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XLF1 - A PROGRAM FOR COMPLEX LOAD FLOW ANALYSIS

BY CONJUGATE ELIMINATION

J.W. Bandler, M.A. El-Kady and H. Gupta

Abstract

XLF1 is a package of five compiled library subroutines for solving
steady-state power flow equations in the compact complex mode. A user-
supplied main program provides the necessary dimensional storage and
system data. The program implements the recently developed algorithm
for practical complex solution of power flow equations presented by
Bandler, El-Kady and Gupta. Sensitivities of system states with respect
to system control variables can also be evaluated by the program using a
perturbation method. The program is written in Fortran IV, documented
and tested on a CYBER 170 computer. The report includes a listing of

the program, a user's guide and some illustrative examples.
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I. INTRODUCTION

The computer program package called XLF1 implements the practical
complex solution of power flow equations presented by Bandler, El-Kady
and Gupta [1], which uses the complex notation introduced by Bandler and
El-Kady [2]. The user has to provide the main program which assigns the
necessary dimensional storage and reads system data if the solution of
the load flow equations is required. For sensitivity analysis using a
perturbation method, a different main program is needed in which the
package XLF1 is called an appropriate number of times. The user can
also assess transmission contingencies by the same approach, where one
line at a time is taken out. Some examples of these problems are
included in this report to illustrate the versatility of the program.

This package is particularly designed to solve problems of moderate
size. Its 501 Fortran statements require about 7.2 K bytes of storage
on the CYBER 170/730 machine when compiled using the Fortran compiler
with OPT = 1. The total number of 1ines in the program is 839.

Fig. 1, with arrows emanating from calling subprograms and leading
to called subroutines, highlights the overall organization of the

program units.

IT. SUBROUTINES AND VARIABLES

This section describes all the subroutines and variables that could
be of interest to the user. The essential information regarding the
dimensions and initialization is also provided in Table I in a condensed

form., In addition, a more comprehensive explanation of various features
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MAIN PROGRAM

(User Supplied)

XLF1
STMEQ ELIM RESULT
prepares the solves the equations prints the
system equations obtained by STMEQ final results

GEN
converts the primal system of
equations to the form of equa-

tion (38) of reference [1]

Fig. 1 Overall organization of the XLF1 package



is included in the comment statements in the program listing.

Subroutines

XLF1

ELIM

RESULT

STMEQ

GEN

This is the main subroutine of the XLF1 package, which is
called by the user's main program. This subroutine solves
the load flow problem by calling subroutines, STMEQ, ELIM
and RESULT.

This subroutine solves equations obtained by STMEQ using
conjugate reduction combined with forward Gaussian
elimination as introduced by Bandler and El-Kady [2].

This subroutins prints the final results in an appropriate
format.

This subroutine reads line data (from tape 3) and prepares
the system equations to the form of equation (38) of the
paper by Bandler, El-Kady and Gupta [1]. Subroutine GEN is
called for this purpose.

This subroutine is called by subroutine STMEQ to convert
the primal system of equations to the form of equation (38)

of the paper by Bandler, El-Kady and Gupta [1].

Integer Variables

IA,JA

TAC, JAC

ICHTL = 0

(TA,JA) represents a transmission line connecting buses IA
and JA.

(IAC,JAC) is the transmission line whose parameters have
been altered by the user.

if there is no alteration in the line data file required by

the user. Normally, it is zero for load flow analysis.



IG

IT

ITMAX

IWRITE

IZ

IZB

if parameters of one line have been altered by the user
(i.e., the parameters of one line differ from the line data
file and the user does not want to change the line data
file). Normally, it is 1 for performing sensitivity
analysis by a perturbation method.

if one line is to be removed for contingency analysis.

NGB dimensional array which stores the generator bus
indices. IG(I) is the bus number of the Ith generator bus,
where I =1, ..., NGB,

current iteration number.

maximum number of iterations after which program will stop.
variable to control printouts.

prints the final load flow solution only.

prints results iteration-wise as well as the final 1load
flow solution. Iteration wise results include bus
currents, mismatches, bus voltages and correction voltage
vector,

suppresses all printouts.

N dimensional array.

0 if the modulus of the bus current of the Ith bus

is >10‘6.

1Z(1)

I if the modulus of the bus current of the Ith bus

is 510‘6.
an array to identify the zero current buses during the
iteration. IZB(I) is the bus number of the Ith =zero

current bus (modulus of the bus current 510_6), where I =

1ye..,NIZ. As NIZ is not known at the beginning, the



KA

NB

NGB

NIZ

dimension of IZB 1is taken as equal to the number of
expected zero current buses during the solution process.
This dimension can be equal to or slightly larger than the
number of dummy buses.

N dimensional array identifying the type of bus.

KA(I) 0 if the Ith bus is a load bus.

1 if the Ith bus is a generator bus.

(Note: The NBth bus is taken as the slack bus.)
NB-1

total number of buses.

number of generator buses.

number of zero current buses.

Real Variables

ccC

SHTLC

TOLV

altered transformer tap between buses IAC and JAC.

altered value of half shunt susceptance of the transmission
line (IAC,JAC).

tolerance over bus voltages to the accuracy the final

solution is required.

Complex Variables

AT

AK

BGK

NB dimensional array of bus currents.

NxN matrix which is denoted by 58M in equation (20) of
soc-270 [1].

NGBxN matrix which is denoted by [5GL EGD KGG] in equation
(32) of S0C-270 [11]. These are coefficients of the

conjugate of the bus voltages in the equations of the



generator buses.

Ccv NB dimensional array of the conjugate of V.

DS NB dimensional array which represents mismatches as well as
correction voltages.

S N dimensional array of load bus powers, and generator bus
active power and modulus of the voltage, which is
represented as PG + j|VG|. See equation (15) of S0C-270

[11.

v NB dimensional array of bus voltages, i.e., bus voltage
vector.

Y line admittance.

YL half leakage admittance of the line.

ZC altered impedance of line (IAC,JAC).

III. HOW TO USE THE PROGRAM

In order to use the XLF1 package, the user has to prepare the

following programs and data.

Main Program

The main program must provide the dimensions and execute reading of
all the system data except line data, i.e., the number of buses, the
number of generator buses, the tolerance over bus voltage to the
accuracy the final solution is required, the maximum number of
iterations, specified bus powers, initial bus voltages, type of buses,
and parameters of the transmission line where parameters have been

altered by the user.



Line Data File

The line data file must be available on tape (unit) 3 arranged in
free format and in the following sequence.

READ (3,%) ICODE, IA, JA, A1, A2, A3, A4, A5

where
ICODE code to identify data card.
= U for a transmission line without a transformer.
=7 for a transmission line having a transformer.
IA, JA (IA,JA) represents a transmission line connecting buses IA
and JA.
A1 identifies the circuit number if ICODE = 4,
identifies the type of transformation ratio if ICODE = 7.
=0 for fixed tap.
= 1 for real transformation ratio.
=2 for complex transformation ratio.
A2 denotes the branch type if ICODE = 4,
series resistance of the line if ICODE = 7.
A3 series resistance of the line if ICODE = 4,
series reactance of the line if ICODE = 7.
Ay series reactance of the line if ICODE = 4,
real part of the transformation ratio if ICODE = 7.
A5 half shunt susceptance of the line if ICODE = 4,

imaginary part of the transformation ratio if ICODE = 7.

This program does not use A1 or A2 if ICODE = 4 and A5 if ICODE =
7 as the program solves the load flow equations with real transformation

ratios. Line data is read by subroutine STMEQ and used for preparing



the system equations.

Dimensions and Initialization

For the purpose of dimensioning and initializations, Table I should

be consulted. Note that the last bus is taken as the slack bus. Some

illustrative examples have been included in this report.
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TABLE I

ESSENTIAL INFORMATION ON DIMENSIONS AND INITTALIZATION
FOR THE MAIN PROGRAM

Variable Name Initialized by User Dimensions In Main Program
IAC, JAC Yes if ICHTL = 1 or 2

ICHTL Yes

IG No NGB

IWRITE Yes

ITMAX Yes

17 No N = NB - 1

I78B No Equal to or slightly

greater than the number
of dummy buses

KA Yes N
NB Yes
NGB Yes

Real Variables

cC Yes if ICHTL = 1
SHTLC Yes if ICHTL = 1
TOLV Yes

Complex Variables

AT No NB
AK No Nx N
BGK No NGBx N
Ccv No NB
DS No

Yes

Yes NB

ZC Yes if ICHTL = 1
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IV. EXAMPLES

Six examples are presented in this section to illustrate the
flexibility and power of XLF1. For each example, a complete listing of
the main program and the output has been provided. The listing of XLF1
is given in the Appendix.

We consider 6-bus and 26-bus power systems in the examples to be
described in this report. The structure and line diagrams of these
power systems are shown in Figs. 2 and 3, respectively. The detailed
data of the 6-bus and 26-bus power systems are tabulated by Tables II-V.
A1l the values shown are in per unit. The computations have been
performed on a CYBER 170 computer. TOLV for all examples is taken as
10-6 which gives an accuracy over mismatches of 10_12.

Examples 1 and 2 determine the load flow solution of the 6-bus and
26-bus power systems, respectively. Example 3 deals with contingency
analysis of the 26-bus power system.

The sensitivities of state variables with respect to the control
variables for the 26-bus power system are determined in Examples 4-6 by
perturbation. The basic formula used is

At AL
CF F (t + 2) - F(t - 2) -
oAt T At '

alo
o+l

where At is very small.
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bus 1

bus 5 /
T bus 2

bus 6 — \ bus 3

Fig. 2 6-bus power system

bus 4
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Fig. 3 26-bus power system
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TABLE II

LINE DATA FOR 6-BUS POWER SYSTEM

Line Terminal Resistance Reactance Number of
No. Buses Ry (pu) Xt (puw) Lines
1 1,4 0.05 0.20 1
2 1,5 0.025 0.10 2
3 2,3 0.10 0.40 1
y 2,4 0.10 0.40 1
5 2,5 0.05 0.20 1
6 2,6 0.01875 0.075 y
7 3,4 0.15 0.60 1
8 3,6 0.0375 0.15 2

TABLE III

BUS DATA FOR 6-BUS POWER SYSTEM

Pm Qm |VmM3m
Bus
No. Bus Type (pu) (pu) (pu)
1 load -2.40 0 - é:
2 load -2.40 0 - 4:
3 load -1.60 -0.40 - /=
4 generator -0.30 - 1.02 /-
5 generator 1.25 - 1.04 /-

6 slack - - 1.04 /-
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TABLE IV

LINE DATA FOR 26-BUS POWER SYSTEM

Line Terminal Resistance Reactance 1/2 Shunt
No. Buses Rt (pu) Xt (pu) Susceptance
1 13,26 0.0 0.0131 0.0
2 26,16 0.0 0.0392 0.0
3 16,23 0.0 0. 4320 0.0
L 23,26 0.0 0.3140 0.0
5 2,10 0.0 0.0150 0.0
6 9,10 0.1494 0.3392 0.4120
7 9,12 0.0658 0. 1494 0.0182
8 12,26 0.0533 0.1210 0.0147
9 9,14 0.0618 0.2397 0.0319
10 11,14 0.0676 0.2620 0.0349
11 19,26 0.0610 0.2521 0.0295
12 6,26 0.0513 0.1986 0.0265
13 6,19 0.0129 0.0532 0.0074
14 7,19 0.0906 0.3742 0.0437
15 6,7 0.0921 0. 3569 0.0475
16 11,22 0.0513 0.2118 0.0248
17 8,11 0. 0865 0.3355 0.04u7
18 17,22 0.0281 0.1869 0.0237
19 8,21 0.0735 0.2847 0.0379
20 17,21 0.0459 0.3055 0.0387
21 1,4 0.0619 0.2401 0.0319
22 4,21 0.0610 0.2365 0.0315
23 20, 21 0.0 0.0305 0.0
24 15,1 0.0 0.0147 0.0
25 2,13 0.0086 0.0707 0.3017
26 1,7 0.0199 0.0785 0.0404
27 15,20 0.0107 0.0617 0. 4471
28 2,18 0.0074 0.0608 0.2593
29 1,3 0.0 0.0392 0.0
30 24,3 0.0 0.1450 0.0
31 5,21 0.0 0.1750 0.0
32 5,25 0.0 0.154 0.0




BUS DATA FOR 26-BUS POWER SYSTEM
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TABLE V

Injected Power

Bus Voltage

Bus
No.
P e Vgl S
1 -0.82 -0.21 - -
2 0.0 0.0 - -
3 -0.57 -0.17 - -
4 -0.48 -0.21 - -
5 -0.43 -0. 11 - -
6 -0.40 -0.10 - -
7 -1.1 -0.27 - -
8 -0.23 -0.06 - -
9 -0.67 -0.21 - -
10 -1.02 -0.27 - -
11 -0.43 -0.14 - -
12 -0.43 -0.12 -~ -
13 0.0 0.0 - -
14 0.0 0.0 - -
15 0.0 0.0 - -
16 -1.31 -0.30 - -
17 -0.03 -0.01 - -
18 2.80 - 1.07 -
19 1.45 - 1.05 -
20 2.80 - 1.00 -
21 1.10 - 1.02 -
22 -0.56 - 0.89 -
23 -0.04 - 1.00 -
24 -0.05 - 1.00 -
25 0.63 - 1.00 -
26 0.0 - 1.01 0.0
Transformer tap (amm,) between buses m and m'
813,26 = 1.03, 826,16 = 0.96, a2,10 = 1.03,
320,21 = 09T+ Aq5q =098, Ay 5 = 0.98,
3,3 * 0.98, 5,21 ° 0.99, a5 05 = 1.03
Bus Type
nL =17, nG
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Example 1

In this example the load flow solution of the 6-bus power system is
determined by the package XLF1. The listing of the main program is
given on page 18. Two input data files TL6 and BUS6 are created:
1) TL6 transmission line data file.
2) BUS6 bus data file,

Input data files TL6 and BUS6 are listed on page 19. The program
output is reported on pages 20-25. The final load flow solution is

reported on page 25.



(9]
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10

20
30
49
50

PROGRAM MAIN( INPUT, OUTPUT, TL6, BUSG, TAPES=BUS6 , TAPE6=0UTPUT, TAPE3= TIMN

1TLG) N
' I

COMPLEX V(6),CV(6),AI(6),S(5),DS(5),AK(5,5) ,BCK(2,5) N
DIMENSION KA(5),I1G(2), I1Z(5), IZB(2) I
N

THIS IS THE MAIN PROGRAM FOR SOLVING THE POWER FLOW EQUATIOKNS M
DI

USING THE COMPUTER PROGRAM PACKAGE CALLED XLF1 I
MN

sk skl ks ek skl sk sk sk sl sk ki sk sk skskstok ok sl sk ek ek sk sk i I
N

READ (5,20) NB,NGB, ITMAX, ICHTL, IWRITE MN
READ (5,80) TOLV M
N=NB-1 M
PO 16 I=1,N M
READ (5,40) S(I),V(I),KACD) : I
CONTINUE MN
READ (5,50) V(NB) m
CALL XLFl (V,CV,Al,S,DS,AK,BGK, KA, IG, IZ, IZB, NB, N, NGB, ITMAX, TOLV, ICHMN
1HTL, IAC, JAC, ZC, SHTLC, CC, IWRITE) M
STOP N
' N
FORMAT (1015) M
FORIMAT (E15.5) I
FORMAT (4F10.5, I5) : MN
FORMAT (2F10.5). M

END I

19
29

ra)
o

49
50
69
70
g9
c9
160
119
120
39
149
159
1690
179
189
190

200

2190
220
280
249
250
260
270
289-
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Data File TL6 for Example 1

PO =O =0
CHOOOOOOD
R R R ]
P
e R e
TIEO T DIV
NN MO

L A A L T N

FEFFF TG

Data File BUS6 for Example 1

SO~

OO0

¢ o s e .

[ ]

-
OO | ==
T OOI
e o e @
AN—=O -
L I I B

1.04
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ITERATION NO. 1 OF XLF1

BUS NO. BUS CURRENT(AI) MISMATCHES(DS)
REAL IMAGINARY REAL IMAGINARY
1 -.11765E+00 <47TO59E+00 -.22824E+01 -.47059E+00
2 ~-.18431E+00 . ?3725E+00 -.22157E+01 =.73725E+900
3 -.70588E-01 . 28235E+00 -.15294E+01 «11765E+00
< .43137E-01 -+ 17255E+00 -.34400E+060 Q.
S . 141 18E+00 -.56471E+00 . 11032E+01 0.
BUS NO. VOLTAGE . VOLTAGE CORRECTION VECTOR
REAL IMAGINARY REAL " IMAGINARY
1 .99310E+00 - :58403E+00 -.68966E-02 -, 58403E+90
2 . 10029E+01 ~.26520E+00 +29450E-02 -.26520E+00
3 .95323E+00 ~.26781E+00 - .46769E-01 -.26781E+90
4 . 10200E+01 -.49117E+00 .89623E-13 ~.49117E+00
S5 . 10400E+01. —.41966E+00 . 19807E~12 -.41966E+00
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ITERATION NO. 2 OF XLF1

BUS NO. BUS CURRENTC(AI) MISMATCHES(DS)
REAL. IMAGINARY REAL IMAGINARY
1 -.21260E+01 .71955E-01 -.24666E+00 . 11702E+01
2 -.22039E+01 +46709E-01 -+ 17719E+00 +.33764E+00
3 -.152Y7E+01 +43211E+00 -.28041E-901 +39723E+00
% -.37721E+00 —-.38270E+00 -.10322E+00 -.11210E+00
4] +97405E+00 -+ 41073E+00 .64619E-01 =.81489E-01
BUS NO. . VOLTAGE : VOLTAGE CORREGTION VECTOR
REAL IMAGINARY REAL " IMAGINARY
1 . 79592E+00. -—.60185E+00 -.19718E+00 --,.17818E-01
2 «927T97E+00.  —.27936E+00 -.74973E-01 ~-.14162E-01
3 .87047E+00 —-.26886E+00 -.82765E-01 -—,10505E-02
< .87793E+00 -+ 32783E+00 -+ 14207E+00 - '-,36657E-01
L] . 93494E+00 -+ 46229E+00 -, 10596E+00 ‘ -~,42625E-01
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ITERATION NO. 3 OF XLF1

BUS NO.

