385 loop: Direct so-

lution of AQ/V = [B”““] [AV] equation for [AV]. Note:
Matrix operations performed on DLQ array transform it

into the AV solution array.
- ¥
DO 390 and DO 388 loops: Update bus voltage magnitude

array (V) by adding AV for each bus.

+
] Increment AQ-AV iteration counter.

+
Call subroutine LIMIT (Check for PV bus Q-limit viola-
tions.)

+

GO TO 211
pixo B’s. (Cont'd)
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If KQ = 0 (AQ-AV is converged) GO TO 450; otherwise

GO TO 291.
¥

IF KP = 0 (AP-A8 is converged) GO TO 450; otherwise

T

1

IGO TO 211.
0 ¥

ai[Write convergence data on output file (Tape 2); Calc.
T

i

T

Slack bus power,
¥
If line flows are not to be calc. (OUT = 6), GO TO

¥

Calc. and write line flows on output file (Tape 2).
+

Statements 456-461. Convert ANG array from radian

units to degrees. Write (Tape 2), summarized data for

each bus.
4
GO TO 570
50

-»o Statements 500-520, Write non-convergence data header
:[on output file (Tape 2), and non-convergence table
with Delta P and Delta Q.
570
*:[If value of NLC, automatic load change, is zero, GO TO

999 and RETURN.

Fig. B-5, (Cont'd)
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580
T Statements 580-602 contain the load change routine.

Read data cards for load changes and write load change

information on Tape 2. Number of bus changes is NC.

NCC is number of times load change routine used. Data
read in as in BUSIN routine with variables IDB, BUSNAME,
V, ANG, P, Q, QMIN, QMAX. Arrays are adjusted with

new information. Re-calculate load flow results by

| starting at 210 again.

900
» ] Statements 900-980 are error messages.

999
T RETURN.

(} END

L . Fig. B-S. (Cont'd)
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START
¥
T DO 100 LOOP: Loops through all buses to find PV buses;

calculated Q for each PV bus; Bypasses rest of routine

if QMAX and QMIN are both zero.
' +
T Check if QMIN or QMAX have been exceeded; if not, GO

e

| TO 100.
20 ’
+ T QMAX exceeded; calculate QMAX -
B 4
I If Q violation for this bus has already been written on

Qcalc. (DEL).

output file, GO TO 50.

L 4
‘I Calculate percent over; write on output file (Tape 2);
GO TO 50.
25 \
+ T QMIN exceeded; calculate QMIN - Q.ayc. (DEL).
¥

If Q violation for this bus already been written on
output file, GO TO 50.
+
I Calculate percent over; write on output file (Tape 2). |
50 +
+ ] If magnitude DEL < .01, GO TO 100.
+ i

I If sensitivity factor has already been calculated

(SK(I)#0) for this bus, GO TO 90.
+

" "Fig. B-6. LIMIT Subroutine Flow Chart
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+

DO 60, DO 51, and DO 61 loops: form missing column of
[B““] corresponding to iEh PV bus (DU).

+

po 70, DO 65, DO 75, and DO 80 loops: Calculate sensi-

tivity factor for i-t-h PV bus.
+

" th
+ | Calculate incremental voltage change for i— PV bus
_L (DV) .

¥

4

[ DO 91 loop: check if LTC branch is connected to jth

1 PV bus, if yes GO TO 92.

+
Calculate adjusted bus voltage at iEh PV bus (NO
LTC's).
G +
GO TO 100
92
+ ] Calculate new tap ratio (TNEW).
¥
Check if max. or min. tap limits are exceeded; if yes,
set tap ratio at appropriate 1limit and adjust iEh PV
bus voltage; If not, GO TO 96.
+
GO TO 100
96

+ T calculate nearest physical discreet tap setting (func-
tion DISCRET).

‘ Fig. B-6. (Cont'd)
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100
+ T End of loop.

RETURN

END

Fig. B-6. ~ (Cont'd)
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.

START
+
Read short circuit control card. If not in proper for-

mat GO TO 912. Write header for input data.
+
DO 7 loop: Initialize DLP, DLQ and Na arrays. NA is

equal to CONEC.
¥
I1f there are no transformers in line data, GO TO 51.
¥
DO 50 Loop: Checks each transformer connection code to

see if any lines to ref. (zero sequence) should be add-
ed to line tables (from SB or EB or both); Also puts
line of very high impedance between two buses if no

zero sequence path exist.
¥
Read current source control (CURSOR) card indicating

how many source impedance data cards will be read

(IREF): if IREF = 0, GO TO 65.
+
DO 60 Loop: . Reads in source impedance data, one cur-

rent data card at-a-time; calculates equivalent pos.
and zero sequence source impedances, and stores data
in appropriate line tables; adjusts CONEC array for
each added 1line.

Fig. B-7. Short Circuit (FAULT) Routine




GE/EE/76-43

tine LSORT to sort line data into order by ascending

bus no.
¥

Update NA array (= CONEC) and IZ (no. of lines to ref.)
¥

T DO 76 Loop: Forms a feasible ordering of bus list for

65
+ I All lines have been added to line tables; call subrou-
i

impedance matrix building algorithm; Stores reordered
bus 1list in LIST array, and stores list of line table

L entry numbers in JBP array.
¥
T Check to see of no. buses in LIST = NBUS, and no. lines

in JBP = no. lines in system. If not equal, GO TO

| error routine.
4
Read mutual coupling control (NOMUTL) card indicating

how many lines with mutual coupling are to be read in

(NOMU) ; If NOMU = 0, GO TO 77; If NOMU > 25, GO TO

903, error routine.

b
Ll

¥

Read mutual coupling data into proper storage tables.
+

Read fault impedance header (NOFALT) card; If no. of

buses (NFT or NOFALT) is zero, GO TO 84.
+

->

o e oo AR s |

Fig. B-7, (Cont'd)
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( Calculate base impedance (ZB) from voltage and phase
info. input on header card; Determine how many data

cards must be read to input NOFALT number of buses.

| as real (DLP) and imaginary (DLQ) components.

¥
84
|~ Check if load-flow bus voltages are to be used for

fault calc. and if load-flow converged. Set fault

| bus voltage array (EBUS) accordingly.

L 4
90
[ Write short-circuit header on output file (Tape 2).
+

If short circuit analysis is to be accomplished "auto-
matically" (ISYS = 0), GO TO 100.
¢ /
[ Set subsystem counter (ICOUNT) equal to ISYS.

] ¥
95
> [ If ICOUNT = 0, RETURN control to EXEC; otherwise con-

tinue with next subsystem study.
* z
[ Calc. IOUT for subsystem header (IOUT = subsystem'

study number).
+ :
Read subsystem control (NOBSYS) card indicating how

many buses are in this subsystem study (NBS); if NBS
"> 50, GO TO 904.

(NOFALT/26); Read in bus list and store fault impedance

Pigo B‘7c (Cont'd)
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. ey

Write subsystem header on output file (Tape 2), and

read subsystem bus 1list.
+
GO TO 105

DO 101 Loop: Sets up dummy bus list (NB) for automat-

ic short-circuit study.
¥
Calc. IOUT for automatic header (IOUT = no. of passes

of short-circuit program to complete network study
(NBUS/50); Write header on output file (Tape 2), and

set bus count.
¥
Entry point for bus building algorithm (initial pass

only for auto); re-entry for subsystem studies.
¥
Call BUS; subroutine BUS is positive sequence Z-build-

ing algorithm; re-entry point for subsequent passes of

auto. short-circuit study.

¥
If error status is not OK (IERR # 0), RETURN,
¥

Call BUSP; subroutine BUSP is the zero sequence Z-
building algorithm, with mutual coupling handled by
subroutine MUTEST.

+
If error status is not OK (IERR # 0), RETURN.
+
Fig. B-7. (Cont'd)
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T DO 200 Loop: Calculates fault currents for buses in
subsystem or network segment; IRW is faulted bus no.,

and F and G are fault and neutral impedances, respec-

tively for faulted bus.

¥
If bus is single-phase only (IPHASE (IRW = 1) GO TO
132,

+

Calculate 3p fault for bus IRW (AMPA); Calculate X/R
ratio for fault current (XR); calculate bus voltages

if desired, otherwise GO TO 132.
+
Calculate phase-ground fault for bus IRW (AMPA); Cal-

13

>

-

‘} culate X/R ratio (XRLG) from equivalent impedance

(ZZE); calculate voltages and line currents if desired;

otherwise GO TO 149.

+
149 Check if phase-phase and phase-phase-ground faults are
[ to be calculated (SCOP = 0 or 1); if not, GO TO 160.
+
T 1f bus is single-phase, GO TO 170.
4
Calculate phase-phase fault (AMPA) and X/R ratio (XRLL)

for bus IRW; Calculate and store faulted bus voltage

summaries only.

t Fig. B-7. (Cont'd)
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e

L

I

Calculate phase-phase-ground fault current (AMPA) and
X/R ratio (XRLLG); Also calculate fault currents in

each faulted phase (FAULTLB) and (FAULTLC) and associ-
ated X/R ratios (XRLB and XRLC); Calc. voltage summary

for faulted bus only.
S ¥
Write fault summaries for bus IRW on output file (Tape

2); all fault types, and voltage summaries if desired.
4
Write 3§ and 1§ - gnd. fault summaries only on output

file (Tape 2), voltage summaries and line currents if

desired.

¥

GO TO 200

Write 1§ - gnd. fault summary only on output file (Tape
2), voltage summaries and line currents if desired.

¥
End of Loop.

+

Decrement subsystem counter (ICOUNT); Calculate new
value for M (automatic study segment list position);

Determine bus count (NBS) for next pass of automatic

study.
¥

If study is not automatic (ISYS # 0), GO TO 95.
.‘, \

Check if automatic study is complete (M = 0); if yes

RETURN. +

Fig. B-7. (Cont'd)
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GO TO 106
900-950
s + ] Write statements for errors.
¥
RETURN
END

t Fig. B-7.  (Cont'd)
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START
+
DO 9, DO 10, DO 11, DO 12 initialize arrays ZDIA,

IUBP, ZC, ZBUS, NA.
¥
DO 100 Loop: Forms the pos. sequence bus impedance ma-

trix, one line at-a-time, according to order stored in
JBP; L is the position of the line data in the sorted

line tables; If pos. sequence Y is zero (transformer -

i

[
]

4
L}

I

connection), line is bypassed, although bus connection
count (NA) is reduced; algorithm used is detailed in

Brown (Ref 1:28-48). IUBP is last of bus numbers in

subsystem.
¥

If line has one node reference, GO TO 25.
¥

Entry for branch element routine (no nodes ref.); GO

TO 90. e
* s
Entry for loop-closing element routine (no nodes ref.);

GO TO 80.
+

Entry for lines with one node the reference; If loop

closing, GO TO 30.
+

Add branch (one node ref.) routine; GO TO 90.
+

Fig. B-8. BUS Subroutine Flow Chart
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30
> I Entry for loop-closing (one node ref.) routine.

¥
80
- I Eliminate loop axis by Kron reduction (DO 84 and DO 85

Loops); GO TO 90.

¥
88
+ T Re-entry for lines with zero admittance; assign L1
and L2.
90 :

> T Network reduction routine; connection count for buses
on each end of line is reduced; If no more connections
are to be processed (NA (XX) = 0), and the bus is not
in the area of study, it is eliminated (subroutine

SWAP); After a bus is swapped out, the network bus

| count is decremented by one.

100 .
+ T End of loop.
v
RETURN
End

Fig. B-8. (Cont'd)
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START
L 4
I DO 1, DO 9, DO 11 initialize arrays IUBP, ZODIA, ZC,

NA.
+
T DO 100 Loop: Forms the zero sequence bus-impedance ma-

trix; one line at-a-time in the order stored in JBP ar-
ray; L is the position of the line data in the sorted

line tables. Mutual coupling is handled by subroutine

MUTEST; Details in Brown (Ref 1:80-95).

+
I If line has one node reference, GO TO 50.
6 ¥
+ T Entry for branch element (no nodes ref.) routine.
4

T Check for mutual coupling (Call MUTEST); if no mutual

coupling (IROW = 0), GO TO 20.
+
Add branch with mutuals; DO 7 and DO 10 loops add

branch with mutuals; function OFFDIAG returns the com-

plex value = [Y . ] [Z;~2 )} Function DIAG com-
L putes (Y, ) [2,4-2,1; GO TO 90.
20 ’

+ [ Add branch with no mutuals; DO 21 and DO 24 loops add

| branch with no mutuals; GO TO 90.

25 ’
+ ] Line is loop (no nodes ref.).
+

Fig. B-9. BUSP Subroutine Flow Chart
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[ Check for mutual coupling, (Call MUTEST); if no mutual

coupling (IROW = 0) GO TO 41.
¥
T Add loop with mutuals; DO 26 and DO 30 Loops add loop

A

with mutuals; as above, OFFDIAG computes [qu-rs]
[Zrk-zsk], and DIAG computes [qu-rs] [Zr-loop'zs-loop
| 6o To 80.
41 ¥

+ T Add loop with no mutuals; DO 42 and DO 45 loops add

loop element with no mutuals; GO TO 80.
¥
Entry for line element with one node the ref; if loop-

5

0

I closing, GO TO 60.

¥

I Add branch with one node ref; GO TO 90.

0 +

> [ Line element is loop closing; add loop without mutuals
T
0

(one node ref.)
¥
Eliminate loop axis by Kron reduction (DO 84 and DO 85

loops).
+
+ T Network reduction routine; connection count for-buses

on each end of line is decremented; If no more connec-

15

7 T..—imions are to processed (NA (XX) = 0), and the bus is
not in the subsystem study area, it is eliminated by

subroutine SWAPZP; If swapped out, the remaining net-

Fi‘o B'go (Cont'd)
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R e

!
i
]
i
N PSR

| work bus count is decremented.

s TN AM Y S A A

100
T End of loop.

PV

RETURN

END :

S A A

& Fig. B-9.  (Cont'd)
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START
+

DO 10 loop: Determines if a line is coupled with any
other line in system (scans LA, LB, LR, and LS arrays).
If not mutually coupled, RETURN with IROW = 0.

¥
11-16
I Determines if line to which mutually coupled is already]

in system; if not, RETURN with IROW = 0.

¥
21
+ T Add new line to mutual building tables.
¥

T DO 80 loop: Constructs the mutual impedance coupling
matrix for all lines in the system coupled to the new
line (detailed in Ref 1:80-95); The DO 50 loop is a
searching routine to locate the lines in the mutual

| building table that are coupled to the new lines.
L4
T Call CPLXINV to invert the impedance coupling matrix

| to obtain the addmittance coupling matrix.
¥

RETURN

END

Fig, B-10. MUTEST Subroutine Flow Chart
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Appendix C. Program Variables

This appendix was developed to fgrther document the
PDSAP program. All variables and éffays listed in the
COMMON statements arevindicéted as to the overlay source and
other overlays where used. Tables contain the variables or
arrays listed by COMMON block. Each table lists the source
overlay and a brief explanation of the significance of the
variable or array. Additionally, figures depict the data
flow from the source overlay to the other overlays. When
COMMON variables are not used outside the source overlay, the
variable is omitted in the corresponding figure. For this
reason, there is no figure for the COMMON ZERO arrays or
COMMON ZCONST variables as all are unique to the source
overlay.

Variables and arrays not listed in this appendix are
unique to each overlay and are traceable to their origin with

considerably less effort then the COMMON variables.
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'} 4 (} Table C-1I.

Common COMA Variables

Variable Overlay Source Definition/Use/Comments
BKVA Basic,0,0 Base KVA
BKVAl Basic,0,0 Base KVA
CHG Basic, 0,0 Change, not used presently.
CON Basic, 0, 0 Program control, selects
program functions to be
used.
F Basic,0,0 Frequency
INP Basic,0,0 Input, selects LINEZ or
LINDATA routines
1SYS Shrtckt,3,0 Number of subsystems in
short circuit routine
' O LODOP Basic,0,0 Used as index in Sub-
] routine LIMIT.
MAXLTC Basic,0,0 Maximum number of Tap
H Changing Under Load trans-
formers.
MAXPH Basic,0,0 Maximum number of phase

shifting transformers

MAXTR Basic,0,0 Maximum number of trans-
formers allowed.

NMAX Basic,0,0 Number of lines allowed
times 2.
ouT Basic,0,0 Output, controls output

printouts.

scop Shrtckt,3,0 Short circuit control,
selects base voltages and
type faults.

T (1)Basic,0,0 (1) Temperature

(2)Lodflo,2,0 (2)Transformer Tap Setting
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Table C-II.

Common COMB Arrays

Array(Size) Overlay Source Definition/Use/Source
ANG (250) Basic,1,0and/or Bus numbers.
Shrtckt,3,0
B(1450) Basic,1,1 or Real part of 1/Z, line
Basic,1,2 element susceptance.
BDIA(250) Lodflo, 2,0 Diagonal elements of B~
matrix.
BUSNAME (250) Basic,1,0 or Alphanumeric name of
Shrtckt,3,0 bus.
CONEC (250) Basic,1,1 or Number of connections
Basicl,?2 for each bus.
DBP(250) Lodflo2,0 1/BDIA in triangulation
of the B” matrix.
DBPP(250) Lodfl02,0 1/BDIA in triangulation
of the B” matrix.
DLP(250) Lodflo,2,0 (1) Delta P array.
Shrtckt,3,0 (2) Real part of ZF in p.u.
DLQ(250) Lodflo,2,0 (1) (1) Delta Q array.
Shrtckt,3,0 (2) (2) Img. part of ZF.
G(1450) Basic,1,1 or Real part of 1/Z, line
Basic,1,2 element admittance.
IBUS(250) Basic,1,0 and/or Bus number array.
Shrtckt,3,0
ICC(250) Basic,1,1 or Transformer code,
Basic,1,2 C + IADD.
IPHASE (250) Basic,1,1 or Bus phase array.
Basicl,?2
IUBP(250) Lodflo,2,0 (1) (1) Index of first ele-

Shrtckt,3,0 (2)

165

ments of B” matrix.
(2) List of bus numbers
for subsystem.
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Table C-1I. (Cont'd)
Array(Size) Overlay Source Definition/Use/Source
IUBPP(250) Lodflo,2,0 Used in triangulation of
the B”” matrix.
JBP(3000) Lodflo,2,0 (1) (1) List of solumn iden-
tifiers for B” matrix.
Shrtckt,3,0 (2) (2) List of sorted line
table entry numbers.
JBPP(3000) Lodflo,2,0 List of column identi-
fiers for B”” matrix.
LINA(1450) Basic,1,1 or End bus. Determined by
Basic,1,2 second bus number.
LINB(1450) Basic,1,1 or Start bus. Determined
Basic,1,2 by first bus number.
LIST(250) Basic,1,0 and/or Used to form re-ordered
Shrtckt,3,0 bus 1lists.
LPHA (50) Basic,1,1 or End bus for phase-shif-
Basic,1,2 ter transformers.
LPHB(50) Basic,1,1 or Start bus for phase-shif-
Basic,1,2 ter transformers.
LTRA(250) Basic,1,1 or SB of transformer, reac-
Basic,1,2 tor or capacitor.
LTRB(250) Basic,1,1 or End bus of transformer,
Basic,1,2 reactor or capacitor,
Q(250) Basic,1,0 or Reactive power array.
Shrtckt,3,0
QMAX (250) Basic,1,0 or QMX/BKVA or QMAXN.
Shrtckt,3,0
QMIN(250) Basic,1,0 or QMN/BKVA or QMINN.
Shrtckt,3,0
P(250) Basic,1,0 or Real power array.
Shrtckt,3,0
PHANG (50) Basic,1,1 or Phase angle for phase

Basic,1,2

166

shifter transformers.




‘ GE/EE/76-43

Table C-1II.

(Cont'd)

r Array(Size)

Overlay Source

Definition/Use/Source

TAP(250)
TMIN(250)
TMX (250)

UBP(3000)

UBPP(3000)

V(250)

O

201(1450)

__
i

ZOR(1450)

R

Basic,1,1 or
Basic,1,2

Basic,1,1 or
Basic,1,2

Basic,1,1 or
Basic,1,2

Lodflo,2,0 (1)
Shrtckt,3,0 (2)

Lodflo, 2,0
Basic,1,0
Shrtckt,3,0

Basic,1,1 or
Basic,1,2

Basic,1,1 or
Basic,1,2

167

Initial setting of tap
on transformers.

Minimum transformer
tap setting, in p.u.

Maximum tap setting of
transformer.

(1) Upper triangular ele-
ments of B” matrix.

(2) Absolute value of
voltage for buses in sub-
system.

Upper triangular list of
elements for B”“” matrix.

Bus voltage array.
Imaginary part of zero
sequence impedance.

Real part of zero se-
quence impedance.

R —
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Table C-III.

Common COMC Arrays

Array(Size)

Overlay Source

Definition/Use/Comments

DU(1000)

IDB(250)

JCOL (1000)

| NA(250)

NB(250)

Lodflo0,2,0 (1)
Shrtckt,3,0 (2)

Basic,1,0 and/or
Lodflo,2,0 and/or
Shrtckt,3,0

Basic,0,0 and
Lodflo,2,0

Basic,0,0 and
Lodflo,2,0 and/or
Shrtckt,3,0

Basic,0,0 (1)
Shrtckt,3,0 (2)

170

(1) Array of B” matrix
off diagonal elements.
(2) Array of bus vol-
tages.

Bus type (ID).

List of end bus numbers.

Number of connections
to each bus. Used as
dummy array in each
routine.

(1) Used as reordered
bus 1list.

(2) List of buses in
subsystem, NBS.
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Table C-1IV.
Common CONST Variables

Variable Overlay Source Definition/Use/Source
IPV Basic,1,0 Number of Type 2 buses.
1SS Basic,0,0 and (1) Total number of JCOL
Lodflo,2,0 (1) entries.
Shrtckt,3,0 (2) (2) Number of lines in system
(NL) divided by 2.
ITR1 Basic,1,0 Number of iterations for PTOL.
Equal to ITRMAXI1.
ITR2 Basic,1,0 Number of iterations for QTOL.
Equal to ITRMAX2.
1Z Basic,1,1 or Number of line elements to
Basic,1,2 and reference.
Shrtckt,3,0
LL1 Basic,1,1 or Number of aerial and under-
Basic,1,2 ground conductors.
LL2 Basic,1,1 or Number of fixed transformers.
Basic,1,2
LL3 Basic,1,1 or Number of autotransformers.
Basic,1,2
LL4 Basic,1,1 or Number of phase-shifter trans-
Basic,1,2 formers.
NBUS Basic,1,1 or Number of buses in system.
Basic,1,2
NL Basic,1,1 or Number of lines in system
Basic,1,2 and times two.
Shrtckt,3,0
NLC Basic,1,0 Number of times loads are
changed in Load Flow routine.
NOLTC Basic,1,1 or Number of TCUL transformers.
Basic,1,2
NOTR Basic,1,1 or Number of transformers in
Basic,1,2 system.
PTOL Basic,1,0 Tolerance for real power.
QTOL Basic,1,0 Tolerance for reactive power

172

in Load Flow routine.
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‘ Table C-V.
Common SAVE Variables
Variable Overlay Source Definition/Use/Source
IERR Basic,0,0 or Error counter for program.

Basic,1,0 or
Basic,1,1 or
Basic,1,2 or
Lodflo,2,0 or
Shrtckt,3,0

Table C-VI.
Common ZCONST Variables

Variable Overlay Source Definition/Use/Source

IDUMM Shrtckt,3,0 Second counter for number
of buses in mutual impedance
table.

IMUT Shrtckt,3,0 Number of buses in mutual
impedance table.

IROW Shrtckt,3,0 Number of mutually coupled
lines from subroutine MUTEST.

NBS Shrtckt,3,0 Number of lines in a sub-
system.

NOMU Shrtckt,3,0 Number of mutually couples
lines.
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Table C-VII.
Common ZERO Arrays

Array (Size)

Overlay Source

Definition/Use/Comments

EBUS(250)
I1JK(25)

ISAVE (8)
ITZ (25)
KJI(25)
LA(25)
LB(25)
(} LR(25)
LS (25)

YCOUP (8,8)
; ZOBUS(2775)

ZODIA(75)

ZBUS(2775)
ZC(75)
ZDIA(75)

IM(25)

Shrtckt,3,0
Shrtckt,3,0

Shrtckt,3,0

Shrtckt,3,0

Shrtckt,3,0

Shrtckt,3,0

Shrtckt,3,0

Shrtckt,3,0

Shrtckt,3,0

Shrtckt,3,0
Shrtckt,3,0

Shrtckt,3,0

Shrtckt,3,0

Shrtckt,3,0

Shrtckt,3,0

Shrtckt,3,0

175

Voltage array.

Bus number array of mutu-
ally coupled lines.

Bus number array in sub-
routine MUTEST.

Additional array for mu-
tually coupled lines.

Second bus number array for
mutually coupled lines.

Start bus array of mutu-
ally coupled lines.

End bus array for mutually
coupled lines.

Array of start bus to which
lines mutually coupled.

End bus array of lines to
which mutually coupled.

Mutual coupling matrix.

Zero sequence off diagonal
terms of ZO matrix.

Array of diagonal zero se-
quence impedance terms of
Z0 matrix.

Positive sequence off di-
agonal terms of Z matrix.

Impedance array used in BUS
and BUSO subroutines.

Array of diagonal positive
sequence terms of Z matrix.

Array of mutual impedance
between mutually coupled
lines. ;
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Appendix D.

This appendix contains a complete listing of the PDSAP
program. The numbers near the left margin are line numbers.
If trying to find a particular line number in a routine, use
these left margin numbers. The numbers near the right margin
are sequence numbers and refer to the card numbers in the
source deck. These numbers are used to insure the cards re-

main in proper sequence.

177
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IVERLAY(BASIC,0,0) 000100
PRISIAMN EXECCINPIT,TAPIS=INAPUT,0UTPIT,TAPIE=0UTPUT,TAPEL,TAPZ2) 000110

THIS PRIGRAM SUPERVISES THE OVIRALL EXZCUTION OF THE COMPLETE P0- 000120
GRAY 37 MEANS OF PAAMITERS RIAD IN ON CONTIL CARIS, THESE PAMM- 000130
ETERS A€ DEFINED AND COO=Z0 IN THE USZIR’S INSTRUSTIONS. 000140
THE PURIISE OF THE ORIGRAM IS I 000150
PERFOM VARIOUS STANDARD SYSTEM ANALYSIS ROUTINES ON A POWSR NISTIL- 000160
BUTIONY SYSTEM, TAE PIGRAM IS SIT JP F0 HANILE A 250 BUS SYSTEY WITHO000170
S00 LINIS/TRANSFORMZRSe OF THZ 500 LINES/TRANS., 50 MAY BE TA®- 000190
CHANGINS=UNJER-LOAD TYPES(TCUL®S), THI PROGI™AM WILL ALSO ACCEPT 000190
PHASE-ANSLE REGULATIRS (MAX. J° 2%), 000200
THE POGRAM IS CAPARILZ OF LOADFLON AND SHORT-CIRCUIT ANALYSES AT THE 000210
PRESENT. AN INPUT OPTTION ALLOWS T4Z LINE DATA T 3E READ IN €ITHSR 000220
PRE-CALCULATED OR AS “RAW™ DATA, WITH THE IMPEOANCES CALCULATED BY 000230
THE PRISCAM, OVERA.L PJGMM TVISZI NIV 76 JITH 3IIE NAME POSA?, 000240
SONP_EX 2M, YCOJ, 2C0UP,2RUS, 2983US,2IXA,20J1A,28US,2C 000250
INTESER CONyCHGySCIPHOUT,CONEZ,4,Cy04E 000260
DIMENSION TITLE(S) 000270
SOMYIN /COMA/ZCINGC459L00029S30P o INPoOUT "¢ ToBXVA 9 RHOL 9 NMAX,MAXT], 000280
LHALLT 2 s MAXPH, ISYSyIXVAL 000290
SOMMON ZCOMB/LINA(L1450) ,LIN3(1659)7,5(1450),B8(1650),P(250),0(250), 000300
1.P43(50) , PHANG(S50) 4 LTRA(250) ,LT3(250),TA2(250), TUN(250) ,V(250), - 000310
2TMX (2500, TUBPP(2505, ANG(250) ,19US(250),032(250),UBP(3000), 000320
JIUSNAMNE(250) s LPHA (50) ,LIST(230),1U3D(250),0MIN(250),Q4AX(250), 000330
$J8P9(250) ,UAPP(3000) ,J3IP(3000),I3PP(3000),TCC(250),0LP(250), 000340
STOL(1650) yZOR(1450) yRDIA(250),CIONECI250) 4ILQA(250) , IPHASE (250) 000350
SOMMON/COMC/ NA (250) yN3(250) 4 J20.(1000),02(2000),109(250) 000360
SONYON /GONST/ NBUSeNL,ISS,IPV,LL1,LL2,LL3,LLYsNOTR,IZ,NOLTS 000370
19ITR1, ITR2,PTOL,QTOL4NLC 000380
SOMMON /SAVE/ZIZRR 000390
SOMMON /2ERO/LA(25),LB(25),LR(25),L5(25) 42Z4(23),YCOUP(8,8), 000400
L2CIVUD(25) yTIK (23) y<II(23),IT2(25) 4ISAVE(B) ,Z0IA(?5),200TIA(75), 000410
2T8JIS(2775),208JS(2775) ,EFUS(250),2C(75) 000620
S0M9ON J2CONST/ NOMUZN3SoIRIN,THIT, TOUMM 000430

1000 FOR/MAT (RE,4II) 000440
1001 TOIMAT (BR19D) 000450
1002 TIMATI//771XoTOCLH®) /71X o14% 9 BOK g THOFAX 1M 13Ky bR1D,15Xy 1M /1N, 000460
1AM 13X R0, 15Xy 14° 71X o1 He 4 B8N, IH 7L X, TO(LH®) /) 200470
1004 FIMAT(RE,FT7.0,35,0) 000480

1005 FOIMAT (/T20,7%%% PIDGRAM PARMYETIR SONSTANTS *°0°//T6,"BASE XVA™, 000430
1729, "FREQUENCY", T34, “TEMPERATYRE",T31,"EATH RESISTIVITY=/3X,F7,0, 000500
2° KVA"y5XoFSe0s™ HZ™"96XyF5,0,° OEGe C™99IXyFS504° METER=0HN"//) 000510
1006 FORMAT("USE OF CONTROL PARAMETERS & OR 6 OR 7 IS NOT ALLOWED AT 7000520
1418 TINE.™) 000530
1007 FORMAT(IX,"USE 0F 2IN CI0Z"yI3,™ NOT ALLO4ZD0.") 000540
1040 TOWMAT(/71X,"%¢80 T4 DROSINY 445 TIRAMINATED OUE TO", 15, ERIAT1*000550
1/720,"LISTED ABOVE IS A DESSITPTION OF EA3H™/T20,“ERROR AND TLEZVA000560

297 DATA FOR LOCATING™/T20,"T4% ZROX SOUE, 3000 LUCK!™) 000570
1011 TOMAT (TS SB™y T7,“EB8™, V17, 53"y T31,“B"yTL3,"RI(Z20)",T57,*IM(20)"/7000550
LO20A0 I3 oIX M(ELL,5,3X)) 000590

1042 FORMATLZZIX70(L14%) AN, 1H®y 58X, 14%71X,1H®,T23,“SORTED LINE INPUT 0000500
LATAS, T71,AHO /71X 1 H® T19,LISTEN 3Y ASCENDING BUS NUMBERS™,T71,14%7000510

ARG L 4° 60X, IH® 71X, 70 (14 7/) 000620
1047 FORMATL/V20, %% POGRAM SONTROL CONSTANTS ®e®e™//T33,“CON=", 000630
1137733, INP=",[3/T33,"JUT=",I3/733,"CHG=",13//) 000540

