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Preface

This thesis is basically a revision to a digital corn-

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the guide could be withdrawn and r~ed separately. Anyone

~~~ only interested in using the program should find Appendix A

complete and sufficient for their needs.

I 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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Abs tract

This paper is a revision of a digital computer program

written to perform a load flow and/or 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.~~~~te 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 operation 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

1
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• that existed in the original version. Two of these limita-

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 ~rer-

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

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

f from textbooks , actual systems or theoretical systems. Prob-

t I 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 d i f f i cu l t i e s  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-

( i 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 .

• 3
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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 .• I 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 on-

ginal program logic , there is additional documentation to

support the changes.

I
Control Cards

One of the si gnificant 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 c

to standardize all program control cards to prevent confu-

sion . Additionally the control cards are used as an error

checking routine to help prevent erroneous input data. The

program control cards all use a keyword that is read and corn-

pared to the expected word before the program will  continue .

Errors and omission in the use of the keyword will cause the

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

4
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• 

- other change to the program control cards was the location

r 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.

The 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

S
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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 para graph.

• 
• 

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 on-

ginal program (Ref 3:19-20)

Also in the LINDATA program, provision was made to in-

{ d ude th~ 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-

6
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• 
* 

ductor group , Eq (2). The equation for one circuit with n

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

-• 

ZO - ZOA - 
(ZOAG)2 (1)

where ZOA is the zero sequence impedance without neutrals ,

ZOG 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 ZOA was used from the original

program . ZOAG is calculated as follows :

ZOAG = re + j (X - 3X d) (2)

where re .00 4764( f )

Xe 
— .00698 5(f ) l og 10 (4

~
665 10 1”)

xd — .OO46Sl(f)log 10D~

f - frequency (hertz)

p — resistivity (meter-ohms)

Dc - equivalent spacing (feet)

The value for ZOG is calculated as follows :

ZOG • 3/n(r5) 
+ re + j (x + - (3)

7
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ç where T
a 

— ac resistance (ohms)

n - number of neutrals

re = .004764(f)

Xa 
= .O04657(f)log 10(~i-)

• and f = frequency (hertz)

D5 = 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 , al l three-winding

transformer impedance values were blocked , excep t for three-

winding phase-shif ting transformers , and all references were

dele ted from the User ’s Guide . Three-winding phase-shifter

transformers that have only two windings connected external-
• ly are compatible and c ,4is for these have been retained .

To simulate a three-wis~iag transforu.r , a procedure was

I
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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 RIX

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 element s , ANG ( I ) ,  at ±30w radians. Also ,

a l imitation was placed on Theta , the angle between the

start bus and end bus of each line, at ±3Oir radians. By

using these extreme limits, most systems being simulated

should not be affected , but systems that will not converge

wil l not halt the program with a mode error.

• 
C 

Another change to the Load Flow routine was to print

the voltage magnitude , voltage angle , DLP and DLQ values

• 9
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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

C allowed as to change voltage controlled buses, Type 2, wou ld

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

60U of the program (Appendix D) .

Short Circui t 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-

abili ty. Lastly, some of the transformers connec tion codes

were apparently in error , occasionally causing invalid re-

suits for the zero sequence impedance values .

~~~~~~~ 
—
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The f i r s t  change was to modify the BUS and and BUSØ 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 t ime the BUS and BUSO 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

confi guration . The changes were made and testing done with

C 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

par t of the program were carefu lly checked for accurac y (Ref

3:10) . Logic changes can be noted by comparison of the log-

ic flow charts , Appendix B or the program l ist ing , Appendix

D , with the original program (Ref 2:84).

A major addi tion to the Short Circui t 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 current s for lines

I were calculated using the equation :

11
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• Z k~~~
Z k 1

~ 
(4)

P line se kk

where ‘se is fault current , in per-unit , on the line between

5 and E (SB and EB) with the fault at bus K. Zsk and Z ek are

the calculated impedance values between bus K and bus S or E.

Zkk 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

= 2I~ + i0 (5)

where I~~ and I~e 
are the positive and zero sequence currents

respectively (Re f 1:78-79) .

The positive sequence current , 1 e is found by

I:e + 
1 Zsk - Z k (6)

2Z kk + Zkk line se

and , the zero sequence curren t is found by
0 0

1. Zs k _ Zek (7)
‘Se 2Z

~k 
+ 1~ k Z °iine se

where K is the bus at fault  and S and E are the SB and EB of

the line in question.

The line curren t values are stored in arrays CU and CUR

for three-phase and phase-ground respectively these values

are then pr inted 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

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

• 
that these might be extracted and used separately , therefore

much information contained in the writing was purposely dup-

licated in the tables and figures.

Some additional information , such as wire tables and

C 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.

I c  

_ _ _  

_ 
_ _
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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

modif y 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 prob lem

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 prob lems used for

testing in the original program were again tested. The Stagg-

and El-Abiad System (Ref 5:284-299), sh own in Fig. A-18, give

the identical results as previously reported (Ref 2:41).

C One of the major changes in the routine was the addi tion

15

- ____



• - • • •
~
•
~~

• •
~• ~~~~~~~~~~~~~~~~~~~~~~ — 

-

GE/EE/76-43

— 
Table l

t Wire Impedance Value Comparisons

Wire
Size Type R1 R0 X0 ROG X0(
( ) (ohm s 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

f 83,690 Cu .7651 .7461 1.0512 3.0751 1.3881 1.9811

C .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

Table 71

• Comparison of Bus Voltages

Bus 1st Run (Original) 2nd Run (Modified) 3rd Run (Original• No. MAG (p .u . )  ANC (deg) MAG (p .u . )  ANG (deg) MAG (p .u . )  ANG (deg

• 1 1.06 0.0 1.06 0.0 1.06 0.0

2 1.037 -2.63 57 1.0364 -2 .3942 1.037 -2 .640

3 1.009 -4.7990 1.0082 -4.3160 1.009 -4.807

4 1.008 -5.1239 1.0064 -4 .5358 1.007 -5.133

5 1.002 -5.9684 1.0012 -5 .6227  1.002 -5.981

I
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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 s l ight  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 faul ts  for the underground cable and 20 ohms resistance

for the aerial faults.

Analysis of the data reveals that the program va lues

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 va lues ca lcula ted by the program as shown

in Table I , the accuracy of the Short Circuit routine is

considered very good . This sane problem was used for the

original program (Re f 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

Compar ison of Fau lt Curren ts - 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 37 2 0

• 
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

6 276 254 372 730 633
280 257 379 746 643

7 0 240 0 0 0
0 2 4 4 0 0 0

• 10 2244 2579 1944 2756 2083
2243 2576 1943 2753 2082

11 2 059 2 32 2 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 2 125 0 0 0
0 2124 0 0 0

C
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I

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 , pagell5 is 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 . In this example problem , the text values were altered
-

• to reflect the positive and negative sequence values being

equal. In Table IV , the text values are on tite 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 accep table tolerances for all functions.

19
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Table IV.

Comparison of Fault Currents - Westinghouse System

Line 3Ph-Gnd Ph-Gnd
SB - EB Current Magnitude in Amperes

1 - 3 572.5 359.1*
571.7 358.7

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
( 534.9 335.5

*Al] text values estimated on positive and negative sequence
• impedances being equal.

0
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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 wil l  detail suggested changes and

additions that mig ht be added at some future time .

Conclus ions
Program Capabilities. The goal to expand the capabil-

i ty 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-

latirg several different distribution system s, 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-

21 
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$ 
gram uses a ser ies impedance representation for the Load

Flow routine and this may not be adequate for systems with

large shunt admittances. Also , by ~xperience , it has been

proven that  som e 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

C- 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 transformer s 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

reac tances , 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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s 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 procedure 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-

23
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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.

4’ 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 log ic 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 , us ing 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.

24
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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

C- 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

04 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 prob lem 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.

25
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Appendix A. User ’s Gu ide

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.

( 1
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1. Introduction
I

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.

C~pabilities 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 .

0 Although the program is quite large and can simulate

30
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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 f lexibili ty 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

31
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the major functions of the program . Information not avail-

able can often be approximated by the user. For some van-

s 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. 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,

• -s after the coding forms have been prepared , a cros s check

• should be made with the one-line diagram of other source data

• to insure correctness. Throughout the instructions , the var-

ious input requirements will be specified using one of 3

FORTRAN forma ts: 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-

S 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-

r -~ 
mat . For example, if the format was 13 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 var ious

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 comprehens ive 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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Examples

The last chapter presents severa l examp les show ing 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.

.1

I
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0 C 2. Control

Introduction

In the PDSAP program there are two types of control

cards FORT RAN and program . FORT RAN 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,*PP.

3. MAP,PART.

4. FTN ,OPT~2,B—PDSAP,R-3.
5. LOAD PDSAP .

6. NOGO .

7. REWIND,PDSAP.

C 8. CATALOG , PDSAP ,CY-xx~RP-xxx , ID-Txxxxxx ,XR-xxxx .

35
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C 
9. *EOR

10. Source deck

• 11. *EOR

12. *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 FTN 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.

1. xxx ,Txxx ,IOxx ,CM164000,STCSB.

2. ATTACH,PDSAP,CY-xx ,ID~Txxxxxx .

3. PDSAP.

4. DISPOSE,TAPE1,PR-IBB .

5. DISPOSE,TAPE2 ,PR-IBB .

6. *EOR

7. Data Cards

8. *EOR

9. *EOF
The first Txxx is processing time requested. For im-

pedance calculations and/or short circuit analysis , T50 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

C less , 1020 should be sufficient. Systems with more buses

36
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S 
may require 1050.

Other combinat-ione 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.

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

Information printed on the tapes will be detailed in later

chapters and illustrated with the example problems .

Program Control Cards

The program is designed to perform three separate func-

tions as described in the introduction. The order and format

C 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-l

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.

0~ 37
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p 4 *EOR

Subsystem Bus List

/ Subsystem Control Card (NOBSYS)

I Fault Impedance Control Card (NOFALT )
(NFT~0)

/ Bus List for Fault Impedance

~~~Fault Impedance Control Card (NOFALT)

f Mutual Coupling Data Cards
Mutua l Coupling Contro l Card (NOMUTL)

/ Curren t Source Data Cards
Current Source Control Card(CURSOR)

4 Short Circuit Control Card(SHTCKT)
L 

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

Load Flow Bus Data Cards

[ Load Flow Control Card (LDFLOW)

4 00

[ Line Element Data Cards

System Parameter Control Card(SYSPAR)
Input-Output Control Card (PGMCON)

Title Card

FORTRAN Control Cards
Notes: For CON-l, omit all cards after last

line element card.
For CON-2 , omit all cards after Load
Flow or Load Change Bus cards.
For CON-3, all Load Flow and Load

— 
Change cards can be omitted. 

___________

• Fig. A-l. PDSAP Card Deck Structure

38
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* 

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 se lection 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 var iable is for the function 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-I details the code values for the Input-Output card. - 
• •

~~

• • ••

The third control card is the System Parameter card.

This card is used to select the base JO/A, frequency, tempera-

( ture and earth resistivity. The program uses pre-selected

values for any parameter not specified on this card. Table

A-Il 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.

4
-4
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‘ - I

1... . . . 4 0 4 l . . .  . . . 8 0

4R10 4RlO

1st Line of Title 2nd Line of Title

• Title Card

- - 1 6 7-9 10-12 13-15 16-18 19... ...80
I I

R6 13 13 13 13

KYWD CON INP OUT CHG

C-
Input-Output Control Card.

1 - 6 7-13 14-18 19-23 24-28 29...

F7.0 F5.0 F5.0 F5.0

ICYWD BKVA F T RHO 1

System Parameter Control Card

Fig. A-2. Title, Input-Output, and System Parameter Cards -
•

C
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Table A-l
Input-Output Control Card Variables

Var iable
(Card Col) Definition/Use

• Keyword , use PGMCON .

• CON Function selector. Choose 1, 2, 3, or 5.
(7-9) l*Assemble line input data only .

2 Assemble line input data and
run Load Flow analysis.

• 3~Assemble line input data andrun Short Circuit analysis.
4—Not used at present.
5—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-Ill for desired output lists. No entry im-

:
• () plies 0.

(16-18) Not used at present , leave blank .

Table A-I l
System Parameter Control Card Variables

• Variable Definition/Use

Keyword, use SYSPAR.

BKVA Base KVA. Use selected base. Nçt entry im-
(7-13) plies 100,000 KVA . Base JO/A range: 1 to

100,000 JO/A.

(14-18) Frequency in hertz. No entry implies 60 hz.

T Temperature in degrees C. No entry implies
(19-23) 25 C.

RHO 1 Earth resistivity in meter-ohms . No entry
• (24-28) implies 100 meter-ohm .

_ _ _ _  
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Table A-I ll
Codes for OUT Var iab le

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.

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.

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

0 

7 Suppress reordered bus list , input bus list printed .

t 8 Suppress assembled and sorted line data, reordered
bus list and input bus list.

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

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

11 Start new page for each fault summary .

12 Suppress Short Circuit voltage and line current
summaries.

13 Suppress Short Circuit voltage summaries .

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

15 Applies to LINDATA routine only. Input data is
printed exac tly as appears on data cards , program
halts.

o

42
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3. Line Element Data

“ S
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 van-

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 numbera 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 10-

cations should be chosen at points of interest and where line

-1
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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-

den 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- IV
ID Code Va lues

ID Code Line Element Description

1 Copper, aerial
2 ACSR, aerial
3 Underground cable , aluminum conductor
4 Underground cable , copper conductor
S Transformer, fixed up
6 Transformer, auto
7 Transformer, TC1JL
8 Transformer, Phase-shifter
9 Series Capacitor

10 Series Reactor
-

• 44
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Table A-V
Transf ormer Connect ion Codes

Type Code Winding Description (SB/EB)

-
• Fixed or

TCUL 1 Y/Y , Y/ Y1 , ~~/Y , Y/ t,~, t~/Y

2

3 Yir/’~p

4 .ç’Y/L~
5

Auto 1 Y/Y (Not 3-ph core type)

2 Y’D/Y ~, (Not 3-ph core type)

3 Y”~/Y,. (3-ph core type)

4 Y~/~~ two series windings (Not3-ph core type)

-t 5 Y!/Y~. two series windings (3-phcore type)

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

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

3 Series; Y/Y auto exciting (grounded
neutral/ ter t iary) .

4 Series; Y/s tar exciting (grounded
• or ungrounded neutral).

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

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

7 Excited series.

8 Star series; a/star exciting
(grounded or ungrounded neutral).

0
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LINEZ Routine

The LINEZ input routine, INP= l, 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 diff erent size wire for phase conductors

than that used for the neutral. If data on neutral conduc-

tons is not available , an approximation is made of 133,100

CM for ACSR neutrals and 105,500 CM for copper neutrals.

o JO/A ratings, voltages, and winding information are used to

46
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• 1

1-3 4-6 7-11 12-13 14 15-20 21-26 27-32 33-38 39-44
( I  I I I I  I I I
13 13 P5.0 12 Ii F6.0 F6.0 F6.0 F6.0 P6.0

SB EB VP ID PH L ReZZ ImZZ ReZZO ImZZ O

45-48 49-53 54-58 59-63 64-65 66-67 68-73 74-78 79 80
I I I I I I I T I

F4,0 F5.0 FS.0 F5.0 12 12 F6.0 P6.0 Il

PHI TPI TMNN TMXX C IUNIT ReZN ImZN CH

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

Table A-VI
Line Element Variables for LINEZ Routine

Var iable
(Card Column) Definition/Use

SB Start bus; bus number to which one end of line
(1-3) element is connected. Also called “from bus.”

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, capac itors , and reactors : Vol-
(7-11) tage (KY) line-to-line if 3-ph or line to-neu-

tral if 1-ph.
For Transformers: Voltage (KY) high side rating .

ID Line element identifier; Choose code from Table
(12-13) A-TV . 4

Phase. Choose 1 or 3.

47
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Table A-VI (Cont’d)

Variable
(Card Column) Def inition/Use

L For conductors: Length in feet.
(15-20) For other elements: )CVA rating in JO/A.

ZZ
(21-26) Positive sequence impedance. Complex , enter
(27-32) as two numbers in ohms or per-unit values.

ZZO Zero sequence impedance . Complex , enter as
(33-38) two numbers. If unknown, leave blank ; program
(39-44) will assume values based on positive sequence

values.

PHI Phase angle (degrees). For phase-shifter only.
(45-53) All other elements: Leave blank.

TPI For conductors: Enter 1 for zero sequence ad-
(49-53) justment for ground or neutrals, otherwise skip.

For transformers: Initial tap setting in per
unit. No entry implies 1.0.
For other elements: leave blank.

(. - TMNN For TCUL transformer , minimum tap limit in per
(54-58) unit. No entry implies .9.

For other elements: Leave blank.

TMXX For TCUL transformer , maximum tap limit in per
(59-63) unit. No entry implies 1.1.

For other elements: Leave blank.

C For conductors , capacitors and reactors:
(64-65) Leave blank.

For transformers: Choose connection code from -

•

Table A-V.

IUNIT Impedance units identifier. For all elements:
(66-67) 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 JO/A.

ZN For conductors , capacitors and reactors:
(68-73) Leave blank.
(74-78) For transformers, neutral impedance if other

than zero. Use ohms or per-unit values.

CH Not used presently, leave blank.
C 

(79) 
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Table A-VU

Wire Sizes

Circular Mils(CM) A.W.G. Comments

1,000,000 - If UG , 3-ph only

750 ,000 - If UG , 3-p h only

500 ,000 - If UG , 3-p h only

350 ,000 -

300,000 -

250,000

211,600 4/0

167,800 3/0

133,100 2/0

105,500 1/0

83,690 1

66,370 2

41,740 4

26,250 6

16,510 8

Number of Strands:

Copper: 37,l9,12 ,7,3,l,or 0

ACSR (Aluminum part): 54,30,26,6,or 0

49
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.1 ,

~~~~~ 1-3 4-6 7-11 12-13 14-19 20-21 22 23-29 30-31 32-35 36-4
I I I I I I I

13 13 F5.0 12 F6.0 12 Il F7.0 12 F4.0 F6.0

SB EB VP ID L C PH S STR DM SG

t 
______________________________________________________________________________,~42-46 47-51 52-56 57-61 62-66 67 68-73 74-79 81 I I I I I 1 1
F5.0 FS.0 F5.0 F5.0 F5.0 Ii F6.O F6.0 Ii

STRG DMCG DMGG ReZN ImZN NG ReZ ImZ CH

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

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

I ~~~ 4-6 7-11 12-13 14-19 20-21 
22 23-29 30-31 32-35 36-41

I I I I I I 1 I I
13 13 F5.0 12 P6.0 12 Il F7.0 12 F4.0 F6.0

SB EB VP ID L C PH S STR PHI VS

- 

~
I2-46 47-51 52-S6 57-61 62-66 67 68-73 74-79 80• I I I I I  I I

- P5.0 P5.0 P5.0 F5.0 FS.0 Il P6.0 F6.0 Il

TMNN mix TPI ReZN ImZN TC ReZ ImZ CH -

- —

NOTE: For conductors use Fig . A-4.

Fig . A-S. Data Card Format for LINDATA Routine .

SO
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Table A-VIII
Line Element Variables for LINDATA Routine

Variable
(Card Column) Def init ion/Use

SB Start bus : Bus number to which one end of
(1-3) line element is connected . Also called

“from bus.” Must be taping end of a TCUL
element .

EB End bu s: Bus number of other end of line
(4-6) element . Also called “to bus.”

VP For conductors : Voltage (JO!) line-to-line
(7-11) if 3 ph or line-to-neutral if 1 ph.

For transformers : Voltage (1(V) high side.

ID Line element identifier: Choose code from
(12-13) Table A-IV .

L For conductors: Length in feet.
(14-19) For other elements: Leave blank .

C Connection code. For conductors: LeaveC, (20-21) blank.
For transformers : Choose code from Table
A-V.

Phase. Choose 1 or 3.

S For conductors: Diameter in circular ails
(23-29) (CM). See Table A-VII for choices on wire

sizes.
For transformers and others : Rating in KYA.

STR For conductors: Number of strands. See
(30-31) Table A-VII for choices. If unknown, leave

blank.
For other elements: Leave blank.

DM or For conductors: Equivalent spacing in feet.
PHI If unknown, leave blank and value assumed as
(32-3~ 4.69 for 25 KY or less, 12.57 for above 25

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

SG or For conductors: Size of neutral in circu-

C 

VS lar mils. If none or unknown, leave blank.
(36-41) For transformers: Secondary voltage in KY.

For other elements: Leave blank.

-- - — -•  
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Table A-VIII (Cont’d)

— Var iable
(Card Column) Def inition/Use

• STRG or For conductors : Number of strands in neu-
TMNN tral, if known. If unknown or none , leave
(42-46) blank.

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

DMCG or For conductors : Equivalent spacing between
TMXX conductors and neutral (ft). If unknown
(47-51) or none, leave blank.

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

DMGG or For conductors: Equivalent spacing between
TPI neutrals if more than one. If unknown or

(52-56) none, leave blank.
For transformers : Initial tap setting in
per-unit. If blank, assumes 1.0.
For other elements: Leave blank .

( ZN For conductors: Leave blank .
(57-61) For transformers: Neutral impedance , if
(62-66) other than zero , in ohms. Enter as real

and imaginary.
For other elements: Leave blank .

NC or For conductors: Number of neutral of ground
TC wires .
(67) 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
XVA of line element.

Z For conductors: Leave blank.
(68-73) For transformers: Positive sequence impe-
(74-79) 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-S 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 algor ithm used with the Load Flow routine , input

line elements usually cannot have an X/R ratio less than .4,
C but this restriction can be waivered if only using the Shor t

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 shift ing 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-

meTs as described by the following procedure:
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1. Ident ify 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 g iven impedance

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

spectively.

ZH Zhl+Zmh-Zml (8)

ZL a Zml+Zhl—Zmh (9)

ZM Zmh+Zrnl-Zhl (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 :

212 
M) 1M~~~~~+~~~~~~ 1~) (11)

• ()(ZM)+C2M~~2~A)+(Z}0CZ1&) (12)

z — 
(ZH) (zM) 4( ZM ) (ZL) ’~(z H) (zL) 13• 23 ‘

5. Using the winding characteristics asso-
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p g

Wye Configuration

l(Yir)

Delta Equivalent Confi guration

Fig. A-6 Delta Equivalent Three-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, lot 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 C (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 assemb led 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-Ill indicates output content is

on Tape 1 and Tape 2 when a value of OUT other than 0 is :~
selected.
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4. Load Flow Ana lys is

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 ITR2 the counter for QTOL.

One other item , NLC , is also spec ified 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

times the basic program is to be modif ied by load changes

C within the system and a new load flow result calculated .
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( ) The format and variable de scr iption 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.... ....80
( I  F I 1 I
R6 14 14 F7.5 F7.5 13

KYWD ITR1 ITR2 PTOL QTOL NLC

Fig. A-7. Load Flow Control Card

Table A-IX

Load Flow Control Card Variables

Var iable
(Card Column) Description/Use

(~~ ) 
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
(22-28) and Q calculated in per-unit. Usually be-

tween .1 and .0001.

NLC Number of times load buses will be changed
(29-31) and load flqws re~ calculated . Choose num~

C 
. 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-

L 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
( 1  I I F I 1 I
12 13 RiO F5.O FS.0 FlO .0 FlO .0 FlO.0 FlO.0

1DB IBU S BIJSNME V ANG P Q QMIN QMAX

Fig. A-8. Load Flow Bus Card Format

Table A-X

Load Flow Bus Card Variables

Var iable
(Card Column) Description/Use

1DB Bus type. Choose l,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.

V Bus voltage magnitude, in per-unit. No entry
(16-20) implies 1.0.

ANG Bus voltage angle , in degrees . No entry im-
(21-25) plies 0 degrees.

P Bus real power specified in VIA. Injected
(26-35) power is positive , loads are negative .

Q 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 V/AR. Other types, 0.

S QMAX Maximum reactive power limit. Specified for
(56-65) type 2 buses in V/AR. 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 representing the number of buses to be

modified W , ~ this change. Following the load change con-

trol c~’rd , .?dd 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

U 
added as required.

If 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

1 6 1 3
KYWD NC

(Card Column Definition/Use

(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 specified 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 se lected, 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 values-~~re in per-

unit notation and should be multiplied -by the appropriate

base for actual KM and KVA values.

-- . 5 - 

-
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5. Short Circuit  Analysis

Introduction

The third function of the PDSAP program is the Short

Circuit Ana lysis 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 .

S 
- 

- 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 . ISYS 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 3
are desired, the line element cards must be changed and the

program re -run . The SCOP variable is used to select the

S type of fault conditions to be used. A blank implies a value

64 
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c 
of 0. For most occasions , values of 0 or 2 should be used
for SCOP. Table A.XI and Fig. A-lO illustrate the format

and var iable codes for the Short Circuit Control card ,

SHTCKT.

1-6 7-9 10-12 13.... ....80
I I I I
1R6 13 13

KYWD ISYS SCOP

Fig, A- b . Short Circuit Control Card

I
Table A-XI

Short Circuit Control Card Variables

(Card Column) Definition/Use

(1 6) 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.

SCOP Type of short circuit analysis. Choose
(10-12) 0,1,2, or 3.

0-All fault types used (3 Ph- Gnd ,
Ph-Cud , Ph-Ph, Ph-Ph-Gnd). Bus Vol-
tages are set to 1.0 per-unit.

1—Same as 0 except voltages are re.
suit of Load Flow routine.

2-Only Ph-Gnd and 3 Ph-Gnd faults used

O 
with bus voltages at 1,0 per unit.

3uSame as 2, except bus voltages are
-result of -Load Flow routine.

65
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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-

tern 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 beast 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 altho4gh

the SB and EB are 0. Fig. A-ll 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-l2 and defined in Table A-XI II.

The fault current, both FA3 and FA1, should normally have a

large negative imaginary part based on the assumption of 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 : VIA, 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

S system at the designated bus. Likewise, the neutral impe-
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C

1-6 7-9 10.... . . ..80
t ( ‘ I

R6 13

t

KYWD IREF

Fig. A-li. Current Source Control Card

Table A-XII

Current Source Control Card Variables

(Card Column) Definition/Use

0 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 grounu through
a transformer.

1-3 4-5 6-14 15-23 24-32 33-41 42-50
( I I I I I I 1

13 12 F9.2 P9.2 F9.2 F9.2 F9.2

IBF BLK ReVN ImVN ReFA3 ImFA3 ReFA1

5 1-5 9  6 0-6 4  6 5-6 9  7 0- 7 4  7 5- 7 9  8 0

I I
P9.2 P5.1 F5.l F5.l P5.1 —

ImFAl ReZF ImZP ReZG ImZG

Pig. A-12. Current Source Data Card
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Table A-XIII

Current Source Data Card Var iables

(Card Column) Def inition/Use

IBF Bus number of current source . Same as
(1-3) used for line elements.

L Not used. Leave blank.

VN Voltage (KY) line-to-neutral as to a com-
(6-14) plex number . Usually all real.
(15-23)

FA3 Short circuit input current (amps) as
(24-32) complex number. Usually all negative
(33-41) imaginary.

PAl Short circuit input current (amps) for
(42-50) Ph-Gnd fault. Usually all negative imag-
(51-59) m ary.

t 

ZF Fault impedance (ohms) as a complex num-
(60-64) ber. Should be in addition to values
(65-69) used to calculate FA3 or FA1. Usually

none.

zG Neutral impedance (ohms) as complex num-
(70-74) ber. If any, should be in addition to
(7 5- 7 9)  values used to calculate FA3 or FA1 .

Table A- ’V
Current Source Equations

Th Ph Single Phase orree ase Per-Unit

I - KVA/VLLVI~ I - VIA/V

I 
~~
VLL/Z/! I — V/Z

— KVA/3Z — KVA/Z

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

5 
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-l3 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-l3 and

defined in Table A-XV .

U

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

1R6 13

KYWD NOMU
1-3 4-6 7- 9  10- 1 2  1 3- 15  1 6-2 5  2 6-3 5

Control Card ( I I I I I I
13 13 13 13 13 P10.5 Fl0.5

LA LB LR LS BLK ReZM ImZM

Data Card

Fig. A-l3. Mutua l Coupling Con trol and Da ta Card s

C,
I
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Table A-XV
Mutual Coupling Variables

Variable .

(Card Column) Definition/Use

(1 6) Key word , use NOMUTL .

NOMU Number of mutually coupled lines. Same
(7-9) number of data cards should follow . If

none , leave blank or enter 0.

LA Start bus of mutually coupled line .
(1-3) Use same numbers as in line element data.

(4-6) 
End bus of mutually coupled line .

(7 9) Start bus of line to which coupled .

LS
(10-12) End bus of line to which coupled .

(13-135) Not used , leave blank.

(16-25) Mutual impedaflce between two lines In per-

(26-35)  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 fau lt impedance is assumed to be zero for the entire

C 

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-l4 illustrates the

format for the Fault Impedance Control card , and Table A-XV I

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-l4 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-l6 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-iS 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 list 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

C feature (ISYS—0) , there is no assurance that bus es for lines
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L
Ir 1-6 7-9  1 0- 15  16-2 1  2 2- 2 4  2 5-3 0  3 1 . . . .  . ...80

( 
1 I I I I

1R6 13 F6.0 F6.0 13 F6.O

KYWD NPT ReZF ImZF PH VP

Fig. A-l4. Fault Impedance Control Card

Table A-XVI

Fault Impedance Control Card Variables

(Card Column) Definition/Use
•

1

(
~~~) Key word , use NOFALT.

NFT Number of buses to which fault impedance
(7-9) applies . If none , leave blank . Last

NOFALT card must have NFT=0 .

‘10-15) Fault impedance in ohms, complex . If

(16-21) any, usually all real .

PH Phase, Choose 1 or 3. All buses in
(22-24) group must have same phase.

VP Voltage (1(V). Line-to-line if 3-Ph .
L (25-30) Line-to-neutral if single phase. All

buses in group must have the same vol-
— tage ,

S
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G E/ E E/ 7 6- 4 3

1-3  4-6  7- 9  10- 1 2  1 3 . . . .  . . ..75 76-78 79-80
113 13 13 I3 13 12

IFB IFB IFB [FB IFB BL

Fi g. A-l5. Bus List Format for Fault Impedance and
Subsystem Buses.

Table A-XVII

Bus List Card Variables

(Card Column ) Definition

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 10.... . ...80
( 1  I

1R6 13

KYWD NBS

5 
Fig . A-l6. Subsystem Control Card
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Z Table A-XVIII

Subsys tem Control Card Var iables

(Card Column) Definition/Use

(
~~~

) - 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 . ~

o 
The Tape 1 printout shows the Short Circuit Input Data.
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This includes the curren t sources, fault impedance and mu-

Tape 2 printout shows the Fault Summary for each bus in

the selected subsystem . The complete summary includes the

r 

tual coupling information.

V 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 faul ts .  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 u s-

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-

f luenced by the location and siz e of curr ent 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 faul ted bus is single phase, even if part of a

___ 
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- -

- a three-phase system, only the phase-to-ground information will

- be printed . Again, note that all values are in per-unit and

should be conver ted to amps, ohms or volts by using the ap-
propriate base values,

I
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6. Trouble Shooting

r The PDSAP program has numerous rou tines 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 , f irst  check the deck structure as shown in

— Fig. A-i 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 check ing 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 var iable cau sing the

problem to a standard size or value. Also, impedance va lues

of several hundred ohms may be too large for some operations.

Thi s can be corrected by adding add itiona l buses to lower

the values.

— Other program errors can result from insufficient data

S 

being supplied. In some cases, values will be assumed for

sizes , impedance or other variables when the input is omitted .

77
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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 mistake s 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 rou tine, the bus da ta cards mus t 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

C format required . For this type of error , first check the

78
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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-li 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

: 
5 

by zero is attempted in the program . For resolution of

mode errors or other FORT RAN errors , one of the following

methods may prove successful.

Try each function separately . Start by running input

data only with either the LINE Z or LINDATA routines. Then

add either the Load Flow or Short Circuit functions . This

should determ ine 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 untñ the prob-

1cm is encountered. Look for abnormal sizes or mistakes in

79 
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S
a
I tSS$~ ttA St ~S!S~ S tSSSSSS t!S~~ ’S SSS$$A

~t St St $5 5$ SI $5 $1 $5 5$ $5
ts ss is

5$ $5 $5 555555 $ ~ $ssS$ 555 5$ 5555$;
•5 55 $5 $5 5$ $5 $5 $5 St $5
5$ 5$ St 55 5$ 5$ $5 55 55 $5
$5 St St $5 5$ $5 $1 $5 5$
55 55 5$ $5 5$ $5 55 15 1$ 1$ $5

ss sni ssssss sts;s~ t s s ss suss; -
ORECORD NO. IT SHTCKT

. . ..‘ . ..  1234567’890t ?3’ .5673901~~3’. 5f ~759 0 1234 55739
O ~~~~~ DATA I’I’JT ILL~~~ t. DATA IN FIE.~J ‘“

~ OI~flQ MU’49:~’~ 75 TE~ T O  ~Y INCOM z AT AOD-’~ESS 00 020 ?
CALL :o F~ DM ~~4~ Z~: AT A~ O~.ZcS ~I 0 0345
CALLED FROM TM D~ X 47 AOO~ E~~ 000075
CALL t O FRO M LT~ E ! AT LT~4E 58
CALLED FRO M ~qP LJT AT _ t~1E 2k
cALL !D FROM !X~~ AT LI’1~ ~3 - 

- 
-

I C~~ NO~ /~~ ~~~~~ ~Y9R CMR 3 t.~ 22.33
22.k2.t3.TU6~~~ 1 FR OM I9~
22.’e2.t3,t~ 0~ 00O320 W3~ !75 - FILE INPUT , DC 00
22 - 42.13.Tu~,T30 ,I320,C’u6~ oOo,STCsR.Tr50t39,U’l~E

- - 22.k?.t3.~~WO~1,k0I~. -

22. 42. 17. A T 1A M, I. LOW ,L)F O~I5 ,CY’S, ~D=T?50t6 2 .
22.42. I7.LO~ ..DW .22. 64. 40. FTN — FA TA L CR~~~ 76
72.L,6, Z.9. .165 CP SEC~ N~ S EXECUTION TIME

( 22.’.k.-,O.OP 0’)000t2S W~~~ S - FILE OUTPUT , DC 40
22.44.’,0.M~ 521.32 WOR DS ( 52432 MAX JSEO)
22.’.’.. 40.SCM 161.000 WOR)S M AX I M U M
22.44.40.CP* ‘..317 SEC. 1.553 AO J.
22.66. iS. 10 6.909 3E .  3.743 AOJ .
22. 4’.. 40, CM ‘.34. 982 (MS. 7.62? ADJ.
22.-.4. 40.CRUS 12.92k
22.’ø..kO.COST 5 .7?
22.’.’..tiO. OP 12.456 ~~~~ DA TE 11122176
22.44.40.EJ END OF JOR, 93 T750159.

0
TU6c~8~M ~~~~ END OF LIST /1/I

0

-5- —1

C 

~ - .~h .- Fig. A-Il. 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,TAPE 1,PR IBB.

3. DISPOSE ,TAPE2 ,PR-IBB .

The trouble is usually beyond the last informa tion 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 separa te 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 .

C In summary , if there is no success in resolving the

81
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Table A-XIX

r Err or Messages and Causes

— Error Messa ge Cause

Control card not in proper Mis-spelling of keyword .
format or location. Control cards omitted or

out of order.

Illegal Data in the (1) SB—0,EB=O card not last
Fi eld (FORTRAN ERROR). card in line element list.— (2) Number of bus data cards

not equal to highest bus num-
ber in line element list.
(3) Number of bus data cards
not equal value on preceding
control card.

Use of CON code ( ) not Improper CON code, check
allowed, table of values again.

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

Bus ( ) should be connected Bus numbers on bus data
to line bus of same number, cards for Load Flow must

match line bus numbers.

Error with ID or C value, Improper ID or C va lue on
line card C ). line element data card.

Check proper columns and
values.

Error with input line card Error with wire size or
( ) .  number of ground wires.

Check if standard size and
in proper columns.

Posi tive and zero sequence No impedance specif ied on
impedance values are zero , line element data card for

LINEZ routine.

1DB can ’t be greater than Bus data card in Load Change
1 in Load Change routine , routine is in error. Check

format. No Type 2 or 3
buses allowed.

0

n 
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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-O). 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 extensive

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 .

0
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7. Example Problems

Example problems contained in this chapter were selected

to illustrate the capability and validity of the POSAP 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 ii-

lustration of the data cards By choice of the various OUT

codes, information not required can be omitted from the

printouts.

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.

84 1
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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.

0

0
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0 V V ~ o~~,V ) 0  * a -~~~~ 0 IL.

~ • ,.. a U ..J $4
( )  , I I  i • a

a a $4a a o
- 

- u u
0 O~ 0 $0 00 0 0  $ a
00 0* 0  0 000  * I Z
?~~0 0*0  0 000  a -

o a w~ e 0 I f l0 U ~~~~~~~~~~~~~~~~~ a
•r-t ~~~~~ g~~~~’$ (U a N N0~~~ —4~~~~W 0  a c...

I s  1 * i  i ii  a . . e . .. .  *a a a
a a.. a
a a - “4
a *0 ~~~~~~~~~O~~~~O) (U a

. .  ,~~~~~. ,, . . . b O  0 0 0 0 0O 0  a
00  0* 0  0 0 0 0 0* .  . . a . .. .  a -

a a a
a a
a a
a U 0 0 00 0 0 0 a

00 O S  000 00 5 0  . . . .  . . . , ..~. r4

• . • . . S S S tO —. .. — .~ ~. at ~ IL.. a . _ a •• •~ ~~
I U a .o~~IJ

a a~~ ~~~~~~~~~~~~~~~~~ ,
• S N ‘4 . *4 . 4 . 4  .s a r4
a X X  I

~~ • (4 ~~ I.— • 0 0 0 0 0 0 0 a

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

..,
~~

~~— — ~~~— •.. — — —  m — - - ‘~‘ ‘I
_________ — - ~~~L,_~~_i~ ~~~~~ _j

~~~~~~~~~~~~ l ila  S .IiAs Os IUV. ~~.la.li.O laO.l..li~..oIv .S

0

87

~~~~1r
_ ~~~~~~— 

- ~~~~~ — --- .—--



GE/EE/ 76-43 -

(I

• U

• P34~~ 3!ST~ I~ JT!3’I SYSTEM AN’~LVSI S P~OG~ $M (P~5~P) a
• T~ DE I PRX NT3JT
• S

• •
4 £‘ (~L P~~~L~ M 01
* L~I) FLOW IM% _ Y S I S ( S T A & & 1  U
a a
4,. ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ U 4 4 U 4 5 * S 4 e • 5 5 5 5 4 U 5 4 # a a I  S 4 4 5 4 5 4 U I U* *S ~~

5555 
~~~~~~ CONTROL ~3NST*NTS 5’’3

CONS 2
1N~• I
OUT* 0
CHGa —Q

P~)~~~ M PAR~METC~ ~O’l5T*1TS

• B*~E Y.VP. rqEOu!~I~ r TEIIPER&TJR ~5~ T’I RESISTIvITy( tonolo. SO. 42 25. ~E .  10).

• - a
• ..T’4EZ SUnROJTI’4E

ftSSEM8L~~ I’4PtJT LINE ~~TA (PE*~~UP4tT)S U

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

COMOUCTO~ 13, I
— ~~ ( Z)  !P((Z) R E ( Z 0 )  TM (?O)

I ‘ .0200 .0600 .0?03 .21(10

COP1DLJ CTO~ ‘43. 2
— ~ECZ) ZM (Z) RE CZO$

1 3 . 0 5 3 0  .2 400 • .2000

COND’JCT3~ p1). 3
FROM — I) RE(Z) 1(4(2) REUO) 14(20)

2 3 . 0 5 3 0  . 1800 .210) . 6100

CONOUCT3~ ‘43. ~FR014 • ‘ 3  ~E(7) IM(t) RE(Z0) 11(20)
2 .0330 .1800 .210) .6300
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C)

• CONOUCT3R ‘43. 5
FROM — 1) RE(Z )  2 (4 (2 ) RE(70 11(70)

2 5 .0450 .1205 .1400 • 4200
CONDUCTOR P43, 6
FROSt — 1) RE(Z ) 2 (4 (2 ) RE(ZOI I’I(ZO)

3 4 • .0130 .0300 .0353 .1050

CONOSJCTO~ ‘1). 7
FROM — T3 RE(Z) 111(7) RE(ZO) 1(4(70)

4 3 .0530 .2400 .2330 .6400

S a
• S~JM1ARI2S3 1’IPUT BUS 0*1*5 P~RU’U1• LISTE) 3Y ASCEND ING BJS NLJM~ER S
a S

- POWER
NO. TYPE V C 4 * ~ ) V l *P 4 G - ) !~~ REAL REA TU! 24 41 4) 

~ (‘4%*)
1 3 1,O~ 0 0,3003 0.00000 0.00300 0.0000 0,0000
2 1 1.000 0.1000 .20000 .20000 0.0000 0,0000
3 1 1.000 6.0555 — .45000 — .15000 5.0000 0.00004 1 1.Q0O 0 ,3000 — .40000 •,05000 0, 0000 0.0000- 5 1 1.000 0.0000 — .60000 — .11000 5. 0000 0 .0000

S5•• 55*55 5 SISUSS 555 5555*  5*55 *5555  5*5U
U - 

a
• R!OR)ERED BUSLIST RETURNED 3! SUBROUTI’IE ORDERU 

a

1 3 2 4 3

-
S
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P S

••.aaa.*s...,...,a....aa,.,..,*•a.•..a,s.a.s 5 U’ S* S 5 . .* 5 5 5 U S 5* . S S, , 5. .*
S S

* SORTE) L!IIE INPUT 0*1* a
* LISTED 3Y *ECENDING BJS NJ’SRERS
* U

£6 B R~~Z0 11(70)