Qb QN =

BUS NO.

QDN =

BUS CURRENT(AI)

REAL IMAGINARY
-.20854E+01 - . 12788E+01
-.23814E+01 +66430E+00
-. 15587E+01 . . 89675E+006
-.57253E+00 -+.44035 1E+00,

. 78V97TE+00 - 12280E+01
VOLTAGE

REAL IMAGINARY
. 7T7345E+00 -. 60028E+00
+ 92099E+090 -.28253E+00
. B6204E+00 -.26994E+00
.86636E+00. —.53857E+00
+»92560E+00 -+ 47443E+00

MISMATCHES(DS)
REAL IMAGINARY
. 29499E-01 «23725E+00
-.45576E-02 .48816E-01
-.20810E-02 .38489E-01
-.29869E-01 -.43835E-02
-.54385E-01 -.29843E-902

VOLTAGE CORRECGTION VECTOR

REAL IMAGINARY
—-.22472E-01 . 15732E-02
—.69778E-02 -+.31901E-062
-.84248E-02 -. 1079 1E-02
-+ 11572E-01 -.10741E-01
-.93334E-02 -+ 12143E-901



ITERATION NO. 4 OF XLF1
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BUS NO.

b 2N

BUS NO.

QB QN -

BUS CURRENT(AID)

REAL IMAGINARY
-.19421E+01. +« 15005E+01
-.23821E+01 . + T3029E+00
-. 15582E+01 . « 935 142E+00
-.65452E+00. - .49877E+00

.64489E+00. ~—. 13834E+01
VOLTAGE

REAL. " IMAGINARY
. C7301E+00 -.60019E+00
. 92085E+00 -.28264E+00
.86 189E+00 -.26998E+00
. 86605E+00 -.53885E+00
«92532E+00. —.47475E+00

MISMATCHES (DS)

REAL IMAGINARY
.28715E-02 +52077E—-02
+ 20584E-03 +46258E-03
+63372E-04 +46000E—-03

-.153746E-02 -.11278E—-03
-.32222E-02 -. 10848E-03

VOLTAGE CORRECTION VECTOR

REAL

-.43554E-03
-.14201E-03
-.14641E-03
-.30761E-03
-.28624E-03

IMAGINARY

. 88604E-04
-.87338E-04
-.38698E-04
-.28122E-03
—-.32061E-03



ITERATION NO.

3 OF XLF1
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BUS NO.

QD QN

BUS NO.

1
2

3
<
S

FINAL BUS
BUS NO.

QRN =

BUS CURRENT(AI)

REAL IMAGINARY

-. 19370E+01 + 159040E+01
-.23819E+01 . 73 108E+00
-. 15581E+01 .95216E+00
-.65711E+00 —:49937E+90
. 64013E+00 -.13853E+01

VOLTAGE

REAL. IMAGINARY

. C7301E+00 -.60019E+00
. 92085E+00 -~.28264E+00
.86 189E+00 -+ 26998E+00
. 86605E+00 -.353885E+00
. 92532E+00 = 47473E+00

CURRENTS AND MISMATCHES

BUS CURRENT(AI)

REAL

—-.19370E+01
—-.238192E+01
-.15581E+01
-.65711E+00
.64012E+00
.58940E+01

IMAGINARY

+ 15040E+01
.73108E+00
.95216E+00
—:49937E+00
—-.13853E+01
-+ 13023E+01

MISMATCHES(DS)
REAL IMAGINARY
. 19152E-05 + 19341E-05
. 92743E-67 +«97458E-07
+4076 1E-07 . 10501E-06
-. 9656 1E-06 -=.78917E-07
-.19943E-05 -.83149E-07

VOLTAGE CORRECTION VECTOR

REAL IMAGINARY
-.18127VE-06 . 38893E-07
" =.73414E-07 -.44605E-07
-.63943E-07 -.22760E~07
-.17457E-06 -.13119E-06
-. 17O7OE-06 =.15056E-06

MISMATCHES(DS)
REAL IMAGINARY
«45475E-12 .19185E-12
—.28422E~-13 «35527E~-14
Q. +23093E-13
—-.20961E-12 -.21316E-13
-.403501E-12 -.21316E-13
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LOAD FLOW SOLUTION OF

6—-BUS POWER SYSTEM

LOAD BUSES:

Ve 1) = .77301 - J .60019 Ve 2) = .92085 - J .28264
V(i 3) = .86189 - J ,.26998

GENERATOR BUSES

Q. 4) = ,78656 Ve 4) = .86605 — J .53885
Q H) = .97796 V(O 5 = .92532 - J .47475
SLACK BUS

PC 6) = 6.12978 QU 6) = 1.35460

TOTAL NUMBER OF ITERATIONS TAKEN BY XLFl1 = 5

TOTAL EXECUTION

TIME TAKEN BY XLF1l =

.6392 SECONDS



- 26 -

Example 2

The 26-bus power system load flow problem is solved using the
package XLF1. The listing of the main program is given on page 27. Two
input data files TL26 and BUS26 are created:
1) TL26 transmission line data file.
2) BUS26 bus data file,

These files are found on page 28 and are also used as the input
data files for Examples 3-6. The program output is presented on pages

29-36. The final load flow solution is reported on page 36.
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PROGRAM MAIN(INPUT,OUTPUT,TL26,BUS26,TAPE5=BU826,TAPE6=0UTPUT,
1TAPES=TLZ6)

COMPLEX V(26),CV(26),AI(26),S(25),DS(25),AK(25,25),BGK(8,25),ZC
DINENSION KA(25), IG(8), IZ(25), 1ZB(6)

THIS IS THE MAIN PROGRAI FOR SOLVING THE POVER FLOW EQUATIONS
USING THE COMPUTER PROGRAM PACKAGE CALLED XLI1

i)
I
ITY
I
I
TN
I
ity
MN
M

ks o > SR kalesie sl B 2 2 P PSP P B S PUPIPVN

M

READ (5,20) NB,NGB, ITMAX, ICHTL, IWRITE
READ (5,30) TOLV

N=NB-1

DO 16 I=1,N

READ (5,49 S(I),V(ID) ,KACD

CONTINUE

READ (5,850) V(IB)

I
ely)
I
ki)
i)
N
Iy
IMN

CALL XLF1 (V,CV,AI,S,DS,AK,BGK,KA,IG,IZ;IZB,NB,N,NGB,ITMAX,TOLV,ICHN

1HTL, IAC, JAC, ZC, SHTLC, CC, IWRITE)
STOP

FORMAT (1615)
FORMNAT (E15.5)
FORMAT (4F10.5,1I5)
FORMAT (2F10.5)
END

I
N
I
T
I
I
I
IMN

10
20

o
<

49
50
60
70
20

19

119

129
139
149
150
160
170
189
190

200

219
2209
239
40
2506
260
270
289-



Data File TL26 for Examples 2~6

4,16,23,1,1,6.0,0.432,0.0. .
7,2,10,1,0.0,0.0©150,1.03,06.0
4,9,10,1,1,6.1494,0.33922,0.4120
4,9,12,1,1,6.06658,0.1494,6.0182
4,9,14,1,1,0.6618,0.2897,0.06319
4,11,14,1,1,0.0676,0.2620,90.0349

’
4,6,19,1,1,0.06129,0.0532,0.0974
4,7,19,1,1,0.0906,0.3742,0.0487
4,6,7,1,1,0.0921,0.3569,0.0475
4,11,22,1,1,0.6513,0.2118,0.0248
4,8,11,1,1,0.0865,0.3355,0.0447
4,17,22,1,1,0 0281 0.1869,0.06237
4,8,21,1,1,0.0 ’30.0 2847,9.0379
4,17,21,1,1,0.0459,0. 3@50,0.@387
4,1,4,1,1,0.0619,0.2401,0.0319
4,4,21,1,1,6.9610,06. 2360,0 8315
7,20,21,1,0.0,606. 03@5 6.97,6.0
7,15,1,1,0. 9,0 0147,0.89,0.90
4,2,13,1,1,0.6986,90.0707,9.3017
4,1,7,1,1,0.0199,0.0785,0.0494 -
4,15,20,1,1,0.0107,0.0617,0.4471
4,2,18,1,1,0.0074,0.06608,9.2593
7,1,3,1,0.0,0.6392,.98,0.9
7,24,3,1,6.0,0.1456,0.95,0.9
7,5,21,1,0.0,0.1750,06.99,0.0
7,5,25,1,0.6,0.1549,1.03,0.0
7,13,26,1,0.0,0.0131,1. 0? 0.9
7,26,16,1,6.0,0.063922,0. 96,@.
4,28,26,1,1,0.0,0.3140,0.0
4,12,26,1,1,0.0533,0. 1216 0.0147
4,19,26,1,1,0.0610,0.2521,0.08293
4,6,26,1,1,0.0513,0.198%, 0 0265

26 8 7 ] 1

0.1E-5
-0.82 -0.2 1.9 Q.
0.0 0.9 1.9 Q.
-9.57 -9.17 1.0 9.
0.48 -0.21 1.0 Q.
-0 43 -9.11 1.9 .
-0.40 -0. 1 1.0 0.
-1.11 -0.27 1.0 9.
-0.23 -0.06 1.0 0.
-0.67 -90.21 1.0 Q.
-1.92 -0.27 1.9 Q.
-@.43 -Q. 14 1.9 0.
-0.48 -9.12 1.0 B,
9.9 6.0 1.9 Q.
0.0 0.0 1.0 3.
9.0 0.6 1.0 Q.
-1.31 -©.30 1.0 Q.
-0.03 -0.01 1.0 0.
2.89 1.97 1.67 Q.
1.45 1.05 1.05 Q.
2.89 1.0 1.0 0.
1.16 1.02 1.62 0.
-0.56 0.89 9.89 9.
-0.04 1.0 1.6 0.
-0.05 1.0 1.0 o.
0.68 1.0 1.9 0.

1.01 0.9

OO0 OOOLOOOOLOOOOOOOOO
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ITERATIORN RO.

1 OF XLF1

- 29 -

BUS NO.

Pt pok ok ek ek
BN~ COEIOED LN~

e

ot et
A

17
18
19
26
21
22
23
24
25

BUS IO.

COINOTD N =

ok ok et ok
IR WUN=O

-
>

17
18
19
20
21
22
238
24
25

BUS CURRENT(AD

REAL IMAGINARY

9. .TO489EA+G 1
-.13598E+00 . .35897E+01
0. +66136E+09
~.20452E-61 . 14269E+00
0. .24076E+00
-.22V43LE+09 .10163E+01
-.30560E-01 .25782E+00
-.17003E~-01. . 14846E+60
0. .46210E+00
9. -.15297E+81
.11882E+60. -—.38618E+00
-.3048%9E-01. .10211E+00
0. L32014E+01
0. .66800E-01
0. -.80099E+01
0. . 13287E+01
L76912E~-01. ~.44912E+00
. 12868E+00 -.83706E+09
. 28297E+69 -.10791E+61
0. JETI29E-01
L4ATOT73E~-01 .20281E+09
-.20535E+00 .11693E+01
0. .81847E~-01
0. -. 143562E+69
0. -.18913E+09

VOLTAGE

REAL ITTAGINARY
.100115+01 . 11128E+00
. 10893E+01 . . 10322500
. 10902E+01 .B7430E-91
. 1023YE+01 . . 183888E+09
.10112E+01 . 30226E+00
. 10407E+G1 .68812E-01
. 10556E+01 L4579 1E-01
LO7OOSE+0D .85915E~-01
.90 168E+69 —-.982C0E~-91
.10591E+01 .81652E-01

.02594T+00
.©8215E+09
. 10822E+01
.96810E+09
.97802E+00
. 10388E+61
.94YB4E+00
. 10700E+01
. 10560E+01
. 10090E+01
. 10Z200E+01
. EO000E+CO
. 10000E+01
. 10066E+01
. 10006E+01

-.54603E~-01
.67E68E-01
. 17227E~-01
-.768B1E~01
«14122E+09
LA7OT3E~-01
.83223E~-01
.28787E+00
. 11543E+09
. 28304E+00
L27SH65E+00
.314892E-61
~.26931E-01

.E80325E-01

L40210E+69

MISMATCHES(DS)
REAL IMAGINARY
-.82000E+09 -.77282E+81

. 1SE98E+060 -.25807E+01
~.57CO0E+00 -.49136E+60
-.45955E+00 .67308E-01
-.430C00E+00 -. 13076E+00
-. 172567E+09 -.91626E+00
-.10724E+81 .12181E-01
-.21S00E+09 —. 88460L-01
-.670C0OE+00 -.25210E+00
~. 102¢0E+01 . 17997E+01
-.54882E+09 .52618E+09
-.39951E+06 . 17886E-01
0. -.C2014E+01
0. -.66800E-01
0. .829999E+61
-.131G0E+01 -, 10287E+91
-. 1069 1E+00 .45912E+€0

. 26523E+01 0.

. 11883E+01 0.

. 28000E+01 0.

. 10520E+01 0.
-.3Y724E+00 0.
~.40620E-01 0.
-.50020E-01 0.

.63090E+00 0.

VOLTAGE CORRECTION VECTOR

REAL

.91184E-61
L89822E-01
L90207E~-01
. 286YVE~61
.11166E-01
.40694E-01
.55594E-01
-.290982E-01
-.83163E-62
.59099E~-01
-.V4064E-01
-.16850E-01
.52159E-01
-.31902E-61
-.21975E-01
.38828E-01
-.52663E-01
.23821E~-13
-.66919E-18
-.15987E-~-12
. 11289%9E~12
. 10458E~-12
-.16913E~13
-.283%98E-12
LO7510E~-14

IMAGITTARY

.11125E+60
. 10522E+60
. 87430E-01
. 13888E+09
. 39226E+09
.68812E-01
.45791E-01
.85915E-¢1
. 233%8E-01
.81652E-01
-.54603E~-01
-.67568E-01
. 17227E-01
-. 76881501
. 14122E+69
-.47073E~-01
.85223E-01
. 28787E+00
. 11843E+00
. 28304 E+00
. 27368E+GO
-.31489E-01
-.26931E-01
.50325E~-01
. 40219E+09



ITERATION NO.

2 OF XLF1

- 30 -

BUS NO.

O~ O OB =

12
13
14
13
16
17
18
19
290
21
22
23
24
25

BUS HO.

2
)
Rv )
4

5

8

10
11

a
13
14
15
16
1 ird
18
io
20
21

a

3
24
25

BUS CURRENTC(AI)

REAL

-.17043E+01
-.36443E+69
-.627V82E+090
.49933E+069
.5O2YVEL+CO
.46068E+09
L11201E+01
. 24326E+00
.62684E+09
.80500E+09

.42361E+69
.55151E-01
.51357E-02
.12710E+01

. 12826E-01
. 28474E+01
. 14996E+01
L27VE0E+O1
. 10240E+061
.58997E+00
.39142E~-01
.38464E-01
. TO6OTE+O0

L 4422CE+00 .

. 12475E+01 .

IMAGINARY

-.51442E+00 .

-, 33439E+00.

. 11634E+00., !
L2D8YERE+09 . -

. 19073 1E+09.
.42994E-01.

.25427E+QO . -
.62986E-01 .
L21384E+00. -

.36041E+00 .

.10491E+09. :

. 1237E8E+09.
- 16698E+00.

.21310E-02. -
-.19778E+009 . :
. 24842E+09 .
-.T0073E~-02.

.05101E+00.

. 13157E+00 . -

. 118922E+69,

.48196E+60.
<43659E+00 .-
L12171E+09 . ¢
LA 120E+60 .
-, 11874E+09.

VOLTAGE

REAL

. 1085GE+01
. 16646E+01
. 10446E+01
.28Y33E+09
LO7364E+00
. 10327E+01
.10152E+01
.04518E+00
.96252E+090
. 10G72E+01
.00016E+09
.96VG61E+09
. 10464E+01

.0403BE+O0D

.92906LECO
. 10353E+01
.03338E+09
. 10828E+01
. 10456E+01

LO7065E+00

.O0307E+O0
.8DY58E+00
.00065E+09
.90936E+00
.93895E+09

IMAGINARY

.77023E-01. -
.O4546E~-01 .-

.55841E-61.

.90447E~01 .
.26109E+00.

.56887E-01 .
. 18785E~-01.
. 42847E~-01.

~. 10840E+09 . -

<69525E~-01 .

~.07256E-01.
-.73915E-01. -
. 15731E-01 . ¢

-, 10897E+09.

.08296E-01 .
—-.47118E-01 . -
.397Y35E-01.
. 28357E+00.
O7181E-01.
L 24260E+09 .
. 23148E+09 . -

-.84881E-01.
—-.265351E-01.
.48909E~-01 .

. 35202E+69.

ITISMATCHES(DS)
REAL IMAGITIARY
. 16968E+01 . .58170E+006
L4321¢E+09 - - .32891E+60

. 16481E+00 -.51841E-062
.28543E-62 -.67953E-01
.45059E~01 -.15048E+00
.76463E~-01 .28857E~-01
.606735E-01 -.49694E-¢1
.56648E-03 ' -.21999E-01

.52048E+09 - .38046E-01
. 1397EE+00 -.63259E-02
.11659E-01 :—.39284E-01
.76389E-01 ' -.386071E-01
.21182E-01 -.58687E-03
.24202E-02 - -.36257E~03
-.56991E-61 -.32208E-02
-.28312E-01 -.T7847E-01

-.28898E-01 .56476E-91
-.10144E+80 -.18479E+00
-.14743E-01 .67910E~-01
-.51603E-02 . .25928E-01

.6G004E-01 . 17474E+00
-.48089E-02 ~.24870E-02
-.12182E+01 - .87293E+00
-.24202E-02 - .10666E+00
-.41072E-01  .17774E~01

VOLTAGE CORRECTION VECTOR
REAL IMAGINARY

.55642E-01 -.338225E-01
L 24728E-01 -, 10678E-01
.45566E~-01 -.3158%E-01
.36248E-01 . —-,39437E-01
.3Y528E-01 :-.41163E-01
L7O9012E-02 - -.12925E-01
.40392E-01 -.270356E~01
. 24863E-01 - -.43569E-01
.20164E-01 -.15009E-01
L21900E-01 -, 1212VE-61
LaBTYYIE-01 - —.42653E-01
. 15582E-61 =.63472E-02
.57856E-02 -, 14754F-02
JAY71IEE-01 -.29090E-01
. 48064E-01 -.42929E-91
. 38476E-02 - . 45460E-04
. 13054E-01 -.544681-01
.30171E-01 -.348006E-01
L43BTYYE-02 -.18250L-61
. 29353E-01 -.40541E-01
-.26032E-01 -.42171E-01
-.24463E-62 -.53393E-01
-.35248L-03  .87981E-©3
-.63549E-03 -.32318E-61
-.64051F-61 ~.49371E-01

| N Y T Y T AN O AN N AN AN S Y T AN N A B |



ITERATION WNO.

