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Abstract

LFLFD is a package of subroutines for solving load flow problems by
the well-known fast decoupled technique. The method has been described
by Stott and Alsac, and is implemented with minor modifications only.
Sparse matrix techniques are used to represent the power system's bus
admittance matrix as well as the approximate Jacobian matrices required
by the method, and the Harwell Package MA28 is called to solve the
systems of linear equations with real coefficients. The package and
documentation have been developed for the CDC 170/730 system with the

NOS 1.4 operating system and the Fortran 4,8508 compiler.
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I. INTRODUCTION

The fast decoupled method proposed by Stott and Alsac [1] has been
recognized as a simple, reliable and fast load flow solution technique
[2,31] with a wide range of practical applications. The method is
derived from the exact generalized Newton-Raphson iterative algorithm
but instead of re-evaluating the Jacobian matrix, it uses a constant
Jacobian approximation closely corresponding to the initial point (flat
voltage profile). Consequéntly, the initial convergencé is very good,
and practical approximations of solutions can be obtéinend after 5 to 10
iterations. Due to the.constant approximation of the Jacobian matrix
the convergenée rate of the method is, however, linear [1], and if exact
solution is required, the number of iterations is usually significahtly
greater than that of Newton's method, having a quadratic convergence
rate. On the other hand, the iteration scheme of the fast decoupled
method is very simple, and the much faster iterations more than
compensate for the increased number of iterations.

The fast decoupled method has been implemented as the package LFLFD
of Fortran IV subroutines for the CDC 170/730 system, At McMaster
University it is available in the form of a library of binary
relocatable subroutines which is linked with the user's program by the
appropriate call of the main subroutine LFLFD1. The 1ibrary is
available in the group indirect file LIBSPWR under the charge RJWBAND.
%The package calls the subroutines MA28A and MA28C from the Harwell
WSubroutine Library (Harwell Package MA28) [4]; the package MA28 must
thus also be available when LFLFD is used. The general sequence of NOS

commands to use the LFLFD package may be as follows:



/GET(LIPSPWR,LIBRHSM/GR) -~ fetch the libraries,

/LIBRARY(LIBSPWR,LIBRHSM) - indicate the libraries to the loader,

/FTN(...,GO) - compile, load and execute the program.

II. GENERAL DESCRIPTION

The well-known [2] power-mismatch equations in polar form can be

written as

0 .
APi z Pi - Vi bX (Gikcos(Gi-ék) + Biksm(si—ék))vk . 1
1<k<n
0
AQ. = Q, -V, z G, sin(8§.-8 ) - B s(8.=8 ))V 2
QJ QJ 3 acn ( ik ( j k) jkco ( j k)) K (2)

where APi and AQj are mismatches of active and reactive power for bus i,
i=1,...,n, Or bus j, j = 1,...,nL, respectively, n is the number of
buses, n is the number of load (or P,Q) buses, Pg and Qg are nominal
values of active and reactive power at buses i and j, respectively, Vi
and Gi are the magnitude and the argument of the complex bus voltage,
and Gik + jBik is the (i,k)th element of the complex bus admittance
matrix.

The load flow problem consists of determining such bgs voltage
magnitudes Vi and argdments Gi, i=1,...,n, that the power mismatches
(1) and (2) are equal to zero, i.e., it corresponds to the solution of a
set of simultaneous nonlinear equations

APi =0 , i=1,...,n, (3)

AQ 0 9 j = 1,noo.nLo (u)

j -
Usually, the system of nonlinear equations (3) and (4) 1is solved
iteratively (e.g., using the Newton-Raphson method, the decoupled Newton

method, etc.), and then the performance of the method is closely
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associated with the degree of nonlinearity of equations. Therefore, in
practical implementations [2,3] the equations (3), (4) are often

represented in the form

— A :
APi = APi/Vi = 0 ’ i = 1,...,!), (5)
2Q, 2 aQv, =0 j=1 n (6)
j - j j - ’ - veceatlyy
where
- 0
APi = Pi/vi - I Vk(Gikcos(Si-Gk) + Biksin(di-ﬁk)) ’ &)
1<k<n
- 0
AQ., = Q./V. - L . §.=6 - in(§ -6
QJ QJ/VJ e Vk(Gchos( j k) Bjk81n( j ,k)) ’ (8)

in which only one term in each equation is nonlinear.
The generalized Newton-Raphson iterative method uses the square

Jacobian matrix that can be represented in a partitioned form [2]

7 [ #

1=
o
(o]

’ v (9)

Aq

=

L || av

where the submatrices H, N, M and L represent the negated partial

derivatives of (7) and (8) with respect to the relevant &'s and V's,
The fast decoupled method is based on the two approximations of the
exact Newton-Raphson scheme:
(1) application of the P-§/Q-V decoupling principle (i.e., neglecting
the coupling submatrices N and M) that results in two separate

systems of equations

8p = H A (10)

and



AQ = L AY (11)

~ ~ ?

(2) approximation of the Jacobian submatrices H and L by the matrices

A and B of constant terms

AP = A AS , (12)
A§ :E Ax . 13

where E is the real matrix of negated bus susceptances

Bjk=_Bjk 9 j’k= 1'oc09nL'

and A is a real matrix of negated inverted transmission-line

reactances
Kik=-3(—1— , ik = 1,....n, 14k, (1)
ik
- 5 1 . .
i1 ° T , 1=z1,00e,n , kK # 1. (15)
"~ 1<k<n ik

Pursuing the decoupling principle, the elements that primarily
affect the Q-V relationship, e.g., line shunt admittances, should not be
represented in E}

In effect, the fast decoupled method results in the two systems of
linear equations with constant coefficients (12), (13). The matrices A
and B can thus be evaluated and factorized once only, and the iterative
process can be very efficient since it requires the AP/V and AQ/V
function evaluations and backward/forward substitutions only.

The systems of equations (12) and (13) can be solved simultaneously
at each iteration, but a much better approach is to conduct each
iteration cycle independently and to use the updated values of 8's (or

V's) to solve the corrections AV (or A§, respectively).



-6

It has been observed [1] that § usually requires more iterations to
converge than V. The basic scheme (16,1V), i.e., one solution of the
system (12), then one solution of the system (13) and so on, has been
compared with the schemes (2§,1V), (26,2v), (3§,2v), (28,1V) once and
subsequently (16,1V), it appeared, however, that the basic ;cheme is
geﬁerally the best one. Moreover, different attempts at acceleration,
including block successive over-relaxation and a heuristié approach
based on testing sign-changes in the bus-mismatches, are reported [1] as
unrewardiné.

The method used in the LFLFD package basically follows the method
of Stott and Alsac, and differs only in a more flexi@le iteration scheme
in which the order of successive P-§ and Q-V iterati;ns is not fixed but
depends on the relationship between the accuracies of P-8 (12) and Q-V
(13) iterations. Let € be the accuracy of the last P-§ iteration, and
Ey be the accuracy of the last Q-V iteration. If, aftér- the kth
iteration, | | |

€5 > 2¢y

‘the (k+1)th iteration is the P-§ one. If
| v 2 2%

the (k+1)th iteration is the Q-V one. Otherwise the basic (18,1V)

scheme is followed. The implemented scheme tends to avoid 1large

differences between the two accuracies and over-converging of one of the

two systems of equations (12) and (13) which slows down the overall

convergence rate [1]. It appeared in several test runs that the

additional "compensating™ iterations are performed relatively seldom,
usually once during a load flow solution.

The package allows one to perform one of the two iterations only



(the P-8 or the Q-V iteration) and to control externally (i.e., by one
of arguments) the number of iterations performed. Implementation of
different iteration schemes is thus very simple, corresponding to a

sequence of CALL statements with appropriate parameters.

III. STRUCTURE OF THE PACKAGE

The package is composed of 4 subroutines., Its structure is shown
in Fig. 1. LFLFD1 is the main subroutine of the package and its purpose
is to organize workspace provided by the user into a set of vectors used
by the remaining subroutines. It also checks formal correctness of some

parameters defined by the user, and sets the return fiag appropriately.

LFLFD1

l
LFLFDA

LFLFDB LFLFDC

Fig. 1 Structure of the LFLFD package.



LFLFDA creates and factorizes the sparse matrices of, real coefficients E
and E? (using the Harwell package MA28), and conirols the iteration
scheme performed by LFLFDB and LFLFDC. It also checks the required
accuracy of load flow solution as well as bounds on the number of
iterations and on the iteration time, if required by the user. The P-§
iterations are performed by LFLFDB, and the Q-V iterations by LFLFDC.
Both subroutines use the Harwell package MA28 for solving corresponding

systems of linear equations.