1 2 • 500005.01 -. t5000E4OE .T0000E-0t .210005+00

1 3 125005401 -.37;OOE.0I •?S000E*00 .343005100

2 1 .~~O00OL.01 •.tS000E+02 .r0000c•ot .210605+00

2 3 .165675401 — .50000E4~3t •ZI000EI00 .630005+00

2 4 .166375+01 — .50000C401 .210005400 •630005+00

( 
•
) 2 3 .250005+01 •.75000E+01 .14000E+0U •+S000EsOO

3 1 .125005401 — .3? 00E.01 •28000E#00 •843005 00

3 2 .136375401 -.300005+01 .210005.00 .631505400

• 3 4 .10000E’02 •.30~00E.02 •35000E—01 .105005s00

1~ 2 .166615401 •,50000E.01 .210005+00 .53000E.00

4 3 .100005.02 — .350005+02 .350005—01 .105005400

4 5 .125005.01 •.37~ 00E.01 .260005+00 .54 000 1+00

5 2 .230005+01 — .730005+01 .140005+00 ..20005G00

5 4 .123005401 — .575*05.01 .280005+00 .61.0005+00

0 - 

• 

•
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(

•UIU.U **U... SSS.’ 5.UU...SUUUSU U 4 U U U U a S . S U 5 S U a* S U U I 5* ~~ *UU .* . U S U U U U• S• . U

U
U Ø V)’4~~~ ~~~~~~~~~~~ !~Y~T 1  A N A L Y c I S  PROGRAM (D)5*P)
• TiPS 2 PRZNT3JT S

• S
• U U • 5 U U U 5 U U US 5 U* 5 5 U U U . U U• U U U S S 5 U S U 5* 5 U 5 5S U~~IUUS5U• I

• U

• !1AMDL5 PRORL M #1
• LOAD FLOW *I4ALY!TS (STAG~)
U U
a S S S* US U U S a U U a U S a S a a a a S a U . S a S a U S* U U S S U 4 U U U S S* U . a* U U* S S U S e S U S S S a U a a a a U U

~~~~~ PROGR~M CONTROL C3NSTAN’S ~~~~

CONs ~1NP~ j
OUT~ 0
CMOs —0 -

(
••

)

•‘~ PROG PAM PARA METER ~ONSTA’4TS ~“

B*~ r ‘(VA FR!OU!PEY TEMPEqATJRE E*RTN RESISTIVIT!
100005. ‘(VA (50. ‘47 2~. 0E . C 100. IEY!R—341

554*45 5• U U .* 5 U* ••a 4 a s • • •U•5 U a a S U a a*s ~~~Ua4* .S a S . U U 5 S U* U U S U* U• • U U 5 e s U U . S

• a

~!SULTS OF FAST 1rCOUPL~ O LOAD FLOW A ’IALYS’S
• ALL MAGP4t1U~C V ALUES ARE 3ER—U’lIT
• SYSTrI MAS r 60S155 0 AR ! TYPE 2. U
5 N1JM~~ 0 OF TIMES LOIS) qIJS~S WILL 3E CWA ’ IGED(’4L ’~)a  2,
• ~ONV PGENCZ ToLsqA1~rss
• PTOL~ .00013 —

• OTOL~ .00013 •
• • S
• U I U S S S S . 4 4 U U* U U U S U S U S S U U S* 5 . S U S S S S S S 4 5 U U S U S S U U U* *U 5* S . U U 4 S U U S S S U U U U S U

I
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‘ C
*UU.SU.U*4U.UUSSaS*S SSSUUaSa *S S U U$ *S 4 S U S a s*4 4 . 4 4 5 5 U 5 $ U U U U U • U S$S S S S 5 U S

* S

• ~‘Y ST~ M SUMMARY a

* S

• COP4VE ”~SNC~ O’~TAI4E ) IPIS
* S 0 :L T A  T HETA A~~O
• S D L ~~A V IT ER4TT3M S.
S U

*~~U4 a * * U* * a a .$ . 5 S S S S 5 5 S U U U S* ’ 4 4 U* 4 4 * 4 S U S S U U a~~4 * 5 5 U 5 U 5 U S S U a S U S U 5 5 a U U 4 a U

• ~‘‘ ‘LACI( qus PO4E~ ~~~~~~~
• ~ IJ~ Mr) . REAL R E A c T I V E

I 1.~~932 ’  .24445 1.12103

•4 4 5* 4 U a U .* 5 U* * *U U U S S a 5 5 S5 5 $’ ~ $ U U U 5 S U S 4 4 SS U S 5 U U~~ U* U 5 S 4* S 5

a U

• CA L~~LIL4TEO LIPS! F .OW ~ 
5

• (THE LTPJE rt 1W~ A RE DSFIt~E’ POSITIV F W~~~N rLr)w I’4~ ~‘IT FROM THE 0tIS)~U U
P

LTPs~ POWER LINE DOWER
FROM TO R•EAL R!A”TTVE FROM TO R!~ L REA~ T1V !

1 2 .55955 .11065 2 1 — .q,st? — ,0~~ 37

1 3 .400!,? •11550 3 1 — .31593

2 3 .2~ 609 •0~ 146 3 2 — .?4~ 11 — .07fl14

2 4 .27912 .0~ 061 I. 2 — .2,450 — .05~45

2 5 .54391 .13310 5 2 — .53’03 —.o9?6~

3 I. •j~g oq — .01213 4 3 — . 106T4 •01319

4 5 .05334 .00326 5 4 —.06302 — .00231

• S

• OUTPUT SUS DATA
U U

•U.4US..4aaSUUUUS5.a.aU*SU5U~~aU55*..4..SU*UU5U5U*U...*U.*US,*a •.S,SaSI

‘OW ER
• NO. TYPE P1’i’lE V(MA~ ) V (APG—05 ) REAL REACTIVE

1 5 NO~ T’4 1.0600 0,0003 j •~~4322 .2444 5
2 1 ~‘)‘ITM 1. fl3’~5 .2, 63q? • 20 000 • 20000
3 1 L&’(E 1.0005 —4,5Q7’ — .15000
4 1 MAIN i.00 ! .5~~j 5 4 4  — .40330 — .05000
5 t ~LM 1. flOlA •5• 9513 — .30000 — .10000

55545 U I U• a S U* *S S U U• U US• • U S S S U U S S S S S $ S U S 4 U S U U U 4* S S 3 S U S* S 5 U* * U U S S* U a* U 5 U

0

- 
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~‘ (
_
)

• • U . U S S S S U U S $* S U S * S S S U S* * U U I U S S U S U S U S U I U * U S U U U * • * S 5  . . S . . .U U U 5 . . 4US U 4~~4

• LOA r5~~w ‘NJR ! ‘ 4 * N O~ . 5

• 4~ NI~E N(JM~~ Q I
• NUM0E~ Or OLJSES ~MPi~1 E O  !
• U

U .* UU U U U . 4 , I . U* U . U ..* U U S S S U a I U S S S* * * * . U S U U* U U I U U S $ 3 5* * U S U U • U U S U U S • U $ U

•UUUSUU•aaU..s.s..saaU•*UUU Sr ••••• 4 S 4 4 U* U U U U 5• e US U * U~~U U4 5 4* 4 U* U 5 U* 5 5 U U
U U

• ~JS CHANG E DA T A
* U

. U SU. UU. . U U UU. S a S U* * . U U S . 5 . S S S S SaaS .S S 4 U U U U S a S . U . U 5* S 4 $ U U U U US S S 4 U U U U U U

MO. TYPE ‘SAME V (MAG) V (ANG— 1E ) ~~AL

I I LU! 1.000 0.000 — .h~~10Q — .15300
1~ j  - 1.000 0.000 — . I’I000 —.10000

.SI44.S445UU..U*.S4eUUUU45U55aU5SaUU4S5Saa5S44~~4UU$US4*UUUUU5 4aSUSUU*U

S U

• eYS TEM Su MMaRY U

• S

• ~OPIVE~~~ N’~.E OqTAT SE’ INS
a 

• 11. D~ LTA T’ IETA AN’) U

14 !I~ LTA V ITERATTYI c . S

S a

••a s U s . S . S .• .  UsU~ U 4 4* * U U U S S* . 3* a U .S S e a S U S a U S* S . S S U U a U U UU  U U U U S S S S  S U I S U S

• j  - U~~ S4 a’  R~~A~~I( 
!~(J5 DOWE). ~~~~

‘ •~~~ 8(15 ~V). PEAL REA~TTVF MAO .

I 1.t92’.~’ .27730 1.22437

• .U.SU4UU.. .SSa..a . . 5 S* *4 * UU . . . . . 4 4 5 4 . aa S U. U S U* .* S Sa aaa US* US aa S U5 UUS U U

• S

• CA L~ ULATEO LINE FLOWS U

* (THe LIME rL’)W 5 A RE DEFINE’) °OSIT IVE W IEN FLOWING O~)T ~RO 1 THE SUS)
a S
. U S* U I U . . . U* S S U S P U UU UU S a U a S* .* S S U* a S S S a a S S UUSa U . S S S U* * S S a U U S S U SU . S S S U’

LIP4~ POWER LINE
FROM TO REAL RE6~~TIVE FROM TO REAL RE*~ TIV!

1 2 .51044 .1(5079 2 1 — .00503 — .12354

1 3 .37404 .11652 3 1 —.16311 —.03402

2 3 .22485 .fl’~0~ 7 3 2 —.“157 —.03072

2 4 .24761 .01’8? 4 2 — .24191 — .03210

2 5 .53340 .11920 5 2 — .52205 — .10525

I A .13485 .04474  4 3 -.11450 —.01419

4 5 •07~ ’.0 — .00371 5 4 — .07792 .00517
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U.s.aUU*.U*.s .U e s . U S*U U •U SS U . . S U*U S . S U S U . S . . S S S SU S • . . S U UU S U SUU SU UUU a UU

a S

• OUTDUT ~US OlT i U

• U

a..Ua** .UsUUUUs.saUUUa*assU$~~S sUSs•Us.U.UaUU 5 . 5 .*U U SS U U S S S S S U*U S U U *S S 5

NO. T yp? N~~M~ V ( M A r , )  V ( A P1O~~~E )  RE%L REACTIV E

I ‘ ~O’~T’4 i .Ocno 0 . 000 0  1.11”.) .??76 0
2 1 ~~‘lT-I 1.f l 1 4  —2 .3)4 ’  .‘3000 . 2 0 0 0 0
I I ~LU! 1.0fl~~2 —4 .3 160 —.~* 5000  — .15 000
1. 1 P )  t .0f l~~4 — 4 ,51c3 — .~~qioo — .10000
5 1 ~LM 1,0012 —5.6227 — .300 00  —.10000

•aUsaU *U S U U * U* S * S U U S U S U *U U S S U*U U S * S UU U U U *U UU S S  UU U • • U  * 5 S U S 4 a 5 U * SU U a ~~ UU

•5*UU*S U*SU.U5* .U.U**U45S5a*53*44454.5SU~~S~~**4U**aaUU* ***5U 5SSSU5U U S U S

LflA~ FLOW ‘~Uc C I A’Ir,E
* II~’SOE NUMBER 2
• NUM8r R OF OUSCS CP~~N’~~D 2 a

• I

Sa ..USUSUU S*S U .U SS U U .4 U U S UU S I U Sa S U U . U , U . U S U . U U U* U ... 4 U SU U S IU *U a U U UU *U

•a.S55*SUU*UaS*S.IaUaa ,*.U5* . U *•*4*UUUU S,SUSUUUaSUIU LUU *SS5.*IS4.IsaUS

S S

U q I S  CHA’4r,E ‘ )AT A S

U U

*U *UU • ..U*U.U ;ss.U...Usao.as.s*sSSSaUaUaU.Ua*U.US,sa*UaSaSUUSSSUIUU5US

NO. TYPE NAME V (MAG) V (A NG— D E ) VAL REACTIVE

I. t MI114 1.000 0.000 —.40030 — .05000
3 1 LAKE 1.000 0.000 — .45000 — . 150011

• a

• SYSTEM SUMMARY
• S

• CONV E°r,ENCE OBTAT NE ) INS
• 19 DrLTA TISETA AND -

* 18 O LTA V ITERATIONS. I

• I

SSSa**SaIS*UUS*55S*5*a*USU .1 I oa .UUUU.U,.....SSUaSS.S4*.as*aUaSSUIUaUS

CLACK 9US PO SER
BU~ NO. REAL REACTIVE MIS.

1 1.295t~ .24453 1.32095 
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L

U U U U U U  I S U U U U U U U U U S  SU U U * U U S S U  * *U . . 4 U U U U * U U.UU *$U *S U U . S U*U U U * * * . U * U I U U I

U U

• CA L ULA ’ EO 11W r ’)p55 U

• (THE t~~r r1,W~ AR! ‘)rFIP1E’~ “OS ITIV E W~~~I FLOW INS O J T  ~ROM ~HZ 9’JS)
a U

U U a I U U UU * 5*5.U*US5UIUU SU ,.4$~~ U * a U U U . *U . U U 4U U U a * * * S aI * U S U•U U U U S U U I U S U UU

LTN~ POWER LINE DOWER
FROM TO REAL REACTIVE FROM TO REAL ~EA ~ TIV !

1 2 .8RQ.~ •I~ 871 ~ 1 — .57593 — .09544

1 3 .40856 .10552 3 1 — .~~159T — .05775

2 3 .24600 .0~~I45 3 2 — .24~ 1i — .0 7014

2 4 .27~~ ? .00!~62 I. 2 -.P~450 — .0 5 51.5

2 3 .54310 .1~ 135 5 2 _ ,r1~~02 — . 0 97 7 1

3 4 .18909 — .01211 I. 3 - .13374 •013I7

k 5 .06333 .110329 5 I. — .06302 — .00 214

a*5*5*UU IUUSU P U U 5U I U $ S* I I I U I~ U*..*.*U*IUISSS.5.IU.a$.U.*SU.*UU SU SUUUU I

S U

• OUTPu T 9US D A T A  
• a

S a

•*•aaU*U *•Us5.*a*a.ssSaaaaa*Ua**Sa.-o U U a a s* S U S I U U*U U S U U .*U *U SU UU . *U I U U *

POW ER
NO. TYPE NAME V (MAO ) v(AUG—3EG ) ~!3L R!A~ T IV5

1 1 NORTH 1.0600 0 . 0 00 0  1.2°015 .24453
• 2 1 ~D ’STI1 i.03!.5 —2.5395 .‘ O O O O  .2 0 0 0 0

3 1 LA ’ ( r  1.0007 —4 .8 075  — . 4 5 00 0  —. 15000
A I MAIN 1.00?? —5.1142 — .400011 — .05000
5 j  E L M  1.0fl1~ —5. 9325 — .600 00  — . 1 1 1 0 0 0

H) 
-
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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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•SUUUU UUUUUI~~I UU S U S U U S U UUU I I U* U SU U  Uaa . U .US U S* .a a a UU U . 4 U UU, . aUS U U U U UUS
U U
U P0W~~~ OTcT D!OUT ION EYST EM A NA LYSIS ~‘~ OG~ A 1 ~~r1s ADI
U T~~~CIF 1 PR~ p4TflJ~ U
• U
UI U U S I .Us a . s I a . UU S S S .* U S U . SU . UU U S Ua* U .U 3 . a UU* U U .U U . U S U UU . U . U U s , ,U U U S U S

UU* 5 5 5 5 5, UUS UUS S , U U Ø S . U U SU U U .S U SU U* a a U* * U U I US S I S UUS I U U U S SU UU U I UU U U UU . U

•

• S’CAMDLE °RO~’LM 02 U
U c4~ RT CIP~ UIT ANALYS I S
U • U
a* S*s • . S* UU S U U . .US a . o f t .* U U S . . U aa* . U UUS* U* a U U S U U U U UU , ,a U U U• U S I U• U U U . UU U

1*5* DRO~ RA)4 CONTROL 3ONSTAM Tc I* .S

CON: 3
INP= 0
OUT: 4

- 
‘~~‘ PROGRA” PARAMETER ~O’4S7AqTS 

•US

~ A~~E ICVA FREOUEN~ Y TC IPERATJ RZ EAR T $4 °ES IST ItI ITY
1800110. ICV I 60, 547 25. 053.  ~ 100. IET ER— )41

(

•U*aUUUSSaS . S U UUUU. U . s .U. a U . S UU•aU U U U U . a . U U . I UU a UI SU U.aa*a .Uaa. . U U U . U U  
—

• a

• L7’I~ ATA SUPPOUTINS U

• ISS!MRLED II°UT LINE D A T A  tP!R UNtT~ *
a a
•Ua*a*U*a U U. S U* UI SU.• ~~ aUS~~ IUS UU a U U* S a 4 S S U 4 S I I a* * * *U S* U U UUU U* I* U Ua U* *a U

CONDUCTOU ~#O. 1
— TO R~ C2J 154(2) RE(20) !Pf(70)

1 2 .2977 .3167 .645’. .1695

• CONOUCTOD ‘10, 2
FROM — T O 95(7) IMU) RE(70 ) TIC? ’) )

P 3 .2806 .3773 .6070 1.0602

COMOUCTOI NO. 3
~POH — TO 95(7)  INC!) DEUO) z~~ Zoi

3 1. .2142 .2830 .4553 .7931

CONOUCTO’ NO. 1.
FROM — T O RE(Z )  154(7) 95(70) 11(70)

3 ‘ 1.4367 1.9008 3.0518 5. 340 4

CONOU’~TOD p13. 5
FROM — If’ 0E(7) 154(2). ~E(70) 154(701

3 6 .111.0 
- 
.9433 1,5173 2.6304

C -

4 .

99

—

~

-— -

~ 

—ii—- 
~~~~~~~~~ 

JL if J~~~~~L-



- --• -

GE/EE/76-43

CONOU’~T’5~ 13. S
FDOM — ‘rs 95(7) INS!) RE (70) IM(’0)

5 ‘ I.~ 1.0’. 1.2457 2,6315 3.7903

CONOtfl~TO” ‘#3. 7
— 15 95(7) 1545.7) 95(20) 11(70)

6 • 1.5142 1,3095 7.7663 3.941.1.

CO~1flUC Tr~D ‘53. 4
FROM — TO 45 (7 )  154(7) R5(Z0 )  154 (70 )

2 ° .171.0 .0461 ,4$97 .2210

C OIJ’~TO~ ‘10. q
— 

- F~~CM — T!) 
~~E(7 )  1542 pe(7’)) 11(70)

• 2 15’ .1656 .116! ~~~~ .0943

CO’IOU’~TO’ ‘13. 10
F°.CM — TO P5(7)  154(1) R5(Z0) 154(70)

10 11 .1396 .1485 .3025 .0795

C O I U~ T’~ ’ •I:). ii
FOf’M — T’ ~E(7 )  154(7) p5(70) 154(70)

C) 
11 17 .1172 • 1247 .2541 .0667

CO’lOtJCTfl~ ‘13. 1?
FROM — TO 95(7) 154(2) P5(70) 11(70)

12 1’. .0626 .0166 .17!’ .0735

CO4O’ICTO’ ‘53. ti
FROM — TO RE(Z ) 754 ( 7 )  RE(?0) 11(70)

• 12 1~ .1991 .2116 .431? .1131.

CO P4OUCTO’ ‘13. j 1
FROM — ‘3 45(2) 154(1) RE(Z0) 154(70)

11 15 .01.61. .0613 .0703 .2555

CONOU~ T0D 43. j C

c~~on — To 95(!) 154(7) P5(70) 71(20)
10 13 .7140 .2276 .5.630 .1218

CONOUCTOD ‘43. 16
FROM — 13 95 ( 7) 7 5 4 ( 2 )  R5 ( 7 0)  1 5 4 (7 0 )

16 1’ .0556 .0147 .1535 .0707

(
~ONDUCTOD ‘40. 1?
FROM — T3 95(2) 754(7) P5(70) 154(70)
16 18 .0696 .0164 .1953 .0881.
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r

• U U U IU* *S U S SU* U UU U S S . aU. U S S U U a U . U I* U . . U I . UU. S U Sa U UUS SUU U U U U . . aUU U S.UUU
a a

S’1O~ T CIRCUIT 754P’JT DATA U
• . S
•SSU U U U U U U U •U S U U S U S U SU SU U U U S S I U 4 UU *U S U S U U UU I S U * U * • * I$U U I U U U U S U U IU U S . U U

SOIJPr ” 1M~ !”A’I-’! SUS Nfl. I VOLTS L—’U<v 7.~~ 0.00
• ~‘J”~~ ’1T (A’1PS) 3L~~ 44 —3104.09

P$i— r,pso FAULT ‘)RqEHT (AMDS $ 739.85. —3778.06
FAULT ‘(flqMc, — 11. 0 — 0 . 0 5  N~~IT ~(OHMS) — 1.0 —0.0

FAULT tMP5flA .1~~~ ZF)(OHM~):20. 0!)’) —0.000P14*SF= 3 ‘W~ VOLTAG! (KV)’ ~!.1.7• BUS 3
BUS 1.
SItS 5
81)5 6
PUS 6

IA’JLT tMP5’)AN~ ?(~ F) (0545453 ~20. 000 —0. 000PHASE a I SItS VOLTAGS (KV)= 7.20
BUS 7

0~~~
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( i

•SUI •UUU •UUU SU U •U U U U U •U U S U I S~~U U *U U •UU • I I U U S S S S U U UU U U5 U .*SUU • S U 4 I U U U . S U

• U
• ~OW rR D!ST~’I9t1TI3’1 ~YST5’I A NALiSIS PROGRAN (D954D) U
• TA~~5 2 ~PINTOJT a
U U
•SU SUUSU*I*U S*5UIS55SI*S*5ISSS~~aUUU •**aSSS SU U •U • a IU U U U * U U U U U U U a U U U U U U

U *U S UU UU U U S 5 S U S U U U* * S UU a I 4 IU 5 S I S * U 5 U U * UU aU ~~UaI$U. .5U**U*.*U*U,*a..SU..

U U
• EXIMPLF P909L M 02 I

S’4OPT C14CUIT A NA LYSIS U

U U U* S U 5 U U* I* I* U I S U* S S UI S U I S U S 5 5* S U I• •S U S U UUU S UU• S U• U~~ * US US U U S U U U IUU U U I

•5~~S P9O~ V~M CONTROL CONS TANTS •~~S’

CON: 3 •
-

I54P= 0 -

OUT: 4 
- 

-

CIIG= — 0

• 
-

~~~~ PRQ3 AM PARL IETER ~O1STA’1TS ‘

BASE ‘(VA FReQIJSNCY T SM PERATJ RZ £19T’S DESTST!VTTY
1004411. ‘(VI 60. 54! 25. 05. C 100. IETSR—3HM

•USSUUUUS~~ U* U U4 a U UU $ U* 4 U U** U I U U* U U S U U U U U a UUIUU . U I U U S* a US UUIUI* U . a U U ..S
a U
5 RSSULTS OF ~MO9T CIRCUIT ANALYS IS
• A LL V ’ LUES ARE P59—JP4IT U
U SYST M 1415 tS 9.t5’S. FAULT ~O3!(S 3P 15 —0 . a

• 154595 *95 1 SIJSSYSTEM STU OTSS (XSY S ) .  U
a
4U~~U*U44U •*UUaUUU•••••4 a •U U * a S • U UU U U U UU U I *U U U U U* *U I * *U U U U* * USU U I IU U *U U

U••UU U~~U •U U U U U * U U •U U U U U a U a U U U SU U U U • aU U U U a U U I a U a a I U U U U U S S U 5 U S 5 5 U a U U U 5 U
I • a
• SN7~YST!N STUOY NO. 1.
• 141)54959 OF SJSSSS TN T’SIS %YST I IS) 4,
a a
•U• U* I U UU S*SUS* UU• * • •UU I S S UU SU•UU U• UU* UUU•S US I IU U U USUU S . IUU U U . .USU.. .,

C • 

-
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C
••UU U 4 U S aUa • U U• • SU U U U . a U~$.U. U
a ~4U~ T SUMMAR Y FOR SJS 3 U

“‘ (1?. ’6, 0,0!)) ~.U. ~• 7G. C 0.00, 0.00) ‘.U. ~•SUaU ~~U U *U a a U U  S3•UU IU aIa* •UU S

PHAS?.3~ 3tlNfl ‘MIsr—’IASS Pl—P$1-G9)tJ’fl
UU a U* SU5 U U UU~~ UU5 S U U UU a *U U S  a U U U U •  U •UU U • •U U •U U U U’U  U U U U  U U U U S  ~~IUU ~~5U

TF(54A1 ). .~~“S T F(P48 5): .0718 IF(5441 ): •II~~5 TF(l*r,): .031?
Sf/~ . .i~ q X~’D~ .1!? 7/4: .30’ ‘(/9* .075
UUU US U U Ua S US I U UU  U• • •a a a U U~~ Ua U U a•  EF(*)r 1.01100 Z F C A ) x  2.0060

SF(R) .  1.008) 5F(5). .1.781.
EF ( C) : .1531 ~F(~~): ..761.
•a~ a.Ua...*a...* IF(S) . .3 95.9

~R( 9 ) =  . 0 8 i
I~~

(
~~)v  .360?

K/~UC): !.‘IS
•SU I I a SU SU U U U I S I

WS V0LT*’~~5 PHI!! VOLTAGES• BUS V CM~~) A ‘I C
I .e?’o ,9~ .9’ 1.01S .Q’77 .92 1.0” 1.01
7 • .9’7i .92 1.0’) 1.01
5 .~~‘77 .92 1.00 1.01

1154’ CU9f ’rl,Tc LIN5 ~ ‘J4~!’1TS
LIN’ FItlI,.T (T )  FAIILT(1) ~ ‘4— A

S 5 11.0000 0.0000
S 8 11.0008 0.0000

( ft U U U U U U * U 5 4 1U 5 * SU U UU U U U U U U U U U S

• FAULT SuM MARY FOR 91)5 3 ‘
U 

~~~ (12.86, 0.00) 5,1), ~
U 75. 1 0.00. 0.00) “.U.
•U5*U S a U UUS U U** U U Ua UI U U .U* U4 U

P544S~ -G~ OIjN3 ‘H*S~ —~ 4AS P4-DM~~~ 3UN3
•aa...a. aa.*aa.~ U •a .SUU.UU U.aS.U •USSUISUa ••UUU*I IU5~~U a a aU I I U U U U I

IF(MA G). .861.! IFIMAr.). .0603 TF (’lAG)a .030) IF(4A0)z .033’.
7/95 •‘?fl 7/9. .‘?6 7/9: • l 7~~ 7 /9. .212
**SIaUUUU •*aP .Ua •U••Ua•*IUUUUUS• E F ( A ) x  1.0000 ZF()) 1.0309

5~~(9): .9171 SF(S). .4291
EF(C). .581.3 E~~(~~)~ .1.291
U U U U U U U U U U U U U U U U  IF(S): .2005

(/ 9(9) .  2.128
IF( ): .1751
(/9(C): 1.614

• Uaa.4.UIaUUaUIaS
91)5 VO LT*I~’~ P54155 VD.TAGES

BUS V (54*’~) A B C
I •98)! .9? ,94 1.01

.4251 .7* 1.07 .99
3 .9’0S .91 1.11’) 1.01
5 .3251 .78 1.0? .99

LINE CURR’’ITS 1154! ~JR’rNTsLINE F*SJLT(T) F *U L T( I )  P14—A
6 11 4.0994 0.0000
3 7 •04~ ,nco~ 

-
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I
U4 U U U U a U U U U ~~UUUUUU IIU~~U U U U U U U

• rA ULT SUM’I~ RY FOP 8JS I I

• 7~~~~ ( 0.00.  0 .00)  D .5J• I

• Zr.: C 0.00, 0.00) 8,1). ‘
• UU U aU . . I a . . U I U U UU UU UU U aU U U U U

THP!!—PNA~ PHAS~ -3~ OIfN3 ‘HAS!—PIASS P1—PH-S9OUNO
• U U U U UU U U *U UU S S I  U U , . U U I I U .U * U UUU  U U S U U U U U $ U U U U U * 5  • UU U I U aU  UU.a....

IF(141G). •‘.‘aS IF (MAr,). .3193 tF (M4G)~ .58’.! !f(4AG)~ 1.042?
7/9: fi.4A~ X/R~ 11.11’ XI9 8.986 X/~: 17.501
•U..sU.•••.aS..I •UU a S S U a U I U U U•4’ €F(A)= 1.0000 EF (A): .1293

• EF(S); .5000 SF(S): 0.0000
• 5F(C)~ .5 00’ ) 5F (~~~ ) 0 . 0 0 00

•UIUIaIU’I*USUS’ IF (S) : .7516
X I 0 ( D) :  1.71.0
TF (~~): .4 031.
7/ 9(C):  •91.?
U UU US U U I SØ SU  U U 5~~

91)5 VOL TAf.~~S PHASE V O LT A G € S
91)5 V(MA~) A S C
1 0.0000 0.00 .9~- .89
V. . 0 0 0 0  0.00 . 5 .  .99
8 . 0 0 0 0  0.01) ,9~. .09
5 .0000 0.00 ,3~ .89

LTp r CU99 14’P LINS CJR~~ NTS
L1’I5 FA(lL~~(1) FA(JLT (1) P H— A

5 5 I. ”flI$0 0.0000
( ~ 5 3 0.00110 9.00110

I
U S U S U U U IU U •U I I IU U S aU U S I S S S U U I

• FAULT ~UIIMARY FOR 91)5 5 U

U ~ r. (12. 86, 0,00) 5,1), a
a 70: ( 0.00, 0.00) ~~~~ 

U

•U U aU UU I U U U U U U U U U U U S UU S U aU S U U

T H E — P54*S’ PHAS5-G’OUN’) °HASE—5544S5 P1~ PH.39iU54r)
U IUUU SU S *U • IU U US  •.U.USUUUIUSUSIS •aI a U aU . a .aaU UU a  U U $U a S *UU IU • •U UU

IF(MAG). .0305 IF (MA ): .055~ 
IF(’4AS )~ .041) IF(14G)~ .0316

X/R~ .114 X/R~ .397 X/9 .537 K/P. .271
U •s •aUU5U SUUI S UU  a .a ,a.aaa ,Ua.USa !F(A). 1.0000 5~~(4)= 1.0441

5F (O) :  .9805 SF( )
~ .1.060

E F ( C)~ .5270 !F(~)~ .4060
UU S S IU U IU SU aUU U I  IF(3): .1611

7 /9(0) :  2.01.’.
IF(S): .1383
X~ 9( C)’ 1.5.1.5
a.aaa IUIU U S U U U U U

91)5 VOLTAfi S PHASE VOLTAGES
9115 V (MA’) A I) C
j ,9”O .97 .93 1.01
6 .7776 .71 1,10 .99
I .9’3~ .91 1.00 1.01
S .8’!S .77 1.06 1.00

LINE CI19”F’4TS LINE CUR”!NTS
LINE FAULYCI) FAULT (I) PH—A

S S ~04~~~ ~~~~~~3 8 .0605 .0555

0 
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c 
Example Problem 3

This example illustrates the use of the LINDATA input

routine and both the Load Plow and Short Circuit routines.

Pig. 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.

( )

C)
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L~
L;

LI)

. .

I ~~~.r4

~~ I

in 

_ _ _ _ _ _ _ _ _ _

~~ 
in

C~~ 00
~~ 1- ‘0 ~0 In ,-~

~~ %0 X Lfl ~~..

‘-100 00 .

~~~

(
-
)

r-4~~~ en

I

.

(I)
U
0 li.1

CO in
‘-4
.
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I- - C-
— —----~~~~~~~- • ----—--—$ - * I• a a a

a a U
• a a
a - a a
• a a
a a a
a- a
a I a C.:-
a a a
a * 

- a c.-:$ — • * $
S * S- 

- 

I a
S - I $ ~~SO S • - $ ~rSO • *~ I -

I’ - a 1—
IC) & a
•UJ Si a L
I_I ina - 

•
N • a a c~. I t

S 5 0  0 0  p
a a. .  . . a C-

1~- 
3 ~~— —— E

$ a a
• U I I

$ U)
* a a

a
• I * I

.54. a
1’) 1 * I L U

IC) 0 0 00 0 0 0 - - 
** 0 0 00 00 0 * 5

• 0 000 00 0  I 1 
~~ 0

o 00 U0 If) C) 1( C)) 0).~~~~~ Jf ’~~~~~’)~ U~~ . ~~~~~~ U
t $ 1 1 1 1 1 1

1 
‘.0~~ * 

•(~. * I 4 * - 0
a a U UC) a a * - U

— * 0 0 0 00 00 0 a - * - - Za 0 00 00 0 a - *
0 000 0 0 0  a - -

a ~~ 0 00 0 a a
a: - a

a... ~~~ 1 1 1 ) 1 1  1 *In 0 c o  0 0 C) 0 a 0
N — - 1 0 0 0 00 a IJ..
In C) ~~~~~~~~~~~~~~~~~~~~~~~~ a in

a C) a~~~~~~~~ NC O0 C )~~4)~~~~*a C) • *fs~~.J) L~O ( ~D C O0 Q (~~~t D a

C) * NN-4— 4—’O)OJOI~~

O U — a .•. a
• a a - I

• • ~~ IS) 0 0  00 U 0. •r4
— • V 0 —‘ ~S) CU 00 a

U B 0 (I) $fI~~3. 0*U • OS i.O CI N: C)
• I-. a ... .... 0) 0.1 : (‘i L

14 1 0 a * — —
,
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N ~~~~~~~~~~~~~~~~~~~~~~~~~~ I .
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I
C

~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ I . 4UU U $ 4U *U I S , I U I . B $ U I S  ~~$IU~~ U U I$ I $ I I U U I I I

a I

U O()l5~~~ )I T 9I PJT T~~I ‘ Y S T  ‘4 At I ILYSIS ‘CS~~’t1 (~~)54O) U

• 1- n” I ~P.INTDY I
U U

•l$UU U $ S * *$ U I I U B . UU I U U U S * I$ * I I UU IU  U U U I U I 4U U I I U IU U U U * I U UU U U U U U U U U U I U $ U

•U4 U..UIU$I.$&I*ISU.IIIUUU$I~~U4U...IS.IIII$.**I.*U.U. $.UIUUS$.S.II.*.

• U
U ~.XA ’ 1P L ~~)~ 1’ ~ 03
• 101.1 FLOW A’I’ ~~~~~ f’(T 1.’1~ LY~~ S 

a
U . 

. 
I

U U l I 3 U~~ S U3 I U~~U $ S U UU U $ U 4 IU I I I~~ IU l l S U U 4 I 4U U *U $U U U S I I $ I U IU IU *U U l l 4 U I U I S 4 I

• U’a  P~~~Q~~~~~~~ i1 CO HTP OL COII~ TA NT S U~~’~~

COW : ~
PIP: 0
0)T= 12
CHG: —0

O~~ A “A 9AM~ TF~ 0’ ISTAI T S IIU

‘~A SE ‘(VA F fllF’SC~ T E’4P~ PATJ !  58’T H 9~ s1~~T r V r T ~100010. ‘cv’ 60. 4~ 25. OS~~. C 103. l51~~~— 3-4 M

t
•SI•UUII$*UU I$U SUU4IUIU IS$SSU S U U I  U U U U UU U I U  S I S U U U I I U  UU ’*U U I U U U U 4 U U U # U I U

• U

• L T I O A T A  S UBc0JTT ~4~ U

• - ASS M9L~ D T’IPIIT LTN~ OA TA (D~ 9—U’~~T) 
I

• a U
•SIUI4 4 U S S S a U $U I U UU *U I S I U I S I 4 I 443 U U U•I U U I UUU U U I S U I.. **U I U I I I U~~~U U I~~UIUI

CO~4UU~ Tfl’ ~lD, I
FROM • TI RE(7 )  I’1(7) RE(Z 0)  11(70)

1 ~ .0132 .0293 .021.3 .1936

CO’~flUCTfl’ 43. 2
FROM — T~ ~: 7)  11(7) RE(70) 11(70)

1 4 .0100 .0222 .014! .0755

TRANS flR4~~’, LTC NO. I
FROM — T~ 95(2) 111(7) RE (20) I1(Z0

5 3 0.0000 .0293 0.000’) .0253
T A D  T ’ 5 4  T IX CONEC C015

1.000 00 .50000  1.10000 5

754545rfl9’r 7, A UTO. ii). I
F~~0M — ‘3 951 ’ )  11(7) P5(70) 11(70)

5 5 0,0000 .0464 0.000) 0.0000
TA D CO’4!C ~oflr

1, 000 1
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~ flNUUCTO~ ‘10. 3
FROM • TO ~~L(2 )  11(2) ~E(?0 )  11(70)

5. 5 .0295 .0155. .11751 .01.1!

C OWOUCTO) ‘43. 5.
F9OM — Ti 9 5 ( 7)  11(2) P 5 ( 70)  11(70)

2 5 .0147 .0344 .0257 .1170

COMOtICTO’ ‘13. 5
FROM — TI 9 5(7 )  11(7) 95(70)  11(20)

2 ‘ .1122’ •0502  .0413 .1779

CO?IOUC?O~ ‘13. F.
FROM — TO ‘ !(Z)  11(2) 05(70) 71(20)

5 ‘ .0167 .0370 .0301. .1304

T9ANSFO°”~!, FIx~~r) NO. 1
FROM — ~3 ~E(’) III!) 95(70) 11(70)

7 5 0.000 1) • 1485 0 ,0090 • 1486
TA~ C0’1!~~ CO~~~~

1.00000 -•

4*3.UU443USaSSSSSU*SSS1IUS.U~~*$aa a a S . S U U IU a U U U*I $ 3U I U S U .U 4 U U U aU B I I IU BU

U B

— U StJMHADIZS) !4~ UT 01)5 OI TA * ~Z ’• — ’J54TT U

( 

a LISTED IY ASC~~f l ING OLIS H t I ~1)Z ~ S U

a a

•U S U UUU U U *U $ I B B 3U I U aU U U SU e U U U a U U U UU U 4 a U IU U I I U U $ .U U I U S U UU U U ~~I UU S U U I U U U U

P01159
NO. TYPE V (1A~ ) V (ANG—o5;) REAL 95A~~TIV5 1(111) 0(111K)

1 3 1.000 0.0000 0.00000 0.00000 0.0000 0 . 0 0 00
2 1 1.010 0 .000 0  — .2 0000  — .30000  0 . 0 0 0 0  0 .0 0 0 0
3 1 1.000 0 .00 00  — . 2 0 0 0 0  — .15100 0 .9000  0 . 30 0 0
I. 1 1.000 0.0000 — .50000 — .75000 0.0000 0 . 0 00 0
5 1 1.010 0 .0000  — . 2 5 0 0 0  — .20100 0.0000 0 .0000
6 1 1.000 0.0000 — .30000 — .30000 0.0000 0.0000
7 1 1.000 0.0000 —.30000 — .15000 0.0000 0.0000
8 1 1.010 0,0000 — .411000 — .30000 0.0000 0.0000
9 2 1.000 0.0000 1.50000 0.00000 0.0000 1.3000

•U • U *U U U U S U I I I UU I S U* * S U IU •U U U S U U U U S UU I U I U UU U U S I U I U IU U U U U I S I I a I I U UU U U U I

• 
. • 

U

• ‘E’)p3CR~o 9IJSLIST 9571)9)450 9? SUSP’OUTIlS ~93~ 9 U
a . U
SU.UUU.UaUU.UUUUI.S .US$IU.IU$US.IU....U .U..UaaI..UUUU$UUUUUUUUIUUUUU .I

3 1 4 6 3 9 2 5 7

I
- 
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•U. . U U . U $U U U S U I U U I a .U . I U UU IU ,U I U UU U U U IU U S U I U U • S . U U I U U U U UU U U U U U U U . U U U I U

~~~r - 
SMO’T ~I’CU1T XN~~JT D A T A

a U

•US S U SU U $ I U U B U U U UU I $ * * *S U $U U U I U IU I I I I Ua U U U P U U •U U U U U U $U $ U U •U U a • U U U UU I UU

SOUPC r IIP~ 0A~IC~ 8~J5 P40, 1 fOLTS L— ’l(’CV ) 66.60 0.00
3—PM FAULT (~‘I9’ 1 1 T ( AM P S )  c7I~,73 — 1075,~~

• PN—G’S fl F*’IL r ~!I995 JT (AIDS ) lp3M.9.. —75 4.27
FAUL T ‘(O’liS) —0.0 —0.01 IT 2 (OWlS) —0.0 —0.0

U ...U.UaU .U.UUIUIU.a .*.IUUUU~ I$U*a .UUUaU.U$$IUUUUIU* ...UU.UIIU....UUUU

U a

U S0D’~~) LTMF 3,4t11)T DA TA
• 

- LISTED ~Y A~~~~N1ING ‘hiS ‘iJl0~ 9S U

U U

•.UUU.U..UIUUUUUUaU.aaU IaUaaIU B . U U U UU UU U I . a U U IU * U U I UU U *UU a .U Ua .a .U UU U .

58 59 3 95(70) 11(70)

• 1 .116635.01 — ,?jt.~ iE.01 .1.77575.00 .774155.00

II 9 0. 0. 0. . .752635—0 1

1 0 .215.655+01 — .21L*91C+01 .477575+00 .~~7.155+00

I 3 .1’3305.02 — .283cqE’02 .25.0495—01 .103515+00

— 1 6 .1~~9355+02 — .37~ 35.E+02 
- .182195—01 .78.965—01

2 5 .105035+02 — .!‘.5~ 9E+02 .266925—01 .116985+00

2 7 .75.7355+01 — ,16 20E+02 .412835—01 .177875+00

3 1 .128305.02 — ,2835q5+02 .?~ 05.s5—0t .103615+00

4 5 ,‘65755+02 —.13~27E+02 .780525—01 .411555—01

5 2 .105055+02 — ,?4 Q95+0? .246925—01 .115985.00

5 5. .‘45755.02 — .13527C+02 .780525—01 .411555—01

5 6 0. — .215325+02 0. 0.

5 7 .101615+02 —.224615+02 .303655—01 .130835+00

5 -9 0. — .35.1735+02 0. .292635—01

6 1 .165355 +02 — .37~’35.E+O2 .182195—01 .TS1.%!—0I

6 5 0. — .215325.02 .100005+11 0.

7 7 ,75.?35~ +Øj — .165?OE +0’ •,12835—01 .177375+00

7 0 •IOISIE+02 - — .225.415+02 .3035 E—01 .130835+00

7 3 0. —.572935+01 .100005411 0.

$ 7 0. — .4729.35+01 .11)11005+11 0. -

9 0 0. 0. -0. - .292635—01

- 

cj 9 9 0. — .31.1735407 .100005+11 0. - 

-
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UU U U Ua . aUUU UUUU U I Iaa U I .U IU . .. U* UU U U U UU U U I * IU U U . U U IU U U S U IU IU U U U U U U IU U U U

• U

a D()~~?9 3IST~~IR’JTI3W ~Y5T EM ANA LYSIS P9~)GPA11 (POS AP) U

T’~~5 2 °RINTD’IT U

U U

UaU U I U . U U I U .B**.UI$s..U ....U .I*UaaI.$U III*.UUU ..U.UUu ..UUU .aaa.IU .U.UU

U U $ * U UU U U U U$$~~ $aU~ *$BSUU$*I4~~I $5$UUU4UI4U4$U$U4UUIU54$ B~~4*UU4UI4IB5$U

U I

U SKAI PLE P”O?L M 03 U

LOAD FLOW A Wl  ~UO9T C’(T AIA LYSIS U

U - U

aa .UUUUI.aU$..lU..U$UU..IU ...I*$a44*a*,U*UII.aU+I*UUUUIUIU.IIUUIUUU.U .

SI.. P~9o;P’’4 CO ITROL ~ON S T~~N TS lUaU

COW : 5
7P4P : 0
0117: 1.
CIG: —0

U U I  PD3~~~ 9A U PARAIST ER ~OW S ” A WTS “I

BASE ‘(fA FQ OIJENCV TEMPEP.4TJ°•5 EA9TM RSSISTIVITY
101)000. ‘CVI 60. 47 !5~ 350. C 100. ‘(5759—3 4?4

aUUUUa.Uaa.a .IU .UaU 4a .UUUUU .,IUlUaa .aa .UU.4U.aUa.UUIUI.*UaUa .aa .a .aU .I

U U

• °!SULTS OF FAST OECOUPLED LOll FLOW ~ iAL YS7S I

a ALL NA~WITUl~ VALUCS 19 ~!R—U’4tT 
S

SYST~ M MIS 9 SUSSS1 I. 19 TY°~ 2. - I

PIJM9~ R OF TIMES LOlO OUSES WILL IC C ‘1 50(ILC) : ~~~~ 
I

COWV °OENC5 TOLC9A’4CCS* U

PTOL~ .00 100 U

a 1701: •00100 U

a U

aUa I.B.a .IUa,UUUUUII*U.U•*.a . I..aaU•a •IaUaUaa. •aa•UUUUUUU .ala ..Ua IIP$a

UUUI ‘AIlS P10, 9 EXC ESDED ITS MAXIMUM ~ LIMIT
O SP CIFI’OI 1.5000 ‘5°—U NIT.
‘3 CALCUL1.T~~OI - 1.5127 P:4—UNIT.
AMOUNT EX~~~5O5fl1 .33 D~ Dc5P4~~,

0 

-
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..U.$U.U..U.. .$..U. ..U$U*U . . S I U U S S U$U * . I I U * *UU U S U U B S S I $ U S UU S U U U U P U U

U - a
• cY9T ~~4 54JM’449Y U

U I

CIWV r
~G N ~ 5 011T414 3 IN? U

a ç “ LTA T W CI A  1.11 I

U O~ LTA V IT~~ AT13PlS. 
a

I U

UUaUUUU ..IU..f.U.U.U 4U U ~~4U $ *4 lU •U U 4 • U S I $ S$ $ U*U 4 SUU a U * * U S S lU UU *$~~ Ul S $ UU

..UU.. ~LAC IC ‘AIlS D34~~ •U~~U IS

‘AIlS ‘II, REAL R.C4CT!V5 11.0.

I .‘0 t’~ .9’551 t.1~~t5~.

UU.UUUUU...U .$UI.U .U .BIUUUU$,~~UU 4US~~4$4 a I~~$IG $SUU S $ U$ S$U U I U B U U U 4 U

a U

U - ‘~0 1—U LA T :0 LTNS FLOWS U

* (TI4~ ii’i: ~(~~45 09 D5~ t W ~~ POS T T I V _  W4~~I FLIW PIS O P T  FROl TW5 SUPS)U
U I

*.UUU.I.UU.UI.U.IUUa .$aU .IUU .U U4.....U.... $S..$$IUUU*$U*U~~U * U U 4 U $U I I U U

LIN: POWER LINE ‘OWER
FROM TO REAL R A ~~~IVE F9)1 TO ~5*1 R!A~ TIV5

1 3 .20051. .15156 3 1 — .20 *00 — .13000

1 6 .30055 .7’375 S - 
1 — .49’36 — •7491

2 5 — .35554 — .3255 5 2 .‘5007 •33?95.

2 7 ,155~ 5 .07255 7 7 — .15435 — .070 86

5. 5 — .49541) — .7L955 5 1. . !7’3 .75417

S S — .15236 —.4.305 6 5 .11236 .435.91

5 7 .5545.5. .1,4810 7 5 -.51,514 — .42756

5 9 —1.50000 —t.3~ 213 9 5 1,50000 t ,43286

7 8 .1.0000 • 31.847 S 7 ~.1.1000 — .30000

U .UaI.UUU .S*.UU.Ia...U*UUUI* . UU ~~a U a 4 U S U U SU U U U 4 S a U $ I U  ~4 * S U a U U U U 4 U U IU IU U

• a

OUTPUT 91)9 01.71.
a • a
•a U U UU UU U I I UU  I U U . U Ua 4a . U . U UaU U U a . U . a I a . U UU PU 4 4 S S U U I U U 4 U U U*U U U ~~4 Ua a a U UU

‘01159
NO. TYPE 1111! V ( M A G )  V (A NG—350 )  9511 REACTIVE

j  3 1.0000 0.0000 •701’3 .92361
2 1 FIXTR3T .93 0  —t .17 4 — .!‘llflO — .30000
3 1 ‘RIVO .91’9 —.2232 — .!11~~ — .130011
4 1 ~CH3 

.97_7 .1930 — .300 00 —.73000

O S I ‘W! LT* .95F.3 —.71.34 — .250011 — .20000
6 1 C’IARLTC .9778 —.1160 —.30 01)0 — .30000
7 1 .9’~~ —1.SgtS —,41)0I) — .13000
6 1 MO T EL .57S0 —5 .7583 — .1 .0000  — . 30 0 0 0
9 2 11011 .9957 1.3110 1,50000 1.5.3286
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U a U a U S U U U U a U ~~~U U U U U 4 S U . U S U U ~~~U U U $ U U U 4 U U U U U U I . l . U U U U • U~~U U U a U U U U U I U U U U U I

a U

• OIlT’U. 19 ISFC~ME~ D A T A  U

a a
•U SUSU4UUUaUUU.UUS’a....*U4a.$*U.Ia•..U U U U U U U a S U U U U U Ø  ~~UU S U S U * U U U U I B UU U

511 TIP TAP 1’lT’4~ TA’1~~1.~I)

~ S 1.00000 — .0 0000 — .0 0000
S ‘A 1.10)00 .90000 1.19000
• 8 1.00000 — .000 00 — . 0 0 1 0 0

aaU UU ’ $U U U U I U $ U S ~~U S$U~~•a a$I~ .U..aaUaU .UUaUa..UUU .IS...l IU I U a U . l .U I BU S

U I

U D~ SMO~ T CTR~IJtT A’IAL YSIS - I

U A LL V~ LIP~~ IRE ‘~~ 9 ’j WI7  I

U efli?.. WAS S DJ! S. FAULT ~-OD!(S~i~ ) TS —I) • 
$

• T P4 Rc A~~ I S’J*SY9 T~ ” TU I IES( 15Y5 1 . B

I
. 

• I
I - a UaU a a UU . IU U U .U a U I . UU U U . UU $U IU  .aaa.Ua .UIP..UI..UaalUIUa..U.aa•U.IIUUUI

U U U U U S U U U U S $U * U U II $ U UIIU USU U a U a... a a as B I 1*1 1$ $ U U IIUU U UIU  1$ I U U U U~~ U S U UI

a a
U SLI5SY~~~~M ST u DY ‘ID. 1.
U NLJI’~~P 3F ‘~JSS5S TN T’ITS 5V 9 1 1 7 5)  7,
a U
U U U U UU $U U U U  4 UU U a I +U U  U*al$aUI.laaUUl.$aIal SU *U U U U UU S * aU $U I 4 $U *  U U U  S PU aU $

1
a qaa.Ia~~sUaaaa .aaU U I U U U I U $ a l a

( ) U rA ’4_T S P I M I A R Y  F09 f%J$ 1
• 7F 4 0. 00, 0 .00)  P.~~ J.
a 7S~~ ( 0 .00, 0.10) D,1)• 4
•UaaU**’aUa ..eaeUU*.aUU....~~ l

‘ I IA SE—ØW A S E D4~ PH—S9Ol J Pf l
$UU S4a S$UU *$I$*$ U a U $ U U U U $ U U U . U U  U * U U U S U I U 4 U U U U I U  U U I I UU a I a ~ U I U I I I

IF(MAO)= 2.1.359 TF ( 1440 ) 1,7743 IF(1A0): 2.10q~ SF1145): 1,3450
X/Ra 1.874 XFR: t. ’74 X~~9’ i.~~’4 - K/9: 1.564
•+~~aU U 44U•UUSU$U •UU •I4a*~~~ UUUa.U ~~F(1)’ 1,0000 SF( I)  1.2242

5 F(9 )=  .5000 S F( S ) ’  0 . 0 0 0 0
EF(C )s  .5000 EF(~~)’ 0 .00 00
aaUlaaal.aaa..lU IF(S) :  2.2467

K/R (B)= 5.302
IF(~~) ’  2.1812
KR(C) =  .96 5
a U a*U 3 U 4 I I UaU U U U

I.
•aS*a* I IU aa a U a a a . UU I U UU U UU U . a

~ FAULT OUM MARY FOR 91)5 9 U

U ~~~~~ 1 0.00 , 0.00)  ~ .tJ . a
• Z5~ ( 0.00, 0.00).D.LJ.
•a+a.UaaaUa.a..aU..Ua .Ial..aa

“41.S -’4ASE P1-PM-SROUN)
•UUU ~ U U U U I U S I a UU  S U a 4 4 a UU  4’ S S U IU U  •U U U U U  U U UU U S U IS U  U SU U I SU U  U I U UU I I I

IFIMAG). 1.11891 IF(MA~~): 2.9047 Ir (Mt* t ) :  I,7’I’ IC1’IIG): 5,3359
X/R’ 2,263 X / 4~ 7.33 9 X/ 9~ 2.2S3 X~ R’ 2,551
••U*U U U S U U 4 U U U U U  UU S U I UU . U .UU I IU a  S F4 1) :  1,0000 !F(A )~ .1575

5F19): .5000 E F( S ) *  0 . 0000
- 
EC(C)s .5000 ZF( ): 0.000’)
a•U.aUaa~~~U a a a U ’  tF(3)~~ 3.1339

- - - . K~ R(3)’ 1.412
(: ) IF(~~~)~~ 3.2571

- - - 
-
- 

K~4(C)’ .185
I •U I + U U I U U I S U UU U
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Example Problem 4

I

I 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.

0

0
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I 
I
~~~41 \L~ w~ri1~~

\_/~~
h

r-4 4.) 
~~~O

In—. t~~.r4 ‘4 4
U, _ _ _ _ _  >~~ e {’) ~p-s

~~~1.4 1.4~~~ •
a~ P4.~~~I4 —

LI) P•W I••’ I•~

~I)~ I)~~ 4

1.4 B

a 4J 4J +J 4J 4.~ . . . —~~~
0 ) J O U U U I J 4J 4J IU I)
II) . . •

0) 0) C 0) 4) I~~~~~~ 0)0)4)0 00
k k I 4 $.4 1 . 4 0 ) 0) 4 )  I) U) 4J

1.4 1.4 44 ~~~~~~~4J 4J 4.,4J 1J ~~~~~~~~~~
0 ) 4 ) 0 ) 0 ) 0 ) 0 0 0 000 . o o .~~~e E
.,4 p1 ...) .,4 ..4 

~~‘> ~~~ U
B B B  4’

m
~~~~~~~~~~~~~~~~~~~ In o o+J
14 1.4 44 1.4 1.4

a
0 ~~~~~~~~~~~~~~~~~~~~ ~~~~~~~~~

U) cl) c f l000~~ 44
p-4 — — 4 d d 0)

B B B — i—4 ,..4 ~4 000 ~4 4’
~~~~~~~~~~~~~~~~~~ —— r 4 1..____.r.> ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ 0)

00
~1•4

o ~~~ ~ ‘
B B B B B0 0 0~~~4

a
2 

-

Ifl ~~~~ U) ~4 VI
_ _ _ _ _ _  — 4 4 4 4 4 4 3 4  34

0 ) 0 ) 0 ) 4)
I I I U

U
0 0 0 0  0

- 0)94 94 94 9.4I..A A) UU U U V V I V I V I V I  4’

S 

~~~~~ 

~~~~~~~
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$ 
~~~~~~~~~~~~~~~~~ 

s 
-~~~

• U 4.;
• U •~p $ U.-’• •. .0 . U I

(~)Ø j  .0. 03 U I G
04 p.. ‘4 0 ‘I *o ~g p.. S - * G~ 

4)
O Oj t..O.i 04 2 - 2
— s 04 I i • . e ~ I-.

S —‘ .-. 4 ‘4 ‘4

00 0 0 0 0 0  00 * I U
.~~~~~~.. ,  ~ CL

0 00 0 0 0 0  • -
• p •_. 123

I S
* p 14 *• H ‘ I-. 0) 4’
• (‘~ .. ,... 00 0004 8 C.: U 0)
• ‘13 C~ 

00 • .Q~, . . C.) 00 p., - 1-4 34

~ 0. 04 (‘~ -~~~~ )(~ 04 00 - ‘ 0
• 5 0 0 S s  V 3 0 0 )  -

C
~

I 0 4  . 0 . 0 3  * 04 
• l~ 12.

4 p 0. r- ~~~~~ ~~ * • , - 1 4’
00 ~~ V) 00 C.) 00 00.0000 *

• * 0. - ‘ i 0 3 1 - 1  - - . . - U 0)
U

C. 00 00 00 00 ~~ 04 0 3 0 30 0  00 U
• . • . - . * 00 00000 .  • ~ -

, . . , p. oo o~~ 4’

-

~ I ~~~~~- 00 00 00 00 00 
* 

U,

00 00 00 -00  0 * - 
- 

U
.

0 : 0 000 0 0  * U
a 0 0 0 0 00 0  l r4 ,.4 *• 00 c., 02 00000  ‘1

- 00 02 C.) 00 02 0.) SI-
• 0.) 03 0.) 0 00 04: v~ OJW3

03 03 V 0.) 03 (‘3 (‘3 ~ 3 e2~ ’3 (~
) (‘3 4’) * —

,

g~~~~g’g~ : E W )W ) W rM - -~~~~~~~~~~ , .
5 ,  5• •  5 • 02 C.) C.) 03 02 02 02 C 03 •0 a-

~~~~~~~~~~~~~‘4.-~~r4,~~~~4 •0 ~~— ‘4 4 ‘4 r.4 v 4 4  ,
~~ -

:~‘ 
L~

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

•~O Si llS Os 0..SS.a1~ Os Os 5S 55,SS.Oq~ )..Ø~.Os lls.OVV. 08.51

0 -

~~~~~~~ 
-
~~~~~~~~
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C-
UIS SISUU $IS~~U U U U U U S U S U S S U*I S I.S SU a U . . $U U UI a$ . ..$U UU . U . U . U . U U. .UUU .UU aUU

U S
U - 

~~~~~~~~~~~ 0 T 5 T ~~Tfl .JTI’1 ~YS T 1  A N A L Y S t S  D-”)~,~~).4 (“ 391’) a
• Tv” I ‘~ INTOIT U
a a
S UU U U U U $ S B U $ $ • B S U S $U B $ $U S U U U U SU U S S $ $ U U U $ SU B S U S S B U U U U U U S U U UU . U U . UU U .U . U

UU UIJ a 4451 III ISSU SU UI$ aIlS s U I S U U U U a  U s a. a a a.. a * • .a.. 5 s 4$ .  U $ UUU U S U U UU  U.S
a
• E~~81’LF D~ 1’AI.!’1 •..
• $4397 e~~p~~ 5~ A ’ IA LY~~I~~(W ~I5T TWG ’4O .IS5 ) U
S U
•I 35 $ $ S $ $ $ $ 5 $ 5 $ * S $ $U S I a $ * $ $U n 5 $ $ U $ U U S I U U U SU U U S U U U UU S U U U UU U U I S U U U U U * .U U

UIIU DD’3~~~~~M CONTROL C3’I$TA NTS U B U U

CON: 3
IPI~ z I

. 01)7’ S.
CM~ :—0

ala P935~ A~ PARAMETER ~‘)~~ TA’4TS ~~
UU

9A5~ I(V1. r~~ O,CWCY TEM PEQATJIS EAR TW R!S!TIVTTV
~nnoo . ‘(Va 50. ‘4 . 7’~, !3~~. 4~ 100,  1ETr~~ )HM

S I U U UU U •S S U U U U SU U U I S a U S S I U I U UU a S I U S U S UU , U UU U U U I U U S U U U U U . UU U U I UU U U . UU U U
a a
U Lt ’4E ’  StJ’!ROJTIPIE - a
• ASSEIRLEI I’IPUT LINE 3ATA (P P.uqyT)
S U
•USUSUU *UU *$SU SUUI$U.U.SaIUUUISS.*U U 4 IU U U I 4U U S U U ~~U U U U U U I U $ S UU *U S I I U U I I

CON’3UCTO’ ‘10. 1 
-

39C M — TO R !(2)  IM(’) RE(70)
4 ~ 0 ,0000 

- 
.1240 0.0011 3 .433~ - -

- COW0U CII3~ ‘40. 2
— 7’ R!(7) IMIT) 95(70)  11(70)

3 4 0.0000 .0413 0 .0000 .1446

COMOU”TD’ 10. 3
— ~~ 9 C C ? )  XM i?) ‘5(70) IMUO)

3 3 0 .0000 .1653 0.0000 .8795

TOAN$FO-’M!R, FIX”) ‘10. 1
39CM — T~ ~E ( 7 3  IMU!) REU0) 11(70)

3 1 — 0 . 0 0 0 0  .0798 0.0000 .0790
T*~ ‘0~1!~ ~O0E

1,80001) 4

0
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T~.i,,~~—f l .5—%, r?x rn  10. ~
— ‘~~( )  7 1(7)  ~~~~( 7f l ~ I4 ( ’O )

• ‘ ~ .1fl”O .7000 ~.0101 .2000
TI~ ~fl•W. r)’)

1.00000 I

‘~~*N~ ”V l’, “TX I ‘10. ‘
— 0 ‘ (‘) 5 M ( 7 )  9 70) 11(70)

~ 0 .00 00  .0667 0.0000 .066?
~~~ 1)

1.00)0” 1

7D45f )~~1~~~ ~ X X ’ )  lID. i.

— T~’ °~~I7) 1 1( 1 )  R~~(’0) I1(’0)
S “.0000 1.1571 1.0000 1,1571

?*‘  ‘~~ tsr ci’~
1.”i) ”li) I.

T ) If F!~
3M?9, r~~x - ’ 3  MO. ~

— ~~ (~~) 11(7) 9~’(?0) 51(70)
C, 7 0.0I~ 0 .3014 0.0800 .3914

TI” ?0’I~~ ‘O” .
2

a ,)r pd 5~ ~ 7 X 1  ‘1). 5
— ~~ (‘ 11( 7) ~ E ( ? 0 )  11(70)

‘~ ‘ 0.0000 .7299 0 .00 00  .2 2 9 ’A
‘I’ 0 $~~ ~ ‘)fl’~

1.0*000 4

•as•U$ UU U sa . . .a•aU$a. $ . . a a .U. a $ a$ SU aUa U U~~ U U U UU m U l U U U  ~$ $ 5U U S S U U lU U U • IU U

U U

a 940” CT9~”)1T I’1’JT 0*71
a U

U•a U U U U . S SS • S U U U UU S U S S U U S U S U  5 a 5 5 5  UU 5U U SU U I I S I S S IUUS U U I I $U U U UU U U5 U U SU

• I” ’ I8’1~~ 8th ‘in , I VOLT S L — 4 ( < V )  5~~3’ 0 .00
1.0$4 ~ 9’It~ I”~~IT (A ~~P~~

) 0 .0 0  —*019.,0
mlSON0 r8iiI~~ 1”4 ! ( T C A M D S  ) 0.88 — 6 013.50
FOtILT ‘CflC4~I — 0 ,0 — 8 , 0 1  ‘1~~IT 7(O’l ’IS) — ‘1.0 —0.0

90aI~
S.r I •~D ’ ’ 4’

~
f. 