-3 OF XLF1

- 31 -

BUS NO.

(=R XA N N4 FLN ARSI

17
18
19
20
21
22
23
24
25

BUS TINO.

RN ONON=

BUS CURRENT(AI)

REAL
-.86V37E+00

~-.11658E-061.

-.55663E+00
-.50098E+09
~.44005E+00
-.32240E+00
-.10986E+01
-.24517E+00
-.66350E+09

-.00458E+-60 .

-.45999E+C0
-. 4325 1E+09
-.52350E~03
. 20232803
.61949E~-01
-.12496E+01
-.32508E~-01
. 24627E+01
. 13241E4+01

.28975E+01 .

. 16497E+0 1

ITTAGINARY

. 12985E+60.
-.50874E-062,

. 183410E+09 . -

+ 16365E+09.

. 16961E-02,
LY6196E-01.

. 24656E+€9 . -
.52673E-01 .
. 29002E+09 . -
.19611E+09 . :
.20162E+00 . -
« 15647E+00 .
=.84945E~-03 .
- 10938E-03. .

-.E568G64E~-01.

. 34632E+09 .
.68183E-022.

.08481E+00 .

- 42010E-91 .
~:39174E-01. -
“27862E+00 . -

-.590830E+069 .26 145E+09.
-.36951E~-01 . 11544E+08 . -
-.428216E-01 175 10E+09 . ¢
. 64498E+00 .60618E-01.
VOLTAGE
REAL IMAGITIARY
. 103828E+61 .77296E-01 . -
. 100644E+01 .04340E-01 .
. 10424E+61 .54953E-01.
.98691E+00 .O78YTE-01 .
.07408BLE+00 . 25983LE+08 .,
. 10324E+01 .55420E-01 .
. 10182E+01 . 18063E-01.

04412100

.96 1C8E+00 .

. 10370E+61

.82823E+00 .

.O670GL+-00
. 10463E+01

.08882L+00.

.027VEEE+00
. 10353E+01
LO8177E-09
. 10397E+01
. 10488E+01
.O705EL+CO
.99384E+00
. 88560E+-00
.O906GE+DO
.0089E5E+CO
.93591LE+09

40274E-01 .
= 10877E+00 .

.69245E-01 .

-.09212E~-961. -
-.74064E~-01 . .
. 157V20E-01 .
-. 107 18E+09.
LO701BE-01.

-.47118E-01.

.27814E-01

.25282E+00.
L96581E-01 .
. 24089E+09.
.22952E+09 .

-.88477E~01

-.26551E-01.

L43852E-01.

. 35223E+00 .

MISMATCHES(DS)

REAL IMAGINARY
.68938E-01 .72875E-02
. 12253E-61 - .43706E-02
.39943E-02 —-.11663E-02

-. 16426E~-62
-.19028E-02
.O7474E-03
.66109E-03
-.49655E-03
L74213E-04
-. 4127Y5E-62
.36687E-02
.69234E-04
.56116E-03
-.20121E-08
-.520506E-01
-.81621E-658
. 132385E-¢3
=.10449E~-01
-.36276E-62
-.22033E-02
-.79053E-02
-.93643E-02
.81521E-05
-.10221E-01
.A0424E~-02

.—.1393CE-02
-.65449E-62
=.61716E-03
= .89363E-03
-.17309E-03
T 2YT19E-02
=.24159E-02

. 32478E-62
- .B56448E-03
© 1 .E88060E-03
-+ 81407E~G4

.58691E~-01
. 347V40E-03
- . 206362E-92
-.29870E-08
i=.14858E~03
L= .48085E-03
+=.56601E-03
. 160338E~-062
=.68334E-07
=.B51798E-03
L =.235289E-03

VOLTAGE CORRECTION VECTOR

REAL
~-.27257E-92
-.23489E-03
—-.22720E-02
-. 14280E-02

L43885E-03
-.A837¢SE~-03
-.20112E-02
-, 10625E-02
. 114245-62
L 22753E-603
. 193358E-02
.5650606E-03
. 44600F-04
. 153560E-02
-.2618YE-02
-. 12217E-04
.16156E-62
. 12588E-063
LOB22B6E-04
.TO239E-04
-.12532E-68
—.19545E-02
.GY502E~07
.41409E-63
~.30650E-04

IMAGINARY

—~.62686E-03
-.20652E-08
-.88746E-063
=. 13704E-02
-.12683E-02
-.45682E-03
.= .67208E-03
.=, 20724592
—.36898E-63
= .28931E-03
=, 19552E--92
.=, 14949E-08
-.31281E-04
=.11333E-02
=, 12809E-02
. 48982E--07
= .29468E-02
=.T4664E-03
-.59968E-03
L= 1702VE-02
. 19574E~-02
. S5954E~-02
- .40871E~06
-.21870E-02
- =.52286E-05

!



ITERATION NO.

- 32 -

4 OF XLF1

BUS NQ.

23
24
25

BUS CURRENT(AI)

REAL

-.89%487E+20
-.34821E-08
-.55820E+00
-.50304E+00

-.44923E+00 .

~.39156E+006
-.10990E+0 1
-.24588E+09
~.66371E+09
-.90658E+00
-.45596E+00
-.43261E+60
-.47431E-67
.15019E-06
. 12082E-©3
=. 12496E+01
-.32497E-01
. 24543E+01
.18918E+61
.29058E+01
< 10443E+01
-.60624LE+00
-.36949E-01
-.57460E-01
.64919E+CO

IMAGINARY

. 14319E+69 . ¢
.71321E-06.
. 13282E+09.
. 163G6E+QY. .

- .45031E-02.

.75843E~-01. -

. 24687E+00 .

.52061E-01 .
20382E+09 . -
. 10383E+09. !
. 20622E+09 .
. 15722E+09. -
-.21348E-07. -
-, 446850~00 .

—-.28165E-03.

. 34665E+0D .
JOYSYIE-02.
.98193E+69 .
—-.50496E-01.

-.82196E~-01 .

.AYOTY?EFCO . -
. 26094E+09 . -
.11841E+09 .
. 16208E+69 . .
. 63623E~-01.

MISMATCHES(DS)

REAL IMAGITNARY

. 17858E-03 -.30514E-G5
< 36464E~-065 -. 10883E-05
.66395E-05 —.28263E-05
-.38624E-05 . 24092F-05
-.77?818E-05 . 20550E-05
LO7268E-07 -.51076E~06
-.25423E-05 . 15432E-05

LA5BTLE-OT7
- 10579E-08
-. 1548YE-¢5
. 16788E-04
.58514E-07
.40064E-07
-.18884E-66
-.39566E-04
-.118¥BE-10
.86592E-05
-.31%02E~-05
-.53301E-05
- . 7259YE~-04
-. 16060E~-04
-.23659E~-04
. 11565E-10
-.31917E~-04
. 19087E-05

THE BUS CURRENT IS ZERO.FCR THE FOLLOWING BUSES

1
BUS NO.

ST GN LN =

16
11
12

3
14
13
16
17
18
19
20
21

D
22

o
<

14
VOLTAGE

REAT, IMAGINARY
. 103282E+91 LTP2E9E-01 . -
. 10644E+9 1 . 94332E-01. .
. 1042471+ 1 .54945E-01.
.C8599E+00 .97E67E-O1 .
. 974O8E+CO .259815+00. -
. 103248+01 .35418E-81 .
.10132E+01 . 18987E~-01 .
.04412E+00 LAQ265E-01 .
.06 1S7E+GO - 10877E+80 .
. 16370E+01 .60245E-01 .
. 2982254+ 00 -.99219E-01. .
.267O4LE+0GO -.74@65LE-01 . .
. 10463E+01 . 18728E~01 . :
.038B2E+00 -, 10713E+00 .
.92V34E+-00 .9700YE~91 . .

.10353E+01
.©0317GE+CO
. 10397E+O 1
. 10458E+01
. OV0BLE00
.593845+00
. 88859L+00

- 47118E-01. .

. 27EDAE-01 .

.25282E+00., -
.96572E-01.
. 24078E+09 .
L22951E+69.
-.884E88E-01.

. 18621E-85
.40760E-95
.5987Y1E~00
. 10368E-05
. 43878E-06
-« 21EE8BE-07
403 14E-06
. 22654808
41517608
.47 182F-08
—-.22616E-06
. 16482E-06
. 18365E-95
= 17287E-05
=, 79644E-05
‘=.78160E~13
= 227Y84E-98
=, 14176E~-06

VOLTAGE CORRECTICH VECTOR

REAL

-.067Y5YE-95
-.20058E-006
-.74236E-05
-.49306E~05

.21E858E-05
-.661Z20E-06

- =.68448E-05

i

. 2O7EBE-05
. 26970E~-08
-.34896E-06
-.59829F~-05
-. 12E38E-05
- .36344E~-97
- . 437Y22E-05
-.84887E-05
-. 14589E-69
-.5706G4E-05
-. 10720E-66

. 12499E-06

. 156GOE-05

. 10420E-05
-.90720E-05

IMAGINARY

‘=.63399E-65
-.88691E-06
- . Y6573E-05
—.28785E~-05
(=, 12744E-04
- . 28475E-05
-.5838392E-05
. =.95887E~05
=, 12666E-08
-. 473342506
-.65459E-058
= .50Z266E-006
' =.60894E-07
-.28182E-65
= .77023E-05
-.53352E-18
-. 10182E-C4
-.51323E-66
-.314537E-05
-.11865E-04
-.12194E-04
-.10691E-04



- 33 -

23 .00065E+69. -—.26551E-01. - —-.066443E~13 LA4219E-12
24 .00895E+0D L. 45841E-01 . -, 17549E-05 -—.11455E~04
25 .O3502E+C0 . 35222E+09. - L42143E-05 -, 11600E-04



ITERATION NO.

- 34 -

©.5 OF HLF1

BUS NO.

LR R EOR-4 FLANAY LR

THE BUS

BUS NO.

22

2

BUS CURRENT(AI) :

REAL

-.E80470L+00 .

-.71654E~12
-.58389E+00
-.50305E+09
-.440245+00
~.39150E+060
-.11000E+01
-.24588E+69
-.66371E+00
-.90658E+00
~.45594E+60
-.43261E+68

< 710834E-14
-.10658E-13
-.48766E-09
~.12496E+01
-.32488E-01

. 24543E+01

. 13915E+61

.20053E+91

. 10448E+01

-.60627E+00O.

~.26949E-01
~-.57428E-01

.64020E+009 .

IMAGINARY

+ 14312E+09. :
. 13642E-11.
. 13882E+09. -
. 16307E+09 . -
- 44966E~-02.
.78843E~-01.
. 24688E+00 . -
.53065E-01.
+ 29353E+00.
« 19383E+09 . «
.20623E+09 .
. 18722E+09.
LA5478E-12.
. 28422E-13. -
-.31759E-08.
. 34665E+09.
.976208-02. .
.OB193E+0H . .
-.50531E~-01.
-, 82384E-01.
L27673E+00. -
< 26096E+09.
. 11541E+69 .
. 16204E+00 . .
.63609E-01.

MISMATCHES(DS)

REAL IMAGINARY

. 15430E-068  -.94919E-09
.62758E-12 - —,15191E~11
.38C66E~-10 -.31662E~11
.400C68E-16 = .93181E-19
.10151E-69 .9YTIEE~-10
17790 E~11 . 24469E-12
-.43983E-11 . 11560E-69

.43166E-10
.82636E-11
-.22Y37E-12
. 13072E~09
.58620E-13
-.14583E~-18
.18651E-13
.76031E-09
0.
. 11084E~-09

-.7OB81E~-12

-. 10824E-69
-.21893E-068
-.46760E-09
. 32934E-10
9.
-.50388E-09
-. 1?875E-09

CURRENT IS ZERO!FOR THE FOLLOVING BUSES

13

14

VOLTAGE

REAL

. 10828E+61
. 10644E+01

. 10424E4+01.

.08520E+00
. 97403E+00
. 10324E+91
. 10182E+01
. 044125409
.96137E+00
. 10370E+01
. 80822E+C0
.O67VOLE+CO
. 10463E+01
. 98882E+00
.02V34LE+60
. 103G3E+01
.981VGE+0O
. 19897E+01
. 104558+01
.97658E+09
.90384FE+C9
.88559E+69

IMAGINARY

JYT2E89E-91 . -
.9433%E-01.
.54945E-01 .-
.97857E~-01.
.25981E+09.
.55418E~-01.

. 18087E-01

. 402685E-01.
=. 10877E+00 .,
.69246E-01 .
-.99219E-01. .
-, 74965E-01 .
. 15720E-01 . -
-. 10713E+09 .
.O7007E~01 .
—-.47118E-01. .
. 27304E-01 .
. 25282E+09 . -
.96573E~01 . .
. 240785+09 .
2295 1E+09.
-.E8488E-01.

.17438E-10
. +13558E-16
< JATT84E-12
-.91740E-1©

C . 14264E~-11
-.4787OE~12
-.25541E~18

. 28978E-08
-.74607E~18
i=.58%04E-10

. 14770E~11
—-.47038E~-11
=, CO507E~10
-.72156E~10
= C4896E~10

0.
: ~.G4558E~-16
=.76149E-10

VOLTAGE CORRECTION VECTOR

REAL

-.11111E-69
-.11832E-12
. 10363E-09
.91210E-190
.20597E~10
.11646E~-16
.08320E-16
458508 ~-10
. 20826E~10
LT27E4E-12
.S0889E-10
.98863E-11
.B56674E-13
.36588E-10
L 11572E-09
L26212E-14
-.55045E-10
. 24848E~11
.78912E-12
.22068E-10
LAY811E-10
.84577E~-10

IMAGINARY

‘=, 83945E~-10
- 42640E~11
-. 10389E-09
-. 13754E-69
-.21064E-09
-.37867E-10
= 73284E-10
-. 132625069
-.1830¢E~-10
=, 49067E~-11
-.B1280E-10
-.81637E~11
-.69798E~-12
C=.43728E-10
= .G76O2E-10
-.382762E-17
-.12273E-6°
-.41402E-11
-.42597E-10
=, 20266E-09
=.20154FE-99
-.24@63E-10
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24
25

.99065E+00
. 90898E+00
.08592E+00
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-:26551E-01 . -

LA5C41E-61.
. 35222E+00.

FINAL BUS CURRENTS AND MISHMATCHES

BUS RO.

L OISO N =

10
11

“d
i8
14
15
16
17
18
19
20
21
22
238
24

26

BUS CURRENT(AI)

REAL

-.80470E+60

- . 553800+00 .
- . 50305E+00
- 24024T+00

-.39150E+00
-.11000E+01
-.24588E+00
-.66371E+00
-.99658E+00
-.458594E+60
~.43261E+69
=.71054E-14

.35827YE~-14

.56843E-13
=. 12496E+01

-.32488E-01.

. 24543E+01
.13916E+01
. 290538E+01
. 16443E+01
-.60627E+00
-.36949E-01

-.57488E-01.

. 64920E+09
. 13209E+00

IMAGINARY

. 14312E+09 . !
Q.

. 18382E+00.

< 16307E+GY .
- 44966E-02.
. 75843E-01 . -
. 24688E+69.
.53065E-01 .-
+20883E+09 . -

. 19383E+69.

. 20623E+09 .

. 15Y22E+00 . ¢
.4B478E~12,
-. 14211E-13,
. 28422E-122.

. 24655E+09 .

.OY6ZO0E-02. .
.28193E+60 . .
-.50531E-01.
-.82384E-01.
. 27073E+09 .
. 26096E+09 .
.11541E+09. !
. 16204E+00 . -

.63602E-01 .
.50781E-01 .

0

9

.T2607E~-18 - .27386E-16

LB6O7IE~10 -, 16670E-09

. 15738E-11 -.22038E-69
HMISMATCHES(DBS)

REAL . IMAGINARY
.1186%E-12 .98854E~12
. 0.
.71054E~14 .S908HE-13
.O5527E-14 .43521E-13
.88818E-14 .80198E~18
.58520E~-13 .90150E~13
. 14211E-183 - 44409E-13
.88818E-15 —-.82157E~14
.21316E-18 -,25757E~18
. 28422E-18 -.929476E~18

710548~ 14
. 15987E~13
. 28594E-15
. 48678E~-14
.80284E~13
LT 10B4E~14
.233185E~-14
.O8VO2E-12
.85827E~-18
.42633E-13
.71084E-14

.88818E-15
. 22204E-15
. 10658E~12

—.26645E-18

| =.077COE~-14

-.47593E~12

1296 1E- 18
-.25895E-12
-.74667YE~-18
-.58888E-14
" 42633E-18
0.