IV, LIST OF ARGUMENTS

. There is one general entry to the package

CALL LFLFD1(NB,NL,NZ,NLZ,INDR,INDC,IBT,Y,YS,V,S,W,LW,ITEL,VEPS,TIMEL,
MODE, IFLAG)
and the arguments are as follows.

NB is an INTEGER argument that must be set to the number of buses
(excluding the slack bus); it must be positive and is not changed
by the package.

NL is an INTEGER argument that must be set to the number of load (or
P,Q) buses; it must be positive and not greater than NB; it is
not changed by the package. |

NZ is an INTEGER argument that must be set to the number\of elements
of the sparse bus admittance matrix; it must be positive and is
not changed by the package.

NLZ is an INTEGER argument that must be set to the number of elements
of the sparse bus admittance submatrix corresponding to load

buses; it must be positive and is not changed by the package.



INDR

INDC

IBT

YS

is an INTEGER vector of length NB that must contain the row index
of the sparse bus admittance matrix; the consecutive elements of
INDR are equal to the cumulative number of non-zero elements in
the corresponding number of initial rows of the bus admittance
matrix, as shown in the example.

is an INTEGER vector of length NZ that must contain the column
index of the sparse bus admittance matrix; the consecutive
elements of INDC are equal to the column indexes of the non-zero
elements of the bus admittance matrix, however, in each row the -
diagonal element is represented as the last non-zero element of
the row, as shown in the example.

is an INTEGER vector of length at least NB that must describe the
types of buses; its elements must be equal to 0 for load (or P,Q)
buses, and equal to 1 for generator (or P,V) buses.

is a COMPLEX vector of length at 1eést'NZ that must contain the
sparse bus admittance matrix corresponding to the indexes INDR
and INDC. ‘ »

is a COMPLEX vector of length at least (NB+1) that must-contain
those elements of the bus admittance matrix which correspond to
the slack bus or zeros.

is a COMPLEX vector of length at least (NB+1) that on entry must
be set to the initial approximation of.bus voltages (in
rectangular mode). On exit V contains the best solution found by
the package (in reétangular mode, as well).

is a COMPLEX vector of length at least NB that must contain the
injected bus powers (active and reactive); it is not changed by

the package.
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ITEL .

VEPS

TIMEL

MODE

=10~

is a REAL vector that is used as workspace by the package; its
length is given by LW.
is the length of the workspace W; it must be at least
1+6*NB+6*NZ+max(NZ;11*NB,5*NL+6*NLZ+max(4*NB,NLZ+11*NL)).
is an INTEGER variable that on entry must be set to the bound on
the number of iterafions; if ITEL is less than zero, the number
of iterations performed by the package is not bounded; on exit
;TEL contains the number of iterations performed by the package.
is a REAL variable that on entry must be set to the required
accuracy of the load flow solution; the iteration terminates when
the maximum of the modulus of the complex bus voltage correction
is not greater than EPS; on exit EPS contains the achieved
accuracy of the solution,
is the REAL variable that on entry must be set to the bound on
the iteration time; if TIMEL is less than or equal to zero the
iteration time is not bounded; on exit TIMEL contains the time
spent on iteration.
is an INTEGER argument that must be set to the required mode of
operation; there are U4 modes defined in the package:

0

evaluate and factorize approximate Jacobian matrices,

and perform the P-8 and Q-V iterations unless ITEL = 0,

1 - perform the P-§ iteration only for previously factorized
Jacobian matrices,

2 - perform the Q-V iteration only for previously factorized
Jacobian matrices, |

3 - perform the P-8 and Q-V iteration for previously

factorized Jacobian matrices.
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Remark: When MODE = 0 or MODE = 3 is used, the P-8 iteration is
always performed as the first one, and it is followed by
the Q-V iteration even if ITEL = 1 (this is the only
situation when the 1limit of iterations is exceeded by
the package).

IFLAG 1is an INTEGER variable that is used as the return flag describing
the solution obtained by the package:
=2 incorrect use of the package (e.g., singular Jacobian
matrices or MODE = 1,2 or 3 which is not preceded by
MODE = 0),
-1 incorrect parameters (e.g., insufficient workspace) ,
0 normal return; required accuracy obtained,
1 limit of itérations reached,

2 limit of iteration time reached.

The contents of the row and column indexes INDR and INDC must
correspond to the following "conceptual" conversion of the dense COMPLEX
bus admittance matrix YY(NB,NB) into the sparse matrix Y(NZ):

L=0
DO 20 I=1,NB
DO 10 J=1,NB
IF (I.EQ.J) GO TO 10
IF (YY(I,J).EQ.(0.,0.)) GO TO 10
L=L+1
INDC(L)=J
Y(L)=YY(I,J)
10 CONTINUE
L=L+1
INDC(L)=I
“ INDR(I)=L
Y(L)=YY(I,I)
20 CONTINUE

For example, if the matrix YY(5,5) contains 13 non-zero elements

(denoted by ¥):



O %O O %=
OO = O
O % Xk MO

then

INDR
INDC

Use of COMMON:

Workspace:

Input/output:

Subroutines:

Restrictions:

Date:

Example 1
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* XK kO »
*® O OO

[2,4,7,11,13],
[4,1,3,2,2,4,3,1,3,5,4,4,51.

V. GENERAL INFORMATION

None.

Provided by the user; see arguments W and LW.
None.

LFLFD1, LFLFDA, LFLFDB, LFLFDC‘and Harwell
Package MA28 (MA28A, MA28C and their auxiliary
subroutines).

NB > O, NL > O, NL < NB, NZ > O, NLZ > O,
VEPS > 0, MODE > 0, MODE < 3.

June 1982.

VI. EXAMPLES

The load flow solution for the test 26-bus power system [5,6] is

shown in such 'a way that the initial 6 iterations are externally

controlled (using MODE = 0,1 and 2) by simulation of the iteration

scheme implemented within the package. After each of the initial

iterations the results are printed out to show the convergence of the

method. After 6 iterations a switch is made to obtain the exact
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solution (MODE = 3) with the required accuracy VEPS = 10—6, and final
results are printed out as well.

The program calls the subroutine PWRDS1 from the package PWRDS [7]

to read the data and to form the sparse bus admittance matrix.
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PROGRAM SOLVES THE LOAD FLOW PROBLEM USING: SPARSE MATRIX TECHNIQUES
(HARWELL PACKAGE MA28) AND THE FAST-DECOUPLED METHOD (PACKAGE LFLFD)

111

222

10

20
30

222

50

—14-

PROGRAM LFLOW! (DATA, OUTPUT, TAPE1=DATA, TAPE6=0UTPUT)

DIMENSION W(3000)

EXTERNAL FLOW

CALL SECOND(TIME1)

CALL PWRDS1(FLOW, 1,6,W,3000, IRET)
IFCIRET.NE.9) WRITE(6,111) IRET ‘
FORMAT(/" PWRDS1 RETURN FLAG :",I3)
CALL SECOND(TIME2)
EXTIME=TIME2-TIME1

WRITE(6,222) EXTIME

FORMAT(/" TOTAL EXECUTION TIME :",F7.3," SECONDS")
STOP

END

SUBROUTINE FLOW (DN, NBS,NS,NTL,NB, NLB,NZ,NLZ, INDR, INDC, IBT, . -
1 Y,Ys,v,S,W,LW,LCH, IFLAG)

DIMENSION INDR(NB), INDC(NZ), IBT(NB) , W(LW)

COMPLEX Y(NZ),YS(NBS),V(NBS),S(NBS)

IFLAG=-§

ITL=0

VEPS=0.0

MODE=0

TIMEX=0.0

CALL LFLFD1(NB,NLB,NZ,NLZ, INDR, INDC, IBT, Y, YS,V,S,VW,LV, ITL, VEPS,
1 TIMEX, MODE, IRET)

IF(IRET.LT.9) RETURN

CORRA=1.E10

CORRM=1.E10

IT=0

MODE=1

GOTO 30

MODE=2

ITL=1

VEPS=0.0

TIMEX=0.0

CALL LFLFD1(NB,NLB,NZ,NLZ, INDR, INDC, IBT,Y, YS,V,S,VW,LV, ITL, VEPS, -
1 TIMEX, MODE, IRET)

IFCIRET.LT.9) RETURN

IT=1T+1

IF(LCH.GT.®) WRITE(LCH,222) IT,MODE,VEPS,TIMEX
FORMAT( 1H1/" ITERATION : ", 14

1 /" ITERATION MODE : ", 14
2 /" ACCURACY OBTAINED:: ",1PE10.3 L
3

/" SOLUTION TIME : ",0PF6.3," SECONDS")
CALL PRTRES(NB, NS, INDR, INDC, IBT,Y,¥S,V)

IF(IT.EQ.6) GOTO 50 .