1048 FORMAT(TS ,“FOLLOAING IS T4Z SNRTZI0 _INE TASLE AS CALCULATED =/) 000650
1019 FORMAT (T3, “PROGRAM CONTROL 340 YOT IN PRIPER FORMAT OR LOCATION, 000650
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SAR0 MITH KEYNORD =y R6,” IS ®TUIRED, */)

1020 FOMAT (/778X o700(14%) 71Xy AM® 58X, 14%/71X 1%, IX,
1"P)4IR DISTRIRUTION SYSTEM ANALYSIS PROGRAM (POSAP)™,
I LU/ AN LS 26X, “TAPZ 2 OITINTOIT®,27Xs 14% /71K, 14,
358K,14%/1X, 70 (1H%) /)

1021 FORMAT (271X oT0CLH®I 71 XoIN® B8 145714 1H®,9X,

1°PINIR DISTRIBITION SYSTEM ANALYSIS PROGRAM (POSAP)*,
CING LA 7N LH® 28X “TAPT 1 PAINTIIT=, 27X 14° /71K, LM%,
S68¢, 1N /1%, 70 (L H*) /)
NNAX=1000
AKTR=250
YACLTCsS0
YAXPH=2S
TERA=L 000P= 0
dRITZ(2,1020)
dRITZ(1,1021)
RWAD(5,1001) TITLE
WRITE (2,1002) TITLE
dRITT(4,1002) TITLE
READ(5,1000) A,CONyINP,OUT, SHG
S=3IVSMCON
EF(A. NE.C) GO TO 900
REAI(5,1006) D, BCVA,FyToR4IL
23535 YSPAR
LFC(0.NE,E) GO 7O 9)1
EF(SXVALEQ. 0,) 8KXVA=100000,
SKIA1=AKVA
IF(F.EN,0) F=60,-
LF(T.EQ,0) T=25,
EF(R401,E0.0) INI1=100.
ARITZ(2,1017) SON,INP,0UT,245
ARIVIC1,1017) SONYINPOUT,3H5
dRITE(2,100%5) 3KVA,F,T,R401
dRETZ(1,1005) BRKVA,FT,RHOL
EF(CON.ENe0,0R.CON.GTo7) GI T9 80
SALL OVERLAY(SHBASIC,1,0,6HECAL.)
IFLIZRR,NE,0) 5D T) 950
LFCIJT.EQ.15) GO TI 101
60 73(100,20,30,40,50,60,70) 7ON
20 SALL OVERLAY(GMLODTLO,2,0,54RECA.L)
IFCLIZRR,NE, 8) 50 T) 990
30 7Y 100
30 SALL JVERLAV(THSHRICKT, 3,0, 5MRECALL)
EF(IERRNE.0) GO T 9%0
30 72 100
00 dRITE(2,1006)
30 1 9%
S8 SALL OVERLAY(GMLODFLO0,2,0,84R°CALLY
IFCIZRRNEL.0) 3D T) 9S50
SALL OVERLAVITMSHRICKT, 3,0, 54RCCALL)
TFEIZRR,NE, 0) GO T 980

30 7 100
60 dRITZ(2,1008)
30 12 %
70 4RITZ(2,1000)
30 T0 %
80 dRITE(2,1007) CON

L L !l!!'i

J 950
100 tno:n.u.t.u.wt.to.b.u.an.u.s.u.lm.n.ut 60 70 g101
IFL0UT,.EQ,8) GO TO
dRITT (1,101 D)
ﬂl"ﬂ.l“ﬂ ll!llllhl!."h‘!l'..(".lll(!h!‘!ﬂlolil.ui
10 g:'ag.u.u.t.n..m.n.m Rgw

T
900 RITI(2,0089) C
so v

J %9
901 ARITT(2,4019 £
949 fEsy
980 RITIC(R,10000 2ERR
WRITFE1,1000)
M""‘l.l' CLENAEED o LTN0EED 46T o BUT) s TORIT) 4 2OX(I) oIm,NL)

©
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SUBRIUTINE LSORT(NLyLA)LOyLSTZE,LTAS,A,8,C,0,1%)
THES SUNROUTINE SORTS THWO TABLZES (L& & LB) INTO INCREASING SEQUENZE
TN J0UBLE=PRECISION FASHION, I.Ee LA IS SORTED AS THE MOST SIGNIFI-
CANT FISURE, AND T4SN LP IF VA USS JF _A ARE EQUAL, IN. ADDITYON,
UP 7O FIVE OTHER TABLES (Ay8,5,0, & IS) CAN 3E SORTED IN A CORRES-
PONIINS MANNER, LTAS INOICATZS HOW MANY ADOLTIONAL TARLES ARE IN-
VOL/E), WMILE LSIZE INDICATES T4Z NJM3ZR 0F INTRIES PER TAALE (I
ALL TASLES). NL INDICATES WHMETHMER _A £ LS WILL S8Z SORTZIO IN 00JSLE~
PRESISION FASHION (NL=2), OR S)ITZD IN SINGLE-PRESISION FASHION
(WMLs8) JSING ONLY TASLE LA,

IINENSION LACI450) ,LB(1650) ,A(1%50),8(1650),C(1450),0(1650),

1IE(1450)

TFILSTIZE.LEL 1) RETIRN

Ne _ST2€-1

TA0=L TARL

00 78 JsiyM

Ny

8801

90 S0 Isi,LSIZ2E

IFCLACTI=LACTI) 25,18,30
16 IF(NL.EQe1) GI TO 30
TFILBII)GE.LIC(IMY) G TO 33
23 IN=I
30 CONT INVE

IF(IN.LE.J) GO TO 70
30 TOEAS,060,L3,02,01,40) NTAS
40 ITSSIE(IM
&3 TOsD(IW™)
42 TC=C(IM
&3 TBs3(1IM)
o4 TA=ACIN)
&5 LTAsLA(IM)
TFINLL,EQ. 1) GO T) 38
LT8sLR(IN)
48 IF(IMLE. ) GO TI 33
30 73(55,54,53,52,51,50) NTAO
S0 IE(IM)=IE(IN=1)
91 MINsO(IN-1)
$2 (1M =C(IN=1)
$3 (I =A(IN=1)
$6 A (IMNIsA(IN=-1) 5 :
88 LA(IY sLA(IN-1)
TPINL.EQ., 1) GO TI 57
LA(IY)I =LB(IN=2)
S7 INsIM-1
30 12 &0
$9 350 T0(65,64,63,62,61,60) NTA®
69 tE(N=IVE
82 0(N=T0
62 StMHaTC
63 378
68 A())=TA
65 AtN=LTA
IPCM.EQ.2? GO T T8
(S IFIR{84)
70 oNTINUE
00 RETURMN

™wI
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001430
0801660
001650
001680
001470
001480
001430
001500
001510
001520
001530
001540
001550
001560
901570
001580
001590
001600
001610
001620
001630
001640
001650
001680
001670
001680
001690
901700
01710
001720
001730
001740
081750
001760
001770
001780
01790
001000
001810
001620
001830
001040
001050
001860
0nievo
0010080
001990
sei900
001919
081920
001930
0019640
001950
801960
001970
01980
001990

B
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SUIROUTINE ORDER(IJ0) 002010
THIS SU3IROUTINE CIMPUTES THE J2)ZR JF SLIMINATION FPOR THE TRIANSJLIZAQ02020
TION OF THE “R*™ MATRIX, THE ORDERING SCHEME IS REFERRED YO AS THE 002030
OYNAMES ORDERING SCHE9YE, IT SILECTS TME NEXT R0 TO BE ELIMINATED AS002040

THE ONE WITH THE FEWNEST TERMS IN THEZ REOUCED MATRIX. 002050
INTESER OUT 002060
OIMENSION IOUM(S0) 002070
SOMMON /COMA/CINyCH3,LOD0P, SSOP,INP, OUT,F, Ty BCVA ,RHOL ) NHAX ,MAXTI, 002080

LMAXLTCoMAXPH, ISYS, IKVAL 002090

SOMMON ZCOMBZLINA (16500 oLINS(1650),5(1450),8(1650),P(250),Q(2507, 002100
1LPHI(50), PHANGISO) ,L TRA (250),LT3(230),TAP(250), THN(250),V(250), 002110

2TNH(250), TUIPP(250) , ANG(250) ,I3US(250) ,082(250),UBP(3000), 002120
SIUSNAME(250) ,LPHA(30) ,LIST(257),IU32(250) ,AMNIN(250) ,AYAX (250) , 002130
VIBPP(250) JURPP(3000) , JIPI3000),J3PP(3000),TCC(250),0LP(250), 002140
STOIC1650) ,20R(1630) ,50IA(250),COVEC(250),3LQ(250),IPYASE(250) 002150
SOMNGHE/COMC 7 NA (250) yNB (2500, JCO. (1000),00(2000),109(2%0) 002160
SOMNIA JCONSTZ NOUSoNLoISSoIPVol o290 20.L3oLLoyNOTRL,IZHNOLTC 002170
1,ITRL, ITR2,PTOL, AT, NLL 002150
TNE FILLONING LOOP FO9S THE J>IL AYD YA VECTIRS FROM THE 002190

LINZ JATA READ IN BV THE INPUT ORI3AY, THE JCOL VECTOR CONTAINS & 002200
LIST OF ALL TME J TIR9YS FI0M 434 RIW IF THZ SUS AINITTANCE MATUAX, 002210
THE NA VECTOR IS A LIST O TME TOTAL NI, OF CONNECTIONS TO EACH 8US, 002220

30 $ 1=1,250 002230
S W =0 002260
Juqsy 002250
30 10 Isgi,NL 002260
EFC(LINACT) o €Qe0o IR LINSITILE2. 0 GO TO 10 02270
JCIL (M sLINGID 002280
Nuyoi 002290
7 IFC(LINA(CI) oNE.J) G) TO O 082300
NACJII=NACS) o8 092310
30 1) 10 002320
8 J=)oi 002330
077 002340
10 SONTINUE 002350
I8SsNL=2°12 082360
IN THE TOLLOWING LOOP, THZ BUS LIST IS SCANNZID AND THE NUNSER 002370

OF CONNSCTIONS TO EACH4 IS COMQARS0, T4E 9US WITW THE FEWEST CON- 002380
MESTIINS IS SELECTED AS T4E NEXT BUS T) BE ELIMINATED IN THE TRI- 002390
ANGJLATION QOUTINE, THME ACTUAL SLININATION IS SIMULATED ON THE JSIL 002400
VECTORy WITH =J™ TEINS ANODED IR NELITE) AS APPROOGRIATE., THE NUYSER 002410
OF SONVZCTIONS TO T4E 3US IS ALTST) ASSORDIVGLY, THE LOOP THEW 002620
REPEZATS, AND THE REVAINING AUSSES SCANNED TO FIND THE BUS WITHM THE 002630
FEWIST CONNECTIONS IN THE REDUSEND JATRIX, UNTIL QLL BUSSES MAVE 3EIN 002440

REORDERFD, 002450
(1)) 002460
30 100 I=1,NBUS 002s70
(CIN=2S . 082430
t22s1=-4 002490

00 12 Ls1,N9US 02500

IF(NACL) oGE.IZON) GO FI 12 002510

00 11 LLs=1,122 002520

. TFMLENVBILLYY 50 YO 12 002530

11 CONTINUZ 002540

TCON=NA (L) 02sse

NO(I)=IRW=L 002560

12 CONTINUE . wnesre
181
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THIS LOOP SCANS JCOL TO FIND VNS WITH ELENENTS IN THE I°TW COLUMN

AND THEN STORES THME B8JUS RONW NJYRSR [F IT HAS NOT SCEN PREVIOUSLY
OPERUNTED UPON.
00 20 M=1,1SS ;
TFCICOL (M NE. I%W) GO TD 20
00 1S L=1,1
IF(IRNIY) L EN.NB(L)) GO TO 20
19 CONTINJE
KKKsKKKe1
TOUN (KKK )= IRN(H) -
20 CONTINVE :
THE FOLLOWNING LOOP PEIFORYS TAZ STMILATED W4 ELIMINATION ON ALL
RONS 3E_0W THE I°TH ROM, SUBRIUTINZ ADOROZL IS CALLEOD TO ADD OR
DELEITS AN ELEMENT FR0Y TMZ JCIL VESTOR IF NESSESSARY,
IFIRKK.EQ.0) GO TO 100
00 S0 Ns1,KLK
1JJ=0
23 KI=JADD (IR
KFeKIoNA (IRU) -1
00 & JsKI,KF
IPCICO. (1) JEQIRW) GO TO 40
KL= R00 (TOUNINDY )
K2eKLONALTOUMIND) =1
IF(195. €2 1) GO T) 32
0 38 LsKi,«2
IFCICOLILIE2. IRM) GO TO SS
30 SonTt

32 TFLIRNIKL) . £Q.JCILIID) GO TO &0
00 31 Ls=Ki,<¢2
IFCICOLILI L EQ. JSOL () GO TO &9

CONTINUS
CALL ADORIEL(L=1y1, )
NACTOUNIND I sNALTIUNING Dot
60 70 ¢
33 CALL ADORIEL(Ly=1,0)
:&Wﬂ(!ﬂlﬂuﬁﬂ(ﬂ"-l

Y]

$0 CONT INVE

100 0NTINUE
EPIDIT.E0e2e0R DT, Qe P00 IITEA0.0RIUTLEQ20) GO TO 101
dRITEC1,1000)
HRITE(L1,2008) (N3(D),Tst,N3US)

002380
002590
002600
002610
082620
002630
002640
002650
0026560
002670
002680
902699
eg2700
002710
002720

002870
oo 2080
002090
002900
002910
092920
002930
002940
062958
002960
002970
802980
002990
003000
003010
003020

1000 FORMMTC/AZ71X,TOCLNS) 720y 14% o S84 1NS/1 X, 14% T14, "REORDERED AUSLIST 003030
ARETURINED BY SUBRIUTINE ORDER™,T71,30°/74Kp1N® 488X s 1M1 X, PR (1N®) /7)) 003040

1004 FOINAT (3x,1319
101 RETVIN
mwy
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SUSRIUTINE ADORDEL(.,IC,d)

THIS SURROUTINE ADDS 9R OSLETES AN INTRY IN TME JCOL TASLE. IC IS A 003090
PARAMITIR WHICH DETERYINES IF AN INFRY IS ADJE0 IR DELETED., 1ICs=1 W-003100

SULFS IN AN AOOED ENTY, AND ICs=i RESULTS IN A DELETION, OTVMER
TASLE ZVTRIES ARE WOVI) TO ALLOW FIR T4E ADIZO OR JELETED ENTPOY,
PARAMATER ISS (TOTAL NUMBIR OF TABLE ENTRIES) IS INCREMINTED OR OE

REMENTED AS APPROPRIATE, THE L PARNYETIR DETIRANINIS THE POSITION NF

THE AJDSD OR DELETED ENTRY, AND J IS T4E PARAMETER THAT NETVERIMINES
THE VALJT OF THE ADJOED TEIM (NIT USID OR OZLEITIONS),
SOMNON/CONC/ NA (250) ¢NB(250),JC0. (1000),09(1000),108(250)
S0YMON ZCONST/ NSUS,NLoISS,TPV L. 25LL29LL3sLLsyYOTRyIZHNOLTC
1917R1, ITR2,PTOL,NTOL yNLC
IF(12.€Q.1) GO T) 20
«$81SS-4
30 10 IsL,LS
JCIAL(I)=COL (I01)
10 J0NTINUE
JCIL(1SS) =0
18Ss1SS-1
Wrun
20 .Ss1S8S=L=-2
S 020 (N
JCOL(1ISS+1)=JCOL(ISS)
JCILIISS) =JCOLILISS~1)
30 30 Isg,LS
JCIL(TSS=1)8JCOL(1SS=1~1)
30 SONTINUE
JEOL(L+1) =JC
188=185Se1
RETUIN
mwd

THES FUNCTION CALC

ALCU.ATES THME R0W NUYBER OF &Y ENTRY IN T

t..g:nzzz;c;"’%"zt"”OSIVION' Le ’ o
(250) yN?(250) , JCI.(1008),0J(1000) 2108(2%0)

SOMYON JCONST/ NIUS,NL,ISS,IPV,LLE,LL2 LL3,LLL,NOT

L, ITRE, TTR2, PTOL,ATIL, NLC e e L NOTR 2, N0 TE

tSIN=0

30 10 Irs1,wsus

TSUM= TSUNONA (ID)

LFCISUNLGE.N) GO T) 11

CoNTINUE

10
tIsIt-1
11 IRNsIT
RETUTH
({}]

TYNCTION JADD(D)

THIS PUNCTION CALCULATES THME PISITIIN OF THE FIRST ENTRY OF A GIVEN

ROW I¢ THE LINE TASLE, GIVEN THE R04 NJMBER,
SONYON/CONC/ WA (250) ¢N3(2500 9 JCI. (1000),0J(1000) ,108(2%50)

tSinse
IP(1.EQ.1) GO TO 11
Nitsteq
30 10 Jsi,NJI

10 TSJUISUNeNALY .
JADD=TSUN o1

183
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003130
003140
003150
003160
003170
003180
003190
003200
003210
003220
003230
003240
003250
003260
03270
003200
003230
093300
003310
003320
003330
003340
003350
003360
003370
003330

003390
003600
003410
003420
003430
003440
003430
003060
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SUBRIUTINE PERUNIT(Z,Z0,PH,¥%,%) 003600
INTEGER PH 003690
30uPLEX 2,20 003700
SOMMON /COMA/CON, CHS,LODOP, SCOP, INP,OUToF, Ty BKVA o RHOL y NNAX ,MAXTR, 003710
L9AKLTS JMAXPH, IVS,8<VAYL 003720
FIRST PART IS TO CONVERT IMPED, VALUES IN PERCENTY FROM 003730
BASZ XVA OF S TO PEZWNIT ON BKvi, 003760
IF(S.EN,0.,) GO YO 10 003750
Ts(2°BKVYA) /7 (S*100,) 803760
20520°BKVA/Z (S°100.) 003770
QETIIN 083780
THIS SECTION CONVERTS VALUZ IN OMMS TO PERUNIT ON 9KVA, 003790
10 IF(PH.EQs 1) BKVA=BKVA/3, 003800
T0=(1000. *VP*VP) 7/8CVA 003810
Is2/28 003820
2023728 903830
TF(PH, EQe 1) BKVA=BKVAL 2 003840
RETIRN 003850
({3 003860
JVERAY (BASIC, 1,07 g ey
PRIGIAM INPUT 0038080
THIS SRIGRAM READS TN THE BASZ CASE LIVE DATA, TWO OPTIONS ARE ®27- 003890
VIOED FOR INPUTS 1) LINE DATA INPUT A5 IMPEJANCES PER UNIT LEN3T4 003900
CWIRE/CABLE) OR PER CINT IMPEDIANTE (TRANSFORYZIRS), WITH THE CONVER- 003910
SI0Y 7O PER UNIT ASSO9PLISHMED 3Y T4 CIMPUTIIS OR 2) LINZ DATA INPJT 003320
AS “R&M" OATA, .8 WIRE SIZE, WIRE TY2E, LENSTH OF RUN, TRANSFIINER 003930
$I22, T2AKSFORMER CONNECTION, .INS=LINS VOLTAGE, AND NUMBER OF 244SES003940
IN THE CIMCUIT, THIS IS THME NININUS DATA REQJIRED FOR THE PROGRAM 10003950
RUN UNDZR OPTION 2o [F OTHER INFOR/YATION, SJUCH AS STRANDING, EQUIV. 003960
SPASING, OR TRANSFOIMIRQ IMPEDANCES (PEI CENT) ART AVAILABLE, THEISE 003970
MAY BZ TNPUT AS MELL UNDE® OPTION 2, WITH RESULTING IMPROVED ACSURACYO003980
OF THE ESULTS, 003990
INTESER CONyCMG,SCIP,0UT 004000
20M40N I:MIIOO'C.C"E.LOWJ'O'.!0’.001’.'.'.k".lﬂhlﬂlhnl"!. 006010
19AKLTC yMAXPH, ISYS, SXVAL 006020
SOMMON /SAVE/ZIERR 084030
SOMMONZCONST/Z NSJISoNLoISSeI3VelliolLl2oLL3sLLGNOTR,IZ,NOLTC 004040
19ITR1» ITR2, PTOL ITIL,NLC 904050
1000 FORMAT(1X,“ERROX IN INPUT 2AMMEFER INP CODE, PLEASE REFER TO PO0&0S50
4R03R4N INSTRUCTIINS, °/) seLere
IFCINP.GT1.0RSYP,LT,C) GO TO 100 0046060
TPIINP,EA,0) CALL OVERLAY(S4PASIZ.1,1,6MRECALL)Y 0s090
TFCINP.EN.1) CAL. OVERLAY(S4BASIZ,1,2,64RICALL) 08s100
FFPCSONLEQe 1.0R CIN,ENe 3) RITURN 004110
TPLCONGEQ N AND, (SSOPL£Q, 06 IR SCIP Q. 2)) RETURN 004120
IFCOIT.EQ.19) RETUN 004130
TFIIERR,NE. §) RETUIIN 006140
CALL BUSINC(DUM : 0046150
l"!!ll.ll. 9) RETURMN 004160
SALL OROER(O®) [ [1¥84 ]
TyRn 0046180
200 IRITI(1,3000) 006190
RETURN 004200
mw v 004210
184
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SUSROUTINE BUSIN(OYY) 006220
ENTEGER CONyCHG,SCIP,0UT,COVEC,A,C 055230
SOMMON ZCOMA/CONyCHG 4 LODOP, SCHP, INP,OUT,Fy T o BKVA 9 RHOL , NMAX, MAXTR, 006240
LYAKLTC o MAXPH, ISYS, IKVAL 004250

SORMON /COMDZLINA (1650) ,LINI(1650),6(1650),8(1650),P(250),01(250), 004260
1.P43(50), PHANG(50) oL TRA(250),LT3(250),TA2(250), THN(250Y,V(250), 004270

2TNX(250), TUBPP(250) , ANG(250) ,I3US(250) ,DB2(250),UIP(3000), 0046280
JIGSNAME(250) o LPHA(50) 4 LIST(250) , TURP (250) o AININ(250) ,QMAX (250), 006290
§JBPP(2%0) ,UBPP(3000), J3P(3000),J3PP(3000),ICC(250),0LP(250), 0046300
S2OL(1650) 4Z0R(16500,20TA(250),C0NEC(250),0LQ(250),IPYASE(250) 006310
SOMMON/COMC/ NA(250) 4,ND(250),JCO.(1000),2J(1000) ,I0OR(250) 006320
SOMMON /CONST/ NIUSyNLeISS,IPV,LLLy L29LL3yLLG,NOTR,IZ,NOLTC 004330
19ITR1, ITR2,PTOL,ATILyNLC 004360
SONMON /SAVE/ IERR 804350
1000 FOIMATI(I2,I3,A10,275,0,4F10.0) 004360
1001 TOMAT(1X,"T00 MANY SLACK 3JSSES = ADOITIONAL ONE OECLARED IS =, 004370
1010/71X," BUS NOs “,1I3,” 3US DATA CARD NO, “,13/) 004380
1002 FO!IN'(!!.“TOO MANY PV BUSSZS - LAST ONE JECLARED IS ",A10, 004390
1° SUS NOs “913," 8US DATA CARM NI, ", I3/ 006600

T 1003 FOMAT (/771X TOCLH®) /X 1H® 58X, 1HS 71X o 1M%, 16X, “SUNMARIZED INPUT 3004610

1J3 DATAS PER=UNIT=,T71,1H®/1X,14%,T21,~LISTED 3Y ASCINDING BUS NU4M004420

CRERS y TTL yIHO /1N 24% 68Xy 14 71X, TO(LH®) 2 /) 00464630
1006 FORMAT(TI8, *PONER"/T 3, "NOe "y T7, “TVYIZ*,T12,"V(¥A5) ", T20, 0046440
1°VIANG=DEG) =y T34, “ATAL"T42, “RTASTIVE =, T34, "QIYINI “,TH4, 004450
oAU =/ 7 (11X T8y SNy Ty IN T3 VoS sF a0y 2U s FIeS 91 N9F I 592XoFBe by 2044580
32NyF2.6)) 006470
1008 FOMAT(RE9I4,16,2F7,5,13) 004480
1006 FORMAT(TI,"PROGIAM CONTROL A0 0T IN PRIPER FIRMNAT OR LOCATION. 006490
15409 HITH KEYWIRD =, R6," IS RENJIREI, =/) 0046500
1016 FORMAT (L1X,"BUS" I3, S4IUL) 22 CONNZICTED TO A LINE BUS OF THISAYE, 004510
1SHISC INPUT LINE LIST FOR T4IS B8JS VUMBER,~/) 006520
£6818 FORMAT(L1X,"B8US LIST SHOULD 4AVE 3US",I3,", CHECK BUS INPUT DATA FOO04330
4R POSSIBLE MISSING OR EXTRA 3US SAR).™/) 006560
Ixg=1PYeQ 004550
RELI(52005) AsITRILGITR2,PIIL,ATIL,VLE - 3 006560
Ss5ROFLON 004570
EF¢A.NE.C) GO '0 903 004580
30 20 Is=1,NBU 004590
‘;ll°|’|1...'xul3).!l“’(l).’!’snl'l(!’ oVEIDGANGLE) oPLT) 4QLI) AN, ::B:::
P
EPCIT8(2) EQe I ANDIXX,NE,0) GO TO 100 004620
EFEIIB(I) o €A 30 AND I XX EQe0) INXsng 006630
EPCIINII)€EQe 2) IPV=IPYVeL 004640
IF(IPV.6T,50) GO T 101 0046650
EFEVIII.EQe0) VIIN=1,0 004660
(L) =PII) /OKVA p 04670
(1) =Q (1) 78KVA 004680
ANINCT I =QMN/7BKVA 084690
ANAX( TI=QMX/BKVA [ (L34 1]
LISTI(IVeIBUS(D) 04710
ANG(I) =, 01745329°ANG (D) 0720
30 73 20 004730
100 dRITZ(1,1001) BUISNAME(D) ,I9JIS(D), I [ (1340 ]
IERR=IERRe1 004750
60 70 20 i 0064760
102 ARITZ(1,1002) BUSNASECT) ,T0USIIN, 2 06770
TERR=TERR #1 [[1341]
185
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20 CONTINUE
TFCIZRRNEL 0) WLETUAIN
SALL LSORT(1,IBUS,0oNBISy5,V,ANG,P,2,103)
SALL LSORT(1,LIST, U.N’US.!.30‘".*!.]"1“.01“90..)

€ LO02S 201 AND 202 CHEZK THAT EACH LINE BUS MAS LOAD BUS,

0 201 II=i,N®US
30 202 Ju=1NL
TFC(LINACSSI cEQ. T3USCITY) GO TO 201
202 SONTINUE
30 1) 901
201 SONTINUE
LO0%S 204 AND 205 CHECK THMAT SA34 LOAD BUS HAS A LINE BUS,
90 206 IAs1,NL
IFCLINACIA) . EQ.0) 50 TO 206
30 205 JI=1,N8US
TPCLINACTIA) cEQ, I3US(JB)) GD TO 204
208 JONTINUE
30 1O 982
206 JONTINUE
EFEOUTEQe240R: 070 £Qe8,0R.IUT.E2.40) RETIRN
dRIT2(1,1003)
J0 208 Is1,NBUS
ANG(I)=ANGLI)*57,23578
208 CONTINUE
ARITS(152000) (IUSII)I I0BCT) oV T)oANGLTD o ®(T),2(T) ,QYINCI),
1IMAXCT) oI =1 o NAUS)
J0 209 .1I=1,N8US
ANG(T) =ANG(T)®, 01745329
209 Z0NTINUE

30 T3 950
901 ;:!;'l!oillb) I3UsSIID
"2 l!lf!(!'l.l" LINACIAY
60 1O %0

903 JRITI(2,1006) C

90 IERR=TERRLIL
HRITZ(1,1004) (!!US(!DQ!OI(!'ol(!’.lﬂ‘(!b.lll’.l(!).onlllli.
1INAXLT) o T2 ,NBUS)
dRITEC2,%) “ANGLE VALUES Iv RQDIANS”

s ::;UQI

004790
9046000
004810
004020
006830
006060
004450
006660
004870
004380
004890
004900
004910
0046920
0056330
006960
0046950
004960
004970
084980
004990
005000
005018
005020
005030
005060

005068
035070
005080
008090
0035100
80S110
005320
905130
005140
005150
005180
0wsere
005180
085190
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(1]

IVERLAY (BASIC,1,1) 005200
PRIZIAM LINDATA 005210
SOWP_EX Z,20,2N,Y,20G,20A6 005220
[WEAL WN,L oL 1,12 005230
ENTEGER PH,C,S8,28,STR,CONy 2HG,S20P,0UT,C4,CONEC,TC,I0 005240
SOMMON ZCOMA/ZCON,C45,LI00P, SCOPoINPyOUTyF o Ty BKVA,RHOL 9 NMAX 9 MAXTR, 005250
LOAXLTC ,MAXPH, ISYS, IXKVAL 005260

SOMMON /COMB/LINA (1650) 4LINI(1650),5(1650),9(1650),P(250),0(250), 005270
1.PHS(50), PHANG(S0) ,LTRAL250),LTRI(230),TA(250),TMN(250) ,¥(250), 005280

2TNX(250), IUBPP(250) , ANG (250) 4 TRUS(250) ,083(250),UBP(3000), 005290
S3USNANE(250) ,LPHA (50) ,LIST(23M),TU3P(250),0MIN(250),0MAX(250), 005 300
§JBPP(250) ,UBPP(3000) , JAP(30N0), J3PP(3000),ICC(250),0LP(250), 005310
STOI(1650) ,20R(1650),90TA(25N) , CONES(250) ,ILA(250) , IPHASE (250) 005320
SOMNON/COMC/ NA(250) yN3(250) 4 JCO.(1000),04(1000),1IN8(250) 005330
SONMON /CONST/ NBUSyNLyISS,IPV,LLLsLL2sLLIsLLEyNOTRyIZ,NOLTC 005360
19ITRL,ITR2,PTOL»ATILyNLC 005350
SOMMON /SAVE/ZIERR 005360

200 FORMAT (2T3,F5.0,12,F600,12,11,F7,0922,Fbs0,F6,0,5F5,0,11,256,0,11) 005370
1000 FOMAT(1X,"ERROR IV WIRE SI?Z INPUTE LINI DATA CARD NUMSER “,I3, 005380

1° OLTASE REFER TO PROGRAM INSTRUITIINS."/) 005390
1001 FOIMOT (1X,“INVALLID TRANSFORYIR STZE/VOLTASS RATINGS LINE OATA CARO00S5470
1) NYYBER “,15,° P_EAST REFIR T) PIAIGRAM INSTRUSTIONS, /) 005610
1002 TOAT (1X,~INVALID TRANSFO2YER VILFTAGE IN3UTE LINE DATA CARD NJ430054L20
LER"y15,° PLEASE RIFER TO POVGIAY INSTRUSTIONS. /) 005430
1003 FOIIMAT (1X,"ERROR MAS RESULTED TN POSITIVE AND ZERO SEQUENCE IMPZDA005440
1VCESs 2ERO, CHEIK DATA ENTIIES IN CARD NIMBER™,I5/) 005450
1006 FOMAT (1Xy"NUMIER IF LTC’S INSUT EXZEEDS ¢AXLTC: =,1I5, “LINE 005450
1)JATA CARD NUMBER ~,157) 005470
1005 FOIMAT (1X,"NUMIZR IF LINES INPIT HAS EXCEIDED NYAX=",I5,", LINZ 1005480
1NPJIT DATA CARD NJIMIER=",15/) 005490
1006 FOIMAT (1X,"NUMIER IF PHASE-SHIFTIRS HWAS EXCEEIED MAXPN=*,T15,°, LI1005500
TME INPUT OATA CAD NUMBER=",15/) 005510
1007 FOMAT (1X,"NUMIER IF TRANSFIRMERS HAS EXSEIEOED “AXTR=",I5,", LINE005520
1 OATA CARD NUMIER=",15/) 005530
1008 TOIMAT (1X,"PROGRAM ERRORS STATEMINT NO, 5003 SHOULON’T REACH THIS 005540
120INT IF ID IS LESS THAN 5. NE8JGII*/) 005550
1010 FORIMAT (1X,"ERROR ON INPUT LINE CARD “,I3,° WITH SB “,I3,” AND ES "005560
1913, CHECK CARD FORMAT AND VALJES,"/) 005570
1012 FORMAT (1X,"ERROR WITH TD O® C VALUE, LINE CARD®,I3," WITH S3= =, 005580
113, AND €E8= =, I3," /) 005590