~~~~ riO. 7 VOLT S L—U ’ (V )  9.’A 0 ,00
9.UW n ut,, .JU,,r~~~ ( % . ~D$) 0.00 —7749.10
PW—?~ISfl W A IL’ _ lg.~~ r.~y (~~~MD$ i 0.10 —2~ 43.30
3*NL 7 740MM” ‘.8.0 — 0 .01 ‘1~~Jt 7(’)hlMS) —0. ’) — 11,0

9G.I~~~’ TM°!~ ’’1’~ ‘IS ‘in. ~.- VOLTS 1.11(V) 13.t 0.00
3~~~ W %*0 ~~~~‘FM ’( *~~”) o,on —9781,06
PW— C,N fl FAu LT ~‘)*8t’1T(IMP$ 1 0 . 00  —0731.0’
FI’*t ‘10MM’) —0 ,0 — 8 .81 W J T  7(O’IMS) — 1 .0  — P . O

IOIV’1! TW~~~~ ’1~! 8119 NO. • V OLTS 1—14(V ) 6.83 3.00
1—PM I ltILT ‘J0’~’1T (lMPS) 0.00 —7477•10
PS4—6$S~ ‘lilt’ C’J’.0!ITCI’’S e.oo —~6r’.;o
FAIIL, ‘4flS44’ l — 0 .0 — 0 .01 4 !I~ ? UIHWS) — 0.0 — 0 . 0

W1 Ct TM’!~l~ ’I~! * 8  NI). ‘ VOL ’S L—1(~ V ) 6.~~~ 0.00
3— 11 WSIJLT t J’9!’1?(I’~PS) 0 .08—1 002 3 .4 0
PN—11fl ‘I’ll , .h9f~~(T(I~PS ) 0.00—101’1.h0

() FAULT ~lA’418) —0. 0 — ‘ .fII ‘l it 7l0HNS) — 1.0 —1.0
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•UUUU S•S•*SS!’S• •U S U U5 ~~ •UI S S U U Ø U  U U U U S U U U U I U S S U S S  UU .USaUaS,..S~~S.
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5 3 1.6301 ,‘441
3 5. 1. 4300 ,7441
6 8 I. ’464
7 6 .,4~ 6 .1109
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I ~ 2.4141 1.0501
5. 0 .00~~q .‘?7 2

4 5 4 .9014 .32 72
5 4 .‘0’9 .‘272
6 3 .“45. 5~~~817

7 ‘ c .11.63 .11327
1 3 •0 ’ls
S S .~~?I0

0

121

_ _ _ _ _ _ _  - - -~~~~~



- - - esra&P~~~~V ,’ ; ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ 
-

GE/ BE/76-43

a

USIISSI*5I.’5*U*UIUU$*UUUISSUU

~ F611 .T c” 1~44Ry ~~~ ~ ‘jv ~ a
S ~~~ C 0. 00 ,  0.00~

) D .U. I

5 7C. : ( 0.01, 0 .110) D.~J. •
$SIU5 lU $144151  U*5l U $ 5 $ U U US  II I

TM4E’ :~~P14 h~~? P94 -~~) ’1u l l I1  ‘4~~~~ —~~N~,S5 — PP4 — ’~~3U’1)
•UU a $ U 4 I $ U. $S . U U  ~~55 U 5 5 l $ 4 $- l 5 5 S  U $U* UI * ,* S* . . EU  I U S S U I SU U UI S SU U U

!F(MR’~) ‘.‘t55 I~’ (MA ~~): ~~.3L.?4 Ir(’40~~)~ 5.$ 5~.3 !F( lAc) =  Lt . 3~ 7i
( FR:  X/ R: I SI I IU UU

•SSUU S U U I S S U I $ 4 U  UUU.*SIa .*$’*..S 5~~(4): 1,11000 ~ C~~~~)= .1001
?r(’)) .500 11 ~F( 9 ) :  0 . 0 f l f l ’~‘
~~~(‘~): .51100 5F(~~): 0 .0 0 0 0
• U U S U * * U S U U U I 5 • U  T F ( 3 ) ’  9 •4j 9

(/ R ( 9)  1.20 3
T F C - ~ ) =  0.013)
X F R(C) ’  I. ’)’
U U $ l*I IU IU I S * I U S

0II~ VflhT0’~’ f~HA S? V1t TA G~ S
OtiS V ( ’-UL Z) 4 ~I .‘lOt .3~ .60 .4°

3 11.110111 0 .00 • 0 ’  .92
2 .f~~6~) .36 .8’ .08
4 .10 ,11’ .0!
5 .1,1 .9’ .0’
F. .‘047 .0’. .0~ .96
7 .‘cS4 .02 .0’ .46
8 .“09 .41 .9’ .92

LINE CtJR~~ k*?~ LIP1E CUR’~~9TS
LT’Ir FAIn T I? )  C’AULT( l)  ~M~ 4

3 1 2.~~3’9 2. 1171?
3 ‘ .0312 •73 19
S. ‘ ~‘.1’5~3 4 2,1’S? 1,0319
5 . 2.1’6?
S S 1.’10 1.686 0
? 9 .19’)6 .175 9
7 4
6 ‘ ~,!)0?9

I

0 
- 

-

122

—
~~ 

1” ~~~~~~~~~~~ ~~~~~ _____________________________________________



GE/ EE / 76 -43 
-

C

5 U I U I U S U IU U I U U U U U 5U U US U U U U U U I

F4’JLT SLIM” AR V FO~ ~ JS 4 U
$ ‘~~ : ( f l . 0’~, 0. 110) ~ .Ii .  I
U “~

— C 0 .00 , b .o o )  D~~~J •
U UUU * 5 5 5*  I U U 5$ a a 51 51 U IS U as as a

“Ii P4—P N—SRD U N’)
USSII*SU$S*IIU SI ISUSI*SIIm IsIS a~~ •U UU UI U U S U S U U U S U  U U U S U U U I  515~~ 5111

Tc ( 4 8 r ) :  ‘.1~~~’ T r ( MA ~~) 6.77 26 IF(114G): 5,~~03’ IrliA;): 5 ,3950
X/” X /t ~~~

l $ S U I$ a $  X/~ 
0 X/*~:IU $ * l U U U

a l aU a $ U $U 5 S ’S S U I *UlIa$*IU SU.US. EF(4 ) :  1.0110” S F ( %) ’  1.0550
- 

rF (q )  .5000 ~F(3 ) :  11.0000
~“(C):  .50 0 1)  5F(~~~): 0.011 0”
U $ S * l I * U S $ $ a l S~~ I IF (3)= 7.0055.

XI R ( 0 ) =  1,950
tF(~~)= 7•Ø051
X/ 4 ( C ) =  j,9511
U 5 4 5 S 5 $U U I IUS I U I

0LI~ vOL’~~~ ’~ ‘II~~~! V 0L’6~~~S
8US V ( I1’~

) A ‘~ C
.~~6c3  •~~4 .91 ,Oj

‘4 .1”S .1’; .9’, ,94
2 .“c’. .58 .01 .31
4 0. Ofl f l O 0 .00 1.01 1.03
5 .375.1 .49 .9~ .06
S .6~’Il4 .08 .97 .97
7 •7~~f~ 3 .3~ .9’ .97
0 .~~1fI 3 .69 .93 .93 

-

LIPI! C’I’4’ ’lT~ LIPIE CiR’ NTS
LIME FACI L i tY )  FAt ILT ( I)  P9—A

4 1 2.1’99 1.3668
3 2 • 7S~)8 .‘*8 29
4 1 4,1734 4.3872
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6 .6”I .80 .‘~ .95
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7 6 .0909 .0467
S 8 4.~.4t3 2.t~~10

C 

. 

.

127 

- - _ _ _

-~~~~~~~~ -~~~~~~~~~~~~~~~
-
-~~- -~~~~~~~~~



GE/ EE / 76 -43

• 
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 not provide

minute details of every program element , but do provide the

f basic functions performed by major programs and subroutines.

The format is also non-standard , and was devised to f it 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- l through B-lO on the following pages show the major pro-

gram element flow charts.
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START
+

J
Write Program Title , Read Title Card , Program Contro l

Card; and System Parameter Card; Write program headers

Ion output files (Tape 1 and Tape 2).
+

ICall Input Overlay, (BASIC , 1, 0).
4,

Check error status: If input errors , GO TO 950 (Error

ljnput routine). If no errors, continue.
4

IBranch to statement number dictated by CON variable:

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

line data printed (see statement 100).

• 20 CON-2. 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-i, EXECUTIVE Routine Flow Chart
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I
• 50 CON-S. Call Load Flow Overlay (LODFLO, 2, 0).

Upon completion , check for errors, if none con-

tinue, if errors GO TO 950. Call Short Circuit

Over lay (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
• J5tatem~~t5 100.101. Write desired data on output file

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

IRewind appropriate files.

STOP

950
Write program error termination statement on output

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

j(Tape 1). Rewind Tape 1.
+

STOP

END

• Fig. B~1. (Cont’d)

L 130

— 
- - 

~~~,.- _ - - - ~~~~~~~~~~



GE/EE/76-43

(_ 
-

START
+

J 

Check to see of INP value is correct. If not, GO TO

1100.

+

h f  INP — 0, Cafl LINDATA Overlay (BASIC 1, 1).
+

]:If INP - 1, Call LINEZ Overlay (BASIC 1, 2).
-1’

Check if Load Flow is to be performed : If CON-l , or

CON-3, RETURN to EXEC program . IF IERR , error status ,
j  not equal zero , RETURN .

+

tCa1l bus data input subroutine (BUSIN) .

+() {If errors have been generated by bus input routine,

RETURN to EXEC program .
+

Icall Subroutine ORDER to reorder bus list.

+

RETU RN to EXEC

100
÷tWr ite input error statement on output file (Tape 2).

+

RETURN to EXEC

END

Fig. B~2. INPUT Routine Plow Chart
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0

START
+

f Write appropriate assembled line data header on output
file (Tape 1).

210
-~IRead 

one record (card) of line data.

+

Check if last line data record (EB O). If yes, GO TO

1930.
+

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

has been exceeded; if yes, GO TO 855.

+

~~~ 
ID , VP or PH equal zero , GO TO 859.

+( _) IBranch to statement number dictated by ID value:

• 211 ID—i; Copper , aerial.

+ 212 1D 2; ACSR, aerial.

• 300 ID”3; Cable , underground , aluminum .

• 400 1D 4; Cable, underground , copper.

• 500 ID—S , 6, 7, 8; Transformer (any type).

• 820 ID-9; Series Capacitor.

• 830 ID-b ; Series Reactor.

211
p for copper aerial using input temperature;

j  assign P2 constant value; GO TO 214

Pig. B-3. LINDATA Routine Flow Chart
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212
- ‘-JC alc . p for ACSR using input temperature ; assign P2

I constant value.
214 +
• Calc. DC a-nd AC resistance. Determine Fl constant

from stranding input or default value. Calc. induc-

tive reactance out to one foot radius , in reac . due

to conductor spacing, and total m d .  reactance. Calc.

pos. seq. impedance.

+

fCalc. zero seq. resistance and m d .  reactance compon-

ents. Caic. zero seq. impedance. Check for neutrals ,

none GO TO 900.

230
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:
2 

STRG-TMXX, NG-TC, DMCG-TMNN , DMGG-TPI , SG-VS.

235

r
After initial values for variables are established ,

J repeat statements 214-217 for ac resistance and new
XA value.

240
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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C

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

Iimpedances.

+

GO TO 900

Using table look-up (based on cable size), assign pos.

land zero seq. impedances for copper cable.
4.

f 

Statement numbers 402-440; table of copper UG cable

1 impedances.
+

GO TO 900

J
lncrement transformer counter (NOTR) . Check if max .

number transformers has been exceeded ; if yes, GO TO

1857.
+

J Branch to statement number dictated by ID (type of

I transformer).

• 858 ID—i, 2, 3, 4, 9, 10; error.

• 860 ID—5 , 6, 7 and C greater than 5; error.

+ 518 ID—5; fixed transformer.

Pig. 3.3. (Cont’d)
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- 

- $

+ 600 ID-6; autotransformer .

+ 700 ID—7 ; Load tap-changer.

+ 800 ID—8; phase-shifter .

518
fixed trans. pos. and zero seq . impedances based

Ion size (KVA) , and high-side voltage rating (Ky).
+

Tstatemell t numbers 519-581; fixed transformer impedance
I table/equations ; GO TO 901.

600
pos. and zero seq . impedances for autotrans;

leakage impedance value is determined by fixed trans.

Iroutine (enter at statement 519).
+

Tst5tem~ t numbers 649-667; autotrans . impedance equa-
1 
tions; GO TO 901.

700
•J lncrement LTC counter (NOLTC); If max . no. of LTC’s

Ihas been exceeded , GO TO 854.
+

J
Calc. pos. and zero seq. impedances; leakage impedance

value is determined from fixed trans . routine (enter

lat statement 519); GO TO 901.

800
+ T crem~ t phase-shifter counter (NOPH); If max . no. of
I phase-shifters has been exceeded, GO TO 856.

$ 

Fig . B.3, (Cont’d)
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‘

C

JCalc. pos . and zero seq . impedances ; leakage impedance

is determined by f ixed trans. routine (enter at state-

Iment 550).
+

T Statement numbers 801-805; phase-shifter impedance

equations. GO TO 901.

820

~
I1Ca lc. pos. and zero seq. impedance for series capaci-

Itor. GO TO 901.

830
•JCa lc. pos. and zero seq. impedance for series reactor.

GO TO 901.

850
+IStatement numbers 850-860; error statements written on

U ~ output file (Tape 2); error counter incremented (IERR) .
+

GO TO 210 or RETURN

900
S-0 (for per unit calculation); Caic. frequencey

adjusting factors (for cable only).

901 +
•JCheck to see that both pos. and zero seq. impedances

are not zero. If yes , GO TO 853, Call PERUNIT to con-

.1. vert values to per-unit.

902 +
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.

S 
- .  

--1: 4,~

Pig. B-3. (Cont’d)
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GO TO 210

930
•flf there are any input errors (IERR ~ 0), RETURN to

~ 
INPUT program ,

+

J 

Call subroutine LSORT to sort line , transformer , and

phase-shifter tables (after all line records are in-

.[put .

945 +
Statement numbers 945-950; Caic. number of connections

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

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

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

4.

RETURN

END

C Fig. B-3. (Cont’d)
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START
+

appropriate data headers on output files (Tape 1

land Tape 2).

10
÷IRead one data record (card).

J
Check for last time data record (EB ~ 0); If last

record , GO TO 930. If ID 5, 6, 7 and C greater than

Is, GO TO 800.

+

J 
Increment line counter; if max imum no, of lines is ex-

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

1858.
+

f 

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

jboth zero, GO TO 853.

+

J
Branch to appropriate statement number based on value

jof ID :
• +

• 20 ID—S , 6, 7, 8; (Transformer routine).

• 30 ID—9; (series capacitor routine).

-

~ 

35 ID-b ; (series reactor routine). -

lincrement conductor counter (line is aerial or cable),

+

Fig . 3.4. LINEZ Routine Plow Chart
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r C

Ass ign 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

2~.+ Increment transformer counter; if max . no. of trans-

formers exceeded, GO TO 857.

+

IBranch to statement number based on ID:

800 ID—i , 2, 3, 4, 9. or 10 terror).

+ 21 ID—5; fixed transformer; increment fixed

transform er counter and assign Z and ZØ;

GO TO 900.

+ 23 ID=7; LTC; increment LTC counter ; if max . no.

of LTC ’s exceeded , GO TO 854; assign Z and

ZØ. GO TO 900.

+ 24 ID—8; Phase-shifter ; increment phase-shifter

counter ; if max . no. of phase-shifters exceed-

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

30 
-

• T~~
c
~
ement capacitor counter; assign Z and ZØ; GO TO

1900.

+~~ Increment reactor counter ; assign Z and ZØ; GO TO 900.

S Fig. 3-4. (Cont’d)
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$ 800
-‘~IError statememts.
900
+ 

• 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 1O
930
+ Statements 930-960, If there are input errors (IERR

~ 0) RETURN. Sort line , transformer , and phase-shif-

ter tables into order by ascend ing bus numbers (call

subroutine LSORT). Do 950 Loop : Calculate no. of con-

nections for each bus and store in CONEC array ; count

t no. of connections to ref. bus (if any) and save as

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

ref. bus) and save as NBUS.

- 

- 

- 

RETURN

END

C Pig. 3-4. (Cont’d)
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Li
r START

IWrite load-flow header on output file (Tape 2).

Statements 1-7. Initialize NA array . DO 5 Loop:

Caic. array of B off-diagonal elements (DU) and dummy

connection array (NA); DO 7 Loop : Calc. array of BA

diagonal elements (BDIA).

+

DO 100 Loop: Triangulate BA matrix ; Select row no.

(IRW) from reordered bus list (NB); Caic . Diag . element

H (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.

+

-

‘ 

f DO 10 LOOP: Forms list of row no.’s (IDUM ) that will

be affected by elimination of IRW.

+

f DO 15 LOOP: Forms array of upper-triangle elements of

IRW (UBP) and list of column identif iers (JBP) for

Leach element.
+

T 
DO 50 LOOP: Eliminated IRW by standard matrix row re-

Lduction.

100 +

•tEnd of B’ Triangulation.

+

Fig . B-S. Load Flow (FDLFLOW)
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I9 $
‘[‘DO 105 Loop: Calc. array of B~~ off-diag. elements

(DU) and dummy connection array (NA); DO 107 Loop :

jCalc. array of B~~ diag . elements (BDIA).
+

DO 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.

200 +

lEnd of BAA Triangulation.
+

IRestore dummy NA array ; initialize LIST array.

211 +
• ~ Entry point for AP - ~0 solution routine .

+

JDO 250 Loop Calc AP/V array (DLP) for each bus in

jB ; If (t~P/VI> tolerance, set KP 1.

+

f 

If ICP - 0 (Converged) GO TO 400. If max. no. of itera-

jtions has been exceeded , GO TO 500.

+

DO 270 Loop, DO 275 Loop and DO 285 Loop ; Direct soln.
-

- - of (~P/V~ — jB i - (t~e] equation for ~t~e 3 .  Note: Matrix

operations performed on DLP array transform it into the

~e solution array.

Pig. B-S. (Cont’d)
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r 
- T~

0 290 Loop : Updates bus angle array (ANG) by add ing

j Ao for each bus.
+

~ 
Increment t~P-A 0 iteration counter.

291
•~~Entry point for AQ-~V solution routine.

+

350 loop: Calc. M~/V arr ay (DLQ) for each bu s in

jB~~ ; If IA Q /V I>  tolerance KQ - 1.

+

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

j tions has been exceeded , GO TO 500.
+

DO 370 loop, DO 375 loop, and DO 385 loop: Direct so-

c lution of AQ/V - [B~~] [LV] equation for (AVI . Note:

Matrix operations performed on DLQ array transform it

into the AV solution array.
SI,

f DO 390 and DO 388 loops: Update bus voltage magnitude

array CV) by adding AV for each bus.

+

~ 
Increment AQ-~V iteration counter,

+

f Call subroutine LIMIT (Check for PV bus Q-limit viola-

j tions.)
+

GO TO 211

$ 

Pig. B-.S. (Cont’d)
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F- - 400
KQ 0 (~Q-AV is converged) GO TO 450; otherwise

jGO TO 291.

401 4’
IF KP - 0 (~P-M is converged) GO TO 450; otherwise

jGO TO 211.

450 +

+fWr ite convergence data on output file (Tape 2); Caic.

I Slack bus power.

453 +

+IIf line flows are not to be caic. (OUT - 6), GO TO

1456.
+

ICaic . and write line flows on output file (Tape 2),

456 + 
-

-~T
5tatem

~
t5 456-461. Convert ANG array from radian

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

leach bus.
+

GO TO 570

500
+TStatements 500.520. Write non-convergence data header

on output file (Tape 2), and non-convergence table

.Lwith Delta P and Delta Q.

570
value of NLC , automatic load change , is zero , GO TO

j999 and RETURN.
4

5 
Pig. B-S. (Cont’d)
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- C
580r 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 1DB, 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

~ 
RETURN.

C END

Fig. B-S. (Cont’d)
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•
START

+

f DO 100 LOOP: Loops through all- buses to find PV buses ;

I calculated Q for- each PV bus ; Bypasses rest of routine
j if QMAX and QMIN are both zero.

+

J 
Check if QMIN or QMAX have been exceeded ; if not, GO

jTO 100.

20 +
+ I QMAX exceeded ; calculate QMAX - %alc. (DEL).

- - - - 4 ’

If Q violation for this bus has already been written on
j output file, GO TO SO.

+

C J Calculate percent over; write on output file (Tape 2);
GO TO 50.

— 25 +

+ 
I 

QMIN exceeded ; calculate QMIN - 

~~~~ 
(DEL).

+

J If Q violation for this bus already been written on
output file, GO TO SO.

+

~ 
Calculate percent over; write on output file (Tape 2).

50 +
+ 
~ 

If magnitude DEL < .01, GO TO 100.

+

If sensitivity factor has already been calculated

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

C 

Fig. B-6. LIMIT Subroutine Flow Chart
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C

DO 60, DO Si, and DO 61 loops : form missing column of

I (B~~] corresponding to i~~ PV bus (DU).

+

T DO 70, DO 65, DO 75, and DO 80 loops : Calculate sensi-

I tivity factor for i~-~ PV bus.

90
+ Calculate incremental voltage change for PV bus

j (DV).
+

DO 91 loop : check if LTC branch is connected to

PV bus , if yes GO TO 92.
4.

Calcu late adjusted bus voltage at PV bus (NO

LTC ’s).
- C  

+

GO TO 100

92
+ 

~ 
Calculate new tap ratio (TNEW).

+

Check if max . or m m .  tap limits are exceeded ; if yes,

set tap ratio at appropriate limit and adjust i~~ PV

bus voltage; If not, GO TO 96.
+

GO TO 100
96

+ Calculate nearest physical discreet tap setting (func-

I tion DISCRET).
+

5 

Pig. 3-6. (Cont’d)
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_ —5- -.-_ 5-

100
• [ End of loop .

+

RETURN

END

C,

-t Fig. B-6. (Cont’d)
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g
START

+

Read short circuit control card . If not in proper for-

I mat GO TO 912. Write header for input data.
+

DO 7 loop : Initialize DLP , DLQ and Na arrays. NA is

I equal to CONEC.

+

~ 
If 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 buse s if no

C 
- 
zero sequence path exist.

51 +

+ Read current source control (CURSOR) card indicating

how many source impedance data card s will be read

j  (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 line.

+

5 
Fig. B - i .  Short Circuit (FAULT) Routine
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65I + T All lines have been added to line tables ; call subrou-
t 

i tine LSORT to sort line data into order by ascending
I bus no.

+

I Update NA array (— CONEC) and IZ (no. of lines to ref.)
+

DO 76 Loop: Forms a feasible ordering of bus list for

impedance matrix building algor i thm;  Stores reordered

bus list in LIST array , and stores list of line table

entry numbers in JBP array.
+

f 

Check to see of no. buses in LIST - NBUS, and no. lines

in JBP = no . lines in system. If not equal , GO TO

I j error routine.

Read mu tua l coupling con trol (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.
+

~ 
Read mutual coupling data into proper storage tables.

77 +

+ Read fault impedance header (NOFALT) card ; If no. of

j  buses (NFT or NOFALT) is zero , GO TO 84.
+

5 Pig, 3-7. (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.

(NOFALT/ 26) ;  Read in bus list and store fault impedance

- 
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

L bus voltage array (EBUS) accordingly.

90 +

E Write short-circuit header on output f i le  (Tape 2 ) .
+

T 

If short circuit analysis is to be accomplished “auto-

C J.. ntatically” (ISYS 0 ) ,  GO TO 100.
+

~ 
Set subsystem counter (ICOUNT) equal to ISYS.

95 +

+ If ICOUNT - 0, RETURN control to EXEC ; otherwist~ con-

L tinue with next subsystem study.
+

T 

Calc. lOUT for subsystem header (lOUT subsystem ’

L study number).
+ 

-

Read subsystem control (NOBSYS) card indicating how

many buses are in this subsystem study (NBS) ; if NBS

50, GO TO 904. —

+

5 
Fig. B-7, (Cont’d)
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-
I

f Write subsystem header on output file (Tape 2), and

read subsystem bus list.

+

GO TO 105

100
+ r DO 101 Loop : Sets up dummy bus list (NB) for automat-

L ic short-circuit study .
4’

Calc. lOUT for automatic header (lOUT = no. of passes

of short-circuit program to complete network study

(NBUS/50); Write header on output file (Tape 2), and

set bus count.

105 +
+ r Entry point for bus building algorithm (initial pass

C L only for auto); re-entry for subsystem studies.
106 +
+ 
[ 

Call BUS; subroutine BUS is positive sequence Z-build-

ing algorithm; re-entry point for subsequent passes of

1. auto. short-circuit study .

+

~ 
If error status is not OK (IERR ~ 0) ,  RETURN.

4’

f 
Call BUSO; subroutine BUSØ is the zero sequence Z-

building algori thm, with mutual coupling handled by

L subroutine MUTEST.
+

~ 
If error status is not OK (IERR ~ 0), RETURN.

+

S Fig. B- i .  (Cont’d)
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- 

DO 200 Loop: Calculates fault currents for buses in

subsystem or network segmen t ; IRW is faulted bus no.,

and F and G are fault and neutral impedances, respec-
— tively for faulted bus.

+

f If bus is single-phase only (IPHASE (IRW = 1) GO TO

1 132

1 k  +

Calculate 3$ fault for bus IRW (AI4PA); Calculate X/R

ratio for fault current (XR); calculate bus voltages

if desired , otherwise GO TO 132.

132 +
• 

- 

Calculate phase-ground fault for bus IRW (AMPA) ; Cal-

c culate X/R ratio (XRLG) from equivalent impedance

(ZZE); calculate voltages and line currents if desired ;

- 
otherwise GO TO 149.

149 +
+ f Check if phase-phase and phase-phase-ground faults are

I to be calculated (SCOP - 0 or 1); if not, GO TO 160.

+

~ 
-If bus is single-phase , GO TO 170.

+

Calculate phase-phase fault (AMPA) and X/R ratio (XRLL)

for bus IRW ; Calculate and store faulted bus voltage

summaries only.

+

S Fig. B- i .  (Cont’d)