-=.71054E-14
0.
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LOAD FLOV SOQLUTION OF 26--BUS POVER SYSTEM

LOAD BUSES -

V(e 1) = 1.63276 + J .07729 V(- 2) = 1.06437 + J .09434:
VO 8) = 1.64236 + J .054986 V(. 4 = 98590 + J .09787:
V( 8) = .97403 + J..25981 VO 16) = 1.03244 + J .05542
Ve 7)) = 1.01818 + J .01806 V(i 8y = .924412 + J ,04026!
V(O 9) = .96137 - J .10877 V(- 16) = 1.03697 + J .006924°
V(e 11) = .89822 - J .069922 V(-12) = .96704 — J .074906
V(O 18) = 1.04638 + J .01872 V(-14) = .93882 - J .10718
V(e 15 = 02784 + J .097V01 V{ 163 = 1.03526 - J .04712
V(O 17) = .93176 + J. .0278

GENERATOR BUSLES:

Q( 18) = -.40042 V{ 18 = 1.63970 + J ,25282:
QC 19y = 18722 : YV 19) = 1.64855 + J .09688:
Ql 20) = 77951 : V( 20) = .97888 + J .24078
Qe 21 = -.02939% vV 21) = .99884 + J .22951
Q( 22 = —,17746 . : V{ 22) = .88559 - J .08849
QC 28) = —-.11439 : V( 23) = .99965 - J .02655
Q( 24) = —.,16451 V( 24) = .090895 + J .04884
Q@ 25y = .169138 . . YV( 25> = .635%92 .+ J .36222
SLACK BUS

PC 26) = ,13841 . Ql 26) = -.65129

TOTAL NUMBER OF ITERATIONS TAKEN DY ILFl = §
TOTAL EXECUTION TINE TAKEN BY XLF1 = 4.170 SECCNDS
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Example 3

Here we perform a contingency analysis of the 26-bus power system.
For illustration purposes, the outage of lines (2,13) and (6,7) is
considered.

The package XLF1 can handle only one line outage at a time without
disturbing the 1line data file. The listing of the appropriate main
program is found on pages 38-39. The data files TL26 and BUS26 reported
on page 28 are used as the input data for this program. Other input
data, i.e., information about line outages, is given after the main
program on page 39.

The results of contingency analysis are reported on page 40.
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PROGRAI MAIN( INPUT, OUTPUT, TL26 , BUS26 , TAPES=BUS26 , TAPEG=0UTPUT, M 10
ITAPE3=TL26 , TAPE2= INPUT) M 20
o MM S
COMPLEX V(26),CV(26),A1(26),5(25) ,DS(25) , AK(25,25) ,BCK(8,25) ,ZC, . MN . 40
1V0(25) IN 50
DIMENSION KA(25), IG(8), IZ(25), IZB(6) IN 60
o N 70
c THIS IS TEE MAIN PROGRAINM'FOR CONTINGENCY ANALYSIS. IN EXAMPLE 8 ~ NN = 80
c M 20
c USING THE PACKAGE XLF1. EXAMPLE 3 CONSIDERS THE 26-BUS POVER MN 100
c - MN 119
C SYSTEM M 120
c IN 189
C A DESCRIPTION OF ALL TEE NEW VARIABLES USED IN THE MAIN MN 140
c MN 159
c PROGRAM NOW FOLLOVWS . MY 169
c NN 179
C 3 sfeeriseekiesory. REAL VARIABLES sotksoksonssoio XM 189
C : MN 190
C DDLT4  CHANGE IN THE ARGUMENT OF THE VOLTAGE V(4) DUE TO MN 200
C THE LINE OUTAGE m 210
C | M 22
C DDLT20 CHANGE IN THE ARGUMENT OF THE VOLTAGE V(20) DUE TO- I 550
C THE LINE OUTAGE MN 240
> M 250
C DLT4 DELTA(4), ARGUMENT OF VOLTAGE V(4) AT THE LOAD FLOW N 260
C SOLUTION OF THE ORIGINAL POWER SYSTEM N 270
c MY 280
C DLT20  DELTA(20), ARGUMENT OF VOLTAGE V(20) AT THE LOAD - MU 290
c FLOW SOLUTIGN OF THE CRIGINAL POVER SYSTEM M 300
C N 310
c DO20  CHANGE IN THE REACTIVE POWER OF BUS 20 DUE TO THE . MY 320
C LINE OUTAGE I 230
> ' M 340
C DY6 CHANGE IN THE MODULUS OF THE VOLTAGE V(6) DUE TO THE MN 250
C LINE OUTAGE M 260
c MN 570
C 020 REACTIVE POWER SUPPLIED BY BUS:20 BEFORE A LINE OUTAGE = IN 289
C ' : M 890
C V6 MODULUS OF THE VOLTACE V(6) MV 400
C ' M 410
c skt RioRRRC Rk R M 420
> N 489
c READING OF THE BUS DATA FROM TAPE 5 v : M 440
c N 450
READ (5,60) NB,NGB, ITHMAX, ICHTL, IVRITE - N 460
READ (5,70) TOLV N 470
N=NB-1 N 480
DO 16 I=1,N N 490
READ (5,80) S(I), V(D) ,KACD) N 500
10 CONTINUE N 510
READ (5,90) V(NB) - N 52¢
IWRITE=2 I 520
c N 549
C SOLUTION OF THE LOAD FLOW PROBLEIN BEFORE THE LINE GUTAGE MM 550
c MN 560
CALL XLF1 (V,CV,Al,S,DS,AK,BGK, KA, IG, 17, IZB, B, ¥, NGB, ITHAX, TOLV, I :570
1ICHTL, 1AC, JAC, ZC, SHTLE, CC, [WRITE) M 589
B0 20 I=1,N M 590
VO D =V( D M 600
20  CONTINUE I 610
V6=CABS(V(6)) N 620
DLT4= ATANZ(AINAG( V( 4) > , REAL(VC4))) N 630
€20=-ATHAG(CV(20) *AI(29)) I 640

Al=ATHMAG(V(Z29)) MY 659
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A2=REAT(V(Z29)) - : MY 6606-

DLT20=ATAN2(A1,A2) . : I 670

ICHTL=2 MN 689

WVRITE (6, 169) NB M 690@

VRITE (6,110) m 7¢9

c M 710

Cc READING OF THE DATA!FOR THE LINE TO BE REMOVED . m 729

C I 736

30 READ (2,%) IAC,JAC . MU 749

IT (EQF(2).TE.0) GO:TO 59 MM 7v50

C Mm 760

C SOLUTION OF THE LOAD FLOW PROBLEM AFTER 'A LINE OUTAGE : MN 770

C ' I v&9%

CALL XLF1 (V,CV,Al,S,DS, AKX, BGK, KA, 1G, IZ,1ZB, NB, N, NGB, ITMAY, TOLV, . MU 799

1ICHTL, IAC,JAC, ZC, BHTLG, CC, IVRITE) IN 899

C NN 816

C CALCULATION OF 'THE VARIOUS CHANGES DUE TO THE LINE OUTAGE M 820
Cc M &3

DV6=CABS(V(6))-V6 M 849
DDLT4= ATANZ2(ATMAG(V(4)}) ,REAL(V(4)))-DLT4 : ! M 850

DR29=-AINAG(CV(20) #AI{(20))-020 IMN  &50

DDLT20=ATANZ(AIMAG( V(20)) , REAL(V(20)))~BLT20 .- Ml 870
WVRITE (6, 129) IAG,JAC,DV6 I &89

VRITE (6, 130) DDLT4: My 820

WVRITE (6, 140) DO20 T 909

WRITE (6,150) DDLT28 MY ©10

DO 406 J=1,N M 29

V() =7V0(I) m o306

40 CONTINUE M 949

GO TO 39O M7 950

59 WRITE (6, 160) M 260
STOP Ml o970

C m o89
60 FORMAT (1615) - IO ©°99
70 FORMAT (E15.5) . M 1099

80 FORMAT (4F10.5,1I5) @ . . MV 1616 -

1] FORMAT (2F16.5) g IMN 1620 -
109 FORMAT (1H1,/,5X,*CONTINGENCY 'RESULTS FOR STATES OF %, I2,%-EBUS POWIT 1020 -

1ER SYSTEIE:, 7, 120D M 1649
116 FORFIAT (13,80(%~-%) ,//, 1¥, % LIUE OUTAGE® STATE VARIABLE - MN 1050

1 CHANGE IN STATE :%,/,463,%VARIABLEX,//, 13,59(k—%) ,/, 13 : T 1069
120 FORMIAT (O6IL, (s, I2,%,%, I2,%) %, 14, %V(6) %, 143, 8.5, /) - T 1670
130 FORVAT (27X, %DELTA(4) 3, 10X, F8.5, /) M7 1089 -
149 FORVAT (273, 2@(20)%, 132, F8.5,/) : MY 1696
150 FORMAT (&Y, *DELTA(20)%,9},F8.5,/) My 1169
160 FORIMIAT (13,59(k—%)) . M7 1110

END M 1120-
Input
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CONTINGENCY RESULTS FOR STATES: OF 26—-BUS POWER SYSTEM

LINE OUTAGE. STATE VARIABLE . CHANGE IN STATE
VARIABLE
« 2,13 vV(6) : -.00027
DELTA(4) ) «06335
Q(29) ; .01739
DELTA(20) i . 06890
« 6, 7 ) V(6) 5 . 00047
DELTA(4) : -.03055
Q(29) ’ .06165

DELTA(20) a T=.02989
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Example 4

In this example, we determine by perturbation the sensitivities of
|V6|, Sys on and 620 in the 26-bus power system with respect to the
line conductances and susceptances of the lines (1,3), (1,4), (2,13) and
(6,7).

The listing of the main program is given on pages 42-U44, The data
files TL26 and BUS26 along with line data of lines (1,3), (1,4), (2,13)
and (6,7) are used as input to this program. The extra input data is
reported on page 4li,

The output of the program is given on pages U45-46, The formula (1)
is employed for determining sensitivities. 1In this program, the value
of At is 0.01. The sensitivities thus obtained by this program are

comparable with those obtained by the exact method [3].
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PROGRAM MAIN( INPUT, OUTPUT, TL26, BUS26, TAPES=BUS26 , TAPE6=0UTPUT, M

1TAPES=TL26, TAPE2= INPUT) i)
juis]

COMPLEX V(26),CV(25),A1{(26),8(25),D8(25) ,AK(25,25) ,BGK(8,25) ,2C, . IMN
1V0(25),CPX M
DIMENSION KA(25), IG(8), I1Z(25), IZB(6) . M
M

THIS IS THE MAIN PROGRAM FOR DETERMINING THE SENSITIVITIES OF MN
M

THE MODULUS OF V(6) ,DELTA(4),Q(29),DELTA(Z20) W.R.T. THE LINE MN
MN

CONDUCTANCES AND SUSCEPTANCES OF THE LINES (1,3), (1,4), . - MN
MN

(2,13) AND (6,7) USING THE PACKAGE IXLF1 ALONG VWITH PARAMETER M
julil

PERTURBATION : Juiv)
Uiy

A DESCRIPTION OF ALL THE NEW VARIABLES USED IN THE MAIN M
juli]

PROGRAM NOW FOLLOWS . MY
jyiy

ks % SRk %% CINTEGER VARIABLES skeisksiopfesloksksjeskekaieiessioktske e M
juiy)

ns - TOTAL NUIMBER OF THE LINE CONDUCTANCES (QOR SUSCEPTANCES) MM
: W.R.T. THEM SENSITIVITIES ARE TO BE DETERMINED july)

M

skekel sk R g REAL VARIABLES skeksisickaekeloreksokskstskioiotsiiiokact I
TIT

DDLT4 SENSITIVITY OF DELTA(4) : M
. M

DDLTZ29 SENSITIVITY OF DELTA(2®) - MIT
it

DLT4 DELTA(4), ARGUMENT OF VOLTAGE V(4) AT THE LOAD FLOVW MY
SOLUTION OF THE ORIGINAL POVWER . SYSTEM M

jyiy)

DLT20 DELTA(20) , ARGUIMENT OF VOLTAGE 'V(29) AT THE LOAD JuiR)
FLOW SOLUTION OF THE ORIGINAL PCWER SYSTEM : iy

N

DO2o SENSITIVITY OF Q(29) - iy
. M

DV6 . SENSITIVITY OF V(8) juiv)
july)

Q2 . REACTIVE POVER SUPPIED BY BUS 20 BEFORE A LINE OQUTAGE © MY
M

Vo ITODULUS OF THE VOLTAGE V(6) TN
) july]

el Josk sl 3 e : esieskskaR sl sk ksl ek sl ek sl sk s sl R SR T

MY

READING OF BUS DATA FROM TAPE S5 jUiR)
M

READ (5, 180) NB, NGB, ITHAX, ICHTL, IWRITE : I
READ (5, 140©) TOLV Uik
HN=NB-1 T4
o 16 I=1,H MY
READ (5,15@) S(I),V(I),KACI) . july)
CONTINUE iy
READ (5,166) V(NB) M
IVRITE=2 july|
I

DETERMINATICON OF THE SQLUTION:' OF THE LOAD FLOW PROBLEM WITH THE MY
GIVEN CONTROL VARIABLES it
M

CALL XAF1 (V.CYV,AI,S.DBS,AK,BGK, XA, IG, IZ, I1ZB,NB, N, NGB, ITMAX, TOLV, . IMN
1I1CHTL, 1AC, JAC,ZC,SHTLC, CC, IVRITI) i)

BO 26 I=1,H I

10
20
20
49
50
14)
7o
.30

20

‘100

116
129
130
149
156
169
179
189
190
200
210

229

2389
229
250
260
270
2289
290
300
310

320

1339

340
350
360
370
389
390
409
410
4290
450
449
430
460

47D

489
490Q
500
510
520
530
549
550
569
570
589
500
600
6106
620

‘630

649
659
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Vo(I)=V{I)
0 CONTINUE
ICHTL=1

]

DETERMINATION OF THE SOLUTION!OF THE LOAD FLOW PROBLEI AFTER
DECREASING ONE OF THE LINE PARAMETERS BY A SMALL AMOUNT H

aaoaan

H=0.0605
H1=0.5/H
NS=4
Do 120 K=1,2.
IF (K.E@.2) GO TO 39
WRITE (6,178)
GO TO 49
290 WVRITE (6,200)
40 WRITE (6,189)
Bo 116 I=1,N8
READ (2,%) ICODE, IAC,JAC,Al1,A2,A3,A4,A5"
IF (ICOBE.EQ.7) GO TO 50 :
ZC=CMPLX( A8, A4)
SHTLC=48 & CC=®.0

GO TO 60

59 ZC=CMPLX( A2, A3)
CC=A4

60 IF (K.EQ.2) GO TO VO

CPX=1.0/2C+H
ZC=1.0s2C-H
GO TO £9
70 CPX=1.6/ZC+CMPLX(0.6,H)
ZC=1.0/Z2C-CHPLX(0.0,ID
80 ZC=1.0/2C

CALL XiFl (V,CV,AI,S5,DS,AK,BGK, KA, 16, 12, IZ8,NB, N, NGB, ITHAX, TOLY, -

1ICHTL, I1AC, JAC, 2C, SHTLGC, CC, IWRITE)
V6=CABS(V(86))

A1=ATHAG(V(4))

A2=REAL(V(4))

DLT4=ATANZ( AL, A2)
Q@29=—-ATMAG(CV(20)=ATI(29))
A1=ATMAG(V(20))

A2=REAL(V(Z9))

DLT20=ATAN2(Al, A2)

DETERMINATICON OF THE SOLUTION!'OF THE LOAD FLOW PROBLEIM. AFTER
IRCREASING ONE OF THE LINE PARAMETERS BY A SMALL AIMOUNT H

anaa

ZC=1.6,CPX

BO 26 J=1,N . .

V(J)=V0(D)
20 CONTINUE

CALL XLF1 (V,CV,AI,S,BS,AK, BGK, KA, IG, 12,128, NB, N, NGB, ITMAX, TOLV, :

1ICHTL, IAC, JAC, ZC, SHTLG, GG, TWVRITE)
DETERMINATION OF SENSITIVITILES

aoa

DV6=CABS(V(6))-Vo
Al1=AIMAG(V(4))
AZ2=REAL(V(43)
DDLT4=ATANZ2( AL, A2)-DLT4
DQ29=-AIMAG(CV(20) *AI(28)) -
A1=ATMAG(V(Z0))
A2=REAL(V(ZO))
DDLT20=ATAN2(Al, A2) -DLTZ9
DV6=DV6#II1

DDLT4=DDLT4:*H1
DQ20=Da2:M1

el
T
N
I
T
I
I
I
I
M
IMN
I
M
I
I
Juid)
]
I
M
Iy
IAT
T
I
I
I
i)
it
I
I
i)
TN
k)
Juli)
TT
I
i)
I
I
TN
M
M7
juid)
Juiy)

© I

Juii)
M
m
uid)
TN
Jui)
T
I
I
m
v
I
I
I
N
M
I
m
juit)
M
it

650
67O
689
620
"T09
710
720
730
740
759
760
770
789
720
899
8106
829
839
849
&850
8590 -
&7v9o
889
&20
0o
o1
026
©39
249
950
60

970

289

290
1099
1010
1020
1039
1040
1059
1660
1070
1089
1629
1109
1116
1120
1139
1140
1150
1160
1170
1189
1190
1209
1210
1220
1220
1220
1250
1269
1270
1289
12900
1360
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DDLT20=DDLT20:xH1 Jui)
BO 1€6 J=1,N I
V(J)=VO(J) I
190 CONTINUE uix|
VRITE (6,190) IAC,JAC,DV6,DDLT4,DBQ20,DDLT20 : I
110 CONTINUE Ui
WVRITE (6,210) M
126 CONTINUE MIT
STCOP vid)
C I
130 FORMAT (101I5) M
146 TFORMAT (E15.8) Iy
150 FORMAT (4F16.5,18) I
160 FORMAT (2F10.5) M

170 FORIMAT (1H1,/,2%,*SENSITIVITIES OF: V(&)

»DELTA(4) ,@(20) , DELTA(20) I

1 W.R.T.%,//,21%,*LINE CONDUCTANCES:%,/, 13D M
189 FORMAT (1X,59(%-%),//,21X,*TOTAL DERIVATIVES* 77 4%, *LINEX, 4X, 48 (MY

1—$) /7 s 18, % V(b) DELTA(4)
2, 09( >.=—:5) )
120 FORMAT (7,33, (%, I2,%,%,12,%)

200 FORMAT (1H1,/,2

Qzo) DELTA(28) *,//, 1XITN

M

*%,F9.6,38%,79.6,38%,F9.6,3¥%,F9.6) i)

L“QENSITIVITIPS Or

V(6) ,DELTA(4),Q(29),DELTA(Z0)IMN

1 W.R. T.ﬂ,//,é@u,mLINE SUSCEPTANCES:%, /, 13) : i)

FORMAT (/, 1X,59(%—%))
END

210

6.6292,.98,0.9- -
0619,0.2401,0.0319"
.0086,06.6707,0.3017
09221,0.8569,0.06475 -
©.0392,0.98,0.9
.0619,0.2401,6.6319
®®u6 0. 07@7 0.3017
@921,@.3569,@.@475

VDD et et G\ DD et bt

B oD Al D DR W]
. @

N
I

1312
1829
1339
1349
1359
1369
1370
133

1529
1406 -
1410
1420 -
1439
1449
1450 -
14560
1470

1489

1499
1509 -
1510
1520
1539
1540—~
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SENSITIVITIES OF V(6) ,DELTA(4),Q(20),DELTA(20) W.R.T.
LINE CONDUCTANCE

TOTAL DERIVATIVES

LINE -

V(6) DELTA(4) Q(20) DELTA(29)
« 1, 3) . 000019 -.0906239 . =.002965 -.000239
« 1, 4 -.000663 . 0604666 - .010103 . 000448
( 2,13) 000060 -.006097 -.00006206 -. 000102

(6, ) . 000938 . 002793 .011369 . 002757
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SENSITIVITIES OF V(6) ,DELTA(4),Q(29),DELTA(26) W.R.T:
LINE SUSCEPTANCES

TOTAL DERIVATIVES

LINE

V(o) DELTA(4) a20) DELTA(20)
« 1, 8 . 000999 -.000017 . —.061328 -.0906018
« 1, 4 0060071 . 004063 - =.5108068 . 000296
( 2,13) -.006601 . 000564 . .0898118 . 000594

« 6, ) 0606891 -. 095164 .012125 -. 005950
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Example 5

This example deals with the evaluation of the sensitivities of
|V6|, Sys QZO and 855 in the 26-bus power system with respect to the
active and reactive powers of load buses 1, 2, 3 and 4.

