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ABSTRACT

In conventional load flow studies, for
mathematical reasons, a generation bus sust be selected as
the slack bus vwvhich cannot have its real generation
speciéied independently. This is at variance vwith the
physical power system in vhich no such bus is so

designated.

- This thesis develops tvo physically wmeaningful .

load flow models which do not require a slack bus. In the

. Floating System Voltage 1load Flow, all the real pover

injections are 1ndependent1f specified at the expense of
freeing t&e voltage level .of the systes. Vith the
Participation Pactors Load Flow, the total power generated
is got specified a priori, hor are the real power generated
aé each PV bds; instead at each PY bus is specified }ts
fractjonal contribution to the total generation required to
satisfy the total demand plus network loss.

The applications of these no-slack bus load'flov
methods are also investigated. Rmploying the provision that

all the real generations can be independently specified in

the rlbating Syséel _Yoltage Load Plow, economic disgatch

calculations can be simplified. Given the proper phy;%bal
1ntorpretatlons,'ihe participation Pactors Load Plow enables
modelling of a power system with consideration for the

°

actions of the tutbiﬁe speed control governors.
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ment de Puissance aux Facteurs.de Participation nous permet

/ L v

. RESUME o

Dans les études d'Gcoulement de puissance, pour des

raisons mathématiques, une barre de génération doit étre choisie

£

comme la barre d'oscillatig% qui ne peut pas avoir sa produc-

tion spécifiée indépendamment. Une telle barre n'existe pas

/

dans les réseaux électriques de puissance causant une variance

@

entre la pratique et le modéle.

-

‘ Cette thése développe deux mod&les qui se rapprochent
plus du systéme'physique'sans la nécessité de définir une barre
d'oscillation. Dans l'Ecoulement Qe Puissance avec Voltage de
Réseau Libre, toutes les injections de puissance réelles sont
indépendamment spécifiées en laissangrlibre le niveau de, volt-
age du réscau. Dans 1'Ecouiement de Puissance aux Facteurs

df Participation, la puigsance totale active de production

ainsi que la production & chaque barre fb ne sont pas spécifiées.
A chaque barre PV on spécifie lg contribution fractionnelle de

la génégation totale requise pour satisfaire la demande totale

et les pertes de transmission.

Les applications de ces méthodes d'&coulement de »
puissance sans barre d'oécillat}op sont apséi ftudies. Il

est possible, par exemple, de simplifier largement le calc¢ul

"du dispatching économique en. employant la proprieté de 1'Ecoule-

ment de Puissance avec Voltage de Réseau Libre.oll les produc-

tions ré&elles peuvent &tre specififes indépendamment. L'Ecoule-

\

en plus, de modeler le syst®me en tenant compte des actions

des gouvernails de vitesse des turbines.
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1. INRTRODUCTION

~ In almost any kind of Jgo-er systea analysis the
load flow program has an important role to play. Essentially

the load flow program establishes—the steady state operating

point of the system in terms of the voltages at all the -

~

nodes of the systea. In another era, before the daigital

computer appeared on the scene, load flow studies were

carried out as analog simulations of fhe system on. AC boards

vhich vere scaled-down electrical -é;;Ih\of the pover systea
under study. However with the advent of the Jdigital
conputet, digital sinulafioq% hqve displaced the AC boards.
This changeover is due to a n;lber of significant advantages
the JQigital célputer has .over the AC boards (1], the
principal ones being cost, accuracy, : flexibility and

convenience.

Ever since the first 1load flow proqransnin the
21d-1950's, a proliferation of papers on the subject had
appeared in the literature. A suégey of ‘the papers
presented is given im [2]. The extensive past efforts
notvithstanding, current problems of increasing systea sizes
apd on-line applications still demand innovations. 1s

systems grov larger, memory space in the computer is

ey
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sgverely taxed, vhile for on-line applications, execution
times need to be reduced. These difficulties are aseliorated
by the recognition and exploitation of ihe fact that most
pover system matrices are sparse.

With sparse matrices much storage space can be
saved by not storing the zero eiolents of the matrix. When
it is estimated that more than ninety-nine percent of the
elements of many large power system .matrices are zeross, Jhe
can appreciate the savings realized. At the Qane time,
matrix operations invslvinq the xzero elenents/);ro trivial,
so vithout performing operations. on those zero elements
vhich are not stored, execution time is reduced toco. Hence

sparse  matrix. handling is a valuable technique to

incorporate into load flow prograss.

In the cnrrﬁ?tly accepted methods of load flovw
calculations, there is entrenched the concept of a siack bus
which is the generator ¢to which is apportioned all the
transaission loss of the netvork. Although there exists no
slack bus as such in the physical system, the slack bus is
nevertheless a necessary consequence of the 1load flow
formulations in. current use. This discrepancy betu;en,the

real world }nd the model of the systes can, as it will be

3]
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shovn in this thesis, be resolved.

Vhereas there has been research on the subject of

no-slack bus 1locad flowv methods [3,8], to' the bast of the:

author's knovledge, the work carried out in this thesis is

the first attempt to systelatically tornulato the load flow
problem as they appear in the follo-inq pages nndcr the
nases the r$qeting System Voltage Load TFlov and the
Participation Pact;rs Load Flow. ° The author believes the
ability to incorporate the d:o&b cha;acteristics ’ of
generation units to the load flow soluti;n method is also

°

without precedent.

This thesis examines the Jjustification for the
slack bus and develops two wmodels vwhich realistically
describe the physical systea and at the’ sane time 40 not

require the specification of onehof the buses as the slack

‘bus. Nany other such no-slack bus formulations are possible

vhen it is rocogﬂized that in egsenca,_in a load gio- the
qngnovns are caléulated from a set of simultaneocus algoﬁtaic
equations vhich relaécs the glven opefaiing condition; to
the unknowns., Provided that the set of equations has been
foraulated as a consistent set vith as many 1ndop¢ndcnt

equations as unkpowas, it conltitutes a valiad load tlov

\ e
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sodel of the systen.
o . ’ H
In the, convenyional lgad flow methods the given
operating conditions are the jronl and reactivz povers at the
load buses and real povers and voltage magnitudes at tke
generator buses- except the slack bus which only. has its

‘voltage pmagnitude specified. Had the slack bus real

- kgeheration been specified .a"s..vqll, it wvould ‘vetspec.lfy the

systen, vhich wvould ilmost certainly —result in an

inconsistent system of equations.
o~ .

Howeyer the above rneed not be and in the 'last
analysis are not the e;act operating conditions bf a power
systen, gqver;xors nay operatax to alf.or the generation levels
vhen there is a devia’tion: fros standard frequency resulting
from an unbalance{ betwveen generation az;;l denand. Similarly,
generator exciters and tap changing transforsers my fine
tdﬂe the systea voltages. Also a certain ligo,qtot cunp]fo,
a tie-line, -«?y 'be‘nnder contract to tnnsyii a g{.von éour
and this becomes a specified operating” condition. The
equation relatj.nq‘ this tie-lide flow to the unknown
variables could egqmally le;l'bc one of t;ac equations tha‘t
ctonstitute a valid load flow model of the systes. . Thas this

thesis is addresped to the alternative foraulations -of the

P s
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load flov problem and their relevance to the physical pover

systea to be modelled.

-

N chabter THO provides the background #faterial and

describes ¥he - conventional load flow forlulatioh. It also

presents in some detail the analytical as well as nunerica}-

considerations of the Newton-Raphson load flo;fhethod.

o

Chapter THREE develops two ho-slack bus load flow

© foraulations and their implementations. In the Ploating

System Voltage Load Plow, all the generation buses are
dispatched but their voltage magnitudes are variable vhereas
in the Participation Pactors Load Flow, the ‘generationm
buses' voltages are fixed while the . total gemeration |is

variable through the participation of' all the generation
/ 1

units. ‘ ‘ Ty

-

r

s

Chapter FOUR describem applications of the new

load flov formulations. Through the rloatingtSystel~voftgqe

1oad PFlow, economic dispatch problems can be simplified.