153

- 
- - - - -

~~~~~~~ -

- 
- - 

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

_ 5



- - -

GE/EE/76-43

C
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.

l5O~~ 
+

+ f Write fault summaries for bus IRW on output file (Tape
[ 2); all fault types, and voltage summaries if desired .

160 4.
+ f Write 3$ and 1$ - gnd. fault summaries only on output

f ile (Tape 2) ,  voltage summaries and line currents if

[ desired.
4.

C GO TO 200
170
+ f Write 1$ - gnd . fault summary only on output file (Tape

2), voltage summaries and line currents if desired .

200 +
+ 
~ 
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.

+

f Check if automatic study is complete (M - 0); if yes

[RETURN.

Fig. B-7. (Cont’d)
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i t
GO TO 106

900-950
* + 

~ 
Write statements for errors.

+

RETURN

END

5--  — ------5—

(J

F- ----

I

I Fig. B- i .  (Cont’d)
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C
START

+

f 

DO 9, DO 10, DO 11 , DO 12 ini tialize 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. sequençe Y is zero --{-t ransfo-riner-
-~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~-~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~

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.

C +

~ 
If line has one node reference , GO TO 25.

5 +
+ f Entry for branch element routine (no nodes ref.); GO

T0 90. - - - - -~~~~~~~~~

15 +
+ Entry for loop-closing element routine (no nodes ref.);

j  GO TO 80.

25 +
+ Entry for lines with one node the reference; If loop

j closing, GO TO 30.
+

~ 
Add branch (one node ref.) routine; GO TO 90.

+

5 Pig. 3-8. BUS Subroutine Flow Chart
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30

~ 
Entry for loop-closing (one node ref.) routine.

80 +
+ E liminate loop axis by Kron reduction (DO 84 and DO 85

I Loops); GO TO 90.
88 +

- 
+ Re-entry for lines with zero admittance ; assign Ll

I and L2.

90 +

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

C 
count is decremented by one.

- 

100 +
-

- 
-~ 
~ 

End of loop.
+

RETURN
- End

S Pig. B-8. (Cont’d)
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I
START

+

DO 1, DO 9, DO 11 initialize arrays IUBP , ZODIA , ZC ,

NA.
4.

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 pos ition of the line data in the sorted

line tables. Mutual coupling is handled by subroutine

- - MUTEST; Details in Brown (Ref 1:80-95).

+

~ 
If line has one node reference, GO TO 50.

6 +
-‘ 
~ 
Entry for branch element (no nodes ref.) routine.

C
f 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 - typr.r53 tZrk~~si 1a -P _on plAG com- 
- —

putes 1
~pq-rs

1 (zrq -zsq]; GO TO 90.

20 +

~ T 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.).

+

5 Fig. B-9. BUSO Subroutine Plow Chart
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I

Check for mutual coupling , (Call MUTEST); if no mutual

coupling (IROW - 0) GO TO 41.
+

- 
Add loop with mutuals; DO 26 and DO 30 Loops add loop

with mutua ls; as above , OFFDIAG computes 
~~pq rS1

EZrk~Zsk I~ 
and DIAG computes 

~~pq-rs
1 r-loop s-loop 1

- 
GO TO 80.

41 +
+ Add loop with no mutuals; DO 42 and DO 45 loops add

loop element with no mutuals; GO TO 80.

50 +
+ Entry for line element with one node the ref; if loop-

I clos ing, GO TO 60.

C +

~ 
Add branch with one node ref; GO TO 90,

60 +
Line element is loop closing; add loop without mutuals

(one node ref.)

80 +
+ f Eliminate loop axis by Kron reduction (DO 84 and DO 85

I loops).
90 +

+ Network reduction routine; connection count for-buses

on each end of line is decremented ; If no more connec-

tions are to ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~
not in the subsystem study area, it is eliminated by

subroutine SWAPZfl; If swapped out, the remaining net.

$ - Fig. 3-9. (Cont’d)
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j  work bus count is decremented .

100[ End of loop.
RETURN

END

- C   

-- - - ___ __ -5_*~ 

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 mutual ly coupled , RETURN with IROW 0.

11-16 +
Determines if line to which mutually coupled is alread)

in system ; if not, RETURN with I ROW - 0.

21 +

~ ~ 
Add new line to mutual building tables.

+

DO 80 loop : Cons tructs the mutua l impedance coup ling

matrix for all lines in the system coupled to the new

line (detailed in Ref 1:80-95); The DO 50 loop is a

I searching routine to locate the lines in the mutual

building table that are coupled to the new lines.
+

Call CPLXINV to invert the impedance coupling matr ix

I to obtain the addmittance coupling matrix .
+

RETURN

END

Fig. 3-10. MUTEST Subroutine Flow Chart
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Appendix C. Program Variables - -

This appendix was developed to further document the

PDSAP program . All variables and arrays listed in the

— COMMON statements are indicated as to the overlay source and

other overlays where used . Tables contain the variables or

arrays listed by COMMON block. Each table l is ts  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 f igure 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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C 

Table C-I.

Common COMA Var iables

Var iable Over lay Source Definition/Use/Comments

BKVA Bas ic,0,0 Base KVA

BKVA1 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 Bas ic ,0,O Input, selects LINEZ or
LINDATA routines

ISYS Shr tckt,3,0 Number of subsystems in
short circuit routine

LODOP Basic ,0,0 Used as index in Sub-
* routine LIMIT.

MAXLTC Basic ,0,0 Maximum number of Tap
Changing Under Load trans-
formers.

MAXPH Basic ,0,0 Max imum number of phase
shifting transformers

MAXTR Bas ic,0,0 Maximum number of trans-
formers allowed .

NMAX Bas ic,0,0 Number of lines allowed
times 2.

OUT Basic ,0,0 Output , contro1~ outputprintouts .

SCOP Shrtckt,3,0 Shor t circu it control ,
selects base vol tages and
type faults.

T (l)Basic 0,0 (1)Temperature
(2)Lodf lo ,2,0 (2)Transformer Tap Setting
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t Table C-Il.

Common COMB Arrays

Array (Size) Overlay Source Definition/Use/Source

ANG (250) Bas ic,l,Oand/or Bus numbers .
Shrtckt ,3 ,0

B(l450) Basic ,l,l or Real part of l/z , line
Bas ic,1,2 element susceptance.

BDIA( 250) Lodf lo,2,0 Diagonal elements of B
matrix .

BUSNAME(250) Basic ,l,0 or Alphanumeric name of
Shrtckt,3,0 bus.

CONEC(250) Basic,l,l or Number of connections
Basic l,2 for each bus.

DBP (250) Lodf lo2 ,0 l/BDIA in triangulation
of the B matrix .

C DBPP(250) Lodflo2 , 0 1/BD IA in triangulation
of the B matrix .

DLP(250) Lodflo ,2,0 (1) Delta P array.
Shrtckt,3,O (2) Real part of ZF in p.u.

DLQ(250) Lodflo , 2 ,0 (1) (1) Delt a Q array .
Shrtckt,3,0 (2) (2) 1mg . part of ZF.

G(l450) Basic ,l,l or Real part of l/z , line
Bas ic,l,2 element admittance.

IBU S(250) Bas ic ,l,0 and/or Bus number array .
Shr tckt,3,0

ICC(2 50) Basic ,l,l or Transform er code,
Basic ,l,2 C + IADD.

I PHASE(2 50) Basic ,l,l or Bus phase array.
Basicl ,2

IU BP(25 0) Lodf lo,2,0 (1) (1) Index of first ele-
ments of E matrix .

Shr tckt,3,0 (2) (2) List of bus numbers
for subsystem .

*

165

,

~

..5.a-_-5_

~

...—_—_ —~ - - -- - - 5 — - - - — 
5 S.5S-555-~55-55- - - -- 55_~~~~~~ .5-5.5-5 - .-~S~_ - --~ - 



- s__s ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ 
- - — - ___.___5—_.____.___.___-—---—-—— —— - —

GE/EE/76-43

f t 
Table C-Il. (Cont’d)

Array(Size) Overlay Source Definition/Use/Source

r IUBPP( 250) Lodf lo,2,0 Used in triangulation of
the B~~ matrix .

JBP(3000) Lodflo ,2,0 (1) (1) List of solumn iden-
tifiers for B matr ix .

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,l or End bus . Determined by
Bas ic,l,2 second bus number.

LINB(l450) Basic ,1,l or Start bus. Determined
Basic ,l,2 by first bus number .

LIST(2 50) Bas ic,l,O and/or Used to form re-ordered
Shrtckt,3,0 bus lists.

LPHA (50) Bas ic ,l,l or End bus for phase-shif-
Basic ,l,2 ter transformers.

LPHB(50) Basic , l ,1 or Start bus for phase-shif-
Basic ,l,2 ter transformers.

LTRA(25 0) Bas ic,l,l or SB of transformer , reac-
Bas ic,l,2 tor or capacitor .

LTRB(2 50) Basic ,l,l or End bus of transf ormer ,
Bas ic,l,2 reactor or capacitor.

Q(250) Basic,l,0 or Reactive power array.
Shrtckt ,3 ,0

QMAX (250) Basic ,l,0 or QMX/BICVA or QMAXN.
Shr tck t,3,0

QM IN (2 50) Basic ,l 0  or QMN/BXVA or QMINN.
Shrtckt,3,0

Ff250) Basic,l,0 or Real power array. 4Shr tckt,3,0

PI4ANG(50) Basic ,1,l or Phase ang le for phase
Basic ,l,2 shifter transformers . -;
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( 
- 

Table C-Il. (Cont’d)

Array (Size) Over lay Source Def inition/Use/ Source

TAP(250) Basic ,l,l or Initial setting of tap
Basic ,l,2 on transformers.

TMIN(250) Basic ,l,l or Minimum transformer
Bas ic,l,2 tap setting , in p.u.

TMX(250)  Bas ic,l,1 or Maximum tap setting of
Basic ,l,2 transformer.

UBP(3000) Lodflo ,2,0 (1) (1) Upper triangular ele-
men ts of B matrix .

Shrtckt ,3,0 (2) (2) Abso lute value of
voltage for buses in sub-
system .

UBPP(3000) Lodflo,2,0 Upper triangular list of
elements for B~~ matrix .

V(250) Basic ,1,0 Bus voltage array.
Shrtckt,3,0

ZOl(l450) Basic,1,1 or Imaginary part of zero
Basic ,l,2 sequence impedance.

ZOR (l450) Bas ic ,l,l or Real part of zero Se-
Basic,l,2 quence impedance.

C
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Table C-Ill .

Common COMC Arrays

Array (Size) Overlay Source Def in ition/ Use/C omments

DU(l 000) Lodf lo,2,0 (1) (1) Array of B~ matrixoff diagonal elements.
Shrtckt ,3 ,0 (2) (2) Array of bus vol-

tages.

IDB(2 50) Bas ic,l,0 and/or Bus type (ID).
Lodflo,2,0 and/or
Shrtckt,3 ,0

JCOL(l000) Basic,0,0 and 
- List of end l5us numbers .

Lodflo ,2 ,0

NA(25 0) Basic,0,O and Number of connections
Lodflo ,2,0 and/or to each bus. Used as
Shrtckt,3,0 dummy arr ay in each

1- - -~ routine.

I NB(250) Basic , 0 ,0 (1) (1) Used as reordered
bus list.

½
: Shrtckt,3,0 (2) (2) List of buses in

subsystem, NBS.
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Table C-IV .
Common CONST Variab les

— 

Variable Overlay Source Definition/Use/Source

IPV Basic ,l,0 Number of Type 2 buses.

ISS Bas ic,0,0 and (1) Total number of JCOL
Lodf lo,2,0 (1) entries.
Shrtckt,3,0 (2) (2) Number of lines in system

(ML) divided by 2.

ITR1 Basic,l ,0 Number of iterations for PTOL.
Equal to ITRMAX1 .

ITR 2 Ba sic,l,0 Number of iterations for QTOL.
Equal to ITRMAX2.

IZ Bas ic l,l or Number of line elements to
Bas ic,l ,2 and reference.
Shrtckt,3,0

Lid Bas ic,l,l or Number of aerial and under-
Bas ic,l,2 ground conductors.

LL2 Basic ,l,l or Number of fixed transformers.
Basic ,l,2

LL3 Basi c,l,l or Number of autotransformers.
— Bas ic ,l,2

LL4 Basic ,l,l or Number of phase-shifter trans-
Bas ic,l,2 formers.

NBUS Bas ic,l,l or Number of buses in system .
Basic ,l,2

NL Basic,l ,l or Number of lines in sys tem
Bas ic,l,2 and times two.
Shrtckt,3,0

— NLC Basic ,l,0 Number of times loads are
changed in Load Flow routine.

— 

NOLTC Bas ic ,l,l or Number of TCUL transformers.
Basic , l , 2

NOTR Basic 1,l or Number of transformers in
Bas ic,1,2 system.

S 
PTOL Basic ,l,0 Tolerance for real power.

QTOL Basic,l,0 Tolerance for reactive power
in Load Flow routine.
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Table C-V.

Common SAVE Var iables

Var iable Over lay Source Defini tion/Use/Source

IERR Basic,0,0 or Error counter for program .
Basic ,l,0 or
Bas ic,l,l or
Bas ic,1,2 or
Lodflo ,2,0 or
Shrtckt,3,0

Table C-VI .

Common ZCONST Variables

S. 

Variable Overlay Source Definition/Use/Source

IDUMM Shrtckt,3,0 Second counter for number
of bus es in mu tua l impedance
table.

IMUT Shr tckt,3,0 Number of buses in mutual
impedance table.

I ROW Shrtckt,3,0 Number of mu tua lly 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-VU .
Common ZERO Arrays

Array(Size) Overlay Source Definition/Use/Comments

EBUS(250) Shrtckt ,3,0 Voltage array .

IJK(25) Shrtckt,3,0 Bus number array of mutu-
ally coupled lines.

I SAVE (8) Shrtckt,3,0 Bus number array in sub-
routine MUTEST.

ITZ (25) Shr tckt,3,0 Additional array for mu-
tually coupled lines .

KJI(25) Shrtckt,3,0 Second bus number array for
mutually coupled lines .

LA(25) Shrtckt,3,0 Start bus array of mutu-
ally coupled lines.

LB(25) Shrtckt,3,0 End bus array for mutually
coupled lines.

LR(25) Shrtckt,3,0 Array of start bus to whichU lines mutually coupled .

LS(25) Shrtckt,3,0 End bus array of lines to
which mutually coupled .

YCOUP(8,8) Shrtckt,3,0 Mutual coupling matrix .

ZOBUS(2775) Shrtckt,3,O Zero sequence off diagonal
terms of ZO matrix .

ZOD IA(75 ) Shrtckt,3,O Array of diagonal zero se-
quence impedance terms of
ZO matrix .

ZBUS(277 5) Shrtckt,3,0 Positive sequence off di-
agonal terms of Z matrix .

ZC(75) Shrtckt,3,0 Impedance array used in BUS
and BUSO subrou tine s .

ZDIA(7 5) Shr tckt,3,0 Array of diagonal pos itive
sequence terms of Z matrix .

ZM(25) Shrtckt,3,0 Array of mutual impedance
between mutua lly coupled - i- -

lines.
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This appendix contains a complete listing of the PDSAP
- f program . The numbers near the left margin are line numbers.

If trying to find a particular line number in a routine , use

I 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.
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3V EIL$Y(S*S!C,S.I) soot,,
Ø R)SRAN tXfC(!N*iT,TAP~5u! Ut,OUTPJT,TA~ !S.OUYPUT ,TAPE1 ,TIP!?) 000110

C THIS ‘R~GRAM SUPERVISES THE 3V RRLL EXECUTION OF TIE COMPLETE PRO— 000120
C GRA4 SV MEANS OF P*RA4ET ERS R 1)  TN ON CONT~ )L CAR)$. THESE P1~ 1$— 000230

S C ETIRS $~ ! DEFINED AND COO!O IN TN! USER’S !‘*STRU~TION$. 00011.0
C THE PiR’)SE O~ TN! •R)GR A I  IS 13 000150
C PERFORM VARIO US STA ’ IOAR O SYSTEM AN*I.YSXS ROUTINES ON * POWER ‘flSTRI— 000160
C RUTCOV SYSTEM. 74! P R 3 & R A W  IS SET .IP J O  HAN)LE 4 250 OUS SYSTEN WITH0001TO
C 500 L1N~SITRANSFOR~I!RS. OF T IE 000 L!NESFTRINS., 50 MAY SE TA ’— 000100
C CNA~GIN —UH3ER—L~~O TV PES(TCU L’S I.  THE PRO3RIM WILt. ALSO ACCEPT 000100
C PNASE.AH LE R!GULAT3RS CMIX.  3’ ‘R) . 000200
C THE PROr.PAN IS CAPASLE OF LOAO~LDN AND SNORT—CIRCUIT ANALYSES AT TN! 0002 10

P~E5!I1- AN INPUT OPT !OH A LL3NS TI! LINE DA TA 73 5! READ IN EITHER 000220
C PR!—CAL ULATEO OR AS RA W DA TA , WI TH THE IMPEDANCES CALc ULATED 0! 000230

IS C TN! PR3;.AM. OVER* .L PR3G~ A N REVISE ) W )V 76 dUN )3E NAME POSA’ . 000240
ONP..!X ?M,YCOJ~.ZC0UP,20US,2S’It1S,Z)IA,Z0)IA ,!eOS,ZC 00025 0

INVE !* CON,CHS,SC)P ,OuT ,C3’I!C,I,C,D,E 000260
DIMENSION TITLE(S) 000270
IONI3N lCOlq*FC)M,CI~ .L3OO’ ,5~ 3P ,INP,OUT,’,T ,0XV* ,RNOt,NMAX ,’4IXTR. 000230

20 1M1tLT ,M*XPN ,ISYS,SX VA1 000290
ON!IOM ~C~ N5lLIMAII1.30),LIMS(~ h50), (j 1.504,8(i1.5O),P(230 ) ,Q(25O ) , 000300

j_P43(5I),PHANG(50),LTRA(250),LTR3(250),TA’(250),TMN (250),V(250),- 000310
tfN(C?5S),IUSPP(!30),AN5(!S0) ,IUUS(2304,33’(250),00P(3000), 000320
3)U5**NE(2SO),LPN*(5D),LISY(2~~~,IUS’ 250).ONTN(250),OMAX(25fl), 000330

25 A3SPS(?3I),URPP(3000) ,JRP(3000),J3PP13000),TCC(2504,DLP(P50), 000380
SES(IIA3S),l0R(11.S04,ROIA(250),C3NECC230f,)L~ 425S),tPNASE (!50) 000350
~O$N3NlCONCF N1C250),N9(250) ,J:3~.(1000),OJ(1000),ID3(250) 000360
)O$NON /CONST/ V0US.NL,ZSS,XPV,~~1,L.L2,Lt.3,I.L1.,NOTR,I?,NOLT 000370
t,ITRt,IT*2,PT0L,OTOL ,NLC 000300

35 3OMXON IIAVEIIERA 000390
ONNOM IZEROILI(’S),L8(254,LR(231 ,LS(25),ZN(23),YCOUP(0,8), 0001.00

IZC)u’ 2S ,IJK f2; ,J!I25 ,If~~~; ,ISAvEu ,zOIA (?; ,Z00IAC754, 0001.10
?TSJSCfllS).ZOOJS (2J75),ESUS(?50),7 175) 000820

)O’113N /ZCONSTI NO IIJ,HSS,IR)4 ,TW JT .XO UMM 000830
35 1000 FOR IIT CR6,813) 000440

1001 ‘DANA? (IR IS )  000450
1502 ‘3RMIT(IFIIX ,70C 114’) IIX,tI’,380,IN’liX,IN’,13*,4RIS,15X,I’I’l1*. 0001.60

IIN’.13X,ARIO,15X,14’l1X,iN’,SSX ,IH’01X.?0(IH’II) 1001.70
j~~ 4 f3)MIt (R8,F7.0,S’S.l) 0001.80

45 lOIS FOAMIT (/120 , ” PR3 GRAM ‘ IRAM ET ER ~0NSTAM TS “ 11T5, SA SE X~ I , 000490
jTt0, FRE0UENC~~,T3~, TEMPERIftJRE ,T51, EIAtH RESISTIVTTY O3X.F7.0,000500
r XVI ,SX,F5.0, N? ,6X,FS.0, DEG. C ,SX,r5.0, METER—OHM FI) 000510

ISIS ~OAMIT ( USE OF CONTROL PARAME TE RS ~ OR A OR 1 11 NOT ALLOWED At T000520
1415 ‘iNC. ”) 500530

85 1557 FOA’fl tClX , USE Or ~3N C30! .ES, NOV ALLO4 !O. ) 00054 0
tel l ‘OAIIT (FllX ,”” 14! ‘R0341 4 4*0 TERMINATED OJ! TO~ ,I5, E413R5? 000550

IflZI,”LISTED ASO~! IS A DES~ A 1PTTON OF !$)M FTT0 , CRROR A M fl  REL!V4000560
VI? DA T A  FOR L~~A TIN3 lt20, T4! ERR OR S0UR~E. 3000 LUCK? ) 000570

-
- lilt ‘0140? (T3~~ 3S~~T7,!5 . TI?, ,T3 1 ,8 , T1.3,*!(Z0) ,T51, IM(t0) 01000530

SI 1C?(td ,IA) , 3X ,8(E t t . 5 ,34 ) ) I)  000300
liii FOA ~-~ T ( F#1X ,10(1I’P,tX ,1M’.Se*,14’ltX.tN’ ,t23, SORTED LINE INPUT 0000600

tI?$ ,?fl,1N l1X,I H’,TI0,”LT1TE (~ 3! A SCENDING SUS NUMOERS ,T71,14’1000610
tI0.14’ ,SiX, A H ’I I X , ?0( t I ’) l #)  000820

III? ‘ORIIT (lt20, •” DROGMAM ~ONTROI, CONSTANTS •“11T33, CON’., 000630
- - 53 1I30TI3, INa u ,!I0T33, 3UT. ,T1lT33,~~~HGs ,T3 lII 000440

ills F0111T4T3, FOu OdI4 IS T IE SORTED .INE TAIL ! IS CALCULATED “IA 000630
III , FOANIT(T3, P*CGRAM CONTROL AR O NOT IN PR)DER ‘ORNAT OR LOCATI3N . 000860

-t
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/~fl—4O35 292 AIR FORCE INST OF TtCu *.PIL’HT—PATTERSON AFO OHIO SCH——ETC Fm 1.0/2A USER—ORIENTED POwER r ,IclhI 1(1110W SYSTEM ANALYSIS PROGRAM .flj)
DEC 76 J A UNDERWOOD

UNCLASSIFIED K/Ef/76—43

C

U~~~~~~~~~~!Ii 1



‘I

NUN ~fVSC~G ,N, TI I’Ost*u. fl
tots I0P’~lT(lltX,7I( 1I’tl1X,1’4’,t~,t4’#1X,1W*,3X, 111311

Ii t~~oe~ OISTNI11TIO’I SYStt I ONILYSIS e~OG~5N (PDSAP) , lIli ~I
~;x,l~’~~jx,iw ,25o, T&p! 2 ‘eziToJr .t?x,ll•lt*.IN•. sum .
3SS( , t I~ l iX , 7I (1N’) I )  111711

lift ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ 111721
j P3W!~ oist~ ii,rtoi svstt~ IWOLYSTS •1o;~Is *P~S*P) , 111731

$3 £3X.tl’ltX,IN’,261, T0P! I PU$T3Jt ,2TX,tl’It(,tN~, 000740
3lS(.1N 113, 70 (1W I I) 111731
$Iflls j 110 111731,ut~azs . 111771
1I(I’CaSl Ill?.,

ii ~uew~ts 110111
1!~~sL0OOPsS
d~ IT!(2,1I2I) 111111
IUI!(1,102l ) 111120
flID1 ,1i01) TITLE 110131

75 0~!TE(2,iIS2) 11112 11111 1
4~ rvrl1,1Il2 ) TITLE 111130• 
~E *O(3.tS00I *,CO$,INP ,OUT , NG 110161

Issue
1PCl.Nt.C) GO TO $00

so 121315,1518) O,S(VI,F,T,N431
SI. ,.’

TF(O.NE.t) GO TO 131 111111
EFISNV*.EQ.i.) SICVIsl11111.

1111 31
is i~~i.vi.i~ Fall. 111140

IFtT. 20.0) 1.25,
EP1*40t .E0.0) 1NOI.tOl.
4~1T’(2,iIi7) O’$,1NP,OUT,~ 4~ $11171
4*!T’(l,1117) 3N,!~ P,OUT, I 111111

II 4*!T!I?,1013) 3~V*,I,T,14Ot 111111
4UT (1,l105) IICV*,F ,T,R140t 111101
TF(0N.E0.l.OLCO’I.GT.?) 3 TI OS 111510

*LL OVE*L*Y(5N$3S!~ ,t,l,5.l1 EClL) 111121
IPII!PN.NE.S) 3 13 050 111031

$3 fFlOfl.C0.15) GO TO III 111141( 10 TO(110,2l,31,80,3i,0I,7l$ ~3N 111150
U *U. OVDL*YI OO ’LO,t,i,SIIECO.U 111151

!F(I!l~.wC.l ) 10 TO III 111171
10 T) Ill litlil

III 30 0*11. 3Vf*L*Y1 WS fC~T,3,l,1’I~ECI%1., 111111
tF(!E**.Nt .l) GO TO $30 111111
10 TO III 111111

Ii 4*1T!(t,1iI$I 111121
10 TO U 111131

111 II OIU. 0V(!L*T(IMLOO’t0,t,S,38$WILU 05118$
LFII!U.wE.l ) 1) TO III $01135
O*LL 0VftL*Y(7wSsI~ tCkY,3,i,I4qEClLLP 111131
IFO!!**.Nt.l) 0 TO $31 111111
20 13 lii - 111111

III II 4~1t~ l2,1ISSI $01111
30 13 11 lil t..

70 4*1t!I2,liIS 111211
lO T O lI 111271

ii 4$lt !It ,ISSV) CON 111231

• 113 51 1t~~’1 $11281
50 13 III 111231

Ill EF(OJT.IS.t .$3.OIT.tO.b.05.)Jt.tS.3.O*.SJt.IS.1lI SO TO 101 551230
$0 ~~ III 11127$

4~It!’11,1•it) . 111211
Iii UT!l1,1$11 I ILINUII, LlISlft,$$fl,lITi,f0 *Ul.Z0I1IP,I .1,*j 001250

UI 1FI)UT.$3.t.$$0.SWT.NS.IU *ENIN) 1 011311
521100 2 IliftI
1T1 $11321

III ISTT!lt.1S1$I S 111333
125 II tO $31 111381

III 45tt !It.t lISI 1 11133$
$35 11Us$ 511335
III IIIVEE2.10011 *110 111371

l01t’l$,1l1S$ 111311
111 4*11211,11511 •I1NIIIP.Ul0SI$ ,11IJ,SII) ,tI*UI 11111) ,!•1,NU 111311

100100 1 051355r.r

i.di~ ~~~~~~~~~~~~~~~~ ________



IU003UTIMC LSO*T(NL,L0,L0,L$TZE,LTAS,I,0,~,O,1’) 001430
C TWIS ItIUtOUTINE 0091$ TWO TlSL~ 3 tt.t I LI) VITO Z~ICkEA5ING SEOU!’1 2 IS1b~.$C ZN SOUSL!—P9ECISION ~03WION, I.E. LI IS $11710 AS THE HOST SlOW!?!— •Ol~ 50
C COW! ~I~URE, IWO T41N LU 1? W&j J~$ 3? .0 lI E EOU*~. IN~ *001110W, 001460
C UP TO ~TV E 0114(1 T*It.!3 (I,0,~ ,0, I ZEI CA N SE 00ITED IN A CORPES— 001470
C PONIVe2 W ANME9e LTII INOICIT IS WOW WIlY 000CTIONAL TAULES AlE !W 001400
C VCLfl), WWILE %.SIZE Ic4OIC *TES 141 NJ’cOEI 0’ E N T RI E S  PER TML’ (‘39 001490
C ILl 11011$). NL !N3I~AT ES W14!TWEt .0 1 LI WILL 01 SOIlED IN  00.191! .01300
C P*!flSTOW FISNION (ML’?), 01 339710 ZN SINIIE—P*E ISION ?ASH!ON 001310

ii C ~~~~~ JSIN$ OW L? 1*911 LI. 001320
SIMINSION L*(l43s),kI(t83$),&(t~5S),I(1~5I),C(t4SS),O(1450), $01330
1t1(thSS) 001340
tP(LSI!f.LE.l) 111.11W $11530
W.~.S!7E—I 001560

13 ITIS’LY*$•t 111521
so rs j. 1,w $01500
IN.J 001590

0016,0
00 31 ZsL,LSUE 101611

OS I?(LI(I)—LI(Z4)) 23,10,30 001020
1$ IP(WL.CO.1) $3 TO 30 $01130

!?(LI(I).E.L0(IWI) $3 TO 33 501640
13 INs! 101630
IS CONTINUE $01660

1$ DIIM.LE .J) 60 13 70 111170
30 T3I43,84,43 ,~Z.~1,4l) NTIS 101601

40 !?!s!E(IN) $11691
4* 10.0(1W) 00 1100
8! ?CsC(IN~ 00171$

30 43 11*9(1W) 001720
48 11.04TH) $01730
41 LT *’L $(XN )

IUNI. .EQ.1) $0 f3 .0 $1123,

~TI.l..U(ZN) $51160
30 40 !PiIN .l.t.J) 60 13 31 501770

O T) 55,34,53,32.5*,30) Will 051105
II IE(IM)’ZE II$ t) 001190
Ii )(fft.OU*1J 051550
3! ~(IHl’C(IN—1) 001010

80 33 I ( IN) .WI!N 1) 551020
3$ IUMDAUN—1 ) 051030
01 L 14I U LIIIN 1) 001040

ZPINL .(Q.1) GO 13 5? 501050
L%4 IN ) *L $UN 1) •01060

61 11 IN.IW—1 101070
35 13 OS 001000
3* ?0f63,6$,63,l?,I i,60) Will 501090

6$ 0IlJ )’TTt 111910
61 5(0.10 501,10

IS 61 C1J$.TC 111921
IS 0(fl.Tl 001930
64 1131.71 001940
$3 .*(JI .Lt* 00 1930
1P(*,.f$.t) *0 73 Fl 001960

IS L$(JI.LTI 051970
1$ 3017VSS* 001900

} SI ~~TU1N Ut WI

£13 10150$

I , 
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$U1ROUTIN( 110(1(1)0) 002010
C THIS SU3ROUTIN( c311.UTES THE 3*3’R 3? !L!N!WlTZOM ‘31 TM! 11111 1L121102121
C lION OF IHE 9 140111*. TUE O1(~’R!NG SCHEME IS REFERRED TO AS THE 002030
C D0~IIWE3 ORDERING SC4EI!. IT 3!L! T5 TN! NEX T ROW TO SE ELIW!NAT!O 1S002440
C THE OWE 112TH THE FEWEST TEONS IN TN! REDUCED MATR IX. 002 030

ENTEflR OUT 002060
OINENSION IOUN(30) 002070

ONHON ,CONAIc3W,CN$,L000., 3 ,INP,OUT, ?,T,I~Vl,RMO1,10AX,NlWT9, 002000
INIWLVC,HAXPN ,ISTS,IKVAI 002090

tO 3ONMON ~COM$FLINl (jl,3I),LI9q(t45S),$(183S),Slj85S),P(25$ ),O(iS0), 002100ILPNS(SS), PW*NG(50),L1tI (?50 ) ,LT90 (210), T l’ (250), T MW(250 ) ,V (250 ) ,  002110
2TNW (?50),IUIPP(?50),l’G(259) ,!0JS(250),00*(230),U00(3000). 002120
IIUSNIW!(251).LPHI US),LIST(!l9).!U0’(290),ON!NUSI),DN**(251), 052130
431P,4151 ,u5PP 3000 ,J90 3110 .JIP’(3000 ,7CC 2301,OLP (?30). 002180

11 12S!(1831),ZIR(1400),00!a(!SI),CDNE (230),3LO4?S0),I PIISE(25I) 502150
3ONN$0FCONC~ ~ (250) ,N94250),JCO. (100$) ,3J(1111 ,IO9(25S) 002 160
)ON9~N ICONSTI NlU3,NL,ISS,! W,L.1,. I 2,~ LS,LL8,NOTR,I7 ,NOLtC 502170

1,!fR1,TT Rt,PTOL.313t,WLC 002150
3 THE P3LLOWING ( COP ‘0993 TNt J33( 090 9* V! T3RS P901 TN! 002190

ii C U’S! 3111 ~~A0 IN IV THE INPUT tDallN. TNt JCOI. VECTO ’ CON TAIN S I 0022S0
3 LIST D~ ALL THE J T!RIS P900 E I W  13W 3? TN ! lIDS I3IIIT TANCE ‘111913. 002210
C TUE NI VECTOR IS I US? I’ TN! TOT A l. N3. 0? 0$SNECTIO’SS TO EACH OJI. 002220

30 5  I ’t,flI 002230
I 11(11’S 052280

0I 1.4’! 001250
30 20 I.1.Nl. 002260
!?(L!Nl(I) .t Q .S.)R .LINO ( !) .f3.l) SO tO 10 002270
JC3L(I4) sLIN SSI 002200

I •\ 1. 161 55229 0
% I 30 1 1P(LTWA(1).N(.J) $3 TO S 011300

N *SJ)SNA (J ) 6t  012310
$0 13 10 002320

5 3.361 001335
20 13 7 501340

30 15 3OWTTNUI 052310
I$S’NL 2 IZ 552365

C ZN TN! ‘OLLOWING LOOP, TN! SUS LIST II SCANNED 190 THE WUNSER $02310
C 0? 09W!3TIONS TO 11CM IS COH’I110. 141 005 WITH TN! FEWEST CO~I. 502300
C NE TI3NS IS SELECT!) IS 74! ‘(EX T OUS 1) SE CLIN I IATEO Ill TsIE TI!— 00239 0

$5 C IISGJLITION ROUTINE. TN! ACTU IL !L!PIIN *T1OM IS SIMULATED ON THE .1331 002400
C fl 109, WITH J TEllS AD D ED 39 ~EL!?E) AS l” RO’RIITE. THE NUNOEI 0024 15
C 0? 0N9~CTIO$S 10 141 SUS IS ILV!9! ) l)3093193LY , THE ~~oa TW IN 052420
C RE P! ATS , AND TH E RE 1II’I1N~ RUSS’S S ANIEO TO FIND THE US WITN TN! 002430
C FEWEST ONNCCTIO$1 IN TN! REOU E’) lITltX, UNTIL ALL SUSS’S HAVE OlIN 002440

4$ C *co~o’~~o. 052855
99(11.1 552465
30 150 I.1,NlIa 052415
1C3Ns15 112491
112.1—1 002495

II 00 12 L.1,NSU3 052505
IFINA(L).GE.!:O N) 60 13 12 502515

SO It LL.1,I7Z 501125
U ft..fl.IS(LL)) 53 75 U 502535

11 COUEINU! $02380
II ICSISUHA(L) 052135

NS(!).IR* L $52960
U CONTINUE 012915

C
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C .

1(9.0 502500
C TNIS LOOP SCANS LOt TO FIND 93113 W I TH ELE M EN TS IN THE I’T’I COLUMN 002595

IS C AND THE ’S STORES TN! 0.13 ROW NJ’SU!R IF IT HAS NOT SEEN PREVIOUSLY 002605
C OPftATED UPON. 552010

00 10 N.1,!SS . II ,.,.
ZF(JCOLIIO.SE.IRW) GO T3 20 552635

00 15 L.1,Z 502645
63 IF(I9N ( ’l) .E(k NO ( L ) )  GO TO 20 552655

IS CONTI IJE 502660
052675

Z OUN (KKK )u IRN (N ) 552655
II CONTINUE 002695

• 15 C Tilt F3L1OWING LOOP PE9FORMS TI! SUJLATEO 904 ELIMINATION OW AI.L 052755
C ROWS SE_ OW THE I’T H ROW . 50513011W! 0301011. IS ILLE O TO 100 09 50 2115
C UEL!T! IN ELEMEN T P904 THE .1331 V! 10* IF WE 3ESSIRY. 502125

• IP (k99 .EO .S) GO TO 155 552735
• 00 90 N.1,*(9 002180

75 1.13.5 002755
25 kI uJ **D(IRd ) 502165

IFN!I.NA (I*W)—t 502170
SO $1 1.91,11 552700

• IP( JCO.(J) .ES.IRW) GO 10 85 552795
5$ ki..*OOIIOUNIN1) 051055

• Rt sW!6NAI IOU ’ffN) I I $51015
IFIIJJ,t0.11 GO 13 12 052025

53 35 (.91,9! 002035
1F(JCOL(L) .E2.IRWI GO TO IS 002545

SI IS SNTINU! 502535
32 IV(IWN(X1).!O. J 3L(J)) GO TO IS 552065

50 31 LHEI,<2 552575
!?(JCSL(L) .E) . J O. (J))  GO TO 45 552555

31 COI STINU! SS2S~S
IS CALL 100*OEL(L—1,1,1) 552950

SI(ZOUNIW)P45*(13U9IW ))et 501915
$0 10 80 052920

35 CALl 1530EL (L,—1,S) 
. 552935

• WAawo (’S),.No(I,.1’u’S),—t 502985
30 INN! 112351

$5 13 25 051965
85 CONTINJI 552975
SI COSSTINI* 552950
150 3ONt!NUI 552995

ISO IV63JT.tS.1.0*,3JT,EO.1.$1.33T.ChS.Ot.3U?.E4.IS) 00 tO 151 553505
d*Itt(I.10SSI 503015
$1TTf(1,illtP (N3III,Z*S,NUlIt) 503515

1550 I S R N STS #I S I X, l l I tN ’)  ,11,14.,3U,tIlSli*,14 ,T14, REOROEREO RU1L!ST 003030
1301591555 ST $IS*3UTIWI 59$E%’,T?i,I0*It1,tN’ .6SX,IN ’F IX, PS(IN ’) F l) S 13 080

IN 1552 F09lSlTl3I,13I00 553055
IS! REflO W 513561

IN) 05)015

j  
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1

* $UIRDUTIH! ADOR D!L(.,I ,J) 05350$
C INtO SUMOUT IN! ADDS 39 DELETES IN ENTRY IN VISE 130L 1*0( 1. IC IS A 553095
C P ARINE T ER WHICH O!TU4 !NES IF IN EN T RY IS *0310 30 OELEUO. IC.1 91—513155
C SILTS IN AN AOOEO UT9Y, AND 13.—I R!SJLTS I’S A DILETION. OTHE R 553110

S C TA5LE EN TR IES ARE lOVE) TO ALL OW ‘39 14! ID lED OR 31LET!O tNt ’Y. TM!SSlttO
C PA9INITIR 155 (TOT AL NUM SER 31 TASU ENTRIES ) IS INCRE MENTED 09 OE 003135
C REH!N TE3 AS APPR OPRIAT E. TN! 1. ‘ARINETER DETUNI’S!S TN! POSITION II~ 053140
C THE A30’O OR OELETE) ENT RY, AND J IS TIE P*RI’IETER 11117 DETERIIINES 013155
C TN! VILJ! OP TN! *O3!3 TE9N (‘53? 0510 ‘OR DELETIO N S) . 003165

is 3OW’ID’I~CONC# 55(250) ,Ne(25 I ) ,J C O . (iSSS) ,OJ (1SSS) ,IO5 (255) 503175
3O1M39 #COMSTI NSUS,NL,ISS,E’V,L.i,LL2,L1.3,(Lb,NOTR,IZ,NOLTC 003100
1,IfRi,ITR2,PtOL,~)TOL,NLC 503195
1P(13,CO. 1) GO T3 25 503205
.$.ISS—t 553215• 13 30 10 I.L,L5 553220

• .IC3L(!)aJCOLII#tD 55323$
IS OONTENUE . 003245

3C34. (1951.1 553755
1U.ISS—1 503265

• 2$ REVlO N 553775

JCsJ3DL(J ) 553295
25 J .Z SS~~ —l 553190

JCOIlI$S6ft.JCDL(ISS) 003305
3031.5155) .JCOL(ISS—i) 553315

03 30 35 I.I.LS • 153320
303L ( 135—I ). J COL (IS S—I—1 ) 553330

• 35 3O’STINU ! 553345
• JCOt(L+1).JC • 553355• !U’ISS.I 553365

II 9(11MM 553370

O ZN) 553301

* ‘UN3TION IRN (N1 553395C TNIS FUNCTI ON CALCU.AT !S TN ! RO W WU SIER OF SI ENTRY IN TUE LINE 003455C TAIL! PRO’! THE GIVEN POSITION, L. $53410• 3$$lNOW~C0llC# M(250 ,N~C25ll ,1C3.(1SS5),OJ(1555) .105(255 1 10342$I 3ONMON JCONST# N005,NL,ISS.IPV.LL1,LL2,LL3,LLI,NOTR,I?,NULTC 5034301,ITRI,ITR2,PTOL,STOL,ILc $53440• • trio ’S 55343530 1$ t1.1,N0I$ 05346$• t$V’S’IIUNAIAUI ) 553475II t?IISU$.SE.W) SO TO 11 55345515 CONTINUE 553435*1.11— i 55333511 2*N.II 553515
55352511 EN, 553535

1 ‘550115W 1*00(1) 10354$
C 1*1 ‘UNCTION CALCULAT E S THE P3SITI 3N OF TN! PIOST ENTRY OP A G!V!’I 553135
c ss II TNt l INE fILE, GIVEN TM! 904 WINIER . S53365

3S11SONICONC# 55(250) ,N0(235),JCO (1S0S),3J(ISS$) ,ION(2S$) 553175
S 103*0 553550

IPII.EN.1 ) GO TO I I  55359$
NJIaT—1 05365$
30 II Js*,NJI 553615

$0 *SS*I IUMNU A(R $53625
II JIIS.!$UIl.1 103635

RETURN 553645
11 3153.1 503635

• 301593 553665
INS 111615
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I 5USROUTIHE PERONE T(Z,Z5 ,PM ,V’,S) 50305
• INTEGER PH 003690

OONPL!X 7~ ZI $53155
0HNON ~COMAlcD’5,CH5,LODOP,SCOP,INP,O~T,P,T,eIcVA,RH~j,pS Ax,HA%y9, 113111

• S IIAWL T ,NAXPN ,IVS,0(VAI $03725
C FIRST PART IS TO CONVERT INDED. VALUES IN PCR ENT PROM 053730
C 1*5! EVA OP S TO ‘!RUltT ON 5991. $03740

11(5 10.5.) 00 TO 10 003750• 
?u (Z’SKVI)l(S’101.) 553760

• j$ 7$s7$’$EVAl(S~100.) 553770
RETJRW 051150

C THI S SE3TIO$I CON VERTS VILUI EN OHMS TO PERUWET ON lEVI. 553795
1$ EPIPN.Ea .1) SICVA—S (VA I3. 553555

Zl’(tS5$.’VP~~~)l9(VA $03515
15 laX,?, $53520

75.7)170 553535tcs~w,Ca.ip SKVA ’SEVAI 553045
91119’S 053555
EN) 053560

I OVER L AY (61SI C ,I,0P
MDGRAJI INPUT • 053505

C THI S ‘1035AM REA SI TN THE $15! CA SE LIII GITI. TWO OPTIONS AR E ‘93— 053095
C VIDEO FOR INPUT S 1) LIN E DAT A THOU ? *5 !I E3ANC !S PER UNIT L!W T4 $53955

S C SWIR!ICISLE ) 0* PER CENT !MPE)IN ~E ITRINSFORIER S) , WITH TN! CON VER— 003910
: $105 TO P2$ UNIT A 3OIPLISNEO 39 T I E  C3NPU T !RI 09 2) LINE DATA !WPJT 053920
C AS •Rt~~ GIT A , I.E. WIRE SIZE. WIRE TI’!, L!1~TH 01 RUN , TRANSFORMER 053935
C SIZE, TRANSF OR ME R CON’IECTION, .!W!.LTNE VOLTA GE, AND NUJI0ER OF ‘4$SESOO39I.0
C IN III! ~1~~UtT, 1)41% IS 114! MIHINOt DA TA *!3119EO FOR TIlE PR OGRIM T0513550

• - tI C RUN U N D E R OPTION 2. (1 OTHER IH’094*TEON, SJ ~ N AS STRANDING, E)JEV . 003960
C SF13115, OR TRAN SFO RME R INPEOA1~ E% (PER CENT) AR! AVAILABLE, TIlES ! 0039’S
C NA? 0! INPUT AS WELL INO€~ OPTION 2, WITH RESULTING X PIPROVE O AC URA Y0O 355O
C OF TN ! RESULTS. 55339$

IWV E ER CON,C$G,SCOP ,00t 554550
IS 300110W ICOMAIcOW,CHI,L000 ,i:O’,IMP,OUT,F,T,SIcvA,1IlO1,N11I X,HAXTR, 504510

• 11*SLTC ,NAX PH , !SYS,99 VII 554020
0010N ISAVEJIERR 554530
ONNnN1CONS T~ NSJS, WL.IS3,!’V,Uj, LL I,LL3, LL4,NOTR,IZ,NOLTC 55404 0

1,ItRl, ITR2.PT OL,)T3L,NL C SS~0•
• 25 lO SS FORNIT ( 19, ERRO R IN INPUT ‘ARAM E T E R IMP COO!, PLEASE RIPER TO P504065

19*391W INSTIUCTI3NS. 1) 554575
IF(ZNP .GT.l.OR .IIP .LT,C) 00 TO 100 $54051

• IF(IWP .I3,S) CAlL OVERLAY (SISASI3,i,I,6NR!CALLI 054595
IFUWP.EO.1) CAL . DVERI.AYUI0ASI3,I,2,65RZCALL) 504105

IS 1Y( ON.EQ.1.OLCON.E O.3) RETURN 114110
1F1 3N.E2 .4.AND .(S300.EO. P.39.533P.EQ, 2) ) RETURN 504120
1?(OJ T ,EO.IS) RETURN 554130

• 11(IE *R,WE . I) RETURN 114145
• CALL IUIIN(OUIN 554155

II IV(1!*l.N!.$) RE TURN 004165
CALL 09019 (5) 504170
RETURN 504100

105 4*1T1(I,III Sl 504195
RETURN 554250

II IWO • 554215

S
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• C ,

I
1 SU SROUTINE 5U SIN (O~t M ) 554225

IN TEGER CON,CHS,SC)P ,OUT, D’S!C,A ,C 554*35
OMMOH lCONA~cON,C,40,LOOOP,SC!)D,~NP,OUT,r,T,0EVA ,RHOj,NH1X,NAXTR, 054240IIA (LTC,MAXPH ,ISYS,IKVAI 554255

3 0flN0N ICOMIILINA (t450) .LTNlIthSI),G(1430) ,5(1430),P5235),O(250), 004250
• 1.P43(50) , P N A N G ( 5 5 ) , L T R I (2 5 G , ,L T R 3 (2 3 0 ) , T A ’( 2 5 5 ) . T MN ( 2 5 1 ) , V 1 2 3 0) ,  004270

2TME (? 5 S) ,IU5PP(255) ,AHG(2501 ,13t15(250) ,D5 ’(25l ) ,UOP(3000$ , 554200
• 33~.SN SME(2 50 ) ,LFWI (FS )  ,t.IST( !50) ,!UA ’(251 ) ,3MIW(250)  ,OM AX (~~50) • 504290

8)IPP(t ~~S) ,U 8 P P(3 0 S 5) ,J 0 P ( 3 0 0 0) ,J 3 P O ( 3 0 00) , IC C ( 2 5 0) , OL F ( 2 5 I ) ,  004900
IS IZS1( 145S) ,ZIR( 1850) ,00!*(2501 ,CON!C(2 50) ,DLO(25 S) , I”$I SE(2 31)  054310

0WIONICOMC F 46(250)  ,N0(2501 ,JCO_ (1505) ,OJ( 1550) ,IOR(255 ) 054320
04(!)N ICONST/ N3U S, N L, ISS, !PV,LLI ,~.L2 ,LL3 ,LL4 ,NO TR ,IZ,N O(TC 004330

I,ITRI,ITR2,PTCL,IT3L,NLC 554345
• 30000W ISAVCI IERR 504330

IS ISIS POR)S*T(12,I3,*10,2’5.0,4P10,5) 554355
1501 ‘ORN*T(l*, TOO NA’S? SLICE SISSES — ADDITIONAL ONE DECLARED IS — . 55437 5

IAIIIIX, SOS ND. “,I3, SUS DATA CARD NO. ,I3~) 554305
1052 FORNIT(iX,TOO MANY PV lOSSES - LAST ON! OECLAR!D IS “.115, 504395

1” SOS NO. ,I3, BJS DA TA CIR!) N) . , 131) 554405
PS 1003 FOAMIT (FlF1X,15(IH’)l1*,II4’,5SX,1I4’FIX ,1H’,161,SUHHARI7EO INPUT 9054410

133 OSTAS PER IPIIl’ ,T71,IH’#1E,14’,T!1, LUTED BY ASCENDING SJS NU4154415
~5(RS ,T7I,1N~~1*,14’,60X,1l’F1X,70~~H’)~l) 004430

1554 FO*11*T(T35,P WER IT3,10.,1?,IY’!’,T12, W(11A3) ,T25, 154441
I V (AWG—DEG) ,fl8, 9!AL ,T82, “R A TIE! ,T34, O(111N) ,T64, 004430

IS 2 $ ( IA X) 1l(IX ,13,3*, !I,3*,’4,9,!(,F3.4,2E,F9,5,iK,F3.S,7X,PS.4, 554410
554410

ISI S P09’SIT(R6,14,I4,217.5,13) 554400
1556 F09NATIt3, P*O~RAM ONTROL 3*4!) NOT IN PR3PE* FORMAT OR LOCAT!OI. 004495

1 A93 WITH ICEYW3RO ,96, 15 P!’)JtR’).F) 504555
3$ 1514 ,ORMITUX ,.ur,I3, S430LO F! CONNECTED TO A LINE OUS 01 TH!SAI!. 55451S

• • 1:N!:( INPUT LINE LIST FOR 1415 BIS 1UM5!R,”I) 504520
ISIS 1O111*T(lX, OUS LIST SMOUL O ISV’ SUS ,I3,”. CISECE $05 INPUT DATA P0504535

19 PUSSISLE NISSI’IG OR L I TRA ~~ 3*9).”#) 554345
INE.IPV’S 55453$

• II 11A3(S,1005) A,ITRI,!TR2,Pf31.,IT)L,ILC • 114565
554111

IP1A.NC.C) GO TO 953 054555
30 25 I.l,NSUS 504395
RIIO(3,III5)IOSII),ISUS(I),BJSNAN!(I),V(I),INGII),PII).Q(I),)’4IS, 004605

45 tINE 554615
IP(III(I) .EO.3, IWO.I*X.NE. I) GO 10 155 004620
IF(I05(I),E0.3,ANO.IX*.E9,SI I5Eu1 554635
1P(135(1) .ELI) IPV.IPV.I 554640
1F(I’V.GT.5S) SO 13 151 054655

AS IFK(I).EQ,I) V(I).I.I 554615
‘(1) ‘P11) F IK V* 554615
2 (I ) . O ( I )~~SkV A 504655
IMIN(I)sO’SNFSEVA 054630
315111 I)45MXI35VA 554155

35 .IST(I).ISU SU) 554715
INS(1).,01745329’A50(I) 554125
$0 TO 25 554135

155 NRI T !(1,1I$1) I JS NA ME (I ) , I I J$ ( 15 , 1  554745
It35.IER*.I 55475$

11 50 TO 25 054160
III 4911!11,11S2) $USNA4E ( 1I , I IJS ( I ) , I  504115

IEl*VTE*R.1 554155

185
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C

20 CONIINUE 554790
IF(I!RR.N( .S RETURN 004500• 65 ALL LSORT(I,XB(JS,0,NSJS,5,9,ING,P,3,7I)9) 554010

*LL L SORTI 1,1151,0, NSUS,3, 305115 5!, ININ , 13IA 1,0 ,5) 004020
C LO0’S 101 AND 252 CN E 1 THAT EI I1 LINE SUB ISIS LOAD OIlS. 554035

30 251 IIaI,WSI S 514585
30 202 JJ.1,NL 554050

U EF(LTNIuJI.EQ.I3uSc!1 1 30 TO 251 054560
252 OON TINU E 554575

30 TO 901 504550
201 ONTTNU€ 054590

C L00’S 254 AND 255 C4E31 TI l T  £13.4 LOAD 505 HI S A L INE SUB, 55490875 30 218 IA’l.NL 054910
!F LINAIIA .CO.S 3D TO 254 554920
30 155 J9.1,NBJS • 554330
IY (L I NA C IA ) .EO .IBUSIJSf l  GO TO 254 054940

k 251 3ONTTNU E • 554553
73 3D TO 952 054960

254 0N11 ‘SUE 004970
I Y O IIT.EQ.z.oR.OJT. !O.I,OR.3tlT.E2.1S) RE TJ RH 504460
ERIT!(I,1553) 554995
~0 205 I.1,NRUS $55500

U *N$U)a *NG (I )•S7.23575 50501$
255 ONT’NUE 055025

4RIT!(1,15S4) (I9US(I),IOS(II,9(f),ING(I),’(I),2(I),Q’SIN(I), 513030
11MA1 I ,I.1,NIUS 105145
10 109.I .I,NIUN

IS INGU).AMG(Il’.51745329 015560• 759 OO’IT!NUE $15075
SO TO 950 551000

351 4411!I2.1S14) fluSh !) 555590
3* TO 945 055155

95 952 IflITUl,II15) LINA (XA ) 003110
GO TO 945 555125

$53 4RI T !(2 ,15165 C 555130
980 IIRRsII *Ret 50514$

ER1T!1I,I55 4) (T5 US (I ) . ID S( I )  ,V( !) , AN S(I) ,P(I),3(I$ ,ONIN(I) , 055150• 55 I2Iflx11 ),1.I,N*i0) $15110
491T !(P , ’) A NSLI VI LU ES ZN RAOIINS 505170• 950 RETJRN 551105
II) 113190

186
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I OVIRL AT (S*SIC,I.I) 055250
PR)flIN LIWOATA 055210
3011P.E1 Z,ZI,ZN,Y ,Z0G ,?OAG 003220
SIlL NN.L,L1,L2 005230

5 INTEGER PH,C,S1,!e,STR,CON. NG,S OF,OUT,CI,CONEC,TC,XO 55321.0
3000DM FCOM A IcDW , C 43 ,L300’, 50P ,!NP, OUT,P, T,BEVA ,RI4OI ,NMAX,Il*XTR, 005250
INAILTC ,NAXPH,ISYS,3KVA 1 005250

301500W ~COM0/L1NA I145O),L!N0t145O),311455),9t1459),P1250),Ol250), 055270

t I.PN$(5I),PHANG (30),LTRAS250I,LTR 9(~ 5S),TA~ (210),TNN (255),V h230), 005250
II 2TN1(75O),IUAPP(!S0,.ANG(250),t ~JS(250).Oe’)25G),UAP (3500), 005290

uj5WAME(2so),LFHA(;o,.LIsTc’;~ ),!uoF(2S0).O’q!I(25o),a11Ax(250), 005300
430P’ (235),UOPP(3000),S!)0630801,J3PP(3000).ZCC(250),0LP42511, 005310

• 11511145$) ,ZOR (I8SOI ,,DIA(250),C34E (250),)L0(25$ ),IPNAS!(!5t) 003320
300NONICOMCI 46(’5G),N4(250),JCO..11500),OJC1000),IDSh250) 055330

• 13 3011110W ~CONSTl NSUS,NL,ISS,IDV,LLI,LL2,LLI,LL8,NOTR,!?.NOLTC 005340
I,ITR1,ITR2,PTG...OTOL,NLC 005350• 3ONNON FSAVEF IERR 505360

255 FORIIIT (2 t3 ,13.0,12,16.0,I2,!t,F7.0,!2,F4.5, F6.5,515,0,I1,2r6.0,I1) 005370
IS,. IORMST (tX, ERRDR II WIRE 5!!! 1I’UTI LINE DATA CARD NURSER “.15, 005300

25 1” •L!ASE REFER TO PROGRAM IISTRU TI3NS,”l) 503390
1051 ‘ORMIT (IX , INVALIO TPAMSFD9I!R S!ZEIVOLTA E RA TING s LINE DATA CAROOS400

13 NSM SER “.15,” P_EASE REFER 13 D9) GRAH EW STR ~~~TIONS. l) 003410
1002 ‘00N* T 11X ,”IWVALID TRAI SPO D IER VOLTAGE IN’IJTI t INE DATA CARD 11113505420

1!R ,T 3, PLEAS! RE F ER TO P9O ’~RII  IISTRU T!ONS. l) 505430
23 1053 P ORNI T ( Ik .”ERROR ISIS R~SULT!O IN POSITIVE AND ZERO SEDUE NCE IMP!O*505l.40

1IC!S. ZERO. CME3E D ATA ENTRIES ON 0*90 N JMOE R ,I5l) 005430
1554 P O R M A T U X , NU WSER 31 L1C ! ZN’IIF EE EEOS NIXLTC. “.15, “LII! $05460

DATA CARD NUMBE R ,I5l) • 055475
1553 IORIIT(I*, ”NUMB!9 OF LINES IMPJ T HA S EX E!DEO WSA X S ”,15, . LII! 1505430

3$ INPJT DAT A CARD NJIS3ERa ,I5lI 01349 0
ISIS F O R M A T ( iX ,”NUHAER 31 PW*SE—S’l!PT!RS NAS EECEEO!O $AXPNa ,!5,”. L1105500

INC INPUT DATA 0140 NuIPSSER’ ,!3I) 505510
1557 F D R M I T ( j X , NUMS!9 ~P TRANS FORM ERS HIS E1 E!OED IAXTR. ,I5, . L 1N1005520

I DATA CARO NUM3ER . ,I5I) 005530
3$ 1550 ‘ORNIT(IX, PROGRIN ERR O R s STATE M E NT NO, 5*01 SHOULDN’T REACH T IIS 00551.0

• I ’OINT IF ID IS L E S S  THAN 5. !)!SJGII”I) 555550
1.1$ FORWIT (1X,”ERROR ON INPUT LINE CARD ,I3,” WITH 50 “.13,” AND Cl 555560

1,13.”, CNECI( CARD FORMAT AN) VILJES. l) ssssi•
1511 FORNITCIX, ERROR WITH 10 09 C VALUE, LINE CARO ,I3, WITH SB. — . 003500

• 41 113.” AND El. “.13,” .“l) 005390
1519 F0%11*1(ll,1W,10(LH’)l19,tIS’,!$1,IW’,I1,tH’,T2S, LINOATA SUR!DUTINEOOS600

1 ,TP*,1N’1tx,tN~,T2$,”*SSEI9L8) INPJT LINE DATA 
( 0$NS) ” ,T7t,1I’l 005610

211,III’,60X ,1I4”III,t0 ( 1 M ’) l l)  005620
1125 F0RM*T*IIIIX,73 (tH’)l1*,IM ,19X,LH’l1X,1W’,T2S,’LINDATA SURR3’JTINEOOSGOO

45 I”,T?I,1H’lIX,t4’,Tt0,”ASSE11R~.!1 (Ni l? LIW ! DATA (PER—UNIT) ,T71, 00561.0
ZIN’l1X ,IN’,SIX,114’l1X,?0(1N’)1/) 055650

1521 FQRIAT (SX,”CO)OUOT3S NO. ,I3F3*.”FROM — TO ,51,RE (Z) ,$X,”IM(1) 015660
I,$1, R!(Z0) ,1N,”1I(7t) l6II,t9,21.I3,3X,3(’i0.4,3X)~ ) 555670

• 1522 ‘OSNITISX ,”TRANSFD’I!R, FIlED ND. ,13151,”FROM — TO ,5X,”R!(?) , 005600
35 IU, ”IM(Z) ,IX, R!(Z0) ’ ,71,”!1(7O) 111,!3,2X ,t5.1X , 055690

24I ’I8 .4 ,3X)l3X . ”TA ’ ,5E ,~~ ON !!) 3)0~~,2~ ,r7~ 5,5(,j3l) 001100
1U3 P0RMAT (3 *, TRAN SFORMER , AUTO. MO. ,I3151,”FRON — T0 ,SX ,”RE(l) , 003710

1B1. ”IMft ) ,SX , R !(2 0 ) ” , 71.” I11 (Ze , /I1 , 13,2E , I 3 , 3 X ,  003720
Pb ( ’IS .4,3 1) 13X , T*’ ,3*,”C) 1!C C)O!”123 , F5 ,3 ,l*,I31) 005130

95 1514 FORI5(T (53,”TRANS’OR’4t9, LT3 NO. , I I l 5X , ”F 9 O W — T0 ’ ,51,”RE(2) , 055145
t$X , I N I Z) ,SX , RE *Z S ) ,71, ”I11 (205 1U,t3 ,2X ,13,3 1,4(F 10.4 ,U) 151, 005750
2 TIP”, 73, TM*I , P*, TNX ,5*, ~~O1I3 30E 13( ,3 (‘7. 1,311,31,1 3~) 05,110

• 

•
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1525 FORMAT (3X , TRANSFORIIER, PIIIS’—S’ICPT!R NO. “,!3F 53. FR OM — ?O”,5*. tesTis
IR!(7) ”,SX , 1H(Z, ,0X ,RC(Z ,) ,,*, IH(Z5) ,$X,!3,2X,I3,3X,41n10.4,005700

65 2335 l5X ,”TAP”,~~,O4 *NG ,!*,~~ ONE 030E 13(, 17.3 ,33,19.4,6X,I3l) 085790
1526 F O R H A T ( 5 X , ”SERIES OA PAC I T DR NO. ,!3l5X, FR OM TO” ,5X, 003300

1 R!(Z) ,01, IM(Z) ,0X, RE(Z0 ) ,74, IH(2O 5 “ISX.13,23,!3,33, 003010
241’1O. 4,33)/) 005520

1027 F O R I A T ( 5X , SERIE S REACTOR (3. “,13153,”FR3N — T0”,5X, RE(Z) , 005030
65 133,”!M(Z) ,IX,” RE(F0)” ,71,”PI(20I”l3X,13,!1,13,33,4(110,8,3X)l) 005040

1020 FO RM A T (3X , OUT ~~0! 15. P’!IT OF LEIDATA A905 FOLLOWS. l 005830
ltk, 59 CS VP ID L 3 PH S STR 3M 5 5T93 0NCG DM~~ RUM !N053060PiN NG PCi 1HZ 04 F323, PHE VS TWIN THIS TøI”,ItX, TC”l) 005370

I(.NLSN OPM *MOLTC’NOTR .LL 1’Lt! .LL3*LL8.0 003660
f F ( D ~JT,EQ.I) GO TO 202 005090
IF(OtJT.E Q,2 ,OR .Dt ’T .E O.3.OR .3Ilt .E3 .5 .OR .OUT,EO.5) GO TO 259 555900
EF (OUT. EO . 10) GO TO 209 501910
ERITU1,i021) 505920
GO TO 259 $51931

75 212 4R !T ’(1,1019) 555960
259 rc(3JT.EQ.13) IIR!?!(2,1023) 555950
715 READ(3,200) SB,C0,VP,!3,L,,PM,S,STR,OW,VS,TNNW, THXX,TPI,?N,T0,Z. 055960

005975
!F(ES. EQ, S) GO TO 330 005900

IS !F(OUT.EO.15) 33 TO 921 555990
EF(S.EO.0) S SKVI 556000
ZBE .V”VP•lIOOlS 556110
11.1+1 506525
(F(V’,EQ,O.OR.ED.E).O.OR.PI,E’).OI 33 TO 059 556038

05 NL’N~.~ 2 056040
I ~ 11(NL.GT.NMAX) GO 13 035 501030

• ‘~ F IFUO,LT.5) LL1.LL1~ 1 056535
EULO .E O.I )  50 13 3 50  • 006070
IF(I0 .GT.11) GO 10 060 006030

II SO TO(211,2i2,300,400,300,500,900,530,020,630) ID 056048
C THE FOLLOWING CALCULATES RIO 139 COPPER A E R I A L ,  AID SETS CONSTANT ‘2 086105

211 ‘2..8635 506110
4W3.1U.S6’( 1241..T)1266.) 101120• 30 TO 214 006 130

II C TN! FOLLOWIN G CALCULATES RHO F OR ACSR A E R I A L ,  AND SETS CONSTANT 125 506140
212 ‘2’.S 36 056150

RN3.1?.34’U220,.T)l253.) 506160
C TN! FOLLOWING SECTION CAL OU LA T E S THE 03 RE SIBTEN ! (OHNSINIL !) , 006170
C AND TI ’ AC RESISTAW OE (ONISSINIu C) 055!) ON TIE IN’U T TEMP. A’S’) 0061*0

155 C IWO FREDUENCY, 006190
214 DCRES’(*N0l1.35’S)I’5200. 056205

RNR.F2’SQRT(FlOCR’S) 151211
BER ’l23S4i ’ (64, —RNR ” 4) .R SR ” U 114741 6, 001220
SEt . (576. ’RM R”2—R19”6) 12304. 111230

II, OtRi. (—1152. ’NPR ”S.RMR ” ?) P1083! . 506240
flI P’( 1SE. RM~~ 4IR”1) 1308. 081230• ACRES . (OCRC S’tMRl2.) ‘(($CR’BE 1~ —0Et ’BCRP) ‘10E1D’SEIP4SERP’$!R’I) 006260

C THE FOLLOWING SECTION DETERMINE S TI!  11 FI T)R USED TO CALCULATE 006275
C ONR 0’ TN! CONDUCTOR. IF STR5I3!N~ IN’O. E S NOT INPUT WITH THE 006200

115 3 OATA , AN AVERAGE VA _ U!  OF Fl 1$ A S S I G N E D  AAS !0 OW C ONDUCTOR SIZE. 006295
C TWO OIFF!RENT ROUTINES AR E OS!)) ON! IS FOR OPPER , AND THE OTHER 006300
C IS ‘OR ICSR. 555310

53 TO 221 501325
IFIB TR.CQ.S.*IC.ID.EO.2) 33 10 221 001330

I C

j 
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• 115 IF(I).EO.2) GO TO 216 556380
ZF(BTR.EQ.37) F1..303 556335
EF(STR.EQ.19) Ft..369 051360
LF(STR.EQ.12) Fia .313 555375
L F ( 5 T R . t O.7) F1..022 556300

129 £F(S!R.EO.3) F1s.0’.2 501390
IF(STR.E3.1) F1..773 056800
0 TO 217 S01410

21$ E F ( S TP .EQ.56) F1..99 006420
IF(ST’ .EO.30) 11—1.056 006630

123 IFIST R .CO .26)  ‘1.1.000 006440
IF ( S T R .E Q ,6 )  GO TO 222 006430
GO TO 21? S06460

220 IF (S. G T ,5 00000 ) F1..383 506870
IF(S. E0.500000) Ft..07S 555400

135 11(5, Ef1.838000. 39. S. EQ.600000) Ft.. 369 006490
IF( S.LC.330000.AN O.5,GT .211500)  ~t .$91 051300
(F(S.fQ,211600) ‘11.363 006310
IF(S.t0,167000) 1t..0673 001320
(1(5 £‘h133100.OR.S.EQ.105300) F1..522 056530

131 IFS!. tO,03690) ~1a.0’2 006340
IY(S.Efl.66370 .OR.S.EO.52630) ~t..0 th  006530
Z F( S .LT ,52$3$.IM3.S.GT.200!I) 111,31 006300
IF(S .LT.26230)  F1 .?7S 556370
GO TO 217 506100

145 221 !F(S.GE.2650001 ‘1’,9N 506390
222 fF(LLT.26 S0O.IID.3.GT,4lS30~ F1~.3737 056500

£FCS.EQ,41690) Ft..514 SS6610
( IF(S. !O.331?0) F1..51.9 556620

IY(S.EO .26230) Fj ,504 006630
• 14$ C THI S SECTION CALCULATES SIR COS S , A I D  THEN TI E INDUCT IVE REACTAN CE 006140

C OUT TO ONE FOOT RA O!U S (IA , OIMSIISI L E ) .  THE CONOIIC TOR SPACING 005630
• C FACTOR (ON ) IS T)€ H D E T E R M I N E ) .  IF A VALUE ‘OR ON IS NOT !N~ UT , 506660
• C A D!FAM.1 VALUE IS A S S I G N E D  DIS ED ON T I E  LII! VOLTAGE. THE IN— 056670

C DUCTI lE REAC. DUE TO COND. SPA ZW3 (ID) IS TIEN CALCULATED AND 006630
• 155 C *0010 TO IA AS THE TOTAL AC I I ) .  REACTANCE. THE DO S. SEO. 1.4— 006690

C PEDIW3! Ci) IS FORMED, AND NUL1IPU!O 3? TH~ ONOUCTOR LENGTH IN 006700
• C M ILES. 556,10

217 )S.’t’SQRT((S’?.358E—71 13.1814921),’12. 
. $55775

ZF(05,EO.0) GO 13 059 556735
155 1A’4. 657E—3’F•$LOG10(1.~ OS) 056748

IF I N .t Q .I )  240,210 556730
215 !F(OW,tO.I..AND.VP.LE.25) 311.4.5) 006750

I F(OM . EO, S .,AND .VP .ST .25) 311 i2. 57 005775
• *0 4. 137(.3 F AL0310 (OW ) 556765

ISO ACIM)R XA+XO 006730
Z. IPL I(AC RES,A CENDR) ‘L15200. 055000

C TN! FOLLOWING SECTION CALCULATES 114! ZERO SE]. I’II!OANCE$ 056010
• 9E 8.761.E—3’F 055020

(E.1. 9$S!—3’F’AL3GIS (8313600. ‘914)11’) 556030
113 ZOl.ACR(S.RE 555380

20t’IA.1C—2. 10 555636
ZS.CMPLI(ZOI, Z02) ‘115230, 556055
I F (T .EQ . S) 900,235 •06070

C THIS SECTION ADJUETS 2190 SED I’u’!DINCE FOR SROUN O WIRES. 006550
• 17$ C VARIASL!S LISTED IN !ISTRJCTIDIS ARE E]UATEO AS FOLLOWSI 056000

C STRO ?IP(’I 5 N G .TCI OIC S .TM XX S )I G.T~~I$ 55 V3. RO’JTIN ! USES 556900

L 1
f 
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C SECTION 214—217 TO CALCULATE IA AND ACRES FOR SNO WIRES. 556310
235 11.1 $01920

IF(VS.EG.0) GO TO 232 006935
175 3.03 • 116940

IF(TVWN.EO .0) GO T3 233 056030
STRITN *S S06060
GO TO 214 05691$

232 !P(IO.EQ. i) GO TO 238 556955
150 3.133100. 506990

GO TO 235 007000
234 S.10S500. 007010
233 STAsO 007020

GO T3 214 017030
101 28S IF(T ’S3I,ME .5) 30 TO 241 507045

INUsI.  507055
241 *02 8.657E—3 F’ALOGIO (TNIX) 007060

IF(T’!.NE.O) GO TO 21.2 007070
TPT.15. 557030

195 242 IF (T .LT. 2) TPI.t. 057090
(0!’.. 637E—~~~F A ~ O t 0  (TPI) S07100
iO9.ICRES 3ITC.R! 557110
208 .3’ZAFT C—3 ID3FfC+X ! 057120
?S SCNPLX(ZO3.238) • 057130

105 LFU0G.EQ.0) GO TO 059 057185
205.91 507150
203s 3E—3’XO2 007160
?IA .CMPL X CZO3 ,106) 557170

• 25 .20—iSIS’ Z0A G~ L~~(528e, ’?03l 507180
25$ ‘(.5 507190

TNIX*TC.TMHNITPI.VS.0 S07200
A, GO TO 900 007210

C THE FOLLOWING SECTION •RO~ESSE! ALUMINUM U A5LEI 507225
355 LI aLI I000,  507238

255 I?IPS,EO.3) GO TO 320 057260
!F(S. T.133100) GO 10 302 507230
!F(3. EO.133I00) GO TO 303 007260
IFSS. GT.66310) GO TO 308 007270
L F(S.EO.55375) 305, 306 057288

215 352 IF(S. t O.167000) 30 TO 307 057290
IF( !,GT.250000) GO TO 300 007300

• EF(S. tQ.230000) 303,310 057310
353 2.N°tI(.1663,.05111 L1 557320

• 10.WPLX(.497?..1722)’Ll 007330
215 SO TO 000 05738*

354 TF (S.EO. 105000) 311,312 051350
351 E .3I ’L X (.32$, ,0689 ) ’L 1 507360

?0.CNPLX (.7116,.1.266)’Ll 057370
GO T3 000 007368

225 35* IF(5.NE.41788) GO TO 313 007390
Z.N’Lx(. 5223,. 066!) ‘LI 007400
!I ’CWPLX(.5893,.56t 11’L1 007810
GO TO 900 507475

301 2 s N ~ LI( . 1283,.040l’L 1 • 507430
223 2S. MPLX(,426, .1203) ’Ll 507880

SO TO 000 557630
Ill IF(B .ED.353505) 313,314 007468
359 l.3NDLI(.SI1..084)’Ll 507470
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2SaCMPLX(.3$32,.I4?4)~ Li 55,04*
23$ GO TO 905 0S7435

31$ DC S. NE.2116 S1) GO TO 530 • 557355
• 2.3NPLI ( . 1129,.I813) ’Ll • 507510
• 2S.CM’L3(.359,.S?S2)’Lt 55112$

SO T3 950 $1713S
231 311 t.CMDLX(.2 15,,0383191 501565

• 2s.:NPLXC.3r7,.26$w ’LI 557150
GO TO 955 007560

312 IF(S.NE.13690) GO TO 530 557515
1.3M’LX(.2$15,.551))’L1 057110

24S 25.MPLW(.6471..333!1 L1 557590
$0 TO 950 557600

313 2.CMtLX ( .163,,06$2I’LI 557610
!S.CMPLXI.2212,.5175)’LI SS7*20
SO TO 955 507630

243 314 !F(S.NE.300000) SO TO 350 507685
2a3I’LX(.073..$4191’L 1 017650
2 S.CM D IX ( .2504, .53 ) 6) ’Ll  557610
SO TO 955 507670

315 IFS!. EO.11310) GO TO 310 • 557605
230 2.M’LN(.027,,0711)’LI 057695

2S.3IPLX( 1. 55,. 13 ‘1.1 557755
GO TO 905 $17715

315 EFU.NE, 1631S) GO TO 035 557720
?.CN°LX (I.315,.0702)’Ll 157731

231 Es.:spLx(l.Is,1.sv)’Ll 557740( ~ O T O 911 057735
“ • • ‘ 32$ tr(S. Ca, rcosw 30 50 721 017,55

IP(S, T.230055) 50 TO 322 057115
IF(S.GT.133100) GO TO 323 557755

251 IF(S.EO.1331S0) 324,325 057795
321 2s3M’L~ (,1S34,,S020)’Li 557000

2I.CWPLXI.30I4,.1124)’Ll 007510
GO TO 950 557520

322 IF ( S. GT.51005 0) SO TO 326 557535
2*3 IF(5.EO.305S05) 327,326 557045

323 IF(S.E’h211600) 323,330 007*55
• 324 2.M’LX*,I75,.5926 ’Li • 0070*5

l0. NPL3(.4S92,.24?4)~ L1 557075
GO TO 915 551500

270 323 IF(S.NE.103305) GO TO 333 557590
2 . N ~IU , 21I,.S95S)’L 1 557300
ZIS3MPLN (.32 1,.2ft5 ’tl 507910
GO TO 9S0 007920

326 (F(5.!O,15005001 331,332 S57930
273 327 2.C 11~ LX .SS64,.55?8) ’Lt 007945

2$.CMPLX(.1553,.1436)’Ll • 507950
GO TO 900 007960

32$ IP1S , NE.315110 GO TO 333 057975
E.34’I X(.SS 32,. 0763) ‘Li 51798 8

250 ?IUC IPL*I.2511.,,07)’I.t 117991
GO TO 95$ 505555

$29 ZU M LX(.1I1$,.053)S ’Ll $50515
2S.CWP L *(.3495,.1412)S11 500525
3$ TO 985 55*535• 291 331 IF(3.N!.117500) 30 TO 535 550540

•..
1
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IC

£.CN~LX(.I43,.III8)’Lt 001011
!s.:M,Lx(.404,a,,1ss6~~L1 505065
GO TO 900 085575

331 !.CM~LX(,S49,.05)’LI 501505
290 !S. MPLX(.59 13,,0741)SLI 055535

• SO TO 950 501101
332 !F(S.NC,730505) $0 TO 055 505110

2.CN~LX (.054S,.S333)’I.t 558125
• 1S.C’SPLX( .t1S8,.0312)~~Li 555135

231 GO TO 955 050140
• • 333 IFIS.EO.81740) 30 TO 334 555130

[F(S.GT.41765) 333,337, 111165
$34 Z.CMPLX(.531,.1OS)’Li • 111175

EI.MPLNC.919,.4241’Lt 505155
355 30 TO 950 550195

• 333 IllS. 10,66370) GO TO U? 550205
ZF(S.WE.15600) GO TO 050 111211
2.CNDLX( .216,.037)’Li 558225
ZS.CMPLX(,633,.330 ’Lt 001215

301 30 TO 350 001281
336 IF(S. tO.16310 GO TO 310 050255

lflS.NC.26255) GO TO 350 • 500260
t’ MPLX *. 147,.liI)’LI 055275

• tI~C”PL*(1.4I,.’$6)’Lt 15023S
310 GO TO 905 550290

337 !.I’LX(.344,.1)’L1 505355
2IS MPL*(.?I5,.3? ’Li 055115
SO TO 950 550325

330 7.IM.X(1,333,.110)’Ll 550335• $15 ZS CWPLX(2.27,,51)’Ll 555345
30 TO 900 55~ J5 5

339 IFCS.N E .3500551 GO TO 515 550310
ZS I’LX(.593,,S?97)’L1 550370

• 20.CMPLXI,269s,.S9925’LI 101311
4 • 325 • 30 T3 900 • 555390

• C TN! IOU OWING SECTION PROCESSES OOP’ER US C A S t E S  555405
40$ L2*1P1SIO. 500410

IF(PN.EQ.3) GO TO 825 550625• IF (5. CT .115510 50 TO 80? 550830
325 IF (S. EO. 185550) GO TO 853 505445

t Y(S—66371) 404 ,453, 453 $51435
452 11(3-1670511 417,415,419 558465
453 Z .CIP L X(,123 ..S5435’L ? 500875• zs.:NP LX (. 421$,.1105)’I Z 05545 5

335 30 13 950 155495
• 450 171 S.IIE.41?4e53 10 415 101311

l.N’I.X(.318,.0662)’L2 555515
t0* MPtX (.7144,.4273)•I 2 151320
$0 TO 955 505535

PIP 405 E. N 1L XI.2.. S1595’.2 550545
2$’NPU 1.5749,.23321~ 52 555135

• . SO TO 900 550150
45* IF I !.Nt.13655) 63 TO 855 055570

• t.311’LX (,150,.S561)’L2 555555
34$ ZI.CNPLX l.8930,.1?S$)’L2 505330• $0 TO III 001555

• 457 11 5 5,NG,1331001 $3 TO $10 050110
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i. NPLX 1.590,.5116) ’L2 555620• 2IeCIIPLI (.3153,,0?5fl ’Lt 555135• 341 30 TO 950 555545
400 2. NDLX (,579,.189)’L2 555535

2S’ S’PLX (.29%,.5841)’Lt 055665
GO TO 900 • 

• • 505675
459 IF C S.NE.211600) GO TO 412 555555

35$ !~~ NDLX C.1629, .0863)’l.2 5555,5
• lS.CMPLX (.2316,.0212)’L2 00*750

SO TO 900 555715
410 IFCS.!O.26250) GO TO 411 050725

U(3.WE.t6310) 63 TO 830 055735
$31 1s $PLX (. 799..5?821’12 005 740• l0 .CNP LX (1,I 1,.733) ’L2 505750

GO TO 355 555755
411 t.NDLXC.501,.S711)’L2 550775

2SSCNPLXC,552,.555) ’L2 550750
355 GO TO 980 055790

• • 812 L F CS—300001 ) 813,414,415 555500
413 IFCS.NE.2500050 O TO 950 550510

t.C9DLXl.23t7,.084~)’L2 505025
2I.NPLV( .2153,,0133)’Le 555030

331 30 I) 905 011045
• 414 ?.CNDLI(,548,,1411)’L2 555030

!S.CNPLXC.17 16,.5034) ’L2 555560
• GO TO 950 551175

415 EF(%.NE,35 1000) GO TO 330 005655
375 2. NPLX(.S71,.s?31 ’L2 • 555595

• ,-• !I.CNPLXC.1751,.4)Slfl’L2 555355
• 1 1 30 TO 910 155911

620 IF S S,GT,ZIIISS) 50 TO 421 055925
IF 5 S.E0.UONP) SO TO 822 505335

3’S 1? 1 $.GT,133105) 50 TO 423 555945
IF S S.EQ,133155) 824,425 $51991

421 U C S.G T .310005 ) SO TO 826 505945
• II 5 3.25.105555) .27,425 555975• 422 l’ON’t X(.571,.0774)’i2 555915

Ill 21.CI(PLXC.200S,.03301’Lt • 595395
30 TO 955 • 5,95.5

823 11 5 S.E Q.2115111 429,830 550515
424 tsC11’L *t.I1?7, .0 1)’12 009520

lI. NP LX (.349,. 144) ~L2 559035
301 10 TO 955 559545

42$ IF I S.*E.103305) 33 tO 433 • 559555
• t .CNPtxl.1441,.0503) ’L2 059015

?0.CIIPLX(.40*3, . 1$S4~~~L2 559575
$0 TO 955 059555

395 426 II C S.C0.110S555) 831,632 009590
427 2 a 1 1~ L X  £.S5S,.83S1’I 2 ‘ 559105

U.CNPLI(.1lS, , 0295) ‘L2 059110
SO TO 950 • 559125

420 U C S.NE,350185 CO TO 440 119135
391 2’C I’L II (.0652, .06U 0L2 05,185

ZI.CHPLX(,1494,.0I, 16)’t 2 009155
30 1) 905 559160

429 t .CNPLXC . 5589,, lOIS) ‘L2 559175
lIsC’IPLXC.231?.,I?2s)•I 2 559150
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(

45• SO TO 355 559195
435 17 5 5.Nt.161515) SO TO 550 059205

TuSNPLI C.0914, .SS%0)’L2 559215
tS.C’IPLX(.2915,. 1044) ‘1.2 559225
GO 13 350 009235

455 831 2. IeL XC , 5802,.0161.)’L2 559280
ZI.CWPLX(.0354,.0197)’L2 509250
30 TO 300 559210

43? IF CS.NE.?30100) GO TO 050 009270
?~~~NPL *(. 586,.0852)’L2 059200

815 t5sC’IPLXC.072 8, .0222 ) e1.2 559290
30 70 955 559355