The main program is found on pages 48-50. The data files TL26 and
BUS26 are used as the input data. Other input data consists of the load
bus indices, namely, 1, 2, 3 and 4, with respect to whose control
variables the sensitivities are to be calculated.

The results are reported on pages 51-52. The formula (1) 1is
employed, as before, for determining sensitivities. The value of At is
taken as 0.002. The sensitivities thus obtained by this program are

comparable with those obtained by the exact method [3].
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PROGRAM MAINC INPUT, OUTPUT, TL26,BUS26, TAPE5=BUS26 , TAPE6=0UTPUT,

juivi
1TAPE3=TL26, TAPE2= INPUD) T
. i)

COMPLEX V(26),CV(26),A1(26),8(25),D8(25) , AR(25,25) ,BGK(8,28) ,ZC, . NN
1vVo(25) ,CPX i
DIMENSION KA(25), IG(8),: IZ(25), IZB(6),. INDEX(4). I
juli)
THIS IS THE MAIN PROGRAM FOR DETERMINING THE SENSITIVITIES OF M
M
THE MODULUS OF V(6),DELTA(4),Q(29) ,DELTA(20) .W.R.T. THE M
Juld
ACTIVE AND REACTIVE POVERS OF THE LQCAD BUSES 1, 2, 3 AND 4 bgit)
juit
USING THE PACKAGE XLF1 ALONG WITH PARAMETER PERTURBATION MM
M
A DESCRIPTICON OF ALL THE NEW VARIABLES USED IN THE MAIN M
julv
PROGRAM NOW FOLLOWS ' MN
juii]
sspapsrspm ekt INTEGER VARIABLES siekesksiesiekanskaiaekoieskok E3vivE
juivy
INDEX,NS NS DIMENSICNAL ARRAY. THE SENSITIVITIES ARE T BE - M
DETERMINED W.R.T. THE CONTROL. VARIABLES OF THESE M
LOAD BUSES. NS IS THE HUMBER OF THESE BUSES M
My
3 3 eskpsksssexksk REAL - VARIABLES Sesleskskskskseokokokok okl POV
Juiv
Vo N DIMNENSIONAL ARBAY. IT IS THE BUS VOLTAGE VECTOR: julv
AT THE OPERATING POINT juiy)
My
SRR R e sk sk sk s s sk sk sk sesksieste ) stesdzs st st st sl st st sk sl skl SR KoK 22 slesiesh T
juiv
READING OF BUS DATA FROM TAPE 5 Uiy
i)
READ (5, 129) HNB, NGB, ITHMA¥X, ICHTL, IWRITE .- I
READ (5,186) TOLV M
N=NB-1 MY
Do 16 1=1,N juls)
READ (5,140) S(I),V(1),KACD) juiy)
CONTINUE jui
READ (5,150) V(NB) Ui
IVRITE=2 it
Juil
DETERMINATION OF THE SOLUTIONOF THE LOAD FLOW PROBLEM WITH it
THE GIVEN CONTROL VARIABLES - ol
Juiv
CALL XLF1 (V,CV,Al,S,DS,AK,BGK, KA, IG, 17, 128,NB, N, NGB, ITMA¥, TOLV, . MN
1ICHTL, IAC, JAC, ZC, SHTLC, CC, IVRITE) MM
PO 20 I1=1,H0 My
VO(I1)=v(I) Juis)
CONTINUE M
T
DETERMINATICN OF THE SOLUTION'OF THE LOAD FLOW PROBLEM AFTER iz
DECREASING ONE OF THE BUS CONTROL VARIADLES BY A SMALL AMOUNT H i)
juls|
=0.001 jei)
H1=0.5/H juii)
ns=4 i)
READ (2,:%) (INDEX(ID),I=1,018) juie)
DO 110 K=1,2 Iy
I (K. EQ.2) 60 TO 20 My
VRITE (6, 160} iy
GO TO 40 i)
VRITE (6, 190) juli]
WRITE (6,179) M

1¢
29

fal
<

<9
50
60
70
89
206
160 -
110
120
136
149
150
160
170
189
120

209

210
2290

80
240
250

269

270
289
200
300
319
320
3389
340
356
260
370
389
390
4900
410
420
439
440
450
460

1470

489
2490
5¢0
510
520
530
540
550
560
570
589
500
600
610
620
639
640
659
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[elelv]

89

S0
100

110

129
130
146
150
160

170
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DO 169 I=1,H5

L=INDEX( D)

IF (K.EQ.2) G3' TC 59

CPE=8(L)+H

S(LY=8(L)-H

GO TO 60

CPX=8(L)+CMPLX(0.0,H)

S(L)=8(L)-CHPLX(0.0,H)

CALL ¥LF1 (V,CV,AI,S,DS, AK,BGX, KA, IG, IZ,1ZB, VB, N, NGB, ITMAX, TOLV,

1ICHTL, 1AC, JAC, ZC, SBHTLG, CC, IVRITE)

V6=CABS(V(6))

A1=ATMAG(V(4))

A2=REAL(V(4))

DLT4=ATAN2( AL, A2) ’

Q29=-AIMAG(CV(29) XAI(20))
1=ATMAG(V(28))

A2=REAL(V(29))

DLT20=ATAN2(A1,A2)

DETERMINATION OF THE: SOLUTIONOF TEE LOAD FLOW PROBLEM AFTER
INCREASING ONE OF TIE BUS CONTROL VARIABLES BY A SMALL AMNOUNT H

S(L)=CPX

Bo 76 J=1,HN

V(J) =VOC(.J)

CONTINUE

CALL ¥LF1 (V,CV,Al,S,BS,AK,BGK, KA, I1G, 1Z, 1ZB, NB, I, NGB, ITMAX, TOLV,
1ICHTL, 1AC, JAC, ZC, SHTLG, CC, IVRITE)

DETERMINATION OF SENSITIVITIES:

DV6=CABS(V(6))-V6
A1=ATMAG(V(4))
AZ2=REAL(V(4))
DDLT4=ATANZ( A1, A2) —-DLT4
DR20=~AITMAG(CV(20) *AI(29))-Q20:
A1=ATMAG(V(20))
A2=REAL(V(20)) -
DDLT20=ATAN2(Al, A2) -DLT20
DV6=DV6:H1

BDLT4=DDLT4:*H1
De26=D020:H1
PDLTZ0=DDLT20:*H1

PO 89 J=1,1

V{JI)=VOL{D)

CONTINUE

VRITE (6,189) L,DV6,;DDLT4, D920, DDLT20
IF (X.EQ.2) GO TO 90
S(LY=8(L)-H

GO TO 109
S(LY=8(L)-CIPLX(0.0,ID
CONTINUE

WVRITE (6,200)

CONTINUE

STOP

FORIIAT (101I5)
FORMAT (E15.5) .
FORMAT (4r'10.5,1I8)
FORMAT (2r16.5)

juiy)
M
I
T
I
ui)
T
MN
ik
M
M
i)
JuR|
ITT
Im
Jui]
I
M
N
IMN
I
Jul)
uiy)
ITT
I
vk
ITT
I
Jui)
MY
Jui)
Jvig)
I
Jily)
I
I
JUi
Julk)
I
T
uiy)
jui)
i)
Jui)
I
Iav
I
MIT
uiy)
July)
i)
Iy
I
M
T
I
T
o7
I
I

FORFAT (1H1,/,2¥,SENSITIVITIES OF V(&) ,DELTA(4),@(26) ,DELTA(Z20)IN

1 W.R.T.:#, /7, 15X, =ACTIVE POWERS OF THE LOAD BUSES*,/, 1X)

M

FCRMAT (HX,59(*—$),//,21X,$TOTAL BERIVATIVESX,//,4¥, % BUS*,4A,4B("HN
1=2) , /7, 11X, = V6) DELTA(4) Qz2o) DELTA(20) %, //, 120N

2,50 (xk=2)) -

M

660
670
689
¢o0
709
710
720
730
740
750
760
770
789
700
&%0
8106
820
830
849
856 -
8560
870
£89
8920
209
019
1920
989
949
256
969
970
289
209 -
1060
1619
1020
1039
1049
1059
1060
1670
1089
1096
1109
1110
1120
1130
1140
1159
1160
1170
1189
1196
1200
1210
122

1230
1249
1250

1260

1270
1230
1200
1360
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189 FORMAT (~/,5,12,5%,792.6,3%,F0:6,3¥%,F2.6,8¥%,79.6) ) julil
129 FORMAT (1H1,/,2X,*8ENSITIVITIES OF V(6) ,DELTA(4),Q(20),DELTA(29)MN
1 W.R.T.%, /7, 14X, REACTIVE POWERS OF THE LOAD BUSES#¥#,/, 13 . MY
200 FORMAT (~, 1X,59(%k-%)) . v
END JuR]
Input

1210
1329
188
1340
18506~
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SENSITIVITIES OF V(6) ,DELTA(4),Q(20),DELTA(20) VW.R.T.
ACTIVE POWERS OF THE LOAD BUSES:' .

TOTAL DERIVATIVES

BUS
V(6) DELTA(4) 2o DELTA(20)
1 . 000416 . 272876 -. 125385 . 267582
2 -.006019 . 697825 . .C01636 . 008245
3 . 008560 . 272596 .=. 147778 1.267275
4 -.600953 . 464850 -=.947999 .290383
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SENSITIVITIES OF V(6) ,DELTA{(4),@(209),DELTA(20) W.R.T!
REACTIVE POWERS OF THE: LOAD BUSES

TOTAL DERIVATIVES

BUS -
V(6) DELTA(4) Q20) DELTAC2@)
1 .003612 -. 007064 . =.552026 -.007722
2 -.000063 .001294 . 000271 .001363
3 . 092894 -. 9085661 . —.447971 -.006188
4 .601956 -.025155 .—.303855 -.002045
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Example 6

In this last example, we calculate the sensitivities of |V6|, 64,
Q20 and 620 in the 26-bus power system with respect to the active power
and modulus of voltage of the generator buses 18, 19, 20 and 21.

The main program is listed on pages 54-56., The data files TL26 and
BUS26 are used as the input data. Other input data consists of the
generator bus indices, namely, 18, 19, 20 and 21, with respect to whose
control variables the sensitivities are to be determined.

The results are reported on pages 57-58. The formula (1) is used
for determining sensitivities. The value of Qt is taken as 0.002. The
sensitivitiés obtained by this program are comparable with those

obtained by the exact method [3].
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m o

PROGRAM MAINC INPUT, OUTPUT, TL26 , BUS26 , TAPE5=BUS26 , TAPEG=GUTPUT,

1TAPE3=TL26 , TAPE2= INPUT) N
MN

COMPLEX V(26),CV(26),AI(26),5(25),DS(25) , AK(25,25) , BGK(8,25) ,Z2C, MN
1V0(25) ,CPX N
DIMENSION KA(25), IG(8), IZ(25), IZB(6), INDEX(4). juit}
I
THIS IS THE MAIN PROGRAM FOR DETERMINING THE SENSITIVITIES OF N
N
THE MODULUS OF V(6),DELTA(4),Q(29),DELTA(29) .W.R.T. THE ACTIVE MN
MY
POWER AND MODULUS OF VOLTAGES OF THE GENERATOR BUSES 18, 19, 20 MN
M
AND 21 USING THE PACKAGE XLF1 ALONG WITH PARAMETER PERTURBATION  MN
Ty
A DESCRIPTION OF ALL THE NEW VARIABLES USED IN THE MAIN N
N
PROGRAM NOW FOLLOWS. M
I
sk . INTEGER VARIABLES skttt sk i
i)
INDEX,NS NS DIMENSIONAL ARRAY. THE SENSITIVITIES ARE TO BE I
DETERMINED W.R.T. THE CONTROL VARIABLES OF THESE I
GENERATOR BUSES. NS IS THE NUMBER OF THESE BUSES ' M
I
ek Xk sgekkstex REAL VARTABLES  sotsistskersorsinsor sk sk s I
v}
Vo Il DIMENSIONAL ARRAY: IT IS THE BUS VOLTAGE VECTOR: Y
AT THE OPERATING POINT N
M
Rkl * Rkt ¢ ~eis s > o A IS ARSI SIS A IS i -I’IN
T
READING OF BUS DATA: FROM TAPE 5 it}
W
READ (5,120) NB, NGB, ITHAX, ICOTL, IVRITE Ui
READ (5, 180) TOLV I
N=NB-1 T
DO 10 I=1,N M
READ (5,140) S(I),V(I),KA(D M
CONTINUE Iy
READ (5, 150) V(NB) I
IVRITE=2 N
I
DETERMINATION OF THE SOLUTION/'CF THE LOAD FLOW PROBLEM WITH THE  IMm
GIVEN CONTROL VARIABLES : M
Uit}
CALL XLF1 (V,CV,AL,S,DS, AKX, BGXK, KA, IG, IZ; IZB, NB, N, NGB, ITNAX, TOLV, I
11CHTL, 1AC, JAC, €, SHTLC, CC, IWRITE) St}
DO 20 I=1,N I
VO 1) =V( 1) it}
CONTINUE ot}
TN
DETERMINATION OF THE SOLUTION OF THE LOAD FLOVW PROBLEM AFTER N
DECREASING ONE OF THE DUS CONTROL VARIABLES BY A SMALL ANOUNT H I
)
H=0.001 I
H1=0.5/H MY
IS=4 1
READ (2,3) C(INBEX(ID),I=1,N8) ¥it)
BD 110 K=1,2 IV
IF (K.[Q.2) GO TO 20 IR
WRITE (6, 160) Ty
GD TO 40 TV
VRITE (6, 196) j¥ic)
WRITE (6, 170) I

16
20

pad
<

40
50
60
70
89
%0

160

110

- 120

30

140

150
166
179
189
196

209

210
229
230
249
259

269

279
280
209
309

-310

320
339
349
359
369
379
2380
390
4906
410
420
439
440
430
460
470
489
4950
500
510
520
530

‘540

550
5560
570
599
600
610
629
630
649
650
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aaa

89

c0
100

110

120
130
149
150
1690

176
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Do 10 1=1,T8

L=INDEXZC I3

IF (K.EQ.2) GO TO 50

CPX=8(L)+H

S(L)=8(L)-H

GO TO 690

CP¥=S(L)+CMPLX(0.6,ID
S(L)=8(L)-CIPLX(6.0,ID . .
CALL HLF1 (V,CV,AI,S,DS,AK,BGXK, XA, IG, 142,128, B, N, NGB, ITMAX, TOLYV,
1ICHETL, I1AC, JAC, ZC, SBHTLC, CC, IVRITE)
V6=CABS(V(6))

A1=ATTIAG(V(4))

A2=REAL(V(4))

DLT4=ATAN2(AL, A2)
Q20=—-AIMAG(CV(20) *AT(20))
A1=AIMAG(V(Z20))

A2=REAL(V(Z29))

DLT20=ATANZ2( A1, A2)

DETERMINATION OF THE SOLUTION: OF THE LOAD FLOW PROBLEM AFTER
INCREASING ONE OF THE BUS CONTROL VARIABLES BY A SHALL AMOUNT H

S(L)=CPX
DO 70 J=1,HN
VI =V0(D
CONTINUE

CALL XLF1 (V,CV,AI,S,B3,AK,BGX, XA, IG, 1Z,1ZB,NB, T, NGB, ITHMAY, TOLY, .