. The chapter also offers a possible phyéidal interpretation

of the _ Participation Factors. Using this physical

interpretation, the Participation Pactors Load Flov can be

applied to “ sodel _the allocation of new generations to

J

"y
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rectify a generation-desand imbalance situation.
Chapter'PIvn presents the detailed results of the
study of a 5 bus systes. Exaamples of the applications of the
" . g

new load flow fornﬁlations are also dascribed.

~
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2. THE CORVENTIONAL LCAD FLOW

z,L_.muunmm-Mulemzmz_ng\uu;

In a load fiow problem it is desired to find the
voltages at all éhe nodes of a power netvork given the
operating conditions of the system. Then with the values of
the voltages so obtained, any other dependent variables like
the power injections at the buses or the pover flows between
the buses could be calculated. In the conventional 1load
flow foF-ulation, tﬁe operating conditions are specified by

the real and reactive injections at the load buses and the

voltage magnitudes and real injections at the generator and

requlated buses. In the load flow problea then, the
objective is to find the voltages at all the nodes such that
these specified injections are satisfied. Bach specified
injection being expressible as a quadratic function of the
noéal voltages in the network, the 1load flov problem can
thus be formulated and solved as a set of nonlinear

‘yr

algebralc egquations.

\

It vas nmentioned above that in the conventional

formulation, the operating conditions of the network are
specified by the real and reactive injections at the load

buses and %he voltage magnitudes and réal injections at the

&
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generation buses. However in a network vith yet undeteramined
transaission loss it is not possible ana mathematically
untenable to specify all the real injections a priori, with
the Feactive injections at the 1load buses and the voltage
magnitudes at the generation buses specified as well. Hence
appears the necessity of the artifice of a slack bus (one of
the generation buses) vhich has only its voltage magnitunde
specified but not its real injection. In the systea there is
also an arbitrarily chosen reference bus from which ;11 the
voltage angles of other buses are&ggysnred. The slack bus is
often {but need not necessarily be) chosen to be the
reference bus. Having considered these details, we shall
proceed with the wmathesmatical formulation of the 1load flow
problem.
P
The real and reactive powver injections into a
node i1 can be expressed as
P, + 40, = v, I} (1)
vhere V. is the voltage at node i and I] the conjugate of

the current entering node 1.

The current entering a node 1 may be expressed in
terms of the noda;,voltageé as follows

I. = {‘"\kvk (2)

3
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\
vhere the summation is over all the nodes in the system and

S
Y, is the (i,kf“ element of the bus admittance matrix of
\

the network. )

PN

a

e V\\ ‘working with reétangulat co-ordinates, the nodal

’voltages are resolved into the real and inaginafy

components p

= Real ((e; + jfnZ; Yo lew = 3£} L
= Real ((e; + jfi); (g'.k' jb{k)(eg - jfg“))

=8y {_, (e, 9 = fuby) * £ 2 (£.9, * eby) (3)
e,

_amd Q =f, § (e i = fubuc) - & T (B90 * Gebac) (%)

Further, the voltage magnitude squared at a node i is

Ve = el + £ ’ (5)

1 M.
Bquations (3), (8) and (5) constitute the types of

equations to be solved in the load flov problem. The set of

load flov equations are:

OO 5, - et

s
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For a load bus i

Piggee = € {.-(equg = £.b;) ¢ £ Z;,(fkg;,,. + eb;)
and Q, ., = f.{J’(ekg;k - £,by) - e, %,(fkg“L + eb,)

o

For a generator bus i

Pispec = @i Z;,(euq'\l-. - £by, ) * § {.. (£,9, * eDb:y)
and 'v1?39k.= e ¢+ £
Por the slack bus

2
- E 2 2
= +
191 e £

$ spec

L .

Hence there are in all (2n - 1) sisultaneous
algebraic equations to solve: 2 equations each from the load
and% generation buses ‘and one ;ron the slack bus, n being
the ‘ nunber of buses in the sgsystea. “ﬂove{er for the
reference bus with its zero voltage angle implying f, (= 0,
equation (5) is trivial to solve and the ayst;l can be

reduced to {2n - 2) equations with (2n -~ 2) unknowns.

2.2___The Netoy Baghgon Aldgriths
with the problea formulated, next ve proceed with

the solution. The equations (3), (8) and (5) can be written

concisely in the form

- 10 -
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e i
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vhere P, ,

vectors of unknown real and

P pre

P‘u (!.3)

Q i spec = Q) (ﬂ:!’

2

191 g

0, and v /‘a

nodal voltages.

By the Taylor series expansion,

P ispec

. f
vhere ... denotes higher order terams in sg and af.

Grouping together the known guantities onto the L.H.S.

P,

i

g

i (8.5)

= P; (g, + g, £, + 2f)

o8

P.(g..5.) * 7|8 * T AL + <es

): ,

£

-0

AI ’/ L X X

L: t ewn

P, IP; | .
P}ifu - P-‘ (!i':l) * ;;_ A8 + —= A: 4 e
¢,
Similarly.,
9, JQ,
Qi - Q:(8,,£,) = T jag *
pec ! )

e i, i

] }'il ;';’

I i50e, ~ V. (2.%,) = 5;-' ag ¢ ;;-

(6)

functions of ¢ and £, the

imaginary components of the

(7

(8)

o R

P
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an estimate

be viewed as, given

Bquation (7) can

of the equation is satisfied if this

solution (g,,f,) the
estimated value of the solution is corrected by an amsount
(2e,0f). Hence finding (ae,Af) is equivalent to solving the
original set of egquations. Provided the corrections are

small (i.e. the estimated solution 1is close to the actual

solution) the higher order terss in (8) could be neglected
and the load flow problem may be reduced to a set cf linear

equations in A¢ and af. This set of equations is:-

» -

P, YE, ¢
P. - P, (g, f,) = —]ag ¢ —|{a
nvu ] [ '
® )g L BI f-
Q 0 (e..8.) = i 2Lilag ‘ (9)
. - 0,(g,,L,) = T—=|sg ¢ —E|af
JSpee J T T b
el i ‘.
. AN 3,
IV, ~ Tel@of) = —jag ¢ — af
e . of M

vhere i = all the buses except the slack, j = all the load

buses and k = all the generator buses except the slack

. This unveildly set of equations (9) can be more
elegantly expressed in linear algebraic notation

b=[J (10)
w

- 12 -
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where b is the vector of nwmismatches ‘donsisting of

Pigpee = Pol2aof)e Q.. - Q,(8,.£.) m:‘m - q.(e,.£,):

X is the vector (ag,sf) of unknown corrections to the

. estimated solution and [J)] is the (2n - 2)x(2n ~ 2) matrix

f'of differential terms commonly knovn as the Jacobian

matrix.
The solution to (10) is

~
p=03) b an
provided the Jacobian is non-singular.

Had the equations of the 1load flow problem been
linear equations, solution (11) would be exact. Hovever the
functions in (6) are guadratic and the second ord;r
differential terms in eqguations (8) exist. Th; NHewton
Riphson algorithm ignores these terms under the assuamption
that given an initial estimate close to the aé;ual solution,
the nul;rical lagnitnq;s of these terss are insignificant in
corparison v}th the first order terss. Hence the solution
given by equation (11) is inexact and more iterations are
required to converge to the solution of satisfactory

accuracy.

- 13 -
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With iterative numerical methods, there is always
the question of when satisfactory accuracy has been
attained. In the ¥ - R algorithm ho&ager, unlike other

ffefative algorithas e.g. the Gauss Seidel, without further

effort it 1is possible to judge if the solution is of:

sufficient accuracy. The accuracy of the solution is
reflected in the aismatch vector b in equation (10). It is
to be noted .that the vector consists of the differénces of
the ;;ecified injections and the actual injections as
obtained from the solution. If these differences are within
the practical or permissible variations at the corresponding
buses in the network, then sufficient accuracy 1in the

solution has been achieved.