• 633 IFCI-81745) 436,438,833 159315
434 2.CN’LX(.33,.106) ’.2 559325

2S.CNPLIC.924,.284)’(2 559330
413 30 13 955 559365

833 IFI$. EO.643?0) 53 TO 437 559350
IFCLNE.536900 GO TO 550 559360
Z.CN ’LX*. i7,.09?)’L2 559375
25s ’IPLX(.4?5.,203) ’L2 5593*5

420 60 10 900 509390
831 I F ( 1.E Q . 16510) GO TO 430 559455

1F(S.NE ,262 0) $0 TO 510 009415
t. IDL I ( .32, .1 t 1I ’L! 553425
2S. WPLX(1.435,.266) ’L2 059830

• 425 50 TO 900 559440
437 Z.SIPI XC.270, .I)’L? 559650

• 2S.SNPLXC.616,,22)’L2 559860
30 TO 950 559470

5~ 435 !. IPLX(.11.. ti0)’L2 559460
415 ZS SCNPLEC1 . 9,.2351’L? 55,490

SO TO 950 559305
845 IF (S.NE .305055 ) SO TO 035 • 559310

1. N ’LX(.011,.0716) ’L2 509525
25.’SPLIC.1751,.0511)’L2 559330

• 831 GO TO 905 559340
C ALL TRANSFORMER PROCESSING ENTERS AT T4IS STATEMENT TO UPDATE TI! 059310

• C Nail CO INTER. A CMEC ( IS NODE TO DETERNIN ! IF TIE MAXIMUM NO. 3’ 009565
C TRAIS’39IERS WAS SEEN EIC!EOEOt IF NOT, A SRANC’I IS MADE TO THE 559570
C APPRO’RIATE STATEMENT NO. TO COI ’tEI E ‘ROCESSING OF THE PARTICULAR 009355

441 3 TYPE 3’ TRANSfORMER. IM’!O, 04!’) tC.5,ZS DERCENT , 559395
B TXFR £)I’EO. CAN SE Z N  0HNS,PE~ ’Jqtt,OR NOT SP!CIFEEO. TC V501*RLE 019511

•C CONTROLS. 5.NOT PECFTEO,1uIN 3413,2.11 PERUNIT. 28! 15 SAlE 559615
C lISPED. OF TIFA. PERUNIT IS CONVERTED 10 OWNS WHEN TCU2, 559620

555 )IOTR .NOT R+1 559535
843 IF(NO TR .6T .NAXTR) SO TO 057 059680

C FOLL OWING 3 STATEMEN T ! PLOCI C COO!! 6 TO 15 FOR FIXEO ,TCUL , 059635
C A NO AUTO T*FRS. CODES 6 TO 10 Il ! ‘OR 3 NINOING T*FRS. 559465

• £VIC. GT.S.ANO.I3.13,6) GO TO 860 559475
!FSC.GT.3.AN0.19.!3.7) GO TO 350 559631

455 IFIC.GT.0.AflO.IO.E1.5) GO TO 060 559195
GO TO (S55, S5S, S1S,S5$,SiS,608, ?Se ,5l0 ,5 50,530) ID 509705

C TN! FOLI.OWtNG SECTION ‘ROCESS!! rIClO TRAMSFORNEU 509715
51$ LL2sLL2 .1 059725

ZFIV P.$T.235) 30 TO 632 559730
435 IF I TPI . 1Q.5) TDI.1.0 559240

1*00.45 553735
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• IF(T .25.1) GO TO 351 509760
17(13.20.1) GO 13 519 559775
2.25!’? 

• 559750
465 GO TO 501 009795

319 IF (°N.1Q .3) 06S~3. 009005
IF (S.IT.555) GO TO 520 559515
IF (3.31.155) GO TO 551 059520
IF C’ ,GI.SS) 63 TO 352 559530

• 853 IF (0.61.21 ) 60 TO 553 059545
• 17 (1.61,15) GO TO 504 559530

• 17 (3.61.1) GO TO 563 009860
• GO TO 551 059175
- • 551 IF IVP.GT.2 .3) GO TO 506 559500

875 £1..05175’C5—1S0)~~3.3 
55,595

1.. 008’ IS—150)•3. 1 559950
SO TO 355 • $59910

552 IF (VP.GT,2.3) GO TO 307 • 559920
l1..01I’(S—50)+2.8 509930

473 X..52’CS—SO)•Z.I 059985
GO 13 355 509930

553 IF IVP.GT.2.3) GO TO 355 . 559960
I l1...114’ls—23),2.5 559975

$59955
401 30 TO 355 559995

154 IF (VP.GT.2 ,3) $3 TO 159 515050
21.,02’lS 1I)~2,2 

515510
*..S531’lS lS).1.3 515525
GO TO 555 • 515035

• ( 401 505 IF (VP.GT.2.5) GO 70 315 015565
21.2. 2 515030

010565
30 tO 3*0 111171

SOS IY(V’.GT .lS) GO TO 311 515555
495 21.,0S45’ (S—100 )~~3.2 510090

l..005•lS—1SS).2 .9 515100
• 20 TO ~•• 515 115
• 557 IF IV ’.GT . 13) SO TO 512 • 515120

t1.,014 (S—3S) ’2.5 515135
433 50.516 5$—35).2.t 510180

$0 TO 515 010130
15$ IFCVP.GT.13) GD TO 313 010115

21’.501’(S—2Ue2,3 515110
• *.,016’II—2$).1.7 510155
• III 30 TO 155 515190

309 t7U’.$T. 13) GO TO 51~ 515255
• E1.—.5557’IS IS,42.4 015215

• E..5217’(S— 15).1.3 515225
• 30 TO 555 515130

355 • 515 IFIVP, T,13) GO TO 551 515285
!i’— .5044’5$—1b.2,S $15235
(...355.,S.1,,.S 515215
$0 TO 555 015275

• 311 U(27.T,8) 63 10 515 015250
310 21.5.2 510235

7.. $5Sfl~ 5$.150I 4.5 015355
• 30 TO $10 515315

$12 IFCV ’.CT.fl) 55 TO 316 515320

I
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21.5. 2 515335
515 50.552’(S—35) 4.3 510385

SO TO 355 510330
313 EF (V ’.GT.23 ) GO TO 031 515365

21.1.2 515375
7s .558’(5—25) 4.5 515355

525 30 TO 555 515395
514 IF CV’.GT. 23) 53 TO 551 510600

21.5. 2 510410
C.,1217’CS—15)+4.8 $15620
30 TO 355 515435

313 21.1 5 010660
(S~ 50525’ (5— 100)46.3 515830
SO TO SOS 510660

516 71.6.1 015475
7.3.3 515650

• 135 30 13 III 515490
515 $FC’W.E0.S) S.3.’S 515550

IF(C. GT.3) GO TO 555 510515
IF(V P. GT. 36.3) GO TO 321 515520
7.137T (VPI.2.2’ (1.’ALO lI(V’)l • 515535

331 30 TO 579 515545
121 (SS2RTCVF) •2. ’(l. I*LOGCVP)) 015335

GO TO 579 515945
535 (.2.’5~~T (V P).6,8’(1.~ ALOG15(V’)) 515375

• 379 l . SNPLXC S. ,X)  510155
• • 145 IFC!O.tQ,4) GO TO 355 015595

IFIID.E0.1) GO TO 710 510655
IFIID.EO.l) GO TO 351 515615
GO TO 101 010*25

105 IFIP$4.10.3) 5.3~5’5 
• 51563$

34$ R.0$RTI?1’71—X’k) 015
• Z.NPLX(R,*) 010555

IF(IO.EQ.6) GO TO 350 510555
I?(IO.!0.71 GO TO 715 • 515675
t P(S.GT.3) 2.1.732’? 515455

115 0*1 ZS.7.3.S’?N 510695
30 TO 951 515755

• C THE FOLLO WING SECTION PROCESSES AUT3TRINSF3RWIRS S 515715
155 IFCTPI .25.I) TPI.1.0 510725

•j 5730
135 IAOO’IS 515185

IP(’N.E0.1) S*VA.9(7A13. 015715
!5.(1505. ’VP SPi~~50VA 515715
IF(’W.tO.l) S~~*.3(VA1 515775
tP(T ,EQ.1) 50 TO 649 0157*5

161 • IFCTC.SO. S) GO TO 519 515,91
1.75!’? 515005

649 20 T35542,SS1,6$8,4$1,64P,166,113,666) C. 515515
635 20 T3(635,U1,U8,l11 ,IIP,638,655,651) 3 515525
Ut 7e.411~~7 515535

III 651 ?S.2435S. ’2N129 515545
30 t~~. 9I1 1*1111

$11 7..8117’Z 515555
552 2I’S*tWCS.,l.) 515570

30 TO 951 015015
175 116 t.,8117’l 515595
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t
418 75.7445,’2017$ 015955

• 20 tO 901 515915
635 7u .8167’? 015920
$63 75.~~ 57~ 7 515935

175 30 TO 951 515645
III 7•.2!9’Z 51593 0
556 ?l.bISI.•7N173 515945

GO TO 951 010975
• 637 ?s.8t67’Z 515900

SOS II? 75.3. 36’Z.45,’?N#?3 515995
SO TO 901 011050

C THE FOLLOWING SECTION ‘RO ESS!S LOAO TAP—CNANGERS I 511515
755 NOLTC.NOLTC+1 511520• 1F(N OL TC.GT.MA *LTC) GO TO 556 511535

555 ~~(TPI.EQ,S 731.1.5 511545
!ASO.7S 511010
NN .VP#VS 511530
1FCT$NN.tO.l) TNWNa .9 511575
IFC TNXX. E Q. S) TM*X.L.1 511055

591 IFCT .CQ.1) GO TO 710 511595
1FCTC,EQ. l) GO TO 319 111151
7.757’? 511110

715 IFCPI .E0.1) 5~~ $.5~ 7Sfl, 511125
Z0.(1S0S.’VP’WP )~~S(VA 511135

533 75.7,355, ’7iiJ (NN’73) 511140
IF( PH.EQ.1) 0KVA .0(VAI 511155
GO TO 901 511115

C TN! FOLLOWING SECTION •ROCESH0 PRA SE—SNI FT ER SI 511175
$55 IOPN.NOPH,2 sills.

LL8.IOPNF2 011195
IFCLL6.GT .NAXPN) GO TO 036 511255
IFCT’!JO.0) 731.1,5 511210
1AOO.95 • 51*225
1F(TC.EG. l) GO TO 555 511230

455 IF(T .E0.1) 50 TO 351 011265
511210

$51 I F(P W,t0.1) IICV& aR(V A# 3 011265
?0.C15 SS. ’vP.VP~~~* VA 511275

• 1PCPN.EQ,t) 5KVA SS(VAI - 5*1255
• $15 t.150. ’Z$ClZS 911295

20 13 (S52,IS2,552,153,S13,153,104,$S1) C 511355
$02 1FCC.EO,1) Z5’2.21’Z 011315

1713.10,2) ZS.?’(3...S’Y) 51*325
17(C. E0.3) ?5a1.4’74.28’T 51*335

611 7.1.6’? 51*345
30 TO 9*1 511315

053 !FCC.C0.4) 75.7 . 511*5
1F10. E0.H 10’i.Z’t..2? ’V 011370
tF(C. 1O.l) 2S..l’?.,27’v 51*305

625 - 7.1.4’? 51*395
30 TO 951 511405

$04 7l’2.?1? 511815
7.5’? 511820
10 TO 951 51*430

10 III 75 5 9•7 
. 

511440
7s.S’? 511410
IS TO 951 5114*5

• 
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C TN! FOLLOWING SECTION ‘ROCESSES !‘RIES CAPABI TORS S 011470
$25 NO A’.NOCAP .I 511455

635 IF(TC.EO. S) GO TO 022 011495
IF(TC .t0 ,2)  ZsZ’!3f 011555
75.7 1*1515
$0 TO 951 511125

523 71.Vø’VPIS 511135
$31 7.N LX(5,,—Zl) 511145

*1.1. 9$1C~3’F’ALO51S(l,6$3$O5..R~3j~r) 51155$
?S1.Pl•XE 511145
75.C4PL’)($. ,—ZSl) 511315
30 TO 951 1*1355

$61 C TN! FOLLOWING SECTION PROCESSES SERIES REACTORSI 511195
• 535 10R!AC.NO REAC.i 511405

IF (T ,EO.0) GO TO 932 011615
IF( TC,E Q .2 )  Z.Z’Z S! 511625
RI.? 511315

$41 GO TO 951 011645
537 7j.~~~’VF~ 5 511655

511665
(Eel 953E—3 ’F’AL3GIS(861160,. ”13l1 ’) 511615
lS1.Z1.XE 511655

$35 z$.31p1.x(5.,751) 511695
GO TO 901 011705

550 il~~1T!(2,iS0S) N 011715
60 TO 540 011125

051 4RIT~ (2,100l) N 511735
651 GO TO 565 511141

OR W R I I F IZ , J O U )  N 01175$
‘ .1 50 TO 540 511765

$13 SRIT ’12,1003) N 511775
045 I!RR.TERR.1 5111*5

$35 GO TO 215 511795
$14 5*!T!2,1554) NA*LT ,M • 511505

• IDR.!ERR4I $1151.
RE TUR N 511025

015 dRIT~ (2,10S3) S0IAX,N 511030
6*0 IEIR.TERR.l . 511041

RETUR N 511511
$14 4UT!12,1506) NA (P4,N 511*65

IIRR.IE*R.1 511*75
RETURN II 1555

$70 517 4 0 1T!(2 , l SSl)  MA ( T A, N $11595
IIRRsURR+1 511905

51191$
010 W RIT! (2,lSS S) 011925

IERR.IERR.l 511935
671 30 TO 210 • Sil~ 4$• . $59 GIITU2,l0lS) N.S0,E0 011935

ICRE.IERR.1 011945
RETIPN 511975

56$ lRIfllt ,1Si1) N,00,ES 011915
10$ I1**.IIRR.1 01199$

RE TURN • 51255$ - 
-

900 S’S. elliS.
t?lI3.LT. 3) GO 13 901 012020
‘1.7251. 01253$

S
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III 71.Fi’AXMAG(?) 512545
77.7 1’AIMAG (Z $) 512535
‘t•’•IS. • 012535
73.F 7.N!AL(7) 012575
E4 eFP4 REAL ( ? S) 512005

635 Z U N PLX(73,fl)  112595
7$.SSPLX(14,22) 1*2101

951 71.CA SSI?) 517jj $
?2.ClR$17I) 

. 
512125

E FIT .GC, 1) S.0. 512135
691 IFI?1.EO. 0. ANO, ?2.EO.0) GO TO 553 512145

3A . I. •ERU N I T ( ? , Z G , ’N ,V’,S) 5121S5
IF(0~JT,1O.1$) 63 ‘3 301 012161

• 1F(Dj T.1Q.2.OR, 3~IT.E3. 3,O*.3~)T .!2,5.OR,Oj T.E0,S) GO tO 959 012175
IF(DJT,EI5, 1) ?.?‘V”VP’1SI0l9’CVA 112155

155 IF(3JT,1I,1) 2l.!SS0~ ’VP’1SS5~ 5(2A • S12195
5.5. 512205
30 TO(95?,912,952,952,303,958,955,956,957,91S) ID 512215

952 VRIT!(1,1121) LL1,SS,E9,?,?I $12225
30 TO 959 512231

153 953 WRITEII,1S22) L.2,SS,ES,?,?S,TPI,C 512245
30 TO 909 012235

954 0*1T~ (1,1523) l L3,SS,!$,l,70,T’I,C 512260
GO TO 909 512275

915 WRIT’(l,1524) NO.T ,S5,(0,?,70,TPI,TMNN. 1111,3 512250
110 30 TI 919 512290

90$ d*STUI ,1525) LL 6,SS ,E5,7 ,?5, TP!,O1.C • 112355
957 4RITU 1,152$) N3CA’,SR,E S,Z,Z5 512310

$0 TO 909 112321
955 SRI T !11,1527) NOR!A ,S0,E5, 7 ,!0 512330

• 711 909 IFIOJT.ELi) CAI.L ‘ERUNIT(t,70,P4,V’,S) 512340
1F(Z~ NA5E 15$) .ME. 3.ANO,SR.IE. 0) IPIASE( !5) .PH 512335
1F11’W*fl((S).N!, 3) IPNASE(EU .’I 512315
~I1A 1Pt.).E5 012371
.INSINU’SS • $12355

72$ .11310L—i).Sl 512395
LINSINL—l).ES 512405

C PII1.03,TSITS SECTION FOR PNASE-SW!FT!R TRANS. 512410
17(03.10,0) 60 TO H5 • 512425

• LP4A (30 N).E5 512435
70 LPII(NOPN).$$ 012445

- LPNA(N0004 .1).S3 112435
LPIS(NOPW—i).!S 012440

• P$ANC(NOPN—1).OM’.51765329 512870
‘Ift NG ( NOP$).—PI A NG(N OPW-l) 112451

735 915 IFUI .LT,5) GO TO 325 512490
• LTRA (NOTR).S0 512155

LTRS(50T*).E5 512515
• TA’(’*OTR).TPI 012120

TNN(NOT*) STISNIS 512535
• 135 VNI1NOTR).TISXX 112345

1C~~ NOtR) .0.1*00 51253$
920 V.1.27 512145

• 3 (NU .REAL( Y) 517575
S(N1. ).AINAG (V) 5125*5

• 76* !SR(Nt ) .*EALUS) 512350
E I I I N L ) SA I N A G I Z S)  512100

S 
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I

c 
• .

SINL—1)4*(NL) 512610
3(NL•1).S(NL) 01262$
70*(NL—1).?$R(IS.) S126~S

741 7SUWL—1).ZSIINL I 012645
921 1F(OUT.Nt.11) 30 t3 921 512655

• 4*ITTU,255 IS,!0,VP,Z0.L,,04.S.$TR,O1,OS,TINN,TMXX,TPI,ZN,T3,?,5l26$5
lOll 512675

923 OISTT NUE 512650
15$ 30 TO 21$ 

- 512695
935 1FlI’R0.N1.S) RETURN 512705

1FI0Jt.t0.15) RITUAl 512715
*LL LSURTI2,UN4,LING,N1,b, 5.5,R$R,ZS!, II 012725

3$).!. LISRT(2.LTRA,LTRS,NOTA ,5.TI’.TU S,tl*,S,I:C) It2?~I
3 731 3*).!. L SSRT(2,LPSA .. P41,WSS4,1,’IIWI,O,S,S,S) 512745

30 941 1.1,201 512735
} ~~

-- • 945 $1313115.5 512765
( i 12.0 012775

1.1 512755• 165 35 955 1.1.55. 012790
U(L 1N*(I).EO.S ) 53 tO 94? 012555• 94$ UIL TWA (Il .N1.J ) SO TO 949 512515
33513 J) — CONEC*J .1 512.2$
II TO 950 1*2035

- 7*1 949 4.J•1 512545
30 (3 945 012115

947 12.11.1 512515
91$ OITINUI 0*2575

NS53.J - 511350
775 REf JAN 511000

IN, 1*29*5

S
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LTL

I
1 30191.1? (0UIC,1,2) 112915

0935553 LINE? 512925
REAL L 012935
30NP~.E 1 7,?S,bI ,!?,?ZS,Y 512380

I INVEStS PN,C,1S,!5,C3N,CH3,9~~~’,)UT ,CN , 3l!C 517930
CONNON ,COA*,CON,CNG,LOOOP.SCO•,!N0,OUT.7,T,0~~S,RHO1,URA1,NIXrt, 512960IIA (LTC,NA IPN ,ISY%.35V1i 512910
OOIINON /CONSI).!NA(16311,L!W5(t4SOP.3(ISSIP,9(t450) ,P(251) ,0(255), 012900

l_ P N9( S) , PW ANG ( 55 ) ,LT RA ( 2 30 ) ,L T R I ( f l S) , TI ’( !30) ,TNN(251) ,0 (250) ,  012990
15 21N1(2 5) ,I0500(235), AN (250 ) , j~~J S(~~~5) , O5’(?50) ,U3P(3000I ,  013000

35U S3P 37123I),LPNI (J5) ,L IST l”9) ,~~J9 ’(25SI ,3NIl (2 30) ,0NA 1t210) , 013010
43500(e5S),USPPI3SSS) ,Jl ’(3010) ,J PP (300 5) , ICCI!30) ,OLØ( 130) ,  013025

• 57SI( 183S) ,ZSR (l85l l,lO!A(250) ,~~ONEC (23O ) ,)LO(?30), 1PNASEt255) 013030
GONIONICOMC I 55(235) ,N 0 (2 5 0 P ,J ~O_ l 1 0 0 0 ) , O J ( 1 0 0 0) ,1O5(250 ) 013580

13 0N3ON FCONSTI IflU S,Nt. ,ISS, !PV,LLI,LL2,LL3,LL4,NOTR,1t,N0L1C 013050
t ,1tR2,TTR2, PTOL,OtOl. ,NLC 013560

ONIOO$ IS23EIIERR 513070
1010 F0531T(213, F5.I,12,11,51$.0,’4.0, 375.$,I2,22,216.5,!1) 513550
1051 FOAlS? UX , INGOT COOE ERROR) ‘XV OA TS 300! NOT CO~ PATI5L€ 41T4 013095

29 j  •C’ COO!. LINE CIA’) NO. ‘,?3, WTTH 55. .13, AND £0. ,IT!) 013100
1552 PORNSTII*,ERPOR Dl LII! CAR) N3. ,13, mIR TH S3’ ,13, AND EA’ ,130t3110

1,. 11X, VALUES 10,10 OR 04 NOV IALID. F5 013120
ISI S ‘ORNAT(IX ,ERRON NI! RESULT!) IN POSITIVE IWO ZERO S!OUENCE INP!OAOI3IOS

tOtES. ZERO. d ECK OATA ENTRIES ON CARD NJMSEA ,151) 013185
21 1054 POANS T( 1X ,IIJNSER 37 ).TC’S TN•JT EXCEEDS OAXLTCe .!5, •LVI! 013150

• j ) ATA CARD NUNO!R ,I5l) 513130
1555 1ORSl~T(1k,NU55ER OF LINES IN IJT HAS EXC EED ED NNAX . ,!5, . LIN E 1013170

130111 DATA CARD IJNJ!* , I5F)  113155• 1556 FOA4*T (IX ,NU55ER 3? PIAS!.54IrTERS HAS E(EEOED M*XPN. ,I1, . LIOlOIlO• SI IN! l IPUT DATA AR O 3U$I3~ R* ,?3~ l 01320*
1557 FORNST(1X ,NU~~ER 3? TAIN SFORNER S ‘455 EX CEED ED IA*TR. ,I3, . LIN E0I32IO

I OATS CARD NUHEER.,I5F) 013220
1013 ‘DRNITIF/l1l ,75(1W’)l11,11 .M1.IH’F1X,14’,T29, LINEZ SUAROUTIN! 013230

1,T?1,IH IIX,1)ø,T25, ASUNL.!O IIPJT LINE DATA (OWMS) ,T71,tH’I 013260
13 2t1.ll’,$SX,iN’,l* ,FO(ll’l ,,, 013230

1525 ‘OA3IT (l F lj X , 7 5( t N ’) , j 3 , 1 M ’ ,l,5X ,1*4~ lj X , tN’ ,T79, LINEZ SU35OUTIN ! ,013260
1T ? i,1H ~ l1X. 1H’, t19, I SSEMt L !) I3’UT LINE )ATA ( ‘ER—UIXTI ,T71. 013270
2*N’#tX ,1’4’,UX, 14’IIX,?0I*4’) II) 513255

1521 FOAWAT)51 , C0t0’JCTOA NO, ,13151 , 7A03 — T0 ,SX, R1(Z) ,5X, 13(Z1 013290
45 i ,SX , R ! ( l 5) ,1K. t4 ( 7S l ~~ Sf ,7T ,21,!3,U.4 ( ’l t . b ,3*) l)  013300• 1522 ‘ORIAT(Ix, Tp *NScoRIE R. 711!’) ‘lOs ~I3l1*, FR3l tO’~,51, *E1?) , 013315

ISX, I M ( t ) ,SX ,5! 1Z 0) ,73, I M ( 7 0 ) 131,t3,21,I3,3X, 013320
241’10,b,31)/3X, T1 ,3(, C31EC COO1 131,’?.5,61,I3l) 513335

1523 70531? )33,7R*NS’OROE*. AUTO. ND, ,1313*, ?5ON • T0 ,5K, 5E(Z) , 013345
43 lI*,TN(Z) ,5X, 5!(70, ,r1, 7 (75) 1U,17,21,I3.31, 513350

14(’l0 ,6,IX) 13 1, TA ’ ,1X, COl!C 301 221,’3,3,S1,I3l) 513330
• 1524 FO*NAT (3X, T5*N ?OR’4ER. LYC NO. ,I3151, ’AON — t0 ,51, R!1Z1 , 013370

IU, ?31V ,SX, 5!(ZI) ,71,11(?11 13*,I3,21,13,31,4(710,4,3X) 151, 013350
2 7AP ,71. T H N , 1 X , TN * ,51, 31N!3 t,0r 131,3(’?. S,3X, ,31,!3’l 013390

II 1125 ‘OAPIS T(3K, T5*Wg’3531R, PNIS!—S’117T !* ND. ,13151, 950$) • T0 ,5X , 013400
1 *I(?) ,SX,”IN(Z) ,SX, RE(70) ,7(.~1M (?S, l6*,1S,2X,I3,3X, 013810
28C’1S.4,3X)lSX, TA’ ,7*, P4133’,J1, COWI COOE ,SX,F7,5,31,’9.4, 013420
131,11?) 013430

152$ FORMIt ( 1X, SESICS SPACITOR NO. ,II23X,~~ 503 • T0 ,SX, 113440
31 1 R!(t),SX, ZM(Z5 ,5N,~RE1Z$)’,U, ZN(7$) l61,I3,2X,I3,3X, 513455

t%(’1S.4,31)l) 513465
• 1527 FORMAt 131,—SERIES REACTO R NO. ,73fl1, F90N — T0 ,51, 51(?) , 013670
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- t 3 X , 1342) , *X , 5 ! ( ?S) .7X,93175) lSX, 13 , 7X ,13,31,4(’10.4,3X) 1) I 513455
1020 FORMA T I31,ERRDR WIT)) INPUT ~ITI . L INE ,13, TO~’,I3, MUST NAVE 013430

60 1503! IMPEDAN C E VILJE DINER T’4AM ZERO.”?) 013300
W.NL.NOTR.NOPH.NDLTC.LLi.LL?RLL3.LL.8.S 013510
!FIOJT.EO,t) GD TO 7 013320
1F(OJT.EQ.2.OR.0UT.!O.3.OR.OJT.!~.S.OR.OUT.EO.ll Go TO 10 013535
IP(OJT.!D.10) GO TO IS 013580

63 4*IT !( 1, 1020) 013350
$0 TO iS 013510

• 2 491TE(t, 1019) 013570
- 1$ REI3 (3,I500)  S5,!N,V’,!O,’4,L,U,ZZ0, PNI ,T ’I ,?NNN ,TNXX,C,!UNZ T ,ZN 013530

3 i , C 4  013590
IS !F(E3.EQ.S) GO 13 350 013600

• • C TM! FOLLOWING S STA TEM ENTS SL OCK IX’S 3 CODES 6 TO 15 FOR 513610
• 3 FI*EO,T)1JL ANO AUTO fU RS ,  COO!S 3—10 IRE 705 3 IIINDI ND 1175$. 013620

171C.GT .5.ANO.!G.E3 .3) GO 13 300 013630
IFC .GT.5.*NO.ID.!),5) GD 13 90* 513660

79 U(C.GT.5.ANO.IO. E3, 7) 60 1) 300 513630
513660

I?(V0.EQ.0.OR.IO.!).0.OR.04 .E’hO) GO tO 555 013670
3L.N1..2 013650
!F1N&.GT.NNIX) GO TO 553 • 513390

05 t1 ’CAR SIZZ) 513750
72.C1$S1ZZO) $13710
IFIZI.SO.0.ANO,?2.EO.0) GO TO 333 013723
IFII) , GT. 4.A$O.I) ..T .9) 30 13 25 013735
IFII) .tO. 3) GO TO 30 513740

*3 IF(ID.Elh tO) GO TO 33 513730
LLI’LLI+l $13760

I • • IFIL. EO.S) 1.1.5 013770
‘-S ?.Z?’L 513755

RFIUS.NE.S) GD TO 15 013735
95 IFI T’l.NE.O) GO TO 16 013550

720.3. I’ll 513510
GO TO 13 513025

14 275.2. 7’?? 013530
• - IS £I.U0’L • 513040• 94 •.I. • 013050

• SO TO 900 513065
• 20 I*OTR’NOTR•l 513570

(F!!. . tQ. 0.ANO.IUl!T.SE.1) L .SKVA 013000
• . IFI!)NIT.23.2) Z?.fl’RKVAFL 513090

• 155 RFIIUNIT.!Q.2) 775.770’SKVAII.. 013900
IFIMDTR.GV.MAXTR) GO TO 53? 513915

• !FITPI.U.0) 701.1, 5 013925
•‘5. 013930
GO T3(SIS,S5S,SlS.3SS,21,U,23,24,SSS,SSS) 10 013945

105 21 7.7? 013330
!?S.Z7S.3’?N 513965

• IF (VS.tO.0.) 225.11 013970
70.725 513950
LL 2$~ L2.1 513990

1*5 1500.45 514559
• 30 TO 995 014010

22 LLS’LL3.i 118020
• 1500310 014531

• i ’ll 014545
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115 775.!70.3’ZN 014050
IF(Z?0.EO.0,) 720.2? 014060
75.720 014070
SO TO 950 014000

23 NOLT .NO4.TC.1 014090
125 IFINOLTC.GT.MAXLTC) GO TO 856 516100

U TMNN.Ea.o TlIN..9 014110
IFITNXX.EQ,5) TMXX.1,j 514120
ZADO.75 - 014130
2.72 014140

121 ?75.t?0+3’?N 014130
1F1?70,EQ.0.) 220.7? 014160
25.770 014170
GO 13 900 014150

24 IOP’lvNOSl +l 518195
• 135 LL6.’IOPNF2 014200

IFILL4.GT.MAXPI) GO TO 553 018210
IAOO .90 014225
7.72 014230
775.77 0.3’?N 514240

111 IF4?7$.tO.S.)  775.77 514250
75.775 014260
GO TO 950 514270

35 IOCAP.NOCAP.1 514250
!FIIJN !T.EO.2) Z2 .Z? ’NKV AIL 514295

145 ‘5. 514350
7.72 514315
IF(Z!S.EO.0) 275.7! 514320
(0.270 514330
GO TO 905 514340

145 35 IOUIC.NORE AC.1 016350
!F(IJNIT.EQ.2) ZZ.ZZ SKVAIL 514360
••I. 516370

514350
1F1fl5.EO.5) 775.77 

• 514390
135 (5.775 518450

30 TO 905 018410
555 ‘lRTT’(2,1001) N ,S5,E0 018420

GO TO $99 • 514430
553 491T!12,1S53) N 514440

3 105 I!R5.IERR+1 014450
30 13 10 014460• 554 IRIT !(2,1004) IAX LT ,N 014470
GO TO $93 014450-

• 535 4R 1T112,i105) N HA X , ’l 016490
• 130 GO ~~ 959 014500

536 4RIT’12, 1056) M A I P M , N  014510
GO TO 099 014320• SI? WRIT!12 .i557) IIO TA , ! 014530
GO TO 099 518540

161 055 4R !TEI?,1552 ) l,SS,!0 $14550
• - 599 I !RA .IERR.I 514565

A! TJRN 514570
911 fF(OJT.EO.1.A)C.1U 111,G!.1) 2.? ’SP ’lP ’lSOt#SKVA 014580

IFIOJT.E0.1,A!O.IUNIT. !.1) ?0.fl’0”VP’150Il5(WA 514595
170 IF!OJT.GD.t)  GO 10 901 514605

IF(IJNI T.EQ .S) CALL PERUN (T(2,75,P N ,00,L) 514615
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C . 
-

• IFIOUT.EQ,10) ~O TO 909 514520
IF(0JT.EQ.2.OR.OJT.EO.3.OR,OUO.!).3.OR.OUT.!O.$) GO TO 909 014330

951 GO TO 902,902,90’ ,902,903,904, 005.906,917 ,30S) 10 - 018640
173 952 4R 1T~~11,102t) LLI,S0,ES .2,20 514650

GO TO 959 514660
953 W5I T~~l1,1022) LL?,S9 ,!0,?,?0 ,TPI,C 514670

GO TO 909 514685
954 lR TTr( 1, 1023) LL3,55,EB,Z,Z0.TPI,C 514690

155 GO TO 909 014700
905 IRITF( 1 ,1026)  N OLT C ,S5, !0,? ,20 ,T ’I ,TNNN , I IX X ,  514710

SO TO 909 518720
956 IRIT!11,1025) LL6,55,E5,Z .20,0HZ 514730
957 dRI1~~(1,1026) NO *ø,S5,C5,7,70 514740

155 GO TO 909 514755
955 4RIT~~11,1027) N0REI ,S0,!5,~~,’0 514760
959 I7 tDt ~T.EO.i ) CALL OER’JNIT(1,Z0, PH ,IP ,L) 514770

IF(IDH*SE ISO) .3!. 3.ANO. SR.’)!. 0 !P’41SE (50) .p~ 014700
IFI1 ’HASE IE0 ) .NE .3)  ZP’ISEUA).’l 514790

Ill LINI (N L ) . E0  514000
~.1l9(NL) .S8 016515
L INI (NL —t ) . S8 514020
~I95(NL—1 ) .E0 . 514030
IF(P’4!.EO,0) GO TO 910 514040

193 .PIA (NOP14 ).E 5 516550
• L P$43 (NOPH).S0 514065
• .PNA(’lOPH•1)z S5 514570

.Pl3(NOP ’4—j ) .(O 514800
‘H ING (N OO H—1).# s4t ’ .01765323 014390

255 ‘M1N (NO’N).—040IG(I30’I-1) 514900
• 910 I71I’).LT,3.OS.ID.GT .0) GO 13 320 514910• LTRA (WOTR).S0 514920

L T R 8(N O T R ) .E 0  516930
TA’(!OTR).TPI 514960

255 TMN (!OTR) .THNN 514955
TNIIIOT*).TNXX 518960
E C (’lOTR).C.IAOD 514970

• 925 1F 17.EO.I.) GO TO 360 014900
014990

215 3( !L ) .REAL (Y)  513500
I I IL ) . *I M A G I Y )  015010

• 2O R (N L ) . RE AL ( ?0 ) 511525
!S1(PI L)sAINA GIZ S) 515035

$W L— 1).G NL) • 515065
213 SlN1.•1).5INL) 515550

ZSRINL—1).Z0R(!L) 515015
E II1NL—1) .7011NL ) 513075
GO TO II 515505

915 1F(I!RR.NE, S) RETURN 515595
220 CALL LSORT (2 ,LXNA ,L IN 0 .NL,4, ,0,Z0Q,70!,0) 515100

CALL L SO*T(2,LT9I ,LT R S,NO T R,5 , TA ’ ,TI N, TWX , 0 , I~~ ) 511115
CAL!. LSORT 12,LP4I,LPNO ,NOP4,1, Pi4 INS,S,0,0 ,0) 513120
30 581 1.1,215 • 513135

C (ZeNUW SER OF CON IE CT lOll TO REF SUS S1I~I4I
223 941 30013115 .5 511135

12.5 • 513135
1.5 513175
35 9*5 2.1,55. 511155
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IPCLTN*lI).E0.S) so to 94? 013190
235 98$ IF4LINAI1).NE.J) 63 10 949 513255

• COIR IJ).CONECIJ)41 011210
30 1) 915 513225

989 ~~J 4i  013230
GO TO 940 015240

235 94? (7.7’• ~ 011230
935 ONTINU( 515265

ISJS.J $11275
RETURN 513255

955 4R!t!(2,I$20) SS,C0 511295
265 ICtR’ICRR .l 511355

RE TURN 511315
IN) 513325

• 1 )V!RLAYILOOfl.O.2,0) • 0133Jw
‘SOSU M FOLFLOW 513311

• COMPLEX Y,VA ,VO,S,R 015330
INTEGER CON,C)G,SC30,OUT,COM~C,A.C 511355

5 OII!!5!ON TOUM(50) 013370
O IMON ~cO#A~c3N,CqG,LOOOD,lCGP,gNP,OUT,F,T,S4VA ,*N01,NNAX,NA !TR, 011350• I IAILTC, NAXP H ,!SVS, *KVA 1 $11395

303 m M  ?COP)e/LINA( 1650),L !I31t6501,6( 1651) ,O(t6S5), P(235) ,01?50), 513455
I_ P 4015I,,PH*NGC53 ) ,~.TRA (250),1TR3(?1,).TI)I210),TNN (250),VI2SS), 51141,

15 tTNX (235),IU500(2 5),*NG (210) ,10J3(25S),DI’(25S),USDI3555), 511425
• TIUS!SKE(250),L0 IA ( J O )  ,LZST(’SO), !lJ5’1250),ONINI?30),OHAXI2I$), 515435

• 43505(755) ,0500(3000 ) ,JOP(3000),J3DP(3000),!CC(230 ),OL’(2351, 515445
1!St( 1431) ,ZOR( 14 0) , 50?1(25 0) ,CO !E3(2 50) ,OLQ 1235) ,IPIA SE (2 55) 513435

ONNflNFCOHCF NA(250),N5(230),JCO_(1000),OtII1555),I0R(215) 013460
11 CDHMON.’CONST? Il0JS,NL,ISS,L~ V,LL1,LL2,LL3,LL4,NOTR,I2,NOLTC 515475

1,ITRI,ITR21PTCL,OTOL,NLC 515400
30933’)?SUll ON 511495

1055 70931? (1T16,” CONVERGENCE NOT OSYSINE) !Nt ?201,I4. 511500
1 D!t. TA THETA *0O”?25*,16, DELT I V ITERAT IONS. l?1X. 515115

29 2”OJS NO. ,3X,~~3 T(3*G) ,3*, V3LrIA0G ) ,S(, O!LTA P ,TX, 015525
3”O!LT* 0”?) 513335

1001 ‘ORM%T ( l 1X ,1O IIM ’) l 1K ,1W’ ,SS( ,1l’?i*.1H’ ,T30, 515560
t ) 1.SVSTEM SUNMARV ,T?1,1l’l11, 14’ ,S01,1W’l1*,114’,T23, 511155

2 C3’SV!RGE NCE OSTAII!I1 INS ” , 171, 1I’IIX, 1H’,T24,14,IX, 511165
• 21 rD!LTA THETA 1N0 ,T7j,11’l1O,14’,T24,14,1(, 511515

4 0!1.T$ V I T ! PA T I O N . , T71,1W’, 1K,14’ ,T71,14’111,7S113’$l) 513555
1552 FORNIT ( ?11X, 7l( 1l’)l1X.IH’ ,S3X,14’ltK,i ’4 ’,T2?, CAL CULA TEO LII! ‘1.0513530• IW$ , 71.IH’/1X,iH’,T6 , (T ME L INE FLOWS ARE DEFINED POSITIVE lW!! F011605

2LO4IN G OUT FR OM THE SUS)” ,T PI , 14’l 1X,1H’ ,UX,t4 ’?IX,1l41N’11lY3. 515515
• 35 1 L1N! ,T22, POW!R”. i5X, L!I! ,124 , ’OWER ,21, CRON ,2X, TO , 011620

513535
I*!IC?ZVE I) 015640

1553 r OA $IT( 1X,2113,2X ,11,19.5,3X ,0 ,5,51,13,2X, 13,?ISX, ’9.3) l)  511655
1554 FOAN A T ( T2 3 , ” ”  SLACK OJI POWER •“••‘ ?TIS, OUS NO. ,124, 015660

• 15 IRRIL ,T37, R EACTIV E ,T5S,”IAG. ,?10X,13,71,Ft0.S,51,FIS.S,1X, 511575
I’9.5?F) 513605

1555 ‘OA’OIT(,Fl IX,7$( 1M’)? 1X,IN ’ , 53X ,IH’, iX,tSI ’ .T14, RESULTS OF FIST 01513595
I3OUPLEO LOAD FLOW Il*LY SZS ,T?1,1M’/lX,IN’, 515755
IT1l, ALL MA GNITU’) ! VA LU ES 11! D!9.J4I1 ,T7&,1’4’?tX,lN’, 513715

45 3115, SYSTEN HAS ,tS, SUIES? ,12, AR! IVO! 2.”,T7l,14’llK, 515725
41N’,TII, NUNIER OP TINES 1.010 RUlES WILL 8! CII IGED(NLC) e , 51173$

• 013,”. ,T71, iN~/1X,13’,T26,~~~O’lV!RGEICE T0,.UA$ !SI ,Tfl,1N ? 011785
I1Z,lN’,T3i, PTDL.”,F?.3,T?1,1S4.,1X,13 ,T31,’OTOL. .F1.1,T?I,IN’l $11755
Pt*,14’.5I1, IN’111,?01tW’)#?P 511755

41 1556 FORNITI,I1X,?5111’)IIX,i*4’,601,14’l1X,13’,?25, OUTPUT TRANSFORMER 513771
• 13111” ,?71,1N’,1K,14’,6,1,14’?1R, 10( tW ’)/?T14, S0 ,T19,’t1 ,T27, 015755

t T I P”,TIl, TAP(NIN ) ,T5 S,~~TI P ( l I o ,~~FlI12!,I3,2*,I 3,4*,F7.1,4( , 511195
$13505

ASS? FOANIT(l , 1X ,75(j H5)?1X,114’,l01,iS4’,iX ,IH’,T23, OUTPUT OWlS! S3171C015010
10 ft )It5”,T71.1s’,11.1’4’,35*,14 ,11,7S UW’)7 1T 1?, S5 ,t22,”ER ,T23. 013525

rTIP”,T17, PNISE A 3 3 ) . ! (D E G O ” l l ( t 5 X , I 3,21,13,3X ,’7.3,6K,F0, 6) )  511035
150$ FORIST ?5S, ”POM!R ,T3, NO . ” ,T7, TVPt ,T11. NA I S ,T21, V (WAG ) , 015045

1tI3, V (A NG O( ,tS3, RRAL ,T33, ”!ICTI VE I?( lX , lS, SX,  513515
211,3’).A15,31,F7.4,41,F).4,4(,’A. 5,41,19,5)) 513135

53 1559 FOANIT(lllX,15(i’4’)?iX.IN’ .6$’C.tl’F11,IN’,T2S, DUTPUT SUS GITA” , 511075
1171 ,IH’?11,IMP,13X,IH’?1X,75 (1W’)??) 513*05• ISIS FOAN*T(IX, 13,$! ,’6.h, 5V ,P$.b , 5*, ’S,5,l*, PS.1) 011595
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1511 ‘oR’!ITIIX, —BUr , I3.— SIOULO H AVE SEEN IN REORDE RED 55)1 LIST ,IUT 513905
IIASN’T. CHECK IN PU T BUS L !ST” F ) 51*915

II 1016 ‘ORNI T (lx , ERRORI Oil ! VOLT A fl C1.CLLATED FOR 5)I$ ,!3, IS S. $11915
tERROR IS IN L~~O F_OW ROUT!!! WH ERE OLO OR 1L2 IS CAtCULATEO. ”fl 511935

III? FORWAT(*S,!3)
1015 IOANIT(12,13.RII,2’1.S,bF1I.S) 515995
1519 FORMAT II’) , ERROR S IIGNITUDE OF Si.*C( BUS POWER HA S EXCEEDED LINT? SII9SS

63 1 0’ 0 OR 150550 P.J,~~l) 515975
1020 F ORNIT ( ? 3 , ”208 CAN’T 0! G*EIT!R THA I 1 1’) 1.0*0 CNANGE ROUT INE $15900

ISEE 5IJS’,I3,~’ N u N  SUSIINE ,R 1O, . ?)  515490
1521 ‘ORN IT (# IX ,?0( i ’4 ’) ?11,?0(I t4 ’) l 1X,1’I ’.Yfl,”LOAD ‘LOW 5*35 01100Sf 016555

1 ,T?i,1N’lIX,II’,TE S, CNAN S! NJISER” ,23,T ?l,14’P 1X,il’,T24 5165*5
75 2. ”NJ~ BER OF BUS ES CNANGE0”, !3,T?1,1 I•?11,1Ne,SSI,IN’ltI, ?S 016515

3(11’)?) $16515
1522 FOAWIT (IIX,70(1N’)7IX ,iW’,18X,tN’l1X,1N’,T29, SU$ CHANGE DATA 516545

1”,T?1 , IN’,’lX, i’4’,651, i l ’l IW, ’S( I H ’) l )  516595
1021 70531? (T3, PROGRA ’* CONTRO L CAR ’) lOT IN PROPER FORMAT OR LOCATION. 516555

75 1 A50 WITH KEYNGRO “,56, IS A~OJIRCO.”F) 516575• 1124 ‘ORMAT (1X,I3,21,I2,8X,R1I,2*,73.3,7(,FI, 3,U,’15,1,3*.F1S.S) 51.50$
ITRNIX1sITRI 516595
I TRN I X 2 . I TR 2  . $16105
ITER .I TERR. O 513115

0$ 4*I T !(2, 1I SS) ‘)RJS.!PV,NL ,’If)L,OTO_ 513121
C TN! FOLLOWING SECTION TITANGJLIT1S AND STORES T N! ELEWENTS or sisiss
C TM! 0’ 53’) 8’ MA TRICES.  THESE ILEMEIT S  REMAIN ONSTA N T T ’4ROUGHO JI 016165
C THE SOLUTION OF TI! ‘54 — THET A , AND (!AA.V EDUITIOIS . THE FIRST $16150
C PORTION TRIANGUL ATES 3 ,  AND T IE  S!CON O PORTION 3015 0”, WHICH 016161

SI 3 DOES lOT HAVE 0W 0U%S~5 RE’RESENT!D . 016170
I C Till FOLLOW I NG LOOP RESTORES TI! RUMMY IA VECTOR 709 THE 8’ 516150

C TRII$GOLITZON. 516190
- 50 1 7.1,255 016200

1 I A (I ) .S  516215
90 1.1.1 516225

30 5 1—1,11!. 016230
I?!LTNA(I).EO.S.35.L!NI( !) .fl.S) GO TO S 516280

• JCOL( N ) S LI N M I I )  516215• f’ l’LX( (!),01I)l - 016265
95 (FIT . £0.5) GO TO 909 516275

• IF!!. 10,5.) 50 TO 909 516265
• V1.*ENAG (1,lY) 516290

IF(V1,EQ. $) SO TO 559 516305
(F)fj.29,$.1 63 TO 959 516310

100 )0MP.—1.~ A ZN*G!1.lV) $16325
0.1.1 516335

• 2 IFU.!N*fl),Nt,J) GO TO 3 • 513345
0*IJt.NA(J).1 516355
30 TO 3 516365

151 3 1.3.1 516370
• 10 TO 2 516305

I 303T1’I I* 516395
TS$ .NL—VI2 016405
30 7 2.1.551)5 516~1I115 IOIA (ITsBSUMs5. 516425
(A S.JAOO(I) 516430
I A . I *B.NA(I)—I 516405

bo 6 J.I*0,I* 516430
B$UW.B$UN.DJ(i) • 516465
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I

115 6 CONTINUE 516415
SOIA (I).—BSUN 511805

I ON T TNUE 511495
C TM! FOLLOWING 00 155 .000 ?RISI LJLATES TN! 5’ MATRIX.  THE ORDE R 0’ 511555
C TRIINSJLITION FOLLOWS TM! REOR)prQ Sill LIST ( M O I X I )  RETURNED 0! $16115

12$ C SUSROJITNE ORDER. THE SLACK OJS IS NOT REPRESEN T~~ T N 5’, *NR ES 51612$
C PASSED OVER IN TN! TIlING. PROCERS . TIE FIRST INNER LOOP IDENTIFIES 516330
C ILL ROWS SELOW TN! I’TH ROW THAT WE.L 3! IFFECTED 5! THE I T N  ROW $16145
C ELIIIIITION. THE FOL.OWIN~ STITEWIOTS IWO SECOND INNER LOOP STORE 516135
C TN! OIA ~ ONAL AND UPPER- TR IAN GJ .IR T E R MS FOR TN! I’TW ROW. THE OSPSK)S11561

123 C VECTOR CONT AI NS * LIST OF TN! OTIS . TERM S,  AID TI E TUOPIK ) VECT OR 016575
C CONVAIIS A LIST OF POINTERS TO TI! FIRST ELE4!NT OF THE UPPER— 513155
3 TNI IN$J.A R LIST U5Ø(K() ASSOCIATED UITI TM ! !‘TW ROW. TNE JRP ( KK )  016590
C VECTOR CONTAINS A LIST OF COLJs l  IDENTI FIER S CORR !SPONOIN G TO EA CHI 516655
C TERN IN THE 11501k! ) V EC TO R . THE TIlER 00 50 LOOP COM PLETES TN! 016610

115 C !LI ’IINI ’ION PROCESS 01 T14 ROdS 511.3W T HE I ’ T I  ROW. TN! I’TW CO LU M N 513625
C (LESt’)? IS DELETED ‘RON T’IE N ’TN ROW (00 30 LOOP), AND THEN AN 516635
C EL !1!IT•SV—ELEM(N T COMPARISON E S NA) ! SE TWEC I  TN! I ’TH ASO N’T’I RONS.016645
£ N’TI ROW TERMS ARE *50370110, 35 NEW TERMS 10)10 AS APPROPRIATE 016655

• C (00 32 LOOP) • 016665
115 K.kKsI 516675

30 105 I.1,N5US 516655
115.115(1) 516695
IF ( I D B (I RW ) ,E O.3) GO TO 105 016755
)5~ (V) .I .I5OIA(IRW) • 516715

14$ IUSP(K).KK 516725
IF(!.!O.NSUS) GO TO 150 516730

51674$
00 15 N.1,ISS 511730

• IKaJ*NlJl) 516765
145 IFIIBS(IKS.EO.3.OR,JC)L( ’5) .IE. IRW) GO TO 15 02*770

00 9 1.1.1,1 516755
IF(IK.E0 .0O(LM) ) GO 10 15 516790

9 COISTINJE • 516005
kmI.KkK.* 516610

155 IDUNIKU).IK 516625
15 CONTINUE 516535

(Z.JID0flRW ) - 51654$
(P*(I•NAIIRIO —I 516615
IF(E7.LT.KI) GO TO 11 516565

191 ITIST.K* $16575
00 15 ~~KI,KF 516650
IF(I0S(JCOL(J)).(O,3) GO TO 15 516595
SU (.f l . OU (J) ’OOO (K)  016955
IISP(Kk).-DU(J) 516915

III JOF(KK5 u~~OLIJ ) 51691$
• kK.KK.1 511930

11 CONTINUE 
• 516985

- 16 (.($l 516955
EF(KK,NE.ITEST) 30 TO 1? 016960

105 ISUK*).0. 516975
JS’IU).S 516900

016990
11 (F 1KKK.E*.S) GD TO 150 • $1,050

00 15 11 1,KKK 51151$
• 115 IJJU $ 017525

1S KI.JAOO(ZRW) $17035
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KFN!I.N&(1R4).i 511085
4$ J.(I~~F 517550

IF(!09(J OL(J)).ED.3 GO TO 4$ - 517565
175 K1. *O3 ( EOII M N I  517575

kl’k1~ N A I I D U N (N ) ) — t  517505
I71K2.LT.K1) 3D TO 34 517095

IY(IJJ.U.1) GO TO 31 017150
• 33 II L.Kt.(! 517115

100 IF(J OLIL).!O.!RW) GO TO 33 517125
35 CON TINUE • 

017130
31 IF(mN(K1I .E2.JCo~ cJ ) ) 50 10 33 017140

03 32 (skI,!! 517135
I’(JCOL(U.!O.JCD.!J ) GO TO 33 017160

151 31 OISTINU’ 017175
CAl L IOR3t(L—1,1, D 517155
NA(I5U4( 1O )SN$(IDJII ( ,51 0.1 017190
10 TO 45 517205

33 05550(1.) 517215
190 CALL IORDL L, —1, Sl 517225

IJJ.1 517235
NI(IOI11IN)).IIIIQJM(0),.1 517265

• •O TO 2S • 51725$
36 $ORIIIR NIKIO).9)IAU ’f tktu .Sl’)u(s l  5*7265

191 50 TO 45 517210
34 SDIA(IRN (K1)—t)s $,I *(I%N(( 1)— 1) .5M’O*J( JO 517254

GO TO IS $17290
39 0U(U.3U(L)—0M’OtJ(J) 017300
45 COIITINJE 017315

255 55 CONTINUE 017320
15$ CONTINU E 517330

C till FOlLOWING 00 205 .OOP TREIIGULITIS I~~ II TN! SANE WINN ER AS 5’ 517345
C lOWE, EXCEPT THAT ‘V 51151(5 OR! NOT R!P*ESEITEO IN 0 ’ . 511315

30 151 2.1,230 511365
155 151 I*(I).S 517375

0.Ju! 517305
• 30 155 1 1.NL 517395

!F(LINAIIP. (O .S) 5) TO 105 517450
JCOL (MO.LIN5(I) 517410

itS OU($).0(IP 517425
517430

152 IF(lTNAII).NE.J GO TO 153 511445
0I( J$ SN *IJ ) 4* 517435

• GO 13 155 517460
21% 153 1.1.1 $17470

30 TO 152 517855
105 CO ST ENUE 017490

TS5 .NL—IZ 511500
30 157 I.1,NSUS 517110

• 22$ 101A(I).SSUH.I, 517320
• 1A5.J000(I) 517330

EAC.I&04561I )—1 517540
00 156 J .II3,IAC • 517550
SSU$aOSUM.DJ I JO 517165

221 106 CONTINUE 017575• 
. 5011(T).—OS UM 51750$

157 0ST!MUC • 517595
• k.*K.1 517150

208



30 P SI I.t,N$*$ $17615
215 ERW.N5 (I)  017620

TF ITOI (IRNO .NE.t) 33 TO 105 - 511635
OSPPIK) . 1.IROIIIIRW) $11641
2050’Ik) .KI 517635
1012. EO.NSUS) GO TO 200 5116*5

215 (NT’S 517*75
00 115 M.1,!S3 511655
IRNIRN IMI 517690
IPIIO9IIK).NT.1.Oe.J O1.IM).IE.ERW) GO TO 115 511755

0 1St Ll.1,t 511?15
• 240 IF(I~~E5.$5 LNi) GO TO 115 $11725

159 COIITINJE 017735
• • Uk.U*•1 517745

I OUNIKKK ) .IK 517750
Iti ONTINUE 517760

253 ETEIT .kK 517770
(I.JADOURW O 517700
(FsK I•N!IIR01—1 517790
1F(K’.LT. kI) GO TO 116 017S00

• 00 115 J~~ I,K’ 517510
255 IFIIOS(JGOL(J)).NE.1) SO TO 115 517520

OU(J).OU(JI ’OAPP(!) • 517535
UlPP1KK)~~ )J(J) 511545
JSPPI(K) ’JCOL(J) 517595
((‘((. 1 517065

295 115 CONTINUE 517075
• 116 (.K~ 1 517050

I k TF(K(.NE.ITUT) 30 TO 117 517590
JSPP(kk).5. 5*7900

-• J*PP((k) .5 511915
235 kK.k(•1 51792$

117 IFIKK! ,E3.S ) 53 TO 25$ S17931
00 115 Nst,kkC $11945
144.5 017950

11$ KI.JIDO(IR WI 0*7965
261 kr.kI,NAURI!1.1 517970

- 00 14S J.(I,KF 5*7955
• IF(I0S(JC0LIJ)).SE.t) GO TO 185 517955

k1..*DD(IOUM(N)) 515555
• k2.K1.IAIIOUM (N)O—1 015515

275 IF(k2.LT.K1) SO TO 138 StS0U
!F(IJJ.E3.t) GO TO t~1 0*0535

03 130 L’kt,K2 515585
IF(JCOLIL).E3.IRW) GO TO 135 510550

135 CONTINUE 51056$
VS 131 I,(I*NtK1,.tO. D 3 O L I D P  GO TO 130 SaSh .

- 0) 1*2 L.k1,K2 515550
I’(JCOL(L).tl.JCO.IJI S 60 10 139 515595
CONTINUE SISI SI

CAL L A)*OL(L—2.1,JP 515115
ISS N~~(I3u l(~~) ) . l A 5 I ~~J N I l ) ) • t  515115

60 TO 145 515135
115 555501.) 51018$

CALL IOROL (L,—1 . Si .10110
• NAIIOUSI*I)).NAIIDJN(Ul 1 515165

203 141.1 015115
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60 13 120 01S155
• 136 SOIMIRN (k1 ) ) .O OI I I IRN (tU.S’I ’DU(J) 515195

SO TO 145 010200
114 501A(IRNIKI)—1).IOIIIIRN((t)—1 .5N’OtHJ) SISZIS

255 50 TO 145 110225
139 SU(USOUIL)—SI5’OUIJ) 010235
145 CONTINUE $10265
115 CONTINUE 51523$
255 CONTINUE 015255

291 30 205 I.1,N0 US 515275
.157(10.0 510155

259 III! ) .CON!C 1!) 51*295
C TN! FOLLOWING SECTIONS AR’ TI! OtP ! T SOLUTION ALGORITH M S 510355
C STITENEI T 211 IS TI! ENTRY P01ST ‘35 TIE DELTA—PIOELTA THETA 515315

355 C SOLJTTOl. T IlE 0(0 ARRA Y IS FORM E D 191 P(!P!C)A PICAI.C)#V, 510325
C AND TICS *OLVEO FOR DELTA THETA, ‘4! )(LT* THETA SOLUTION F’)R $15335
C tACO SUE IS TIlE m.o ARRAY AFTE R TI ! FORWARD AND SACKW*RO SUMS TI— 015345
C TUTIO NS. THE DELT A THETA IS ADDE D TO IslE EXISTING 0111 ANGLE TO 015330
C UPOIT! TN! 0119 ANGLE AFTER EACH coI JT!)N, 515160

355 C STAIESE IT 201 15 T’SE ENTRY PO !tIT FOR Ti! O!LTA—OflELTA V SOLUTIOl, 510175
• TiC 0.0 ARRAY C~~ ORN S TN! SAME TilN3TZ3N 13 OLO AP3VL, EX CEPT 015350
C THU TN! SOL UTION DELT A V IS TI! R E S U L T I N G  A R R A Y .  THE DELTA V 515390
C FOR EICI 5115 IS AD DE D TO THE LY I S T I I G  9113 VO.~TIG1 MA GMT TU O E 10 510450
C FORM TI! UPDATED OUS V HAS . FOU.OWI IG EACH SOLUTION ITERATION. 510415

• 315 215 (P.k1.t * 51$42S• 211 (P.S 010435
• (.5 515485

30 235 I.1,NSUE 515415
155.5511) 515465

113 10(IOS(IRW).EO.3) GO TO 255 515475
I ~ (‘(.1 010450

II.JAOO(IRW).IZ 51S495
IFuIT,CONECIINH.1 510555
IS.SSUN.5. 515515

325 DO 225 J.II,IF 01552$
T.TAPR(IISI,LINO(J*) • 010530
$S.3S’T’G( JI 515145
IFILIN S(J).il.S) GO TO 225 515335
T N ETI . ANG IIRN )—AN 6 (L I03 (J ) ) 515165

121 IY(?NETA4T .64.2) TNE TA.94,?  515575
IF(TN!TA.Lr . — 04.2) TN(TA.—16 .2 010510
SSUM.SSUSI.V (L1NS(J))’I— IJ)’C3$(TWETA)—01J)’SINITH(TA)) 515135

205 CONTINUE 515655
P CuVIIR W) ’( 0SU l~ V( !RW1’5S ) 015615

115 !010(IRW).IO. 5) SO TO 9S6 515625
IU V(IRW) .!O.S. ) GO 10 906 010630
3L~~( k) uP( TRW) Al TRW) —PCIV(I5I,) SIS64S
OEI T$.A0SID LP K ) )  515115
IF(OELTI,ST,PTOL) (P.1 5153*5

• 135 215 ONT TNU I 515675
IF IE ’.ER , S$ 50 13 405 015650

• IFIET!*.GT,ITNNA*i) GO TO 505 lu Sh
15.NSUS—2 51ST.,• DO VS 1.1,15 SISTIS

140 (I1IIISPU) $15715
(2.IISSP(I.1$—t 015730

• 
- DO 26$ J*1,kt SISI4S
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IF(JSPIJ).E3.0) GO TO 265 51S755
• JJ.IPOSI PSPIJ)i 01S760

145 DLP( jj).~~P( jj ) sIJOPI 4) ‘OLPI 1) 515770
265 CONTINUE 515750
275 ON T IN UE • 51S790

30 211 I.1,k 510500
275 OL ’(T) .DLP(I) ’003(I) StIltS

335 30 253 1.1,IS 515570
TE M Pt S .  510035
(1.1J0P(k—I0 515040
(2’IJIP((—l•i)—l 510555

00 2SS J~~1,(2 510565
311 IFIJSPIJO.E1,G) GO TO 290 511570

• JJuIPOS(.~~~(J) )
TIIe.TCMP.UIPIJI’OLP(JJ) 515590

105 CONTINUE 015905
3L’((—I).OLPI K—II. TE ’IP 510910

160 2S5 CONTINUE 510921
30 235 1’l,NIlll 510930
1F(1I)51I0.!O.3I 30 TO 295 110945

N.I 011931
j DO 25$ ,1.1,95US 51S96 S

353 IYIIO5(NSIJ)).EQ.’i) GO TO 235 $10975
N.351 • 510905
1F(NS(J).tQ,I) GO 70 755 • S1$995

PSI COISTIISIC 519505
259 AN$II)UIN$dI)SOL’lNI $19515

175 IPIANS(1).GT,9.,26) IN GII).34,26 519$25
*01555(20 .LT. —94. 20) AN Gu S ..94. 26 519535

295 DONT I NUE 519545
( ) 1TER ITER.1 519535

C ITITEMIlT 151 IS TI ! ENTRY POINT ‘35 TIE OTLIA D—O !LTA V SOLUTION 519560
IT. C *ISOTINE. ITERA IS ISl E ITERATION COJNT!R FOR THIS ROUTINE. YNC 01307$

C 00 535 LOOP FORMS TN! DELTA WV VE CTOR FOR TM ! CURRENT ITERATION , 519505
C IF (0.5 It TN! EtO OP THIS LOOP, 03-by CONVERSVSC! IS O9TA1N !~l. 519595
C OT4EROISE , T IlE 00 375 T NR3II II 33 351 LOOPS SOLVE 035 THE NEW DELTA V,1191S5
C TN! DO ~~S LOOP UPDATES TIE 543 VOLIAG!S. 519110

103 291 (5.5 51912$
(.S 519135
30 335 1.1,55I$ 51914$

II, 519155
I,1131130W) .Nf.1) 30 TO *35 519165• 303 519170
I*.JSDDI1RNS.1Z SI9ISS
IP.2t.00N501155)—i 019195
51.555555 . 519255

00 UI ~~II,II $19210
190 ts ?AP5 (IUI,LINU (J ) ) 519225

- 51401. T’S(J) 519235
1P(LINU .fl.t1.S) CO TO 325 519285

• tNtTl.AIS6(I5W$.AN G(L *I ,lfls 519215
1PITN(T14T,6.31 T4UA.3.3 S19?65

$91 TFITJIET*.&T. —l 3)  ?NtTA.—6. y $19275
5$55.535 jN.V(L1’mSlJ)I’s.;uH’SII(TNETI) •SlJ) •COSITHCTA)) 519255

- • 315 CONT INUE 519295
)C.V(*RIfl’(OOtJl .VIIRII) ’ h$ , 519355

• - IP (V(INU).tS. S. I SO VS 556 519310

S
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• 450 IF (V ( TRW ) ,E Q . 5) GO TO 906 519329
OL O I M )  .0* tRW) IV*!RW) — QC~ V( 1R N) 519135
) !LTA.A5SIOLQIIO O
IFI) ?LTI .GT.QTOL) (0.1 519355

355 ONTTN UE 519365
455 IFI(l.IN.St SO TO 451 519371

!FIITERR.ST.ITRIIAXP) GO to S•O 519315
519395

30 375 1.1,13 519450
(1.111177*1) SI94IS

41S (t.IJSPPII.1)—1 51942$
00 365 J*1,K2 519435

• IFIJSPP(J).E0.S) GO 10 563 0194*S
JJUIPOS!*J170(J0)  519435
OLQ IJJ) .OLOIJJO .USD7(J ‘OLOID 519405

415 365 CONTINUE 519475
37S COlTT’IIC 519405

30 S’S I.1,K 519495
375 )L2(TI.OLOII)’OSPP(I) 519315

30 353 1.1,11 .19315
40 TEMP ’S. 519325

(IUIU17P( K—I ) S19335
(2 .IU0PPI(—I .1)—1 - $19341

00 355 J.’C1,(2 519351
IP(J SPPIJI.EO.0 GO TO 355 $19361

421 JJ.IPOSI(J9’PIJ)) 519575
• T!OP.TENP.USPP(JI’OL D(JJ) 519355

105 CONTINUE 019391
31I((—I).OL O K—I) .TEHP 519655

1 • 3*9 CONTINUE 5*9*10
415 • 30 195 *.*~ N5Sfl 519625

t?dIOO fl).Nt.u 30 TO 39$ 519635
N.S 519645
DO 15$ 4.1,55*15 519655
IFIISS INS(J)) .I!.t) 6) TO 355 • $19661

435 N**1 • 519675
I? (NS(J ) .E4.I) 50 TO - 333 119605

155 CONTINUE 519691
30$ OlTINUC 0*9755

V(II.VIIS.Ot0(N) 51971$
445 * F V I . L T . — 1N ,l VII,.—1sI . 01972S

• I0101I1.GT.ISS. VI1).ISS. 019715
195 SSSTTNS* 519740

*T!RR.ITERR.1 519755
C APTER TO! DELTA—V SOLUTION, SUIROUTIN! LIMIT IS CALLED TO DETER— 519761

443 0 WINS IF AN T PV(TYPE 2) IVUES ISV! EX !!0!D THEIR 0 LIMITS. $19770
• AtL LIMIT(S) 519755

20 TO 211 5*9790
455 10(55.25.5) 435,291 519055
451 IYl*P.EQ.S) 455,21* 519515

403 C CONVTRG!’ICC HAS DEEM OSTAINED, 1’S! FOLLOWT N3 SECTION CALCULATES 51952S
O TIC SLACk SUS POINt, AlS O NRIT!S Isl E RESULTS ON TN! OUTPUT FILE. 519S35
435 ARIT!(l,ISS1) ZTER,!TflR S*9S4S

- • 30 452 I.1,NSND S1953S
*PIIOS(I0,NE.31 GO ID 452 5199*5

• 4* I.J000II •IZ 019575
NP.kT.OON(CIII—1 519115

S 
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I
C

5e$3.555.l$U555, 519090
00 431 J*I,RF • 519905
T.TAP*(I,LItIS (J)) 519910

455 55.5 S.T~5(J) 019925
154S*.t•S(J) 119131
IF(LINRIJO.VLS) GD TO 411 119940
TN!TA.AN GII )—A N G (t . I NS () ) )  519955
SU*SUM•V(L!N 9(J) I ‘1.31)) COS(TN!TA ) —01J) ’SIN (TN !TA)) 01046 0

405 ISUN.SSUW.E(LIMSIJI)’(-314) ‘SIIITNETA) .0*4) ‘C O SIT HI TA)) 519975
451 CONTINUE $19911

‘(I$’V (II’(SU~~V (I)’GS) 519995
UI$.V(I) ’( 0SIJO.VII1’IS1 52550$
$51aP(I)’P(IIsQI~~ ’0(I) 125515

475 ZPI5Nt,LT.I .)  SO TO 910 520025
101SI1.ST.1I!OI GO TO 915 525535
1Ws5ORt (SN 1) 521045
RITU$,1154) I,’SI),O*I),SI 525055
SO TO 453 525565

476 432 CONTINUE 525575
851 I01DJt,25.6.0*.OIJt.~~D,t5) GO TO 456 125011

C CILOWLA T! LINE FLDMS’•’ • 520595
55IT! 2,1552) 520115
550.0 521111

455 30 455 1.1.55. 525125
!V(Lt NI(I),tO.I.3*.LINU*I1,tO.0) GO TO 453 025130
IF(LI WI(I) .ST .LI ISIH)  00 13 455 525185
55NNN.* 02515$
1.C’S’L*UUI,SItu 52316$

453 !55V(LIN A S I ) I C O I ( 5N G *L T N A ( T I ) )  025175
LISSILINI (I )) ’SIN (ANS (L !NA I) 01 520105
V&.C’IPL*(EA .CS) 525199
IA .VILINN (IS )COHANG(t.INA(fI0) $21211
ISuI(L1NS(I))’SIN(AWG(LINSU))) 521210

491 V5s NT(k 4(I .155 525200
30 4~4 N.*,NOTR 525130
IULI N *(II .N!.LTRI(N0) GO TO 457 525245
!VILT NSIIO.N!.I T t S(N ) )  GO TO 454 025235
T.V$P *il) • 525265

413 IP(T.(O.I) Tat S2S275
• IFIT.tO,S.) 1.1 125215

$uT’y5’CONJ5I(t ’VA—V53 ’T~ T) 525255
5505’CSSU$I (V5— T•VAI ‘VI,) 525355
10 TO 41S -525310

503 837 tYft INIIII.Nt.LTRM(I)i 60 13 855, 925320
IP(LIWS(IP.Nt.LTR$IN)) 10 TO 458 120335
!.TAPINS 525345
EF (T.(L0I Tat 525995• IP*T. tS.S.) 1.1 525365

553 5.VA’CONJS((VA—T’VS)’TIT) 525375
R T’VS’OOISJGI *T ’VI —Vl) ‘VI ?) 515351
IS TO 0$ • 520390

454 551T1N S21805
C PALLINI OUT TN! IOT?O’I 0? THIS LIOP lEANS THAT THE SRAN H OVINE) 520415

• • 515 C ST .3**I1—5 $NI I I1 IS NOT A TRA*513R11!5, AND I TAP CALCULATION IS 525825
$ NIT N131$5UV. ONL3ULAT I TN! LI’S! ‘OW ER FI OOS lEI.3W5 525495

• 1u20•CONJG( (VA—WI) ’!) 525885
5.15’COIIJS(*V55VAI ’TS 0*5450

213
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I
c

43$ 4RI T !(2,1553) . I N A ( I ) ,L ! N I I I ) , S , . . I N 0 I I ) , L ! N I ( t ) , R  525460
115 411 CONTINU E 025475

416 30 4’9 I .1,NSUS 121851
459 SNG(!)’57.!9371’ANGII) 025430

C WRIT! SJMNARI!ED OUTPUT OATS 31 OUT ’UT FILES 525505
N*I?!(2,1109) 525510

525 IRIT!*2,I551) (19U9(T),IOSIIS ,MUSNAIE(I)111(I),ANGCI),P(t),O(t), 020570
11.1.15115) 121335
I0(OUT.EQ.10) SO TO 570 525385
IF(LL 4 .ED,I .0R.OJT .EO.U GO 10 401 025555
4R1T’12,1501) I L P W I ( I ) ,L P N O ( T ) , ’IANG(I) , I .1,LL4)  52036$

523 461 t?IIOTR.EO.0,OR.3UT.EQ.9) 30 T3 570 020175
NRITTI2,1116) (LTR I ( I ) , L TR S I H , TA P (I )  ,TNN(I) ,TNX(I),Ia1,NOTRJ 020350
$0 TO 575 121391

555 IRI TE (2 ,1011) I?ER,ITEU 025611
$20610

535 30 551 I.1,NOI15 025625
501 %N3(T).37.21570’ANG(I) 525630

C TNIS 5E~TION TO 302 15 TADLE 0tPl~ ROUTINE WHEN PRD0LEIS DOES NOT 020645
C COW!R3! WITHIN 971310110 ITERITIONS. 025635

30 5’? 15.1.5513 021661
533 *01103 II$).N!.1) GO TO sos 025670

11.11.5 52060 5
30 SlY JA.i,NSIS 020695
IP (IDS (c IS (J A)) .N !.t )  GO TO 503 525705
91.91.1 121715

340 11.91.1 $20720
E F (N % I J A) .E O . I 0 ) GO TO 519 $25731 -

( ~ 153 OWT!NUE 525740
$0 TO 900 520750

555 IP(I~0lIS),EQ.3) GO TO 310 525765
545 42.5 525770

30 506 JJJaI,NSUS 520105
IF(I00(NS(JJJ)).EQ.1) GO TO 506 520795
12.N?~t 525551
IF (N3(JJJ).EO,I5) GO TO 315 025515

555 516 ONTI NU ! - 525320
0 TO 955 • 525030

Ill 3O’O’SS 525585
60 TO 515 525550

• 510 OPsOL P UI1) 025060
155 3500 525070

GO TO 525 521515
319 37.0.01111) • 020595

55001.1 (111) 515950
10 TO 555 525915

365 525 4*17U2,1515) SNJ1 (I5I,V(IlS),ANG(I51.OP,03 525921
SIT CON TINUE 525935

RITMIW 025985
575 CONT INUE 525955

C *013 0*35 *310 C*N21 ROUTINt, TN! NIMSER OF CHANGES 15 REAO(IIC ) 575965
565 C TIlEM NEW OWl DAT A II REID. SUE LINT UPDATED 3! L00’ SOS. L O AD 525971

• 0 PLON RIJiTISE IS 55*10 ENTENED IT 215 A ID EX! IITE0 USING VIEW DATA. 525905
C NO.0 *1 1311121 OP 345021. MC *3 ‘lI lIE S OF 5*1313 EACH CHA ISE, 125995
• USC ES CW*N11 COITTIS. Sill CARON US! SIN! FORMAT AS IN 5U$I* NT . 521505

IPSNO.C.U.I) ID TI 9*5 521115
515 30 NI 1.1.11105 521025

- 
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I N (T) . .S1783329’ANGII) 021530
355 C ON T I N U E 521545

L 

NCC.NCC+1 021530
1t1013,1517) A,N 521565

575 .S5~USCN5 
• 021070

t F (A . N C , C )  GO tO 403 521050
4R111(2,1I21) NCC,NC 521S90
W R I T I ( 2 ,t 022) 52 1100

• 4RITI(2,IOIS) 521110
• ISS CO SO! IC.i,NC 021120

RE ADI3,101~~! I30I ,IS USN,SJSN, VAN ,AGI ,PAN,9 AN ,QNI NN ,OM AXN 021130
1P(IONN.GT .1) SO TO 907 521145
3NINN.OMINNISKV A 521150

• 9NA IW .ONAXHISNVA 521160
105 PN.PINFS~ VA 521170

521150
IRI T !I2 ,1024) ISUSVI,IOIH,eJS’I,WIH,*GN,PN,2N 521190
AN GN . .01743329’A3H 02 1200

4 IP (VA N.E O. S)  VAN .t .0  521210
5 535 WN .V *N 521220

3) 155 jCs 1.NRUS 521235
IF(ISUS(JCI.NE.!OUSNI GO 10 600 02124 0

521250
021265

193 2ITNIJC).ONINVI 521270
O N I X I J C ) a O H A X H  - 521200
ANC (JC).ANG H 521290
VIJ C ) . VN 521355
5$NAME ( JC).OUSN 521310

655 105(JC).IOSN 121325
650 CO ST INU E 521935
Ill C ON T IWU E 021380

• N L . ’lt. C—l 521350
GO T~ 215 521360

655 955 4R 1T~~(2, tS11I 10 521375
33 TO SOS 521300

905 WRIT !(2,1516) tRW 521390
GO TO 900 021405

907 4 RITE ( 2 ,1O2l) IIUSN,S USW 021415
615 30 TO ISO 521425

950 W R ITTI2 , 11 23 )  C 521435
i f —  0 TO 900 521480
I - 909 WRIT!(2,15i1) LIISAII) 121430

30 13 995 521465
619 910 W *I T !(2,t Sll) 021875

905 ICNR.IER*•1 521805
999 RETURN 521495

• 52130 5

1 IUSNOUTINE IDROL(IJ,!C,J) 121515
C THIS SUNNOUTINE ADDS OR DILETE! ENTRIES FRON TN! 0*1 IWO JCOL 111321
C TAO_ES. OTHER TA OL C ENTRIES AR T MOWED TO ALLO W ~DR THE 100(0 521535
C OR 3!~~!T!D ENTRIES. TM! ~3UNT!R FOR TI! NUII9ER 30 ENTRIES IS 5219*5

• B ALSO ADJUSTED APPR3~RIITtLY. 521115
• CON’ION FCO’ICI NA (250) ,MI (255) , tO . 1515) , 11115551 ,ION(211) 521365

30’SNONICONSTI NLIS,NL,ISS,!’V,LL1,Ll.2,l,L1,1.L4,55Yt,Il,USLTC $21575
t,ItR1,ITR2,PtCL,6TOI~,NL C 521555

COMNONISUSI SW 111391
iS I0(IC,ED.1) SO TO 25 521655

• .0.115—1 521615
30 15 1.14,1.1 521620
JC)L(I).JCOLII’I) 521635

• OUIIISDU( 101) 521645
11 II CONTIN UE 5116,5

1031.11553 .5 111660
IUIISS)’S. 521170
199.133—1 521655

521695
iS TI 1.131—14—? 5117SS

011.00(4) 521715
JCsJCOL(JI 521725
JC)t(IU.1) .JCDL(IS $) 521755
$S(I33.1).DØ(fl3I S21741

55 303t1*511.JCSL(1$$ t)  WIT S.
5U(I$1I .0W(I13-1) 521760
IS 15 1.1,41 521775

• iC0~ (IS$—I) .JC0t.(ISl•I’1) 521750
SUIISS—1).IU U0S’I—I) 021791

II $5 CINTINU! 121055
JSXII$1).JS 521S15

___ 
)III J .1)..IOPON lu Sh

— l$SSINS•1 SVIS3S
W RIT)ON 511145

35 1U) . 511595
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SUSROUTIN! LIS!T(IDK) 521060
INTE E* CONEC 121075
DIMENSION SN(250I  • 021000

ONWON ,OHA,CON,~~NG,~ 3OOP,SCOP,~ N$,OUT,?,T,5NVA ,RH0i,NMAX,NAtTR, 021030
• IIA (LTC ,NA X PH,ISY ,lIcVIt 021900

- CDNI3N ICOlSfl.tIR(1450),L1’-1911450).3(I855),5(t85S),0(255),O(230), 021915
ILP I315,),PNANG(35)..TR1 1250),L’R5(255),TA’(2S1),TMN(2500 ,V (250), 021925
ITN*(230),IUSPP(250).1H51250),1PUS(?10),DS’(231),U3P13100), 021930
33USNIME(230),L0HAISO).LIST (!35),!U3’123S),OM!N (231),OMIX(230), 021940

IS SOSPPIINO),UOPP(3500),J00I5000),JSPPI3SII0),ECCI2IO),OLP (235), 021330
•1OI(t 4 3 I) , ? O R(t 4 3 5 l ,P O t A l 2 3 0 1 ,~~OSt (230l ,3LOl23O) ,tPHASt(23Dl 021960

3DMNON ICOMC I HA ( 2 5) , H9 1 2 5 0 ) , J C O L I I I S 0) ,OJ ( 1 0 0 0) , I O B( 2 5 0 )  021910
CONNON ICONSTI N0115,NL,ISS,!’#,L.1,.L2,LL3,LL4,NOTR,IZ,NOLTC 071300
1,ITRI, ITR2,PTOL,OTO..NL 021990

15 ISI S ‘ORN AT ( T 1S, ’~~’ 5(15 NO. ,13, EXCEEDE D ITS MINIMUM 0 LIPII T I / 022000
1121. 0 SPECIVUD* ,’e.8,. 01’—UMIT. IT?S, 2 CAL~ULAT !O$ , 022015
2’S. 4, PC R—UWIT. 1T?i ,AHOJNT EX C EE)E0S ,’3. 2, PERCENT. F) 022020

1551 FOR’IITITI6,”” OUS HI. ,Z3, EXCEEDED ITS MINIMUM 0 L!NITt~~ 022035
1T21, 0 SPECIPIEDI ,F6.4, P!R—UMIT. F121, 0 CALCULATEOI , 022040

25 T ’S.h . PER—UNIT. IT21. ” A M O J I T  rXCE!,ED, .F;.2; PERCENT. I)S 022030
C THIS SU~ ’flUTI?4E DET!R1IN!~ IF AN Y P5 TYPE RUSt S HIVE EXCEE DEO 02206’)
C THEIR 3 LIMITS.  I’ll US LIST IS SC A N N E D  FOR ALL TYPE 2 IUSS!S, 02207 0
C AN) T I ! 0 CALCULATEO ‘30 lION. TM! CALCULATED 0 15 CONPIRED 1O 022000
C TN! 5’!~~IFIEO 0. I~ 14E CALC. 0 EXC EE O S THE LIMIT. A CHEC* IS 022590

25 C THEN III! TO SEE I’ AN! T UI. IR INCI E S  IR E CONNECT!) TO THE PUS. 522150
C 1? VU, TN! T AP IS IDJJS1EO (WITHI N TIP LIMITS) TO TRY TO HOLD 522110
C TN! S’E~IFI!D SUS VOLTAGE. I’ NO TCUL•S ARE IVAILISLE, OR THE 022120
C TAP L I M I T S  lIVE SEEN lEAd ED, 14! IJS VOLTA3! IS TIEN ADJUSTED. 022150

30 105 I.1,NSUS 022180
~ P 30 IF(100(I).NE.2 30 TO 155 522135

1I.410011).I2 012150
IP .ZI .COIIEC ( I l — I  • 512175 •

022100
DO IS J.II,EF 522195
T—TAPRU.LIIS1JH 512250
5$.Sl.t ’NOJ I 522215
IF(LIN0IJ).EQ.I) 03 13 15 522221
TH!TAs*NG(I)—ANG(LINR(J)) 522235
SSUN.ISU*V(L!ISSJ))’(-S(J)’SIUTHETA),O(Jt ’COS(TNETA)) 122245

II 10 CONTINUE 522235
• 2(I).V(I)’(SSUM—V(I)’SS) 522165

• 1PIOMAXII).E0.O..ANO.QP’IVI(f).!D.O.) GO TO 100 522275
tr(2NIX(1)—QII)) 25,110,11 522200

11 I013IIN(1)—Q(I)) 150,105,25 522295
41 iS )ELSIMAO(I)—QII% 112355

00 21 LS1,L0000 522315
IP ILIST (L) .EO .t )  GO TO 30 522 325

21 CONTINUE 521335
LODO’.LODOP•l 122341

SI £*.(—DEL#CI(IXII)I’iSO. • StillS
101T!(2,iSSI) I,DMA((I),CSII,!* 522351
LIST (L000PSoI 522375
$0 TO SI 522*50

25 )(L.OW1N (Il—Q (I) 522155
93 00 26 *‘t,LOOOP 522455

IP(LIST(L) .EQ.I) ~O TO 55 522415
25 CONTINUE S224tS

I
C 
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I

L030’eLOOOPOI • 022430
LIST(L003P).T 02244.0

65 EF(DNIN(I).(Q,S,) GO TO 2? 522850
S I*.1531105.’OELICNINII)) 022460

30 TO 2S 022470
27 EX’tSl.’O!L 022400

• - is INIT’I2,IISI) I,3M1N(I),~ U),’X 527490
SI 55 1?(ARS (DEL),LE..51) GO TO ISS 022300

U(SN(I).NI.0,) 30 TO II 022510
(I’J000(t) ,U 022520
(2’(E4CONECII)—1 022330
(.5 0.2540

75 30 65 L.t,NSUS 022530
IRW.NO(L 022560
tP ( IOS (IR W) ,NE, 1) GO TO 55 022370• (.4.1 022530

DO 11 J KE.(2 022590
73 IF(IRW.EO.LINS(J)) GO 13 52 022600

51 CONTINUE 022610
- )U(N ).S. 022610

30 TO 50 • 022630
12 )U(Os5(J) 522640

55 65 CONTINU E $22650
55.5. 022660
30 51 L.N1,1C2 522670• T.TA’R(l,LINI(L)) 02263)

61 35.55~T~5(L) 022690
SI f3.K—1 522700

30 75 Nsl,IS 522710
(1. VISPP (Nl  022720
(2.IUSPP IN.1)—1 022730
IF(k2,LT.Xn GO Tl~ 70 522785

II 00 65 J.(1,kZ 022750
IY(J500(,fl.E0.0) SO TO 15 122760

- JJ.IPOSI(JSPP(J)) 122770
DU(JJ).OU(JJ).U900(J)’Oifl ,n 522755

55 CON TI NUE 522790
93 15 GONTTNU! 022005

30 75 N.I.K 022511
)U(N).DSPP(N) 0U(N) 522S21

75 CONTINUE 022530
T!NP.5, - 522545

155 30 50 N.1.R 522055
$5 f(MPsTE.IP.OU(N )’)U(N)~ D5PP(~) 522560

SNlI) .I ,~~IlS—TENP) 022570
95 )V .S(( I) ’OEL#VlII 122101

30 91 L.I,NOTR 022S30
• 153 I01LTNI(L),NE,I ) GO TO ft 522900

1F(1~~~(L).GT.69.ASIO.ICC(L),LT.sI) GD tO 32 522915
91 CONT INUE 122920

b FALLIN3 OUT THE OOTT OH OF TIl E I. ’IOP ‘lEANS THA I 0US I DOES NOT HIVE 022935
C AN .T PNAN H COUMECTED WITH TN! TI’P!NS ENO AT 3(15 I, THEREFORE 022345

III C CALCU_ ATE ADJU STE) VOLTAG E FOR ~~S 1. 522935
WI1 I.V~I).OV 522965
SO tO 150 522970

• 92 TN!W.TAPIU,Ov 122955
1FITNX (L).TNEW, ~i.,9$,33 522995

113 93 !P(TMNft ) —TN !W) 36.96,33 523505
94 TIP (L) .TNXI L) 523515

WIEI.Vfl).Ov 523525
3D TO~~$N 523530

93 T A ’(L I u ~~~~ .) 123540
Iii V(ll ’V( 1b~ 123130

50 TO 155 523055
C 001I3t1011 DIIC*!T I~ C. TN! NEAREST ‘NYSICAL (DIS CR ET E) T A P  SETTING 523075
C TO TOINI TH IS VALUE IS STORED AS TIE NEW TI’ SETTING FOR THE TRANS. 523000

16 TA’(~ ) .QI 5CMET(TN(w) 023095
ITS II CON TINUE 023105• R(TJNO 523115

1113 52*120

I
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1 ‘U’I TION IPOSIIT) 023130
CONNON7C0MC2 Iø(!S0) ,N31250) ,JC3.11000) ,DJ( 1000) ,1001250 ) 023180
30*IONFCONST! N5JS,NL , 135, !‘V,LLI,L. 2 ,LL3,LL4, N O T R , I Z ,  NOL TC 023150
t,ITt1,IT*2,PTOL,CTO~ ,NLC $23165

5 (•I 523178
3D 10 I.1,NSUS 123100
10(I05(NS(I)).E0.3) GO TO 15 023190

523250
IFINN(I) .CQ.IT) Go ID 11 0232*0

IS 15 OITTNUE 523220
11 IP3I.k S23230

RETURN - 
523245
123210

I ‘UNCTION IPOSI(II) 023260
COHMOIIFCOMC # NA1235),’lB(230),300.(i005),0J11001),IDS(25S) 523275
ONNONFCONSTI N0~PS,NL,1SS,IPV.LL1,LL2,LL5,LL4,NOTR,Il,N0LTC 023200

I,ITRI,ITR2,PTOL,lTOt.,NI.C 12329$
5 (.5 523355

50 10 I.1,NSUS $23110
• !F(I05(N$(IH,NE.t) GO TO 10 121320
• ~.(•j 02331$

• IFftlSlI).E0.IT) 50 TO It 023355
U II CONTINUE 121150

11 !POS!.k 521965
RETJRN 121375
EN) Ru SS

1 ‘UPSIlON TIPR(ITA,ITS)
C TNIS ‘UNCTION DETERMINES IF TI! RIA SCI DEFINE ) IV Sf1 AND 1T9 IS 072415

• C A TUNS’ONN!R PRINCH. IF SO, T44! PROPER TA’ RATIO IS ASSIGN!) TO 023415
C TAPR A l )  RETURNED TO TM! ‘RO RII. 521425

I COMMON FCOMS/LTNI (t4.3S1 ,~~tII3(t453) , ( t4SO) ,511455),01255) ,012353, 523490
4 • 1~PIl(50),PIANG ;0 ,LTRII255I ,LrR5 25O ,TI~(Z5S),TWN(23$,V(255, , S13441

21M5!255),IUIPP 2 SO ,AN G(2501 ,I ’U31250) ,35a(2351 ,u5p(3555), 523835
IIUSNI ’lC(250 ) ,LPH$(35) ,I.ISTI ?3IP ) , IU I ’ 12 50) ,OM !N( 250 ,OIU(25 s 1 , 123461

123871
15 3ESl114SS) ,?SRl1450 ,PD1A(2 ;) ,c0’l!C(250) ,)L5(2S5) ,IpNISE (~~ 5) 02*4S5

OMMO N IC 0NST~ N IU S,NL,I$ S,IP V,LI.1 ,I .L2 ,LL3,L L4 ,NOTR,IZ , NOLT C 023490
t,IT R I,1T02,PTOL,3TOL ,NtO 523555

• TA’R.S. 523515
1F(ITO .E0.S) GO TO 2 5 523325

13 30 20 I.I ,NOTR - 523535
TY(LT’I(I).NE.ITI) GO TO 10 023185
17(LT*53I .EQaTI T*PR. TADII ) 023150

• - GO T3 20 123561
IS I Y (L T R O ( I ) .N t . L T A I  SO TO 25 523175

• 25 U ( L TR AU O . E o . Iy o )  TAPR. j .~~TI•(I)  Still.
• 

- 20 CONTINUE 52 3355
23 IFl?100.EO.S,l TIP*.1.0 023600

R!TJR N 523111 -
1110 523125

1 • ‘UNCTION OISCRET (T T) 523630
11.1 023545
E.TTI. 05623—101. 523535
1’X 523665

5 IF(I5S(X—J).G!..3) GO TO S 023670
51S 1!T.I.S4.S5125’J - 523665
RETURN 52369$

I 1?(J.LT.S) 11.—i 523100
4)4011 523710

15 SISftE T.1.I ..1S62S’J 523725
4114111 523735
1113 023745

21$ - •

- . — — - ~~~~~~~~~~~~~~~~~~~~~~~ ~ -
~~~ -