IF(MODE.EQ. 1) CORRA=VEPS

IF(MODE.EQ.2) CORRM=VEPS

IF(CORRA. GT. CORRM+CORRI) GOTO: 10

IF( CORRM. GT.CORRA+CORRA) GOTO 20

IF(MODE.EQ.1) GOTO 20

0TO 10

VEPS=1.E-6

MODE=3

TIMEX=1.5

MODE=3

ITL=-1

TIMEX=1.0

VEPS=1.E~6

CALL LFLFD1(NB,NLB,NZ,NLZ, INDR, INDC, IBT,Y,YS,V,S, W,LV, ITL, VEPS,

000001
006002
000003
000004 :
0906005
000006
000907
000008
000009
000010
000011
006012
000013
000014
0060915
000016
000017
000018
000019
000020
000021
006022
000023
000024
000025
000026
090027
000028
000029
000039
000031
600032
000033
000034
006035
006036
000937
000038
060039
000040
000041
000042
000043
000044

000045
0006046
000047
000048
0906049
000050
000051
000052
0006053
000054
09000535
000956
060057
000058
000059
000060
090061
000062
000063
000064
000065
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1 TIMEX, MODE, IRET)

IFCIRET.LT.9) RETURN

IT=IT+ITL

IF(LCH.GT.9) WRITE(LCH,333) IT,MODE, IRET, VEPS, TIMEX

833 FORMAT(iHI/" S OLUT 1T O N"

1 /7" NUMBER OF ITERATIONS : ", 14
2 /" ITERATION MCDE : ",14
3 /" RETURN FLAG : » 14
4 /" ACCURACY OBTAINED.: IPEIO 3
5 /" SOLUTION TIME : ",0PF6. 3," SECONDS ")
CALL PRTRES(NB, NS, INDR, INDC, IBT,Y,YS,V)

IFLAG=0

RETURN

END

909

26
202
97
98
99

203

SUBROUTINE PRTRES(NB,NL, INDR, INDC, IBT,Y,YS,V)
DIMENSION INDR(1}, INDC(I) IBT(l)
COMPLEX Y(1), YS(I) v

SUBROUTINE PRINTS FINAL RESULTS OF THE LOAD FLOW SOLUTION

NB ~ NUMBER OF BUSES (EXCLUDING THE SLACK BUS),

NL - INDEX OF THE SLACK BUS, .

INDR - ROW INDEX OF THE SPARSE BUS-ADMITTANCE MATRIX, -
INDC -~ COLUMN INDEX OF THE SPARSE BUS-ADMITTANCE MATRIX,
IBT - VECTOR OF BUS TYPES (@ - LOAD, 1 - GENERATOR),

Y - SPARSE COMPLEX BUS-ADMITTANCE MATRIX,

YS - COMPLEX VECTOR OF SLACK ADMITTANCES,

\4 - COMPLEX VECTOR OF BUS-VOLTAGES (RECTANGULAR MODE).

COMPLEX CC,PW

FACT=180.06/3.14159265

NBS=NB+1

WRITE(6,900) NBS

FORMAT( /10X, "LOAD FLOW SOLUTION BY FAST-DECOUPLED METHOD",:
1 /720X, 14, "-BUS POWER SYSTEM"///51X, "GENERATOR"/" = BUS",
2 " COMPLEX BUS VOLTAGE POLAR BUS VOLTAGE. REACTIVE POWER"/)
DO 28 I1=1,NB

II=1

IFCIT.GE.NL) II=II+1

V1=CABS(V(I))

V2= ATAN2(AIMAG( V(1)) ,REAL(V(I)))*FACT

IFCIBT(I) .EQ.0) GOTO 97

Ji=1

IF(I.GT.1) J1=INDRC(I-1)+1

J2=INDR(I)

CC=YS( 1) *V(NBS)

DO 26 J=J1,J2

K= INDC(J)

CC=CC+Y(J)*xV(K)

Q@=AIMAG(V( I)*CONJG(CC))

WRITE(6,902) II,V(I),V1,V2,Q '

FORMAT( 1X, I4,2X, 2F9. 5 2H*J 2X,F9%.5, F9 2,3%,F10.5) .
GOTO 928

WRITE(6,902) II ven,vi,va

CONTINUE

CC=(6.0,0.0)

DC 929 I=1,NBS

CC=CC+YS( D *V(I)

PW=V(NBS) *CONJG( CC)

WRITE(6,9203) PW

FORMAT(/" COMPLEX SLACK BUS POWER :"',3X,2F9.5,2H%J)
RETURN

END

000066
000067
0006068
006669
600070
090071
060072
0060073
060074
000075
000076
6080077
0006078
000079
000080
2000381
000082
008083
000084
006085
000086
000087
200683
0060089
0006090
000091
000092
29000623
000694
060995
000026
000097
000028
0006099
090100
000101
000102
000103
000164
0001065
000106
000107
009108
000109
600110
000111
600112
000113
000114
000115
000116
000117
000118
000119
000120
000121
000122
000123
060124
000125
000126
000127
000128
006129
000130
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ITERATION : : 1
ITERATION MODE : , : 1
ACCURACY OBTAINED : 3.669E-01 ~ ‘
SOLUTION TIME : : .917 SECOND

LOAD FLOW SOLUTION BY FAST-DECOUPLED METHOD
26—-BUS POWER SYSTEM

GENERATOR
BUS COMPLEX BUS VOLTAGE POLAR BUS VOLTAGE REACTIVE POWER
1 .99546 . 09520:xJ 1.00000 5.46
2 .29563 . 09334%J 1.06000 : 5.36
3 . 99744 .07146%J 1.00000 4.10
4 .92351 . 11375%J 1.00000 6.53
5 . 96223 . 27228%J 1.00000 ©15.89
6 .99811 .06153%J 1.0606000 ¢ 3.58
k4 .99954 . 03037%J 1.060000 C1.74
8 .99839 0567 1%J 1.60000 - 3.25
° .99551 ~-.09468%J 1.006000 =5.43
10 .99754 .07015%J 1.060000 4.02
11 .99604 ~-.08890%J 1.00000 -5.10
12 .99761 -.06909%J 1.00000 -3.96
13 -29989 .014928%J 1.060000 .86
14 .99577 -.09192%J 1.060000 -5.27
15 .99232 . 12368%J 1.00000 - 7.10
16 .99887 -.04752%J 1.00000 =-2.72
17 .2999018 . 04042%J 1.00000 - 2.32
18 1.03826 . 25869%J 1.07000 +13.99 . 79673
19 1.064557 . 09635%J 1.065000 5.26 .89871
20 . 96662 . 25622%J 1.006000 14.85 -.29627
21 .99051 . 2435 1%J 1.02000 13.81 -.43160
22 . 88827 -.05544%J . 89000 -3.57 -.91511
23 .29963 -.02728%J 1.060000 =-1.56 -.03018
24 .990793 .06438%J .1.00000 3.69 . 14380
25 . 93027 .36687xJ 1.00000 21.52 . 22058

COMPLEX SLACK BUS POWER : . . 08682 4.37438%J
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ITERATION : 2
ITERATION MODE : . 2
ACCURACY OBTAINED : 9.333E-02
SOLUTION TIME : .008 SECONDS

LOAD FLOW SOLUTION BY FAST-DECOUPLED METHOD
26-BUS POWER SYSTEM

GENERATOR
BUS COMPLEX BUS VOLTAGE POLAR BUS VOLTAGE. REACTIVE POWER

1 1.63176 .92867%J 1.03646 5.46

2 1.06399  .09975%J 1.06866 - 5.36

3 1.04155 . 07462%J 1.04422 4.190

4 . 08440 . 11271%J . 99083 6.53

5 . 96994 . 27442:%J 1.00801 15.80

6 1.03372 . 06372%J 1.03568 - 3.538

k4 1.61300 .03078%J 1.01347 - 1.74

8 . 94632 .05375%J .94785 3.25

9 .97334 —.09257%J .977?73 -5.43

10 1.63697 .O7292%J 1.93953 4.02

11 .96308 -—.068060%J . 90667 -5.10-

12 .07281 -.06737%J . 97514 -3.96

13 1.04681 .01568%J 1.04643 .86

14 .94824 -.08753%J . 95227 ~-5.27

15 . 92606 . 11542%J .93323 7.10

16 1.03469 ~.04922%J 1.63586 -2.72

i ird . 930653 .03764xJ .93129 2.32

18 1.03826 .25869%J 1.07000 ©13.99 -.40213
19 1.04557 .09635%J 1.05000 5.26 . 19289
20 . 06662 . 25622%J 1.60000 14.85 .76930
21 .99051 .24351%J 1.02000 13.81 -.03372
22 . 88827 -~.05544%J . 89009 -8.57 -.22902
23 .99063 -—.02728%J 1.00000 ~-1.56 -.11317
24 . 99793 .06438%J 1.000600 3.69 -.16737
25 . 93027 .36687%J 1.00000 21.52" . 17031