1019 FOMAT(//7/71%, TOCLH®) 74X 1H® ;SN LH® 71X ,14%,T28,"LINDATA SUBR)UTINE00S600
19 TPL 9 IH® /2 X4 14, T20, “ASSEYILED INPJIT LINZ DATA (OHNS)™,T71,14%/ 005610
AN IM® 468X, AHE/1X, 70 (1H®%) //) 005620
1020 FORMIT(//7/71XoTOCLH®) /71X o1 H® 3 SN, LHO 71X o149, T23,“LINOATA SUARIUTINEOOS630
1% TP1, AN® /1%, 14%, T19,"ASSEMALZY INPJT LINI OATA (PER-UNIT)™,T71, 005540

IO /71X g 1H® 68Xy LHO /1 Xy 70(1H") 77) 005650
1021 FORMAT(SX,“CONDUSTIR NJe "y I3/S5X,"FOM = TO" 5%y “RE(Z) =y 8X,"IN(7)~005650
LoOK, "RE(Z0V ™ TNy THCZ0) /56Xy T3,2X 133Xy a(F10,0by3X)/) 005570
1022 FORMAT(SX,“TRANSFO4ZR, FIXZD NO, “,13/5K,"FR04 = TO",5X,"W(2)", 005680
LNy IMIZ) "y BX,y T A0~y 7Ny “TH(70)“/5XyI392Xy I3y 33X, 005690
BOLELN, 4y IX) /73X, “TAP™ S, “J0NER 3I0Z°/2Xy"T4595%413/) 005700
1023 FORMAT (SX,“TRANSFORMER, AUTI, NOs “yI3/5X,“FROM = TO",S5X,"RE(Z)", 005710
19X, “TMIZ) =5 8%y "RE(20) =y PX " IM(Z0) =/8X I3, 2%, I3y 3%, 0s720
SO(F10, by IX) 73Xy “TA*,SU,“CINEC CINZ/2XyF 354 396X, I3/) 005730

1026 FORMAT (SX,"TRANSFOMER, LTS NO. “4I3/8Xy“FI0OM = TO"y5X,"RE(2) ", 005780
S AR "TMIZ) %y BX ) RECZOI =y PN, "IMC200 */5X, T392X, I393IXsw(F10s4,y3X) 73X, 005750
2UTAP™ 72y “THN"™, FX» “THX " 88y “Z0NES SIDE“/ 3K, 3(F745,3X) »3Xy13/) 005760
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70

108

110

1025 FOIMAT (SX,“TRANSFOIMER, PHAST=SHIFTIR NI, “,I3/5%X,"FROM = TO",5K, 005770
L °RECTI 98Xy "IM(Z) =y BXy"RE(ZD) =y 7 Xy TM(Z0)“/6XsT3y2XyI3y3IXs6("10,4,005780

23X I8N, "TAP" ¢ 7Xy “P4ANG™ySXy “SONES CIODE®/IX,FTe5y)3IXgFI, by6Xy137)

1026 FOMAT (SX,"SERIES CAPACITOR NO. “,I3/5X,"FROM = T0*",5X,

L1ORE(Z) "oBXp “IMIZ) “oBXy"RECZO) =y 78Xy "IM(Z0) */BXyI392X9I3,3X,
26(%10, 4,3X) /)

1027 FORMAT(SX,"SERIES WEACTOR NI "yI3/35X,"FM = TO"y5X,"RE(Z)"

1INy “ITMIZ) =y BX™TA20) "y PXy"TH(Z01 /35X I3y2XoI393Xse(F10.b,3X)7)

1028 FOIMAT (3X,*0UT 5302 15, PPINT OF LINDATA CARDS FOLLOWS.™/
11X,"S8 €8 VP ID L S PH S STR IM §5 STRS5 OMCG OMGG REZN IM005860

o090

oouoon

2IN NG REZ TIMZ CH™/32X,"PHI VS TMAN TMXX TPI™,11X,"TC*/)
NaNL=NOPH=NQLTC=NOTR=LLE=LL2=LL32LL4=0
LF(OUT.EQe2) G3 TO 202
TF(OUTEQe2+0R OUT.EQe340Re JUTEe5: 0R.OUTLEQe8) GO TO 209
TFCOUT,€0.,10) GO T 209
dUTE(1,1020)
60 7O 209
202 4RTIT2(1,1019)
209 IF(JJT.ENe15) HATZ(2,1029)
210 !E!D(S.ZOB) SBYEB VP TID Ly PHo Sy STy DMy VS TMNN THXX TPI 42Ny TS, 2y
124
TF(EN.EQ.0) GO TO 330
IF(0JT.EQ.15) 50 T 92%
IF(S.EQ,0) S=BKvA
28ZsyPoyP+1000/S
N=9et
[F(V2,EQe 0. 0RIDEA 0o IR P4 EN0) GI TO 839
NLENL¢2
TFINL.GTs NMAX) GO ) 855
IFCIJeLTe5) LLisLL1e
LFLTI.EQ. 8 GO TO 850
TF(I0,GT,11) GO TO 850
30 73(211,212,300,400,500,500,%00,500,820,830) 1D
THE FOLLOWING CALCULATES R40 FOR COPPER AERIAL, AND SETS CONSTANT =2
211 ®2=,0636
FIMI=10,06°((261.4T)/266.)
30 7 216
THE FOLLOMING CALCULATES RMO FIR ACSR AERIALy, ANO SETS CONSTANT F2t
212 ®2:,036
YUI=17,36°( (228, ¢T7)/283,)
THE FOLLOWING SECTIIN CALZULATES THME 03 RESISTENSE (OHMMS/MILE),
AND T47 AC RESISTANSE (OHMS/MILE) BASED ON THE INPUT TEMP, AND
AND FREIVENCY,
216 DCRES=(RHO/ (. 98°5))*5280,
RHR=F2SSQRT (F/OCIES)
SERS(2304:° (66, =MA**L) *RYP*®H) 71 47656,
IEL= (5760 *RMR®®2=R4**5) /2300,
SERP=(=1152,*RMR®O3+RNI**T) 718432,
SEIP= (192, *RHR=-RYR®**5) /7386,
ACRLS= (OCRESORMR/2,) * ((BER*ACIP=IEI*BERP) 7 (BEIP*BEIP+BERPBERDY )
THE FOLLOWING SECTION DETERMINIS T4Z Fi FACTIR USIN TO CALCULAYE
GMR OF THME CONOUCTIRs IF STRANDINS INTO. IS NOT INPUT WITH THE
OATA, AN AVERAGE VA_UZ OF Fi IS ASSIGNZD RASZD ON CONDUCTOR SIZZ,
THO OIFFERENT ROUTINES ARE USZ)Y ONZI IS FOR SOPPEZR, AND THE OTHIR
IS F0R ACSR,
IFISTR,EQA0.ANDL [0, £EQa L) G TO 2208
EF(STRL,EQ.0.,AND.10.EQ.2) 5D TO 221

188

005790
005300
0050610
005520
005830
005940
005850

005870
005880
005690
005900
005910
005920
005930
005940
005950
005960
005970
005980
005990
006000
006010
006020
006030
006040
006050
006050
006070
006080
006090
006100
006110
006120
006130
006140
006150
006160
005170
006180
006190
006200
006210
008220
006230
006240
006250
006260
008270
006280
008290
006300
006310
006320
008330

e




118 IF(I).EQ.2) GO TH 216 006340
TF(STR.EQ.37) Fiz,963 006350
LF(STR.EQe19) Fis,869 006350
LF(STR.EQe12) F13,313 006370
LF(STR.ENL7) Fis, 822 906380
120 [F(STR.E0.3) Fl=, 842 006390
IF(STR.EQel) Fis,778 006400
30 19 217 : 006410
216 IFISTR.EQ.54) Fi=,39 006420
TF(STR .EQ.30) F1=1,056 006430
128 IF(STR,EQ.26) F1=1,008 006440
LF(STR.EN6) GO TO 222 006450
50 1) 217 006460
220 IF(S.6T,5000000 F1=,683 006470
TF(S. E0,5000000 F1:,875 0084380
130 LF(S, EN.%50100, 34 50 EQ, 400000) Fix,869 006499
TF(S.LEe350000,AND.S<6To21150% 12,891 006500
LF(S.EN.211600) ©1,868 006510
TF(S. £0,167800) Fiz,8675 006520
LF(S. ENe133100. 0%, 5. EQ. 1055000 F1x,822 006530
1% LF(S,EN.83690) Fi=,872 006540
TF(S.EQ.66370.9R, S, E2,52630) Fis,816 006550
EF(S.LTe52630.AN)¢5.67.20820) Fis,51 0065%0
LF(S.LT.26250) F1s,778 006570
30 1) 217 006580
160 221 IF(S.GE.266800) F1:,99 006590
222 IF(S.LT.266800,4%0,5,5T,41590) Fi=, 3757 006600
: ’ TF(S. E0.61690) F13,516 006610
§ { LF(S. £0.33120) F1=,509 006620
- L IF(S,£0,26230) Fis,584 006630
148 C THIS SESTION CALCULATES GMR (0S), &ND THEN T4Z INOUCTIVE REACTANSE 006660
C OUT TO INE FOOT RADIUS (XA, O4MS/MILE). THZ CONDUSTOR SPACING 006650
! € FACTOR (DM) IS THEN DITERMINEI, IF A VALUE TOR OH IS NOT INBUT, 006660
§ C A DIFAJLT VALUE IS ASSIGNZD 9ASED OV THE LINI VOLTAGE. THE IN- 006670
? C OUCTIVE REAC, OUE TO SOND, SPASING (X0) IS THEN CALCULATED AND 006680
; 150 C AODIO T XA AS THZ TOTAL AC IV), TACTANCE., THE PIS, SEQ, I4=- 006690
: C PEDANSE (2) IS FORMED, AND MULTIPLIZD 3Y TMZ CONOUCTOR LENGTH IN 006700
: C MILES, 006710
i 217 ISsTLOSART( (S*7,954E=7) /3, 1815926) /12, ; 006720
i TF(DS.EQ. 0) GO T) 859 006730
| . 155 KAsb, 6S7E-35F°AL0G10 (1, /DS) 006740
i IF(M.EQu1) 260,218 906750
E 2168 TF(0¥,EQe0s o ANDL VP LEL25) D424, 63 006760
£ TF(04, EQe 00 o AND. VP, 5T 4 25) J4e12,37 006770
& X0=4, 6S7E=3°FSALOG10 (D) 006780
i 160 ACIVIR=XA XD 006790
i ZuSYPLX(ACRES ACINOR) SL/5280, 006800
2 S THE FOLLOWING SECTION CALSULATIS THEI ZERO SE). IMPEDANCES 006810
i b, TOLE-3F 006820
E CEsS. 98SE=3SF AL IGLO (4665600, *RHIL/F)
v 168 201sACRES¢RE
! 202sXA XE=2 X0
20=CHPLX(201,202) *L/5280, 006860
g EF(TS.EQ.0) 900,230 5 006870
: C THIS SEISTION ADJUSTS 2ERO SEQ TMPZOANSE .FOR 3R0UND WIRES. 006680
17¢ € VARIASLIS LISTED IN INSTRUSTIONS ARE EQUATED AS FOLLOWSS 006890
€ STR3sTYNNS NGeTC3 DYC3=TMXX? I436=TI3 SG=vS, ROUTINE USES 006900
189
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et

L

178

1%

188

19¢

195

210

218

225

c zgtﬂf!:‘ 216=217 T3 CALCULATE XA AND ACRES FOR GND WIRES,
0 9Ysi
IF(VS,EQ.0) GO TO 232
$syS
IF(T¥NN,EQ,0) GO T) 235
STR=TMMN
30 1) 214

232 IF(IJ.EQ.1) GO T) 23%
$=133100,
30 T) 235

236 $=103500,

238 3T=0
60 TI 214

260 IF(THXX,NE,0) 50 TI 261
HXX=6,

261 (0254, 65TE=3*F*ALOG10 (THXX)
LF(TPILNE,0) GO TO 262
TPI=1S5,

262 IF(TC.LT.2) TPI=y,

(0824, 657E-3°FALO0510(TPI)
TOS=ACRES®3/TCeRZ
Z06L=3* XA/ TC=3°XD3 /T eXE
TO5=CHPLX (Z03,236%)
LF(20G.EQ.0) GO TO 859
205=E
203sXE~3®*XD2
TOAS=CMPLX(205,206)
l.:ll‘l.l&'lOlG‘LI(’ZOU.‘ZﬂSD
4=
THXX=YC=TMNN=TPIaV3=0
30 T3 900

C THE FOLLOMNING SECTION PROCESSES ALUMINUM UG SA4BLES

300 LisL71000,

LF(P4,EQ. 3) GO T) 320
IF(S.GT,133100) GO fO 302
IF(S.EQ,1331000 GO YO 303
IF(S.GY,66370) GO TO 304
(F(S.EQ.66370) 305,306

302 IF(S.EQ, 1678000 50 TO 307
IF¢S. 67,2500000 50 TO 308
EF(S. EQ,2500000 303, 310

303 Is24%LX(e1665,.0515)°L1
TOCMPLXC( 69T Tye1722)%L2
30 70 9co

304 IF(S.EQ.,105500 311,312

305 IZs2MOLX(, 328,.0899)°L1
ZOsCMPLX(,7116504256)%L1
30 T) 900

306 IF(S.NE,41740) GO TO 315
ToNOLX (e 522590 0562) *L Y
TOsCHMPLX(.84695,05811)°L 1L
%0 T) 900

307 ¥s3MPLX(.1285,0069)°L1
20eMPLX (42645012080 °L2
30 T3 900

308 IF(S.EQ,3500000 313,316

309 TaHPLX(s 08790000 %L1

006910
006920
006930
006940
006950
006960
006970
006980
006990
007000
007010
007020
007030
007040
007050
007060
007070
007080
007090
007100
007110
007120
007130
007160
007150
007160
007170
007180
007190
007200
007210
007220
007230
007260
007250
007250
007270
007280
007290
007300
007310
007320
007330
007340
007350
007360
007370
007380
007390
007400
007410
007420
007430
007440
007450
007460
007470

b R e




£ 2]
!.3!
260
248
250
298

t 24 ]

278

311

312

313

316

318

320

321
322
323
326

326
327

328

329

TOsCHPLX( 3032, 0470)°L1
30 70 900

IF(S.NEL211600) GO TO 850
Tu3MPLX (s 1025,00463) °L1
TOsCMPLX (35940 0782) °L1
30 73 9%

Te24PLX(, 205,,0563) %L1
TOsSHPLX(STT e 2604) °LL
30 70 900

IF(5.NE,83690) GO TO 830
Ts3M3LXL. 2615,00363) °LL
TOsSMPLX (64710 3333)%L8
$0 10 900
Tu3MPLX (. 063540602)%L1
TOsSMPLX(,2212,,0175)%L2
30 TO 900

LF(S.NE,3000000 50 TO 850
Te399L X (. 073500019) %L1
TOsSMPLX( 2584y, 0306) ®L1L
30 T3 900

tF(S.£0.16510) GO 70 318
Te3MPLN(. 8279407110°L2
20s3MPLX(2, 0850 73)°L 8

30 79 900

(F(S.NE,16510) GJ 1O 850
TmSNPLX(1,315,.0782) %L1
TOsSMPLR(1.1841.07)°L2
60 T3 900

IF(S. EQ. 2506807 3G 1O 32t
IF(S.67,2500000 30 YO 322
LF(S.6T.133100 GO TO 323
IF(S.EQe133100) 324,325
TeoMPLX (e 1034,,0829) %L 2
TOsoMPLX(,30806y)02120) %L1
30 73 900

LF(S.GY.,500000 50 YO 326
IF(S.EQ. 5000000 327,328
LF(S.EN.211600) 323,330
TeSHPLX (. 178,40926)°L2
TOsoMPLX(,6692)02470)%L2
30 Y0 900

IF(S.NE.105500) GO YO 333
z.:mx"zt...."."L‘
TOsCHMPLX(.521402916) *LL
30 T3 900
[F(S.£0.1000000) 331,332
Te2MPLX o 066490 0579) *L1L
20sCHPLX(,1653,,0436)°L1
30 72 90

IF{S.NE, 3500000 GO TO 339
Ts3HOLX (. 0832400763) *L1
TOSCMPLYN(,2314)007) %L1

30 1) %%
TusHOLX(e 117090 0853) %L1
TOsCHPLY(,3695,,2612)%L8
30 T3 %0

IFIS. NE.,167000) 50 Y0 650

191
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T

P

PR T

T

R AT I

e

TeSMAL X 163,,0836) %L
ZOSSYPLX (00046, 10835512
30 TJ 900

331 2s0M0L X (. 069,,05)°L1
TOEINPLX(.0905,,0251) %L1
30 Y2 900

332 IF(S.NE,750000) GO YO 650
Te3MPL X, 05468,,0583) %L1
20=0MPLX(.11088,,0312)%L1
30 T) 900

333 [F(S.E0,41740) 30 TO 336
LF(S:GTe41760) 335,338

334 TsCHPLX(. 535,.,105)°L1
Z8eSHPLX (< 989y, 200212
30 72 900

338 IF(S.E£0.66370) GO TO 337
LF(S.NE,83690) G) rO 850
TE3MPLX(, 2769 ,097) %L1
T0sCHPLX(635,,3300°LY
30 T3 900

336 IF(S.EN.16%510) GO TO 334
IF(S. NE,26250) GO TO 850
ToSHPLXC, 86 7po1210°L Y
ZOSSHPLR(1648,,666)°L2
30 7O 900

337 U=39OL X (e S0by,1)°LL
TOSCHPLX(T05,.37)°L L
60 TO s00

338 2s54PLX(1,33%5,,118)°L1
TO=CHPLX (22790 51)°L 2
$0 T3 990

339 IF(S.NE.300000 50 TO 350
Z83MOL X (e 093,,0797)°LY
TOsCHPLX(+2698,,0922) %
30 T3 se0 X

THE FOLLOWING SECTION PROCESSES Z0PPER UG CA3LE!

400 L2=L/71000,
IF(PH,EQ.3) GO TO 420
IFES.67,105500) 30 7O W02
IFLS. EQ,105500) GO TO 403
EF(S~66370) 406,403,408

G602 LF(S~167806) 407,408,409

403 Is34PLXI.123,,0563)°L2
TOSOMPLY (o 4218,01188)°L2
%0 T3 900

§06 IFC S.NE. 41740060 TO g0
Tu3NPLX (. 318,,06629°L2
TORSHPLX (o TOMG, . 4279) L2
60 T0 990

805 232951 X(e2900609)°.2
T0eSHPLX (45749,.2592)°L2
30 7O 90 :

406 IF ( SoNE,03690) GO TD 8S0
To3UPLYX (o2159,.0563)°L2
TORCHPLY (o h939,.1708)0L2
S0 1y 900

Q07 TF ( S.NE.133100) 353 T) 8%0

000590
00610




T Ay N s

2 i ; TeSHPLY (4099,,0818) °L2
f 2OSSHPLY (4 3563,40757)0L2
i £ 1Y ] 30 79 900
408 Zs3HPLY (,079,,009)°L2
ZOESHPLX (0295844 0446) °L2
G0 TO 900
- 809 [F ( S.NE.211600) 30 T 612
3%0 2uSHPLYX (40625,.06353)¢L2
TOSCHPLX (o 238640 8212)°L2
30 73 900
410 IF(S.E0,26250) GI TO 411
tF(S.NE.16510) G3 TO 850
398 2eSHPLX (. 7994007520 0L 2
: ZOSCHPLX (1,014, 735)°L2
30 0 900
M1 23MPLX(.501,.0711) L2
T0=5MPLX (8020, 5551012
36 30 T3 900
812 [F(S-300000) 413,416,418
813 IF(S.NE,250000) 30 TO 350
TaSHPL XL, 0527, Disbis) L2
T0CMPLX(,2003,,0133)%L2 .
£ £ 7 30 13 900
818 283HPLXU. Obb,o0618)°L2
! ZOSSHPLX(o1716,,0086)%L2
30 T2 900
84S [F(S,NE, 3500000 30 TO 850
370 ToSHPLX (e 071440736 %L 2
‘:: TOSCHPLX (o1 75,0 9511) %L 2

P e

SO

1o e

PRPOR—

30 12 %0
820 LF ¢ S.6T.250000) 50 TO &21
IF § SeEQ,250000) 50 TO &22
378 IF ( S.6T,133100) 30 T) 423
EF ¢ SeEQe133100) 424,425
621 [F ¢ S.GCT.5000000 33 T) 428
IF ( S.E0,5000000 427,426
! : 5 O22 s394 L X(e078,.0770)°%L2
380 2QsCNPLX(,2008,,0538) L2
30 72 %00
o23 IF ( S.£Q,211600) 429,430
% G246 TolMOLX(L1177,,031)%L2
LOSSMPLX( o309, 01600 %L 2
308 30 10 900
- S8 TF ( S.NE.105500) 3D T 433
To3MPLX e 2048,, 0363) *L2
ZOsCMPLX(,4063,,10856)%L2
30 73 900
3% 426 IF ( S.EQ.1000000) 431,632
# G627 Us3NOLYX (4 055,,0%8)°L2 )
TOCUPLX{0106,,0295) %L2
30 79 900
420 [F ( SNE.350000) GO TO &ud
398 PelYPLX (,0852,,063) *L2
TOSCMPLX (o1 694yo 0016 °L2
30 73 900 009160
G029 Te3NPL X, 0849, 0915) *L2 009170
ZOSCPLXC2317,,0728)%L2 e09180

193




(Y]] 30 10 900 009190
630 [F ( SoNE.167800) 59 TO 850 089200
TeSNALX (40984,,08%8)°L2 009210
20SCMPLX (4290650 1046)%L2 009220
30 73 900 009230
408 431 2354PL X (e 0L 0250 0366) °L2 009260
2OECHPL (055694 0157002 009250
30 T3 900 009260
432 TF (3.NE.750000) G) TQ 850 009270
223NPLX (e 066,0452)°L2 009280
s10 TO234PLX( 0724y 4 0222) %L 2 009290
30 19 900 : 009300
433 [F(S-017060) 435,634,635 009310
436 233MOLX(s33,,106)°.2 009320
205SHPLX (092650 200) PL2 009330
S 30 1> 900 009340
435 TF(S,.EQ,66370) GI TO &37 009350
LF(S. NE.83690) G3 T9 850 009360
2uCNOLX (e 17 44 097) 812 089370
20s3MPLXC 476002030 %L 2 209380
420 60 T0 900 . 009390
436 TF(S.EQ.16510) 50 TD 438 ; 009600
TFiS. NE.26250) GO TO 850 : 009410
T=3YPLX (52401100 0L 2 009420
2OSSMPLX (1, 456, 0265) L2 009430
828 30 15 900 009440
837 23MPLX(. 220901) %L 2 009450
20s0HPLX( 461640 22)°L2 009460
| ' 30 ¥2 900 009470
( 438 Ts04PLX(481,0118) %L2 009480
(% 1] TOeCYPLX (1 9902950%L 2 009490
60 ) 900 : 009500
440 TF(S.NE.300000) 50 TO 8350 : 009510
Te3HPLX (4 071,,0736)°L2 009520
TOSSMPLX (41751, ,0511)5L2 009830
43 30 TI 900 009540
€ ALL TRANSFORMER PROSESSING ENTZRS AT T4IS STATEMENT TO UPDATE T4% 009550
C NOTR SOINTER, A CMZICK IS MADS T0 DITZININE IF THZ MAXIMUM NO. IF 009560
C TRANSFIIMERS WAS BEIN EXCEEDEDS IF NOT, A SIANCY IS MADE TO THM: 009570
4 C APPROSRIATE STATEMENT NO, TO SOYPLETE OROCESSING OF THE PARTICULAR 009580
(11 S TYPZ )T TRANSFORMER, IMPE), W4IV T3:20,18 PERINT, 009590
€ TXFR INPED, CAN BE IN OMMS,PERUNIT,IR ¥OT SPICIFIE0. TC VARIAALE 0096088
C GCONTRILS, 0=NOT SPESFIED,1=IN )44S,2=I¥ PERUNIT, 2Z8E IS SASE 009810
i C IWPED. IF TXFR, PERUNIT IS COVVERTEID TO O4M3 WHEN TC=2, 009620
i 500 NOTRzNOTRe1 009630
§ s TFINOTR.GT. NAXTR) 50 TO 887 009640
i C FOLLOAING 3 STATEMENTS RLOCK C SO3ES 6 TO 10 FOR FIXED,TCUL, 009650
i C AND AUTI TXFRS, CODZS 6 TD 10 432 FIR 3 WINIING TXFRS. 009660
g EFCC. CTe5.ANDCID.E2:5) GO T 850 009670
H TF(S.GTaSeANDINE2?) GO T 850 009630
(1 1] LF(C.CTe5,AND.10,E2:5) GO T) 850 009890
30 T (0858,056,856,858,518,500,700,500,858,85%) 10 009700
C THE FILLOWING SECTION 2ROCESSZIS FIKID TRANSFIRNERS 09710
$18 LL2eLL 201 "er2e
EFLVP, 6T, 230) 50 T 852 were
458 SFITPI.EQ.0) TPIs4,0 09760
TADD=40 : werse
194

i




¢S

R

7S

(1)

AP TN AR

O =

49

(1]

s16

519

L1 L)

se?

11

TFITS.EQ. 1) GO TO 301
LF(TS.EQ. 60 GO TI 319
Te205°2

30 1) 5ot

tF (°H.EQ.3) S=8/3,

tF (S,67,500) GO T7) S20
IF (35,GE,100) GO TO 501
IF (*,GE,50) GO TO 502
IF (5,GE.,25) GO 7O 503
tF (S.GE.10) G) TO 504
IF (S.GE.1) GO TO 505
%0 ) 851

IF (¥P,GT.2,5) GO TO 506
T45,00375°(S=100) +3,3
A, 006%(S~100)+3,1

30 79 Se0

LF (VP.GT,2.%) GO YO 507
T1%,018°(S=50)42, 6
X=,02% (S=50)+2.1

30 T3 580

IF (VP,GT+2,.5) GI TI 508
245, 004° (S=25) 42,5

s, 804 °(S=25) 42,0

30 17 Se¢

IF (VP.GT.2,5) GO TO 509
T18,02%(S=10) 42,2

K, 0333°(S=10)¢1,5

30 1) S80

IF (¢P.GT42.5) GO T0 510
?4s2,2

N2, D004 (S=1) 01,1

30 v9 %80

EFlv2,67,15) G 7O 3511
212,0045° (S=100) 63,2
As,005°(S=1000¢2,9

30 79 See

IFIYo,67,15) GO TO 512
215,016°(S-50)42,5

K, 016°(S=50) 42,1

30 7) See

tFPIVP,GT,15) GO TO 513
115,008°(S~25)02,3

K, 016%(S=29%)+1,7

30 75 Se0

fFevo, 6T, 1%5) GO TO 516
213, 0067°(S=10)+2,%
As,0287%(S~10)¢1.3

30 ) Se0

IF(¥P,GT,15) GO TO 851
248=,04044°(S~1) 42,9
(s,0556%(S=1) 4,8

%0 ) Se0 ‘
tPiye,GT.2%) GO 1O 518
2108, 2
.'o"’;"("!.‘)..o.

30 75 S0
IFLyP.GCT,29) GO TO 316

009760
09770
0097080
909790
009800
009810

8
009850
009860
009870
009880
009890
009900
089910
909920
009930
009940
009950
009960
009970
009960
009990
010000
010010
010020
010030
010040
010050
010060
016070
010090
010090
010100
010110
010120
010130
0101460
010150

010170
010180
010190
010200
e10210
010220
010230
010240
010250
010260
010270
010280
010290
010300
010310
010320

Bl s b i



AR,

R R

T

sz,

o A S

o A, T R T T A R PTATA

-

$19

.

45,2
X8, 002%(S=50) +be I
30 ) %00
813 [FIV2.,6T,2%) GO TO 652
24s5.2
X2, 006° (S=25) ¢4, 8
30 1) S80
$16 [F(V2.GT,2%) GO TO 6851
21=5.2
K8,0267°(S=10)0be &
30 TI See
318 U1:6. 5
(=, 0002%% (S=100) +6.3
$0 72 s80
$16 21s5,5
(=5,3
30 7) seo
S20 [F(P4H,€Qe 3) S=3,°S
IFCC.GT,5) GO TO 530
TF(YP, 6T, 36,5) GI TO 521
KSR (VP ¢2,2° (1, /AL0G10(V>))
%0 1) S79
$21 CaSAAT(VYPI+2,%(1, /8L OGIVP))
G0 TO S79
S50 C=2,°SORT(VP) 46, 4°(1,/7AL0G10(V?))
$T79 U=SMPLX(06y X) i
IF(17.EQ.6) GO 7O 550
IF(I0,EQ.7) GO 7D 710
IFE10.£Q.8) GO TI 9012
30 7 Sei
800 [F(PM,EQ. 3) Ss3,0°S
w5227 (21°21=X*X)
LeSHPL X IR XD
IFt1l.€Q.6) GO T 550
IF(I%.€Q. 7Y GO TI 710
EFeS.67,5) I=1,732°2
S04 2052¢3,0°28
30 7Y 901
THE FOLLONING SECTIOIN PROCESSES AUTITRANSFIRYERSS
600 IF(TPI,EQ.0) TPI=1,0
LL3sLL 308
TA00=60
IF(®H, Qe 1) BKVASBLYA/S,
2021000, *YPoVP) 78KVA
EF(%4,EQ. 1) BKVA=ACVAL
IP(T2.EQe 1) 6O TO 609
IF(T.EQ. 0 GO VO 319
I=202°2
049 30 TI(662,661,000,501,067,684,665,656) C.