I OVERLAY (SHRTC ICT.3.S ) 521750
‘R OSRAM FAULT 02376$

C PROGRA M FAUL T IS THE SHORT—CIRCUIT ANALYSIS SEGMENT OF THE OVRALL 523770
C SYSTEM ANALYSIS  PROSRIN .  THI S P R O GRA M U T I L I Z E S  LA RGE MATRIX TE C I— 023755

S C NI0~1ES AND ZOUS MATRIX SYMMETR Y TO REDIC ! PROGRAM STORA GE REQUIRE— 523795
C MENTS. ANY NITWOR IC U’ TO 250 NUSSES CAN SE JSEO AND THE PROGRAM 523005
C NIL COMPLETE TUE FAULT STUDY NY YI(INS 50— SUS “SU’)SYSTE’!r OF TI ! 023010
C NET4ORN AND REDUCING TN! R E M A I N I N G  SYSTEM TO A HES4 EQUIVALENT. $23020
C SY TAXING CONSECUTIVE S 0—PUS SEGM ENTS, THE ENTIRE NET WOR I C CAN 3! 523530

IS C STUOI!) IN F I V E  PASSES , 523040
C THE P23G~ AM USES TH E ME THOD OF SYMM E TRICAL COMPONE N TS. AND TIlE 523030
C POSITIV! AND ZERO S!QJ!NC~ INP!OAM C! M A T R I C E S  AR ! STORED AS ONE- 023S65
C DIME N S I O N A L  ARRAYS. I.E. THE OIA’GONIL ELEMENTS 0’ EACH ARE STORE) 523070
C IN 2011 AND 20011, AN ) THE UP’!R TRIAIUL!S FOR EACH ARE STORED 13 523035

II C ZSUS IN) 200U5. - 023090
INTE GER CON,CH3, SCOP ,OUT ,CON!I, PI, A ,C, AA ,CC, *I, t ,A2,C2, A3 ,C3,),OI$23151
COMP.EX ZZ,OFF,IAG,OIAG,C’~XV,V0,FAI,’*I,Z’.flIA ,Z0OIA,ZSU5,Z0’)JS,5239i0

I2N ,ESUS,ANPI,EC.!Z!,ZC,ZCOJ’,T OJ’,ZZS,2G,ZZG(250),FI,FtG,PNS,ZS, 023320
- 2’IA $23930

21 3IMENSI ON IrS(26, ..1(51),L2151) ,CU(31) , CUR ( 51)  523985
COMMON ICONAICO ’l,CIS,LOOOP,SC)P , !NP ,OUT .F ,T , IM VA .RN OI,N NIX ,N I X I R ,  023130