COMPLEX SLACK BUS POWER : 1 .09053 ~.05063%J
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ITERATION : 3
ITERATION MODE : 1
ACCURACY OBTAINED : 2.904E-02 -
SOLUTION TIME : .016 SECONDS

LOAD FLOW SOLUTION BY FAST-DECOUPLED METHOD
26-BUS POWER SYSTEM

GENERATOR
BUS COMPLEX BUS VOLTAGE - POLAR BUS VOLTAGE REACTIVE POWER
1 1.63342 .07939%J 1.03646 4.39
2 1.66447 .09452:%J 1.06866 5.07
3 1.04265 .05713%J 1.04422 - 3.14
4 .98580 .09968%J .292683 5.77
5 . 97356 .26130%J 1.008601 15.02
6 1.03418 .053578%J 1.03568 3.09
ke 1.01328 .01962%J 1.01347 1.11
8 . 94695 .04130%J . 94785 2.50
o .97162 -.10918%J .97773 -6.41
10 1.83720 .06958%J 1.63953 - 3.84
11 .90140 -.09766%J . 90667 -6.18
12 .97230 ~.07442%J .97514 -4.38
13 1.04631 .01579%J 1.04643 .86
14 .94629 -.10658%J . 95227 -6.43-
15 . 92797 .029889%J .93323 6.08
16 1.03479 -—.04710%J 1.063586 -2.61
17 . 93084 .02920%J .93129 1.80
18 1.03967 .25295%J 1.07000 -13.67 -.40247
19 1.064550 .99708%J 1.65000 5.30 . 15337
20 . 97020 .24232%J 1.00000 - 14.02 .76641
21 . 99348 .23109%J 1.0620060 13.09 -.03603
22 .88599 -.08440%J . 89000 -5.44 -.19115
238 .29965 -.02656%J 1.00000 ~-1.52 -.11330
24 . 99885 .04793%J 1.00000 - 2.75 -.16739
25 .93536 .85370%J 1.000006 20.71 . 16991

COMPLEX SLACK BUS POWER : . 10876 -.08239%xJ
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ITERATION : 4
ITERATION MODE : ' 2
ACCURACY OBTAINED : 9.621E-03 .
SOLUTION TIME : .968 SECONDS

LOAD FLOW SOLUTION BY FAST-DECOUPLED METHOD
26-BUS POWER SYSTEM

GENERATOR
BUS COMPLEX BUS VOLTAGE POLAR BUS VOLTAGE REACTIVE POWER
1 1.063275 . 07934k 1.03579 4.39
2 1.06446 .99452%J 1.06865 5.07
3 1.04236 .05711%J 1.084393 3.14
4 . 285383 .99268%J . 99086 5.77
5 .97367 . 26134%J 1.006814 15.02
6 1.03238 .05568%J 1.03388 3.09
7 1.01325 .01962%J 1.01344 1.11
8 .94396 .04117xJ . 94486 2.50
9 .96206 -—.10810%J .96811 -6.41"
10 1.03710 .06957%J 1.03943 3.84
11 .89845 -.09734%J .90371 -6.18:
12 .96733 -.07404%J .97016 -4.38
13 1.04634 .01579%J 1.04646 .86
14 .93932 -.10579%J . 94526 -6.43
15 .92727 .09881xJ . 93252 6.08
16 1.03526 —.04712%J 1.03633 -2.61
17 .938167 . 02923%J .93213 1.80 .
18 1.03967 . 25295%J 1.07000 -13.67 -.40240°
19 1.064350 .09708%J 1.65000 5.30° . 18722
20 .97020 . 24232%J 1.00006 14.062 77769
21 .90348 .23109%J 1.02000 "13.09 -.02927
22 . 88599 -—.08449%J . 89000 -5.44 -.18314
23 .09965 -.02656%J 1.00000 -1.52 -.11438
24 .99885 .04793%J 1.00000 2.75 -.16534
25 .93536 .35370%J 1.00000 20.71 .16914

COMPLEX SLACK BUS POWER : . 12456 ~-.05273%J
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ITERATION : ' 1
ITERATION MODE : 1
ACCURACY OBTAINED : 3.719E-063
SOLUTION TIME : .916 SECONDS

LOAD FLOW SOLUTION BY FAST-DECOUPLED METHOD
26-BUS POWER SYSTEM

GENERATOR
BUS COMPLEX BUS VOLTAGE POLAR BUS VOLTAGE REACTIVE POWER
1 1.03289 N g e 1.063579 4.29
2 1.66448 . 09430%J 1.06865 - 5.06
3 1.064247 .85597xJ 1.04393 3.02
4 . 28600 . 09797XRJ .929086 5.67
5 . 97406 .25989%J 1.60814 14.94
6 1.63239 . 05546%J 1.03388 3.07
(4 1.01328 .01816%J 1.01344 1.03
8 . 94400 . 04027%J . 94486 2.44
9 .96197 ~—.10889%J .%96811 -6.46
10 1.03712 . 06920xJ 1.03943 - 3.82
11 .89825 -.09914%J .90371 -6.30
12 .96732 =-.07416%J . 97016 -4.38
13 1.04634 .01572%J 1.04646 .86
14 .98217 -~.10717%J . 94526 -6.51
15 .92745 .09711%J .93252 5.98
16 1.63526 -.04712%J 1.03633 -2.61 _
17 .93171 .02787*xJ .93213 1.71 :
18 1.63972 .25276%J = 1.067000 13.66 -.40238
19 1.94585 . 09662%J 1.05000 5.28 . 18791
20 .97036 . 24086%J 1.60000 13.94 77753
21 .99383 . 22959%J 1.020600 13.01 -.02926
22 .88563 ~-.08810%J . 89000 -5.68 -.17806
23 .99965 —.02655%J 1.00000 =1.52 -.11438
24 . 909894 . 94595%J 1.00000 2.63 -.16333
25 .935892 .35229%J 1.006000 20.63 - .16914

COMPLEX SLACK BUS POWER : . 18834 -.05406%J
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ITERATION : ‘ 6
ITERATION MODE : 2
ACCURACY OBTAIRNED : 6.177E-04 . .
SOLUTION TIME : . 008 SECONDS

LOAD FLOW SOLUTION BY FAST-DECOUPLED METHOD
26-BUS POWER SYSTEM

GENERATOR
BUS COMPLEX BUS VOLTAGE POLAR BUS VOLTAGE REACTIVE POWER
1 1.03276 .07 740%J 1.03566 4.29
2 1.06437 . 09429%J 1.06854 5.06
3 1.04237 .05506%J 1.04382 3.02
4 .98591 .09796%J . 99076 5.67
5 . 97406 .25989%J - 1.60814 14.94
6 1.03245 .05546%J 1.063393 3.07
7 1.01319 .01816%J 1.01336 1.063
8 . 94408 .04027%J . 94494 2.44
9 .96135 -—.10882%J . 96749 -6.46
10 1.03698 .06919%J 1.63928 © 3.82
11 .89820 -.09913%J . 90365 -6.30
12 .96701 -—.07414%J . 96985 -4.38
13 1.04633 L01572%J 1.04645 .86
14 .93879 -.106713%J . 94489 -6.51
15 .92734 .09710%J . 93241 5.98
16 1.03526 ~—.04712%J 1.03633 =2.61
17 .93176 .02787*xJ .93217 1.71
18 1.63972 . 25276%J 1.07000 13.66 -.40046
19 1.04555 .09662%J 1.05000 - 5.28 . 18716
290 .970656 . 24086%J 1.00000 13.9%4 77936
21 .90383 . 22959%J 1.02000 13.01 -.02930
22 .88563 -.08810%J . 89000 -5.68 -.17863
23 . 92965 —.02655%J 1.00000 -1.52 -.11439
24 .998%24 . 04595%J 1.00000 - 2.63 -.16458
25 .93589 .35229:%J 1.00000 -20.63 . 16913

COMPLEX SLACK BUS POWER : . 13406 -.05132%J
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SOLUTION"