$50 30 TO(652,651,656,8519657,654,653,636) 2
651 T8, 4107%2
661 20520300,°2N/28
30 79 90t
052 I=,4167°2
662 TOsSHPLX (0, 900)
30 12 %1
084 2=, 418792




B S Lo i T o e b

i

e e

s7s

610

060 20s20008,°20/270
30 70 901
6358 2s=,4167°2
663 20=4,087%2
30 7O 901
656 1=,229°2
666 20:201080,°2N/D8
30 T 91
857 2=,4187°2
667 T0s3.36%2+¢468,°2N/29
G0 TO 901
THE FILLOWING SECTION PROSESSES LOA) TAP=CHANGERSS
700 NOLTC=NOLTC+1
IFC(NOLTC, GV MAXLTC) GO TO 856&
IFITPI.EQ.0) TPI=1,.0
LADOs=TO
NNsYP/ VS
IFCTMNNCEQ, 0) THMNN=, 9
CF(TINNLEQe 0) THMXXsi, L
IF(TS.EQ.1) GO T) 710
IF(T ., EQ,08) GO T 319
Te20%°2
740 IF(P4,EQ. 1) BRVAsBKYA/S,
20=(1000, *VYP*VP) 7B<VA
C0s20300,°ZN/ (NN®*ZD)
EF(PH, EQ. 1) BXVA=BCVAL
30 7 901
THE FOLLOWING SECTION PROCESSIS PHASE-SHIFTERSS
800 YOPH=NOPHe2
LLO=NOPH/ 2
SFILLGGT MAXPH) GO TO 856
IF(T31,£0.0) YPI=1,0
TADD=90
IF(T2.EQ.0) GO T) 350
EF(T2.EQ.1) GO Y) 9014
Ts7°20€
804 TF(PH,EQ. 1) BXVAsACVA/S
29301000, *VP*VP) 7AKYA
TFIPM,EQ. 1) BKVASBCVAL
(=300, °2N/28
"30 73 (802,602,802,603,803,803,8006,308) C
802 TF(C.EQ.1) 20%2,2%°2
IFIC.EQe2) 2082°(3,0,6°Y)
EFPCC.EQe3) 20%1,0°24,24°Y
Isi,b2
30 7 901
003 LF(C.EN6) 20s2
LF(S. €Q.3) T0e1,2%2¢,270%Y
TFIC. EQe6) 20m 8° 20, 27°Y
teg, 602
30 70 901
006 2022.2%02
2=,98°2
30 73 901
005 L0=3,9°2
fe,08°2
30 73 901

197

010900
010910
010920
010930
010940
010950
010960
010970
010950
010990
011000
811010
011020
011030
011060
011050
011060
011070
011060
011090
011100
011110
011120
011130
011160
011150
011160
011170
0111080
011190
01200
01210

‘11220




ST

e

e i,

670

C THE FOLLOWING SECTION PROCESSES SSRIES CAPACITORSS
020 NOCAP= NOCAP+L
IFITC.EQ. 0) GO TO 822
CFIT3.EQ.2) 2s2°728%
202
30 73 901
022 tisyPoyp/S
TeSHPLX(0y=21) .
KEs5, 90SE~-3°FSAL0G10 (4665800, °R4I1/7)
201s21eXE
TOsCHPLX (0, o=201)
30 7O 901
THE FILLOWING SECTION PROCESSES SERIES REACTIRS?®
030 YORIAC=NOREACH
LFITS,EQ. 00 GO T) 932
EFIT3.EQe2) 232°282
202
60 TO 901
832 Z1syo°oyp/S
Te2HPLX(0.,21)
KEsS. 98SE-3°FOALIG10 (6665609,°2431/7)
TOLs21eXE
TOsSYPLX(0, y201)
30 73 901
050 dRITZ(2,1008) N
GO 79 8&0
884 4RITZ(2,1001) N
30 7O 840
882 NRITE(2,1002) N
N

G0 79 840

083 dRITF(2,1003)

840 IERM=TERRSL
30 7I 210

056 NRITT(2,1006) MAXLTS,N
TERR=TERR Y
RETUIN

858 4RITC(2,1005) NMAX,N
TERR=TERR 1
RETUIN

056 dRAUTI(2,1006) “ALPI,N
TERR=TERR+Y
RETUIN

057 ARITE(2,1007) MAXTN
TERR=TERR 1
RETIIN

658 MRITE(2,1000)
IERR=TERR L
30 7O 2160

059 4ARIT:(2,1010) N,S58,E9
IERR=IERR+1
RETUN

060 IRITE(2,1011) NySB,E8
JERR=IERR L
RETUIN

900 3=,
IFLIdeLlYe 3 GO 7O 908
CLsF/00,
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T PSR

700

708

710

718

720

728

730

12

740

901

9.6
L 114

908
%S

T4sF1®AINAG(2)

T2eFLCATMAG(ZO)

F2sf=00,

TIsF2eREALLD)

COsF2oREAL(20)

Te3HPLX(23,21)

Z0eSHPLX(26,22)

Z4=CABS(2)

22=CARS(20)

LFIT2,GE, 1) S=0,

LF(21.EQ, 00 ANDs 22,50,0) GO TO 953
SALL PERUNIT(2,20,24,V2,S)
EF(OUT.EQe10) GO TI 909
EPEOUTEQe2e0R JUT,EQe300ReIVUT, 225:0R,IIT.EQs8) GO TO 909
EFC(OUT.EQ 1) 2=7°V2°yP®1000/79KVA
CF(IIT.EQel) 20s20°vPoyP*1000/9¢ /A
$=0,

30 73(902,902,902,902,903,9064,905,906,907,908) 10
MRITI(1,1021) LL1,SB,E%,2,20

30 T 99

WRITE(1,1022) L.2,38,E8,2,20,TPL,C
30 ) 9%

0 9
MRITE(1,1023) LL3,S8,E8,2,20,T°1,C
30 1) 99
MRITZ(1,1026) NO.TC,SB,E8,2,20,TPT,THNN, FUXX,2
30 7 99
URITEC1,1025) LL%yS8,EB,2Z 420,TPL,0%,C .
dRUTI(1,1026) NICA,S0,E0,2,29
$0 ) 909
dRITS(1,1027) NOREANCS,S8,E9,2,70
IFIJITLEQ1) CALL PEPUNIT(Z,70,P44V>,S)
IFCIPHASE (SB) NS 3. AND. SR NE, 0) IPUASE(SS) sPH
EFCIPHASE (EB) (NE, 3) IPMASE(Z9)=P4q
LIVACNL)=ED
<I9S (NL) =SB
<INA(NL-1)=S8
LING(NL-1)=EB

S PHEI=DY,THIS SECTION FOR PHASE-SHNIFTIR TRANS,

IF(OM.EQ.0) GO T 310
LP4L (NOPH) =EB
LP4BINOPH) =SS
LPHA(NOPH=1)sS)
LPYBINOPH=1)sES

PHANG (NOPH=1)=0M°, 01745329
PHANG (NOPH) s=PHANG (NOPY=1)
IF(I%LT:%) GO TO 320
LYRA(NOTR)=SH
LYRS(NOTR)SEB

TAS(NOTR) =TPT

THNINOTR) sTHNN

THRCNOTR) sTHXX

TC2(NOTR) =sCeIADD

Y=i,/2

(VLY =REALLY)

SINLY =ATHAG(Y)
ZORAINLI=REAL (20)
ZOTCNL)ISAINAG(20)

199

012060
012050
012060
012070
012080
012090
2100
012120
012120
012130
012140
012150
012160
012170
012180
012190
012200
012210
012220
012230
012260
012250
012260
0g2270
012260
012290
012300
012310
012320
012330
012360
012350
012360
012378
012380
012390
012400
012610
012620
012630
012400
012450
012660
012470
012600
012490
2500
nasie
2820
012830
012540
012550

4




NI

748

75

758

r68

768

7e

Sl L=1)sG(NL) 012610
JC(NL-1)=B(NL) 012620
TORUNL=1) =Z0R (L) 012630
TOICeL=2) =20 (NL) 012640

921 IF(DUTNEL15) G0 T) 929 012650
ARITI (292000 SB,I0,VPI0L o oP49SeSTRyOY, VS, TUNN,THXN, TPT, 2N, TS,2,4 012660

134 0t2670
929 CONTINUE 02680
30 7> 210 012690
930 IF(ISRR,NE.0) RETUM naroe
IFIDJIT.EQ.15) RETURY inarie
SALL LSORTC2,LINALLING ML 04,609, 20R,201,0) anarae
SALL LSORYV(2,LTRA,LTRO,NOTR,SoTA2 TN, THX,0,130) narve
SALL LSORTI2,LP 44, _P48,N0P4,1,54UN3,0,0,8,0) 012740

30 98 1=1,2%50 0narse

%S CovE(II=0 1ares
t2e0 onzrre

I saree

30 958 I=1,MNL 0naree
EFCLINACEYEQeD) 6D TO 967 2000
8 IFILINACIILNE.S) GO TO %9 12610
SCJ)ISCONECI J) ot 2020

80 73 950 102830
W Joley 2080
30 ) % 026958
M7 12170 012060
e oWrINuE 0 2ere
wyssy 012800
Wrsw (Jt{1]]
mw 712900

B —— T

s bl A

B e

&
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15

L1 ]

JVIRLAY (BASIC, 1,20 012910
PRIGRAN LINEZ 012920
QEAL L 012930
SOMPLEX Z,20,24,22,220,Y 012940
INTESER PHyCySB8,S8, Ny CH35 87924 JUT,CH,CINEC 012950
S0NY0N /COMA/CON, CHG,LIDOP, S20°, INP, DUT, Fy T, BKVA ,RHOL, NMAX NAXTR, 012960
LIACLYC yNAXPH, ISYS, IXVAL 012970

SONMON /COMS/LINA (16500 ,LIN3(1650),5(14507,9(24650),P(250),0(250), 012980
L1.PHS(S0), PHANGISD) oL TRA(250) 4L TII(230),TAP(250), TMN(250),V(250), 012990

2rMX(250), TUBPP(230) , ANG(250) 41235(230),032(2509,U8P(S000), 013200
ISUSNAMEI250) ,LPHA 130D ,LIST(2%0), TU32(250), ININ(250),QMAX(250), 013010
8I8PP(250) ,UBPPI3000) 4 JIP(3000),J3PP(3000)4ICCI250),0LP (250), 013020
STOL(1650) ,ZO0R(1650) ,80TA(250) ,CONEC(250),ILQ(250),IPHASE (250) 013030
SONMON/CONC/ NA (2500 yN3(250), J2).(1000),0U(1000) ,I08¢(250) 013040
SOMNON ZCONST/Z NIUSyNLoISS,IPV,LLL,LL2oLL3sLLG,NOTR,IZyNOLTC 013050
L0ITRIGITR2,PTOL,ATOL G NLE 013060
SOMHON /SAVE/IERR 013070
1000 FOINET(2ISy)FSe09L200895F8e09 0a0y3F5,0,12,22,2F6,0,11) 013080
1004 FOR/MAT (1X,"INPUT CIDE ERROR! °1)° IATA SO0E NOT COMPATISLE 4IT4™ 013090
1° °C* COOEs LINE CARD NOs “y73,“ WITH S82°,I3, AND €8=",13/) 013100
1002 FOWAT(1X,"ERRO ON LINE SAR) NI, “yI3," WITH SA=",13," AND ER=“,13013110
L9 “71X,"VALUES VP,ID IR P4 NOT VALID.™/) 013120
1663 TOMAT(LX,"ERROR MAS RISULTPZID IN POSITIVZ AND ZERO SSQUENCS [4PINA 013130
44CES= ZEROs CHMZICK JATA ENTRIES IN CARD NJIMBER",15/) 013160
1006 FOWMAT(LX,"NUMBER IF LTC’S [Y9JT EXCEEODS YAXLTC= “» IS, “LINE 013150
1JATA CARD NUMBER “,15/) 013160
1005 FOIMAT(LX,"NUMIER IF LINES INOUT MAS EXCEEZOED NUAX=",IS,*. LINZ 1013170
19PUT OATA CARD NVUMIERs™,I5/) 013140
1006 FOMAT (1X,"NUMBER IF PHASZ-SIIFTIRS HAS EXCEEDZID MAXPH=",IS5,%, LI013190
INE INPUT DATA CARD NUMAER=2", IS/} 013200
1007 FORMATIIX,"NUMIER JF TRANSFIRYERS 4AS EXCEEDED YAXTR=",I%,"., LINEO13210
1 OATA CARD NUMBER=“,15/) 013220

L1829 TOMET(L2/7/71X,700LHS) 74X 4 14%, K8X, INS/1X,14°%,T29,"LINEZ SUBROUTINI™ 013230
LTPL, 1M/ X o 1H%, 720, “ASSEMILTY INPUT LINZ DATA  (OHMS)I®TP1,1M®/ 013240
210, 14® J68 X, IMS71X, 70 (14%) 7/) 013250

1020 FOMAT (/221X TOCLN®) 71X o1H4% o BAX 1 HO 2L X148, T29, “LINEZ SUBROUTINE™, 013260
IT71,1M%71%,1H%, T19,ASSEMILT) TVOUT LINE DATA (PER-UNITI=,T71, 013270

SLNP /AN 1N 88X, 24%78X 4 70(14%) 7/) 013260
1024 FOWMAT (SX,"CONDUSTOR NGy “pIR/SX,"FION ~ TO™,5X, "RE(Z)*y8X,“IN(Z) 013290
LoBX "REC20) “y Ty “THCZON /S0, Ty 2K 3y 3N, 8052004, 3X)7) 013300
1822 TOWMAT (SX,"TRANSFOIMER, FICID NO, “,I3/5K,"FRIY = TO",5KX,"RE(2)", 013310
L9 IMCZI =y BX 4 RE (20D "o TNy "TM(20) /53X, T392%XyI3,3X, 013320
20(F20, 8y3X) 75X, “TADP™ ,8x ,“CIYEL CIDE/3IN,FP,5,6%X,13/) 013330
1023 FORMAT (SX,"TRANSTORMER, AUTI, NOs “y13/5%,"FROM = TO",5X,"RE(2)", 013340
LK, "TM(Z) =y BNy T (201 =y PXy T 9700 /3R TNy 2%, 13,3), 013350
20UTAN, by IN) 73X, “TA2",SX,“CIVEC 3IDE"/2X,F5,3,8%X,137) 013350

1026 FORMAT (SX,"TRANSFORMER, LTS NO. “,I13/5X,"T0% = TO“yS5X,"RE(Z) ™, 013370
19X =INE2) =g BXy™RZ(ZD) "y TR, “INI700 “/5X I35 2Xy 139 INy b (F10s b,y 3X) 75X, 013380

ZOTAP™, Xy “THN", 7H, “THX", 88, "CINES CIDE=/3¢,3(T7,5,3%),3X,13/) 013390
1028 TOINAT (SX,"TRANSFIINER, PHASZ-SHIFTIR ND, =,13/5X,“FROM = T0",5X, 013400
1oRE(ZI =8Ny "TMIZ) "o 8Ny “RE(ZI 7Ly "IM(ZO) “/6Xy I3, 2Xy13,3X, 013410
BOCT106 8o 3X) /SN, “TAI“ g TN “PHANG SN, “"CONES COOZ"/3XyFTe593X9F 04y 013420
36X, 13/ 013430
1026 FORMET (SX,"SERTES SAPACITIR 0. “oI3/5X,"FR0OM = TO™,5X, 013460
LoRECZ) 98Ky “IMI2) “o 9Ny “RECZ0)“s PUo“IM(20)"/6XpI3,2X,I3,3X%,y 013450
20(T104 493XV /) 013460

1027 FORMAY (SX,"SERIES LWACTOR NO, “oII/5X,"FRON =~ TO™,5X,"RE(2)", 013470




L8Ry “IMIZ) =y BX ) "RECZO) =y TXp IMCZ0)*/5X oI35 2XpI393Xb(F10.6,3X) /)8
FORIMAT (3X,“ERROR WITH INPUT DATA, LINE®",13,* TO“,I3," YUST HAVE

1028

(1) 1504E IMPEDANCE VALUE OTMER THAN ZEJ¢"/)

10 E1I(5,1000) SByZAVOoI09 249U gZZ9ZZO9PHI TP T4 TMNN THXXsCo TUNIT,ZN

s
2
7
s
o
£ s
B
"
| 16
18
o
: 2
100
E
108 21
119

NaNL=NOTR=NOPHeNILTC=LLA=LL 2= L 3=LLY=0
IF(OUT,EQ.1) GO TO 2

IF(0ITeEQe2.0ROUTE0e3e0ReDITe 22,54 0RO0UTLEQ 8)

IFCDJT.EQ.10) GO T) 10
ARITZ(1,1020)

S0 TJ 10

ARITE(1,1019)

o C4
IF(E3,EQ. 0) GO TI 330

IF(C.GTe5.ANOIDEQ,5) GO TI 500
TF(C.GTe5eANDIDE26) GO T 900
IF(C.GTe5.ANDIDEQ?) GO T 800
N=det

IFC(VP, EQe 04 OReINEYe D0Re P4, ENL0) GI TO 838
NLeNL#2

IFINL.GT,NMAX) GO TD B85S
21:CABS(22)

22:=CABS(220)

TF(21,EQ. 0o ANDs 22,E2,0) GO TO 883
EFEI)LGTo b0 ANDeIde . T 50 1 20
IF(1).€Q.9) GO YI 30
EF(ID.£0,10) GO TO 35

LLislLiet

IFIL.EQe0) L=1,0

T=72°L

TF(2Z70,NE,0) GO TO 15
IF(TPI,NE.0) GO TO 16
T20=3,5°22

30 73 1%

220=2, 7%22

To=Z20%L

«"0e

60 T3 900

NOTR=NOTYR¢1

TFCL. EQe 0, AND,TUNTIT,5E.1) L=BKVA
TFCIINIT.EQ.2) 22=22°BKVALL
IFI(IUNIT.EQ.2) 220=220°BKVA/ZL
IFINOTR.,GT. MAXTR) 350 TO 857
IF(TPI.EQ.0) TPI=t, 0

«%0e
;ﬂz;QCCOI,ICUQCC..9...!1.!2.!!,!S.l...l..l 10
-

220a27043°2N
IFL270,EQ.00) 22020
10220

LL23,.L 204

IADD=40

30 10 900

LLSeL| Sed

[A00=6¢

=22

GO T0 10

C THE FOLLOWING 3 STATEMENTS BLISK TXZR 5 CODES 6 TO 10 FOR
S FIXID,TCUL ANO AUTO TXFRS, CODIS 5-10 ARE FDI 3 WINDING TXFRS.

013680
013690
013500
013510
0135290
013530
013560
013550
013560
013570
013580
013590
013600
013610
013620
013630
0136490
013650
013660
013670
013680
013630
813700
013710
013720
013730
013740
013750
013760
013770
013780
013790
013800
013810
013820
013830
013840
013850
013860
013870
013880
013890
013900
813910
013920
013930
013940
913950
013980
013970
013980
913990
014000
014010
014020
014030
0140040

e n A Gy
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: 118 220522043°2N 016050
5 IF(220.EQ.0.) 220222 014060
202220 014070
: 30 T2 900 014080
8 23 NOLTS=NOLTC et 014090
g 120 i TFINOLTCo GT o MAXLTC) GO TO 854 014100
£ TFCTHNNGEQ, 0) THNN=, 9 0164110
3 TFCTHXX.EQe 0) THXX=1,41 016120
% LA9)s70 : 014130
H =22 016140
& 128 720s22043%2N 016150
g [F(270.EQ.0,) 2Z0=22 016160
| 202220 016170
! 60 T3 900 014180
& 26 NOPHENOPH oY 014190
130 LLO=NOPH/ 2 016200
IFELLOLGT.NAXPY) G) TO 855 014210
1ADD=90 014220
1822 014230
) . 220222043%2ZN 014240
1% TFC278.€%.00) ZZ0=22 014250
3 20s270 0164260
i 30 T2 900 014270
30 YOSAP=NOCAP+1 0164260
4 IFCIINIT.EO.2) 2222Z°AKVA/L 014290
4 140 L0, 016300
122 014310
LF(220.EQ.,0) 220e22 014320
205270 014330
30 12 900 014340
' 145 35 YOTACSNOREACH 014350
IF(IUNIT.EQe2) Z2=22°9KVA/L 014360
<50 016370
T=22 014360
TF(220.E0,0) 220=22 : » 014390
150 20s220 014400
30 1) 900 014410
800 WRITE(2,1001) N,58,E8 014420
30 1) 899 : 014430
853 ARITE(2,1003) N 014440
158 TERRsTERR 1 014450
30 T3 10 014460
854 dRITI(2,1004) YAKLTS,N 014470
30 73 899 014380
055 ARITI(2,1005) NMAX,N 014490
160 30 77 899 014500
56 nnrcz.znn MAXOH, N 014510
099 014520
(114 nnrcz.tun YAKTRN 014530
; %0 19 899 014540
165 858 ARTTZ(2,1062) NySB,E8 014550
- 099 IERACIERR+1 014560
RETIN 014570
900 IF(0IT.EQeloAND TUNIT,GEL) Z=Z®yP*YP®1000/8KVA 016580
TFCIITEQe 1 AND TUNIToSEo 1) Z0220°49%VP®1000/9<VA 014590
178 TFL0JT.EQ.1) GO TO 901 014600
IFCIINIT.EQe0) CALL PERUNIT(Zo20,PH,VP,L) 014610

203

A




LF(OUT.EQe10) 50 TI 909 016620
LFC0ITEQe2e0Re 0JToENe3,0Re IUT,EeSo OROUTL,EQe8) GO TO 909 014530
901 30 73(902,902,902,902,903,904,903,906,907,308) ID - 014640
178 902 dRITI(1,1021) LL1,SByEB,2Z,20 014650
30 TO0 909 0146660
903 MRITE(1,1022) LL2,S9,E8,2,20,TPI,C 014670
30 1) 909 014680
904 WRITT(1,1023) LL3,SB,EB,2,20,TPI,C 0146690
190 30 T 909 014700
905 ARITF(1,1024) NOLTC,SByEBsZy 20, TPy THNNy F4XX, 2 014710
30 12 909 014720
906 ARITT(1,1025) LLGS3,EVZ »20,PHI 014730
907 dRITZ(1,1026) NOSAP,SByEB,Z, 20 014760
165 30 12 909 014750
908 JRITZ(1,1027) NOEAS,SB,E8,7,70 016760
909 IF(OUT.EQed ) CALL PERUNIT(Z,20,PHy¢P,L) 016770
TFCIPHASE (SB) oNEo 3. AND. SRoNZE. 1) IPHASE(SS) =PH 014760
‘TF(IOMASE (EB) (NE, 3) IPHMASE(Z3)=34 014790
190 LINACNL)=EB 016800
LINS(NL) =SB 014810
LINA(NL=1)=SB 014820
LINB(NL=-1)=EB : . 016830
IF(PHI,EQ.0) GO TO 910 014840
195 LP4A(NOPH) =ER 014850
LPH3 (NOPH) =SB 014860
i LPHA(NOPH~1)=S9 014870
: LP43(NOPH=1) =E3 016880
IHANG (NOPH=1) =PHI*, 01745323 014890
£ ~ 200 IHANS (NDPH) ==P4ANG (NIPH=1) 014900
i ( : 918 IF(IN.LT:5.0R,ID.GT48) GO T3 920 ; 014910
¢ g : LTA(NOTR) =SB 014920
§ LTV (NOTR) =EB 014930
TAP(NOTR) =TPI 014940
§ 208 THNINOTR) =T MNN 014950
# THXCNOTR) s THXX 014960
8 ICS(NOTR) =C+IADD 016970
920 IF(Z.EQ.0.) GO T 360 014980
£ 121,72 014990
z 210 3(NL) SREAL(Y) 015800
i (VL) =AINAG (Y) 015010
2 ZORANL)I=REAL (20) 015020
20T CNLY =ATHAG (20) 015030
. GINL=1)2G (NL) 015040
; 218 3(NL-1)=B(NL)
; ZOR(NL=1) sZOR(NL)
TOLCNL=1) sZOT(NL)
30 T3 10

930 IF(IZRR,NE, 0) RETUIN
SALL LSORT(2,LINA,LINByNLby398,20R,201,0)
SALL LSOIT(2,LTRA,LTRBINOTRySoTAI, TN, THX,0,1I32)
CALL LSORT(2,LPHA,LPHByNOP4419PHANS, 040,0,0)
30 945 Is1,250 .

c TZ=NUMBER OF CONNECTIONS T) REF 3US

9S8 S0vES( D=0

120 ?

=1
30 9%0 Isgi, ML ns180
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260

10

1

&9

IFILINACINLEQ.D) G) TO 947 i 015190

960 IF(LINACIIeNE.S) G TO 99 015200
SONZZ (J)sCONEC(J) o1 018210

S0 7) 90 015220
99 J=)o1 ; ns230
50 T) 9% 015260
947 [7:17e1 015250
950 SONTINUE 015260
€8JS=y 218279
RETYIN 015200

960 JRIT(2,1028) SB,E8 0215299
TERA=IERR L 015300
RETUIN > 015310

L b] 018320
IVIRLAY(LOOFLO,2,0) " Y]
PRI5INM FOLFLOM (L3217 ]
SOMPLEX YoVA,VB,Sy? 0153%0
INTEGER CON,CHG,SCIP,0UT,CONZCyA,C 015360
JININSION TOUM(SO) 015370
SOMMON /COMA/CIN, CHG,LO00P, SCOP, [NP,OUT,F, T9BKVA,RHOL ) NHAX, MAXTR, 015300
L9AALTC o MAXPH, ISYS ¢ IKVAL 015390

SOMMON /COMB/LINA (1L50) yLIN3(16350),5(1450),8(1650),P(2507,0Q(250), 015400
1.P48(50) , PHANG(5T) oL TRA (2500 ,LT3(250),TA>(250), THN(250) ,¥(250), 015410

2rMN(250) , IUBPP(250) , ANG(250) ,I3J5(2350) ,09(250),UBP(3000), 015420
SIUSNEYEC250) o LPHA(50) ,LIST(250), TUAS (250) , IMINI250) , INAX (250) , 015430
§IBP2 (250) ,UBPP(3000) » J3P(3000), 3PP (3000),ICC(250),0LP(250), 0154460
SZOTC1450) ,Z0R{14300,0TA(250) ,CONEC(250),)LQ(250),IP4ASE (250) 015450
SOMMON/ZCOMC/ NA(259) 4NR(250) ,IC0.(1000),0U(1000) ,I0R8(250) 015460
SONMON/CONST/Z NBJISyNL,ISSeI3V,LL1,LL2)LL3,LLLyNDTR,IZ,NOLTC 015470
19ITR1, ITR2, PTOL,ATOL 4 NLC 015400
S0MMON/SUB/ BN 015490

1000 FOIMAT(/T16,=%*%* CONVERGENIE NOT OSTAINED INI“/20X,Ib, 015500
1° DILTA THETA ANI“/20X,16," DELTA V ITERATIONS,"//1X, 015510
2°8JS NO"o3Xy™VI.TIMAG) “y 3Ky “VILT (ANG) S, “OILTA P y7X, 015520
3®0ILTA Q") 015530
1001 TOMAT (/AN POIH®) 71X, 1H® 58K, 140 /71K, 14®, T30, 015540
1°SYSTEN SUMMARY*; T71,14%/71K, 14%, 58X, 1H® /71X, 1N®,T25, 015550
2"CONVERGENCE OBTAINZD INS“,V71,14%/71X,1H®,T249Tl,y1X,y 015560
3°DILTA THETYA AND“,TT71,14°/71K,14%,T26,14,1K, 018570

B DELTA V ITERATIONS, "y T71,1M0/1K,14°%,T71,14%/1X,70C1H*}/) 015590

2002 FOMAT(//74X,70014%) 71X 1H® 338, 14%71K 4 1M%, T27,“CALCULATED LINZ FLO015530
ANS®y TTL MO 71X, 1H® , Th,“(THE LINE FLONS ARZ DEFINZD POSITIVE WHIN FO15600
2LOAING OUT FROM THE BUSI™,TP1,14°/1%y 1H®y88X14%/71X,70(1H®)//T5, 015610

SOLINT™ 722, "PONER™ 15Xy "LINE" 12K, “OONER™/2X 4 “FIOM™y2X"TO*y 015620
OSXy“EAL" y T Xy “REACTIVE" 95Ky “FOY 92Xy "TI™ s SXy"ATAL" Xy 015630
S*RIACTYIVE™/) 015640
1003 FOIMATLAX 92 (T392X) o4 XpF9e B3N s73,5,5X0I39)2X,13,2(3X,F.5)/) 015650
1006 FOIMAT (T23,"%%0080s SLACK BJS PONZR ©°8s68-/T1(,"BUS NO"yT24y 015660
1°REAL™ yT37, “REACT IVE®yT55 9 HAG, "/ /710X, ISy TXyFL0,5,5XsF10:5,6X, 015670
289,5/7/7) 915600
1008 FOMAT /771X, 70 CLH) 271X 1M°% , 6N, 1HO 71X 1H® , T14,"RESULTS OF FAST DEO15690
130UPLED LOAD FLOW ANALYSIS®,T7{,iH*/71X, 14", 015790
2719,"ALL MAGNITUDE VALUES AT PEUNIT=, TPL,14%/71Xy1H", usrie
3r18,"SYSTEN MAS “,[3,” BUSESt =, 12, ARE TVYPE 2,%,T71,14%/1X, 018720
QIH*, T10,”NUMBER OF TIMES LOAD 3USES WILL 3E CHANGED(NLC) =™, 015730
SLBe™. "o T7L,AHP/2X,14%,T26,"SONVEGEVCE TO.ERANSESI™,T71,1M%/ 015740
.“9‘“'.‘319"'0L'"9"0597'1.l“ill',l“‘.f’l"ﬂ'ol'.."o'."igln‘/ 015780
PLXo84% 88X, tHO/72X, PO (LN%)2/) 1760

1006 FORMAT /71X ,70C1M®) /7 1Xo1H® 68Xy 14%/78Xy1H®, T25,"0UTPUT TRANSFIRNER 015770
LORTR™  TPL o AN /1Ko 1454 6N 140/ AN, PO(LH®)//7T16,°S8",T19, “EB",T27, 015780
2oTAP™ T30, “TAPC(MINI =, TS0, “TAP(YAKDI /7 (12K I392Ky I3 oKy F7o5,0K, 15790
377,5,7XF7.5)) 015000

1007 FORIMAT (/71X TO(LH®) /71X AHO 368Xy 1M /71K , IN® ,T23,“OUTPUT PHASE SHIFTE015810
21 DATASTPL AN/ 1N, 14%,680,14°71¢,70(1N®) P/ T1T7,"SB",T22,"EA",T23, 015820
2°TAP~, T37,)"PHASE ANSLE(DEG) “//7(13X, I3 2% I393XyFT76S96X4FO b)) 015830

1000 FORMBT (TSN, "PONER"/T3,"NDe “y T7, "TYPE", T18, “NAME™, T25, “VI(MAG) ™,
A735,"V (ANG=DEG) * 733, “REAL", 76T, “OSACTIVE®//7 (41X, 13, 3X,

RIS 3Ny AL0o3XsFTobobXoFIehybt, T3, 594K FI %))

1000 FORMAT (/72X 70CLH®) /1Xg1H® 958K, 1 157X, 1N%, T20,“0UTPUT BUS DATA",
STT7L, 18700, AHO, 6K, 1HO/1X 7O L LH®) 2/) 0

L0140 FORMAT (AN T 390K 9 600 oSHoFBs b3y 8, 5906X9F3,5) 1sen

SRRy

A
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1012 TOIMATIAX,"BUS",I3,° S4JULD 4AVE BEIN IN REOROERED BUS LIST,0UT 015900

14ASN'T, CMECK INPUT BUS LIST™/) 0185910

(1] 1046 FOIMAT (1x,“ERRORL 3US VOLTASS CA.CU.ATED FOR BUS™,13,° IS 0, 015920
1ZRR02 IS IN LOAD F.OW RIUTINE WHIRE OLP O OL2 IS CALCULATED,*/) 013930
1017 FOINAT(RG,I3) 015980
1028 POIMT(I2,I3,R1D,275,0,6F10.0) 15950
1019 FORIMAT (1X,"ERRORS YAGNITUDE OF SLACK BUS POMER MAS EXCEEDED LINIT 015960
(1] 1 0° 0 OR 100000 PoJo"/) 13978
1020 FOMAT (73,108 CAN'T B GREATER THAN 1 IN LOAD CHANGE R0UT INE 015900
1SEE BUS™, I3, NITH BUSNAME®,310," */) 615996
1021 TORMAT (21X, TO(1H®) 71X, 7OCIH®) 71X, 1M% , T27,“LOAD FLOM BUS CHANSE 016000
17, P78, 1N 72X, 14%, T28, "CHANG S NUMIER", I3, T71,14°71X,14°,T24 016010
7. 2,"NIMBER OF BUSES CHANGED™,I3,T71,14°/1X,1H%,068%,1H°/1%, 70 016020
314%) /) 01603
1022 FOIMAT (21 X,70 (1H®) 71X, 1M® 59X, 1% 21X, 1H® ,T29,"8US CHANGE DATA 016068
159171, 1H® 71Xy 1H® , 69X, 14 71X, 70 (1 4%) /) 016050
1023 FOMAT (T3,"PROGRAN CONTROL 2420 YOT IN PRIPER FIRMAT OR LOCATION. 016060
5 134%0 WITH KEYMORD *,26," IS REIUIREI. /) 016070