223 ___The Constant Jacobian Approach

The algoritha developed in the previous section as
it stands, is not vell suited to the load flow calculations
of large systeas. Por one: it requires the 1inverse of the
Jacobian matrix and inverses are prohibitively laborious to
calculate. It is also to be noted that the Jacobian matrix
is dependent on Fha values of the voltages, hence the
Jacobian matrix changes with every iteration and so the

inverse has to be evaluated anew for each iteration. To

PR 2

ar e

IRV R SRl B

a T T M e S m G - -



save efforts it would be highly desirable to use the same
inverse. throughout the iterations if it can be proved to be

mathematically sound. -

: e Due to the gquadratic nature of the algebraic
relationship betvéeﬁ the dependent and 1ndebendent vaiiahles
in the load 'giow equations it is wmathematically tenable to

~use the same inverse Jacobian nmatrix throughout the
iterations. This approach vaspexpounded in {5) as an

- entirely nev wmethod in load flow calculations but was
pointed out .in [ 6] as but the conventional N - R 1load flow

‘ using a constart Jacobian matrix. The following
denonstr;tes the #alidity of the constant Jacobian 1load

b flow. ’

! The specified injections in the load flow
equations can be expressed exactly in terms of the nodal

/ voltage coaponents to no higher than quadratic terms. Hence

in each load flowvw equation the independent variable z; can

| be expressed as a quadratic fors as foraulated in [7):-

z, = l‘t[l];‘

the network parameters.

- 15 =

vhere [X]), is a sparse, symmetric smatrix /depend.nt only on ’

frnd
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Since [X]. is symmetric,

N 'f_.xnl.'

P

== 2t [N,
J)‘“ i ]

i =
P

and

«*

—— 2— t R = s
25*(¥], = AW,

Because z; is a quadratic form, its expansion as a

Taylor series will not have terss higher than thé third, all-

higher teras béing zero.

‘So the Taylor expansion can be

expressed exactly wvith the first three teras,

Generalizing ¢to 1include all " the

equations can be compactly expressed

4

3:‘1
z.(5,* ax) = 2Z;(x,) ¢+ —
°% Iy,

= z;(x,) ¢ 2xi[N)ax

Zspeiified © Z2(x, * AL

= z(x,\ *+ 20d(X,) Jox

N »
vhere Z = (Z,,Zysee0es%,, )"

- 16 -

'} g

%z,
i'Al" ;"‘; al
X

+ ox* (¥]0x

'
2.

z.'8, the 1oad

! "

+ [J(4X) lax .

flow

(12)

e
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[P,
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5N,
and - [J{x,))] = - = -;_- Jacoblian Natrix
LB

To solve this set of load flow equations one could

use an iterative scheme ‘)

68 = F 3G @ g - 3, - [31aD) Jan)

¢

N
and iterate until Ax remains constant.

The above approach may be considered as another
load flov method, however it “is equivalent to" the Wewton
Raphson algorithm using a constant Jacobian matrix. This

equivalence shown as follows. -

Prom (12),

20d(x,)1ax = z*,,;.,, ~ Z2(x.) - [d(ap) Jax

«

Expanding [J]),

ey, &~z f0],
‘ 2 - (xhl-x°) = z‘f.g - 1 u. ’ - * (‘k.lo)
‘t[‘].w; o P | b(‘":»;')‘:["]-h-a.

L33
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J
B
e ' [t "1
x IN]x, . x (¥],x, x[(N],x, .
e ’ = X -
2 ,\r - - 2 - Z?‘O -
v,z EMLDNES xEIN] X,
xim), x, Ny, x, ENEDE S N F 5L D
. + | . + . - .
R AL N I &t Lo e, BN,
xfix],x, xN) x, {xix] x
s .
2 . 2% g - . + 2 .
try- i & p £ R
N, x, el x| [N,
2 = Z e - Z(X,)

~

.

(20305, 117 2 gpp = Z{EW)

o

The 1last equation above, is the solution of the N - F

algorithm using a constant Jacohian matrix .

-
S

mhus the above derivation establishes/ the validity

of using the N - R algorithm without updating the Jacobian

matrix during each iteration. The convergence rate may be

r
<

L r3 v
v
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slightly impaired and a few more iterations may be required

but the overafl effort is reduced.

2.4 Some _Numerical and Computatiopal Consideratiens

The 1oad flow egquations b ={J] x wvher
solved in the straightforwvard ranner follows the procedure
of finding the inverse of [J) and obtains the solution
x = (371 b. Aowever this procedure is almost invariably
never done in practice for large systems. In addition to
evaluating the inverse matrix [J]—‘ which requires at least
Qn’ operations one has to further expend another n?
operations for multiplying the inverse with b. To solve a
set of simultaneous equatiors, which actually is the case in
the ¥ - ® solution of thet 1oad flow problem, the preferrag
pethod is the Gaussian elimination which, together with

back-substitution, requires %n’ + inl + %n operations [8].

J

L closer examination of the Gaussjan elimination method will

show that it - is equivalent to factoring the coefficient

ratrix [J] into a product of a lower trianqular majrix (L)

and an upper triangular matrix [U] {9]). Though equivalent,
explicltly factoring the cogfficient matrix into “lower and
upper triangular nmatrices of fers some advantages over direct

Gaussian elimination, for example, vwith the factor matrices

N/

e aiibeal




it requires 4fust an additional back-substitution to solve
the related set of sllultaneous equation [d)x = pz
wvhereas with dfrect Gaussian elimination every step has to
be repeated anew.
(

There are different methods for factoring a matrix
into its 1lower and upper triangular factor matrices [14].
The most suitable method for the vork inrthis thesis is the
Doolittle method (the Doolittle method is described in [18))
in wvhich at the kfk step, the x* rows of [L) and [0] are
generated us%ng the previous rovs of [L] and [U] and the kth
;ou of the coefficient matrix. It is to be noted that the
values of the rows previous to the k*» rov of the
coef ficient matrix are not required in generating the Kth
rows of [L] and {U). The coefficient matrix, which in this
case is the Jacobian matrix, is itself generated one rowv at
a time. Hence after generating the kt™ rows of {L] gnd {u},
the k' row of the Jacobian wmatrix will ng; be further
required for subsequent rows of [L] and [U]) and thus does
“hot need to be stored. In short, no sté%age heed to be
allotted for storing the Jacobian matrix. Por solvih§ large
systéns this is highly desirable as storage conservation is
essential. This hriiés u; to the subject of sparsity

programming which is a proYyramsing technigque useful for

©
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conserving éf%rage space in programs involvinq sparse

matrices. . :)

A matrirx 1is classified as sparse if it has very
fevw non-zero“ elements compared to the nulber’.of zero
elements. In a large power system the bug adamittance matrix
is v;ry sparse. The Jacobian matrix is sparse too. Because
of its sparsity it would be vasteful to store the spﬁfse
natrices 1in th;‘ regular 2-dimensioral arrays. The o&iy
significant data needed to be stored are the values of the
non+zero elements and their row and column positions in the
matrix. One .other property of the bus admittance wmatrix
that can be exploited for further storage saving purposes is

its symmetry. By its symmetry only one half of the total

non-zero elements ngeds to be stored.

Yarious wmethods have been presented for sparse

matrix storage and retrieval [10,11,12). 1In essence all
\

methods are conceived with the intention of storing only the

non-zero elements and the positional data concerning their

By
corresponding locations in the matrix. Appendix B describes.

in detail the sparse matrix storage techniques esployed in
this thesis. T

|
}




¥ith the knowledge that sparsity in a wsatrix is
desirable, naturally it is advantageous to preserve sparsity
in matrices, when possibl&. This 1is one additional reason
for L-U0 decomposition instead of finding the inverse of a
ratrix. Whereas the L and U wmatrices of a sparse matrix are
sparse, the inverse of a sparse matrix is usually q}ite
filled. Decomposing a sparse non-singular matrix into its L
and § factors invariably introduces pev non-zero elements.
Aowever there are many wvays to wminimize this additional
fill-in. <Theorems appearing imn [13] predict hov nmany
fill-ins will result from choosing a certain element in the
matrix a§ﬂpivot in the factoring process. So, by exchanging
rous and columns to obtain the right pivots giving the
ninimus fil1l-in, the optimum number of fill-in can be

achieved.