NUMBER OF ITERATIORS : 14
ITERATION MODE : 38
RETURN FLAG : U]
ACCURACY OBTAINED : 1.988E-07
SOLUTION TIME : ' .982 SECONDS

LOAD FLOW SOLUTION BY FAST-DECOUPLED METHOD
26-BUS POWER SYSTEM

GENERATOR
BUS COMPLEX BUS VOLTAGE POLAR BUS VOLTAGE REACTIVE POWER
1 1.83276 LO7729%J 1.63565 4.28
2 1.066437 . 09434:xJ 1.06854 5.07
3 1.04236 .05495%J 1.064381 3.02
4 .98590 . 09787%J . 99075 5.67
5 .97408 .25981%J 1.06814 14.93
6 1.63244 . 05542%J 1.03393 - 3.07
K4 1.01318 .918066:xJ 1.01334 1.02
8 94412 . 04026%J + 94498 2.44
9 96137 -—.10877xJ .96751 -6.45
19 1.63697 . 06924%J 1.63928 - 3.82
11 .892822 -~.09922%J .90368 -6.30
12 .96704 —.07406%J .96988 -4.38
13 1.64633 .01572xJ 1.04645 .86
14 .93882 -.10713%J . 94491 -6.51
15 . 92734 .09701%J . 93240 5.97
16 1.035326 -—.04712%J 1.03633 -2.61
i? 938176 .02780%J .93218 1.71
18 1.963970 . 25282%xJ 1.07000 :13.67 -.40042
19 1.04355 .090658%J 1.05000 5.28 . 18722
20 .97058 . 24078%J 1.00000 13.98 . 77951
21 . 29384 2295 1%J 1.02000 13.00 -.02939
22 . 88559 ~—.08849%J . 89000 -5.71 -. 17746
23 .99965 -.02653%J 1.00000 -1.52 -.11439
24 .29895 .04584%J 1.06009 2.63 -.16451
25 .93592 .85222%J 1.000060 20.62 .16213
COMPLEX SLACK BUS POWER : . 13341 -.065129%J

TOTAL EXECUTION TIME : 1.443 SECONDS
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Example 2

The load flow solution for the test 118-bus power system [8-10] is

shown. In this case the solution is obtained by one call of the package

with the requiréd accuracy VEPS = 10_6 and the bound on the iteration

time TIMEL = 2.5 seconds.

Because of the size of the workspace the compiled program LDFLOW is
submitted to the batch queue with the following job description:

100 /JOB
110 BUS118,JC2.

120 /USER

130 /CHARGE

140 GET (LIBSPWR,LIBRHSM,DATA=D118/GR)
150 LIBRARY (LIBSPWR,LIBRHSM)

160 GET (LDFLOW)

170 MAP (OFF)

180 LDFLOW.

190 /EOF

As in Example 1, the program calls the subroutine PWRDS1 from the
package PWRDS to read the data and to form the sparse bus admittance

matrix.
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PROGRAM SOLVES THE LOAD FLOW PROBLEM USING SPARSE MATRIX TECHNIQUES
(HARWELL PACKAGE 1MA28) AND THE FAST-DECOUPLED METHOD (PACKAGE LFLFD)

222

111

222
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PROGRAM LFLOW2 (DATA,OUTPUT, TAPE1=DATA, TAPE6=0UTPUT)

DIMENSION W(8000)

EXTERNVAL FLOW

CALL SECOND(TIMEID)

CALL PWRDS1(FLOW, 1,6,W,8000, IRET)
IFC(IRET.NE.9) WRITE(6,111) IRET
FORMAT(/" PWRDS!1 RETURN FLAG :", I3)
CALL SECOND(TIME2)
EXTIME=TIME2-TIMEL

WRITE(6,222) EXTIME

FORMAT(/" TOTAL EXECUTION TIME :",F7.3," SECONDS")
STOP

END .

SUBROUTINE FLOW (DN, NBS,NS,NTL, NB, NLB,NZ, NLZ,INDR,INDC IBT,.
1 Y, YS v,S, W,LW LCH,IFLAG)

DIMENSION INDR(NB), INDG(NZ) IBT(NB) , W(LW)

COMPLEX Y(NZ), YS(NBS) V(NBS) S(NBS)

IF(LCH.GT.®) WRITE(LCH,111) DN,NBS,NLB,NS,NTL,NZ,NLZ,LW
FORMAT(/" DATA-NAME : ",Al0

1 s" NUMBER OF BUSES : ", 14
a /" NUMBER OF LOAD-BUSES : ", 14
3 7" SLACK-BUS INDEX : ", 14
4 /" NUMBER OF TRANSMISSION-LINES :", I4
5 /" TOTAL NUMBER OF NON-ZEROS : ", 14
6 /" NUMBER OF LOAD NON-ZEROS : ", 14
7 /" REMAINING WORKSPACE : ", 16/)
IFLAG=~

ITL=-1

VEPS=1.E~6

IODE=0

TINEX=2.5

CALL LFLFD1(NB,NLB,NZ,NLZ, INDR, INDC, IBT,Y,YS,V,S,VW,LVW, ITL, VEPS,
1 TIMEX, MODE,IRET)

IF(IRET.LT.0®) RETURN

IF(LCH.GT.®) WRITE(LCH,222) IRET, ITL,VEPS, TIMEX

FORMAT(~-" RETURN FLAG : ",14

1 /" NUMBER OF ITERATIONS : » 14
2 7" ACCURACY OBTAINED : lPEIO 3
3 7" SOLUTION TIME : ", 0PF6.3, " SECONDS“//)
CALL PRTRES(NB,NS, INDR, INDC, IBT,Y,YS,V)

IFLAG=0

RETURN

END

000001
0000062
60003
000004
000005
000006
000007
000008
000009
000010
000011
090012
000013
000014
000015
006016
050017
000018
000019
000020
000021
000022
000023
060024
000025
000026
0980027
000028
060029
200030
000031

. 600032

060033
000034
000835
000036
0000637
000038
0006039
000040
000041
000042
000643
000044
000045
000046
000047

- 000048

000049
200059
000951
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SUBROUTINE PRTRES(NB,NL, INDR, INDC, IBT,Y,YS,V)
DIMENSION INDR(1),INDCC(1),IBT(L)
COMPLEX Y(1),YS(1),V(1)

SUBROUTINE PRINTS FINAL RESULTS OF THE LOAD FLOW SOLUTION

NB - NUMBER OF BUSES (EXCLUDING THE SLACK BUS),

NL - INDEX OF THE SLACK BUS,

INDR -~ ROW INDEX OF THE SPARSE BUS-ADMITTANCE MATRIX,
INDC - COLUMN INDEX OF THE SPARSE BUS-ADMITTANCE MATRIX,
IBT - VECTOR OF BUS TYPES (0 - LOAD, 1 - GENERATOR),

Y ~ SPARSE COMPLEX BUS-ADMITTANCE MATRIX,

YS - COMPLEX VECTOR OF SLACK ADMITTANCES,

\ ~ COMPLEX VECTOR OF BUS-VOLTAGES (RECTANGULAR MODE).

COMPLEX CC,PW
FACT=1890.0/3. 141592653
NBS=NB+1

WRITE(6,900) NBS

900 FORMAT(//16X, "LOAD FLOW SOLUTION BY FAST-DECOUPLED METHOD",

1 /720X, 14, "-BUS POWER SYSTEM"///51X, "GENERATOR"/"

BUS",

2" COMPLEX BUS VOLTAGE POLAR BUS VOLTAGE REACTIVE POWER"/)

96

o002

oY

o8

29

203

Do 98 I=1,NB

II=1

IFCIT.GE.NL) II=II+1

V1=CABS(V(I1))

V2=ATAN2(AIMAG(V(I)) ,REAL(V(I)))*FACT
IFCIBTC(I) .EQ.0) GOTO 97

Ji=1 :

IFCI.GT.1) J1=INDRCI-1)+1

J2=INDRCI)

CC=YS( I)*V(NBS)

DO 926 J=J1,J2

K= INBC(J)

CC=CC+Y(J)®*V(K)

Q= AIMAG(V( 1) *CONJG(CC))

WRITE(6,902) 1I,V(I),V1,V2,Q !