1ICHTL, IAC,JAC, ZC, SHTLG, CC, IVRITE)
DETERMINATION OF SENSITIVITIES

DV6=CABS(V(63)-V6
A1=ATTIAG(V(4))
AZ2=REAL(V(4))
DDLT4=ATAN2( AL, A2)-DLT4 .
DR20=~AITIAG(CYV(20) kAI(20)) -Q20 !
A1=AIMAG(V(ZD))
AZ2=NEAL(V(Z20)) ‘
DDLT20=ATAN2( A1, A2) -DLT29
DV6=DVGo*I1

DDLT4=DDLT4*H1
B@20=D02:*xH1
BPDLT20=DDLTZ20OxH1

BO 896 J=1,HN

V(JI¥=VO(I

CORTINUE

VRITE (6,189) L,DVS,DDLT4,De20,DBLT20 . ‘. -

IF (K.EQ.2) GO TO 29
S(LY=8(L) -

GD TO 100
S(L)=8(L)-CMPLE(0.0,ID
CONTINUR

WRITE (6,200)

CONTINUE

STOP

FORVAT (1OI5)
FORMAT (E15.5) -
FORMAT (4F10.5,15)
FORIIAT (2F10.5)

FORIIAT (ﬂHl,/,QK,$SENSITiVITIES OF V(6) ,DELTA(4),Q(20),DELTA(20) N

1 V.R.T.%, /7,12, *ACTIVE POVWERS:OF THE GENERATOR BUSES:k,/, 1X) .

I
I
I
T
Iy
I
TN
i)
v
I
My
JuR)
I
I
I'N
MN
N
M
I
Iy
I
TN
TN
M
I
I
TN
TN
M
I
M
TN
T
MN
byiz)
Jicti)
Y
MN
N
M
M
T
N
I
T
I
PN
Vi)
M
I
M
Iy
i)
i)
il
M
M
N
I
I

M

FORMAT (13,59Ck—%),//,21X, *TOTAL DERIVATIVES:®, //,4¥, % BUS:¥, 4¥, 48(MN
1=, /77, 11, % V(o) DELTA(4) QUzd) DELTACZ20) %, /7, 12047

2,50(x-%))

iy

GG0
670
689
620
709
710
720
730
(T40
750
760
TIO
7ED
Y0
&0¢
219
820
88

249
859
860
870
880
820
00 -
10

080
249
250
60
o270
089
AL
1009
1010
1020
10390
1640 -
1059
1060 -
1070
1089
1080 -
1169
11106
1120
11389
1140
1180
1160
1170
1189
1190
1206 -
12106
1220

128

124

1259
1260
1279
1289
1290
1320
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189 FORMAT (~/,5X%,12,5X%,72.6,3%,F9:6,2%X,F10.6,3%X,F9.6) - MN 1310

196 FORMAT (1H1,/,2X,*BENSITIVITIES OF - V(6) ,DELTA(4),Q@(290),DELTA(20)IN 1820
1 W.R.T.%, 27, 10X, *MODULUS OF VOLTAGES OF ‘THE GENERATOR BUSES:H®,/, 1X)IMN 18306 -

200 FORMAT (~, 12,859(%-%)) : My 1840

END My 1250-
Input

18,19,20,21
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SENSITIVITIES OF V(6) ,DELTA(4),Q(29),DELTA(Z20) W.R.T.
ACTIVE POVWERS OF THE GENERATOR BUSES

TOTAL DERIVATIVES

BUS -
V{(6) DELTA(4) Q29) DELTA(Z29®)

18 -.600918 . 097196 . 091563 .007583

19 -.001371 .081957 .—. 0040138 . 080415

20 -.990697 276179 .. 075446 . 307281

21 -.0005689 281369 . 052835 . 296489
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SENSITIVITIES OF V(6) ,DELTA(4),@(20),DELTA(28) W.R.T!
MODULUS OF VOLTAGES OF THE GENERATOR BUSES

TOTAL DERIVATIVES

BUS

V(6) DELTA(4) Q2903 - DELTA(20)
18 -.000069 . 024398 . .0923683 . 025614
i9 . 760458 -.037769 -1.087850 ' -.639895
20 . 047441 -. 186725 41.967212 + -.354038

21 . 008785 -.992272 -35.149911 =~ -.219185




(11

(2]

[31]
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APPENDIX

LISTING OF THE XLF1 PACKAGE

Number of lines Number of words Listing

Subroutine (source text) (complied code) from page
XLF1 179 520 61
STMEQ 246 2434 63
GEN 152 1561 67
ELIM 107 1204 69
RESULT 155 1473 71

Total 839 7192
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SUBROUTINE X¥LF1 (V,CV,AI,S,DS, AK,BGK, KA, IG, IZ, I1ZB, B, N, NGB, ITMAX,

1TOLV, ICHTL, IAC, JAGC, ZC, SHTLC, CC, IWRITE)

COMPLEX V(1),CV(1),AIC1),8(1),DBS(1),AK(N, 1) ,BGK(NGB, 1) ,ZC
DIMENSION KA(1), IG(1), IZ(1), IZB(D

THIS IS TEE MAIN SUBROUTINE OF THE PACKAGE ¥iFl. IT GIVES THE
SCLUTION OF THE POWER SYSTEM LOAD FLOW PROBLEM USING THE
METHOD PUBLISHED I REPORT S0C-27Y6 OF THE FACULTY OF
ENGINEERING ,MCMASTER UNIVERSITY ,HAMILTON ,CANADA

A DESCRIPTION OF ALL THE SUBROUTINES AND VARIABLES USED IN .
THIS SUBROUTINE NNOW FOLLOVWS

e T fokis SUBROUTINES: skssekscntes ERRERAKAK

RS

ELIM THIS SUBROUTINE SOLVES EQUATIONS OBTAINED BY STMEQ:.
. USING CONJUGATE REDUCTION COMBINED WITH FORVARD
GAUSSTAN ELIMINATION PRESENTED BY BANDLER AND
EL-EADY(2) .

RESULT THIS WRITES FINAL RESULTS'

STHEQ THIS SUBROUTINE PREPARES THE SYSTLEMN EQUATIONS TO
THE FORIM OF EQUATION. (38) OF S0C-276¢. IT DOES THIS BY

CALLING SUBROUTINE GEN WHICH USES SECTION III OF SGC-270

2 wapdkspdckaclekk. INTEGER VARIABLES - skksksicksfoksksseisaeiaoksokel

HLF

ZF
HLF
HF
HLF
HLF
XLF
HLF
XLF
XLF
XLF
pitHi)
XLF
HLF
XLF
XLF
XLF
HLF

LT

AR
XLF
XLF
HLF
PR
HLF
MLF

pARD
Xr
XLF
XLy

R

1AC,JAC (IAGC,JAC) IS THE TRANSMISSION LINE WHOSE' PARAMETERS
HAVE BEEN ALTERED BY THE USER

ICETL = @ IF THERE IS NO ALTERATION IN THE LINE DATA
FILE REQUIRED BY' THE USER
= 1 IF PARAMEKTERS OF ONE LINE HAVE BEEN ALTERED
= 2 IF ONE LINE IS TO BE REMOVED FOR CONTIKNGENCY
ANALYSIS
16 NGB DIMENSIONAL ARBAY. IG(I) 1S5 THE BUS NUIMBER
OF THE ITH GENERATOR BUS :
IT CURRENT ITERATION NUMBER
ITMAX MAXIMUM NUMBER OF ITERATIONS AFTER WHICH: THE PROGRANM
WILL STOP
IWVRITE = © PRINTS THE FINAL LOAD FLOV SQLUTION ONLY -
= 1 ALSO PRINTS INTERIMEDIATE RESULTS
= 2 SUPRESSES ALL PRINTOUTS
IZ N DIMENSIONAL ARBRAY
IZ¢I)= 6 IF /AICI)/ GREATER THAN 1.0E-6
= I IF 7AICID)/ LESS THAIl 1.0E-6
1ZB ANl ARRAY TO IDEWTIFY THE ZERD CURRENT BUSEE DURING
) THIE ITERATION. TIE DIMENSION OF IZB IS THE NUIMBER
OF EXPECTED ZERO CURRENT BUSES DURING THE SOLUTION:
PROCESS. THIS DIMENSION CAN BE:LEQUAL TO OR SLIGHTLY
LARGER THAN THE NUMBER OF DUMMY BUSES
KA I DIFENSIONAL ARRAY IBENTIFYING TIE TYPE O BUS

XLF
XLF
XLF
XLF
XLy
XLF
HF
HXLF
pii I
Xy
ALF
HE
XLF
ALF
XLF

T XLF.

XLF
Ar
piARY
HLE
PR
HLF
B
PR
X
HLF
HLF
XLF
HLF
XLF
XF
XLF
XLE

10
20
30
49
50
69
(44
39
20
129
110
129
136
149
136
169
170
189
129
200
219
220
280
240
250
260 -
270
280
290

309

310
329
330
349
360
369
370
389
290
4909
410
420
430
449
459
460
470
4380
2490
509
510
520
530
549
550
560
57C
589
520
600
610
629
630
649
650
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KA(I)= @ IF THE ITH BUS IS A LOAD BUS - XLF 660
= 1 IF THE ITH BUS IS A GENFBATOR BUS ALI 679
HLF 689
N i =NB-1 HI 690
XLF 709
NB TOTAL RUMBER OF BUSES HLF 710
XLF 726
NGB NUMBER OF GENERATOR BUSES ™ XLF 786
XLF 749
NIZ NUMBER OF ZERO CURRENT BUSES XLF 7590
XLF 769
ks Askstesek #uk REAL VARIABLES skabsisksksicioisoksoRrkskskssiorgsy *ELF 770
XL 780
CC ALTERED TRANSFORMER TAP IN TRANSMISSION LINE ( IAC, JAQC) HLF 790
XLI 8900
SHTLC ALTERED VALUE OF HALF SHUNT SUSCEPTANCE OF THE XLF 819
TRANSMISSION LINE (IAC,JAQ) HLF 820
XLF 836
TOLV TOLERANCE OVER BUS VOLTAGES TO THE ACCURACY THE HLF 840
: FINAL SOLUTION IS REQUIRED XLI' 850
XLF 860
e % -COMPLEX VARIABLES stasolokspelsiorsorussfons #*%XLF . 870
XLF &889%
Al NB DIMENSIONAL ARRAY' OF BUS CURRENTS XLF &20
XL 969
AKX NN MATRIX WHICH IS DENOTED BY K IN EQUATION (26) OF XL 210
SH HLI 926
S0C-276 HLI" 9380
XLF 949
- - - XLF 9590
BGK NGB*N MATRIX WHICH IS DENOTED BY ( K K . K ) XL 260
» GL GD GG XLF 9706
IN EQUATION (32) OF S0C-270. THESE ARE COEFFICIENTS XLE 089
OF THE CONJUGATE OF THE VOLTAGES IN THE GENERATOR - XLF 0990
BUS EQUATIONS ) XLF1060
) XLF1010
CPX,CPY,CPZ COMPLEX DUMMY VARIABLES IN ALL SUBROUTINES XiF1020
XLF10380
cv KB PIMENSIONAL ARRAY OF THE CONJUGATE OF V XLF10406 -
XLI'1050
DS . N BIMENSIONAL ARRAY WHICH REPRESENTS MISMATCHES HLF 1660
AS WELL AS CORRECTION VOLTAGES HLI1076
HLF1089
8 N DITMENSIONAL ARRAY OF LOAD BUS PQWERS, AND GENERATOR L1026
. BUS ACTIVE POWER AND MODULUS OF VOLTAGE,. WHICH IS XLF1166
REPRESENTED AS P +J/V / XLF1110
G G XLF1126
* XLF1130
v : NB DIMENSIONAL ARRAY OF BUS VOLTAGES S XLF1140
L1150
ZC . ALTERED IMPEDANCE OF: ' TRANSMISSION LINE ( IAC,JAQ) XLUF1169
HLF1170
% ke ekl k! REFTFFLE T ETEE PSSP 1189
HLF11900
CALL SECOND (T1) XLIM1200
IT=0 HLF1210
HLFi1220
CALCULATION OF THE VECTOR CV AND IDENTIFICATION OF 'GENEBRATOR HLF1230
BUSES XLI'1240
XLI1250
R=IB-1 XLF1260
=0 XLF12270
DO 16 I=1,T7 XLF 1289
CV(D =CONJG(V( 1)) XLF1226
IF (KA(DD.TE. 1) GO TO 19 XLF1309



19
20

39

ana

49

%0
169
119

120

139
140

aQaaaaaan

- 63 -

K=K+1 XLF1319
IG(K)=1 XLF1329
CONTINUE HLF 1330
CV(NB) =CONJG(V(NB)) " HLF 1340
IT=1IT+1 HLF1359
IF (IWRITE.NE. 1) G0: TO 30 HLF1869
VRITE (6,90) IT XLF1870
CALL STMEQ (V,CV,KA,AT,I1G,S,DS, AX,BGK, NGB, B, N, I1Z,NIZ, I1ZB, ICHTL,.. XLF13890
1IAC,JAC,ZC,SHTLG, CC, IVRITE) . XLF13%90
CALL ELIM (AK,AI,DS,N,IZ,NIZ, IZB, IWRITE) P 1499
XLF1410
UPDATING OF VECTORS V AND CV HLF 1429
XLF1430
DO 46 1I=1,N XLF1449
V(I =V(I)+BS(I) XLF 1450
CV( D) =CONJG(V(I)) XLF146¢
CONTINUE XLF 1470
IF (IWRITE.NE.1) GO:TO 69 HLF1480
WRITE (6,110) HLF 1429
WRITE (o6,120) "XLF1569
Bo 56 I=1,N XLF1519
WRITE (6,1890) I,V(I),DS(D XLF1520
CONTINUE XLF1539
IF (IT.EQ. ITHAX) GO.TO 29 XLF1549
XLF1550
CHECKING THE ACCURACY OF THE SOLUTION HLF1569
XLI1879
DO Y6 I=1,N XLF1589
iF (CABS(DS(I)).GT.TOLV) GO TO 29 XLF1599
CONTINUE XLF1600
CALL RESULT (V,CV,S,DS,AlI,KA, IG, NGB, NB, N, ICHTL, IAC, JAC,ZC,SHTLC, XLF1610
1CG, IVRITE) XLrie2o
IF (IWRITE.EQ.2) RETURN XILF1630:
WRITE (6,100) IT HLF1649
CALL SECOND (T2) Hrieso
TINE=T2-T1 XLF1660
WVRITE (6,140) TIME XLF16Y6
RETURN : XLIric8o
HLF1690
FORMAT (1H1,* ITERATION N0Q. %,12,% OF MLF1 %x,/) : HLF1700
FORMAT (1HO®,* TOTAL.NUMBER OF ITERATIONS. TAKEN BY XLF! = %,I2,/) XLF1716

FORMAT (/,:x BUS NO. . VOLTAGE VOLTAGE CORRXLF1720 -
1ECTION VECTOR %,/ : HLF1730
FORIIAT (% REAL IMAGINARY : REAL XLF1749
1 IMAGINARY :,/) : XLF1750
FORMAT (1%, I5,2¥,2E14,.5,4%,2E14.5) HLF1766
FORMAT (1X,* TOTAL EXECUTION TIME TAKEN.BY XLF1 =%,F7.3,% SECONDS XLF1770
1) - XLF1789
END XLF1790-
SUBROUTINE STMEQ (V,CV,KA,Al, IG,3,DS, AK, BGX,NGB,NB, N, 1Z,NIZ, IZB, SEQ. 10
1ICETL, IAG, JAC, ZC, SOTLC, CC, IVRITE) SEQ 20
SEQ 30
COMPLEX V(1),CV(1),AIC(D,8(1),BS(1),AK(N, 1) ,BGK(NEB, 1),Y,YL,CPX, SEQ. 20
1CPY,CPZ,%Z2C SEQ 590
DIMENSION KA(1), IG(1), TZ(1), IZB(1) SEQ 60
SEQ 70
THIS SUBROUTINE READS LINE DATA FROM TAPE 8 AND PREPARES THE SEQ 89
SEQ 96

SYSTEM EQUATIONS USING SUBROUTINE GEN TO THE FORM OF EQUATION SEQ 160 -
SEQ 110
(38) OF S0C-270 Lo 120
SEQ 139
A DESCRIPTICN OF ALL THE NEW VARIABLES USED IN THIS SUBROUTINE SEQ. 140
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: SEQ

NOW FOLLOWS SEQ
, SEQ

ey ek INTEGER VARIABLES skt kR R BEQ

SEQ

1A,JA (IA,JA) REPRESENTS A. TRANSMISSION LINE CONNECTING - SEQ
BUSES IA AND JA SEQ

SEQ

ICODE CODE TO IDENTIFY DATA CARD SEQ
= 4 FOR THE TRANSMISSION LINE WITHOUT TRANSFORMER * SEQ

= 7 FOR THE TRANSMISSION LINE HAVING TRANSFORMER SEQ

SEQ

IKM DUMMY VARIABLE SEQ
SEQ

P ] Je s¥ests g i be o BEM VABIABLES z"\":l'slﬂh‘;ksk:l‘d' Soale *lets!esl""‘ ‘\"\!ts‘e*'eSEQ;
SEQ

Al IDENTIFIES THE CIRCUIT NUMBER IF ICODE = 4 SEQ
IDENTIFIES - THE TYPE OF TRANSFORMATION RATIO IF SEQ

ICODE = 7 SEQ

= © FOR FIX TAP . SEQ

= 1 FOR REAL TRANSFORMATION RATIO o SEQ

= 2 FOR COMPLEX TRANSFORMATION RATIO : SEQ

SEQ

A2 DENOTES BRANCH TYPE IF ICODE = 4 : SEQ
SERIES RESISTANCE OF THE LINE IF ICODE =7 . SEQ

SEQ

A3 SERIES RESISTANCE OF THE LINE IF ICODE = 4 SEQ
SERIES REACTANCE OF THE LINE IF. ICODE = 7 : SEQ

SEQ

A4 SERIES REACTANCE OF THE LINE IF ICODE = 4 . : SEQ
: REAL PART OF THE TRANSFORMATION RATIO IF ICODE = 7 SEQ
SEQ

A5 HALF SHUNT SUSCEPTANCE OF THE LINE IF ICODE = 4 : SEQ
IMAGINARY PART OF THE TRANSFORMATION RATIO IF ICODE = 7 SEQ

: SEQ
ABSV . DUNMMY VARIABLE SEQ
SEQ

C TRANSFORMER TAP BETWEEN BUSES IA AND JA SEQ
* SRR %% CQOMPLEX VARIABLES susstsksipsskgsckgsseksstrx gL
SEQ

Y LINE ADMITTANCE SEQ
SEQ

YL HALF LEAKAGE ADMITTANCE OF THE LINE SEQ
' SEQ
st stk ek s e e e ek R R ST -

SEQ

INITIALIZATION OF MATRICES AND VECTORS : - . SEQ@
SEQ

DO 20 I=1,N SEQ
AICI)=(6.0,0.0) : SEQ
BO 10 J=1,N SEQ
ARCI,J)=(0.0,0.0) : SEQ
CONTINUE : SEQ
PO 20 J=1,NGB SEQ
BGK(J,1)=(0.0,0.0) - SEQ
SEQ

DETERMINATION OF MATRIX AK, AND CURRENT VECTOR Al FROM LINE DATA SEQ
SEQ

BEWIND 3 SEQ
READ (3,%) ICODE, IA,JA,Al,A2,A3, A4, A5 SEQ
IF (EOF(3).NE.0) GO'TO 229 SEQ
SEQ

CHECK WHETHER DATA IS TEMPORARILY ALTERED ' SEQ

SEQ

159
160
179
189
150
200
210
229
239
240
250
260
270
289
200
209
310
329
330
349
350
3698
370
289
399
200
410
420
430
449
450
469
470
489
490
560
510
520
530

550
560
370
569
590
609
610
620
630
649
650
660
670
689
690
700
7i0
729
739
740
750
760
77O
786
o0
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IF (ICHTL.E®.0) GO TO 49
IF (IA.NTE.IAC) GO TO 40
IF (JA.TE.JAC) GO TO 49
IF (ICHTL.EQ.2) GO TO 89:
Y=1.0/2C
YL=CMPL(©.0,SHTLC)

C=CC

IF (C.GT.6.0) GO TO 140
GO0 TO 50

IF (ICODE.ER.7) GO TO 139
Y=1.0/CMPLX( A3, A4)
YL=CMPLX( 9.0, A5)

C=0.0

IF (IA.EQ.NB) GO TO. 2292
IF (JA.EQ.NB) GO TO 220

CONTRIBUTION TO THE.CURRENTS AICIA) ANDAAI(JA) DUE TO THE
LINE (IA,JA) WHEN €=0.0

CP¥=YL+Y

ATCIAY =ATCTA)+CPIRV( TA) =TRV(JA)
AI(TJAY =AT(IAY +CPERV(JA) =TV TA)
IF (KACIA).EQ.1) GO TO 70

DETERMINATION OF AR(IA,JA), AK(JA,IA) AND CONTRIBUTION TO
AKCIA, IA) AND AK(JA,JA) DUE TO THE LINE.(IA,JA) WHEN IA
ANWD JA ARE THE LOAD DUSES, AND €=0.0

CPY=Y:*CV{ I4)

AK(IA,JA)=-CPY

AK(IA, TA) =AK(CIA, 1A) +CPHRCV(IA)

IF (KA(JA) .EQ.1) GO TO 169
CPY=YHCV(JA)

AK(JA, IA) =-CPY .