IIA IL TC ,NA XPH ,ISYS,’)(VAI 023960
COMMON ICOHSILINAII8SS) ,L I 13(I450 ) , (1850) ,0(i’50) .P(23 S),0(2 50) , 823970

I P45(50) . PHAN G(30) ,LT RA I25O ) .L? 13(230) , T AP I2 5 O) , TM N (2 5 5 ) ,V (2 5 0) ,  023931
25 2T’K(?58),1u0PP12301, 1N0(25S) , tP tSS (230 ) ,O3’1250) ,4S0P(SIIU. 023390

3SU SN)ME(2 55) ,L PH I I S I ) ,L I S T(2 5 0 ) ,E U I ’ 1 2 3 0) ,O M IN ( 2 5 5) ,3M1X1230 ) ,  $28005
439PP(235) .U’)PP(30001 ,J3’13I150) ,J IP ’( 3000) , !CC(ZS0) ,OL’(250) , 024510
UIt( 1855) ,!0R 11450) ,30II(231) ,00IEC(2 50)  ,)L O (2 5 0 )  ,IPN A SE(2 5S)  $24025
ONNONICONC

~ 
MA(250),NM(2301 ,Jf~O.(IS50).OJ(1000),!DS(230 ) 028530

IS COMMON ICOHST# NIU S,NL , ISS, I ’V,LLI ,LL2 .LLI ,t .L4,NO TR,IZ,NOLTC $28045
I,I f Rt,I?Rt,PTOL,1t3 1. ,Nt.C 024535
COMMON ISAVEF SERI 024010
C OMMON ~7EqOlLA (!3),Lql23),~ R (75),~Sl2;),ZM(23),YCOUP(S,$), 028070
I!COU (2S),IJK (231 ,(JT (25)IIt?(25, ,INAVE (S) ,ZOIAITI),ZSOIA (753, 528550

31 2234512 775) ,205JS(2775),E181?P3) ,2 173) 524595
COMMON IZCONSTI NOHU,N0S.!R~ W,!1JT,I0UMN 524*50

• 1050 F O R ’l ) T I I X , NUNAER 3’ LIN ES OGlE) RI ‘FAULT ’ TRINSFONN!R lOU— S24110
ITIN! HA3~~~IX, EX EE3ED MAX!IJM LI NE TAIL ! STOR AGE CAPAC ITV ? I 524120
2t X , L!NE NO, .Ib, OF TRANS ’ORM!R TASL(,~~~) 028130

85 1551 FORHAT (IX, NUNOER OF LINES A D D E D ft ‘PAUL!’ SOURCE IMPEDANCE 104— 528185
• 1119! WA S IIX, EX EE )EO HAXZ ’q J M STORAGE CI ’A CI TY OF LINE TISL!SI~~ 024115

iIX, C ARD NO. ,14, OF SOURCE IMPEOA IC! OATI. 1) 524115
1552 FORMIT (1X,ERROR ZN FEISULE OIl S LIST *DUTINE)~~~IX, WO. OF 5(15355 024175

tIN SYSTEM. ,1811*, FEASISLE RUS .15T 1(1415)) S241S5
45 1553 PORMAT(IX, N0. 3’ MUTUAL LINEN ) !CLARED . , I 8, 1# 1 X,  524190

I MIXIN U H ALLON! )s251 1) - 028211
• 1504, ‘OR IIAT (IX, NO. 0’ SIISSES II  SYS TEM A REA. , I4 , 1 11X, $24215

I’N%(!MU$l ILLowEo.ssr~~) 024220
- ISIS P O R N I T I I * . E1030 II TR ANSFO R M E R ONN!C TION COD !? TX FR NO. ,I41 024230

IS 11X, 5EE INPUT L I N E  LIST. WR ON G C3O!. ,I4, . COO! IS COIADD . F) 52824$
ISI S F O R M I T ( I X , ERRG R lET W E EW TIIMS ’ORMER AND LINE TA~~ !Sl~~~IN, 024210

I CDU .O N’T FIND TRANS. IRINCI (S9.”,14, AND C5.,!4,) BONN! 1*O 528260
210 St?S ,14, TN LINE TIBLES.~~~) 02 4275

1557 F O R H A T I I X , ’FAJLT SOURCE IM P E OAN C !  ROUTINE HAS OIt!CtEO A ZERO 024250
53 IIN’Jt  F04 /1X, T41EE —P H. FA JLT CURR ENT.  IHREE .PH, FAULT CU R RENT 528230

• 
- 2IUST SE NON — Z E R O I I I X , SOLSRC! IMPEDANCE CARD N3. ,I41) 024355

ISI S ‘OR N I T ( I X , ERROR IN L I N E  TA 5L.E t FIRST EN T R Y IN L I NA SHOUL D St 124310
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jfN! REF 5USl.5). lIX, ACTUA~. TAL .E !NTRV. ,I4~ l 128328
1501 P ORMA T (26I3 )  0243*0

60 IllS FORMATI1HIIT23, ?9(II’) 1T23,IN’,T2 , ?AUt. T SUMMARY FOR 523 ,V.,11 524340
bII’1T23, IN’,T27, !F$ 1 , P 3 . 2 , , , F5.2. ) P .U, ,TSI,1H’FTZi.IN’ 028330
i,t2?, 21. (,F5.!,,,F5.2. 1 P.j, ,T3i , I I’ITZI,29( jI l I) l)  528360

1511 FORHI T (T 8 , THNI C—PHI SE ,t23, $AS E—G R OU NO ,T42, P$4A SE—PNA SE ,T10, 028370
1 P$— ’N—GROUN O YT2,1111I ) ,3 1,IIIIN’) ,3X,11l1H’),2X,1611H’)~~T2, 024330

55 2’I’I$IG) . ,FS.8, T21, I ’IMIG) . ,FS.I,,T40’I’(NA3). ,FS.4,TIS , 024390
3 !’IWIG). ,F$.81T2, X/R$ .FN. ¶,T2I, 1#Rs ,’l.3,T80, 31Ra ,FS. 3, 028405
8t5I, X/R~~,Fl.3~f2,16(tN ). I%,t31*N’) ,T85, E71A31 ,F7.4,T51, 024415
S’!’cI) . .F7.81T85, E F ( 3) . ,’7. 8,T 3S, !F (3 I  .,‘7.81T45,!F(C)., 074420

024430
70 7 XI4(5) .,7l.3lTSS, TF(C).,’5,4lV3$, Xl~(~~.,FS,3~Tcl,l6(t4’H 128445• 1112 ‘ORIIAT (T4, SUS V3LTAGES ,TP2, PMISE VOLTI !S #T2, 0US ,T3, 028430

I V (IAGI ,T21,,A ,T23, 9 ,T31,, C 1(1X. I3,3*,F9.8,33,F8,?,1*, 024865
2’8.2.lX,F4.2)) 524470

1013 F ORM AT 1T22. TNRU—’NAv ,T41 , PNASE.GROUMO IT2S,1611U’),33,I1ItI’)028455
73 1/T25, IPINA G) .~ ,‘0.4,T33, I’ IM A G ) .,F0.4 ,lT2O, X~~4. ,FS.30T39, 028490

• 2 X1Rs ,f0.31T20,t6 (IN),33.jS(IH’)) 028300
1514 ‘ORMATll~T22,~~ JS VDLTIGES’,T4S, P- ASE VO_TAG!S IT2S, OUS ,T27, 024310

• I V1N*G) , T42,~~
f ,T4? , O ,TS!,~~~~l 524120

2 I I I X , I 3 ,3X, 59.8, SX, 74.2 ,1X .’8. 2,IX , ’8.2) l - 128330
SI ISIS ‘ORMITII3,2 1,679,2 .4FS. 1) 528345

ISIS ‘ORI1T18I3,3X,2710.5) 024330
III? FORNIT (IX, ERROR III ~!ISI$L ! OIlS LIST ROUTINE I IIX, ”LINE LIST ODESO?8360

j  1 NOT INCLUDE ALL LINES IN SfSTV’l.”ltX, NO. OF LINES IN SYSTE I’ , 028370
2I3FIX,”NO. OF LINES IN LZST. ,1S~ IX, PT*St’L! LINE LI3T~~ (14ISl ) 528300

$3 ISIS ?O~NAT (ll1X,70UN•)l1x,1H’ ,53X,1I•~Ix ,IN’,T20, 524330
• I I RESULTS OF SHORT CIRCUIT IIILYSIS ,TTt,1I’IIX,tHS,T25, 528605

N ‘ T AL L VALUES ARE ‘ER-UNIT ,T?1,14’~1(,1N’,T1I,, 128610
VSVSTEN NlS~,I4. IDSES. PA JL T COO E ISC OD ) 1S ,I3, .,171, 028625
414’IIX, 1I$’,T1b, 1N!RE ARE~,f4, EU SSY STEM STU )IE S(ISYS) . , 524635

IS 3!7j ,IH ’/IX ,1H’,55X,IH ’IIX ,701IH ’)Il)  128685
• 1019 ‘OR IA T (IX , 7 O I I M ’)I I X , I H ’ ,69( .tM ’I IX ,IH’ ,T!5, SUSSYSTEM STUDY NO, ,S24535

t14, ,T7I.1N’~ 1X ,14’,t t9 , NJ4O!R 3’ 0(41513 II TIll! SYSTEM IS~~~, 524665
i13, ,TTI, 1N ’I1X,iI’,6SX ,1-I’~~1X,7Gh1N ’) ~~~) 124575

• 1520 FOR NA T 1x,7llzH9 l1X,IM’ ,1o~~,tI’l 1x .t H’,Te2, It lTOM ATI C SHORT —CIR US286SS
93 ItT STUOV, , T7 1,IM’F IX ,IM’ ,r13, — ’I f tRE wErdolIc STUDY WILl. SE CON ’LE024695

2TE) ,t7 1,IN’#1X,IN’,T 1A, Ii ,12, PASSES 3’ SIORT—CIRCUIT PR3 RAW .02470S
3 ,T?1 ,1N’I1X~ 1N ,66X~ tH’~ 1x, 70111’) I I)  524715

1521 FORMATIT3I, PNASE—GROUMO ,T23,tS (IMØI ~Tl9, IT(IA5(. ,FT.4~T29, 128725
I X ~R. ,F5.3~T21,16 (1N’)) I?47 3S

• 115 1022 F O RN I T ( / ~ T27, 3U5 ,T*3, P 4 A 5 !  V3 TA !S~~~T3I, A ,t4S, ”3 ,T83,~~~~l 024780
- 1185,l3.33, 74,2,1X, F4 .2, 1X, F8 .2)(  528715
1535 FDRMIT(Ti5,13,IX.I3,IX,Fe,4,U,F g.4) 028765
1531 FORNAT IF#Tb ,L1M! CJRRENTS ,T22, LIIE CURRENTS ) 528775

• 1532 P O R M I T ( T 2 , LIN E ,SX, F A U L T I I ) ,T!2, FA U L T O I )  ‘Il —A ” ) 528755
• 155 1533 F O R M A t ( I x , I 3 , I X ,I 3,1Y ,re .4 ,S~~,’g.4 528735• 1036 FORI$Tl~1X,7O (1N’)F1X,tl’,93X,~4.l33,jN.,T25, 5H~5T CIRCUIT INPJT 524500

- $) A T A ,t7~~,1H’~ t X ,jH ’ , 6 NX .~~4.~~IX , 7 O ( t I 4 ’) l l)  028015
IS)? F D R M A T ( I X , SOt*C! IMPED A N CE 31.1% IO. ,I3,5*, V OL T S L—N 1K V ) ,2’S.2~ 528525

ttk , S—PW FAULT CURR!NT( 1IlPS1 ,2F3.2#1X, PI—GNO FAULT CURRE NT IAMP S $28535
115 2) ,2’$.TIIX , ’IULT ?IO ’IMS) ,Z’S.t, I N EJT Z( O l M $ ) ,2F5. lF~~) 528545

151$ FOAMA T IIX , 20R A I D  701 OP L!N ! ,I8, TO ,!4, SNOUL ON ’T SE ZER3. )024050
1519 ~O*I$T (1X, ZOI* 37 SUS .14, SNOJLO NOT 0! ZERO.”) StASIS

• 1581 ?O RNS T &1 T3 1, LIML U41CNTS II2S, (IN ( ,TSS, FAULTII ( ) • 528575
1541 ‘OUIATIT2?,I3,1X, I1.43,PT,4t 5245S5

•
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C

113 1142 PORNATIIX, NUTUAI COUPLING OATI I1X, LA.”,!3, L5a , 524590
113, Lt.,I3. U” ,13113,MOTUAL IN ’SDINC E IO)0lSb. ,2715.SF) 124951

1561 P ORNA T ( l iX , F*JL T IMREOAW !TI l OINS) .,21F5.3,13)FIX 026518
• 1,”PMAS!.”,12,tx,SUS VDLT46!IICV).,’I .Z) $24925

1144 FOR MA T lR5,I*,275.S,13,F1.l 524530
125 1583 coR,I,I13, — *or,Z3) 024940

1585 FORMAT (~T22, I.INE CIIRRENT$ .T81 , LSN! CURR!N TS FT2I, LINE , 524930
25*, ’IULT II)”,T82,”VAULT (U ‘4—A”? 526345

154? ‘OR IITI R S,2 I3)  . 028375
158$ ‘ORMITIT3, P*OGRAN CONTROL CIII) NOT IN PROPER FORMAT OR LOCATION . 024905

123 1 ARO WIT I KEYWOR3 “.15,” IN R’)Jf4fl,”#) 524990
1589 FO RM AT 1T3 . SUS S CAN NOT SE IN SJSSVSTEN ~IST. 3OES NIS MUMMER 023500

1!QUA . NU I5E R OF lUSTS LIST!) ON 5USSTST! ( BAREr? 523510
• 1555 ‘ORM)T (PM PLEASE ISlE LUll...”) 521525

1531 FORMI TII2 ,I3,A 15,275.S, IPII. S 021535
u S  1012 FOUII11R5,13) 523585

REAOIS ,I547? A,ISYS,SCOP 523S30
tF *OUT .t0 .I1 .OR .OUT. £0.14) WRI T ’ 12, ISI S? 523565
C.SR SNTC X T S21S7U

- 1711 EQ.C) GO TO I $21050
• 131 3.SRLDFLOW 523S9S

L FIA .N E ,O)  GO TO 912 525155
30 2 I.I,NRUI 523110
RE A D I S , t SSl) 1001!), 10(13(1) ,RU SNINECI )  ,V (I ) , ANG( I? ,Pll) ,0(I),  121125

IONI’SII),QMIX(I$ 523130
14$ 2 CONTINUE 121160

REAOI3 , 154?)  A,!SYS.SCOP 52513$
O1.IRPUSCHG 525165

• 4 trlI.EO.C) GO TO 1 521170
IFIA.NE.D1) GD TO 912 523100

141 REIflS,tIltP 1ZOS(Z),ISUSII,,%J$S*IE1l5,VII),AM;(fl,PU ,Qlt), 525190
*SN S W ( l ) , *N A X (I )  .1.1, ISYS) 525250
Rtl)( 1,1S4? ) A,ISYS,SCOP 523215
GO TO 4 523225

C TN! FOLLOWING SECTION PROCESSES ?41 53F34ME4 OI TA TO ADO LINES 575235
100 C REFERENCE IF REOUIR!O IN  THE 7!RO SEQUENCE. 521280

3 1P(O~lT.!Q.2,OQ.OiT.EQ.t$) SO TO 1 023235
SRIT!II,i0361 521260

6 NAI L S WsI8SS 023270
125*0.1 $23210

153 30 1 1’l,NSUS 123291
II I I I U C ON E C I I ?  523355

525315
• 7 CONTINUE 523320

ZFIISOTR.(Q.S) GO TO II 523330
155 30 35 I.1.NOTR 523345

IPIIC (I) .LT . I,1) GO TO 503 523315
IFII C(I) .LT.61 ? GO TO S S23361
IFl1~ C1l) .LT. ?1) GD TO II 521175

- !FlICClfl .LT .l$ ? GO TO 15 523310
Ill 1P( ICCII ) .$T , 1S1) GO TO 955 52R3~5

C PAL TNROUG$ S TRANIFORIER 1! ‘413! SNI’TER TIPII 521450
I PIICCII) .EQ .II ,3! .ZCC(fl.EO .94. OR.SCCII) .CT.35) 30,20 521411

C TRII$F3*IIER IS TYPE F!XEOI • 521420
S IP(IC C II) .LT.44.oR. I CCu) .ED.46. OR.-ICCII?, ;T .45) GO TO 36 521630

IN 1F(I~~ lI).EQ.66? GD TO 30 521845
1Pll C (I? . t ~~ 4$,3R .ZCC1l ) ,E 0.8l) GO TO 25 523410

S
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I:

• 
SO TO 303 $23411

B TONNSFO’N!* IS TYPE AUTOS 525475
IS IPl1 ~ C( lP.L T . 3 ,3R .7CC (I ) ,~~~,M .3~, !Cc(7I.fa,57l 60 TO 4$ 121400

173 IPIICC (H.EQ.63.OR.!CC(1),EQ.55.30.ICCII).EQ.66? GO 10 25 123490
IP(ICCII). !Q.SS ? GO TO 23 013111
GO TO III 523110

B TINASFOIMEA IS TYPE T3IILS $23320
11 E F C I C C I I ) .LT.74.3R.ICC( 1) .E0.tS. OR.ICCU) .GT,75 ,  GO TO 55 023335

III t?(ICCIfl,(Q,T7 ) 03 TO 2$ - 523345
IPU CII P ,fO.73,3*,ICC(I),E) .?,? GO TO 25 525350
EF(ICCII) .EO . 78) GO TO 35 525365
10 1) III 52337$

C AIS LEN! PROM P TO REP ) 100 LII! FROM ~ TO REF S 521355
151 20 NI s JAOOU, TRAII ) ThIZ  525390

IC2.IC1•NAILTR*(I))—1 
• 52365*

00 21 JaK1,12 
• 523515

IPft lN 5(J?.EQ.LTRftI))  GO 13 22 521625
21 CONTINUE 521635

III GO TO 956 52168$- 22 XL .NL62
IF(t~.GT .MAxLIN ) GO TO 950 521160
LINIINL?.S 523670
LINI(NL).LTRAII) 121610

105 LINAINL—1).LT05II) 521695
LI99INL—1).5 523755
ESR ( O L ) ’,S’ZS R I J ? 521710?SIIML). .S’ZSflJ) ,.1 123720
EIRIWL—1).ZSRINL, S2373S

251 2SIINL—I).?IIINL ? $25780
:ONE: LINAlJn.Cas!: L13114?,.I 125715
IZ100.IZAOO,1 • $21765
NL.Nt+2 025175
1P(NI ,GT.NAXLIN GO TO 900 021705

• 201 LIIII I NL?. S 523705
L INRINL? uLT *SU) - 500S
~I ’IAlNL—1?. LTRSl[ ) $23515
LINSINL—I).S 523520
ZSR(NL)aZ.•Z5p(J) $21035

215 ZSIlNi ).2 .•zSzlJ? 021165
ZSRI* —1).!SRSIU $21535
TS!(Mt—1 .Z$IOIL 52ISIS
GOREC (LINIIJ? .C3N!C L!NSIJI,.1 521515
EZAOOSIZAOO+l 0,1155

213 20 TO 35 523590
C ADO LIII! PEON Q TO RE’S G.!S 021955

21 (t .J IOOILTRAIIP .It 5,5915
Q.*$.IIIft.TRAII))—i 521125

SO 26 J.ICI.(2 $25935
225 Dft255 (.1,CQ,LTRSU? , GO TO 27 021985• 26 CONTINUE 021915

20 TO O5$ 023565
27 ~~..NL+2 5,5575

1F(NL .IT. NAILIII ) 53 TO 955 523955
223 LINI INLI’S 023595

LINSINI )’LTRS ll) 5,5555
• II NAINL—1? .LT SI(I )  526515

LINSI ML—1).S 5,6025
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2SUNL)’ZSRIJ?
21$ E SIIN I ).2S1(J)

2SU NL—1? .ZSRIIu.I 5561952SElUL—I? .ZSI NL ) 51S56I
3ONtC(LINMA J~~ .CONZC lLIIIOlJ) 1,1 556575
UlS0.IZAOO.I 516111

• 231 GO TO 85 $36191
• C *00 LI N’ FR OM P TO RE’S 51615530 (I’JAOOft. T*A(fl) .IZ - 

526115
(2’Et.NI(LTRMD ) —t 0,1125

00 31 J.k1,R2 126130
145 IPILINSI.R.tQ,LTROII)) GO TO 3! 526145

11 CONTINUE 526150• - GO TO 956 526155
12 NL .NL+2 526175

tP lNL.GT .MAXLIM) GO 10 955 525*50143 LINI(NL?. 5 526195
LIWSINL I SLTR * I) .25200
L!NAINL—I?.LTNIII 026210

- . INSINL—t ) .S
201INL).ZSRIJ? 026230211 t SEl ’N ).ZSS(H 026240
2SR Nt—ft .7oa c~~j  - 026230
!SI(is%— 1 .?51us. 526255
3ONECILINA J ).C3N!C ILINAIJI )~ t 021271• 1210). 12100.1 516255253 30 TO 45 S2629S

34 IPIICC II ) .LT.43? 31,85 S26351
- • 31 (js JA DO (L T *A(I )) , I7 $26115F ( (2 .E1 ,N A (L TRA(I ) ,— a 5,6325

30 36 $Ki,*2 S2133S265 IFIL1N S(J) .EO .LTN S(I$? ;3 TO 37 . 526365
35 OSPTINUC 026350GO TO ISS 526*65
31 tS*IJ)’I.EII • 525370

ZIl(J).5, S2635S• 261 (IUJ100ILTR5U)).I!  $26395
t E2.K1.NIILTRIu)?—I S2685S

03 35 JsK 1,Ic2 - 126615
• IP(LINSIJ?.EO.LT*A(I?) 1) TO 3~ 526425

3$ CONTINUE •
• 275 10 TO 555 52584535 2SRIJ ). 1.C iS 526615251141.1. 516861

20 J O 1$ 511415
45 1PllCCl!).EQ ,84,OR .TCC (g?.E~.63.3~~lI~~(I).Gy.47 026455175 1.AN3 . ICCII .LT.31 .OR.!CCII?.!0.61.0R.ICCII),E3.5$,00.ICC(I).tQ.71.,549 5

2 .O*.ICC(I) .EQ .72. OR. ICCEZ).t3.?4,00.ICCII?,EQ.75.o*,lICe( !) .ST. 516355
V1 .INO.ICCII).LT.SI?? 61,51 526115- C LT *A.3S,LTRO.EN 525521

41 .SUS.LTRAU) 5265352$, IP(LTR S(I) .GT. I V R A I I ) ?  LSUS.LTRSII ) 516345
LLSUR.LTRSII? 5,611$
EP(LTRSII).GT,l TRA (I?? LLSJS’LTEI(II 52136$
(I.JADOlLSuS).I7 125175

• 
- (2 .KI.N*lLSU$)—t 526155553 00 62 J.k1,(1 u65,S

I
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IPILISSS(J.IS,LLSIJS) 13 TO 43 15665$
42 CONTINUE - 526615

20 TO 9*6 $26625
43 2SR(J).1.E10 52663$

290 201141.5. 526645
II ONUWI * StIll S

C tilt FOLLOWING SECTION PRO ESSU G!I!RATOR SJSSES TO ADO SONR E 526665
C I1 !OSMC!S. THIS INCLUDES TIE SLICI OJS. TIE SOUR CE I ’IP EO A’SC !S 026575
C ARE CA LCU LAT EIJ FROM 14! TIRE!-’lIN! II) SZN LE—JN*S! TO ROUNI) $26555

293 C FAULTS ~OR EACH SIll, WNIC$ AR E 1!I3 IN IV TI! FOLLOWING ROUTINE. 026690
C THIS ROU TIN E MAY SE SYPA ISTO II Ti! SOJECE IM PEDA NC ES AR! TO 9! 026750
B IGNORED, AND TH ERE IS At LEAST ON! LIII! TO REFERENCE IN TN! LINE 025715
C TAL E. THE ROUTINE IS OYPA SS!) IF 1R2’.S. 526725

11 REI ) (5,1152) AA,TR!’ 026730 •

305 3C.SRCURSOR 525760
EFIA A.N(.BC) GO TO 516 526735
17(IR EP.E Q.S) GO TO 63 526750
30 10 1.1,112? 526775
1E1013,1St 1) ISF ,V3 , r A3,FAI , lP ,Z 025111

303 IFI)JT .EQ.2.OR.OJT. !a.tS? 23 TO 52 521795
WIIT’li,1131) IS’,E9,F13,P11.Z’,Z$ 126501

- 12 $0aC15% (10) • 025015
ZS.1555.’VP•VPF 3* VA - 026525
2I .CISSIPA3) 026530

315 1?U1.EQ. S. ) Sb TO 95? 526060
• lFI?1.5*.SP GO 13 357 526555

U.$3’1555.17A3—!F 526565
ZI.C ASSIFAI ) 526570

I ) tfltl.E3.S,) 6) TO 51 526550
$13 U$a(3115.’VSIFA1—2.’Zl—3.•t’)fll 021.5$

22.22270 - 526955
GO TO 55 S2*S1S

• 3* 22S. !MPL*11.115,S.) 026525
22.27 25 526535

31$ 16 IIL .NL. t $25545
IPlNL.GT.NAXLIII) GO TO 951 526955
L I N A I N I ) s S  52656$
LINUNL).IIF 026170
LI ’SAINL I)” IRF 526555

315 LIN5INL—1? .S 526195
5lSL).RE*Llt.flZ) 527055
I(IL)vAINA$II.lZ2) 527515
5(NL-j1eG(NL? 027525
5lML- 1).0 INL ? 527035

31$ 2SR ( ’IL ) a RE AL (Z? S? 527085
!SEINL) .AIN *G( l7I)  527515
ZSR(NL—1 ).ZSRINL? 027565
ESI(NL—1)SZSI(NL ? 021175
Z21IISF)sZG/ZS $2T SSS

331 tZAO)UIZAOO.I 527555
ONICIIS?).CONIC(l02). 1 527155

SI 3091111(11 - 527115
IP(I ’RR.NE. S) RETU RN 527125

C ASO!O LINES ARE NOW COMPLETE) RE SORT LINE TASL I S INTO ASCENDING 027130
145 C OWl 010’Rl • 527165

6$ ALL L30Et12,LINA,LINS,NL,h, 1,S.ZSE.ZII,S? 52711$• Il.I2.I!ISO 527165

-
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30 II I.I,NIUS 527175
IAII ? .CON ECII? • 527105

• 341 55 CO NT INUE $27150
C TN! FOLLOWING SECTION FORMS A ‘EASISLE ORO ERIPI G OF THE 3(13 LISTS 027200
C FOR III! 5(15 iMPEDANCE BUILDING lI GORI TIPI . 027215

LESt 527220
IF(LTNA (11.NE.5) GO TO 15$ 527230

315 .I$TII)” ? IN S( 1? S27240
(‘2 527235
30 75 I.1,NtU$ S272I S
10d.LISTII) 027270
(1.J100(IRW).IZ S272S0

353 (2s11.CONICII05?—I 027295
00 13 I.K1,*2 527351
3Fft, IN$lØ.EQ.5) GO TO 74 527315
U.K—I 127325

05 71 N.1,K* S21335
35$ IP ( I I 5 T I ’ U .E O .% I N I IJ ) )  GO TO 73 027360

TI CONTVIJE 527315
I 1$T IKI sUNSIJ )  - 027365

527371
• 73 TflLINR(J?.fl.LZNI(J?) 60 13 75 521355

351 16 JSPII*).J 527355
IENIK ~ t 5274S5

71 CONTINUE 527415
IS ONTINUI $27425

t .. 1FIK. Nt.INSUS.I?) 33 TO ~~~ 527635
• ( -& S’S ISS.IIL#2 527845

!FIJ(. Nt. 1!SS.1)) 30 TO 959 027435
C AFTER TI! LINES ME REOROERES IPIT O A ?‘A515L1 LIST, TN! NUTU*L 527865
C CONPAING OATA IS REA D IN. THIS IN~~UOSS THE ‘SUTUALS FOR ILL LINE S S27471
C IN Till SYSTEM, *EURDIE!3 0? N ON TN! S4ORT—flRCUI T STUOT IS TO 050. 527415

371 C CU) (I.E. ST SUISYSTEN AREA S OR OIPLETE SYSTEM). A SIII NUN 01 527451
B 23 NUTIIALLY COUPLED LINES ARE ALLONE S FOR IN TN! PROGRAM. $27555

• - REASI3,1S12? Al,NOIU S2751S
• 

- 
31e1R50!52TL 027120
E?IA*.NE. C 1) 10 TO 513 5271 35

155 IUN OSU.EQ.S) 63 TO Vt 527545
IPINOIS U.GT. ?1) GO TO 503 • 527315

• ((5013,1516) lLA(I ) ,L 01I ) ,LR 1I) ,~ S( 1),2iUI),I.1,N0Nw 521311
tP(OJT.Ea.2.OR.OJT.EO.10 03 13 71 527110
d*IT!l1,1582) ILA (I),LlI7),.RII) ,LS(Z?,ZM (1l,Ist,NO SIfl 527355

103 0 TUE FOLLOWING SECTION PROCESSES FAULT 1IS PEOANCE OA TA TO $2 USED INS 527195
• TN! Fills ? CALCULATIONS. THE FIRST 3*13 R EA D IN INDICATES lOW 027555
C NAN! h ILT INPEDA’4C!S SILL 0! !NT!IE OINOFALT ? , TIE FAULT INPEDAICt 017518
O (SINS? , NO. 0’ PHASES, AN) PHAEE.G’S3 VOL TIG E I *V ?, SUCCEEOINI DUOS $27620
C 52$) IN THE LIST 0’ GO! NUNIE R ! 10 dM 1 311 TIE S FAIL ? DATA APPLIES. 027530 •- -193 - C A S.A9* CARD SIGIO L S TN! END 3’ T I E FAJLT I MP!OA’S E DATA. NOPALT .N’T.027645

It 5(5013, 1546) R, IO PA LT ,ZF , P4 ,VP 52761$
32.1RNOPALT 52755$
1F(A2.N(,C2) GO TO 516 51167$
1F(N3’ALT.EQ.I) GO TO 06 117611

393 IFCDUT.EO.2. OR.DJ T.E O,i$ ) GO TO 30 511535
dRITtI1.1543) 2’.SI,VP 527755

55 IFI ØW .EQ.1) S*Vl.S’C5Il3. 527710
ZS.(1SS0.’VP WP )/0UA - $2712.
EF(P’I.EQ,I) 5KVASS(VAI 

_ 
527115
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415 IYE.NOVA*.T125.+.59 52778S
LNT .XVZ 527110

00 53 Z’1,INT 027765
11*015,1515? I’S 527775
00 52 J’I,Zl 027710

455 IFCIVI( J*.EQ,5? 30 TO ~3 127791
IFiOlfl.I2.1.OR.DJT.!) .tS) GO TO $1 527500
WRITE(1,1$43) I’9(J) StiltS
DLPUFS(J)?.IEILU”TS ) 027020
OLSIIF 3IJ)).AINA$l? ’IZS) 527535

410 St CONTINJI 527080
03 CDIITINU( 027530

20 TO 77 127565
C TN! FOLl OWING SECTION 026115 14! IllS 5)110193 ALGORIT HM FOR THE 027375
C POlITE!! INC ZERO SEOJENC ! IM ’EDANC! MATR ICES. IF SHORT—CIRCUIT 027550

81, C IS TO I! PERFORMED ON COMPLETE N !TWORM (ISYI SO? SICIP TO 105. 027090
C OtHERWISE, READ IN AREA SUS LISTS!?. A MAXIMUM OF 35 SUSSES PER 527500
C AREA IS ALLOWED. VALJ!1 3, I SYI ~R )N I tO 55 IN OICATE NOW MIII! 527515
C AREAS OR E TO SE STUDIE). FIRST, TM! IllS VOLTAGES ARE !NITIALIZ!OI 027925

• 
- 04 EFIL000P.EC.—1,$’l0,SCOP.E0.tI S3)P. 5 027930

425 1FIL000P,EO.—I.IlO,SCO’.fl.S? SCOPS2 527385
• EF(SCOP.E0.1.OA.SCOP.E0.3? 33 T3 55 527910

SO S! I.I,NDUS S2TI SS
• SI !SJSIII CNPL X (i.,S.) 527575

10 tO II 5279SS
411 SI 30 5, I.1,NSUS 52799$

$7 E$fl(T).CM XV IV CI ? , SN G(I)) 525555
IS W*IT !(2,ISISI NSUS.SCDP,IS!l 520510

EFlI ’YS.tD.$) GO TO 155 $21525
I~ ) LCOJIMT*ISYS 525535

• - 43S 95 EF(I~ OUISt.EO.$) RETURN 520040
EOJt .ISYS—ICO(JSDI 520515
(EA D (S.I SSZ) *3,455 StOOl S
3.I’NOISYS 525575

I11 3.NE.A1) GO TO II? 525055
41$ 11(15S.GT. 151 33 TO 954 • 025550

dR I T~~(2,II1l ) IIJ T ,NP! 525155
52A3(3,I SSI ) IW S(I ) ,Is1 ,N$1I 02511.
30 51 I.1,NSS 

• 525125
IFCNSII).CS.S$ 1) 13 911 525130

445 IS CONTINUE 525145
GO TO 151 $11151

155 30 1St I .t ,NIWl 525165
495!) .LI!TII) 525175

151 O’ITTNUC 02015$
44* IY2el*UV1S.•.5$ S2SiSS

10tT.XVZ 525255
I % E TU2.I SIII Ion 520215
951.35 025221

- IFINSUS.LT.1S) NIS.N9US 025535
41S III 4.5 520240

• C TN! POSITIVE 1(0. IJILOIN G ALGOWI ?114 IS $USRWTIN( ISIS. TN! POSE- 520215
C TIll 110. MATRIX IS STORE) AS A VECTOR OF DIAGONAl. TERMS (201*). 52016$
C *110 AS I VECTOR OF TN! UPPI *—TRI$NIJ TERMS IZSUII. 525270
155 CAL l. 5(15(N) It S,.,

693 I?(I!R1.Nt .S) RETURN 0202*5
C TN( 21(3 1(2, SUII OING ILSORITilS I S 3U3*OUTIIE SUDS. Till 21*0 520355
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C 520. NITRIX IS ALSO STORE) AS I VECTO R OF DIAGONA L TERM S (25011), 025115
C ANC A V!CTOR OF IPPER TRIANGLE TEAl S *259(15) . MUTUAL COUPLING 12S320
C IS lA ID_ED 5! SUMOJTINE NUTEST, NlII~II IS CAL LED SY 5055. 025335

405 *LL 51155(N) • 020340
LFII !RR .ME ,S) RETURN S2S3SS

C THE FOLLOWING SECTION CALCULATES T4! FAULT CJRR!NTS. THE OPTION 525365
C IS PROVIDED TO C*LCJLITE ALL F4j L1 TYPE S (3— ’lI , L~~~, L—4 , ANC 525375
C L—L—l ) , OR JUST THE FIRST TWO. 5253S5

4S1 30 2S5 I ’I.NSS 521315
IR4.IUIP(I) $25855
2F .CM P LX (DL P ( IRW ) ,OLO (IRW ? l StOAtS
2GsZt G (I RW )  020425
!FU’NA SE(IRW ) .f l .I )  60 TO 15’ 525835

475 C CALCULATE THE THREE — PH A SE FAUL T FOR THE IYN 3015 520485
• ZZ .Z ’•VOIA (I? 525415
• IP(21.1*.S) GO TO 310 S2S8SS

ANPI.IISIS(IRW)IZ! S2S475
(R.At NAG(Z?)~ R!A.(U? 115450• 471 FAJLT!.CISS (AMPA 515455

• C ~N!CK TO SE! IF OJS VOLTAGE StINNOR! IS TO SI OMPJTEDS 020555
IF(Otfl,EO.I2 .CR.OUT .EC. IS) ;o ‘0 132 $25111

• C COMPUTE VOLTAGE ~ I I4ARIES (  • 02552$
00 124 J 1,NSS 52.33.

• 451 IRWI.IUSP(J? 52S145
!FlJ.EO.I) GO TO 123 52S110
N1.IAOO (J,!) St. ,..
ECu ISU SIINNI ) .2303(Nt) ‘EIJ SIIRd) 172 525170
DU(J).CASS(EC) 525155

40$ 30 70 324 • 525195
123 EC.Z F•ESUI(XRNUZZ 525605

• OU(J).CASS(!C) 52561$
124 CONTINUE S1562S

C COM’UT! •IIASE GPOUN) ‘AUL T 105 It’S 5US $ 525635
495 132 U .Z0OIA (I) .2. •Z) IA *I) .3 . ’?’ 525645

A’S’A.S.~ E5US(IRN?lU S2S S5S
- ZZE.Z7l3~ • 525565

E1I G.AIMAG(ZZEI lREA~. (27!) 525675
FA3LTL54CASSI*’I’A? 525555

89S C 0511CM TO ¶51! IF ISIS PHA SE VOI TAS! !UII’IIRII! IRE TO SE COISPUTEOS 525690
133 IF(DJT.EO.12. OR. OUT.E0.1S) GO TO I8 S2S7$S

C C*L U.ATC PNAS! VOLTAGE SUNMUIES, 525715
DO 133 J.t,NB! 520725
Iffih1.IUSP(J? 525735

III IF(J.EO.I) 30 TO 138 520745
• • 111.1*005.1,!) S2S711

ICSISUS ( IRWI) -EOUS (I *W? ‘(753US(Nj ?.2. ’ZSIIS(N1U#ZZ 025765
IIN P (J ? . C *N S (tC)  52577$
1h(IPHASEIIRWI).E).1) GD TO ill 02.75$

10 (C HE SU S(IR N1 ) ’(— .3. — .3 56 — !SU S( IR W ) ’(ZIBUS (N 1) —ZS US (Nt ) ) l t 2  S2S795
USP(NS II .R.CAI!( !C? 5255$.
EC.ISU$IIRM1)’(— .S,.SIS)—ESJS(ERW?’ (ZOSUS(It?—ZIUUN1)?IZZ 021315
USP(2’NS$.JI.ASS(ECI 525525• SO tO 131 525515

115 114 EC.ESUS(IRW) ’3. ’ZFIZ2 525585
• USP(J).CAIS(I ? 525115

11(IPMAS(IIRW), !Q.1) 33 TO 135 • SIISSI
• LCVESU$IZIN) ’(— .S,—.Sl5) .f$JSI!RM) ’I25OIAII)—ZDIA(If l l2Z 52517$

S
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I

USP(NSS..W~~CA SS(IC) 521505
111 IC.ESUSIIR.U~~(— .1,.ISA I - E NJ S (E R W ) ’I 2 SO I I ( I )— Z O Z A (I ) ) l f l  111510

USPAI’NSS.J). *SS(EC) 525105
131 CONTINUE $25915

C COMPOTE LINE FAULT CURRENTS 105 1—P4,CJSLL), ANO LIHE GNO. 525525
USE 2 UTR IX (ZI U S IsO tOIl). SCAN .INI TA5L! FOR LINES CONNEC TING 52093$

125 C SUSIE! ZN ISYS. THE’S CAL. FAULT CURRENT AS CJ(LL) A lSO CU*(LL) . 525945
150.135 520035

• l.L.1 525515
30 185 NNaI.31 02557$
LI (Wl).L2 INN) ~5 525950

121 145 ON TIN UE 520955
• 30 11.5 I!.1,N3. 529505

GO 14? 5a 1,NL $25515
Ih(LINAIL).NE .IJSP (II)) 33 tO 11.7 S29S20
1F(LINA (L) .l.T,LI43IL 1) GO TO 11.7 StIllS

135 00 186 JJaI ,NO * 529545
IF(LIN5D.?.N!. IURP(JJ) ) r.o TO 145 52953$

* 
• IFI:s’LxqzsR(u,zoI(L)).EO.O) GO TO 911 529565

11(JJ. EQ.I) 0 10 11.2 - 121171
IFIII.EU.I) 30 TO 183 - 529111

531 N1 .IAOO( 1I,I) $21095
N2sI*DDIJJ,I) 521155
FIsZSUS(N2?—ZIUS(Nt) 521115
P$S$.2’(ZIUSINI)—!ltJSII?)) N’..X ( G ( L) ,ISL)) 529125
TSa(?OSUS(N1)—ZSIUS(l2))FCIPL*(Z0R5L) .201(U) 029130 -

14$ GO TO 145 S2$IAS
142 N1 SIAOO(II,I ) - Saul.

FZa2DX *II) -ZSU S(I1) 525160
GO TO 11.8 525175

• 16$ W1.IAOD(JJ ,I) 52*151
163 FI.ZSUS (Nli— !DIAU) 525195

• GO TO 164 521215
144 P5S!a2~~(Z0IA( !)—Z 0US (9t)  ) ‘CIP LX ( G (L ) ,l(L) ) 525215

l1.(ZIOIIII)—ZIGOS(Ni))FCMPLX(ZIR(L),101(.)) 029225
145 FIG.(PNS Z3)~ ZZ 52121S

115 FJAaFI’CS$PLX(G (LP,S(L) ~ (~~3ZA ( j ) + Z F )  525285
ONILL)SOA$S(’II) 525255
IF(IaNASIIIRU .EO,1) U(LL?.S 529265
DUAILL).CIRS FIG) 529275
LSILL ) .LI I IA IL)  S2,2$l

331 L1ILL)eLIN5IL) 521215
LL.l.L.1 529155

165 CONT INUE 525315
14? O3NTINUI 52532$
185 CONtINUE Sill3I

150 C CHECK 13 SEE IF Lt AN) L—L FAULTS AU TO 51 CILCULATEOS 521355
185 IF(SCOP.EC.2.OW.SCOP.f2.3) GO TO 165 52*315

• - EFII*NASEIIRN).fl.1) GO TO 170 525361
C CALCULATE L—L FAULT FOR ITN IJ S(9 150 3 PIIASIS FAllLTIO)I 529375• !ZaZ’.Z. ’ZOIAU) 529315

505 IF(Z?.EQ.I) 60 TO 515 529195
• AH*Aa1,?3t 1105(IRW) Il? $29455

ZZE.Uli. 132 StIllS
VRLI..AIMAS(7lt)IUAL (UI) 529825

• IA3$TLLRCA5SSA’I’i? 52543$
12$ £C.DVhII*N)’lZP~t.’ZDI*I1)?IZZ 529455
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J5 ’(t551) .CA95IE ) 529450
tCuI9US( !RW)~~( S— .1,— .55I) ‘Z’—ZGIA (I)? F R 025450
JSP(lIS2I .CASS(E ) 529475
!C’IIUS(IRW)’ ( 5 — . 5,,S.S,.2r.7II A (I? )  #22 1291.S0

573 JOR51503) .CA5S*EC) 1291.90
C C0II*WTE L—L G FAIL? 1* ITH 5J1$ 129100

U.2OIA(I).2. ’UIOIA (1)43.’ (7’.? )) 529110
AMPA’3.~ EIUS(tRW) #22 529125
‘ALTLLGs CAR!I AM•A) 525330

555 II LL ’IINA G (Z Z ) # R E AL (27) 52911.0
22.Z’)!A(1,.ZOIA(!).2.’ZflTAU)’U001A (I),3.’(ZF4?G)) 529155
ANPAaI,732’ESUS(IRIfl’(?SOIA (I).(.,1,.lSAI’TOIA(I).3.’(?W,2G))lZZ 5295 10
F&JLllSSCAs5(AlIPA) 029570

3 . ZZDUI(I.7 32a(2$O1A ( !) — ( — .5..S5S) ’EDIA(I) .3 . ’( ?F+tG ) ?)  029300
333 ((L3 .AIMAG (Z?flI RIA .(Z7!? SPIllS

IF (XR L .LT. S) NR .S’*RLI ’(—t. ) 529555
IMPA’i.732’ESUS(1RW)’UIOIA (I)—t—.S,—.S1S?’ZOIA(I)43,’(2F4!G))FZZ 02951$
FAJLTLCSCASSI*NP$) 52952$
ZZ!.U/(t,732’(2SOIA(I)— (—.5,—.S5S)’ZOIA (I)43.’(ZF.? ))? 029535

• 195 IR L C ’AIM AG (ZZDF RE A .( 77!) S295’.S
!C.3.’EIIJS(IRW1’2’)IA (!?’UOOIA (1542.’ (?F.EG?)lZ2 51955$
U5’(ISG4)aCASS(’ ) - 129550
EC.—3. ’ES05l!~ I) ’Z3 EA l I) ’(2 ’. 23)  #22 529175
JI’(IlOS)aCASS(E ) 529530

331 C LIST IT’S 0*15 FAUL T SU IIARI ES 31 OUT’UT FILE s 529190
135 4RIT!(2,ISIS) IR9 ,ZF ,ZG 129701

IR IT!(2 ,*Stt)  ‘AJ LTI ,FAUL T~.G, ’AJ_ TLL, FILTL LG, 11R,XeLG, XIL L ,X RLL S, 029710
IJI’11551) ,USP (1004) ,U10(1S52) ,U17111$1),UIP(1553),USP(i001) , 029720 -
!?AJLTLS,XRLI,ISULT.C,XRLC 

- 529730
I - ISO IFIOJT.EC.12.OR.OUT.EO .tl) 33 TO 25$ S29740

Er(3JT.E2.13,0I.3Uf.C51. 14 30 f3 151 529750
IR IT ’12,15121 (IU5’(J),OU(J) ,US’(J),USP(NIS.J) .U0P(2’N514J), 525750

t)a 1.105) 529770
lit 4RIT~(P,tS 3l) 529715

III IRIT!(2,1532) 525795
N$.LL—t 529005
411!! (2,1533) SLt(NP,L2(N),CJ(N), UREN? ,N.t,50*S • 125015
30 TO 255 - 529525

155 4R Tt ’(t ,ISISI IRN ,Z ’ ,2G 525535
j III IRIT’(2,t5l3) FA J LT E, FIJ LTL G ,N R, IRLG 02951.0

IF(G.tt.EQ.tt.OR.OUT,EQ. 1OP GO 73 210 529555
IF(OllT.Ia,i3.OR.3UT,tQ.11.I 33 70 Iii 529551
W*IT’(2,1$tlP (ZJMPIJ) ,OU(J )  ,IISP(fl ,U SP( *55.JP,U0P(2’NlS•J), 529575

11.1,1155) 529SS1
515 III MIS’LL—t 52,5I5

491T1(E.1S4S 129505
ORI T !(2,1185) (L t IN ) , L2 ( N ) , C U (N? ,CUR (N) .N .t , Nft 529,15
SO TO 255 525925

US 0*11T12,lSifl 1*4,21,26 519930
$25 - l*1T!(t,1521? FSJ L T.5, *RL 5 52998S

Ir(~uT.E~,32.o5,3UT,to,al) GO TO 255 523915
EF(PJT.I5.13.OR,OUT,tQ.l4) 33 ‘3 iii 029955
W*IT!It,1$t2) (IJS’(J),USP(J),U3’(NSS.J) ,J SP(t ’NS$.J ) ,Jst,NISI 025970

• Ill l*1t’(2’,IS4S) 029955
• $25 lSN.LL-t 529395

4*IV?çt,1141 ) ILI(9?,L21*),OOR(W?,N.t,N’I? 515005
255 304110*11 535515
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C

t ECOUNTsICOUNT I 13552 1
1.5.155 130030

531 TFIM . s..T.NSUS) NSS .NIUI— ’S 53S040
IF( I’S.GT.3l) 48S’0l S~10 0
IF( ’I.EO.NSUS) 5.0 130060
IF(ISYS .NE.O )  GO TO 33 030575
T 1(M. EQ.0) RE TURN 530550

131 GO ~~ III 033050
955 WRIT ~~(2,1S0S) z 530101

GO ~~ 930 
035110

sit W *ITt *2 ,IS SI )  I 531125
GO TO 930 530135

145 952 IR1T!(2 .1002) NOJS .(LIST(I) ,Ia1,() 53011.0
30 T) 950 - 530115

353 0t!T E (2.1013) NO NU 535150
30 TO 930 535175

954 4R1T~~(2.1001.) NB! - 535105
545 30 TO 935 530150

953 uI~ IT~~(2,tSS3) I,IC SI) 130200
30 TO 910 135211

III dRt f ~~(2,lS5S) L T R A ( I ) ,L T R S I Z ) , L T U ( I )  130220
GO T~ 910 03S230

635 557 IRIT’(2,1507) I - 535245
GO TO 930 030250

955 WUT!(1.1005) - 535250
GO TO 935 535270

III IRIT!52.lll7) 2$,1K,fJ5PII~,Z.2,IK) 115251
553 GO TO 535 535290

Ill W*ITT(2,1539) IU3P(I)  135311
SO TO 315 0353 15

911 WtIT ~ (2 ,1S3S) LINA (t . ) ,LIN5(L) 135321
SD TO 935 535335

045 912 4R1T !(2 ,IS4S) C 53531.5
10 ,3 ,3. - . 515335

511 4*IT’ (t , 1189) 535315
GOT3 910 . . 