1026 FORIAT (AN I3 o N T2, XyR1092X,F5, S,7¢oFS 3,8X,F10,5,3%,F10.9) [}1

ITRMAX1=TITRY "
ITRNAX2=ITR2 A 016100
LTER=ITERR=0 016110
89 dRITI(2,1005) NAUS,IPV,NLS,2TNL, ITO. 016120
S THE FOLLOWING SECTION TRIANGULATES AND STORES THE ELEMENTS OF 016130
C TWE B° AND B?° NATRICZS, TMESZ ELEYENTS REMAIN SONSTANT TYROUGHIST 016160
; C THE SILUTION OF T4E M4=THETE, Ay) YVAR-V EQUATIONS. THZ FIRST 016150
C PORTIOIN TRIANGULATES 37, AND T4Z SZSOND PORTION J0SS B8°¢, WHICH 016160
oS S DOES NOT MAVE PV BUSS:IS RIPRESINTZO, 016170
' ( ; € THE FOLLOWING LOOP ESTORES T4E AUNYY VA VESTOR FOR THE 8¢ 016160
€ TRIANSULATION. 016190
00 1 I=1,250 016200
1 A(D)=0 016210
”» =51 016220
: 30 5 I=1,MNL 016230
i TFCLINACT) . €Qe0s IR, LINSITI 22,0) GO TO § : 016240
§ ; ; JCILEMI=LINBLD) 016250
; P834OLX(G(T) 8(IY) : 016260
. % TF(Y. EQ.0) GO TO 909 016270
; IFLY. EQ.0.) GO TO 909 ‘ 016200
i VTLeATNAG 1. 7Y) 016290
g ; IFCY1,EQ.0) GO T) 909 016300
- TF(71.€Q.04) G) TO 909 016310
£ 100 NI 2=, FATHAG (14 7Y) 018320
3 qsqet 016330
1 2 TFILINACIIONE.J) GO TO 8 ? 016340
£ ACJ) SNA( D) o2 916350
i 018 016360
, 108 3 Jujpey . 016370
: 30 17 2 0164300
i S SONTINUE ! 016390
F 1SS=NL=2°12 . 018800
18 30 7 I=1,M9US 0166810
2 110 30TA(TY=8SUM=0, 016420
£ TAS:400(1) 016430
: SASSIASeNA(T) =1 016480
i DO & JuIAS,IAS 018650
SSUNSBSUNDU () | . 018480

206
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118 . CONT INUE o16a70
J0IA(I)==BSUM 016600
? SONTINUE 016690
C THE FOLLONING 00 100 _00P TRIAVNSULATES THE B° MATRIX, THE ORDER OFf 0163500
C TRIANSULATION FOLLONS THE REORIE?FD BUS LIST (NS(X)) RETURNED BY 0169519
120 C SU3IWJITINE ORDER, THI SLACK 3)S TS NOT REPRISENTZD IN 8¢, AND (S 016520
C PASSE) IVER IN THE TRIANG. PRIZESS, T4E FIRST INNER LOOP IOENTIFIZIS 016530
C ALL RWVHS BELOW THE I°TH ROW THMAT WI.L 3E AFFECTED BSY THME I°TH ROM 016560
C ELININATION, THE FOL.OMNINSG STATIMENTS AND SESOND INNER LOOP STIRE 016550
C THE DIASONAL AND UPPER=TRIANGU.AR TIRMS FOR THE I°TH Q0M, TME 09PIX) 016560
128 C VESTOR CONTAINS A LIST OF THE DJTAS, TEUINS, AND THE IUBP(X) VICTOR 016570
C CONTAINS A LIST OF POINTERS T) T4% FIRST ELEVENT OF THE UPPER- 016560
S TRIANGJ.AR LIST USP(KC) ASSOCIATED JIT4 THE I°TH WHe THE JP(KX) 016590
C VECTOR CONTAINS A LIST OF COLUYY TOSNTIFIERS CORRTSPONDING TO EACHT 016600
C TERM IN THE UBP(KK) VZZTORe THE INNER DO 50 LOOP COMPLETES THE 016610
130 C ELIMINATION PROCESS OV THI ROdS 8ELIW THE I°TH ROWe THE I°TH COLUYN 016620
C ELEYENT IS DELETED FRIM THE N°TH Q0OW ()0 30 LOOP), AND THMEN AN 016630
C ELEYENT-9Y=ELEMENT CO9YPARISON [S MADE SETHEEY THZ L°TH ANO N°TH WS, 0166460
£ N°T4 R[WHN TERMS ARE NOODIOISD, I NEW TEINS ADIED AS APPROPRIATE 016650
C (00 32 LOOP), 016660
19 [L1{{}] 016670
30 100 I=1,N8US 016690
; TRW=NS (1) 016690
{ TFCINB(IRW) . EQ.3) G) T 100 (2034 ]]
¢ INI(K) =1, /RDIACIN) « 0116710
¢ 160 TUIP(K) =K K 016720
& IFLI.EQ.NBUS) 6D T 100 016730
H = KKK=0 016740
) ") 00 10 Me1,ISS 016750
f IX=IRN (%) 816760
i 148 IFCIOBCIK) cEQe3s0ReJCIL (M), NELIRW) G TO 16 916770
i 00 9 L¥=1,1 016760
¥ IFCLIK.EQ. ¥3(LM)) 30 TO 10 016790
" CONTINJE _ 016000
KKKsKKKed 016610
: 1%0 TOUM (KKKI=IK 016820
1 10 CONT INUE 016830
! <1+ JADD(IRV) : 016040
] CFeCToNACIRN) =1 016850
: IFIKF,LT.XI) GO TO 16 016060
: . 138 TTISTaKK
_ 00 15 J=KI,KF
' TFCI0% (JCOL(J)) (EQW3) G TO 1S
BUCJ) = DUCI) 038 (X)
UBP(KK) ==JU(J)
160 JOP(KK)=JCOL ()
KKeKKe 1
, 1s CONT INUE
. 16 ¢akey
1 L (K<, NE, TTEST) 50 T 17
168 YBP(KK) =8,
182(<K) =0
KKaKKe 1
17 IFEKKKJEQL0) GI TO 100 :
00 S0 Nsi,KKK
170 14000
2 KI=JA00 (IRW) s17e30
207
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e T2 T SO el sy T R

KPeKTeNA (TRUD -1 017060

00 &0 Js<I,KF 017050

g TFCI0BCISOLEINDE.3) 30 TO &9 ‘ 017060
3 3, ] K18 JA0D (TOUMIN) ) 17070
K2uKL OHA (TDUNIND ) =1 017080

; IFIK2,LT.¢1) 30 TO 3% 017090
{ IFL1JJ0,E21) GO T 31 17100
' - 33 30 LeKi4<2 7110
¢ 1 IFCISOL(L)o52, IRW) GO TO 35 3 017120
: 30 CINTTNUZ 17130
31 IFCIRNC(KL) cEQ.JCOLCS)) GO TO 36 017140
: 03 32 LsKi,¢? 017150
; IPCICOLILY 052, 920 (J)) GO TO 33 017160
3 108 32 SONTINUZ 017170
i CALL ADRIL(L=1,1, 0 917180
: NACIDUMCN) INACIOINING ) o2 017190
: 60 T0 %0 17200
: 3s SH=DUIL) 017210
; 190 CALL ADRIL(Ly=1,0) 0117220
i ) ¢ 017230
NACIOUMCND D =NA(2DINCN) ) o8 817260
60 Y0 20 . 017250
. 36 BOTA(IINIKL) I =8ITACTRN(KLI ) =84 IUC 17260
2 198 GO 70 &0 17270
| 3% BOTACIRNIC1) 1) =8ITACIANGCL ) =1 ) =8H*DUC I 17280
E GO T 0 017290
1 39 OULL) =3U(L) =BH*DU( I 017300
o 0 CONTINJE 017310

L, 200 se CONT INUE 017320

f 100 SONTTNUE 017330

C THE FOLLOWING DO 200 .J0P TRIAYGULATES B°° Iy THZ SAME MANNER AS 8° 017340

€ ABIVE, EXCEPT THAT 3y BUSSES 4RI NOT RIPRESENTED IN 8¢, 0173%0

30 101 I=1,250 0117360

1 208 101 YA(D) =0 07370
g qugay 017380
i ¥ 20 105 =i, M 17390
- TFCLINACT) . EQ.0) G) TO 105 017400
; JCOL(MISLINS(T) 917810
210 UM =8(T) 17420

dadet 917630

102 IF(LINACI)INE.S) GO TO 103 17440

WIS NACI) o3 07480

50 75 108 0174660

218 103 J=jet Y 08

30 72 102 T YT

105 SONTINVE 0174390

1SSsNL~12 5 @ rses

50 107 I=1,NBUS 017510

220 S0TA(T)=BSUN=O, 17820

IASSJAN0( D) 017530

IASSIABeNA(T)~1 7SN

D0 106 J=IA3,IAC - 017550

BSUNSBSUNDSL J) 117580

228 106 CONT INUE 0ursre

SOTA(T)neBSUN 017580

107 SO9TINUVE X . 01759

KKKy 017600




D ST

248

270

278

109

110

118
116

117

130
131

132

138

J0 200 Is3i,NBUS nretLe
tRU=N8 (D) 017620
TFCINA (IRW) (NE.1) 30 TO 200 . 017630
08PP(K) =1, /BOIA(IRW)
TUBPI (K) sXK
IF(1, EQ.NBUS) GO T) 200
kK20
00 130 M=1,[S3
IR=IRN (M)
TFLIOB(IK) o NE 1. 0RJSOL (Mo NELIRW) 6D TO 110
00 109 LY=i,I
IFCICEQNS(LM) 30 TO 110
CONTINJE
KKKsKKKe L
TOUN (KKK)= XK
SONT INVE
ETESToKK
<IsJADOCIRW)
CFSKTeNA(IRNW) =1
IF(KF.LT.KI) GO YO 116
00 115 I, X*
IFLIDB(ICOLII)) o NEL,1) 50 TO 118
0U(J)=0U(S) *DIPP(K)
UBPP (KK)==)J(J)
JBPP (KK) =)L (S)
({31 {{3]
CONTINUE
(S 1{3}

TFIKC, NE, ITEST) 50 7O 117
IBPP(KK)=g,
IRPP(KKI =
KK=KCe 1
IFIKKK.E2,0) G TO 200
D0 150 N=f,KK(
1dJ=0
KI=sJADO (IR
KFaKToNA (IRW) =1
00 160 J=XI,XF
IFCIOBIISOLIIIDINE.1) 350 TO 160
Ki=JADD (TOUMIND)
K2sKi oA (TDUMINI Y =4
IFIR2.LTeK1) 50 7O 134
IF(IJJ.Eel) GO 1) 1V1
0 £30 LeK1,¢2
IFCICOLILIE2, T2M) 5D TO 138
CONTINUE
IFCIRNIRL) «EQJ2JLEM) GO TO 138
< 0) 132 LeKi,x2
TFC(ICOLILICEQ IO (JY) GO TO 139
CONTINUZ
CALL AJROL (L=241sy )
NACIOU9C(N) D eNALIDINIW ) 0o}
60 70 140
ON=OJ(.)
CALL ADROL (Ly=1,0)
NACIOUMIND DoNACIDUNING ) =4
1=t 017

e
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198 2vce

298

‘310

318

AP NIOITONONOO

60 ™ 20 018109
136 BOZACIRN(KL) ) B0 (IRN(KL) ) =B84°IU(N
60 T0 140
136 BOTACIINIKL) =1)=SDTACIINILLI =1) «BN20U( )
60 70 160
139 QUL =3U(L) =AN*0UL Y)
160 CONTINUE
190 CONT INUE

200 3O0NTINUE
J0 209 I=1,NBUS
~IST(I)=0

209 YA(I) =CONEC(D)

THE FOLLOWING SECTIONS ART T4E OTIREST SOLUTION ALGORITHMS
STATEMENT 211 IS T4Z ENTRY POINT FIR THE DELTA=P/DELTA THETA
SOLJTION. THE OLP ARRAY IS FORMED ASt P(SPEC)I/V = P(CALC) /Y,
AND T4EN SOLVED FOR OELTA THETA, T4E JELTA THETA SOLUTION PR
EACY 3US IS THE OLP ARRAY AFTIX THEZ FOIWARD AND SACKWARD SURSTI-
TUTEONS., TME OELTA THETA IS ADDS) TO FTHE SXISTING BUS ANGLE TO
UPDATE THE BUS ANGLE AFTER EASY SOLJITION.
STATEVENT 291 IS TME ENTRY POINT FOR THE DELTA-Q/DELTA Vv SOLUTION.
THE 0.2 ARRAY PERTOINS THE SAMEI FUNSTION A4S DLP AROVE, EXCEPT
THAT THT SOLUTION OZLTA V IS T4: RISULTING ARMAY, THE DELTA ¥
FOR EAC4 BUS IS ADDID TO THE ZXISTING 3US VOLTAGE MAGNITUOE 7O
FORY T4E UPDATED BUS Vv MAS, FOLLOWING ZACH SILUTION ITERQTION.
210 (PsKey g
211 <P=p
¢=9
30 230 Is=1,N8US
IRUsNBLT)
TF(ID8 (IRW) . EQ.3) GO TO 2350
K=ot
T1=JAODCIRNY ¢ 12
IFsI1¢CONEC (IRM) =1
$S=3SUN=0,
00 228 JsiI,IFf
TeTAPR(IRU,LINS (I )
63:58¢T7oG( N

IFILING(S).£0.0) GO 7O 228
THETASANGLIIND =ANGILINI(I)
TFCTHETAGT,90,2) THETASIL, 2
IFCTHETALLTo=36,2) THETAS=34,2
BSUNSBSUMSVILING(I ) *(=G( 'BQ!H’H!TU"(J)'Sll(ﬂ‘?l"
228 CONT INUE
PCV(IRM) *(BSUMSY (I2N)*GS)
IFCVLIRM) .EQ.0) GO FO 906
IF(V(IRW)I 0 €QeCs) GO TO 906
ILPIK) =P IRW) /V(IRW) =PC/VLIM
JELTA=ABS (DLF (X))
EFEOELTALGT.PTOL) KPsi
280 SONTINUE
IFIK°,EQ. 09 GO T) 400
EF(ITER.GT, ITRMAXL) GO TO S00
1SsN3US-2
00 270 3=1,1S
CisIUBR(D)
C2sIUBP(I41)~1
00 2685 J=(1,K2 01ere0

210

S p—
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Eramven i

B ——— B o, AL -l d il e e e

7.

TFLIOP(J)EQ,0) GO TD 288

018750
JJ=IPOS (AP(I)) 018760
OLP(JJ) = OLP( JI) +UBP(J) *DLP( L) 016770

268 CONT INVE : 018780

270 3OVTINUE 018790

30 275 Re1,K

278 OL3CT) sOLP( 1) ORI (T)
J0 285 1I=41,1S
TEeP=0,
£1eTUBPIK=1)
€21 JBP(K=T 1)1
00 200 Jwxi,K2
IFLIBP(J).EQ.0) GO TO 290
JJI=IPOSI B2 (N)
TENPSTENPIUIP(II®OLPLIY)
200 CONT INVE
WI(C=T)=0LP(K=1) oTENP
208 30NTINUE
30 230 l=1,NBUS
TFIINB (D) (EQe D 30 YO 290
L L]
00 208 Jsi,9¥9US
IFLI0BINB(I I.EQ.T) 3D TO 298
[LUTTY
IFINDCJ) EQ. 1) GO TO 2989
200 CONT INVE
209 ANG (I =ANG(I) DL ()
TPEANG (L) oGTo 940 26) ANGITISIL, 25
EPCANG (L) oL To =360 25) ANG(TI) ==94, 26

290 20vTINUE
ITIR2ITERSL
STATENINT 201 IS THZ INTRY POIWY FO TYE OILFA Q-DELTA v SOLUTION
ROSTINE. ITERR IS TME ITSRATION COJINTEIR FOR THIS ROUTINE, TuE
00 350 LOOP FORMS THE DELTA Q/¢ VESTOR FOR F4E CUIRENT ITERATION,
IF ¢As0 AT THE ENO OF THIS LOOP, D1-0V CONVERSENSE IS OSTAININ, 19
OTHIRIISE, THE 00 370 THROIUGH 3D 393 LIOPS SILVE FIR THE MEW DELTA v,0191
T™E 09 "‘ LOOP UPDATES T4E 8JS VOLIAGES. 1118
291 <Qs0 019120
<=0 019130
30 3350 Rsi,N0US 019160
IRdsWR (D) 019150
EPITI8(IRW) . NE. 1) 30 TO 389 019160
Ksgot 019170
I3s0000(3RU) o 12 019180
EFsITeCONEC (IR =1 019190
38=0SUNa0, 019200
00 328 JeIl,1F 019210
TeTAPR (IR, LINS () 019229
0388+ 728(J) 019230
IFILING(N .27 0) GO T) 328 019260
THETASANGIIRUI =ANGILEYS( ) 0192%0
IPITHETAST.6.3) T4ETA=s, 3 019260
TPITHETALTo=5:3) THETAR<B, 019279
SSUNSESUMeV (LTNOLINI®(=G(J) *SINCTHETN) ¢8(J) *COSITHETAY) 019280
328 CONT INUVE 019290
ACSVIIRW) *(BSUM-V (IR * (981 ) 019300

IFCVIIRUI EQe Q) GO VO 308 019319
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400

.0

(31

618

A20

(1]

430

(2

458

o9

365
37¢

378

APTER T4E OELTA=V SOLUTION, SUSROUTINE LIMIT IS CALLED TO DETER-
WINE EF ANY PY(TYPE 2) DUSSES 4AVE EXCEEOED THEIR 2 LINITS,

600
o0

CONVERGINCE MAS BEEV OBTAINED, TME POLLOWIN: SECTION CALCULATES

THE SLASK BUS POMER, AND MRITES THZ RISULTS ON THE OUTPUT FILE,

FFI(VIIRW) cEQ.0) GO TO 906
JLACK) =QCIRW) /V(IRH) =QC/V (TN
JELTA=ABS (DLQIK))
IF(ITLTA.GT.QTOL) KQ=}
SONTINUE
IFI(KT1.EQ. ) GO TI 401
IFCITERR, 6T, ITRMAX2) GO TO 300
[S=K-1
30 370 Is4,1IS
<1sIUBPPLT)
K23IY8PP(Ie1) =1
00 365 JsKi,K2
IF(JIBPP(IEQ.0) GO TO 365
JJ=IPOSI (U83P()))
OLACIII =sOLAC IS +UBPP (S *OLAT)
CONT INVE
SONTINUE
J0 375 Is1,K
JLACTI =0LQCT) *0%PP(])
30 345 Is=1,1S
TESP=0,
<1s198PP(K=1)
K2sIUBPP(K=T¢1) =1
00 380 J=(i,K2
IFLIOPP(N . EQ.0) GO TO 390
JJ=IPOSI(J92P()))
TENP=TENPUSPP(J) *DLACII)
CONT INUVE
OIK=I)=0LAIK=T) ¢TENP
SONTINUVE
30 390 I=1,NOUS
Iriine t:).nt.u 30 Y0 390
s
00 388 Jsi NBUS
IFCIOB (NBLI) o ¥E.t) GD TO 338
nanes
IFINBLJI)EQ.I) GO TO- 333
CONTINUVE
SONTINUE
IV (D) oOLA(Y)
IFCUCTIIeLTe=100,) V(I)=e100.
IFCV(I)eGT.100.) VII)=100,
SONTTNUE
ITERRSITERR L

SALL LINIT(O)

30 70 211
IPIK0, EQ. 0) 450,291
IPIKP, EQ.0) 450,211

ARITZ(2,1001) ITIR,ITERR’
30 452 I=q1,NOUS
IPCINB(IINE.3) GO TO oS2
€I=J000(2) 012
KFsKToCONEC (D)2

nesse

Vi

AN F s P i



o

—

oA

ST

(1}

(Y}

(34 )

L2, )

800

(1

49

(1 ]

3828S=SUN=BSUM=O,
00 451 J=KI,KF
TaTAPR(I,LING(I))
6326Se T°G())
08288e7*B( )
IFILINBLDNLEN0) GO T b33
THETA=ANG(T) ~ANG(LINB(S))
SUNSSUMOVILINGCIN ) ®(=5(IJISCOS(THETA) =S (JI*SINITHETA))
SEUNSSSUNELLIND (NI S (=50 *SINITHET) ¢81J) *COSITNETA))
(1 1 CONT INUE
S (I)=V () (SUMV(I)*GS)
A=V LI *(OSUN=Y (I) *8S)
‘SNLsPLIICPCID eQID) *OLT)
EFISML.LTe0,) GO TO 910
IF(SY1,6T.10EM 30 TO 310
SH=SIRT (SN1)
ARITZ (2,1000) I,2(I3,Q(1),5%
60 T 433
482 SONTINUE
083 IF(OUT,EQe8,0R0UT.EQ.10) 30 TO 456
€ CALSULATE LINE FLONS®®®
WRITTI2,1002)
we=e
30 43S =i,
CPCLTNACT) o €08 IR LINRCIIE2:0) GO TO oS3
EPCLINACIICTLLINGII)) GO T) o33
NeNve g
CoCHPL XS LT (TN
SASYIL INACIDISCOS(ANGILINACTILY)
EOsYILINA (T ) OSTNIANGILINACT) Y)Y
VA=CHPLR(EA,E0)
TAsYLLINGCT) ) OCOS (ANGILINS(II )
COsPILINSCI) I OSINCANG(LINS(I)Y))
VOSSO X(EA,E™
30 %% Nefi,NOTR
EPELINACTIIoNELTRAINIY GO TY 457
SPCLTINSCIINELLTININD) GO TI oS
TetaP (W)
EFET.CQe0) Vot
EPLT. E0e0,) Tmy
SeToyASCONIGL(ToYA=YRI*Y/T)
ReVESCONIGL (VO=TOVA) °V/T)
30 75 &858
687 TFILINACT) NELLTRNC(NIY GO 7O &S4
TPALINOLTII . NELTRAIND)D GO TI oSy
TelAP (W)
EPET. EQ0) Toy
EFET.E0e0,) T=i
SsUA*CONJIGL (VA=TOYB) oY/ T)
LT OYe*CONIGE (TOVR=-VA) *7/T)
30 15 W58
o856 SONTINUE
FALLING OUT THE BOTTOM OF THIS L7207 NEANS THMAT TME BRANCH DEFINZ)D
SV LEIVACII-LINGIT) IS NOT A TRANSFIINER, AND A TAP CALCULATION IS
WOT NEISISSARY, CALSULATE THE LENE P0WIR FLO4S BELIMG
$e?A°CONJIGL (VA=VD) °Y) .
eV CONJGL (VO=VL) °Y)

213

019890
019900
019910
019920
019930
019940
019950
019960
019970
019980
019990
920000
020010
020020
e28830
020060
20050
020060
020070
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Se0
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088 RITI(2,2003) LINACII JLINBC(I) ,S, . INS(I),LINACI)I, R
43S SONTINUE
456 )0 4%9 I=1,NBUS
489 ANGIT) =57 ,29578°ANG(T)
WRITE SUMMARIZED OUTPUT NATA ON OUTSUT FILES
MRITF(2,1009)
dRITE (2,1008) (IUSIIDLINBII) RUSNAME(IN ¢ VI(TIANG(IIP(T),N(T),
1I=1,980S)
LFIOUT.EQ.10) GO TO 570
EFILLGEQ.0,0R.0JT,ENeI) GI TH G451
dRITT(2,1007) (LPHA(I),LPHB(T),P4ANG(T)Isl,LLG)
801 [F(NDTR,ENG 0,0 JUTLEQ. 9 359 TO 570
UR"E(Z;!"H (LTRACTII GLTRACTI o TAP(I) o THN(I) o THX(I) ,I=1,NOTR)
30 1) S70
500 ARITE(2,1000) ITER,ITERR
«000Ps~4
J0 501 I=1,NBUS
$01 ANG(T)a57,29578%ANG(T)
THIS SECTION TO 502 IS TASBLE DUM® RIUTINE WHEN PROBLEM DOES NOT
CONYERST WITMIN SPISIFIZN ITIMTIONS.
30 502 IB8=1,NBUS
TFII08 (I8).NE.1) GO TO 505
Ni=di=0
30 50 JAsi,NBUS
IFLI0OB (NS (JAD)IoNZ 1) G TO 3503
isviet
Yisqieg
EFINTLJA) .EQ.IB) GO TO 519
$@3 2ONTINUE
30 7)) 900
$0s ('(:3!(!.'-!0.3’ G0 TO 510
42
30 S06 JJJ=1,N8US
IF(I0B(NB(JJIJ)) 0EQe3) GO T SO06
420204
EFINS (JIJ). EQ.I8) GO TO 518
$06 SO0NTINUE i
30 T2 900
$10 )Q=33s0

$18 JIP=0LP (M2)
$19 IPs). P ML)

20
$20 ARITI(2,1010) IVISIINI LVIIND (ANG(IS), 0P, D2
$02 JONTINUE
RETUSN
$70 ONTIvUE
LOAY FLAM AUTO CHMANSE ROUTINE, TWUE NUMSER IF CHANGES IS READING)
THEY 954 AUS OATA IS READ, SUS LIST UPOATED 3v LOO® 600, LOAD
FLO¢ RIITINE IS AGAIN ENTERED AT 210 ANO EXESUTED USING NEW OATA,
WLC IS NUMBER OF C4ANSE. NC IS NU43ER OF SUSES SASH CHANGE.
NCC IS CMANGE COWTER, BUS CARDS USE SANE FORMAT AS IN BUSIN =T,
IFENLCLEE) 6 TO 999
20 580 I=1,M0u

020460
0204670
020630
020490
020500
020510
020520
020530
020560
020550
020560
020570
020580
020590
020600
020610
020620
020630
020640
020650
020660
820870
020680
020630
028700
o20710
020720

020730

020760
020756
020760
020770
620780
0207
02

020810
20820
020830

i
]




SRR

AN3(T) =, 04765329% ANG (T) 021030

‘ S0 SONTINUE 021040
] NC3=NCCe1 021050
] ‘ READ(S,1017) A N3 021060
; 578 S86RRUSCHG : 21070
TFCA. NELC) GO TO 908 021080

WRITZ(2,1021) NCSoNC 021090

: WRITE (2,1022) 021100
¢ - ARITE(2,1008) 21110
,, see 30 602 ICs1,NC 021120
i REND(S, 101" T0BY, IBUSN,BISN, VAN, AGH, PAN, 2AN, Q4T NN, QHAXN 021130
LFCIDANGGT.1) GO TO 907 021140

b3 ANTNN=QMINN/BXVA 021150
! ANAKN=OMA XN/BKVA 021160
i ses PNSPAN/BKVA 021170
v aNs20N/8KVA 921180
¢ WRITZ(2,1026)  T3USN,I08N,8I5N, VAN, AGN, PN, IN 021190
: ANGNs, 01765 329°A5N 021200
TF(VANCEQ,0) VAN=1.0 021210

§ 599 INSVAN 021220
{ 39 600 JC=1,M0US 021230
TFCIBUS (JC) JNEs TBUSN) GO TO 600 021240

i 2(ICIePN 021250
acJC)=an 021260

395 24T (J2 ) SOMINN 021270

IMAX (IC ) =OMAXN : 021260

NG (JC) sANGN 021290

VOIC) YN 821308

SISNANE (JC) s9USN 021310

) 108 ¢ JC) sTOBN 021329

888 SONTINWVE 021330

: 6§02 SONTINUE 021340
. WLosNLCe1 921350

30 17 210 021380

ses 008 RITZ(2,1011) 18 021370

39 1) 908 921380

906 WRITE(2,1016) I2W 021390

30 17 980 021400

987 4RITE(2,1020) ISUSN, SUSN 021010

.10 30 19 988 821620

908 WRITE(2,1023) C 821430

: 30 1) 980 021440

(; 909 URITE(2,1011) LINACI) 021450

‘ 30 13 980 021460

] o1 910 WRITZ(2,1019) 821478
980 TERRSIERRSL 021000

999 RWTURN . s21498

i) ; : 021500

1 SUSROUTINE ADROL(TJ,1CyJ) 021510

¢ THIS SURROUTINE ADDS OR DELETES SNTRIES FROM THE OU AND JCOL s2152¢

¢ TAS.ES. OTMER TASLE ENTRIES AR MOVED TO ALLOW FOR TWE ADDED 921530

¢ OR JELETED ENTRIES, THE SOUNTIR FOR T4E NUWSER IF ENTRIES IS 021540

s € ALS) G0JUSTED APPRIPRIATELY. 021550

SOMMON/CONC/ M (250) ,N8 (2500, 133, (1000135 (1000) ,T09(290) 021560

SOMION/CONST/ NBUS, ML, TSSsToVoLL1sbL2,yLL3yLLosNITR, 12, NOLTC s21878

15 TTR s TTR2, PTOL,QATOL o NLE 021500

SowmoN/suss BM 021590

0% IFCI3,€0.1) GO TO 20 021600

L8sI8S-1 ) 021610

30 10 Is1J,LS 021620

JCIL (T)=JCOL (T02) 02188

: AT sOULTe1) 021600

ts 10 SONTINUE 021680

ICIL(18S) =0 921660

BUCTSS) w0, 021470

183e188~1 021800

RETURN . 021690

B 20 .$s188-14-2 021700

FE T 021710

. 262 I30L05) e21720

JEIL (1830 1) sJCOL (188D 0217%

DUCISS +1) sDULTSS) 021700

% JCO (T1S8)eICOLITSS1) 21788

DULTSS) o0V ISS-1) 021780

30 59 TsioLS 021770

JCOL (18311 2JCOL (1S3 =T=1) 021700

SU(TSS=T) 20U (1SS=T=1) 021790

» 30 SowTINE s21000

JEN(TIere 8 021010

WET)e haepieon 021020

. 183618801 021030

™ 021040

» ${ 3] ; . 1210%0

215




1 SUBRVUTINE LIMIT(I0X) 021660
2 ENTESER CONEC 021870
OIMENSION SK(250) ; 021680
SONMON /COMA/CON, CHG,LI00P, SSOP, IN2,0UT,F, T, BKVA,RHO1 ) NMAX,4AXTR, 021830
L 19AKLTC yMAXPH, ISYS,BKVAL 021900
SONYON ZCOMB/LINA(L1650) (LING(1650),5(1650),8(1650),P(250),0(250), 021910
1LP43(50), PHANG(50) , . TRA (2500 ,LTR8(250),TA2(250), THN(250),V(250), 021920