ARCJIA, JA) =ARCJIA, JA)Y +CPY+YLARCV{JA)
GO TO 89

DETERMINATION OF AK(IA,JA), AK(JA,IA) AND CONTRIBUTION. TO
AKCIA,TA) AND AK(JA,JA) DUE TO THE LINE.(IA,JA) WHEN IA
ATD JA ARE THE GENERATCOR BUSES, AND €=0.0 .

AK(IA,JA)=—-0.5%CV(IA)*

B &6 K=1,HNGDB

IF (IA.NE.IG(K)) GO TO 89
BOK(K, JA) =—0.5%V{ IA) *CONIG(Y) !
GO TO 90

CONTINUE

AKCIA, IA)=AKRCIA, IA)+CPX

IF (KA(JA) .TWE.1) GO TO 60
AK(JA, IA) =0 .5RCV(JAY XY

Do 110 I&=1,NGB

IF (JA.HE.IG(K)) GO . TO 119 :
BGR(K, IA) ==0.5:%V(JA) *CONJIG(Y) © .
GO TO 120

CONTINUE

AK(JA, JA) =AR(JIA, JA) +CPX

GO TO 30

CONTRIBUTION TO THE CURRENTS AI(IA) AWD"AIC(JA) DUE TO THE
LINE (IA,JA) WHEN C IS POSITIVE REAL

Y=1.0/CHMPLX(A2, A3)

C=A4

IF (IA.LQ.TB) GO TO 229
I (JA.EQ.NBY GO TO 220

SEQ 800
SEQ 810
SEQ 829
SEQ &89
SEQ 846
SE@ 859
SEQ 859
SEQ 870
SEQ &89
SEQ 8290
SEQ ©09 -
SEG 210
SEQ 9290
SEQ 939
SEQ 40
SEQ ©59
SEQ 260
SE@ 970
SEQ 289
SEQ@ 296
SEQ1900 -
SEQ1010
SEQ1029
SEQ1030
SEQ1049

- BEQ10G50

SEQ1060 -
SEQ1070
SEQ1089
SEQ1099 -
SEQ1169
SEQ1110
SEQ1129
SEQ1189
SEQ1149
SEQ1150
SEQ1169
SEQ1179
SEQ1189
SEQ1196
SEQ1260
SEQ1210
SEQ1220
SEQ1239
SEQ1240
SEQ1250
SEQ1260
SEQ1270
SEQ1289
SEQ1290
SEQ1309
SEQ1310
SEQ1329
SEQ1330
SEQ1849
SEQ1350
SEQ1360
SEQ1I8706
SEQ138¢
SEQ1890
SEQ1400
SE@1410
SEQ1420
SEG1439
SEQ1449
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CPZ=Y/C

CPY=CPZ/C :
ATCIAY=ATCIA)Y+CPYRV(IA) -CPZXV(JA)
AT(JAY =AT(JA) +YRV(IJA) -CPZRV( TA)
IF (KA(IA) .EQ.1) GO/'TO 169

DETERMINATION OF AK(IA,JA), AK(JA,IA) AND CONTRIBUTION TO
AKCIA,TA) AND AK(JA,JA) DUE TO THE LINE. (IA,JA) WHEN IA
AND JA AHE THE LOAD: BUSES, AND C IS POSITIVE REAL:

AK(IA,JA) ==CPZ::xCV(TA)

AK(CIA, IA)=AK(IA, TAY+CPY®RCV(IA)
IF (KA(JAY .EQ.1) GO:TO 199
AR(JA, IA) ==CPZxCV(JA)

AK(JA,JA) =AR(JA, JA) +YRCV(JA)
GO TO 30

DETERMINATION OF AK(IA,JA), AK(JA,IA) AND CONTRIBUTION ‘TO
ARCIA, TA) AND AK(JA,JA) DUE TO THE LINE.(IA,JA) WHEN IA
AND JA ARE THE GENERATCR BUSES, AND € IS POSITIVE. REAL

AKRCTIA, JA) =—0 . 5XCPZXRCV( IAY

DO 1790 K=1,NGB

IT (IA.NE.IG(ID) GO.TO 170
BGK(K, JA) =-0.5%V( IA) *CONJG(CPZ)
GO TO 189

CONTINUE )

AK(IA, TA)=AK(CIA, TA)+CPY

IF (KA(JA) .NE.1) GO/ TO 159
AR(JA, TA) =-0.5%CPZ:kCV(JA)

DO 2060 K=1,NGB

IF (JA.FE.IG(K)) €CO.TO 200 i
BGK(K, IA) ==0.5::V(JA) %CONIG(CPZ)
GO TO 2196

CONTINUE

AR(JA,JA) =AK(JA,JAY+Y

GO TO 30

CONTRIBUTION IN CURRENTS "AND AK DUE TO THE SLACK BUS

IF (C.NE.©.0> GO TO: 249

IKM=1A

IF (IA.GT.JA) IKM=JA

ATCIID =ATCIIED + Y+ YL) 2V IITD =YX V(IB)
I (KACIEKED .EQ. 1) GO TO 239
AXKCTIOT, TKID = AKCIKHM, IKED +( Y+YL) CV( IKID
GO TO 20

ARC TKHM, TKMD = AKC IKM, IKPD +Y+YL

GO TO S0

CPY=Y/C

IF (IA.GT.JA)Y GO TO. 269

CPZ=CPY/C

ATCIAY=ATCTIAY +CPZxV( TA) -CPYRV(IID)
I (KACIAY.EQ.1) GO:TO 259

AKCIA, IA)=AKCIA, TA)+CPZRCVIIA)

GO TO 30

AICIA, TA)=AK(IA, IA)+CPZ

GO TO 30

ATCIAY =ATCIA) +YV(JA) —CPYV(ND)
IT (KA(JA) .EQ.1) GO:'TO 270

ARCJIA, JA) =AK(JIA, JA) +VROV(IA)

GO TO 39

ARCJA, JA) =AK(JA,JA)+Y

GO TO 390

SEQ1450
SEQ1469
SEQ1470
SEQ1489
SEQ1499 -
SEQ1509
SEQ1510
SEQ1520
SEQ1529
SEQ1540
SEQ1550
SEQ1560
SEQ1570
SEQ1589
SEQ1590
SEQ1660
SEQ1610
SEQ1629 -
SEQ1630
SEQ1640
SEQ1650
SEQ1660
SEQ1670
SEQ1689
SEQ1690 -
SEQ1700
SEQ1710
SEQ1720
SEQ1730
SEQ1740
SEQ1750
SEQ1760
SEQ1770
SEQ17E9
SEQ1790
SEQ1890
SEQ1810
SEQ1820
SEQ1830
SEQ1840
SEQ1850
SEQ1850
SEQ1870
SEQ1239
SEQ1890
SEQ1900 -
SEQ1910
SEQ1920
SEQ1920
SEQ1040
SEQ1950
SEQ1960
SEQ1970
SEQ1989
SEQ1990
SEQ2000
SEQ2010
SEQ2029
SEQ2030
SEQ2040
SEQ2050
SEQ2060
SEQ2070
SEQ2089
SEQ2690
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C CALCULATION OF ‘AK(I,I1),BGK(I,J) AND DS(I) FOR GENERATOR BUSES SEQ2100
c SE@2110
280 DO 290 I=1,NGB SEQ2120
ABSV=CABS(V(IG(I1))) " SEQ2130
CPX=V(IG( 1)) %0 .5/ABSV ' SE02120
CPY=.5%(V( IGC ) ) #CONJGCARC IG( 1), IGC 1)) J+ATCIG(I))) : SEQ2150

BGK( 1, IG(I))=CMPLX(6.0, 1.0) *CPX+CPY SE02160
ARCIG( 1), IG( 1)) =€MPLX( 0.0, 1.6) *CONJG( CPX) +CONJG( CPY) SEQ2170
DS(IG( 1)) =8(IG( D) -CIPLE(REAL(CV( IG( D)) AICIG(I))) ,ABSV) . SEQ2189

200  CONTINUE SEQ2120
c SEQ2200
c CALCULATION OF DELTA SM FOR LOAD BUSES SEQ2210
c SE02220
DO 200 I=1,N SE2220

IF (KACI).EQ.1) GO TO 300 SEQ2220

DS( 1) =CONJG(S( 1)) -CV( D) HATCI) " SE02250

300 CONTINUE ' SEQ2260
c SE02270
c WRITING OF VECTOR AI AND DS SEQ2280
c - SEQ2290
IF (IWVRITE.NE.1) €0-TO 320 SEQ25800

WVRITE (6,360) - SE2310

VRITE (6,330) SEQZ326

WRITE (6,2350) SEQ2339

DO 210 I=1,N SEQ2240

VRITE (6,340) I,AI(D),DSCDY - SEQ2850

310  CONTINUE SEQ2260
320 CALL GEN (V,CV,Al,DS, AK,BGK, I1G,KA,NB, NGB, N, I1Z,11Z, IZB) SEQ2370
RETURN SE02389

c SE02390
230  FORMAT (% BUS NO. BUS CURRENT(AD) ; MISMATCHESEQ2400
1S(DS) %) : SEQ2410

340  FORMAT (16,2X,2E14.5,4%,2E14.5) - , SEQ2420
350  FORMAT (% REAL IMAGINARY : REAL SEQ2430
1 IMAGINARY :,/) SEQ2449

260  FORMNAT (/, 1X,68(%=%),/) : SEQ2456
END SEQ2460-
SUBROUTINE GEN (V,CY,Al,DS, AK,BCK, 1G, KA, B, NGB, I, 1Z,NIZ, IZB) GEN 10

c GEN 20
COMPLEX V(1),CV(1),AI(1),DSC1),AK(N, 1) ,BEK(NGB, 1), CPX,CPY, CPZ GEN' 20
DIMENSION KAC1), IG(1), IZ(1), IM(1©), I1IC10), IKM(5), IZB(1) CEN 40

c GEN 50
c THIS SUBROUTINE USES SECTION 1II OF S0C~270 TO CONVERT THE GEN 60
c EN 70
c EQUATIONS TO THE FORM OF EQUATICN (28) OF S0C-270 GEN 89
c "~ GEN 90
c A DESCRIPTION OF ALL THE NEW VARIABLES USED IN THIS SUBROUTINE GEN' 1060
c EN 110
c IOV FOLLOVS GEN 120
c GEN 120
c gsegsskerseskk sk aee:. INTEGER VARIABLES stk kit ek CEN - 140
c EN 150
c I, [k IK IS THE TOTAL NUMBER OF THOSE LOAD BUSES WHOSE GEN 160
c CURRENT IS ZERD AND ARL CONNECTED TO ONE OF THE GEN 170
c GENERATOR BUSES. IKI STORES THE BUS INDECES OF GEN 189
c SUCH BUSES GEN 190
c GEN 200
c KK, I~ IM(K) STORES THE INDEX OF THE GENERATOR BUS GEN 216
c EQUATION IN WHICH THE CONJUGATE OF THE VOLTAGE OF GEN 220
c ZERO CURRENT LOAD BUS II(K) IS TO BE ELIMINATED. GEN 220
C CASES OF ZERO CURRENT LOAD BUSES ARE FEW MOSTLY DUE GEN 240
C TO DUMMY BUSES. K1 IS THE NUMBER OF SUCH CASES GEN 250
c GEN 266
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KL DUIIMY VARIABLE

AL

(oS Vo abe o, 92 o1, Joal Yo adeabe ale ol % b 2 t b4 b sk

GEN
GEN

wRGEN

ELIMINATION CF THE CONJUGATE OF THE ZERO CURRENT LOAD BUS
VOLTAGES FROM GENERATOR BUS EQUATIONS. SEE EQUATION (82) OF
S0C-270. SIIMULTANEQUSLY WE ARE NORMALIZING NON ZERO CUREBENT

LOAD BUS EQUATIONS W.R.T. THE.CONJUGATE OF THE LOAD BUS VOLTAGES -

INITIALIZATION OF INTEGER VARIABLES

NiZ=90
II=9
Ki=9
Ki=6

DETERMINATION OF ZLRO CURRENT BUSES

DO 46 I=1,N

IZCI)=0

IF (KA(D) .EQ.1> GO TO 49:

IF (CABS(AI(I)).LT.1.E-6) GO TO 29
CP¥=1.0/7A1CD)

Do 16 J=1,N

IF (AK(I,J).EQ.(0.0,6.0)) GO TO 16
AKCI,J)=AK(I,J)*CPX".

CONTINUE

DS(I)=BS(I)*CPX

GO TO 429

IZCD=1

WIZ=NIZ+1

IZB(NIZ)=1

Do 30 IM1=1,HNGCB .

IF (BGIK(I1, ) .EQ.(06.6,0.6)) GO TO 30
Ki=Ki+1

IM(Ki1)=M

IT(K1)=1

CONTINUE

IF (K1.EQ.KKL) GO TO.40

KL=X1

IR=1I4+1

IO I =1

CONTINUE

IF (IXK.EQ.0) GO TO 12¢€

ELIMIFATION OF THE CONJUGATE OF THE ZERO CURRENT LCAD BUS
VOLTAGES T'ROM GENERATOR BUS EQUATIONS

Do 50 I=1,IK

BPSCIIKI( 1)) =CONJG(BS( IKM( 1) ))

DD 56 J=1,H

ARCIKIIC 1), J) =CONJG( ARC IRFIC 1D , D)

DO 89 =1, 1K

BD Y6 I=1,IK

IF (I.EQ.TD GO TO 7O

IT (AICIETIC D) , IKM(ID ) LEQ.(6.0,0.8)) GO TO 7O
CPHE=-AXC TKMIC 1D, IKTIC D ) ZAIKC IRKTICED |, IXKTI(RD )
BD 606 J=1,T

IF (AICIIONID ,J) .EQ.(0.0,0.0)) GO TO 60;
ARCIIZIC T , J) =AKCIKM( 1) , J) +CPIZRAKC IKM(ID 3D
CONTINUE

BSCIIIC D) ) =DSC IKMC 1)) +CPXDS( IKM(ID )
CONTINUE

CONTINUE

Bo 169 I=1,K1

EN
GEN
GEN
GEN

GEN':

GEN
GEN
GEN
GEN
GEN
GEN
GEN
GEN
GEN
GEN
GEN

T GEN

GEN
GEN
GEIT
GEN
GEI
GEIT
GEN
GEN
GEN
GEN
GEN
GEN
GEI
GEN
GEN
GEN
GEN
GEN
GEN
GEN
GEN
GEN
GEN
GEN
GEN
GEN
GEN
GEN
GEN
GEN
GEN
GEIT
GEN
GEN
GEIl
GEI
GEIT
GEIT
GEN
GEN