With the complexities of the opefations involved,
such methods are only worthwhile £ repeated calculations
on t;e sase network configuration, in which case the matrix
structure is dWnchanged and the same sequence of pivots are
used repeatedly. Nore practical w=methods vith easier
implesentations but which do ,@3; generate the optimal
fill-ins are also available [13). One simple scheme 1is to

choose pivots only asong the diagonal elements of the

-22-
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matrix, vhich when applied on the bus admittance matrix is
equivalent to re-numbering the original bus nusbers in
ascending order of the number of lines connecting to the bus

[9,131.

In the L - U decomposition for the Jacobian matrix,

J

re-nuibering'the buses as the above paragraph suggests, also
helps to keep down the nusber of additional fill-ins dve to’
the close relationship of the Jacobian matrix ard the Y
matrix. ©For decomposition of the Jacobian matrix there is

i

one further wvay to decrease the fill-in. It wvill be recalled
that the Kt rov of the L and U matrices depend on the Kt
rows of the Jacobian and the previous rows of the 1. and U
matrices. It is wevident then, that if the top rows are
sparse, less fill-ins will result th%¥ had the top rows been
full. In the Jacobian, - rows corresponding to the voltage
magnitude specifications at the PV Luses are very sparse,
being at most filled with two non-zero elements, namely
avﬂseiand avVSL. Hence in the interest of achieving
greater sparsity in the L and O triangllar matrices, it is
desirable to place the rows corresponding to the voltage

magnitude specifications as the very top rows. The set of

equations (9) is thus rearranged as:-

-23 - .
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3. LOAD PLOV METHODS WITH NO SLACK BUS

7

Ll._.mhg_ﬁgnsnan,zm_nm.e;

In the previous chapter the conventional load flow
probles was discussed. It was realized that the real
injection at one generation bus (to be called the slack or
swing bus) should not be specified, its value being left
free to be determined by the solution of the load flow. Had
the slack bus real injection been specified at the onset of
the load flow problem, the system would be overspecified and
an inconsistent or redundant set of equations resulted.
Hence the existence of’ the slack bus is dictated by the
mathematical constraint Jjmplicit in the formulation of the
set ‘of load flow equations. 1In the physical systea there is
no slack bus as such, no one special bus is designated as a
~Slack bus. Rather, the set point of each generation bus is

w‘
fixed by the dispatch or load frequency control centers.

The existence of the slack bus in the 1locad flow
problem is @husl recognised as being imposed ‘by the
mathematical formulation of the problem rather than by the
physical systea. In this thesis 1load flow models minus the
artifice of a slack bus are investigatgd by re-vorking the

foraulation of the load flov problem.

T
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In the load flow probles, the state variables are
the nodal §oltages (e,,...,e,,f,,...,fn){ = x vhere e; and
£, are the real and imaginary conp;nenta respectively of the
n06;1 voltages at node i and n is the number of buses in the
system. All other variables of interest y, in the system

{e.g. bus injections or 1line flows) can be expressed in

terms of the nodal voltages, i.e.

’n = g'. (1’

Now Lf we choose 2n of these y;'s, ensuring that they are
all indeﬁendent and assign them values, wve will have a
consistent set of 2n algebraic equations in the unknown
p These 2n equations constitute a valid 1load flow

formulation. -

Lz.__us.zlmina.ﬁu;u.mi&sss_lmﬂ_nu

In the forsulation with a slack bus the total real
pover generation ﬁﬁ not constrained. If all real injectionms
are specified then the system will have a constraint on the
total real injectign. This total sum of real injections
into the network is equal to the tramsaission 1loss. Thus
the specification of all the injections is aqnisalent to the

specffication of the transaission loss. If this sum is

i o
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negative, at once the problem defined as such has no
solution because d;land had exceeded generation. However,
vith the transmission loss in the network correctly defined,
vhich constraint can be removed? Due to the close
relationship betveen systea volt;ge level and transaission
loss, one logical choice is to allow the system voltage
level to float until such a value of transaission loss is

obtained.

With ' this floating system voltage formulation
then, the constraints on the voltage magnitudes at the PV
buses are relaxed. A nowminal value of voltage sagnitude is
specified for each PV bus but the actual value is alloved to
vary propprtionately to its nominial voltage to satisfy the
}tansnission loss specified. This nominial voltage is the
same value g%ven to the PV buses in the conventional
formulation. If the transaission 1loss have Dbeen
realistically estimated in specifying the real injections,
then the voltage magnitudes should not deviate appreciably

from their nominal values. 2’
We shall discuss the floating systea voltage load

flow in rectanqnlak coordinates (for +the treatmsent in polar

co-ordinates refer to Lppendi{'l). With the systeam voltage

TN S
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level floating, the voltage magnitudes at the PV buses are

no longer specified exactly. Instead, their -nominal values
are given and the actual voltage at the bus is allowed to
vary by a factor f vhich is determined by hov auch
transaission loss had been estimated, as implied by
specifying all the real povers. Thus the loaq\ flow

equations are:-

Piepec = PilX)

,01|'|1.;f«_ =Y, (x) i=1,.0.,0
PJSfu = PJ (x)
QJ spec QJ‘(Z) =l*1‘}.\)~.,u

vhere for ease of notation, it is assumed that the first »
buses are PY buses in the system of n buses. The unknowns
are‘f . the systeas woltdge factor and g, the vector of nodal

voltages.

To be able to apply the conventional lcad flow
solution methods with as little lodificatio;; as possible to
this nev set of load flow equations (thus savipg efforts of
doing everything from scratch), a Eilplo transformation of
varighles is necessary., If véﬂ define x* = 7} X then since

P,(x) and Q;(x) are quadratic functions of g they carm be

+
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expressed in terms of x' as FIP,(;') and sz.(l') and the

set of equations can be written as:-

PLopee = 7 P (x)
Mg = V.G 7 i=1,...,n
Picpee = {11P; 5"
Ojspee = 1795 5") J=m+1,...,n

’

The above structure of the locad flow equations is
almost identical to the conventional formulation REgs. (6):
at the L.H.S. are the specified quantities wvhile at the
R.H.S., functions of the unknown nodal voltages. One
additional unknown, the factor ¢ is introduced and so is one
more equation. Altogether there .are (2n-1) unknowns with
(2n-1) equations after solving independently the voltage
equation of the reference bus, The system can be solved
vith the WNewton Raphson algorithm in steps similar to the
conventional 1load flow. The Jacobian =matrix is novw

(2n-1)x{2n-1) and is of the form

&

PP, /95" L VLY

) AV, 0% AV, /3
2728, /0" > /2, /5

] 9 0*Q; /%" 3{'05/3?_
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This wvwill require nminor wmodifications to the
Jacobian wmatrix generation algoriths of the conventional
load flov. In the conventional load flow the Jacobian is
(2n-2)x(2n-2) vhereas here, it is (2n-1)x(2n-1). The extra
rov is due to inclusion of the real pover equation for the
bus'@esiquated as slack bus in the conventional lcad flow.
Hovever 4its evaluation poses no ad&itional probles, it
requires the same algorithm as used for evaluating the rovs
corresponding to the real powers equations. ‘Thq extra
colusn introduced is due to the unknown f . The

differential teras of this colusn are evaluated as:-
g °

= PR = 2pF;
dp '
Loy, =0
p
P

' ¥ Fro; = 2p0;

Save for these wmodifications to the Jacobian
matrix.the conventional 1load flow program could ' be used to

-

solve this nev formulation'of the load flow problewm.

[N
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3221 __Ap_lterative Approach io the Solutjon

The floating system voltage load fiow can also be
implemented as an iterativwe..procedure using the conventional
load flow algorithm. In the floating system voltage load
flow, all the real qenerafions are specified vierenk in tie
conventional case the real injection of the slack is left
unspecified. 1If at the solution of a conventional load flow
the real generation of the slack bus does not agree vith the
value specified, it " implies the transmission loss as
calculaied does noi match the specified transnissian\loss.
The calculated transmission 1loss can be corrected by an
adjustment of the nodal voltages in the systea.