FORMAT( 1X, 14,2X,2F9.5,2H*J,2X,F9.5,F92.2,3X,F10.5) .
GOTO 28 :
WVRITE(6,962) II,V(I),V1,V2

CONTINUL

€C=(9.9,6.0)

DG 99 I=1,NBS

CC=CC+YS(I)*V(I)

PW=V(NBS) *CONJG(CC)

WRITE(6,203) PW

FORMAT(/" COMPLEX SLACK BUS POWER :",3X,2F9.5,2H%J)
RETURN

END

096052
063053
000054
000055
000656
000057
000058
0000659
600060
000061
000062
000063
000064
080065
000066
000067
090068
0000692
000070
00e071
600072
00806073
000074
0060075
000076
000077
000078
0000672
0060089
000081
006082
006083
00084
©00085
000086
000087
000088
060089
000020
000091
000092
000093
000094
000005
0060696
000697
0006208
000099
000100
000161
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NUMBER OF BUSES : 118
NUMBER OF LOAD-BUSES : 64
SLACK-BUS INDEX : 118
NUMBER OF TRANSMISSION-LINES : '179
TOTAL NUMBER OF NON-ZEROS 463
NUMBER OF LOAD NON-ZEROS : 134
REMAINING WORKSPACE : 5631
RETURN FLAG : 0
NUMBER OF ITERATIONS  : : 16
ACCURACY OBTAINED : 8.320E-07

GOLUTION TIME ¢

BUS

-t
VNGB N~

=
[\SI=N

13
14
135
16
17
18
19
20
21
22
23
24
25
26

28
29
30
31
32
33
34
33
36
37
38

1.104 SECCONDS

LOAD FLOW SOLUTION BY FAST-DECOUPLED - METHOD

118-BUS POWER SYSTEM

COMPLEX BUS VOLTAGE

1.01894 -.53317%xJ
.90457 -.41632%J
.97421 -.46325%J

1.606294 -.45178%J
.96995 ~—.34642%J
.84080 -.32103%J
. 84684 -.32927%J

1.655458 -.27227%J

1.00777 -.12664%J
.91932 .03526%xJ
. 88545 -.36761%J
. 84524 -.33715%J
. 86779 -.38081xJ
. 866920 -.35121%J
.89371 -.37707*kJ
. 85678 -.34505%J
.92353 -.33918%J
89611 -.387132%J
. 88394 ~.37450%J
87961 -.354806%J
. 88625 —~.32722%J
.20697 -.28664%J
.95244 ~.20700%J
.89356 -.17251%J

1.092793 -.12629%J

1.90678 -.08054%J
.21591 -.31940%J
78486 -.27077%J
.81216 -.30288%J

1.01390 -.26884%J
. 85820 -.33151%J
.90510 ~-.31999%J
. 88789 -.36517%J
.87376 ~.34661%J
.204856 -.36782%J
.20615 ~.37323%J
.91628 ~.32968%J

1.66339 -.26348%J

GENRERATOR
POLAR BUS VOLTAGE REACTIVE POWER
1.15000 -27.62 3.89210
.99577 -24.71
1.67874 -25.43
1.10000 -24.25 3.92318
1.02996 -19.65
.90000 -20.90 -2.18445
.920301 -21.39:
1.909600 -14.47 4.88271
1.01569 ~7.16
. 920060 2.20 -3.23178
. 95873 -22.53
.910060 -21.75 -4.87989
. 94767 -23.69
.93561 -22.09
. 97000 -22.88 47955
. 218092 -22.08 .
.28385 ~-20.17 :
.97000 -22.51 . 08225
96009 -22.96 -.20050
.94848 -21.97
.94472 -20.27
.95119 -17.54
. 97467 -12.26
.21600 -10.93 -1.71569
1.10000 -6.39 5.77215
1.010060 -4.57 -4.18156
. 97000 -19.22 1.36953
. 83025 -19.03
. 86680 -20.45
1.048%4 -14.85
. 92000 -21.12 .80163
. 960600 -19.47 . 145338
. 26003 -22.36
. 24000 -21.64 -1.87944
.97648 -22.13
. 98000 -22.39 1.86468
.26813 -19.91
1.63741 -14.71



39
40
41
42
43
44
43
46
47
48
49
50
51
52
53
54
55
56
57
58
59
69
61
62
63
64
65
66
67
68
69
70
71
72
73
74
73
76
&4
78
79
89
81
82
83
84
85
86
87
88
89
26
21
92
98
24
25
26
97
28
29
160
101
102
163

. 88623
. 88842
.90911
1.01017
. 88993
. 92423
. 24368
.08213
1.09126
1.06289
1.01013
.08312
. 94497
. 03326
.02149
. 93464
.02967
.93031
.04851
. 93544
. 97833
.98410
.29703
.99523
1.01489
1.61366
. 99958
1.64957
1.617835
1.0633874
.94173
.97109
. 97375
. 26270
.97876
. 95035
.96123
. 93383
1.06988
. 99904
1.066589
1.63935
1.0606569
.99153
.28718
.28073
.28380
. 28407
1.00547
.97177
96977
.28131
.97107
. 97954
.98262
.28985
.28121
.99340
1.01167
1.02436
1.606936
1.61885
.299036
. 28263
1.60982

-.3739%94%J
-.38937xJ
-.40983%J
-.43538%J
-.33100%J
-.27208%J
-.23465%J
—.18822%J
. 14876%J
. 15987%J
. 14122%J
. 16500*xJ
. 18913%J
. 19718%J
. 19505%J
c17016%J
. 19548%J
. 1924 1%J
. 18720%J
. 19496%J
.15153%J
-.11510xJ
-.07702%J
-.09761x%J
-.10228%J
-.07327%J
-.02909%J
~.03016%J
-.07549%J
-.05691xJ
—.12144%J
. 13186%J
. 14402%J
.18331%J
. 14875%J
. 13579%J
.11189%J
-.10756%J
-.01556%J
-.02700%J
-.01714%J
.03677TxJ
.02306x%xJ
.01056%J
.03386%J
.08140%J
.11061%J
.08812%J
. 09554%J
. 16348%J
. 24404%J
. 13687*xJ
. 18198%J
. 14352%J
.09062%J
.05327x%J
.03092xJ
.02174%J
.02279%J
.02279%J
.63395%J
.05794%J
07847 XRT
. 119928%J
.01912%J
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96191
. 97600
. 99722

1.100066
.94106
. 96345
97241

1.0606600

1.01224

1.801546

1.02600
.99687
. 96371
.95386
94190
. 95000
. 95000
. 95000
. 96689
. 953554
. 99060
.990689

1.060000

1.06000

1.01994

1.61639

1.0060060

1.05000

1.02065

1.063499
. 94953
. 280600
. 98434
. 98000
. 99000
. 96000
96772
. 24000

1.61000
99941

1.00604

1.04000

1.080596
.99158
. 98775
.98410
. 99000
.98861

1.01000
. 28627

1.060000
. 99000
.28000
.29000
.98619
.99128
.98170
. 99364

1.01192

1.062462

1.01000

1.62000
. 99346
.28993

1.01000

-22.88"°

-28.67
-24.27
-23.382
~-20.59
-16.40
-13.96
-10.85
-8.45
-9.06
-7.96
-9.53
-11.32
-11.93
-11.98
-10.32
-11.87
-11.69
-11.16
-11.77
-8.80
~-6.67
—-4,42
-5.60
-5.76
~4.25
-1.67
-1.65
-4.24
-2.82
~7.35
-7.73
~-8.41
-16.78
-8.64
~8.13
-6.64
-6.37
-.88

-1.55"

-.98
2.03
1.31
.61
1.96
4.74
6.41
5.12
5.43
9.84
14.12
7.60
7.74
8.34
5.27
3.08
1.81
1.25
1.29
1.27
2.04
3.26
4.53
6.96
1.08

-.92470
2.42765

-.07354

.09157

-.77522
-.04617
-.29946

69778
-.13481
-.10655

-5.82166
4.14129

-.020490
.31584
. 120206

-.24463

-.44043
.11721

. 85560

-.04216
.079%203
-.44582
. 38645

-.18938
-. 17527

-.22817
.96245

.392058
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104 .96938 -~.03471%xJ .97000 ~2.035 -.15752
105 .25863 -—.05118%J . 96000 -83.06 -.62577
166 .95643 -—.05889%9%J .95825 ~8.52
107 .94431 -.10382%J .95000 -6.27 -.03307
108 . 95949 ~.07005%J . 96204 -4.18
199 . 96003 —.07715%J . 96318 -4.59
110 .065798 ~.00042%J .970060 -5.35 -.45960
111 .O7790 —.06409%J . 98000 ~-3.75 . 02020
112 .26891 —.14703%J .98000 -8.63 .41012
118 .02886 -—.34253%J . 990600 -20.24 . 320605
114 90170 ~.32404%J .95816 -19.77
118 . 88835 ~.33943%J . 95098 -20.91
116 .98903 —. 14770%J 1.0606000 -8.49 . 12494
117 .81838 -.35728%J . 89297 -23.58

COMPLEX SLACK BUS POWER : 4.74123 - 39423%J

TOTAL EXECUTION TIME : 2.796 SECONDS
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APPENDIX

LISTING OF THE LFLFD PACKAGE

Listing from Page

Number of Lines Number of Words
(source text) (compiled code)
85 313
135 672
46 240
49 221

31
32
34
35
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SUBROUTIRE LFLFD1 (NB,NL,NZ,NR, INDR, INDC, IBT,Y,YS,V,S,VW¥,LVW, ITEL, VE
1PS, TIMEL, MODE, IFLAG)

DIMENSION INDR(1), INDC(1), IBT(1), W(1)

COMPLEX Y(1),YS(1),V(1),8(1)

THIS PACKAGE SOLVES LOAD FLOW PROBLEMS USING SPARSE MATRIX TECHNIQUES
(HARWELL PACKAGE MA28) AND THE FAST DECOUPLED METHOD. .