2THX (2500, IUBPP(230), ANG(250) ,TAUS(250),D32(250),UBP(3000), 0219390
S3USNAME(250) ,LPHA(S0) ,LIST(259),IU32(250),AMIN(250) ,Q4AX (250), 021940
10 $IBPP(250) yUBPP(3000) 4 JIP(3000),J3PP(3000),ICC(250),0LP(250), 021950
S2OTC1650) ,20R(16507,RADTA(2509,C0NES(2500,9LQ(250),TPHASE(25M) 021960
SOMMON/COMC/ NA(250) 4N3 (2500 ,JCIL(1000),2J(1000),1I08(250) 021970
SOMMON ZCONST/ NIUS)NLoISS,TPVol.19.L2oLL3gLLLsNOTRyIZHNOLTC 021980
19IFR1 ITR2, PTOL,2ATO. 9 NLE 021990
15 1000 FOIMAT(T16,~%%*® 3US NO, =,I3," EXCZEDED ITS MAXIMUM Q LINITS®/ 022000
1721,"0 SPECIFIZOL™, T84, PIR=UNIT,“/T721,°2 CALCULATEDS", 022910
27806y " PER=UNIT,"/T21,"ANMOJNT EXSEEIEDL",%3,2," PERCENT."/) 022020
1001 FOIMAT(T16, %% BUS NIs “yI3," IXCEEOED ITS MINIMUM Q LINITEI™/ 022030
1721,"0 SPECIFIEDT™,FB,%,™ PER=UNIT,“/721,°0Q CALCULATEDS"™, 022060
20 270, %9" PER=UNIT,"/T21,"AM0OJNT SXCESIEDI™,F5,25" PERCENT,"/)8 022050
€ THIS SURGNUTINE DETIRMINES IF ANY Py TYPE BUSES MAVE EXCEEDED 022069
€ THEIR 2 LIMITS, THZ 3JS LIST IS SCANNZD FOR ALL TYPE 2 9SUSSES, . 022070
C AND THZ 0 CALCULATED FIR SACH, THZ CALCULATZD Q IS COMPARED TO 022080
C TME S3ESIFIED Qo IT T4E CALCs 2 EX3EEDS TME LIMIT, A CHECK IS 022090
3 C  THEN MANE T) SEE IF ANY TIUL B2WNCHIS ARE COYNECTED TO THE AUS. 022100
C IF ¢S, THE TAP IS ADJJSTED (WITHIN TAP LINITS) TO TRY TO WOLD 022110
C TME SIECTIFIED BUS VILTAGE, IF NO TSUL’S ARE AVAILASLE, OR THE 022120
C TAP LIMITS 4AVE BZZy REACHED, F4E 3JS VOLTASZ IS TYEN ADJUSTED. 022130
( " J0 100 I=1,NBUS 022160
30 IFCINB (1) oNE.2) 50 TO 100 022150
13=)ADD(I) ¢12 022160
IFsIToCONEC(I)-1 * i 022170
8Ss93UMN=0, 022180
00 10 J=II,IF 022190
» T=TAPRII,LINB(J)) 022200
8S=8Se ToR( ) 022210
IFILINB(JS).EQ.0) GI T) 10 022220
THETASANG(I) =ANG(LINBCS)) 022230
BSUNSBSUMEVILING(JI)) ®(=5(I) *SINCTHETA) ¢+8(J) SCOS(THETA)) 022260
8 10 CONT INVE 22250
: s AT =V (I)*(BSWI-V (1) *BS) 022260
§ : TFCAMAXCT ). EQels o ANDSQMINCI) 40, 0,) GO TO 100 022270
; TFeavAX(I)I-Q(I)) 20,100,114 0222680
: 11 IF(AYINCII=Q(D)) 100,100,23 022290
L2 28 JEL=ANAX(T) ~Q(IY oz2308
00 21 L=1,L000P 022310
IFILISTILILEQ.T) 50 T 30 022320
21 CONT INUE 022330
L0D0°=L0N0P+1 022340
se ExX=(-0EL/OMAX(I)) *100, s 223%0
WRITZ(2,1000) I,QMAK(T)(Q(T)oEX 022360
LIST(LOOOP) =2 022370
0 7O S0 02380
28 JEL=ININII) ~Q(D) 022390
s 00 26 L=1,L)00P 22500
TFILISTILICEQ.I) 5O 7O 50 022610
CONT INVE 22620
216
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L020P=L0N0OP+1 : g 022630
LIST(LODIP) =T 022440
(1] IFCQMINCI) o EQe0e) GO TO 27 022450
IXsASS (100, *DELZININ(I)) 022650
30 TO 28 022470
27 IX=100,*0€EL 022680
28 4RITZ(2,1004) I,ININCI),Q(I),EX 922490
(11 $0 IF(ANS (DEL) oLE.o01) GO TO 100 . 022500
EF(SK(IIeNELO.) 30 TO 90 022510
€C13J0D0(T) 12 022520
K22K1 4 CONEC(I)=1 022530
<=0 022540
7 30 60 L=1,NBUS 022550
TRN=NS (L) 022560
IF(IIB(IRW) (NEs1) GD TO 60 022570
RIC 022580
DO S1 J=Ki,K2 022590
b4 ] IFCIRWL.EQ.LIN3(J)) GO TD 52 022600
s1 CONTINUE 022610
b W =0, 022620
¢ 30 7O 60 3 022630
; 82 U< I=B(Y) 022640
{ (1] 60 SONTINUE 822650
Z 330, 022660
: 30 81 L=K1,K2 022670
3 TeTAPR(T,LINB(L)) 022680
! 61 3Ss8S-Teg(L) 022690
i es fS=K-1 . 022700
: 30 70 N=1,IS 022710
: <1sTUBPP(N) 822720
E 23 TYSPP (NG 1) = 022730
§ IFIK2,LTe K1) GO ¥ 70 022740
: % 00 65 J=(1,K2 022750
¢ TF(JOPP(I L EQ.0) GO TO 65 022760
: = JJsIPOST (J8PP(J)) 022770
: (L- DUCII) =DU( 51+ UBPP(J) % DULN) 022780
¥ (1] CONTINUE 022790
: L} 70 SONTINUE
i 30 75 Nei,K
§ JVIND =DBPP (NI *OU (N)
; 78 SONTINUE
rE9Ps0,
100 30 80 Nst,K
80 TENP=TENPSOU (NI ®IU(Y) 7D8PP(N)
KTV =1,/ (8S=TENP)
E 90 IVeSCIII®DEL/V(I)
30 31 L=1,NOTR
108 TFILTRACL) ¢NELI) GO YO 91

TFCIST (L) «GTe69ANDLICCEL)LLT490) GO TO 92
91 SONTINUE

€ FALLING OUT THE BITTOY OF THE LNOP MEANS THAT BUS I DOES NOT MAVE
C AN _TS BRANCH CONNESTED WITM TWE TASPINS END AT B8US I, THEREFORS
110 C CALSU.ATE ADJUSTED VOLTAGE FOR 8US [,
VeI =V (1) +DV
60 77 100
92 TNEN=TAP(L) 40V
EFATHX L) =TNEN) 14,96,93
118 93 IFI(THN(L) =TNEW) 96,96,98 023006
96 TAP(L) =THX(L) 023010
LI sV (I o0V 023020
30 1) Ny 023030
98 TAS (LY s =niL) 023080
120 VD eV (L) 2oy 023050
30 73 100 923060
€ FUNSTION DISCREY SALC. THE NEAREST SHYSICAL (DISSRETE) TAP SETTING 023070
C VO FYIN? TMIS VALUZ IS STORED AS T4E NEW TA® SETTING FOR THE TIANS, 023080
96 TA®(.)=DISCRET(TVEW 023090
128 100 SONTINUE 023100
ETIeN 023110
m) 023120
217
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o000

FUNITION IPOS(IT)

SOMMON/ZCOMC/? NA(2%0) ,NR(250) ,JCD. (1000),0J¢1000),I0B(250)

SOMMON/CONST/ NBJS NLyISSoI2VyLLLsLL2)LL3yLLGyNOTR,IZ,NOLYC

lut:(!.!7R2|PfﬂLg170;cﬁlc

s

30 10 I=i,NBUS

IFCINS (NB(T))EQ,3) GO TO 10

K=ot

TFINALI).EQ.IT) GO TO 18
10 SONTINUE
11 tPIS=K

RETURIN

INd

TUNCTION IPOSI(IT)

SOMMON/COMC/ NA(250) ,NB(250) ,JCD.t1000),00¢1000),1ID8(250)

SOMMON/CONST/ NRUS,NLISSeIPVLLL,LL2,LLS,LLL,NOTR,IZ,NOLTC
1o ITR1, ITR2,PTOL, ATOLyNLE

<=0

00 10 I=1,NBUS

EF(IDB(NB(I))NE,1) GO YO 10

Ksgel

IFINSC(IILEQ.IT) GO TO 11

10 SONTINUE
11 IPISI=K

RETIIN

t{ 0]

SUNCTION TAPR(ITA,ITB)

THIS FUNCTION DETERMINES IF T4Z 3QUNCY OEFINZD SY ITA AND ITS IS
A TRANSTORMER MRANCHe 1IF SO, THE PIOPZR TA® RATIO IS ASSIGNED TI
TAPR AN) RETURNED T) THE PROGRMY,

SOMMON /ZCOMB/LINA (14501 5L IN3C1659),51(1450),B(1650),P(250),71259),
1.P43(50) , PAANG(50) ,LTRA(250) ,LT3(250) ,TAS(250) , THN(258) ,¥ (250),
2TNX(250), TUBPP(250), ANG(250) o I2US(250) ,082(250),UBP (3000),
JIUSNAME(250) ,LPMA(S0) ,LIST(250),[U32(250),QNIN(250) ,Q4AK(250),
$)9PP(250) ,UBPP(3000) , JBP(300M), J3PP(3000),ICC(250),0LP(250),
STOL(1650) y20R(1450) , ADTA(23)) 4 CONEC(250),ILQ(250) o IPHASE (250)

SOMMON /CONST/ N3US,; NLyISS»IPVyLL1,LL2,LL3,LLG,NOTR,I2Z,NOLTC
1y ITRL, ITR2,PTOL,2ATOL 4 NLS

TA2R=0,

IF(1T8.EQ.0) GO TO 25

J0 20 I=1,NOTR

IFILTOA(I)oNEL.ITA) GO TO 10

EFILYRBIINLEQ.ITI) TAPRSTAPII)

30 7O 20

10 TFILTRACIINEL.ITA) 30 TO 28

EFILTRACIICEQ.IT3) TAPImL,./TAO(])

20 CONTINUE
25 IF(TAPR,EQeCe) TAPREZ1,0

RETJIIN

END

FUNCTION DISCRET(TD)
ti=4
(a¥77,008625-160,
Jon
IFLARS (X=J) ¢GEss5) GO TO 5
OISCET=1,04,00625%) .
RETUN

S [F(J.LT.0) Ifs-y
Jujert
DISCET=1,0¢,00625%)
RETIN
m
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023130
023140
023150
023160
023170
023180
023190
023200
023210
023220
023230
023260
023250

023260
023270
823280

023558
023560
023570
023580
023530
023600
023610 .
023620

023630
023660
023650
023660
023670
023680
023690
23700
023710
023720
023730
023740
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OVERLAY (SHRTCKT,3,0)

PI5UANM FAULY
PROGRAM FAULT IS THE SHORT=CIRZUIT ANALYSIS SEGMENT OF THME OVERALL
SYSTEY ANALYSIS PROSRAM, THIS PROGIAM UTILIZES LARGE MATRIX TES4~-
NIQUES AND 2BUS MATRIX SYMMETY TO ENJICE PRIGRAM STORAGE REQUIRE-
MENTS. ANY NETNORK U® TO 250 FUSSE3 CAN BE JSED AND THE PROGRAY
WIL. SOMPLETE THE FAULT STUDY 3y TACING 50-8US “SUSSYSTEMS™ OF T4E
NETJORK AND REOUCING THE REMAINING SYSTEM TO A MES4 EQUIVALENT,
BY TAKING CONSECUTIVE 50-8US SESMENTS, THE ENTIRE NETWORK CAN 8%
STUIIZ) IN FIVE PASSES,
THE PIGRANM USES THZ METHOD OF SYMMITRICAL CIMPONENTS, AND THE
POSITIVE AND 2ERO SZQUENCS IMPIOANCI MATRICES ART STORED AS ONE-
DIMINSIONAL ARRAYS, T.E. THE DIAGONAL ZLEMENTS OF EACH ARE STORE)
IN ZDIA AND Z00IA, AND THE UP3ZIR TRIANSLES FIR EACH ARE STORED IN
ZBUS AN) 203US. :

0©237%0
023760
023770
023780
023790
0236800
023810
023820
023830
0238640
023850
023060
9234870
023880
023890

ENTESER CONyCHG9SCIP,0UT,CONZC,P4,A,CyAR,3CyAL,C1,A2,C2,A3,C3,0,01023900
SOMP.EX 2Z,0FFDTIAG, ITAG,CO . XV,VBFAS,FAL,2F,20IA,20014,2R8US,203US, 023910

12M, EBUS, ANPALES 4 222, 2C4 2C0JP,YS0UP, 220,26 226(250) 4 FI,FIG,yPNS,2S,
13 4

JIMENSION IFB(25) ,.1(51),L2051),3U(51),CURASY)

SOMMON ZS0MAZCON, CHG 3 LNDOP, SS0P, INP, OUT,F, T, BEVA sRHOL ) NYAX ,MAXTR,
L9AKLTE s MAXPH, ISYS, 3CVAL

SOMMON /COMB/ZLINA (1650) ,LIN3(1630),5(14500,8(1650) ,P(250),0(250),
1.P48(50) PHANG(50) ,LTRA(250) ,LTI(230) ,TRA2(250), THN(250),V(250),
2rML(250), TUBPP(2350) 4 ANG (250) ,18U5(250),082(250),UBP(3000),
SSUSNAME (250) o LPHA (30) ,LIST(250),1U32(250),2MIN(250),24AX (2500,
8I3PP(250) ,URPP(3000) ,J32(3N00), I3PP(3000),ICC(250),9LP1250),
S20T¢1650) yZ0R(1450),80IA(259),CONEC(250),ILQ(250), IPHASE (250)
SOMMON/CONC/Z NA (250) ,NT(250),J0).(1800),0J(1000) ,T03(250)

SOMMON ZCONST/Z NFUSyNLoISS»IPVoLLIsLL2,LLSsLLYyNOTR,IZ,NOLTC

Lo ITRELITR2,PTOLy2TIL yNLE

SOMMON /SAVE/ ISR

SOMMON /2ERO/ZLAC25),LB(25),.R(25),L5(25),24(25),YCOUP (8,8,
L12C0U2(25) ,TIK(25) 4 <IT(25)31T2(25) ,ISAVE(S) 4ZOIA(TS) ,Z00IA(75),
20BUS(2775) 4 20BUS(2775) 4 ENIS(2%0) 4 25(795)

SOMMON /ZCONST/ NOYU,NBS, TRIW, 14T, TOUMY

2080 FOMAT(LX,“NUMBER 9F LINES ADTE) SY *FAULT® TRANSFORMER ROU-
LTINS MAS</1X,“EXSEEOED MAXIYJM LINZ TASLE STOIMGE CAPACITYI™/
21Xy "LINE NOo"yI0," OF TRANSTOIMER TABLE,"/)

1001 FOIMAT (1X,"NUMIER OF LINES 40020 8Y °*FAULT® SIURCE INPEDANCE 20J-
LTINS MAS®/1X,“EXSESIE0 MAXEIMIM STORAGE CAPACITY OF LINE TASLESI™/
21Xy "CARD NOo"yI&¢*™ OF SOURSE IMPZOANCE DATA.™/)

1002 FOIMAT (41X, “ERROR IN FEASISBLE BUS LIST ROUFINEI=/1X,"NO., OF BUSSIS
1IN SYSTEM=™,T&/1X,“FEASIBLE BUS _IST™/(1415))

1003 FORMAT (1X,"NO. ¥ MUTUAL LINES DZCLARED®™,T4,"1"/1X,

L1°MAXTMUN ALLOMEI=251"/)

1006 TORMAT (1X,"NOs OF BUSSES IN SYSTIN AREAs=,I6,"1"/1X,
1°MAKTMUM ALLONWEN=S01 /)

1005 FOIMAT (1X,“ERRIR IV TRANSFIIMZQ SONVECTION CODE! TXFR NOs™,I4/
118, "SEE INPUT LINE LIST: WRING 520Z2",I4,", COOE IS SeIADD."/)

1006 FO/MAT (1X,“ERROR SETWEEN TRANSFIIMER AND LINE TASBLESE™/iX,
1°COU.ON’T FIND TIANS, SRANSH (S8s™,[by™ QN0 EB=",14,") CONNESTZD
270 BUS“”,T4,* IN LINE TABLES,"/)

1007 FORMAT (1X,“*FAULT® SOURCE TPEOANCE ROQUTINE MAS DETECTED A 2fR0
SINSIT FOR®/1X,"T4REE=PH, FAULT CURRINT, THREZ=PH, FAULT CSURRUENT
29UST BE NON=2ER0!1“/1X,"SOURSE IMPEDANCE CARD ¥3e =y IN/)

1008 FORYAT (1X,"ERROR IN LINE TABLE! FIRST ENTRY IN LINA SHOULD SE

219

023920
023930
023960
023950
023960
023970
023980
023990
026000
026010
026020
024030
024060
024050
024060
024070
024080
024090
024100
026110
026120
026130
024160
026150
026160
024170
0246180
026190
24200
26210
024220
024230
024240
024250
026260
024270
024280
0246230
024300
026310

S N
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1THE WF BUS(=0),~/1X,"ACTUA, TAB_E INTRY=",1I4/) 024320

1009 FORINAT (2613) 026330

(1] 1040 FOIMAT(LHL/T23,29(14%)/T23,1M%, T25,"FAULT SUMMARY FOR BUS™,T4s,1X 024340
29149%/T23,1H , T2P,"2F s ("pF5,29%9"9F3:29") PoUs™y T5191H®/T23,1H4* 024350

2y T279726 (“gFS5e2y 9 9F5e29™) Py Je™yT51,14%/T723,29(1H%)/) 024360

1011 FOMAT (Th ,"THREE~PHASE™,T23, "PHASE=GROUND", T2, “PHASE-PHASE™, T60, 024370
1°P1=2H=GROUND™/T2,15 (11°) o3¢, 16(1H%) , 3X, 16 (1MH%) , 2X, 16 (14%) /T2, 026380

s 2 IR (MAG)S >, FB. 4 T21y " IF(MAG) =" FS, 4, TLO"IF(MAGIZ",FB, 4,758, 024390
3 IT(MAG)S " FB/T2,"X/R2"sF3,T,T21,"X/Re",8,3,TA0,"X/R2",F8,3, 024400
OFS8,"X/RS"y FB3/T2o15C1H%) s IN 25 (1N ) 4THO, "EF(A) 2%,F7,4,T58, 026410
SOET(A) ==y FT7 o h/TU0, “EF (3) 3", 27, 4,58, CF(3)=",T7,4/T40,"EF(C) ==, 024420
BET by T59, “EF(C) ="y FP L/TW0,16(14%),T58,"17(B)s",F7,4/T58, 024430
70 ToX/R(8)2",F8,3/T58,"TF(C) 2", F8, 4/T58, "X/ USI=",FB,3/T58,16(14%)) 024440
; 1012 TOWAT (T4, "BUS VOLTAGES™yT22,"PYASE VOLTASES™/T2,"8US",T9, 024450
1oVIMAG) = T20, A, T29 9= o T30/ (1K, I3 3K F e 8y SX,Fh,2,1X, 024660
2°842,) 1%, F8, 2)) 024470
1013 FOMAT(T22, “THIEZ=PHASE™ T4 1, "PHASECROUND"/T20, 16 (1H%) 43X ,15(14%) 026480
s /720, IF(MAG) =", T8,8,T39, " TF (AG) =™, FB.4/T20,"X/Rs",FB,3,T39, 024690
2°RIR:"oF8,3/T20016(1H®) , 3N, 15(1H®)) 024500
10486 FOMAT (//722,"3U3 VOLTAGES™,T40, “P4ASE VO.TAGES™/T20,"BUS",T27, 024510
LoV IMRG) =, T2, A%, TH? , 20", 152 ,°3"/ 024520
¢ BUAIXy T3y 3Ky FOly SN Fho2,dXyThe2,1XyThe2)) 024530
3 (1] 1015 FORMAT(I3,2X,6F9,2,6F5,1) 024560
5 1016 TOWAT (NI I, IX,2F10.5) 024550
4 1017 FORMAT(1X,"ERROR IN FEASIALE 9US LIST ROUTINEI™/1X,"LINE LIST NDES024560
3 1 NIT INCLUOE ALL LINES IN SYSTEM,“/1X,"NO, OF LINES IN SYSTE4z“, 026570
i 205/74%,"NOe OF LINES IN LIST=~,TS/1X,“FEASIALE LINE LIST/(161I5)) 024580
: [ ] 1018 FOIMAT (/71X ,7001H4®) 71Xy LH® 58X, 1 49/1X, 4%, T20, 026590 -
p " 1°RISULTS OF SHORT CIRCUIT ANALYSIS™,T71,14%/1X,14%,T725, 026600
¥ 2°ALL VALUES ARE JER=UNIT®,T71,14°/71K41H%,T10, 026610
5 o 3°SYSTEM HAS™,I4,™ USES. FAJLT SIDS(SCOP) IS™,I3," ,*,Tri, 024620
¥ SE4072X,2H%, 718, "THERE ARE™,[4," 3U3ISYSTIM STUIIESC(ISYSI.™y 026630
£ % SITL,1H /71X, 1H® 58X 171X, 70 (1H®) /7) 024640
3 1019 FOWIMMT(LX,70C1H®) /1K s 14%, 88K, 1457 1K, 14, [25,"SUBSYSTEM STUDY ND, ", 026650
2 L28,™ “oT71,INS/2K,14%,T19,¢JI¥92Q 07 BUSSIS IV THIS SYSTEY ISt™, 024660
¥ 213,". "o TT1, IH®/ 1K 14%, 68X, 14%/71X, TNCIH®)Y 2 /) 024670
g 1020 FORMAT (1X70(IH®) 21X s 1H® 9 B8, 14° 71Xy 1H®% T22, “AUTOMATIC SHORT=SICU026680
& " LT STUDYE™, T71,14°/71 X, 1Ny T8, SNTIRE NIT4ORK STUDY NILL 8E SOYBLED24690
§ BPEY", T74,AH®/1X, 11®%, T18,"IN",12,° PASSES )T S4IT=CIRCUIT PRIINM, 024700
% S TP1AH® 71X, 1H®%, 68X o AM®/71X, 70(14%)7/) 024710
i ¥ 1021 FORMAT (T3 1, “PHASE=GIOUND=/T29,15 (14%) /T29, “IF(YAG) ==, FT. &/ T29, 824728
g 1°XIR=",F8,3/T23,16(1H®)) 024730
£ 100 1022 FORMAT(//T27,"3US",T33,"P415T VO TASES™/TSIS, A", TR0,"8%, TA5,=3"7 024740
o : LC25Ky T3y3X)Floa291XyFla292XyFle2)) 026750
1 1030 FORMITCTAS, 13,4, I35 1X,F8,04,8%,F3,4) 024760
Z 1038 FORMAT(//Th,"LINZ CJIRRINTS™, 722, “LIVE CUIRENTS™) 11344
1032 FORIMAT (T2, LINE™y SXy “FAULT(I) =, T22,"FAULT(I) OH=A™) 024700
108 1033 FORIAT (AN T3, 4K I3y 1 %y F8,4,8K,78,0) 024790
L1036 FORMATL/ZIX 70 LIS ) /AN 1M 53X 14%71X, 1M, T25,“SHORT CIRCUIT INPIT 024890
SIATA=, TP o AHO /LXK 3 1H® 63K 140 74X, TOCIN®YV 7 /) 024510
1037 FORMAT (41X, SOURCE IMPEDANSE 3US 40 "4I3,5K,"VILTS L=N(KV)=,2F9,2/ 024820
1 $4X,"3=PH FAULT CURRENT (ANPS) =y 2F3,2/1 Xy "PH=GND FAULT CURRENT(ANPS 024830
110 V"o 2F9 2/ 1X “FAULT 2(OMMS)*,2F6,1,"% NEJT 2(04MS)=,2FS5.1//) 926060
1 1030 FORMAT (X, "Z0R AND 20T OF LINE=,Ths™ TO",[4," SHOULON®T BE ZZIRD,") 24050
; 1039 FORMAT(1X,~20T8 IF SUS“yI4," SHOSLO NOT 3E 2£R0.“) 0240880
1060 FORYAT (/7T31,"LINE CURRENTS™/T28,“LINE™, T38,“FAULT(II ™) . 024870
1061 FORMATLT27,I3,3%, I3,40X,FT7,0) 0260000
220
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118 1062 FORMMAT (1X,“MUTUAL COUPLING DATA®/1X,"LAs",13,"L8s", 026890
133,"LR=", I3,"LS2",13/1X,"NITUAL IMPIDANCE (OMMS)=",2F10,5/) 026900
1063 FORMAT (71X, “FAULT IMOENANIE(2F) ( INMS) 5™y 2(F6e 3,1 X) 74X 924910
1,"PHLSER",12,1X, 818 VOLTAGE (XV) 5%,7§,2) 024920
1086 FORMATIRG,T3,2F6,0,13,F6, ) 024930
120 1068 FOIMAT (1X,"BUS", I 026940
1066 FORWNT (/T22,"LINZ CURRENTS™, 761, LINE CURRENTS™/T20,"LINE", 0264950
23X, “FAULT (1)%,T42, "FAULTUT) 4=a®) 024980
1067 FORWAT (RS,213) 026970
1048 FOMAT (T3 ,“PROGRAN SONTROL 3020 NOT IN PROPER FORMAT OR LOCATIOV. 026980
128 3A WITH KEYWORD =,R6,~ IS 2€9JLREI,*/) 24990
1069 FOIMATITI,“BUS 0 CAN NOT BZ IN SIASYSTEN LIST,J0ES NBS NUMBER 025000
12QUA. NUMBER OF SUSES LISTZ) ON SUSSYSTEY CARD?®) 025010
1050 FOIMAT (PN PLEASE USE LU0G...™) 028020
§ 1051 FORMAT (I2,13,A10,2F5,0,0F10,0) 025030
; 138 1052 FOMAT(RGLI3) 925060
f REWAD(S,1047) A, ISYS, SCOP 025050
TF(UTEQe110R.0UT, €0, 16) WRITE(2,1050) 025060
S=SRSHTCKT e2se70
; : IF(A.EQ.C) GO TO S 925080
i 19 J=SRLOFLOM 025090
§ TFEA.NE,O) GO TD 912 025100
{ 30 2 I=i,N8US 025110
: READ(S,1051) IDBCI),IBUSCT) ,BUSNAME(T) oV (1),ANG(T),PLI),QLT), 025120
i LANINCT) ,QNAX(T) 825130
: 100 2 SONTINUE 025160
§ WAI(5,1047) A,ISYS,SCOP 225150
¥ 01282BUSCHG 025160
H 2 & LP(A. €Q.C) GO TO § 028170
] (. IF(A, NE.D1) GO TO 912 028180
148 REAI(52058) (I93(I) 4 TOUSITI 4IISHASILTI,¥ET) oANGET) ,PET),Q(T), 025190
SIMINCT) ,OMAX(T) , T=1, ISYS) 025200
REAI(5,1047) A, ISYS,SCOP 025210
£ 50 10 & 028220
C THE FOLLOWING SECTIIN PROSESSIS TRAYSFIRMER IATA TO ADD LINES 025230
150 C REFIRINSE IF REQUIRED IN THE 2230 SZQUINCE. 025240
S TF(0IT.€Qe2,0R.03T.EQe10) 33 T3 § 025250
; ARITI(1,1036) 025260
: 6 SANLIN=1450 . 025270
1200020 025200
: 188 30 7 Ta1,MBUS 025290
§ . SACT) = CONEC (1) 025300
MPCII=OLA(T) =0, 025310
, 7 SONTINUE 025320
TFINOTR,EQ.9) GO TO 5% 025330
; 160 30 50 I=1,NOTR 025340
3 IFCISSLI).LT,41) GO TO 903 025350
TPCISCIIIoLT,61) GO TO 9 025360
TFLUISCIIILLT,71) GO TO 10 028370
. TFCICC(IILT.91) GO TO 1S © ezs380
168 IFLISS(I),6T,1000 50 To 903 025390
FAL. THROUGHS TRANSFORYER IS O4ASZ SHIFTER TYPES 025400
TFIISC D) o€ 91eIRICCIT) 4 £ 96 IR ICC(INCTo96) 50,20 025410
TRANSFIINER IS TYPE FIXEDS 025420
° xnt.cm.u.u.:n.xccm.n.u.n.-:ccm.cr.m 60 TO 3% 025430
170 IFCI°S (1) 0EQus) GO TO 3 025440
tres m.to.u.u.tecm.n.m 6o TO 28 025480
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175

180

108

19

218

30 ) 988
C TRANSFOONER IS TYPE AUTO!

18 IFLICCLT) oL TeB30 IR IZCIL) £, A, IR ZCCIT) o £Q.67) GO TO 48
IFCICCCI) e€Qe6340R ICCIT) 0EQs 65+ IR ICC(I) o EQ.66) GO TO 20
IF(I5C(1).EQ.68) G) TO 25
30 0 s8s

C TRNASFOIMER IS TYPE TSULS

15 LFCISS(I) ol To 7600 IR TCCUTIcEQe 754 IR ICCIII(GTo78) GO TO SO
LFLICC(TIL€Q.77) G YO 20 2
EFCICCI) €0.75.IR, ICC(I) ,EQ, 78) GO TO 28
EFCISCIIIEQ.76) G) TO 30
30 7> 905

C ADD LINT FROM P TO EFS ADD LINE FRIM 2 TO REFs

20 C1=JADOILTRA(II V012

K2sK1¢NACLTRA(I)) =1
00 21 JsKi,<2
!'(Ll:'(ﬁ.iﬂ-k?lﬁ(t” 6o 1) 22

EFENL.GT. MAXLIND G) TO 900
LINAINL)=D
LINS(NL) sLTRA(D)
LING(NL=1)=LTRA(T)
LINSINL=1) =D
ZOR(NL )=, 8°20R( )
TOTENLI=, 8°20T(J) ¢,
TOAUNL=1) =ZORCNL)
TOT(NL=1) =201 (NL)
SONZZ CLINACY) )=CONSC (LINA () ) ot
$2000s12400¢1
NL=NL+2
IFINL.CT. MAXLIN) GO TO 900
LINA(NL) =0
LINSINL)=LTRB(D)
«JUAINL=1)2LTRB(I)
LINS(NL=1)=p
TORNLIST 2 20R( S
TOLINL)=2,%201(
ZORANL=1) =20R(NL)
TOTINL=1) =20 T (NL)
SONESCLINGC ) ISCINEC (LINR(J) Vot
TZ407=32A00¢1
30 12 %
C ADD LINZ FROM Q TO RWTes Q=€
25 C1sJADD(LTRA(I)) 022
C2eX I SNACLTRA(I)) =2
090 26 J=K1,¢2
IFILINB(NEQ,LTRO(T)) 30 T) 27
INUE

2
TF(NL. GT, MAXLINY 6D TO 98¢
LINGENL) =0 ;
LINBCNL) sLTRS (1) ;
LINAINL=1)sLTRS(D)

LIVStNL=1)s0

222

025660
w@2sere
([ 41711]
025490
025500
025510
025520
025530
09253540
025550
025560
028879
025580
025590
92860¢
25610
125620
025630
025680
025650
025660
025670
023680
025690
0$2s7e0
28710
0128720
028730
025780
128750
925789
12877
1’2s780
(434 ]
s
0256810

®ee
°26020
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270

ZORANLI=Z2OR ()

LOLINL)=201(Y)

ZORINL=1) =2 0R(NL)

TOLINL=1) =20T (NL)

SONES (LINS( J) )=CINZS (LINB(J) ) o1
£2000=12400+1

30 1) &0

C ADD LINT FROW P TO REFs
30 X1=JA0D(LTRALD) ) 12

C2sKL ONA(LTRA(INY =1
00 31 JsKi,K2
IFCLINBIN cEQ.LTRS(I)) GO T) 32
VE

EFEML«GT. MAXLIND 6D TO 900
LINA(NL) =g
LINB(NL)=LTRA(T)
LINA(NL=2)=LTRA(T)
«198(NL=1)20
TOR(INL)I=ZOR (J)
TOR(NL)=20 ()

TOR(NL=1) =2 OR(NL)
TOTINL=1) =202 (ML)
SOVEZ(LINACJIDI ISCINES (LINALIY Dot
I200)=12400+1

30 Ty &0

36 LFCICCIIIoLTo63) 35,40
38 C12JADDILTRA(I) ) 012

€21 o NACLTRA(I)) =8
30 36 JIskiNK2
IFCLING(J) EQ,LTRBIIN) 3) TO 37

36 SONTINVE

30 T3 98¢

37 tektII=1,E10

201(J) =0,
€13 JADDILTRB(I) ) 32
K2sK1oNA(LTRE(I)) =1
0) 38 J=Ki,¢2
IFCLINB(J)EQ.LTRACI)) 33 TO 39

38 CONTINVE

30 7> 906

39 20R(II=1,E10

10t =0,
30 1) S0

40 IFQICC (1) aEQebbo ORTCCII) o £ 656 IR (ICCIT) L GTo &7

026170
026100
0126190
026200
©’e210
26220
026230
0126260
026250
0126260
Q6270
026200
126290
026300
926310
026320
026330
026340
01263%0
026 %60
016370
026380
026398
0264600
0264610
0126420
026430
026640
026450
020060
w26are
026400

10AN), ZCCEII oL Ti51) s IR TCCITN 0 06 530 0R ISS(T) o EQe 68,00, ICCIT) . £Q 71026490

2o0RICCII)oEQe?20 0 ICCIT) 220700 OReICC U)o EQe?30Re (ICC (T 5T,

SP7.AND ICCIII ol T, 810 ) 61,50

LTRA=SS, | TRASER
41 L8US=LTRA(I)

EPCLTRBIIIGTLLTRACID) LOUSsLTRS(D)
LLSUSsLTRE(T)
EFCLTRO(II GTLLTIACII) LLOISSLTRAUD)
KisJADDILOUS) 412
C2sK1oNACLBUS) =1

00 &2 JsKki (2

223

026500
026810
026320
026830
026560
026530
e2esee
026S70
[ Lieddd
012ese0




310

318

AOOONO0

TFILINGC( D (EQ.LLBYUS) 39 TO &3

82 CONT INUE

30 72 906
43 20RUJII=1,E10

oL ( ) =0,
$0 SONTINUE
THE FPILLONING SECTION PROCESSES GENIRATOR SJSSES 1O ADD SOURSE
INPEDANCES, THIS TNCLUDES T4EZ SLACK 8J)S., T4E SOURCE IMPEDANCES
ARE CALSULATED FRIY T4HE THREZ-24ASZ AN) SINSLZ-PHASE TO GROUND
FAULTS FOR EACH BUS, WHICHM ARE 2WAD IN BY THMZ FOLLINING ROUTINE,
THIS ROUTINE MAY BE BYPASSED [F T4I SOJRCE IMPEDANCES ARE 70 9E
TGNIRED, AND THERE IS AT LEAST ONZ LINZ TO TFERINCE IN THE LINZ
TABLE. THE ROUTINE IS SYPASSE) IF IREF=0,
81 R[EAI(5,1052) AL, IREF

SCs6RCURSOR

EFCAL,NE,CC) GO TO 316

IFCIREF.EQ, 0) GO T) 63

30 §0 Isi,IREF

READ(S,1018) IBF,VI,FA3,FAL,2F,235

IFCIIT.EQe2,0R 0T, 20Qs10) 3) TO 32

WRITT(1,1037) 167,v9,FA3,FAL,2F,26
$2 IPsCABS(VE)

1923000, °vPoYP/ 3K VA

T1sCABS(FAS)

IF(21.€Q.0,) GO TO 907

IFe23%,E0.0) GO TI 07

T2s9¥3° 1000, /FA3-2F

T4sCASS(FAY)

LFi21.E2.0,) 6) T 58

T20=(3000.,°VB/FAL=2,%27-3,°2F) /23

T2e22/2%

60 70 s6
88 220s"4PLX(1.€10,0.)