~
' With the systea nodal voltages expressed as a
vector x of ~ the real and imaginary components, the
transaission loss can be uritten as a quadratic fora
P, = x‘[N]x. HNatching the real injection at the slack bus
to the value specified is equivalent , to have the

transaission loss as 1implicitly specified, match the

[

transaission 1;§§§tj\\calculated by the conventiocnal 1load.

flow, i.e.

PL‘f;u, =Pt = x’t[’k

-

If the two losses, calculated and'sﬁocified do not match,
\ I

”

t ’ -31 - .
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‘all the nodal voltages, only the voltage magnitudes at the
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2

for adjustment, the nodal 1voltag§s can be scaled by a

factor ¢ so that the loss will match, that is, to have

-]
i

N
( {l)t['\f(f X) 3
Pl MRt

L spec

2
f PI.“L ~

So the factor g can be calculated from

} 3 - PL_;(.
Py ot .
Hovever in practice, it is nuot possi?}e to adjust Y .

PY buses are coﬁtrollaﬁle. S? the floating system voltage
load fiov can be implesmented by ‘itetktively solving the
conventional load flovw, conparing the specified 1loss with
the calculated loss 9n9 adjusting the voltage magnitudes at
the PY buses, repeating the procedﬁre until the caﬁcnlatcd
loss matches the sgecified loss, at vhich‘ time the real
injection at the bus designated as the slack bus would have

P

attained the value as specified. - . .
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3.3 __The mnsiiaw.ga_n;m:mm.m

In the <conventional leoad flov formulation the
slack bus is introduced to allow total real generation to
remain unspecified. However a slack bus is not really
needed to achieve this purpose. One can still have the
total real powver gendration left unspecified and yét not
require a generation bus to be treated differently from all
the ‘others, This could be achieved by allocating a
fractional share of the total real generation rathar than an
absolute value of generation to each generation bus. By
this formulation, the total generation is still left
unspecified but all the generaticn buses are treated

equally. The detaile& foraulation is as follows:

Let o; where i1 = 1,...,8 be the fractional share
each’ generation bus contributes to the total generation.
These ©o\;'s are specified quantities. The other speéified
quantities are (Vi;, PJ and QJ: where i=1,c..,24 and
41 =n+%,...,0 ; a is the nusber of generation buses and n
the total number of buses in the system. Let x be defined
as a v;Etot“%t thé nodal voltages (e,,...,e",f,,...,f“ft.

It is assumed without loss of generality that bus 1 is the

reference bus with f, = 0. The pover injections, real and

. reactive, at any bus i and the total power gemerated in the

'-33-
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syétel are depen&ent functions of the state variable x,
represented by P (x), 0 ,(x) and P;(J) respectively. With
these definitions then, the pover generated at a qeneration
bus i is «;P;(x) and it should egual the network injection

plus the demand at that bus. The equations representing the
system are:-

v

%Py (x) = Pi(E) * Pigeand NSE)
;vxﬁ*Kz V;ix) = e; ¢ fﬁ i=1,0a0,0 (18)

P ety - BB (15)
Q_.,‘f“.".“( = QJ—(;) §j = m¢1,...,n (16)

In the set of equations (1%), the one

corresponding to the reference bus can be solved sepatatély;

vith £,,0 = 0 the equation VI, = e}, + £,

' is trivial
to solve. Although it may not be apparent, ‘the set of
equations (13) is redundant; of the = equations in (13) any
one of them can be obtained from the other (m» - 1

\

equations. This can be shown by the fclioving argument.

Since the «;'s are the fractional shares, they sum
up to unity. Also, the total genet;tion is the sum of the

generations ‘at all the generation buses,

P .(x) = E.' & * Pl 7

- 38 -
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Thus, subtracting any (8 - 1) equations in (13) £froam both

sides of equation (17) we have,

Br@) - L@@ = LB @) ¢ B, )
¥ n

A - P + P
.?;.. B, @ + 2, 1}

P
The above equation can be simplified into

PRV = Lo} = L (P (X) + P, 12 (Bul@ * P, )
g, K ¥

vhich transforas to the equation corresponding to bus i

A, Pr(x) =P (X) ¢+ P, 4, '
\,K\\
¥ith these considerations tﬁgn, “thf systes has
{(2n -~ 2) equations and (2n - 2) unknown |voltage components
(£..4 is zero and e, . haSag;OB sepafatel;}solved). These
constitute a consistent set of equations and is the
équglhtion of the nev load flov algoritha to be called the
farticipation Factors Load TFlow. The s8et of 1load flow

equations defined are:

T O A W DD A D B

LYY
* P, (2)
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J spac = v) (x) (18)
P g = Pk
= 0, (x)

ka?:

vhere 1 = 1,...,n iy g g can be any value between 1 and

2} 1 = 1,...,n § #ref; k = m+¢1,...,0.

- This new load flow algorithm can be isplemented
with only slight modifications to the conventional load flow
algoritha, In the conventional load flow, the system of load

flov equations, Egs. (6), are:=-

P 1 spac =P i (l)
Vg = Vi@ ©)

J Spec = Pj (x)

QJ 5'1,9 = QJ (l’

where { = 2,...,m and § = a¢+1,...,0

It will be noticed that the 2 sets of equations

¥ Pgs. (6) and Egs. (18) are identiggl in form, vwith the
specified quantities on the L.H.S. and functions of the
state vector 1 on the R(:.s. Hence a solution algoriths for

the nev load ' flow formulation can be chosen among those of

- 36 =~
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the ventional rﬁgf flov. The Newton Raphson algoritha

for this no slack bus load flow

belovw.

Give an Initial
Estisate to the
Solution

foraulation is vutlined

Y

From the Estimated

solution, Evaluate

PT(Z)' P, (X}, PulX),
Q,(x and V, (3)

Y

Using the above

Calculated value

fors the Mismatch
Vector b

the nis- e

Calculate the
Jacobian matri
[J] and Updat
to a closer
Solution,
E=x+[317'k

satches vwithin
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The Jacobian matrix in this mno slack baus

formulation is:-

Pi (x) + P'l Adtmand 1
Pr(x) ]
P Y.
51 ;@ 1
P, (x)
Q, @
L -

It 1is exactly the same Jacobian wmatrix of the
conventional 1load flov except for the {(m - 1) rowus
corresponding to the real injections of the generation

buses. The differential terss in these rows are

! P, (X)) 2
= =P (R - T— — Py
P, (X) 9% Pr(X) o

The total power generation P _(x) can be expressed

in terms of the total demand plus the transmission losses.

Prx) = Popnang® BL(X)

It is a valid assumption that the losses are not
greatly affected by small changes in the nodal voltages

around the operating point. This can be justified by the

.
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following analytical considerations: The loss in the network

can be expressed as
1
P (x) = x(¥X
v

vhere [N] is [t ;] , 6 being the real part of the bus

af
admittance matrix. The differential term Bi; then, is

One property of the bus admittance amatrix is that
g, = -JZ.g-,j . At thd operating point the real part of the
nédal volt§ges are of approximately equal order of magnitude
and so are the imaginary parts. Froa this then, ;*{g g] is
of a small magnitude. Also P37 > P, . Thus the term

&)
51 33 P.(X) = ;;7;; 3 P, (x) can be considered
v - = T -
negligible.

Aence the differential terss in those rows in the

%

Jacobian matrix corresponding to the real iijections of the
|

-generation buses can be simplified to =——— 2 P. (%) which
| Pylz) 9X 77

is ;7;3 times the corresponding terms in the Jacobian matrix
TV—

of the conventional 1load flov. If wve bring this factor to

the other side of the corresponding equations (i.e. as in

the original derivation &«;P, = P,(x) ¢+ P; .. ) then the

- 390 -
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conventional Jacobian patrix can / be used vithout

JI‘

modif ication.
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4. POSSIBLE APPLICATIONS OF THE NEW LOAD FLOW FORMULATIONS

ea Euare o we g e

5,1 _The Floatjng System Voltage Case

The floating system voltage load flow described in
the previous chapter is a valid representation of a pover
system. The voltage magnitudes at the generation buses in an
gctual pover system are indeed variable within permissible

i ranges by the generator exciters. Moreover all genmeration
units are dispatched, there is no generation wunit left
undispatched +to take up the slack. ¥We shall examine an
application of this load flow formulation in the area of
economic dispatch. Being able to specify all the real
generations independently as this 1load flov foramulation
prescribes, offers a simpler approach to economic dispatch.
A brief review of the econosic dispatch problea i? in order
before ve proceed to elaborate on this application of the
nev load flov formulation. a

. In economic dispatch the goal is to obtain a
generation plan such that the customers' demand is satisfied
o with the wminimum generation cost. Hence the éconoaic

dispatch problea can be set up as an optimization problea:

‘n1¢
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[

min C
subject to Z.P, =Py + P
ted

Al
wvhere m is the total nusber of generation units
Py is the total demand
and P, the transmission loss.