LIBRARY : HARWELL PACKAGE MA28

10

NB - NUMBER OF BUSES (EXCLUDING SLACK BUS),

NL - NUMBER OF LOAD BUSES, .

NZ ~ NUMBER OF NON-ZEROS IN BUS ADMITTANCE MATRIX,

NLZ - NUMBER OF NON-ZEROS IN LOAD BUS ADMITTANCE SUBMATRIX,
INDR - ROW INDEX OF SPARSE BUS ADMITTANCE MATRIX,

INDC - COLUMN INDEX OF SPARSE BUS ADMITTANCE MATRIX,

IBT - VECTOR OF BUS TYPES (© - LOAD BUS, 1 - GENERATOR BUS),
Y - SPARSE BUS ADMITTANCE MATRIX,

YS - VECTOR OF SLACK BUS ADMITTANCES,

v - COMPLEX BUS VOLTAGES (RECTANGULAR MODE),

8 - COMPLEX BUS INJECTED POWERS,

W - REAL WORKSPACE,

LW - LENGTH OF THE WORSPACE W,

ITEL - LIMIT OF ITERATIONS,

VEPS . - REQUIRED ACCURACY OF SOLUTION,

TIMEL - LIMIT OF ITERATION TIME,

MODE - MODE OF OPERATION :

© - EVALUATE AND FACTORIZE APPROXIMATE JACOBIAN MATRICES,
1 - PERFORM *P-DELTA* ITERATION (FOR FACTORIZED MATRICES),
2 - PERFORM *Q@-MOD.V¥ ITERATION (FOR-FACTORIZED MATRICES),
38 - PERFORM BOTH ITERATIONS (FOR FACTORIZED MATRICES),
IFLAG - RETURN FLAG :
-2 - INCORRECT USE,
-1 INCORRECT PARAMETERS,

© - NORMAL RETURN (REQUIRED ACCURACY OBTAINED),
1 - LIMIT OF ITERATIONS REACHED.
2 - LIMIT OF ITERATION TIME REACHED.

DATA NS1,NS2,NZ1,NZ2,1FL/0,0,0,0,~-1/
IF (MODE.LT.0.0R.MODE.GT.3) GO TO 30
IF (MODE.EQ.9) GO TO 10

IFLAG=-2

IF (NB.NE.NS1.0R.NL.NE.NS2.0R.NZ.NE.NZ1.0R.NR.NE.RZ2.0R. IFL.LT.0)
1RETURN '

GO TO 20

NBS=NB+1

NS1=NB

NS2=NL

NZ1=NZ

NZ2=NR

LICN1=3%NZ1

LICN2=3%NZ2

LIRN1=NZ1+NS1+NS1

LIRN2=NZ2+NS2+NS2

JNRB=1

JA1=JNRB+NBS

JICN1=JA1+LICN1

JIKP1=JICN1+LICN1

JA2=JIKP1+3%NS1

JICN2=JA2+LICN2

JIKP2=JICN2+LICN2

JRHS=JIKP2+5%NS2

JW=JRHS+NS1

JVM=JW+NS1

JVA=JVM+NS1

000001
000002
000003
000004
000005
000006
000007
000068
0000609
000010
000011
000012
000013
000014
000015
000016
0080017
000018
000019
000020
000021
000022
000023
000024
000025
000026
000027
000028 -
000029
0060030 .
000031
000032
000033
000034
000035
000036
0900037
000038
000039
000040
000041
000042
000043 :
000044
000045
000046
0060047
000048
000049
000050
000051
090052
000053
000054
0000655
000056
000057
000058
000059
000060
000061
000062
000063
000064
000065
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MXJ=JVA+NS1

JIRN2=JRHS :

JIW2=JIRN2+LIRN2

JW2=J IW2+8%NS2

JIRN1=JA2

JIWi=JIRNI+LIRN1

JWi=JIW1+8%NS1

MXJ=MAXO(MXJ, JW1+NS1,JW2+NS2) | .

J=LW-MXJ

IF (J.LT.06) GO TO 390

CALL LFLFDA (NB,NL,NZ, NR,INDR;INDC IBT, Y;¥S,V,S,LICN1,LIRN1; s LICN2,
1LIRN2, W(JAL), W(JIGNI) W(JIKP1) , W(JA2), W(JICNZ) WIJIKP2) s W(JRHS) , W(
2JW), W(JVM) W(JVA) W(JNRB) WIJIRNI) WTJIWI) W(JWI) W(JIRN2) W(JIW2)
3, W(JW2) MDDE ITEL, VEPS, TIMEL IFLAG)

IF (MDDE.EQ.O) IFL=IFLAG

RETURN

IFLAG=-1

RETURN

END

SUBROUTIRE LFLFDA (NB,NLB, NZ,NZR, INDR, INDC,IBT,Y, YS,V,S,LICN1,LIRN
11,LICN2,LIRN2,Al1, ICN1, IKEEP1, A2, ICN2, IKEEP2, RHS, W, VM, VA, KRB, IRN1, I
2W1,Ww1, IRN2, IW2, W2, MODE, ITE, VEPS, TIMEX, IERR)

DIMENSION INDR(1), INDC(1), IBT(1), ICN1(1), ICN2(1), IKEEP1(1), I
IKEEP2(1), Al(1), A2(1), RHS(1), W(1), WIC1), W2(1), IW1C1),:IW2(1)
2, NRB(1), VM(1), VA(1), IRN1(1), IRN2(1)

COMPLEX Y(1),YS(1),V(1),S(1)

THIS SUBROUTINE IMPLEMENTS THE FAST DECOUPLED ITERATIVE METHOD!USING
THE HARWELL PACKAGE *MA28% FOR SOLVING THE.SPARSE SYSTEMS OF LINEAR
EQUATIONS WITH REAL COEFFICIENTS.

RE

10
20

MARK : THE ARRAYS (RHS,W,VM,VA)
AND (IRN2 IW2,W2).

AS WELL AS (A2, ICN2 IKEEP2 IRN2, IW2 W2)
: AND (IRNl IWl Wi

SHARE THE SAME WORKSPACE.

COMPLEX VV,CC,PW
LOGICAL SWITCH

CALL SECOND (TTIME1)
TERR=-2

IF (MODE.NE.9®) GO TO 70

SET ORDERING OF BUSES

L=0

K=NLB

Do 20 I1=1,NB

IF (IBT(I).NE.@®) GO:TO 10
L=L+1

NRB(ID)=L

GO TO 26

K=K+1

NRB( I) =K

CONTINUE

SET AND FACTORIZE SPARSE MATRICES OF REAL COEFFICIENTS

DO 40 1=1,NB

Ji=1

IF (I.GT.1) JI=INDRC(I-1)+1
J2=INDR( I} -1

X=0.0

000066
000067
000068
000069
000070
000071

000072

000073
000074
000075
000076

000077 .-
000078

000079

- 000080

000081
000082
000083
0006084
000085
000086
000087
000088 .
000089
000090

000091 ‘-

000092
000003
000094
0090095
000096
000097
000028
000099
000100
000101
000102
000103
000104
000105
000106
000107
000108
000109
000110
000111
000112
000113
000114
000115
000116
000117
000118
000119
000120
000121
000122
000123
000124
000125
000126
000127
000128
000129
000130



aaoon Qo0

aaan

30

40

50
60

70

80

20

-33-

IF (AIMAG(YS(I)).NE:0.0):X=1,.0/AIMAG(1.0/YSCI))
DO 306 J=J1,J2

KK= INDC(J)

ICN1¢J)=KK

IRN1C(J)=1
XX=1.0/AIMAG(1.0/Y(J))
X=X+XX

AL(J)=XX

CONTINUE

J=INDR(I)