2222728
$6 NLeNLe2

IFINL, GT. NAXLIND G TO 901

LING(NL)SD

LINSINL) = I8F

LINAINL=2)=I8F

LINS(NL=1)=0

GIVLISREAL(1,/72D)

(NI SAINAG(1,722)

GiNL=1)sG(NL)

¢eL-1)=8(NL)

TORIMLISREAL (220)

ZORENL)=AINAG(220)

TOR(NL 1) =Z0R(NL)

TOLCNL=1) sZ0T (NL)

226118F)=2G/28

120031240041

COVEZ (IOF)=CONEC(TIOF) 0L
60 20WTINUVE

IF(IZRA,NE, 0) RETUIN
ADOSO LINES ARE NOW COMPLETES ESORT LINE TASLES INTO ASCENOING
8US oWine X
65 SALL LSORT(2,LINALINS)NLyby 398, 20R,201,0)

f2s12012A00

026630
026840
0260850

027430

©7180
(1341 ]
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30 65 I=1,NBUS : 027170
“9ACT) sCONEC (1) 027180
348 66 SONTINUE 027190
C THE FILLOWING SECTIIN FORYS A FEASTILE ORDEIRING OF THE 3US LISTS 027200
| € FOR TMZ BUS INPEDANSE BUILOING ALGORITINM, 027210
IKeg 027220
IFILINACL) o NELO) GO TO 908 027238
380 IST(1)=LING (1) 027240
ge2 027250
30 75 T=1,N0US 027268
IRAsLIST(D) 827270
: C13J800(TRW) +32 027200
’ 3% €23K14CONEC (IRW) =1 027290
} 00 78 Jski,K2 927308
IFILINGCIIEQ.0) GO TD 78 927310

KoK=l 027320 -
00 74 ¥s=1,KK 027330
- 360 TFCLIST(Y) «EQ.LINS(S) GO TO 73 027340
! 141 CONTINJE 027350
: LIST(KISLINS () : 027360
; Kot 27370
- 73 TFILINACN 3T.LINACH) GO T 75 027380
365 100 JOP(IK)=y 027390
IKsIKe 27408

s CONT INVE 2760 -

- 76 SONTINUE 27628
» 5 TFIK, NE, (NSUS+1)) 3D TO 902 027430
b (' . 7 13SeNL /2 027660
| j 1F 03K, NE, $1SS+2)) 50 70 993 027450
| C APTIR T4F LINES ARE RIIPOEREN INTO & FEASISLEI LIST, THE NUTUAL 027460
| C COUPLING DATA IS READ IN, TWIS INCLUDZIS THI WUTUALS FOR ALL LINES 027670
C IN THE SYSTEW, REGARDLESS OF 4I¥ THI S4ORT=SIRCUIT STUDY IS TO PRO- 027400
| 378 € CEE) (I.€. BY SUASYSTEN AREAS OR SOYPLETE SYSTEMI, A NAXINUW OF 027498
€ 23 SUTYLLLY COUPLED LIVES ARE ALLOWED FOR IN THE PROGRAM, 27500
READ(S,1052) AL,NOW 827510
S1s4ONOMUTL 27820
EFCa1,NE.CT1) GO TO 315 027538
39 TFINONUEQ. 0) GO T) 77 027540
\ ~ IFINONULGT. 25) GO TO 903 ; 027550
4 s QEADIS,1026) (LACII)LBIT),LRATI,.S(T) o2ZHCT) o Tul, NONU) ©erses
, : EF(0IT.EQe240R: 0T, E0:10) G TI 77 02rs?e
WRITE(191062) (LACI) L3, R(TI(LSCT) 2H(T) (Lu1,NO%) 027500
38 ‘C TME FOLLOWING SECTION PROCESSES FAULT TMPEDANSE DATA TO SE USED INs 027590
€ TME PAULT CALCULATIONS. THE FIIST SARD READ IN INDICATES WOM 027600
€ MWAN? FAJILT TMPEDANSIS WILL BE INTERID(NOFALTI, T4E FAULY INPEDAYSE 027618
C  (ONYS), NO. OF PMASES, AND PHASE=GN) VILTAGE(KYV), SUCCEEDING CARDS 027620

€ READ IV THE LIST OF BUS NUMRERS TO 4MISH T4IS FAJLT OATA APPLIES, 027688 .
3% C A B.AYK CARD SIGMALS THE ZND 3F THEZ FAJLT IMPZOANCE OATA, NOFALTSNFT,027640
77 RWAD(S,2006) A2,40FALT,2F,P4,VP 0nress
S2=8RNOFALT 027680
: 1P (82, NE.C2) G TO 916 erere
TFINOFALT.EQs8) 5O TO 86 0?7600
398 IFCOUT.EQe2.0R DT, EQ.10) 50 TO 30 027690
RITZ(1,1083) 27,04, VP w2700
88 TF(PW, EQe 1) BKVASSKYA/S, 2rree
205 (1000, *YPOVP) /BCIA ; ‘ w2rree
IF(PH, EQe1) BKVASBKVAL 0©rrse

225
it S e AN S— -
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: 509 LAVZSNOFAL T/ 2604099 027740
i Lutaxy2 027750
! 00 83 I=g,INT 027760
£ QEAD(5,1009) [F8 027770
i 00 82 J=1,25 027780

.8 IFCLIFSC . EQ.0) 33 7O 83 027790
TFIOUT.E2s 2.0R. 0T, 22, 10) GO T 8% 027800

§ WRITE(1,1045) IF3()) 027810
i (11 OLP(IF3(J) ) =REAL (2T 779) 627620
{ OLQ(IF3( ) ) sATHAG(2/23) 027630
§ 10 o2 CONTINJE 027840
; o3 CONT INVE 027850
! 30 10 77 027860
i C THZ FOLLONING SECTION BEGINS T4Z AUS SJ)ILOING ALGOIITHM FOR THE 027870

i C POSITIVE AND ZERO SZQJENCZ IMPEDANSE MATRISES. IF SHORT-CIRCUIT 027880
i »18 C IS 1O B2 PERFORMED ON SOMPLETE NETMIRK (ISYSs0) SKIP TO 100, 027890
! C OTHMIRWISE, READ IN ARSA BUS LIST(S), A MAXINUM OF SO BUSSES PER 027900
: C AREA TS ALLOWED. VALJES 7F 1S¢S FI4 { TO 93 INDICATE HOW MANY 027910
§ C AREAS A2F TO BE STUDIS). FIRST, THI 3US VOLTAGES ARE INITIALIZEO: 027920
i * 8% LFCLODOP, EQe=1:4%0,SCOPLEQc ) S3IP=0 627930
i 020 IF(LODOP, EQ. =14 44D, SCO2 €I 3) S3IPs2 027940
i EF(SS0PeEQs 10 SCIPLEQ3) 30 TO 86 $279%0
i 90 83 Is1,N8US 027960

83 TOISITISCHPLX(1a00s) 927970
30 1) 9% 027980
28 66 30 87 I=q,NBUS 027990

: 7 £8JSITISSOL XVIVIT),INGLTY) 028000

§ 90 WRITZ(2,1018) N3US,SCOP,ISVS 028010

} . EFIISYS.EQ. 8) GO TO 100 828020

( ; ECOUNT=ISYS 928030
~ 30 95 TFLISOUNTEQ. D RWTURN 026040
T0ST=1SYS=TCOUNTs1 020050
READ(S,1052) AS,9AS 020060
S3s6°N08SYS 020070
IFES3.NE.AS) GO TO 917 020000
8 TFENSS.GT58) 50 T) 996 : 928090
ARITZ(2,1019) I0JIT,NAS 020100
RWAI(S,1009) (NB(T),Is8,N8S) 028110
30 9% I=1,M6S ; 020120
TFIN3(I), EQe®) 33 TI 913 020130
; (YY) 98 SONTINUE 0201560
30 7 108 20150
100 70 101 Tsi,NOUS 020160
WD eLISTID 020170
101 SONTTNUE 020100
(1Y) LY2e4AUS/ S0, 0099 020190
207=xv2 020200
aRITI(2,2020) 10T 020210
'wss=se 28220
; TFENBUS,LT.S0) NISsNSUS 020230
(1 1] 108 40 20260
C THE PISITIVE SEQ. BUILOING AL3IRWTHY IS SUBRIUTINE AUS. THE P0SI- 020250
€ TIVE SEN, MATRIX IS STIQED AS & VESTOR OF DTAGONAL TERNS (20TAD, 820260 i
C AND AS & VECTOR OF THI UPPER=TRIANG.E TERMS (268US), e20270
106 SALL SUS(W) : 020200
438 TPCIZRRNE. 0) RETUIN 020290
€ THE 2I0) SEA, OUILIING ALGORITMM IS SUIROUTINE BUSe. THE 2ERO 020300
226




A

S

(1)

(1 ]

B

7S

400

488

(1]

49

SEQ. YATRIX IS ALSO STORED AS A VESTOR OF DIAGONAL TERMS (Z80IA),
AND A VICTOR OF UPPZIR TRIANGLE TER4S (Z0US), WUTUAL COUPLING
IS 4AND_ED BY SUBRIJITINE WUTEST, WMICW IS CALLED Sv 8uSe,
SALL SUSO (M)
EFEITRRLNE, 0) RETURN
THE FOLLOWING SECTION CALCULATES T4I FAULT CURRENTS. THE OPTIOV
IS PRIVIDED TO CALCJLATE ALL FASLT FYPES (3<3M, Leo3, LeL, AND
LeL=G)y OR JUST THE FIXST TWO.
30 200 Is1,NeS
IRAeTUBP(T)
2F=3HPLXCOLPCIRND 4 L2 CIRND )
265276 (IRW)
IFCIPHASE (IRW),.E2.1) GO TO 132
CALSULATE THE THREE=PYASE FAULYT FOR THE ITW 3USs
225274 701ACT)
IF(27,EQ. 0) GO TO 210
ANPASERUS (IRW)/22
CReATMAG(2Z) /RIA. (22)
FAJLTI=CABS (ANPA)
CHESK T SEX IF BUS VOLTASE SuvwaRy IS TO SE SOWPITEOS
TF(OUT, €0, 12, 0R,JUT, EQ.10) 30 TO 132
CONPUTE VOLTAGE SUNYARUES!
00 126 J=i,40S
IRULSTUBP(J)
IF(J.EQ.D 30 TO 123
W1sTADO (S, 1)
ECEBUS (TRN1) -2SUSINL) * £9I5 (IR4) /22
DUCJI)=CABS (EC)
30 70 126
123 EC=ZF*EBUS (IRW) /22
DUCI)=CABS (£C)
126 CONT INVE
CONSUTE SHASE-GROUND FAULT FOR [TW 3USe
132 2252003A(1) 92,5 Z9TA(T) o3, 0 2¢
A4PAs 3, SEBUS (TRN) /22
22852273,
CRLGs ATHAG( 22E) /REA. (27€)
FASLTLGSCARS (AN34)
SK 70 SEE IF BUS PHASE VOLTASE SUMMARIES ARE T3 BE COMPUTEOS
133 IF(0ITEQe12. 00, IUT, Q. 10) 50 TO 143
CALSULATE PHASE VOLTAGE SUMARTESH
00 135 Jsi,N8S
TRW1 T UBP(J)
IF(J,EQ.T) 50 TO 134
N1sTADO(J, )
£C=EBUS (IRW1) ~EBUS (IRW) S (Z03USIN) 2, *ZOUS(N1)) /22
UNP(J) sCANS (ES)
TFCIPHASE(IRNL) 4EQ1) GO TO 138

ECSEBUS(IRN1) *(=e59=0566)~Z3USIIRN) * (ZOBUS (NL)=2BUS(NL)) /22

UBP(NSSe D =3A3S (ED)

ECoEBUS(IRAL)I ® (=05, 865) <ESJSIIRMI® (ZOBUS(NL)=ZBUSING)I I /22

UBP(2°NBSs J) sSABS(EC)
60 70 138
134 ECaERUSCIRN) *3, *2F /722
YBP{ NH=CABSIED)
IFCIPHASECTIRII (€EQ.2) 3D TO 138
ECSEBUSIIRN) ® (=05, =0 05)) -ll)ﬂ IRMY S ¢ llb!l(l)-lb!l 2

028310
028320
028330
026360
020350
028360
028370
020300
020390
620400
20610
628420
020430
020640
020650
020600
20670
020600
020490
20500

20870
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AT B DT

MDY

8193

840

s7e

138

ouo

150

162

183

‘164
148

166
147
1648

UBPINBSeJ) 23ABS (EC)

ECSEBUS(IRNI ®(=e5,¢855) =ERISIIMNIS(ZOITALL) ~ZOTAC(TIH /22
UBP{2°NBSe J) =CABS(EC)

CONT INUE

COMPUTE LINE FAULY SUIRENTS FIR 3=P4,CICLL), AND LINE-GNOD,
USE 2 YATRIX(ZBUS AMD ZDIA)e SCAN _INSZ TASLZI FOR LINES CONNECTING
BUSSES IN ISYS, THEN CAL. FAULT CURRENT AS SJ(LL) AND CUR(LL)Y,

¥8isV8S
Li=}
30 160 NN=1,51
L ENN) =L2 (NN) =0
SONTINUE
J0 1%8 II=i,N8S
00 1467 L= NL
SFCLINACL) JNE,TIOPLIII) 33 TO 147
TPCLINACLI LT, LINS(LY) G) TO 167
00 166 JIsi,N3A
IFLLINB (LI N2 IUBPLJII) ) GO TO 146
IFESHPLX(ZOR(L) ,20X¢L)),EQ,0) GO TO 9118
EFC(JJEQeTI) GO TO 1462 i
IF(I1.EQI) 50 TO 163
Ni=sJADD(IT, IV
N2=TADD(IJ, 1)
FIs28US (N2) =28US (N1)
PNSS2% (Z3US(NL) =28USIN2) ) *SHP X (GILY ,BLL))
TS= (208US(N1)=209US(42)) 7CHPLX (ZOR(L) ,20T(L))
60 Y0 145
Ni=IADD (XX, D)
FI=s2DIAIL) -23US (N1)
G0 7O 144
Ni=1ADD (), 1)
FI=20US (NL) =20IA(D)
GO Y0 166
PNS=2% (20TA(T) =ZBUS(¥L1))I®SHPLX(GIL) o8 (L))
28= (2Z00IN(I)=208USINGL)Y ) 7SMPLX(ZOR(L) ,Z0T (L))
FIG=(PNSe28) /22
FIASFI®CHPLX(G (L) »8(L) ) 7L(ZITIALTI 42F)
CUCLL )I=CABS (FTA)
IFCIPHASE CIRW) 0 EQel) SUCLL) =0
CURILL) sCANS(FIG)
LECLLI=LENA (L)
L2CLL)SLING(L)
LislLeg
CONT INUVE
SONTINVE
SONTINUE

C CHESK TO SEE IF LeL AN) L-Le5 FAULTS ARE TO SE CALCULATED®

189

EF(SCOPEQ. 2, 0R4 SCIPLEQI) 30 TO 180
IPLIPNASE (IRM).E2.1) 6D ¥) 170

€ CALSULATE LeL FAULT FOR ITH BUS(S AND 3 PHASES FAULTED) !

2222742, %20IA (1)

IFI27,£Q.0) GO TI 910

ANSA= 1, 7325 EBUS (1RN) /22
T20e22/4, 732 ;
CRLLEAINAG(ZZE)/REAL (226)
FAULTLLECASS (AY20)
CCoEIUSIIRNYI® (ZFe2, *20IAI1)) /22

0260880
026690
028908
026910
020920
028930
028960
028950
028960
028970
028980
024990
029000
929610
029020
029030
0129060
029450
029060
029670
029080
0294890
029100
029110
029120
029130
029140
029150
029160
29176
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610

e O A

J8%(1001) =sCABS(E2)
ECoEWSIIRMI® (( =050 866) *2F=2020(1)) /22
J8P(1002) =CABS(ED)
ECsEAUSIIRNI® (( =0 550 866)°20=-27T0(1)) /22
JB®(1003) sCASSIED)

C COYTE L=L=-GC FAWLLT FIR ITH 8JS?

¢ L
15¢

181

160

170

171

2ZS2ITALII 42, °C(2O0DIACI) ¢3,%(2F023))

ANOR= S, PEBUSLIRN) 722

FALTLLGSCASS (Av®N)

CRLLI=AINAG (22) /REAL(27)
TT=INTACTIICZOTACT) 02, 2Z0TA(L)I*(Z00IA (I ¢3,°(2Fe26))

ANPA= L TI2°EBUS(IRU) ®(200IA(T) (=65, 868)*20IA(I)+3,%(2F¢2G)) /22
FAILTL8sCARS (ANPR)

TUES22/7¢1 o 7T32°%C200IA(T) (= 5,.865)°20TIA(IN¢3,°(2F+26)))
CRLS=ATMAG(Z26) /REN, (225)

IFIXRLSL T, 0) XR_BsXRLA®(=1,) ;

ANPA= , TI2°EBUSC(IRWN) ® (Z00IA(IV=(=65,)=c8566)*20IA(TI) 3, * (2Fe2G)) /22
FAJLTLC=CABS(ANPA)
T2EsTT/CLo732%200IALT) =065 9=, 836)*ZOTIA(TI) 3, % (ZF+25) D)
CRLS=AIMAGCZ2E) /REA_ (27D)

ZCe3, *EBUSIIRM *2NIA LTI *(T0ITA(LN¢2,® (ZFe2GII/TT

U82¢1004) =CABS(E2) .

EC2=3, *EQUSIIRN) ®ZILA(II®(2703) /22

J82(100%) =CABS(ES)
ST ITH SUS FAULT SUYMARIES 0¥ OUT3UT FILES

dRITT(2,2010) IRW,2F,26

ARITE(210101) FAILTIGFAULT. 5o AY TLLo FALTLLG o XRy XRLGyXRLLy XRLL S
1J9%0(1001) ,UBP(1004),UB°(1002) ,USP(1008),U3P(1003),UBP(1005),
SFAJLTLAXRLOFAULT. O, XRUC

IFI(OUT.EQe12,0R. 0UT, EQ. 100 3D TI 200
(F(IIT.€Q 13,0, 3UT EQ, 100 33 T3 15t

WRITZ(2,1012) (TUB2(JI),0UCI) HUB2(J),UBPINSSe ) ,UBP(2°NBSe ),
1)s1,988)

dRITE(2,2031)

WRITEC2,1032)

WMslL-1

ARETEC2,1033N CLLCNI o L2(ND yCIEND o SURCND Nt o NNY

30 75 200 s

dRITI(2,1010) IRN,27,26

ARITE(291013) FAILTIZFAULTLS yXRyCRLS
IF(OIT.€Qe 12,00, 0UF, €Q. 100 33 T 200
EFCOUT.EQ. 13, 0R JUT,EQ.18) 530 YO 151

NRITZ(2,2004) (IUBPLJ),0UCI) JUBP(J) UBP(NSSe)) ,UBP(2°NBSES),
1)=1,N8S)

LLIIURS]

HREITE(2,1066)

ARITE(201030) CLAIND JL2CN) 3 SU(N) o CURCNY o Nat, M)

%0 ) 200

URITE (2,2010) IRN,2F,26

dRITF (2,1023) FAULT.G,XRLG

EFCOUTEQe 12, 0R6 JUT, £Q, 10) 59 TO 200
EF(OUT.EQa 13, 0R JUT, EQa &) 3 7O 178

ARITZ(2,1022) (1J02(J),UBPLS)I JUII(NSSHI) , JBP(2°NEBSeY) o JulyNES)
WRITE(Z,1060)

sil=1
dRITZ(2,2002) (LLCWI oL2(N) gSURIND oM g yHY)
SONTINUE

029450
029460
029470
029480
029490
029500
0293510
029520
029530
029540
029550
029560
029570
029%80
029390
029600
029610
029620
029630
029640
829850
029660
029670
029680
029690
029700
029710

029720

029730
029740
029750
029760
029770
29700
029790
029800
oz9810
029820
029830
029840
0298590
029060
029870
029880
029890
029900
029910
129920
029930
029940
929950
029960
029970
029980
029990
030000
30010
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22 A D R

[ L1

(14 ]

LCOUNT=ICOUNT=2

Y=4eNBS

TF(N. LT, NBUS)
LF(NAS.6T50)
LF (M. EQ.NBUS)
IF(ISYSeNE, 0)

N9S=NBUS=-M
N8S=50

4=0

30 70 9%

TF(M. EQe0) RETURN

30 T 106
900 WRITZ(2,1000)
30 1) 9%0
901 I:!Y'(!o!llti

9%0
902 ‘:l?'(!.ll'!)
7

950

903 ﬂQ!t!(t.lll!b
30 T3 950

904 lk!?E(!.iﬂOh)
30 T 9%0

995 WKIT=(2,1005)
30 15 959

906 IRITT(2,1006)
30 77 9%0

(114 aaxrrcz.:ncra
0 10 950

(1] !(l"(!.IOGO)
%0 77 950

909 HRITE(2,1017)
30 1) 950

910 NRITZ(2,1039)
30 70 950

911 URITI(2,1038)
30 1) 950

9212 ::l'!(!.tlbl!

10 930
913 dRITE(2,1069)
30 1) 950
914 NRITE(2,10608)

30 1) 950
9135 NRITI(2,1060)
30 73 950
916 WRITZ (2,1040)
30 7O 950

7 URITE(2,1060)

i1
950 IERR=TERReL
«  RETSN

mwy

z

b §

N3JS, CLIST(IN, I21,<)
NOYW

NBS

I,IC3(IN

LTRA(I) JLTRBII),LTRA(D)
4

ISSoIKg LIBPET) 4121, IK)
IV3IP(I)

LINACL) oLINBCL)

c

cc
cL"
c2
cs

030020
030030
030040
0300%0
030060
030070
030080
030090
030100
030110
030120
030130
030140
030150
030150
030170
030140
030190
030200
030210
030220
930230

030240

030250
030260
030270
0302680
030290
030300
030310
030320
030330
030340
030350
930360
030370
030380
030390
030500
030610
030420
030630
030440
0306%0
030460
030470
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0000

SUSRIUTINE BUS(M

INTESER CONEC

SOMPLEX 2BUS,208US,2014,20314,2M, YCOUP,230UP,E8US,2CyZLL

SOMMON /COMB/LINA (1650) (LINA(1650),5(1650) 816500 ,P(2500,Q(250),
1.PH3(50), PHANG(50) ,L TRA (250) ,LTB(250),TAP(250), TUN(250),V(250),
2TNK(250), IUBPP(250) , ANG(250) 4TIUS(230),392(250),U8P(3000),
SIUSNAME(250) 4 LPHA (50) yLIST(250), [U3 (2509, ININ(250) ,IMAX(250),
$IBPP(250) JUAPPI3INA0) 4 JAP(30N0), JIPP(3000) ,ICC(250) 4OLP (250),
$T0I(1650) ,20R(1650),B0IA(2509,CONEC(250),0LQ(250),IPHASE(250)
SQMMON/CONC / NA(250) 4NR(250),350L(1000),25¢40600),308(250)

SOMMON /ZCONST/ N3USoNLoISSeTPVsLLLoLL2oLL3gLLGyNOTR,IZyNOLTC
$9ITRY, ITR2, PTOL, ITOLyNLC

SOMMON /SAVE/ IERR

SOMMON /ZERO/LAC2%),LB(28),L (251 ,L5(2%),24(2%),YCOUP(8,8),
L2CIVUP (25) 9 TIK(25) 4K JT(25) 4 IT2(25) 4ISAVE(S) yZOIA(75),Z00IA(75),
2TBISI2775),208US(2775) ,EBUS(2%0) ,2C(75)

SONMON ZZCONST/ NOMU,N9S, IRON,I4JT,IDUMM

1000 SOMAT LIX,"ERROR IV POSe SZ2 FUILOING ALSIRIT4M. BUS™,I6,

0304680
030490
030500
030510
030520
030530
030540
030550
030560
030570
030580
030530
030600
030610
030620
030630
030640
030650

1% IR BUS”,I6,™ SHOULD HAVE 3IZEN IN SUBSYSTIM 3US LIST SUT WASN’T™) 030660

1001 FORMAT(1X,"ERROR IN POS, SZQ 3UI.OING AL3IRITHM. LINE™,I6," TO",
116," SHOULD HAVE G(L) OR B(L) GRIATIR THAN ZERD, /)

030670
030680

1002 FOIMAT(1X,“ERROR IN AUS(M) WITINE, NUMBER OF LINE ELEMENTS 445 Ex030690

12EEDZ0 ARRAY SIZZ JF 75, RENJTS SIZE OF SUBSYSTEM.™/)
CLEAR ALL ARRAYS AN) ESTORE NA ARRMY, IUSP IS SUILT TO BE Sus-
SYSTZEY qUS LIST. L IS LINS ENTRY NJYRZIR FROY G(L) S(L) LIST.
LO0> STARTING AT 100 TAKES EAC4 LINZ(L) AND 3UILDS SYSTEN,
IF 3US IS NOT IN SU3SYSTEM LIST, IT IS ORQOPPZID AT 308 TO 100,
THE L NJMBERS COME FROM JBP() IN LOJP 80 OF FAULT,
30 9 I=1,7S
Z0IA(T)=0
fUsP(Tist
2C(I =0
9 SONTINUE
)0 12 1=1,2778
28)St1)=0
12 20NTINUVE
30 11 I=1,NBUS
YA(L) =CONEC (D)
11 SONTINUE
({d)
30 100 I=3,1SS
IVEST=q
=sJ9P(1)
sl
JCwe
10=0
SFPCGILYeEQe 00 eANI IILILEQ,0.) 50 TO 08
EFCLINBILYEQ.0) GO YO 28
00 1 J=g,K
IFILINALL L EQ. TUBP(IY) 5O T 2
1 SONT INVE
17i87=0
2 sy
00 3 J=i,X .
"L!::él'.!.at”"(J') G T

3 ONT I
IF(ITEST.€Q.0) 3D T) 899

231

Q3geree
030710
038728
030730
030760
030750
030760
030770
030780
030790
930800
030810
030820
030830
030840
030850
030660
030870
030880
9300830
930900
930910
030920
939930
030940

031020
031030
031040
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LAy

100

108

LINE IS A BRANCH FROM "P™ TO “2"3 TJEREFORE SWAP P AND Q9
LisLINS(L)
L2sLINACIL)
JCs)
JOsIN
0TS
& LisLINACL)
L2sLINSIL)
JC= 0
J0=J
IFC(ITEST.EQe1) GI TO 15
LINZ I3 A BRANCH FRIM 2 TO P3 470 NZW 3US TO SYSTENS
$ Jis=k
Ksgol
K I3 SMECKED VO PREVENT OVER-RUN OF ARIAYS 235US,20IA,2C.
SIZE IF 2ZAUS IS OITIRYINEN BY < AND IADID ROJTINE,
IFIR. 6T.75,) GO TO 302
fUIP(K)IsLL
00 6 J=1,J)
IF(IUBP(N.EQ,L2) GO TY) 7
CONT INUE
30 15 90
GO 10 N=1,J)
Ni=IADD (NyK)
IFIN.EQed 30 7D 9
N2=IADD(N, )
ZBUS (N1)=28JS(N2)
60 70 19
[ ] ZBUS (N1) =Z0TA(S)
19 SONTINUE
10 CONTINVE
ZOLA(K)I=ZOTIA(N 01, 7CHPLR(SIL) ¢8(.))
30 77 90
LINZ IS A LOOPS
1% Xi=K2=0
90 16 J=i X
IF(IUBPLN20,L 1) Ki=)
. IFLIVUSP (N EQ. L 2) K23)
16 CONT INVE
00 20 J=1,K
IFCJI.EQe K1) GI TO 17
IFLJ.EQ.X2) GO VO 18
Ni=sTADD( S K1)
N2=XADO(JyK2)
2CCII=Z0US (N2) - 2BUS(¥2)
60 Yo 20
17 N2=IADD( J, K2)
ZC(JII=Z0IN LK) = 28IS(N2)
60 70 2¢
10 W1sTA00¢J, K1)
2CCII = 20U (91D - ZOTA(KE)
20 CONT INVE
Y1s100N(K1,K2)
IPIK2:, LT, K1) NMI=IADD(K2,K1)
EFESHPLREGILY ,B(L)DI.EQ.0) 50 T J01
;:L;f’:‘(‘l'0!".“!"2.‘!’J'("’Otolcﬂ'Lll‘ll’..(t"
9 80

0310%0
931069
031070
031000
031090
031100
031110
031120
031130
031160
031150
031160
031178
031160
031190
031200
931210
031220
031230
031260
031250
031260
031270
031280
031290
031300
031310
931320
0313%%
3i3se
031350
031360
051370
031390
031390