The neccessary conditions for the optimum ecomoamic

dispatch are given by the modified coordination equations

ac,
dpP; ac, _
cecmm—- T = (19)
P, ap,
e
P,

for { = 1,...0 i¥s vwhere s is the slack generation. Hence
to solve the modified coordination eguations it is necessary
fo evalu&tg~%§$. In the conventional approach P _is an
unknown and has to be calculated from a load flow or
,approximated through a loss foraula.

However in the floating systea voltage 1load flow’
formulation onuncia?od, it is possible to specify the value
of the transmission loss a priori at the expense of freeing

the system voltage level. Thus with a specified value of

transsission loss, say, a2 certain percentage A of the total

Q
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demand, i.e. P_ = povhy Py the ecpnomic dispatch problea can

be formulated as )
min ¢ = Z, C,(P;)
subject to L P, = P (1 ¢ A /100)

The necessary conditions for the optimum in this
case are given by the condition of equal incremental cost of
generation

ac,

--=- = constant (20)
dp,

for 4 = 1,....m. It is obvious that these equations are

silplef-to solve than Bgqs. (19).

In practice the cost of generation for each unit

can be approximated by an empirical quadratic formula

4
—TN "

wvhich yields a linear incremental cost curve

w

4c, ‘

e .
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Under such assuaption of quadratic generation cost

the economic dispatch problem with transaission 1loss fixed

a priori, say, at A% of the total demand P,, can be solved

readily by analytical means.

‘From (20) and (21) it is required that

a, ¢+ 2b. P, = constant = K (say)

subject to the constraint

Zp = p,+P

"

P,( 1+ *100)

it
.
-

Froa {22)

2b, 2b,
1 a.
2b, 2b,

li ]
- x = f1'1+);--1*/Z.--- :
2b; 2b,

froan which the optiasus generations are

(22)

aaaaaaa
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The above solution approach to the econonic

dispatch problems greatly simplifies the numerical work

needed, compared to solving the coordination equations (19).
?

With ®gs. (19) the differential term %ﬂF requires

sybstantial computational effort to evaluate. An 1issue of

contention hovever, is, to vhat degree of confidence can one :
assign the value of AX of total desand as the transmission
loss. with experience from operating the network, one

usually acquires an idea of the magnitude of the

e T Ty Fee n P

transaission loss. PFurthermore, it is recently reported in 1
[15] that the optimum dispatch is not wery sensitive to the
transaission loss ewaluated hence an exﬁerienced estimate of

‘ the loss is sufficient.

3,2 __The Participation Factors Case i;

The manner in which the «,'s are defined may have

) appeared arbitrary but this forasulation of thgdload flow
problem is not without physical basis or applicability.

Given the proper interpretations, tbhis formulation can be

e T
(SRR

ko

| adapted for modelling systems vith consideration for the

:’;,ﬂw
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effects of tarbine governors on the generation 6nit§. A
detailed exposition of the perforaance of
governor-controlled turbine generators is givem in [16].
0

For each governor there is a characteristic called
the droop. This gunantity relates the chaﬁge of real power
output vith the deviation from standard frequency. As any
pover mismatch between qehetation and demand is gniékly
manifested 1in a deviation from standard frequency," this >

droop characteéristic is a primary mechaniss to restore the

balance between generation and demsand.

?
gty dasistion U Jyuran) L
i
p
T > renl . 1
| / '.w" .M k
Sk point
+ of Genarator
A typical droop characteristic of a turbine goveranor. -
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We shall illustrate how this droop characteristic
helps to restore the balance betveen generation and demand.
¥Yor simplicity, ve consider a twc bus system with a

generator delivering power to a load. ¥ The system is

.-originally in steady state. We shall examine what happens

N

T

B 14 merier Chs

vhen the ioad\‘increases by a small amount AP. Since there
is no change in the input mechanical powver, the generator'is %
nov delivering more power thkan it 1s receiving from its
pFi-e mover. This, it can only achieve thraugh tapping its

’

sto:ed:gdtational kinetic enérqy, resulting in a drop in its
rotational speed and consequent}y itb freguency. A; the

_speed decreases, the speed control mechanism, its response
characterised by the droop, will go into effect. We notice “
froa the fiqure above that as the frequency drops, ‘
generaticn is increased. ,This increase in generation helps

to offset the increase in the Yoad and eve‘?ﬁnlly the systea

will art%ve at a npew stéady state with a lover frequency but

N

an increased generation matching thg increaé?d load.

~

*

As the slope of‘the droop characteristic governs
hov much extra load each generator vil} gare up fbllovinq a
dg!iation,fro- standard freguency;\?ﬂkr~wf3 as defined for
eac& generatipn bus in this Participation Pactors Load r%og,

can be interpreted as a representation of the slope of the

1

.
- §7 - - N s
.
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droop characteristic. In this case then, the real pover
equation corresponding to the generation unit i with droop

characteristic D, (real povwer p.u. / frequency deviation) is

Pswt,,.‘...i + Daf Pi(X) *Pidemmand

or

D,Af = P;(x) ¢+ [P-um..t. P'm(""‘t]

vhich is intrinsically the real power equation

®iPr = Pi(E) * P4

®

corresponding to a generation bus 1 in this 1load flow"

formulation.

A potential application of this 1load flow
formulation, then, 4is in the following situation: The set
points of all generation units have been fixed. However the
§9ta1 pover demand including the netvor!kloss does not equal
the sum of the generations established by the set points.
Through the control actions™ of the drqop characteristics,%
the generators will oPerateu at generations levels different
from -those values indicated on th;é;et points. This.load
flow forlulition. with the s properly assigned values to

model the droop characteristics, will be able to predict the

new operating points of the gonoratioh anits.

- 88~
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5. RESULTS ARD DISCUSSION

5.1__General Observation

In the course of this investigation, many saample
power systems vere studied, including the AEP 14 bus systen,
the 25 bus system in (17] and the AEE 118 bus system. The
118 bus system vas an especiaily fruitful experience in
computer prograasming. #ith large systess, programaing
techniques are very important. Poorly written programs may
suffice for a small systea study wvithout any noticeable
effect of unduly excessive computation time but large
systems are quite another matter. Inefficient programs on
large systeas very quickly become evident as execution time
soars. The execution times for the 118 bus system were an
order of lagnitﬁde different between 7't:he author's first
atteapts and the final program. In its final fora, the

program takes less than 5 seconds on an Amdahl V7 machine to

L -~ U decompose the 238 x 234 Jacobian matrix.

2.2 _Detailed sStudy of a 5 Bus Systes

Yor the purpose of discussicn we shall use a S bus
system, The power system studied was taken from [17] which

vas a nodification of the sample =systes used in a load flow

B

R



exaample in a text-book [18]. The network configuration is

shovn in the following figure, the line data is as given 4in

case generation and load data is in

Table I and the base

table TI.
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Line
Line Resistance Reactance ,
Charging }
‘e 3
1-2 0.02 0.06 0.030 i
. 3
1-3 0.08 0.20% 0.025
2-13 0.06 0.18 ', 0.020 ;
2-18 0.06 0.18 ' 0.020_ 5
' AN
2-5 0.08 0.12 - // 0.015
/ /
3-8 0.01 0.03 / 0.010 )
-5 0.08 0.28 / 0.025 | %
i t\ g
: \ !
I 4 - T
G N /’J
" SN o
g Table II__ Page Case Geperatiop & Loading Data R
’4; \ i 3
& ‘ :
101tag9) / *
Bus NO. Bus Type Generation Load / o
% Nagnitude ’ :
C |
1 Generation 0.848+40.058 0.00+§0.00 1.0 ‘
4’. W ! } ¢ “
2 Generation 0.692+j0.083 0.20+30.10 1.05 i
3 Generation  0.527+440.033 0.85¢+30.15 1.08 x@\' L
E (] Load 0.80+40.05
: s Load . 0.60+30.10
N
(i
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with

the

To establish the base case,

abovs

data was

solved

using

the

the load flow problen

conventional

formulation with tRd Newton Raphson algorithm. Bus 1 was

designated the slack

the voltage angle of

left unspecified.