ICNIC(I) =1

IRNIC(I =1

A1(I)=-X

CONTINUE

U=0.1 »

CALL MA28A (NB,NZ,Al1,LICN1, IRN1,LIRN1, ICN1,U, IKEEP1, IW1, VW1, IFLAG)
IF (IFLAG.LT.9) RETURN

L=0

o 60 I=1,NB

{=IBT(I)

IF (K.NE.@) GO TO 60
LL=NRB(I)

=1

IF (I.GT.1) J1=INDR(I-1)+1
J2=INDRC I)

Do 56 J=J1,J2

KK= INDC(.J)

IF (IBT(KK) .NE.0) GO TO 50
L=L+1

ICN2(L) =NRB(KK)

IRN2(L)=LL
A2(L)=-AIMAG(Y(J))
CONTINUE

CONTINUE

U=0.1

CALL MA28A (NLB,NZR;A2,LICN2, IRN2,LIRN2]ICN2,U, IKEEP2, IW2, W2, IFLAG
1

IF (IFLAG.LT.0)> RETURN

SET INITIAL VALUES AND CHECK LIMIT OFITERATIONS:

IT=0

CMX=0.0 ' ‘

CALL SECOND (TTIME2)

IF (ITE.EQ.0) GO TO 140 .

CONVERT VOLTAGES TO POLAR FORM

DO 80 I=1,NB

vV=Vv(I)

VM( I) =CABS(VV)

VA( 1) =ATAN2( AIMAG(VV) , REAL(VV))
CONTINUE

ITERATION LOOP

CORRA=0.0

CORRM=0.0

IF (MODE.EQ.1) GO TO 90

IF (MODE.EQ.2) GO TO 100

IT=1T+1

CALL LFLFDB (NB,NZ,Y,YS,V,VM,VA,S,INDR, INDC, IBT,NRB, A1,LICKRi, ICN1,
11KEEP1, RHS, W, CORRA)

SWITCH= . TRUE.

IF (IT.EQ.1.AND.(MODE.EQ.0.0R:MODE.EQ.3)) GO TO 100

000131
000132
000133
000134
060135
000136
000137
000138
0060139
000140
000141
000142
000143
000144
000145
000146
000147
900148
000149
0060150
090151
000152
000153
000154
000155
009156
000157
009158
000159
0001690
000161
000162
000163
000164
9060165
0060166 -
900167
000168
000169
060170
000171
009172
000173
000174
000175
000176
000177
000178
000179
000180
000181
000182
000183
000184
000185
000186
000187
000188
000189

000190

000191
000192
000193
000194
000195
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100

110

120
130

140
150

160
170
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GO TO 110
IT=1IT+1

CALL LFLFDC (NB,NLB,NZR,Y,YS,V,VM,VA,S, INDR, INDC, IBT, NRB, A2, LICN2,

11CN2, IKEEP2, RHS, W, CORRID "

SWITCH= .FALSE.

CMX= AMAX1( CORRA, CORRID

CALL SECOND (TTIME2) '
IF (CMX.LE.VEPS) GO TO 160 i
IF (TIMEX.LE.0.0) GO TO 120
IF (TTIME2-TTIME!.GE.TIMEX) GO.TO 150
IF (ITE.LT.0) GO TO: 130

IF (IT.GE.ITE) GO TO 140 .
IF (CORRA.GT.2.0%CORRM) GO TO0:!90
IF (CORRM.GT.2.0*%CORRA) GO TO 100
IF (SWITCH) GO TO 109

GO TO 920

IERR=1

GO TO 170

IERR=2

GO TO 170

IERR=0

ITE=IT

TIMEX=TTIME2~-TTIME1

VEPS=CHMX

RETURN

END

SUBROUTINE LFLFDB (NB, NZ;Y}YS :V, VM, VA, 8, INDR, INDC, IBT, NRB, Al, LICN1

1,ICN1, IKEEP1,RHS, W,CORBA)

DIMENSION VM(I), VA(1), INDR(1), INDCC(1); IBT(1),:

1ICN1(1), IKEEP1(1), RHS(1), W(1)
COMPLEX Y(1),¥S(1),V(1),8(1)

EQUATIONS AND UPDATES THE VOLTAGES.

10

20

COMPLEX CURR, DELS, PW
NBS=NB+1

SET RIGHT-HAND-SIDES

Do 26 I1=1,NB

Ji=1

IF (I.GT.1) J1=INDR(I-1)+1
J2=INDR(I)

CURR=YS( 1) *V(NBS)

DO 16 J=J1,J2

K=INDC(J)

CURR=CURR+Y( J) *V(K) :

CONTINUE

PW=V( 1) *CONJG(CURR) .
DELS=S( 1) -PW

IFCIBTC(I) .NE.0) S(I1)=CMPLX(REAL(S(I}),AIMAG(PW))
RHS( 1) =REAL(DELS) /VM( I) .
CONTINUE

SOLVE LINEAR EQUATIONS

CALL MA28C (NB,Al,LICN1, ICN1, IKEEP1,RHS W, 1):
UPDATE VOLTAGES

CORRA=0.0

NRB(1),

AlCD),

I

000196
000197
000198~
000199
000200
000201
000202
000203
000204
000205
000206
000207
000268
000209
000210
000211
000212
0060213
000214
006215
000216
000217
000218
000219
000220
000221
000222
000223
000224 !
000223
000226
009227
000228
000229
000230
000231
000232
000233
000234
000235
000236
000237
000238
000239
000240
000241
000242
000243
000244
000245
000246
000247
000248
000249
000250
000251
000252
000253
000254
000255
000256
000257
000258

- 000259

000260
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DO 30 1=1,NB

Vi=VM(I)

DV=ABS(VI1*SIN(RHS(I)))
V2=VA(I)+RHS(I)

VA(I)=V2

IF (DV.GT.CORRA) CORRA=DV
V(I)=CMPLX(V1*COS(V2), VI*SIN(VZ))
CONTINUE

RETURN

END

SUBROUTINE LFLFDC (NB,NLB,NZR,Y,YS,V,VM,VA,S, INDR, INDC, IBT, NRB, A2,

1LICN2, ICN2, IKEEP2, RHS, W, CORRID .

DIMENSION VM(1), VA(1), INDR(1), INDC(li; IBT(1),1RRB(1), A2(1),

1CN2(1), IKEEP2(1), RHS(1), W(1)
COMPLEX Y(1),YS(1),V(1),S(1)

EQUATIONS AND UPDATES THE VOLTAGES.

10

20

30

COMPLEX CURR, DELS,PW
NBS=NB+1

SET RIGHT-HAND-SIDES

Do 20 1=1,NB

IF (IBT(I).NE.®) GO:TO 20
L=NRB( ID

Ji=1

IF (I.GT.1) J1=INDRC(I-1)+1
J2=INDR( I)
CURR=YS( I) *V(NBS)

DO 10 J=J1,J2

K= INDC(J)
CURR‘CURR&Y(J)*V(K)
CONTINUE
PW=V(1)*CONJG(CURR)
DELS=S(I)-PW

RHS(L) =AIMAG(DELS) /VM( I)
CONTINUE

SOLVE LINEAR EQUATIONS

CALL MA28C (NLB, A2,LICN2,ICN2,IKEEP2,RHS,W,1).

UPDATE VOLTAGES

CORRM=0.0

DO 30 I=1,NB

IF (IBT(I).NE.O®) GOiTO 30
K=NRB(I)

DV=ABS(RHS(K))

IF (DV.GT.CORRM) CORRM=DV.
Vi=VM(I)

V2=V1+RHS(K)

VM(I)=V2

VD) =(V2/V1) %V D)
CONTINUE

RETURN

END

I

000261
000262
000263
000264
000265
000266
000267
000268
000269
000270
000271
000272
000273 -
000274
000275
000276
000277
000278
090279
000280
000281
0006282
000283
000284
000285
000286
000287
000288
000289
000290
000291
000292
000293
000294
000295
000296

| 000297

000208
000299
000300
000301
000302
000303
000304
0006305
000306
000307
000308

. 000309

000319
000311
000312
000313
000314
000315
000316
000317
000318
000319
000320
000321

000322
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Abstract: LFLFD is a package of subroutines for solving load flow
problems by the well-known fast decoupled technique. The method has
been described by Stott and Alsac, and is implemented with minor
modifications only. Sparse matrix techniques are used to represent the
power system's bus admittance matrix as well as the approximate Jacobian
matrices required by the method, and the Harwell Package MA28 is called
to solve the systems of linear equations with real coefficients. The
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