031610
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118

1%

140

158

168

170

178

o0o0

LINE 445" P=NOOE THE REFt
28 00 26 J=1,K
TFCLINACL) oEQ.TUBP(JY) GO T 30
‘OIT!NUE
ll‘! IS A GRANCH FROM WF, TO ="t ADD NEW 8IS TO SYSTEMS
JI=K
L1352
LUSP(K)I=L 2=LIMA(L)
TPISHPLXCGIL) 4yBLL))ENL0) 3D TO 301
totl(lﬁil.ICHﬁll(G(L),!(L)l
=180
60 T0 90
LINE IS A LOOP CLOSING ELEMENT (REF, TO *Q")$ ADO LOOP tLE"!N'!
30 .10
L2sLINACL)
J0s)
DO &0 N=1,X
IF(J.EQ.™ 30 TO 35
N4=IAODO (N, 9
2CIN)SZBUS(ND)
GO TO &0
38 TC(NI=ZDIA (Y
(] ] CONT INUVE
TFISHPLX(GIL) y8(.)).EQ.® 30 TO 301
TLLEZOIACI) ¢1/CHPLX(GIL) o3 (L)
ELININATE LOOP AXIS @Y KRON RIIUCTIING
(1] 00 8% II=1,<
DO 86 JJ=1,K
IF(I1.EQedM GI TO 62
IF(11.GT.049) GO TO 83
Ni=TADO(II, JJ)
:OU!(HIDOZ§J84!£)'Zﬁ(l!!‘2=lJJDIILL
0 T0 83
(14 Z0IACIIV=ZOTIACII)~2CAXIIC22CIIN720L
83 SONTINUE

®% CONT INUE
L L] CONT INVE
30 72 9%

REDYCS AUS CONNECTION COUNT FO SUSSESt ELIMINATE PTH OR QTH AXIS
IF ALL CONNECTIONS TO THAT BUS ARE COMPLEVE AND TME BUS IS NOT IN
THE AT OF STUDYS
68 LisLINBIL)
L2 INALIL)
90 SO0NTINUE
IF(LL1,EQ.,0) GO V) 95
NACLE)=NACLL) =1
EF(NA(LL) oNE.O) GO TO 95
00 92 N=1,N8S .
IFINB(MeN) . EQ.L1) GO TD 95
92 CONT INVE
ELISIVATE PTH AXISSH
SALL SWAPZ{JC,K)
Kngeq
95 VAIL2)sNAL2) -1
IF(NR(L2) o NE.O) 50 TO 100
00 96 Nsi,NSS
IFINB(NeN (£Q.L2) GO TO 100

CONT INVE
!l!l!!ltt QTH AXIS AND IOJUSf INOEX
IFIK.LT.J0) 58,60
$0 JOs=JC
60 SALL Sﬂl’t(JD.ﬁ)
Kugeot
166 2ONTINUE
RETUSN

099 4RITE(2,%) “"BUS LIST FOLLOMS™
ARITE(2,°) (TUBPLD 4 Jm1eK)
"o ::l;!(!'l.l.) LIVALL) g LINSCL)
L 11} 0.3?!(:.1.'1) LIVAILY,LINS(L)

10
"2 ‘Q!f!l:.l..tl

910 IERCIERR
1J

233

831628
031630
031640
031650
031660
031670
031600
031690
is1700
931710
031720
031730
031760
031750
031760
031770
031700
031790
931600
031810
031020
031030
031060
031850
031080
031870
031000
031690
031900
031910
031920
031930
031940
031950
031960
031970
031980
931990
032000
032010
032020
032030
032060
0320%0
932060
032070
032000
032090
032100
032110
32120
032130
932160
032130
032160
32170
032100

032190
032200
032210
32228
032230
032240
032250
032260
032270
032200
032290
032300
sesie
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SUSRVUTINE BUSE(Y) 32370
INTESER CONEC 032300
SOMPLEX 22,0FFDIAG,0IAGo2ZLL, ZNTA,20014,289S,208US,YCOUP,2C, 032390
12C9U2, ZM, EBUS 132600

SOMMON ZCOMB/LINA(1850) oLINS(1650),5(1450) 48(1650),P(250),10(2507, 032410
1.P49(50),PHANG(S0) , . TRA (250) ,LTR3I(250),TR2(250), TMN(250),V(238), 032420

2TNL(250) , TUBPP(250), ANG(250) ,IRUS(250),082(2%0),UBP(3000), 032630
JIUSNAME(250) ,LPHA(30) ,LIST(259),IU3(250),24IN(250) ,QMAX(2%50), 032640
SIBPP(250) LUBPP(30008) 4 JBPI3000),J3PP(3000),ICCI250),0LP(250), 032650
STOT(16%50),Z0R(1430),B0TIA(230) ,CONEC(250),ILQ(250),IPHASEL250) 0324660
SOMMON/COMC/ MA (250) ,NB(250), JCO0.(1000),00(1000) ,I08(250) 032470
SOMYON ZCONSTZ NIUS NLoISSeIPYsL.19.L29.L3sLLbysNOTR,IZ,NOLTC 032480
19I7TR1,ITR2, PTOL,ATOL4NLC 032690
SOMYIN /SAVE/ IERWR 032500
SONMON ZZERO/LAL25),LB(25),LR(25) ,LS(25) ,ZM(25),YCOUP(8,8), 032510
L2C352(25) gTJUK(23) oXKJIT(25) o IT7(25) oISAVELS) ,ZOIA(TS) ,Z00IA(7S5), 032520
22BYST2775),2080US(2775) ,EBUS(250) , 2C(75) 032530
SOMYON ZZCONST/ NOMU,NSSeIVH,I4IT,IOUNM 032560
1000 FOIMAT (1X,“ERROR IN ZEO SEQ. SUILOING ALSIRITHM, SUS™y1I&, 032550
170 3US™, T6,"SHOJIL) HAVE BEZN IV SYSTEM LIST, BUT WASN°TII™/) 032560
1001 FOR/MAT (1X,"ERROX IV ZERD ST, BUI.DING ALIIIT4M. LINE FOM™,I6, 032570
L£°793%, T6s™ NUST NAVE 2ER) SZ), IMPEDANCE WOT 23, Y0 0,."/) 032550
1002 FOIMAT(1X,“ERROR IV BUSO WITINE, NJYSER IF LINE ELEMINTS HASEXSZZN32590
13€) 75 ARRAY SIZZ, REDUCE SIZS 07 SJASYSTEH, /) 032600

C SEE CONMENTS IN BUS(M) ROJTINZ,SA“Z LICATION AS 4ERE,OIFFERENCE 032610
C IS THAT RUSD (M) MAS RIUTINES FI MUTUAL IMPEIANCES,. 032620
3 1 I=1,78 032630
tusP(I)=0 ¥ 032640
20I1A(DIep 032650
210 : 032660

1 SONTINUE 132670

90 11 IT=1,N8US 032680
WACIT) sCONEC(TT) 032690

14 SONTINUE 932700
30 3 1s1,2778 932710
TO%US(II=p 32720

9 SONTTINUE 032738
<s8 032760

30 100 Tey,ISS : 032750
trEsTsy : 032760
-538%( 1) (11244 ]

Inep e32780
ICee 32790

30e0 032000
IFCLINGCL).€Qe8) GO TO 50 032810

00 2 Jei,K 032020

; IFCLINALL) (EQ.TUBP(JYY) 50 TO 3 032030
2 CONT INVE 932640
tristse 032050

3 ey 032860
DO & Jei,K 02070
TFCLINSCL) (€2, TUSP(JN) GO TO § 032000

CONT INUE 032090

IFLITEST, €Q,0) GO 7) ‘898 032900

€ LINZ IS A ‘BRANCH FRON =P~ TO “1"1 S4AP P AND 21 032916
LieLINBCL) 032920
L2sLINACL) 032930

EE

e

i i



S 2.

7 .

110

ow

JC=)
Jo= A
H N

$ LisLINACL)
L2sLINBIL)
3C= 30

308y
tP(lf!!?.to.t) GO To 25
LINZ IS A BRANCH TN "0" IN SV!?'1 TO NEM 8)S “P"3 ADD NEW BUSS
THEN SHK FOR MUTUALS?®
6 JJisk
Keel
K IS SMECKED TO PREVENT OVER=RIN OF ARIAYS 203US,Z00IA,2C,
SI2E IF 209US ARRAY IS DETERMINED Sv K AND IADD RVUTINE,
LFPIK.GTe75,) GO TO 902
IUBP(K)sL .
TTsCHPLXCZOR(L) y202(L))
TFINOMU.ENL, 0) 6O TI 20
SALL MUTEST(LL,L2,22)
IF(IZRR.NE, 0) RETUIN
IF(I0N.EQ, 0) 350 TI 20
BRANCY MAS MUTUALS AN) IS NOT THE FIRST LINE OF MJTUALLY COUPLED
SETS AD" BRANCH W/NUTUALSS
00 7 Jsi,49
IFLIUBP( N .EQ.L2) GO T) 8
7 CONT INUE
30 73 900
s tas=J
00 10 J=1,J)
TALSOFFDIAGL I3, )
IFCIERR, NES0) RETURN
Ni=ZA0D(J, IQ)
N2s3ADD(J,K)
200US(N2)=208IS (N1)*ZLL/YZ0JP(1,1)
10 CONT INVE
TLLSITAGLIJ %)
1s1400(1Q,K)
;:D:;(K:-IOOUS(lth(lt..pl.)OZLL!Iv:OU'(l.li
9
BRANCY JO0ES NOT HAVE MUTUALS, OR IS THE FIRST LINE OF A MUTUALLY
COJLED SEVS AOD SMANCH HOIZMUTIALSS
20 00 21 J=3,4)
IF(IURP LN .EQ.L2) 6O T) 22
2 CONT INUVE
30 77 90
00 26 N=1,J)
N1sIADDIN, KD
IFIN.EQ. 0 GO fo 23
N2=TA00 (N, J)
::lﬂl(:l)-IOCJlfn!’
23 TOBUSINLI=200IA (J) :
26 INVE

conr
TOITACK) = 2QOTACS #72 . .-
30 13 90

LINE IS LOOP CLOSING ZLEMENTS SHX FIR MUTUALSY
28 T2e34PLRCZORILY 4 20TIL))

235

0329460
032950
032960
032970
032980
032990
033000
033010
033020
033030
033060
033050
033060
033070
033090
033090
033100
033110
033120
033138
033140
033150
033160
833170
933190
033190
033200
033210
033220
033230
033260
33250
033260
033270
033280
033290
933300
033310
033320
033330
033340
033350
033360
33370
033350
033390
033400
033610
33620
033430
033440
033450
033460
33570
033480
033490
33500
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120
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128

T A—————

195

180

148

1950

188

170

(- X%

T AT g e s M Sy i gres
TR ey g e ey e

EFENOMULEQ. 0) GO TO oL
SALL SUTEST(L1,L2,22)
TFCTSRRNE, 0) RETURNY
TFCI0MLEQ.0) 6 TI 61

LO0® 445 MUTUALS AN IS NOT THZ FIRST LINE OF A MUTUALLY COUPLED

SETS A0Y LOOP W/MUTJA.SS
KisK2=0
PO 26 J=1,K
TFLIVBP (N EQ.L L) Ki=)
IFLIVBPIN «2Q.L 2) K22)
26 CONT INUE
LF(KieEQe 0o ORK2.E2,0) GO TI 900
00 Juiy K
2LLSOFFDIAGIK, J)
IF(IERRNEL0) RETURN
N1=IADD(Jy K1)
N2=1AD0(J, €20
N3=IAD0D(Jy KoL)
ZOBUSIN3)=208IS IN1) =203USIN2) +ZLL/YCIUP(1,1)
30 CONT INUE :
ZL.sITAG(K, KD
¥1:1ADD(K],Ke1)
42=3400(K2, KoL)
tibll(::tbtlllUSllti-20005(12)0((i.iol.)O!LLDIVCOUPCI.ti
0N

LO0® GI7S NOT MAVE YUTUALS, O IS T4E FIRST LINE OF MUTUALLY

COUSLED SETS ADD LOOP WO/MUTUALSE
&1 C1=K2=0
00 42 J=1,X
FFCIUBPL(N EQ,L 1) Kis)
IF(IUNP (N 4EQeL2) K2=J
62 SONT INUE
P (K10 EQe 0. OReK2,EQ, 0) GO T 900
00 45 Jsi,X
IF(JEQeKL) GI YO &3
IF(J.EQ.K2) GO TO &b
Hi=IADD(JyX1)
N2=1A00(J,X2)
2C(J)=208US(NL) ~200US(42)
60 TO &3
43 N2=TA00(JyK2)
i 2C¢J)=200IA (K1) =208US(N2)
60 T0 &S
o6 NisIADD(JH K1)
2C(J)=200US(N1) =200TIA(C2)
43 CONT INVE
NLsIR00(KE,K2)
gll;;.::.“l”z.)xl(‘?"2.'!.9)".‘)011
0
LINE MAS ONE NODE T4E REFt CHK IF OTMER NODE IS IN SYSTENS
L 1) ll':';:!(:.::l'o!.l(l))

$1 JeiyK
IPILINACL) «EQ.TUSP(JY) B0 T) 68
1 CONT INUE .
LINE 1S SRANCH FROY RE®, TO "2°3 A0 NEIM ©JS TO SVSTENS

«180 \
JJ=K

236

033510
033520
033530
033560
033550
033560
033570
033580
033590
033600
033610
033620
033630
033660
033650
033660
933670
033680
933699
033700
033710
033720
033730
033760
033750
033760
033770
033780
933790
033800
033810
033820
033830
033840
933850
033860
033870
933880
033890
033900
033910
033920
033930
833940
033950
033960
033270
033980
033990
36000
0346010
034020
034030
034040
034050
034060
030074

TR
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T

e K=gel 036000
: TUIP(K)I = 2sLIMA (L) 034090
¢ 20018 (K)n22 034100
3 < 178 2010 (X) =22 036110
£ 30 72 9 936120
8 C LINE IS LOOP CLOSING ELEMENT (RE". 7O "Q~)% ADD LOOP CLOSING 036130
C ELENENTS 0381460
i o0 .19 0346150
¢ 180 “2sLINACL) 034160
i 00 65 N=g,K 034870
IF(J.EQe GO TO 51 036100
N1sTADD (N, J) : 036190
{ 2C(NI=Z0BUS (N1) 034200
H 108 GO 10 65 036210
: (1} 2C(N)I=Z00LA (N 034220
s CONT INVE 034230
: . 20.s200TA (J) 22 036240
C ELININATE LOOP AXIS 8Y KRON REDUCTIING 034250
i 190 89 IF(2LL.EQ.0) GO TO 999 034260
§ 00 65 II=t,K 834270
H 00 84 JJ=i,¢ 03s200
TF(11.EQ.JN GI TO 63 034290

> IFI13.6T.,09 50 T3 8% 034300
198 Ni=TA00CIT, JJ) 034310
umsmu-zowsmu-runozccunzu 034320
i (TR 034330
s (1] uonun-nouun-:-ut)-zcuxuzu. 034340
" SONT ITNVE 036350
200 " CONT INUE 034360
€ REIICE SUS CONNECTION SOUNT FOR SUSSESS ELIVINATE PTH OR QTH AXIS 034370
} C IF AL. SONNECTIONS TO THAT 8US ARE SOMOLETE AND THE BUS IS NOT IN 034380
i C THME AREL OF STUDYS 036390
\ 90 I[F(LL.EQ Q) GO ¥) 95 034600
y 208 WACLL)ENA (L1) =t 034410
LTPINACLL) oNE.0) 50 TO 33 038420
00 92 N=g,N3S 034630
TFINS(MON o EQ.L L) GO TI 98 034440
92 CONT INUE : 034459
210 SALL SWAP20(JCyK) 034480
Ksgel 936470
95 VA(L2)sNA(L2) =1 034480
TPINA (L2) oNE.®) GO TO 1080 § 034490
00 96 Nag,N3S : 034800
218 IFINB(NIN . EQ.L2) GO 7O 100 034510
% CONT INUE 036520
C ELINIVATE QTM AXISS 034530
lnx.n.;m 97,99 036540
” ) : 034550
220 [ 1] ‘M.I. SUAPZO (0, X) 036560
gaget 034879
100 SoNTINUE 034800
RETUIN 034590
: 096 4RITT(2,°%) “BUS LIST FOLLOWS® 034600
228 ARITEC2,%) (IUBPLS), Jsi,yK) 030610
30 12 %00 034620
099 WRITZ(2,1003) Li,L2 034630
30 17 910 056640
900 IRITT(2,10000 LINAIL) LINB(L) 030680
230 30 72 o8 0340080
902 ARSITF(2,1002) 0346670
. 910 IERR=IERReY 034600
[EIULN 036690
) 34700
237




e

1 SUBROUTINE WUTEST(I1,12,22) (31341
INTESER S1,S2 034720
SONPLEX YCOUP,2NM, 22, 7COUP,29US, 298US, 2014, 20014, E8US, 2C 034730
; SOMMON /P7ERO/LA (2%5), LO(25),L (25 4L 3(25) ,24(25), YCOUP (8,8) 036700
: s L239US (29D s TIK (25) 4 CIT(25) ,IT2(23) yISAVE(S) 4 ZDTA(7S) ,200TA(75), 034750
220IS(277S) o 2088 (2775) , EBUS(250)  23(75) 034760
f SONNON /2CONST/ NOYU,N3S, IRIN, T4IT, TOUNY 038770
i SONMON /SAVE/ TER ; 034780
IRIM=0 036730
H 10 30 190 I=1,NONU 034800
TPILACTIIONE.T2) 30 TO 1 034010
; IFILAIIICEQ.ID 5O TO 11 034820
: 3012 034630
: 1 EPELB(IIeNE.TI) GO FD 2 036040
§ 13 EPILACTILEID) 350 TO 11 034850
i 2 IFCLR(ZIMNELTI) GO TO 3 036660
: EFILS(DIEQeID 30 TO 12 034870
30 T 10 034800
! . 3 BFILSIII.MELTI1) GO TO 10 034890
¢ 2 EFILS(I1.€Q.12) GO TO 12 $36900
10 SONTINUE 034910
‘ S LINZ 237S NOT NAVE 4UTUALSS RETURN O 3USO T) CONTINUE PROCESSING 034920
_ C LINZe 034930
g RETUIN 034940
s € LINE DIIS MAVE MUTUALSS THE OT4ER LINE IS DEFINED BY LR(I) AND LS(I)$034950
11 LisL(D) 034960
§ ~2eLS¢D) 034970
30 10 18 034980
" C LINE D)IS WAVE MUTUALSS THE OTHEIR LINE IS JEFINED BY LACI) AND LS(I)$034990
3 } 3 12 L1sLA(D) 935000
‘ E e L2eL8eD) 035010
€ CHC ) SEE IF OTHER LINE HAS ALREADY BSEN ADDSO TO SYSTEM® 035020
' 8 15 IF(IYUT,EQ.8) GO T) 20 035030
§ 30 13 Is1,IMUT 035040
I IFLIJIR (1) oNEsLL) GO TO 16 : 035050
IFECIT (1) 0EQeL2) GO TO 21 035060
30 13 19 035078
16 [F(KIT (I)oNEsLL) GO TO 19 ? 035080
1 EFEIIK (1) oEQ.L2) GO TO 21 035090
(V) 19 SONTINUE 035100
: C TMIS IS THE FIRST LINE OF TME YUTUALLY COUPLED SETS ADD LINE TO 035110
C MWUTJA. SUILOING TAR.ES RETURNS 035120
20 INITSTHUT o2 035130
T0UNNe TOUM o1 035140
3 3 ITZLINUT) =I0UM 035150
TILCINUT) Ty 3 035160
KIT(INUT) oI 2 038170
2CII> (INUTI =22 035100
RETIIN 035190
se € MEW LINZ IS COUPLED 7O LINE ALREANY IN SYSTEYS ADD NEW LINE TO 035200
S WUTIA, 3STLOING TAB.ET FORM WUTJAL SOUSLINS MATRIX FOR THIS 035210
€ COUPLED SETS 035220
21 INIT=TMUT o . 038230
ISTsInuTe e 035240
] ITZLINUTI=ITZ (D) 038250
TICLLNUT) o2 035260
CITLTNUTY s32 32T
1
238
S




T S S S

110

119

COO L INUT) =22
THE FILLOWING SECTIIN SONSTRUSTS T4E GITUAL SIUP.ING MATRIX YO OF
mgts.v“n‘c BUSO BUILIING ALGOIRITHY FOR LINES WITH MUTUALS?
L s
90 60 Ts=g,IST
tFe1. Q. IST) GO TO 60
JJs18T=1
EPCITZCIIDe NELITZ(INUT)) GO TO 80
IRJN=IRON L
ISAVE (IROW) =y
fCOU® (IROW, IRON) 2230UP(JJ)
TF(JI, EQ. INUT) 30 TO 80
111
$2:12
IRsq
22 00 50 J=i,NINJ
IFLACJINE.S1) GO TO 28
TFILBLIINE.S2) GO TO 30
IFCILR(JS) NE, TIK(JI)) 5D TO &0
IFILSC N EDKIT (IS 35D TO 38
60 70 S0
23 TPILB(J) NE,S1) GO TI 30
IFILACIDINELS2) 6D TO 30
IFPILRIII NELTIKEII) 3T TI &0
TFILS(J) EQKII LUI) 5D TO 58
60 70 S0
30 IFCLR(J) NE,S1) GO TO 38
IFILS(J) NE, $2) GO TO 50
IPILACID) oNELTIC(IID) 50 TD oS
IFILBLJ) EQKITCIII) 3D TO S5S
$0 70 S0
] SFILSCIINE.S1) GO TO S50
TFILRIJI NELS2) G T 30
SPILACI) oNEL 2IX(IJI)) GO TO oS
TPELOL I EQ KIT(IN) 3) TI §58
60 70 S0
(1) TPILS(J) NE. TIX(IIN) 5D TO S0
TP ILREJDIEQAKIT(IIN) 50 TO 38
$0 710 S8
(1] IFILOCI) NE,TIK(II)) GO TO 30
TPILACI) EQAKIT CIIN) 3D T 38
] CONT INVE
1692 C Ky IROMI=SHPL X (0. 90,)
v:oe;uuu..m-cnnlu..o.!

] Lo
$S 7C0YP L IK, IRONISYSOIP (IROM JK) s24L )
$6 JK= Ko

IFLI<. EQ, TROW) 6O YO 00

ST IX (ISAVE (X))

”Og! (ISAVE(I))

30 22
00 S0NTINUE
NUTIAL TMPEDANCE SOJPLING NATRIX IS COYPLETZIS CALL SUSROUTINE
::'{mif INPEOANCE COUPLING MATRIX TO FORM ADMITTANCE COUPLING

NN 2® IR0V
SALL CPLXINVIYCIUP,IRON,NY)

LINRN
"

038280
035290
035300
035310




3
1 SUBRIUTINE CPLXTNVIA o NyNN) 035870
SOYPLEX A(N,NN) AL . 035000
. c EPSILs1,E0 035090
§ 30 3 Isgyn 035900
] 30 8 JegeN 035910
TP(I.EQeJ) GO TO 2 035920
AT, JoNI=CHPLX( 0, 4 00) 035930
3073 035960
2 VLT, JoNISCHPALX(14 90, ) 035950
10 3 SONTINUE 035960
30 50 IPsg,N ss9e7e
INsLe 035980
1ST=TPy i 935990
TFIIP, EQeN) GO TI 11 036000
18 00 10 IsIST,N 036019
24sCASS(ACI9,IP)) 036020
T2=CABS(A(Z,I2)) 036030
IF(22.6E.22) 30 7O 10 036060
tThel 0360350
0 10 SONT INUE 036060
11 1=3ABS(A (TN, IP)) 036070
EP(21.GE, EPSIL) GO YO 13 036080
MRITE(1,1000) A(IM,IP y - 936099
1000 FORMAT (1X,"PIVOT E.ENENTs =,720,.10/) 036100
28 24sCABS(A(TIY,12)) 036110
. 1F(21.€0.0,) 30 TO 70 . 036120
13 TFIIN, EQ.I®) 30 TO 20 036130
00 18 JsIP, 4N 036140
ALsA(IP, 036150
* AP J)sA(TIN, ) 036160
18 QUIN I oA, 936170
20 AL=A(IP, IP) 036180
AEEP, TP SCHPLR(Le 0, ) 936190
00 25 J=IST, NN ‘ 036200
] ] A(IPJ)SAILI®, 9) /AL 036210
00 40 I=4,9 036220
IP(3.€0.1") 6D YO &0 036230
AL=A(S,IM 036240
00 35 JsIP,NN 036258
[Y) 38 ATV =A(T o) ~AL" A (1P, ) 036260
.0 CONT INUE ! 036270
G $9 SovrINUE 036200
30 60 Ieg,N 056290
90 80 J=g N 036300
23 60 AL, 0V =A(T, 000 036310
70 RETVIN 036320
™wI 036330
1 SUSIUTINE SHAPZ( IR, K) 036380
ENTESER CONEC . 036350
S09PLEX ZOUS,Z05US, ZNTA, 20010 42N, YSOUP,23IUP,EBYS,2C 036360
SONNON /COMB/ZLINACL1650) ,LINIC1650),5(1880) ,8(1450) ,P(250),0Q(237), 036370
[ ] L.P48050), PHANGIS) oL TRA(250) 4LTRB(230),TAP(250), TNN(256) ,V(250), 036380
STNR(250) , TUBPP(250) , ANG(250) o T9US(250),08%(250), UBP(3000), 036338
JSUSNANE (250) o LPHA (S0) ,LIST(230), TUI2(250) , ANIN(250) ,QNAX (250) , 036600
SI8PP(250) ,UBPP(3000) , J3(3000),)3PP(3000) ,ICCI(250) 4DLP (250), 036610
STOTCL1450) ;2R (15507 ,80TA (2500 ,CONEC (250),ILQ(250) o IPHASE (250) 036420
10 SOYAON /2ERO/LAC(25),LB(25), . (230 ,L3(25),29(23),VCOUP (8,00, 036430
L2COUPE2S) yTIK(25) 9 KIT(25) 4 1T2(25) s ISAVE(S) o 20TAL7S) ,200TIA(TS), 036400
2UBIS(2775) ,208IS(2775) 4EBIS(250) o 22(7S) 036450
SONMON /ZCONST/ NOYJ,NBS, IRIN,THIT, TOUNN 036400
. SPIIR. EQ.X) GO T) 28 036470
19 30 20 Isi,K 036400
IPCL.EQ.IR) GO TO 15 036490
tP(1. £Q.%X) 6O TO 20 036500
913400(2,I0) 036510
$2:1000(3 oK) 036520
20 : T8JSNL) = 20US (N2) 036830
; TOUS (N2)sCHALR(O, 900 ) 036548
30 15 20 3 036550
19 T0IA(IR)=2OZA (X) 036560
2024(K)SCHPLX (Bes0.) 036370
] 9 30N7INUE 036800
TUSP( IRY o SUBPIR) 03659
RETIN 0366000
28 20 25 Jei,K 036610
" BT e sease
]
20J5 N1V SCHPLECE 00 ) : 036600
26 2ONTINUE ¥ 0364830
30 alltlhcﬂl.ulo' 30660
{¥11] 036670
» [1}] 36608




* g C ' SUIRIUTING SHAPZECIR, ) 036090
§ ; ENTEGER CONEC 036700
SONSLEX 28US,203US,2Z018,200T4,24,YCIUP,2CIUP,28US,2C 036710
g SOMNMON /20MB/LINA (16500 LTI (1450),G(1650),0i1650),P(250),0(250), 036728
§ 8 : $.P43(58) s PHANG(S0) ,L TRA(250) ,LTRB(250) ,TAS(250) o THN(258) oV (2500, 036739
2TNRC(250) , TUBPPI230) , ANG (250) , TAUS (230,082 (250), UBP (3000), 036760
SIUSHANE (2500 ,LPHA (S0 ,LTST(250), [US (2500, IMIN(250) ,24AK (2500 , 036750
VI8P (258) ,UBPPI 3N G0) o JAP(3090) , JIPP(3000) 4 ICC(250) ,0LP (250), 036760
SZOT(1650) ZOR(1450) ,AOTA(250),CONEC(250) 4 ILAI250) , IPHASE (259) 036778
1 SONMON /ZERO/LA (25),L8(25) 4 LR(23),LS(28) ,24(25), YCOUP (8, 08) 036700
LTCOUP (28) 4T IK (250 ,KIT (28) ,ITZ(25) ,ISAVE(8) ,20TA(?S) ,200TAL7S), 036790
RTOUS(277S) , 208US (277 5) ,EBUS ( 250) 4 2C(7S) 036000
309MON FZCONST/ NO%J,N8S, TRI¥, 1457, TOUNN 036810
TFCIREQ.K) GO T) 28 036620
13 30 20 Isi,K 036038
IFCL.EQ.IR) GO T3 15 036040
EF(L. €EQ.K) GO TO 28 036850
¥1sT4DD(T,IR) : 036860
} ¥22TA00(1 ,K) .
I 20 203US (N1) sZOBUS (42) M
£ 203US (N2) SCHPLX (0, ,0,) 936890
i 30 1) 20 036900
1S 20210 (IR) =200IACK) 036910
' 20ITALKISCHPLX(B, o0, ) 036920
i 28 20 SONTTNUE 936930
TUIPIIRI 2 ZUBP (X) 036949
RETIN 036950
25 30 25 Joi K 036960
; LFE). EQ.KD GO TO 30 036970
v 9232400 J,K) 036980
203US(NL) SCHPLE (04 ,0.) 036990
26 S09TINUE . 637000
30 20DTA (K)sCHPLX(S, o8, ) 37010
RETUM 37028
» ™) 37030
] 1 SOYPLEX FUNCTION OFFDIAG(JJSs JC) os/uae
. INTEGER COMEC,S1,S2 esTese
‘, SONSLEX 28US, 2098, 2018528714 2%, YCOUP, 2CIUP,ESUS, 20 037060
o, SONMON ZCOMBZLINA (13500 ,LINI(1350),5(1450) ,8¢1450),P(250),0(2500, 037070
s 1.PHBC(SE) , PHANG(S0) ,L TRA (250) (LTRB(250) ,TAP(250), THNI2S0) ,¥(250), 037080
2TNL250) , TUBPPL230) , ANG (2500 4T85 (250) 4393 (250) , USP(3000) 037090
: SOUSNANE (250 4 LPHA (50 ,LIST (2500, TUSS (250) ,aNINC258) ,QNAX (250), 037100
SIBP2(258) ,UBPP(3100) o JIP(3000) 4 JIPP(3800),ICC(250),0LP(250), 37110
3 SZOT(1858) ,Z0R (16301, 8DTA(250),CONEC(250) ,ILQA(250) ,TP4ASE(250) 037120
10 SONYON FZEROZLA(28),LB(25) 4L (230 4LS(25) 4 24(25) 4 YCOUP (8580 4 o371%8
ueo.mm.uxm».unm.num.xnnm.zo:um.uoncm. 037108
2TBUS(2775) , 200US(2775) , ESUS (230) , 25¢ 79) 037180
30NN /SAVE/ IZIRR esT18e
304YON 7ZCONST/ NOMU,NSSo IRIA,THIT, IOUNN 7470
1 FFOIAGSCHPLX (D00 00) 037180
30 16 Is2,IRON . 037190
$1:82s¢ 037208
00 1 =144 0r210
TFEIUBP I £0, TIKCISAVECTY)) Sisy 17220
20 TFCIUBP (N (EQ.KIT(ISAVI(IID) S22y ©3r230
1 SONTINVE 07280
lrm.n.c.u.u.u.n 6o 7y 20 esr2se :
IP(S1.€Q.JC) G TO S 037280 z
LF(32,£Q. JC) GO to . 37270
s 4451400(JC,S1) 17280 i
4251400¢JCy $2) w79
avn;amnoucnzmmm»-uwumuv 30JP€3, 1) ::;::
$ 42:1400(JC,82 037328
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