S

HUS

BUS

BUS

BUS

COMVERGEZS TO ITHIN 0.00010 FNR THE MAXIMUM MISVATCH t

bus as well as the

bus 1 is 0 angd its

reference bus i.e.

real generation isg

The results appear as follovs.

VoLTAGL

MAGHITUDE

1.060
fauUs 3
LuUs 2

1050
BUS S
BLS ¢
BUs a
BLS 1

1040
BYS 4
nus s
Bus 1

1,037
HUS 5 -
Bus 3
BUs 2

1.02a
bus 4
EUS 2

TOTAL SYSTEM LOGS =

ANGL E

0.0

=1.82

-2.38

f

GENIRAT 1ON

DEMAND
RTAL RZACTIV.
[{ 2RV O
Jed0J Oel 00
04452 0s 150
Q.a02 0.350
CehIO 0et0C

4 [TERATIONY

M1 SMATCH
o/lv;? PUWER
~0.00C -G.002
-0.000 0+009
~0.039 =04030

L
~0.090 =000

RLAL  REACTIVC
00448 0,058
0.108  0.010
C.290  J.060
00690  De0&3
0464 94959
24172 ~2.00i
Qells =~2.301
0P8 =deilD
0.527 0.034
0,347 =3.017
—Cs113 =3.241
0167 =Ja0ba
0.0 Je0
0117 =0.010
—0.30C =)e0D7
~0e171 =34031
0.0 2.0
“0el15 =3aDA)
-0s685 =Ja060
“ 017

foc Go1

3
-2
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f.2.1__The_Participation Factors load Flow

The system vas next solved using the no slack bus
formulation specifying the fractional share of thes total
generation for each generation bus. Though other values
could be used for the o:'s, in the interest of easy
verification with the conventional X - R base case, the
generations for bus 1, 2 and 3 are specified in the ratio
448 : 692 : 527, the real generation values obtained from

the converged convantioral 1load £flow. The results as

exp2cted, agree with those obtained from the conventional

load flow.

o
CONVERGES TO wITHIN 2,00010 FNR THY YAXIMUYM Y ISMATIM [N 5 1T wAT

18NS

vV LT AGE GUNFRATION CEVAND MISVATCH
@ YAGN T TUCE ANGLF QfFaL REACTIVS RE AL REMCTIVE O/lv}" £ e
3us 1 ‘e 06D 2.00 0.348 Da0%A Ve 09 24000 04000 94200
TO RUS 3 0a.1549 7.010
Te 8us 2 Je290 0,049
oY5 ? 1 «050 -0.81 0692 0,043 042090 0,100 0.003 =0,200
TO Qys 5 04374 0.N=8 ——
TH DUS a . G 72 -0.0)? !
T9 AUS 3 Cellé =0.001
TO AUS . =0,2H3 =0,1!0
RUS 3 1040 -1.82 0.327 0,034 Oed= 0+152 9.000 -3,020
TN qy§ a Na?87 =3,017
TN nuUSs ? “N.113 =n,08°
TO 3US 1 ~0el 3% =0.,0%Q
. .
auUS 4 ., 1.0 -2.38 0.000 0,500 0.600 0.070 0.200 ~0,000
™D nys & 0ell”? «0.010
TO aus 1 0«32l ~0,002
TO BUS 2 -0s17% -0,028 7
- L4
1 V13 S 1,024 =7,8% 2,300 0,090 0,600 0e200 00000 ~CedD0
YO HUS a8 ~06115 =0.000
TO oys 2 ~Jeta%  -N,0%0

TOTAL SYSTCM LNSS =2

o

o " /§;¢:63ﬁ9
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This load flov formulation is also suited to model

how the governors will react to distribute the additional

generation required if total demand plus transmission loss

the following case

does not equal total generation. In

presented, the generations were set to satisfy the total

demand without any allocation for the transmission loss.

The set points of the generators were inputted as negative

valu2s of real demand. The generations are to tear the
(‘w
transmission loss in the ratio 1 : 1 : 1, i.e. eqidally. .
Prom the results shown it is =seen that the total
transmission loss oft 0.018 is distributed equally among g&e
ba
* !
three generation buses each contributing 0.006. . i
IR §
CONVERGES TO WITHIN 0400010 FOR THE MAXIMUM MISMATCH IN_ % [TERATIONS
VOLTAGE, GENERATION DEMA ND MISMATCH
MAGNT TUDE ANGLE REAL REACTIVE RE AL REACTIVE ozlvl" POWER
192 Ql 14060 0.00 0,006 0.009 =-0.600 0.000 0.000 0.000
70 BUS 3 0,185 0,011
TO oUsS 2 0.451 ~0.002
BUS 2 1080 =1.38 0.006 0.139 =0+200 Q.100 0.000 -0,000
Yo BUs 8 0,471  0.0€1
TO BUS L Q124 0.013
TO BUS 3 0,036 0,014
TO0 BUS 1 ~D0ed4B , -0,058
Bsus 3 te D40 ~1e77 0.006 <=0,009 ~0e200 0e1580 04000 =-0,000
T0 BUS A 0.415 =0,078
10 fUs 2 =04356 =0s061
70 BUS 1 «~0.153 -~0.061
8uUS 4 1037 ~2.4% 0.000 0.000 0.400 0,050 0.000 «0,000
YO BUS S 0,139 ~0.917 o
T0 RUS 3 ‘ =De.ata 0.022
T0 BUS 2 ~0a.12% =~0.0%a
-1V K L] ' 14024 -4,21 0.00)0 0.000 0.600 0,100 0,000 <~0.,000
T0 AUS L -0s138 ~0,07"
70 Bus . 2 ~0.483 =0,0%3

o.Mn

goi gﬂ’

- -

TOTAL SYSTEM LOSS =

o~y

o~ G Sk wt e ¢ e W,

B S DU
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3:2,2_ The Floating System Voltage Load Flow
\

The floating system voltage load flow formulation
was applied to the system in which the voltage in the system
wvas allowed to vary to satisfy +the transmission loss
specified. For 1illustration, the base case data vas used
except for a change being that the total geneiation vas

reduced by 0.1% of the original values. The results vere as

<

presented below.