GEIl

GEN
GEN
GEN
GEI

270
8%
299
S00
319
320
3389
346
250
369
370
389
396
490
<410
429
439
449
430
460
479
489
490
5060
510
5290
520
549
550
560
570
589
590
6009
610
620
630
649
650
G609
679
680
690
700
710
7320
730
749
750
760
TT0
7E9
o0
o0
&1
82

as

249
&850
£60
870
a89%
820
o809
210
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CPX==-BGEK(ITM( D), ITCII) ZARCIICID ,IICI)) GEN ©20
BO 99 J=1,N GEN ©930
IF (ARKCIICI),J).EQ.(0.0,0.0)): GO TO 90 GEN ©49©
BGR(IM(D) ,J)=BERK(IM( ) , ) +CPXLAK(IICI) ,J) . o GEN ©50
26 CONTINUE GEN ©60
KL=1T( I) GEIl 070
PSCIG(KL) }=BSCIG(KL) ) +CPExDS( II(I)) : : GEN ©°89
100 CONTINUE GEN ©99
DO 110 I=1,IK GEN16%9
DSCIKM( D)) =CONJG(DSCIKII( 1)) . GEN1010
Do 110 J=1,N GENN1020
119 ARCIKI( 1), J) =CONJGCAKC IKM( 1>, J)) GEIN10630
G GEN10646
Cc CONVERT EQUATIONS TO THE FORIT:OF EQUATION (37) OF 80C-279 - GEN10350
C GEN10669
129 Do 156 I=1,N GENN1070
IF (KAC(I).EQ.1) GO TO 150 : GEN1689
IF (I.EQ. IZ(I)) GO TO 150 : GEIN1029
BO 140 IM=1,TGB GEN1109
IF (BGK(I, I).EQ.(0.0,0.0)) GO:TO 140 GEN1110
B0 130 J=1,NT GLIN11206
IT (AK(I,J).EL.(0.0,0.0)) GO TO 139 N GEN1136
ARCIG(ID , J) =AR(IG(ID , J)-BGK(IT, I)*AK(I,J) . . GEN1149
180 CONTINUL GEN1150
DSCIG(IM) =ES(IG(ID ) -BGK(HM, D) %D 1) - CEN1169
149 CONTINUE GEN1170
156 CONTINUE GEN1189
C GEN11S0
C CONVERT LQUATIONS TO THE FORIMT.OF EQUATION (38) OF . S0C-270 - GEN1Z2e9
C GEN12106
D0 220 IM=1,NGB GEN12290
CP¥=1.0/BGK(I, IG(IM) : GLEIN1230
DSCIG(I) ) =BSCIG(ID I*CPX GEN1249
B0 160 J=1,N GEN1256
IT (AKCIG(IMD ,.J).E8.(6.0,0.0)) G0 TO 160 ’ GEN1260
AKCIG(MD) , J) =AKCIG(ID , J)*CPX CEN1270
160 CONTINUE GENN1289
=T+ 1 ' GEN1290
IF (MM.GT.TIGB) GO TO 189 ' GEN1300
B0 170 J=IMM, NGB GENiZ16
I (BGK(IL, IG(J)) .EG.(0.0,0.0)> GO TO 170 - GEN13290
BGK(M, IG{(J) ) =BGK(HM, IG(J) ) =CPX’ GEN1339
170 CONTINTUE GEN1340
189 BO 216 I=1,NGB GEN1350
IF (I.EQ.ID GO TO 210 GEN1S69
IF (BGK(I, IG(IM) .EQ.(0.0,0.9)) GO TO 216 ! GEN1370
CPX=-BGIK( I, IG(ID) . GEN1389
B0 120 J=1,N GEIN1820
IF (AKCIG(ID ,J) .EQR.(6.0,0.0)) GO TO 126 CEN1460
ACIG( D) , ) =AKCIGC D , I +CPIERARCIG(ID ,J) GEN1416
120 CONTINUE GEN1420
DSCIG(I})=DSC(IG( D)) +CPHxDS( IG(ID) ’ GEN1430
IF (IMM.GT.NGBY GO TO 210 GEN1449
B0 200 J=IT1, RGB GEN1450
IF (BGK(IL, IG(J)) .EQ.(06.0,0.0)) GO TO 290 GEN14560
BGK( 1, IG(J))=BCGK( I, IG(J) I +CPX:BGK(HM, IG(J)) GEN1476
200 CONTINUE GENN1489
210 CONTINUE GEN1490
220 CONTINUE : GENN1509
RETURN GEN1519
END GEN1528-
SUBROUTINE ELIIM (AKX AY,D5,H, 1Z,NIZ, IZB, IVRITE) : ELIM 10

C ELII 29
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COMPLEX AK(N, 1),AIC1),BS(1),CPX,CPY,CPZ" ELIT S
DIMENSION IZ(1), IZB(1) ELM <49
] ELM 8
C THIS SUBROUTINE SOLVES THE EQUATIONS OF THE FORM OF EQUATION: ELIMY 69
C ELIT %O
C €38) OF S0C-270 USING CONJUGATE REDUCTION COMBINED WITH ELIl &9
C ELM 990
Cc FORWARD GAUSSIAN ELIMINATION PRESENTED BY BANDLER AND EL-KADY(2) ELM:100
G ELNM 110
C 3§ : s % KRR R KRS R R KR TL I 129
C ELIM 1390
C THIS STEP IS EXECUTED FOR ALL:BUSES WHOSE BUS CURRENTS ARE ZERO ELM 1490
C ELIT 1590
IF (NIZ.EQ.0) GO TO 69 ELM 1690
IF (IWVRITE.NE.1) GO TO 16 ELIT 170
WRITE (6,189) ELI 189
WRITE (6,196) (IZB(D),I=1,NIZ): : ELIM 190
10 BO 5§06 L=1,NIZ ELM 209
I=1ZB(L) ELI1 210
CPI=1./7AK(I, I) ~ELM 220
PO 20 J=1,H ELM 230
IF (AK(I,J).E@.(06.06,6.0)) GO TO 29 ELM 2496
ARCT,J)=AK(I,J)=CP ELIT 2590
29 CONTINUE ELI 269
BS(I1)=DBS( I)xCPX ELIM 270
DO <406 J=1,N0 ELM 289
IF (J.EQ.I) €O TO 49 ELM 290
IF (AK(J,I).EQ.(0.6,0.0)) GO TO 40: ELM 300
CPY=AK(J, ID ELIT 310
B0 36 K=1,HN ELI1 329
IF (AK(I,K).EQ.(0.6;06.6)) GO TO 230! ELIM 330
AK(J, ) =AK(J,K) -AR( I,K) =CPY ELM 349
30 CONTINUE ELM 350
B3(J)=B3(J)-DS( ) *CPY . ELI 369
29 CONTINUE ELI1 870
56 CONTINUE ELI 389
C ) ELIT 390
C CONJUGATE REDUCTION ELIT 460
C ELIT 410
60 Do 159 M=1,N ELM 420
=T+ 1 ' ELM 489
IF (IM.EQ. IZ(ID) GO TO 150 ELM 449
CP¥=(0.0,0.0) ELIM 459
CPY=({0.6,0.9) ELM 460
BO ©0 I=I,N ELM 476
IT (IZ(I).EQ. 1) GO TO &89 ELIT 489
IF (AK(I, D .EQ.(0.6,6.9)) GO TO 89: . . ELM 496
AICI) =-CONJGCAR(T, 1)) : ELI 500
IT (AKCI,ID .EQ.(0.06,0.0)) GO TO 79 ELIM 510
CPE=CPIHFATC( ) HARK( I, ID ELIT 526
70 CPY=CPY+AICI}#D3(I) ELIT 530
GO TO °0 ELM 540
89 AI(I1)=(0.0,6.0) : ELIM 550
%0 CONTINUE ELM 560
AK(ILID =CP¥*+1.0 ELM &7
BS(MD =CPY+CONJG(DS(ID) ELIT 539
IF (IM.GT.0) GO TO 159 . ELM 5290
DO 1160 J=FI, N ELIT 666
CPH=(0.0,0.0) ELIT 610
Bo 160 I=M,N ELM 620
IF (AICD) .EQ.(6.0,06.0)) GO TO. 1@9 ELM 629
IT (AK(I,J).EQ.(0.0,0.0)) GO TO 109 ELI 640
CPI=CPI-ATC DI ®AKCT, J) . ELIN 6560
160 CONTINUE ELI 6690

AK(II, J)=CPX ELN 670
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119 CONTINUE ELM 689
C ELIT 69¢
C CAUSSIAN FORVARD ELIMINATION ELIM 700
C ELIM 710
CPX=1.0/AK(IL, ) ELM 720
DO 120 I=ITM,N ELI 730
IFT (AK(IL, 1) .EQ.(0.6,0.0)) GO TO 120 ELN 746
ARCTI, 1) =AK(I], I) %CPX ELII 750
120 CONTINUE ELM 7560
BS(ID =DS(ID *CPX : ELI ¢79
BD 149 I=IM,N ELM 789
Ir (AK(I,ID .FQ.(0.6,0.0)) GO TO 140 : ELM 7960
BSCI)=BS( I)-BS(IDHAK(I,ID ELIT 899
CPX=AR(I,ID ELIT 810
B0 180 J=IMM,IT = ELIT 826
I (AK(IL J).EQ.(0.0,6.9)) GO TO 130 ELIT 83¢
AKCI,J)=AK(I,J)-AK(I, J)*CPX : ELIM 84e¢
130 CONTINUE ELIT &3¢
140 CONTINUE ELI &869
150 CONTINUE " ELIM 870
C : ELIM 889
C BACKWARD SUBSTITUTION ; ELI1 8290
G ELIT 200
BS(N) =BS(I) /AK(H, D) ' ELIT ©10
Ni=N-1 ELI o220
Do 196 I=1,N1 ELIM 9390
NI=T-1 ELI ©49
CP¥=(0.0,0.9) - ELI 9590
DO 160 J=1,1I ELI 260
NJ=N-J+1 ELM 970
IF (AK(NI,NJ) .EQ.CIMPL¥(9.0,06.0)) GO TO 169 : ELM ©89
CPX=DBS(NJ)*AK(NI, HJ)+CPX . ELM ©29
160 CONTINUE ELIM1669
BS(HD=DS(ND-CPX ELIM1619
1706 CONTINUE ELM1620
RETURN ELIT1039
C ELIM1040
180 FORIMAT (7, THE BUS CURRENT IS ZERDO FOR THE FOLLOVING BUSES =%,/)ELM1050
120 FORMAT (101I10) - ELIN1060
END ELINIGYG~

SUBROUTINE RESULT (V,CV,S,DS, AI,KA,I1G,NGB,NB, N, ICHETL, IAC,JAC,ZC, . RST 16

1SHTLG, CC, IWVRITE) RST 296
C RST 30
COMPLEX V(1),CV(1),AI(1),8(1);BS(1),Y,YL,CP3,CPY,CPZ,ZC BRST 49
DIMENSION IG(1), KA(1) RST 850
C R8T 69
c THIS SUDROUTINE WRITES FINAL RESULTS RET 76
C BST &9
C ekl 3 } Nl sk 3 RSP PSP e W wDST ¢9
C BST 169
Cc CALCULATICHN OF ‘BUS CURRENTS EST 110
C RST 120
REWIND 3 RST 189
BG 10 I=1,NB RST 149
AICID)=(0.0,0.0) RST 159
10 CONTINULE ST 169
20 READ (3,%) ICODE, IA,JA,A1,A2,A3,A4,A5 : R8T 179
IF (EQF(3).NE.0) CO:TO 7O RST 189
IT (ICHTL.NE.1) GO TO SO BRST 190
IF (IA.TE.IACY GO TO S0 RST 209
IF (JA.TIE.JAC) GO TO 30 RST 210
IT (ICHOTL.LEQ.2) GO TO 20: RST 229

Y=1.0/2C RST 220
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YL=CIPLXE(0.0,SHTLC)

C=CC

IF (C.GT.9.0) GO TV 69

GO TO <0

IF (ICORE.EQ.7) GO TO 506
Y=1.0/CIPLH( A3, A4) :
YL=CMPLX(©.0,45)

C=0.06

CPX=YL+Y

ATCTAY=ATCTAY+CPEEV( IA) =TV JA)
ATCJA) =AT(IAY+CPIV(JA) ==V TA)
GO TO 20

Y=1.0/CHMPLI(AZ, AB)

C=Ad

CPZ=Y/C

CPY=CPZ/C

AICIAY=ATCIA)+CPYV( TA) —-CPZEV( JA)
ATCIAY=ATCIAY +VRV(IA) ~CPEZ2V( 14)
GO TO 20

VRITING OF FINAL BUS CURRENTS AND MISMATCHES

IF (IWVRITE.NE.1) GO:'TO 109
VRITE (6,240)

WRITE (6,350

TRITE (6,269)

BO ©6 I=1,N

IF (FACD) .EQ.1) GO TO &80

DB =CONIG(SCI) I-CV(I)RAIC D)
GO TO 90

BS( I =8( ) -CHPLE(REAL(CV( I>ATC 1)) ;CABS(V(I)))

VRITE (6,250) I,AI(I),B3(ID)
WVRITE (6,370) NB,AI(NB)

WRITING OF FINAL LOAD BUS VOLTAGES

I (IVRITE.E®.2) RETURN

WRITE (6,840)

WRITE (6,439}

TRITE (6,260) B

VRITE (G6,489)

WVRITE (6,270)

I=1

IF (I.GT.I) GO TO 210

IF (EA(I).EQ.0) GO TO 120

I=31+1

GO TO 116

J=I+1

IF (J.GT. I GO:TO 120

IF (KACJ).EQ.0> GO TO 149

J=J+1

CO TO 120

IT (AIMAG(V(I)).LT.0.0) €O TD 159
IF (AIMAG(V(J)).LT.0.0) GB TO 170
VRITE (6,289 I,V(),J,V(D

GO TO 1&9

IF (AIMNAG(V(I}).LT.0.0) GO TO 169
P=REALLV(I)>

Q=—ATMAG(V(I3})

VRITE (6,289) 1,P,Q,J,V(D)

GD TO 189

P=REAL(V( 1))

Q==ATMAG(V(I})

P2=REAL(V(JI))

Q2=—-AIMAG(V(JI))

RST
RET
nsT
BST
EST
BST
RST
RST
BRST
BRST
RST
R8T
RST
RST
RST
RST
EST
RST

- RBST

R8T
RST
EST
EST
RET
nsT
BST
RST
BST
RST
nST
EST
BST
RET
BST
RST
RST
RST
EST
RET
EST
BST
BST
RST
8T
EST
RST
RET
R8T
nsT
BST
BST
BST
8T
BST
R8T
nsT
RsT
nsT
RST
BST
RST
RST

240
259
259 -
279
289
299
S99
310
220
389
S49
3590
360
270
389
3920 .
490
419
420
439
449
‘450
460
4790
429
509
510
520
530
540
550
560
57
539
590
$1630)
610
629 -
20
649
6506
669
670
89
600
700
v10
70

rrey
¢ <

740
750
TGO
7O
Vo
790
G290
810
820
&8¢
540
850
259
870
£89
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VRITE (6,299) I,P,0;J,P2,02 RST 8920

GO TO 189 BST 960

P2=REAL(V(J)) RST ©910

02=-ATTTAG(V(I)) : RST ©20

VRITE (6,499) 1,V(IlY,J,P2,Q2 RST 9896

I=J+1 BST ©49

GO TO 110 RST 950

IF (ATMAG(V(I)).LT.©.9) GO TG 200 RST ©66

WRITE (6,290) I,V(D) RST ©970

GO TO 219 RST ©88

P=REAL(V(I}) RST 9900

Q=—-ATMAG(V(I)) BST1¢99

WRITE (6,410) I,P,Q. RET1010

RST1020

WRITING OF GENERATOR BUS REACTIVE POWERS AND VOLTAGES RST1039

BST1940

WRITE (6,369) RST1659

B0 286 I=1,NGB RST1060

QG=~ATNAG(CV(IG(I) ) XATCIG(I})) - RSTi070

IF (ATHMAG(V(IG(I))).LT.0.9) GO TO 22 " RST1089

WRITE (6,316) IG(I),@G, IG(I),V(IGLIN) FST1¢20

GO TO 230 PST1100

P=REAL(V(IG(I))) RST1110
Q@=—ATMAG(V{IG(I))) RST1120

WRITE (6,420) IG(D),QG,IG(D,P,Q BEST11E806
CONTINUE R8T11490

RST1150

WRITING OF SLACK BUS POWER RST1160

RST1176

CPX=CV(IIB) *AI(NB) BST1189%

P=REAL(CPX) RST1190

B=—AITMAG(CPX) RST1266

VRITE (6,320) RST12106

WVRITE (6,330) NB,P,NB,Q BEST1220

VRITE (6,430} RST12306

RETURN RST1246

RST1250

FORITAT (/,% FINAL BUS CURRENTS AND MISMATCHESX, /) RST1260

FORMAT (16,2¥%,2E14.5,43,2E14.5) RSTi1276

FORMAT (% LOAD FLOV SOLUTION OF:k, I3,%-BUS POWER SYSTEM . RSTi289

1:) RST1296 -
FORIMAT (¢ LOAD BUSES:®,/) RST1309 -

FORIIAT (1, VCk, I8,%) =%,F8.5,% + J*,F7.5,63,2V(%, I8,%) =%,F8.5,% RSTI219

1+ J%,F7.5,7) RSTi320
FORMAT (LXE, %V, I8,%) =2, F8.0,% + J%,F7.5,/) P8T1830

FORMAT (¢ GENERATOR BUSES%,/) RST1340

FORIIAT C(1X,%QC:, [8,%) =%,F3.8, 17X, *V(*, I8,%) '=%,F8.5,% + J%,F7.5,/RSTI350

1) RST1S60
FORMAT (¢ SLACK BUS*,/) BST1876

FORMAT (1, =®xPCx, I3,%) =% ,F8.5,17X,*Q(*, 18,%) =x,78.5,/) R8T1289

FORIIAT (:1:) RET1896

FORFIAT (% BUS NO. BUS CURRENT(AIL} MISMATCHERST1400

1S(D3) ®"/Y R8T1410
FORMAT (k¢ REAL IMAGINARY REAL RSTi420

1 IMAGINARY %,/7) RST1430
FORMAT (16,2X%,2E14.5) : R8T1249

FORMIAT (13, 2V, [8,%) =%,F8.5,% — Ju,F7V.5,6,%V(%,18,%) =% ,F8.5,% RSTi458

1+ J%,F?7.5,/) RET1466
FORMAT (11X, %V, I3,%) =%,F8.5,% — J*,F?.5,6X,%V(%,I8,%) =%,F8.5,% RST147®

1- J*,F?7.5,7) - BRST1289
FORMAT (13, %V, I3,:0) =%,F8.5,% + J%,F7.5,6X,*%V(%,I18,%) =%,F8.5,% RET1490

1- J%,1'7.5,7) RST1560
FORMAT (13, V%, I3, =%,F8.8,% — J%,F¢.5,/) RST1510

FORMAT (1, *QC%k, I8,%) =u2,F8.5, 17X, %V(:k, I8,%) =%,F8.5,% — J*,F7.5,/RST1526

1

RET1580
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430 FORMAT (/, 1¥,61(%=%) , /) ’ BST1540
END ROT1550~-
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program using a perturbation method. The program is written in Fortran
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