- 535375
916 PR IT ’ 52,151.0) CC 535355

$53 SO TO ISS 53,3,.
913 W *I T !I2,II8 S) Cl 535400

SO tO 995 5351.11
515 NRIT!(2,IS4S) Ct 130425

SO TO 9SS . 035435
57S 95? I R I T !52,II8S ) CI .. 535440

WI II5A’I f*R•l 5301.30
• RET JA N 0351.15

ENS 111870

- S
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C

1 SUSROUTINE SUS(N) 5154S1
INTE GER CONIC 5301.95
COMPLEX ?DUS,Z35JS,ZOIA ,Z0Ot * ,7W ,YC OUP ,ZGOUP ,!SUS,ZC,ZLL 115901

- • COMMON ICOH9FLIHIIt1.!0 ,L1I~~~t 1.50 ,GU1.1lI,9Ct 830~~~P 250) ,0(250) ,  030510
1 1.PHII30), PH *NG ( 50 ) ,L T RA ( 2 5 0 ) , L T R 9 ( 2 3 0 ) , T A ’( 2 3 0 ) , T I N ( 2 5 0 ) , V I 2 S U ) ,  030320

2 V N M I I S S , Iu PPP 2I0 ,AN 12505 , t $US(2 30) ,35 ’(2851 ,U SP (30001 , 550333
• - 3505N1M11250),LPHA (10),LIST (’SIfl,IU3’(2301,OMI’S1250),O’SAK(250), 535540

- 
• 8 3 0P P ( 2 5 5 1 , U R P P ( 3 8 0 0 ) , J 5 P ( 3 0 q n) , J 3 P # ( 3 0 0 0 ) , E C C (2 5 0) , OLP (250) ,  031530

5tS !(t1 .3 S) ,Z OR(l1 .50) , 001A 12) l), C O N E C ( 2 1 0 ) , ) L O ( 2 5 0 ) ,IOMA SEI25S )  030560
IS OMMONFCON CF NA(Z10 ) ,N~~ 2 3 0 I, i~ GL 5 t 0 0 0 ) , O J (% 0 5 5 ) ,IO5(2SO) 030570

CONNO N FCONS TF HSU S,NL, IS S,ID( ,LLI ,I .L2 ,L t .3 ,LL8 ,NOTR, IZ ,NO5.T C 030530
I , ITRI ,1TR2,PTOI,1TOt. ,NLC 030530

- COMMON F SAVE~ I E R R  S31650
CONHON #ZER OFLA(23 ) ,t .BI2$) ,L11255,L SItS) ,25123) ,YCOUS(S,U, 535111

13 1!COU ’(21) .IJK(? 1) ,(JI( 11),Xf7(23) ,I SIV !(5) .ZOIA (7 5) ,Z0OIAIT3I , 030620
2130Sl??75),ZIOJS(2773),ESUSI2$0) ,ZC(?3) 055630

COMMON FZCON STF N O IU ,NB S,ER3W ,!IJT ,XO UM M 535645
1055 ‘OANOl IIX, ERROA II 10! . 513 ~JILO!I3 *L ORI T IM.  0115 .I8, 030650

1 35 BUS ,I1., SHOJL L1 HIVE 3!~ ’S T H SUSS Y STEM SI)! LIST IuT WASs’T p 030560
25 1551 FOAMIT (IX , ERROA IN lOS, 510 8UZ.OTI3  AL3)RITI M .  LINE ,I8, T 0 ,  030670

tI8, S HOULD HAVE 6(L) OR 9(L) GAT AT !R THIN ZEA) . F) 030680
1052 FOAMIT(IX, EPQOR IN ROSIN) A0’ITINE. NUPSRER O~ LINE ELES$!NT S H AS 1*030690

I I !0!O ARRA Y SIt ! 01 15. 510) ! SItE OF SUBSYSTEN. #) 535700
C CLEAR ALL ARRAYS AN ) RESTORE NI A R R A Y ,  lOOP IS 3UIL T TO BE SUl— 030710

23 C SYITEI AU! LIST. L IS LINE ENTRI N~1lR!R FROM 6(1) 3(1) LIST . 530720
C LO0’ STA RTING AT 100 TA M ES EA~~I LIN!(L)  AND SUILOS SYSTEM. 035735
C IF SOS IS NOT IN SUSS!STEN LIST. It IS DQOP•!Q IT 30 TO 100. 53071.5
C TNt I. NJ NSE*S COPE FROM JIll) IN LOOP SI OF FAULT. 035750

I ~ 30 9 1.1,73 535760
‘.-- 35 ZOIAII ) . O  S307?5

TUIP ITI ’S $3S780
7C(I) .l  135791

3 OOSSTTISUI 131500
30 1? 1.1,2711 S35510

31 25J5$I)’S 530520
12 CONTINUE 535530

30 11 Iat ,NSUS 131040
IAI IP ’CO$SECIZ) 535030

11 CONTINUE - 535560
65 (.5 535575

00 105 2.1,153 535 535
!t!!T.l 535590
~•J5Pl1) 035901
JA uS 535955

IS lOwS 535925
JO’S $3~ 93~!F $GIL ) .E O ,5, .1513.SIL ) .(O ,5. ) GO TO 55 131945
IF( LEN SIL).EQ.U GO TO 25 535535

- GO I ~~~~ S3SISI
IFILIIIA(U.I0.IU3P(J)) GO TO 2

I CONTINUE 535555
ETIST aS - 535395

2 IA.) SIIS SI
DO I Jut,K • 531515

53 ZFILZNS (L) ,E 5.1U 5*(J )) GO TO 1. SUItS
I CONTINUE ISIII S

*FIITIST. EO.S) ;3 TO 595 131041
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I

C

C LIME IS I $RANCN FROM P TO 3 1  TIEREFOR! SWAP P 11*0 05 IJI SSS
L l ’LIM O(L)  $51S55

65 L 2 ’L I N A (L ) 531575
IC.) 131151• 10.35 13119$
GO 13 S 531155

I LI ’LINAIL ) 531115
51 L2’LINUL) 531125

IC.)’ - 531135
JO.J 531185
IF(ITTST .E0.1) 63 TO 11 531135

C LINE IS A IRANC H FROM 2 TO Dl 130 NEW 30! TO SYSTEMS S31160
13 9 JJ.K 531175

(‘(‘I 531155
C K IS M’CKED TO PREVENT OV!R.AJN OF ARRAYS ZBUS,2OIA,ZC. 531195
C SIZE 3F Z9US IS OITE*IINE’) Of C ANO 1530 IOJTINE , 531250

IF(K.IT.73.) SO TO 352 531215
13 1U11( K) .L 1 531225

DO I J.l,JJ 531235
1FIIUSP(J) .EQ.~~2) GO TO 7 S31240

I CONTINUE 531210
SO T~ los - 531265

95 7 00 15 N.1,JJ 531275
NISIAOO( N,K) 5312S5
IF(N.EO. 0 GO 13 531235
N2.IAOO(N,J) 531355
ZOUS(N1)’ZIJS(N2) 531315

SI GD 10 19 531325
$ ZIUS(N1).!OIA(J) 1311!5

19 CONTINUE 53131.0
15 CONTINUE 531335

POIA ( K) .ZOIA(J) . 1. ICN PI X ( 3 ( L )  ,8(.)) 131315
95 50 TO 90 051375

C LINE IS A LOOP S 531355
11 (j.~2.5 531191

50 16 J ul,( 531855
IF(IUSPIJ).!O.L1) K1.J 531415• 99 - IF(IU5PlO.EO.~~2) (2.) 53182$

11 CONTIsIUE Sf1435
DO 25 Jst,K S111.1.I
TFIJ.tO.K11 GO TO 17 111431
1F1hEO.12) GO TO 15 531455

155 N1.3$OD( l,ll) 511675
112.IAMIJ,(2) Sill.,
201J )sZS53(!11)—ZSU$(N2) 011495
$0 TO II • 531555

17 33.105344,53) 531115
159 2C (JI SZDZA ((1).ZSJ S(NE) .11,25

U TO 25 511135
IS Nt.I0095 I,Kl ) 511965

2013).ZIS*(I1).ZOII(Kt) 531135
25 CONTINUE 511555

III 11.IAO SHKI,K25 5311,5
IFI*2.LT.Kt) *.1ADO(K2,K1) 011955
IF53’IPL*lS(L).S(~ )) .fO.S) GO tO 351 S~ *19S
2LL.F01A Kn.ZaIAKU—2.’25J5INu ,I.lCMPLx (G (L),Sft~~-- 511515
10 y~ ~ 511610
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119 C LINE 4$1 P—MOO t TNt REFI 131125
23 00 26 J.i,R - 531135

IFILINA(U.EO.IUSØ(J)) 60 13 30 511545
2$ ONTINUE 531635• C LII! I! I lUNCH I5OpS R EF. TO 0 1  500 MEN SJS TO SYSTEM I 531455

125 JJ. 53~57$(.161 531511
IU5D(K).L2’LINA (L) 531655
IF( IP L X( G(L ) , S IL) ) ,t 0 . S)  GO TO III .11155
tOr I (EJ .t ,~~CMPLK1Gft. ) , I I L) )  531115

121 ~1.I - 531725
00 10 90 - 531735

C LIME IS A LOOP CLOSING ELEMENT (REF. TO Q ) l  AOO L OOP ELEMENTS 131781
35 .1.0 13171$

L2 .LINA (L) S31711
11$ JO .) 531170

DO 85 N.1,M S31155
IFIJ.EQ. IS SO TO 31 531795
NISIAOD(N,J) 131S51

• ? C *M ). ZSLSINI ) 551515
113 60 TO 40 531S25

1$ Z C (N) u !OII (J ) 131S35
P - 1.5 CONTINUE 531545

IFI NPLX(G(L) .3( .)) .(O.S1 30 TO 351 131535
ZL L .2 0IA (J ) .1.IC M PLX (G (L ) ,3(L1) 5)1565

145 C (LIN1 IIVE LOOP AXIS NV (RON R!OIICTI)NS 531575
SI 00 53 I1 1.( 511555

DO SI JJU1,( 511595
IF(II.tO.JJ) GO TO $2 511955
IFIII.GT.JJ) GO TO 53 531915

143 M1.IAOO(II,JJ) 511925
Z5UUNI).Z3JS(N1)—ZCIIr)’ZCIJJ)FZLL - 131931
50 TO II 531955

$2 ZOII (II )~ Z bIAfI1 )— Z C * I1 ) ’Z C ( I I ) FZ LL 531931
SI CONTINUE 531965

139 58 CONTINUE 53297$
$1 CONTINUE 531315

30 TO 95 531931
( ) C RIOJC! SOS CONNECTION COUNT FOR AUSSESI ELIMINATE PTN 0* 01W AXIS 532055

C IF ILL CONNECTIOP6 TO TWI T SOS 153 OMPLETE IND THE SUS IS NOT IN 03*111
193 C THE A R E A OF STUOTS 51*525

SS U4IN0 (L) 13253S
51*585

IS OITTNS* SS*515
EF( L1.t Q.S) GO TO 91 532555

155 *A(Li) .NAIL1) 1 532175
• ZF(NAftII .ME.. ) GO tO 95 132500

DO 32 N.1,N$S 53*595
TF*W3(NeI0.E0.L 1) GO T O 95 53*150

9? CONT INUE 132115
153 C ELI SINATE PTM AXISI 532120

CALL SNAPZ(JC ,() 532130
(.1—1 532 185

93 9*fl. *) .NI(L2) —1 53*11S
IP(Ifl(LtI .ME. S) 30 tO 155 132150

175 DO 3$ Ns1,N35 S3*171
IF(N$(N 10,EQ.L2) GO T3 155 S12155

91 CONTINUE 512195
C ELIMIN A TE QTH AXIS AN) 101*1!? IND EX 532255

IF(*.IT.JD) 35.65 532215
173 15 io.oe SU22$

65 CALL SWAPZIJO,() SUPIS
(.5.1 • 532245• ISO 30*721*0! .31155
RETURN 532255

155 539 451TE (t, ’) 1U1 LIST FOLLO4S 512275
OR IU (2, ’) (I5$P(JI ,Jul,() 53*255

9S1 W *IT ’(t,I I SS) LINA(J,L1*9(.S 512295
30 TO 915 532355

~S1 4*IT!(2.ISSI) LI IA (L) , L I N U I)  SIU1S
103 30 TO 910 53*325

952 4*IT !(2,1S5t ) 512*35
915 110411(04.1 512345

*51304 532335
- 
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I-
H

I SUU OUT INE BUSS (S) 53237$
• 1N?E ~ ER COMEC 512315

COMPLE X ZZ ,O ,FOIAG ,DIA G,ZLL,V ) TA.ZO0IA ,ZS IS,Z000S, YCOUP .ZC , 532395
IZCOU ’ ,ZH ,E5US 512855

I COMMON ,COMI~ LINA ( 1410P,LI194t4S5) , ( 1450) ,5(1415) .P(2351,0(210), 032411
i_ P4,(5I ), PWAN 6(5I ) , .T RI (21S , ,LTR3 (2 55) ,TA ’(230) ,TMN I2S OP,V(2517 ,  032425
2TM*(230),1U 8PP1235) ,*Nt (211) ,IAUS(25 S),03’(255) ,00P(3015) , 132435
3SUSNAME(231),LPM% (;0),LISTUSO),1051(2Ml),2MIN(21I),OMA*(290), 532445
4)IPPI2II),05P1(3010) ,JBP(3000),JSPP(30S0),ZCC(2500 .011(239), 532455

15 5211(1830) ,Z5N(18I0),80IA (231) ,COIEC(250) ,3I.Q(25S),IPIASE(2101 532460
3ONNON~ COMC~ )N(250),HS(250),7tO.(ISS0),OJ(i100),IO9(25S1 132470
00SION ICO’IST~ N1 U S,NL ,I SS, !P *,L .I,.12 , :.L3,LL8,NOTR,IZ,NOLTC 5321.55

1,ITRI,I TR2,  PTOL,OTOI. ,HLC 032490
0M13N FSAVEI 1135 012500

13 COMMON ,ZERO,LA(23) ,Le (21) ,LP (29I ,L S(231,tN (23) ,Y COUP(S,S) , 032110
IZC OJ’12 1).IJK( !S) ,(J !( ’9) ,1T7( !S),ISAV !($) ,ZO!A(71) ,ZIOIA(75I , 0*2525
2ZSVS(2773) ,Z050S(2775),E3tIS(230) ,ZC(75)  132130

COMMON ~ZCONSTI NOMU ,N35,I53W,IIJT ,!OUMN S$2345
ISI S FORiI IT(IX , tR505 IN 7170 310. 0111101MG A~~ 3*XTMN. 905 ,24, 0*2510

25 1O 3 AUS ,I4, 3IOJLO HAVE BEEN IN SYSTEM LIST, BUT WASN TI?’I) 532360 .
• 1551 ‘ORliTltN, EUOR IN ZERO 5!1.011I.OING IL53RIT-IM~ LINE P70M .I8, 032315 

-

2T ) ,!4, MUST NAV E ZERO SE). TN’EO%NC! lOT 10. TO S.1) 032550
1552 ‘OR M AT ( lX , ER*OR I I  1050 ROJ TT53 .  NJ (OER 3’ LIN E ELEIEN T S HAS!* E!832395

13!) 73 ARRAY SIZE. REDUCE SIZE 0’ 3J BSYST ~~4.~~ 032605
21 C SEE COM M ENTS Z N 955 (M ) R3 JT IIS!,SA ~ t LOCATION AS 4!RE,OIFFER(NCE 532610

C IS TIll? PUS0 (M) INS ROUTINES F OR MU TUA L IMPEOANC!S. 512525
30 1 1.1,71 5*2635
EU 9PEI ). 5 • 53261.5
2 5 3 I A ( I ) . I  532615

IS 2CII) .l  • 532615
( 1 CONTINUE 112875

SO it tt.1,NSUS 512$..
I A( I T )  .CON(C(ZU 512890

11 ON T TNU E 512750
33 30 1 1.1,2773 SI2 7I S

255U !(T) .I 132720
9 ONTTNUE 532735

(.5 5327 1.5
30 III 1.1,13* 512731

45 IT!ST.1 • - 51215$
• .‘JO’(I) 112770

IA’S S12?S5
• IC’S 112195

JO .5 532555
51 IF(L!NlCL h tO.I) GO TO 55 13111$• DO 2 J.1,( 012525

- IflLINA(L).C0.IU5P(J)) GO TO 3 S12S35
2 CONTINUE SU5I S

I TI ST .S 512$3S
II I IA.) 532555

• 00 4 Js1,K 51257S
IF(LINS(U.t).IU5P J) I ;o to • 532115

- 4 CONTINUE 532S91
IF*ITEIT,EQ.0) GO TO 555 51291$

93 C S IN! IS A 1*ANCN FROM p TO 9 1  SOAP P AND 0$ $3~915L 1’LINB(L ) .31925
12.1110(1) $11135

- I .
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n r C

Jo’s
JOeJI 532935

95 30 TO 6 132111
3 LI .LIM *(L) 532975
LIPLIN$(L) 031955
10.31 532995
J5.J 533055

63 IFIITE$T.tO.I) GO TO 23 • S33SIS
3 LINE ES A $RANCN ‘RON 0 IN SYSTEN TO NEW 3)3 1; ADO NEW BUS t 533520
C THEN CNN 70* NUT(*LSI 533531

S JJ.( 533540
• (‘N.j 531555
VS - C K 1! MICKED TO PREVENT OVER—RIM OF ARRAYS 153US,llO1I ,ZC. $33110

C SIZE 3F 7 0905 ARRA Y IS OETE *M!NE0 IV K AND 1*00 ROU TINE. 53*570
EFK.GT,75.) GO TO 902 533550
1USP(N).LI • 133191

k 2Z.’IPLX(?SRIU,ZSI(L)t 513155
TI 1?INOISU,tQ.B) GO 13 II 533115

• CALL MUTEST (L 1,L!,!Z) - 033125
IF(I~ RR.NE ,5) RETURN 513135
!F(!ROW.E0.0) 30 TO 20 533145

C MANC I HA ! NUTUALS SN ) I! ‘lOT T I E  FIRS T LIN E OF N JTU ALLV COUPLED 533150
$5 C SETI ID) BRANCH WIIUTUILSI 533160

DO P JuI,JJ 513175
- IFUUIPJ .E0.t .2 60 1) B 533155

7 CONTINUE 533195
SO tO 955 SIflIl

$3 $ EQ.J 513215
DO IS J.~,JJ 133221
ILS.’OcFDIIGl 4), fl 133231
IF(IERI.NE.1 RETURN 511245
N1.I100(J, lOS 513230

IS N?*IADD(J,IC) 533265
7SSUS(w2).ZIBJS(N~).ZLL~Y OJP(1,1) - $13275

1$ CONTINUE 533255
2LI.~IAG(JJ,() 533295
11.IADO(IQ, K) 1)3315

SI 2SDIA(uO.Z50US(Nt).((1,S,I,) ~!LL) F V C O UO ( t , 1)  533315
50 TO 95 531325

• B 1*1304 ODES NOT NAVE (073*13, 0* IS THE FIRST LINE OF A NUT UA LLV 533330
C COU~1!) 5tH AGO •RIN I NO#’IOTJILS$ 53334S

25 00 21 4.1,11 S3135S
III IFUUNP (fl.(a.L2) SO TO ‘2 533355

II CONTINUE 5)131S
30 TO 955 533350

2? DO 24 NuI,JJ $33395
M1.IADDUS.K) 53)450

10 IFIN.EQ.J) GO TO 23 533415
- N2.IAQO(N,J) 51382$

2510S NI) sZ S5JS(N2 ) - 533435
SO TO 24 • 

-

21 ZSSUS(N1).ZIOIA(J • 533455
110 24 CONT INUE 533465

LSUA (RS.ZSOI*(J).U • - - $33475
30 to ii 533450

S SIN! IS L OOP CLOSINS LIENENT I CNN FOR SUTUALSI 511695
SI Zl.CIlL$(ZS*(U.ZSIILH S33951

- 
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1 - -

(

III EP (NOM U ,CQ .I ) GO TO 81 533910
CAL NUTE ST(Ll,L2, ZZI - S3352S
I?(T!**.Mf, 0) RETU RN $33335
IP(IROW,EO.II 6) TO Ii 533345

C 100’ 4I~ NUTUALS IN) IS NOT THE FIRST LINE 0’ A MUTUALLY COUPLED 533330

125 3 SETS t O) LOOP WINU TJA .SS $33560
533370

00 26 J’hK - 533555
IF(IUBP (S.EQ.Li) Kl.J 533395
IF(IUqeIa,Eo.L2) (2.) 533600

j SI 2$ C ONTINUE 5336t5
f Y(Kj, 1G. l.OR.(2.E2.SP GO TO 900 533625

DO SI J.I,N 533635
ZLL.OFFOI*G(K,J) $33645
IF(IE*R.HE.S) RETURN 533130

13$ NIUIIOO(J,ICI) $33660

Ml’! 000(J, (2) 033575
N3.IIOO(J,Ne 1S S336$0

• ZSSUS(N3).Z$3JS IMI).Z59U5 (I l7)+ZLLIYCOUI(t ,i)  53319$
35 CONTINUE - 

S331S0

131 ZL.)TAG (K,N) 033715
NI.IADD(K1,K,1) 033720
12.10 001(2, (+1) 533735
t5OIU(.i) .ZI0US(Nt ) .?SBU SCl2)~~((I .S,S.) ZLL ) #YCOUPhi ~~

i) 533140
3D to es

III C LID’ OO~! NOT NA VE NUTUILS, 3* 1! TIE FIRST LINE OF MUTUALL Y 033765
C COU’L!D SET) IOU LOOP WOIM U TUA.St 533770

41 (leNt’S 53375$
DO 42 Jul,N 533150

— Ic(IUBP(JS. !0.L1) (1.1 533055
143 1F(TU*P(J) .E0.I 2) (2.3 533510

42 CONTINUE 533571
!F(Kj .tO, S.O*.K?,EO,S) GO TO 955 533535

00 43 J.t,( - 
$33$4S

IF(J.EQ. KI) GO tO 43 133SF

• 135 IF(J.EQ.~~~) GO TO 44 533565
N1.I000(J,Nt) - 533515
N2SIAOO(J,NZ) - 

S3IS$S
ZC(S).ZSIOS(N1) 201U$(32) 533$55

• 60 tO 43 533955
151 43 Nl’ZIOO(J,KZ) - $3591S

• TC (J).ZSOIA (ICt).ZSSUS (S2) 133925
SO TO 43 $33035

44 N1u!IO0(J.*1) 53354$
ZC(J).ZIIJSINI).ZSDII ((2) 53333$

155 45 CONTINU E 533965
I(1.I IOO(K1,K1) S3SI1S

- ZLL.ES0!* (I( I) ,ZI)IAIX2).2. ’Z$IJ SIWI) ZZ S33351
- 20 TO $$ 53399S

B LIME WA! ONE NODE TIE REFI CNN IF OTHER NODE IS IM SYSTEMs 534555
10 II ZZ.MPLX(ZIR (L),lS1(L)) StIl lS

00 51 J.1.N - StI ltS
IF(L1NA(L).E0.IU51(J)) 10 tO II 13813$

$1 CONT INUE • S34$41
- 

- C LINE 1$ IRANCH FINN It’, TO 9’S AS) NEW 53$ tO SYSTENS S3ISSS
1,5 .1.1 $34S61

JJ• N 53457$

— I  • 

1
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(‘(.1 1345S5
ESIIP(K).t.I LINA(i.) 534535
2$DISIN)u ZZ 5341S0

• • 173 !Sfl*IK).Z? 534115
30 TO 55 534125

C LINE IS L OOP CLOSINS ELEMENT 1RE ~. TO •~~~)$ tOO LOOP CLOSING 034135
C ELESEITI 53414$

• 55 .1.5 534130
III .2 $LIN &(L) 53416S

00 53 NsI,( 034175
S - IF(J.EQ.IS GO TO 61 534150

Ni.Z000(N,J) • 534190
?CIN).ZSIUS(Nl) 534200

153 GO TO 63 534210
51 ZC(fl,?SOIAIJ) 03t.t~o$3 CONTINUE 534230

ZL.lSOft(J)+ZZ 53421.5
C ELIMINATE LOOP AXIS BY (RON REOUCTI )N S 534235

ISO U IF(ZLL.tO.I) GO TO 199 534260
• 00 53 IZ’t,N 034270

• 00 54 JJ’i,( 534211
IFU!.IQ.JJ) GO TO S3 134290

• IFUZ.GT.JJ) SO 13 $~ $38300
145 M1’!AOO(!b 14) 534315

• ZS$IJS(NI).ZSBtIS(N1)—7 (ZI) ‘ZC(JJ) IZLL 538320
SO TO $4 $34330

53 Z SDIA ( I1 )e ZI O !A( II )—Z ( !I) ’Z C (II ) IZL L 534340
$4 CONTINUE 534335

15$ SI CONTINUE 534365
C R!3JC! SUS CONNE CTION COUNT 707 RUSSEll ELISIWATE IT IS OR OTIS AXIS 534310

- C IF At.:. ~ONNE CTIONS TO THAT BJ ARE COM ’LETE AND TIE BUS IS NOT IN 034350
C TN! ARES OF STUDY ) $34330• II t F t i1 .E Q . SP 50 1) 35 534400

153 N 6 (Li ) ’NA (Ll )— l  534410
IFIN *( 11),Nt.I) 30 TO $3 03442$

00 32 Ns1,NRS 534435
IVEMB(N.*.tO.Ll) 50 TO 33 534445• 92 CONTINUE - 534430

It S AL L SWARZS(JC,K) 534460
• (‘(—1 534415

93 IAIL fl ’NA (L?)—l 534455
LF (N l( L2).NE.IS GO TO Ill - $14495

00 15 N.1,N51 - 534155
113 I?(NS(M6IN.EQ.12) GO TO 155 53451$

IS CONtINUE 534320
C ELISIIAT! 0TH LXIII 51413$

170*. 11,30) 97.33 534345
17 JS.JC S18535

125 35 CALL SWIRlS (J~~() 534315
(‘(.1 5*4371

151 OO’STVSUE 514355
RET URN - 534555

• $90 4*!TE(Z, ’P ‘SUE LIST FOLLOWS’ S34$5S
U, WIItUI,’) (I*NP(J , J.t,K) 514610

10 TO 955 53462$
SO W *TT!l? •1551) 11,1? 514533

30 TO 915 514545

Ill 4*IT EI?, tS5l) L IN A (L ) .LI NS ( I I  5)4630
- 

- - III 35 tO III 534515
55? 4*ITI U,II SI) 534115
III tt**.ZER *.I S14655

*2299W S1463S
tWO S14755

I-
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1 SUSROUTINE NUTESTUI,IZ.U) 514?IS
IWVE VR $1,!? $34725
C0NPL!X VCOUP.ZM,7!.?CDIJP,7*0S,?ISUSIZOIA.Z,0!A,ESU$,!C 13473$
OOMSSON l?EROlL*IE1),LB(PS ,~R(2S ,LS(2$),2M(23),YCOUP(S,5), 554745

I 113311’I25),IJKQS).(JII’3),I?7(t3 ,ISAv ( S),ZOIA 7S).ZSOIA (?3l. $38755
12135 1713),ZISJ$(!773) ,!BUS(2301 ,7 (73) 53416$

COlON flCON!TI NONU ,N$S.IRON ,!IJT ,IOUN ’l $94775
$NSON 1513(1 TERN - 534155

I*)W ’I $34195
15 05 15 Is1,NONU 534555

E F (Lt (I ) .NE.II )  30 tO 1 534515
IFI L S( I).tO.Ib GO TO II 534525
30 tO I 534535

S !FIL SIII .NE.It )  60 10 2 514145
13 1P (LS (I) .Eln I. I2)  SO TO 11 534535

I IFH RII),NE.It) GO TO 3 534565
EF(LftI).lO,I2$ SO TO 1? 594515
30 ~~‘ 15 5345S5

1 1F1t3(II.N(.I1) GO tO 15 514S95
25 - £Fft.S(II.tO.I2) GO TO 11 13895$

IS CONTINUE S34110
C LINE ~~!$ NOT NA VE IUTUALS) RETURN 10 1050 1) CONTINUE PROCESSINS 534970
C LINES 534930

RITIPN 534980
21 C L INE DOT S NA VE MUTUALIS Till OT-4!R LINE IS DE ’INE O SY LIII) AND LS(I) 5534930

II LISLRII) 534965
.2’LS(I) 534910
30 TO 11 534955

C LINE 3315 NA VE NUTUALSI THE OT4!R LIII IS 3EFINE 3 SY LAII) AND L5(I)S034590
35 11 LI ’LA(I )  133101

L2.LllI) $91515
C CII tO TEE IF OtlIR LINE III! ALREADI BEEN 10010 TO SYSTEMS 533520

IS IF(I’SIIT.lQ.S) GO tO 11 531535
00 11 1.1,1*11 533545

35 EF (IJK(I) .NE,L1) GO TO 16 135515
IFKJICI),E Q.52) GO TO 21 531565
30 TO II - 55357$

IS CFIN JI (I) .NE .Ll) GO TO IS - 535515
IFIIJK (ZP,tO.L2) GO TO 21

65 IS CONT INUE 531155
C THIS IS THE FIRST LINE OF THE IU TUAI LY COUPLED SIT; AOO L INE TO 533110
C MUTIA. RUIL OIN G 1*5.2* RETURN S 53512$

25 IMJT’IMUT .l $31131
- • I5JISM.IOUM’I.I 531145

43 Itll!NUT).IOUIII 531115
IJUIMUT)u 11 551161
NJI(INUT).I2 53317S
200J’(INUTP.ZZ 535th

- NZ TJRN 535155
55 C NEW LINE IS COUPLED TO LINE AL*EAI)V IN SYSTE !I *00 MEW LINE TO 535255

• 0 NUTJI. I1LOING TIl E) FORM ‘IJIJAL COU’L INS MAT h S FOR TI!! 53321$
• S COUPLED SETS 533*25

II INJT.TISSt•1 5*5295
I$t.INUt.1 - • 511245

51 ITEIINUt).I 1Z (I) 51121$ • -

IJEUISUT) .11 115161
• KJIIT*UT).ll 535215

- S
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201UP(IIIUT)’ZZ 
- 511155

C TNt FOLLOWING SECTION CONSTRUCTS TI! IJTUAI. 3UP~!1 MAT RIX 10 5! 533*95
U C USE) I! THE lOSS 0U LOIN AL ORIINI FOR LINES WITH ISUTUALSS SlIt S,

!Isk(s1 $31115
$0 SI 1.1,111 - 513125
IFS! 15. 1ST ) 50 TO 55 531335
IJ.IST—I $35345

5$ IFU TTIJJ) . I I .ITE(IMUT ))  GO TO II 133351
IUW.IROW.1 533365
ISA VII IRON ) ‘44 531315
VC $U’IINO W ,IROW) .Z OUPIJJ) 531*55
17044.15. IM UT ) 30 TO 55 13131$

75 $1.11 131401
St.!! 5531.15

- j *.a 515425
11 00 35 J.1.NOMJ 513431

IFILAIJ).NE.S1) GO TO 25 535445
71 IF(LS(J),Nt.S?) GO TO 30 533455

IFILRIJ),NE.IJ(IJJ)) 33 10 45 533465
I?ILSIJ),E0.(JI(JJ)) SO TO 31 S11475
$0 TO IS 531455

- 21 IF(L$CJ).NE.St) GO TO 31 5334,5
SI IFILA J).S!.S2) 53 10 35 531355

ZFILI(J).NE, !J*IJ1)) 53 13 45 531515
IFILSIJ).EO.KJIIJJ)) 50 tO 11 - 53312S
GO TO 55 533135

II I F IL R I J ) .NE .St) GO 13 35 533345
SI IFILSIJ).NE.S2) GO tO 35 533131

IFILAIJ).IE.IJ(IJJ)P SO TO b1
IVSLS(J).(0.NJI(JJ)) 53 TO 13 535575

1 30 TO II 531360
II !YILS(J).ME.S1I GO TO 55 •33355

IS IFIS.RIJ),NE.S2) GO TO 55 S35655
IFILAIJ).NE.IJNIJJ)) GO 10 ~I 535610
IFILSSJ).l5.*JIIJD) 23 tO 31 135675

• $0 TO 15 513630
45 IPILIIJ),NE.IJ* (JJ)) 33 TO 35 535645

45 IFSL*(J).U .NJIIJJ)) SO TO 35 535635
IS tO 55 031660

41 I F SL SI J ) .WE. I J KI JJ ) ) 50 10 55 $33671
T PS LAIJ ) .EO , *f l I J J ) )  33 TO 51 531655

IS CONTINUE 531695
• IN VC)U’0,~~,IROW).MP:.SIS.,5,) 533700

ICOOPI!ROW,JK)UCMPLXIS..S.) 533710
30 tO 31 533725

33 VCPJ’IJN,I*ON).YCOJPIIROW,JOa!IIJ) 53573S
56 JN’J(~~l 

S3574S
III I?IJ(.E0. IROW ) 53 TO SI 533735

5i ’IJNIISA Vt (.~~))  551765
t $I’NJIIISAVE(JK)) 533775

35 tO 21 S3S755
SI CO NTIN UE 535711

III C NSITMI T MPIOANC* CDJPLINE MATRIX IS COIPLUEI CALL SU9000TINE 535555
C TO INVERT INPISAINE COUPL ING MA TRI X TO FORM *ONITT ANC E COUPLING 531515
C NATRISI 131S25

- meet’ ZION SI,.),
OILS. CPl XI$VSIC$UP,tROW,N1) S3SS4S

III RETURN
EN) 551111
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I SUSSOUTINI CPLX!NVII.N,NN) 535575
30171.1* AIN,Nl*.AL - 531555

‘ 
4 EPSIL.I.1—I 533115

30 1 I’I,N 533315
1 00 1 J.I,N 533111

1701.10.4) 50 TO 2 131925
ISE,JCN).CISPLXIS. ,I.) 09153$
IS TO 3 033145

P Al!,b.N)UCMPLx(t.,S.) 531111
IS 3 3ONtIN** I),,, .

30 55 !P.I.W S3517$
LN .EP 133155
IIt.T7•I - 033931
I?II~.CQ.N) GO TO 11 536555

1* 00 IS IeIST,N 536515
2I .CAISIAIII ,ZP) ) 535525
?t.CAS$IASZ, 1’)) 536535
170*1.11.?!) SO TO I I 136541
115.1 536515

25 IS ONTINUE 536065
II 2I .3A SSI A II M .17) ) 536570

E?(71.GE, C’SIU GO TO 13 5355$$
W h!T ((I,I S5S) AIII ,I P ) • - 536015

I SI S ~OR’IIt5$X~~ PIVOT £.EMEN ts , !1*.151) 536105
II ZI.CAS$I&IIl,I’)) 536115

IFUI.EW.0.) 30 TO 7$ . 531125
11 IYII5.ES.1•) SO TO 25 536135

50 13 ~~~~~~ 036145
At.SISIP , 5 sssiso

II AIIP,J).AIII,J1 StillS
II AS1M,JD~~ $36170• 25 I L .A IT P ,IPl S36ISI

A S E P,I P).CMPL*(I.,S.) 536190
00 23 J.IST,Nl . 536215

15 23 IIIP.J).A5I• ,J) IAL 536210
SO 4$ I~I,I S3622S
1711 .10. 17) 13 tO 45 536235
AL.AU,IP) 536245

00 35 .$SIP.NW 5*6255
41 33 AII,J).A(I.J).AL•Al!P,J) 536265

45 OSItINUI - 536270
15 CONTINUE •361S5

OS II I.I.M 536295
55 6$ J.I.N 536355

45 6$ AII,J).IlI,J.iS 536315
VS RET URN 536325

(NO 536335

• 
• 

• - I 5VlR33t I$E SWeZI I R,S ) 536345
INTESER CONE C - 53635$
COMPLEX ?$US,ZS;US,?0It ,Z5DgI,ZN,yC3up,?S3t,,,IBj$,7~ 53$3$S
COMMON ICOMSIL!N6fl4551 ,LI,51114I5),;I143,,,5II4I5,,p(,51),O),,,), $36315

I $~P4SII5),PMiNG(3I),LtIAI235),LT7g(2;,),TA ’I2I0l,yNN (?5S) ,V(251), S3$35$
2TIISI2IS),IUSPP(211 ),ANGS2SS) ,ISUS(215),05’(51S),U5P1355$), 536395
$5U$UANEIPSI ) .LPHI( 5S) ,LISTIR,0 , ,ZU ’I e(235 ) , t3i,IMU,,),QIA*(235) . 536405
I30PPIUS),USPPI1SSU’,J’I’13555) .J$P’(3555), !CC*255) ,OLp(25q), 536415
$11111411) ,ZIRIt~ 5S) ,BO !II21H,~ ON( CI2,S),,LQ( !ft,,IPNA5E(2I5) 136425

15 30I’SON 11tR01L1 25 ,L51351,.U2;t,L3(23),!I(2U,?COu*($,5,, 536435
IECG17I?9) .IJ* 23 ,’IJI 25) ,I r?(I I , , ISAV( ( S) , ?DIA(73) ,Z SDIAI73 ) .  136441
UBJ$(t??5),ZIEJS(2?71) ,(B JSI!lo) ,!I7S) 536455

OISSIO$S IZCONSTI NONJ ,N5S .IROW ,tl f l,IDUN ’I  11545$
- IFIIR.f5.*) GO TO 21

13 00 25 I.I,K 536455
EFII.t0.IR) GO TO 13 535435• IFII.E0.h) $0 TO 25 StillS
S1.IA000I,1*) SUItS
92 ’ISD DSI ,X) 535525

25 • ZSitttI1).ZIU$ IMIP 5*65312SVSI NP) sCNRI X05.,I, I 131145
$0 13 25 - 53151$

IS 151A1I1).ZOIAI*) 53631$
?5IAIX).C NPIX1I.,S,) 51637$

SI 25 CONTINUE 516155
303711*1.11*97K)
R(tJRN 53.555
ii 30 21 JsI,* 535515

E F IJ . E I hk )  10 TO 35 531615
N ft.110544,*$ 51663$

ZSJIINI ).C$PLX15., S.$ $16141

S 25 ONTESVI • 511635
10 2NEAIS).CNPIIII .,$.)

125 MW 53157$

-
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I
C SUIROUTINC SWMZIIIR ,R) 515595

• INTEG ER CONIC $16755
COMPlE X ?sus.is$US.ZOIA ,ZIOI I .?M ,VC UP ,?C3U’.’$U$,2C 516115
COMMON I OMSFLINAII83 S) ,LIN RII ( .SS) , G(I45 S) , SSI4I S) , OI ISI) ,O(230) , 536725

I - I. PIS1I S), PW ANGI II ) ,S. TRA ( 2 311 ,Lf Rl l23 S) ,T A ’(231 ) . TN N I 2SI) ,V1211) , $55735
ITNXIPI S),IUIPP(235 ) ,AN GI2S0I ,*9US(!5I) ,0S 1230),USPI3S$S), 531741
I5U SNAN((235S,LPN113I ) ,L!3T1!cSl,CUI ’(2SII,3M!01251 ) ,OMAX(23S1, 556735
4)570(515) ,UlPPl 35.5) ~J ’IP( 3 S5I ) ,J lP7(tI5S ) ,!CC (23$) .05.0 (255) , •3576S
321111415) .15101835),SIIAI2SI),COIEC (235).)L01215),IPS$SEI23l) 536775

• IS ON’ION FUROILI12S),L1121),L1123),LSI29),!1123),YCOUPII.SI , 53610$
UCDU0I21),IJKIZI),’CJII2I),ItlU51 .ISAVt(SI,ZOIAI7I).?101A175). 5167~5

• USV$I2t11),?SN1542771),CSUS I ?SI) ,?C(7I) 516155
COMNON F2CONSTI NO’StI,N SS,IR)$,ISJT .IDUM ’S lUStS
1?IIR .EQ. X) GO TO 21 536111

11 30 15 1.1,1 595135
Iflt.EQ.I*1 GO TO II 5$6S41
IFII. t0.X) GO TO 25 535515
NI.IS001I.IR) • 536565
1t’ZADOII,h) 531511

25 ZI3SI$INI ) .?SSSIIIH 136115
UIJS1NE) CMPLXII..I .) 536535
3D TO 25 536101

11 IS)IAII*).?SOI1IR) 116515
2S) I A(E ) SCMPLXIS . .1. ) 111121

25 25 OMTTNUE 536115
I0011*P.IUSPIR) 535985
*113*15 516151

25 10 PS J I.M 516161
IFIJ. EQ.X) GO TO 35 StilTS

15 SI.TI0 01J.h) 11611 1
?SIIflINI) .C1571X(S.,5.) 536935

2$ CONTINUE • 031555
35 !IDI AIKIC CM PLX (5 . ,S .)  537111

RETURN 517525
15 EN) 537530

1 COMPLEX FUNCTION O7IDIAG(JJ,JC) 541340
INTEGER CONIC,3I,S2 551235

j  COMP EX 71U5,ZSSJS,?DIA,ZIO!A,7M. ’COUP,?C OUP ,ESU3.7C $37560
I~ / ONIOSS ICOMIILIMAII8SI),LIM3(tbSD).311435),111,31),P(2I1),012151, 531515

S 1.PIISISS),PMANG(SI),LT•AIZI$) ,5.T100231),TA’I!IS),T’SMI2SSP,Vl21S), Sti llS
I TM SI!S S),I U$700 2311 , IN SI2I SI , !BJ $(231) ,)5 ’(2I S) ,UlP (31S1) . 537 111
1IUSWANE~~IS),LPWI(lI),LIST(25S),IU$ 0!50).ONIN1~30),OMA112Il). 531155
430’(tII ) ,U570I3I SI ) •33 0 13 1$S),J SP ’1305B) ,IC C (211 ) ,05. P (21S) , .3,115
321101435) ,?5R 11430),BOIAI2II) ,CON EC(251) ,OLOUSS) ,IPIAU(2351 531115

II OM!OM IZEROFLAI!3) ,L5023),l RI?3) .I.5I23) .!102l) ,YCOUPI S,S) , 5371*5
U0007(2S) ,IJWIIS) ,‘IJT (25) ,I?? (?5t .ISAVE *S) ,?OIAUS) .ZSOIA(71) ,  S3114S
lZ SU$I2713 ) ,ZIl U S(2 ,75) ,E SJ SI2SS ) .Z ~ I 7 1) • 51711$

CONMO N ISIVE# 111* 531165
CONION IZCOWSTI N0’IU,N ,S,ZR3 (,I ’IJT ,IDUMN 537115

• II 3110!AG .CNPLXIS.,S.) 5*1155
30 II 1.2,1*0W • $17155
11.31.5 517115

00 1 3.1,33 StIllS
IFIIUSP ( f l . t Q ,I J K (I SII! l ! )))  St.J 517*25

U IFIIU$P (0 .E G. ( J I I I SAVE (I ) ) )  $2.4 0172)5
I CONTINUE 13714$

- 171S1.E0.S.O*.St.E0.5) GO tO 25 537155
• 1V(SI.tQ. JC) $3 TO I 537265

Ul5?.E0.JC~ so to 1 017175
SI 11.I1001JC,S1) 53711$

N2.IA000JC,Sl) 517*95
35 7l?AGaOYF01AG~ ( ZSIUII NI ) — *SIUSINI ) ) ‘T OJ PII,! ) $17255
$0 53 IS . 557115

S IPeEASOIJC,1tl 537)25
• 15 $FPSIAI.OFPOIAI.IZISIAISD.*IRUSIN2 )’Y OJPII,l) 111125

3$ TO IS $11145
I N1.Z*SDIJC,SI) DVIII

)VVOTAS.OFFOI*$. 0 ZIIUSISSI) ’RSIUAI52) ) ‘YCOJ II. 1) 511255
IS CONTINUE 53p$fl

35 REtURN $37105
25 4R1T !lt,I SU I , I J XIIS AVIIf t ) ,UII! SIVEI! ) I  I3P~~~

• Z1** IER*•I 51,455
III PSR’IA TIIX , $USRO JT IN! 50155 2*1)1 5ETN(tI MUTUAL TASLE AND 55151151141$

$505 LIST IIUSP).0lTl, WON*IWI ON *Od’.I1, TS)UP MATR!*. 1 S11SIS
SI fl1,’*.,I4,~ *0 1.,241) 511511

RETURN 511545
(NO 511451
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1 C0’SP.E X FUNCT ION O!AG1JJ,J3) $t?461
INTESER CONEC,St,S! 517475
0MPlFX ?IUS,ZSSJS,?OIl,ZSO!A,?M,VC3UP,7COtIP h ISS
OMMON l~ OWl lLINt (t4 l S) ,L IN I (t833) ,S0 t43S, .S014SI) ,0(2Q).OltIS$ , 157455

I IS. 0I3 (3S), PNAN G (3$ ) , .T R612 *S) ,LT R S( !35) , TA’(230 ) , TN151211) ,VI2IS ), SJ7ISS
2TI((255),IUIPP(2 I),ING(211) ,T~JS(25S),fl3’(23I),US’(SSSS), 15731$
33USNIME(25 S) ,LP4*135) .L11T1!’5) ,!Ul’(25S) .OMIN121S),0MU(2 ’I) , 5111 *5

- 83S’P(PSS),UM770*1S0) ,JNPI3SSS) ,JS0003S 15),ICC*511),OLPI2SS) , 517135
111111415) ,!SR0i83S),5O !A(P5S),~OREC(25S) .OL0(e5S),!01A111235) 537145

IS OWMON l?ER O#L*5!I),LS(lS),..R1511,LS(21),?P5121),VCOUPIS,S$. SI,,,.
11C3ja ( 21),IJK l25) ,NflhtS) ,ZTZ(t1I,IIAVEI$) ,ZOII(7l) , l Io1a(?1) , 517565
UhJ$(2?13),?IWS(2?7 1) .25JSIPMS),?C113) 531175

00MMON IZCONSTI IO’5U,N,S,I*34,IISJT,!OUMM 117315• 3IAI. C MP L X ( S. ,S.) 5173,5
IS 30 15 I .l,IROW 517655

DO I 3.1.33 51,615
• IFIIUSP(J) .10.IJ((ISAV!(fl)) 31.3 517625

1rIIPIP a.ES.AJI1ISAV!lI~~. 51.3 537625
I CONTINUE 517641

IS 11.1Il0l$t,JJ.tI 511011
SPuII011SE,JJ.1) 117*61
)1* ’IIIG .(?SUJSlNII —? SIUUQ)) ’VCO J PII,I )  01767$

— IS SISTTWUE 531510
RETURN 517511

£ 30175.51 FUNCT ION C’1.XV,ft,t5) 5177*1
ET1M34S.5I745355’(TENP
II’EA’COS$ET(*)

S E1’ft’$INITTCIe) ‘•

3P~XV.cNP0.xI(I,ft) -
RETURN - -

EN) 
- 517771

up’s.
I ‘UNCTION 1100(1,3)

II!.! 137$SI
- IUI*I.LT.J.jj ) GO TO 15 $17115

I 1(47.4.34 511525
3JJ’III 5115)5
I!I.tIIe 537145

IS EIS5sP$SIIII.1).(qgII•III.III),2).JJJ_III ::;:
Is EM) 

N 531S75
537555

o

• — - •.— - 
~~~~~

c..— r fl~~~’~ ~_~;
1
~~
’ 

~~~ ~~~~- ~~~~ -
~
-
~~~i~~~

- 
~~~~~~~ _ _ _ _ _



GE/EE/76-43

- 
- - £ Vita

Jesse Allen Underwood , Jr. was born in Renovo, Pennsyl-

vania on June 29, 1941. He graduated from Northwestern High

School in Albion , Pennsylvania in 1959 and then entered Edin-

boro State College , Ed inboro , Pennsylvania. Graduating in

1963 with a Bachelor of Science degree in Education, he en-

tered the United States Air Force through the Officer Train-

ing School at Lack land AFB , Texas , receiving his commission

in 1964. After attending the Electronics Systems Officer

Course at Kees ler , AFB , Mississippi in 1965, he served at

radar stations in Benton, Pennsylvania and Antigo , Wiscons in

as the Communications-Electronics officer. He entered the

Air Force Institute of Technology Post Graduate Program in

June 1974.

Permanent Address: RD #1, Ridge Road

Wes t Springf ield , PA 1644 3

0

243

_ _ _ _  
- 

~~~~~~~~~~~~~~~~~~~ -
- 

-

— 
~ 

.7 - — — ____________ _____

__._;~~ — — —• ~- ~
—••- .•- — ____________________



— ~~~~~~~~~~ — — —-- ~—

- - •

$ECVN( TY CLASSIFICATION OF INSt PAGE (IN)c. Dot. EnI.,.d) - - - - 
- 

- - - -

D~DnD1 I~~~~iiI& cIaw A rInu DA(~ 
- - - - R*ADI$!TRUCTIONS

• .~~~u ‘~.s. ~~~~~~~~~~~~ I wr’ r ~~~ - BEFORE COMPLETIN G FORM
I. IREPORT~~~~RER ‘——--— 

~]2. GOVT ACCESSION NO 3. RECIPIENVS CATALOG NUMBER

G/~~/76-~3 I - _________________________

1. ? ? E  (c.d ~~.btl U )  S. TYPE OF REPoNI A PERIOD COVERED

A t 3~~-OI~IW~~ P~ 1~~ DISTRIBU’flOK - 
- 

MS Thesis
8Ys’r~~~1 AJ&LTSIS ~~~ 0GR*J( - 5 PERFORMING ORG. REPORT NUMBER

7. AUTHOR(a) I- CONT RACT OR GRA NT NUMBER(.)

Jesse A. Undervood, Jr.
)~jor, USA?

6. PERPORSU NG O R GANIZATION NAM E AND ADDRESS 10. PROGRAM ELEIIEN T. PROJECT . TASK
AREA $ WO RK UNIT NUMBERS

Air Force Institute of Technology (AP T-B1~—~~
Wri8bt-Patterson APR, Ohio 1o51~33

II. CONTROLI.ING OFFICE NAME AND ADDRESS 12. REPORt OATE 
/

_ -

Aix Force Institut, of Technology (AFIT/EN) December 1976
Wriqht-Patt.rson A?B, ~~~~~ ~~~~~~~ 

‘3 NuMUR OF PAGES

(4 MONItORIN G A0(NCY MAN E I ADDRE SS(U 4W.,..u I. ’.., Cc.uroSISn4 OIStc.) 15 SECURITY CLASS. (of  tied. ropo n)

Unclassified
ISo DECLASSSFICATI0 N/DOW NGRADING

SCHEDULE

~iisT15RuToM STATEMENT (of tied. Ripon)

Ajçroved for Public Release; distribution unlimited.

7. DSSTR)Bi)TION STATEMENT (of tie• .b.ftact wt.,od In StoGie 20. Ii dSfl.tunt ft.., Ripotf)

IS. SUPPLEMENTARY NOTES 
~~~i~vei ~~~c~~~

’
~k,,reiesme; lAW APR 190-17

of Infbr ticm
IS. KEY 150150$ (C.eIM . c. to, .,.. old. ii ~~.... v c.d ldsotHT ly Mock n . 6 r )

U.etric Pav r Transaiss ion Ilectriesi Wires
‘flanSaiss ion Lines flect ric ~~~ter

~tort Circuit Z~ad 71ev A 1ys is
Ilectricel Impedance

20 AsSI jACT (Cc.4~ .. to~~~io If .ic... .~~~ •~~nffi~ b~ W.4$
This paper is a rsvision of a di~ita1 cc~~~stsr pa’apsm written to perform

a load flay and/or short circuit amelysis of a paver distrthution system. The
pro~ sm he. been nea.d ~~~~.r Distribution ~ rstam Amel.ysis Program (PDSAP)
Tie prop.. cepacity is 250 buses end 500 line elaasnts, with 250 of the line
e1~ssnts being t3*a.fosmsss. Input routInes accept date as impedances

0 (c~~~ or psr-iait ), or as descriptive infor tto n such as wire size, lerogth, - -

or transformer rating.. Par descriptive data , the program uses prs-c lculated•,~~~~I tions to deriv, the impedance veluss due to neutral conductors in - 
- -,

DO , ~2i 1473 EDITION O~ NOV SI ll OUOLITI UEIAB8I~~1D
SICURITY CLA$IIPICATION OP ThIS PAGE (N4.n Vol. intitod)

________________ — 

c&~~~~f ~~~j i~~~~~~

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

___T:



UW IASSIFIED
SECU*TY CLA SSIFICATION OF TNIS PAGI(Ptsae SM. 1 1usd) -the system. The load flow routine uses the fast-decoupled Iewton-~~~phson
technic&ue and has the capability of changing loads to represent load growth

p( 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 fa ult . The paper conta ins a
comprehensive User ’s Guide which provides clear and concise instructions for
operating the program. The PDSAP program is intended for use by anyone in the
Air Force with an electrical engineering background and concerned with power
distribution.

- ~~~~~~~ ‘~~--~i~ 
- .

) 

- - 
• .

~~~~~~~~~~~~~~~~~~~~~- - - - - 
$NOVRITY CLA$~ FICATI0N OP TNI$ PAGIfIDIc. Vu. -. .. ~~ 

-

~

- — -  

- — —-——-
~-