CONVERGES TO WITHIN 0.00010 FUR THE MAALMUR MiSHMATCH IN 6 1 VERAT

L1

VOLTYAGE GENCRAT 1uN ; MEMANL MISKA
MAGNITUDE  ANGE REAL  REACTIVE REAL  KeaCTIVE  azfv)?
BUS 1 14320 V.00 0248 0.081 DRIV Y V000 0-090
Y0 BUS 3 04158  0.016
TJ 8BYUS 2 [ FY'4-}] 0.065
aus”’;/ tLetlo  =0.71 0.691 0.018 0ad00  Vel0O 0.000
TU BUS S Q493 0.0489
T0 #US 4 0l 72 0,001
TUBUS 3 ¢ Delle D003
1 8Us 1 -0.208 ~0.135
us 3 1,099 -1.59 0.526 =-0.007 LeADU  Ge150 0.000
Y0 BUS 4 De306 =0+034
T0 BUS 2 ~0.113 -0.0%50
70 BUS 4 0157 -0.073
Bus o 1.097 -2409 0.000 0.000 0e400  0.0%50 ~04000
TD DUS -1 0s1106 °°o°l3
T) BuUS 3 ~0.345 0.013 ’
T0 BUS 2 “0s171 =0,045
Bus S 1.086 =3.39 0.000 0,000 G000  Ue100 ~0.000
. 70 BUS 4 ~0.115 =0.039

TOo BUS 2 _~0.485 -0.061

FOTAL SYSTEM LUSS = 0.018

[ s

LUuNS

TCH
Punt i

0000

-0+000

-0 000

04000

0+000

SYSTEM VILTAGE FLUATING FACTOR = A «05¢9

,‘2;1! 63141
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Comparing the results with the base case, it is
seen that all the voltage magnitudes are higher than before.
This is necessary because by specifying 0.1% less generation
but keeping the demand as Dbefore, the reduction in
generation must be made up for by a similar reduction in
transaission loss. To achieve this reduced loss, the systea
voltage must rise. 1In this ci#e it rose by 5.69%, i.e. all
the generation bus voltages rose by 5.69% of their original

or nominal values. /

Convergence difficulties arose when the Jacobian
matrix was not updated with every iteration. The proof
validating the constant Jacobian approach no longer applies
in this énse as the power equatighs z, = p*x%*M),x cannot
be expressed as a quadratic foram of the unknovwns {p,x )t.
In view of this the iterative solution described in Sectiom
3.2.1 is more attractive since the initial Jacobian matrix
could be applied without change throughout the following

r

iterations.

With the floating systes voltage load flow
foraulation, it 1is possible to investigate how the systea
voltage level v;11 vary vith transsission 1loss. In the

investigation carried out, ditfetont values of transaission

. - 56-
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loss are specified and it is noted that low 1loss requires

high systeam voltages while high loss has 1low systen

- " voltages. The results are summarized in the plot below.
,

PLOT OF SYSTEM VOLTAGE

: a VS TOTAL LOSSES ﬁ
} w TOTAL DEHMAND = 1.§S !
v -
8]
=
O
[« 4 .
i )
- T ‘
X . ,

0,40

_

a.24 0.28 0.32

.00

.08 0.12 0.16 0.20
a LOSSES «10°
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Since this 1load flow formulation allows all real
generations to»be specified, once the transmiscsion loss are
fixed, say at a certain percentage Oof the total demand,
economic dispatch can be performed relatively easily as

)
described in Section 8.1.

Obviously the total cost of nmeeting the demand
vill depend on the transmission loss specified which in turnm
is dependent on the system voltage level. However with
experience acquired through sisulation of the mnetwork or
actual operation of the -existing power system, the
transaission ‘loss can be specified at a value vhich will not
involve excessively high or abnormal voltage levels. An
example of the economic dispatch folloved by the load flow
solution to the minimum cost generation plan is given below.
The systesm is. the same 5 bus systesm and the cost data

obtained from the same source [17]), is as follows:-
C, = 200p, + 60P,

c, = 150P, + 7S¢,
1
Cy = 180P, + 70P;

Q -se-

e
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COST OF GENERATION = 355.53 AT A ThANSMISSION LUSS OF 0010 OF TUTAL DEMAND
B {
CONVERGES TO WITHIN 0400010 FOR THE MAXLAUM MISMATCH IN 8 l(rdunous
VOLTAGE GENERATION DeMAMNL MISMATCH
MAGNITUDE  ANGLE REAL  HEACTIVE AEAL  hRACTIVE .Ollvlz POWER
BUs 1 1.078 0400 0.448 0.055 LelOV  LoDOO 1 0000 0.000
TO BUS 3 0.158 0.012 ‘ -
t YO Bus 2 0.290 0.053
BUS 2 £«068 =0D.78 D692 0,036 GeiUv  Ge100 ~  0.000 =-0.000
Y0 BuUs 5 0.493 0,053 .
TO BUS 4 O.172 =0.000
TJ 8us 3 Osll4  0.000
TO BuUS 1 -0 238 -0.117 "
8us 3 14058 ~1475 0.527 0,022 LeddY 4,150 0.000 -0+000
T0 BUS 4 0.347 -0.022
T) BUs 2 ~0e113 =0.083 .
7O 8BUs 1 ~0.157 =0.063
BuUS & 1.055 -2.29 "-0e000  0eUDV Ce8UU  Le0S0 =0.000 04,000
.
TJBUS 5 O.116 =0.013 . X 4
TO BUS 3 -0e346 0.003
T0 BUS 2 ~0e171 =0.04)
aus 5 1.043 -3.63 o.qu 0.000 Yettu0 U100 -0.000 0.000
TO BUS 4 ~0.11% -0.039 , A
TO 8us 2 ~0,485 ~0.061
TOTAL SYSTEM LUSS = 0.016
s J
. SYSTEM VLLTAGE FLUATING FACTUK = 4.0169
L
L
]
*
This example showed that with the given cost data

and the transmission loss specified at 1% of the given total

-
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demand, the optimum generation plan is generation bus 1
producing 0.888 P.U., bus 2 0.692 and bus 3 0.527.
Furthermore the generations units will no lomnger bpn;atJ at
their nominal voltaqesahnt "at 1.Q16; times their nominal

values.
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6> CORCLUSION -

The load flov methods in general use today require

" a generation bus in the system to be singled out as the

' slack bus. This is at‘variancc with the physical systes in

which no one bus has this. special characteristic. However

the slack bus is essential to the con;entional load flow
L ]

calculations because of satheamatical restrictions. Though
the concept of a slack bus 1is satisfactory in ordinary load
flov studies, when coupled vith othef pover systeam ahslyses,

it wmay raise difficulties. Por exasmple, in ‘economic

-

dispatch, a slack buéjload flow forsulation will entail

inelegant evaluations of the incremental transamission loss
I3 &

4

f
coefficients 3o -

This 'thesis proposes two new 1load flow amethods

that do not require a slack bus. In the Participation

y e

Pactors Load Flow, all the generation buses feal injections’
are allowed to change in proportion to their participation
factors, to adjust the total generation to match the total

doqand\\!}g!vtranslission loss. With the Ploating Systea

 Voltage load Tlow, on the ‘other hand, all the real

gonoraﬁ%on: are specified, however the voltage magnitudes at

the generation buses are allowed to vary fros their nominal
. \ )

v
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values so that the resulting transmission loss are as
v

specified.

These tvo nev load flov methods were coded into
computer programs and tested with results obtained froa the
conventional N-R load, method. 1In prepiting the computer
programs, sparsity of the matrices involved vere exploited

to conserve memory storage and improve execution time. It

is to be anted that the conventicnal N - B 1locad flovw

programs can be modified without much difficulty to solve
load flow problems formulated under the newv formulations.
Thus it is hoped that others who vish to use these new load
flow forlulgtions will not be deterred from doing so by the

the prospectfof having to write their programs from scratch.

This work alsc examines the physical basis and
possible applicatioas of the twc load ‘flon nethods
developed. With the Participation PFactors Load Flov, g§Ven
the data on the droop characteristics, it is possible to
determine how an by how much each individual generation

ufiit vill take up the imbalance should total generation not

The Floating “‘Systesm Voltage Load Flow s the name

match the load.
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indicates,\allous the volt;ge level of the systeam to, vary
around the nosinal value. The voltages will not deviate
appreciably from their nominal values if the total
generation had not been seriously aisjudged in wmatching
generation to dewand plus transaissjion loss. 1In this~gethod
all the real generations are independent variables and this

enables a simple algorithm to be used in economic dispatbh.

-

3

»

In addition to the tvo smethods proposed, other no
slack bus flov load methods are also possible. The load
flow problem can be considered as a set of consistent

algebraic equations relating the known operating conditions
to the unknown nodal voltages. %ith this generulizod\
perspective, as long as one 1is wary of overspecifying the

operating conditions on the system, one can set up a load

flow wmethod which takes on as independent variables 'the -

operating conditions most relevant to the system under study

or most applicable b0 the analysis to be undertaken.
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APPENDIX A

Floating_Systes Voltage Load Flow in_Folar Coordimates

The floating system voltage load flow can be
formulated 1in polar co-ordinates. At the PV b;ses the
voltage magnitudes are permitted to vary by a factor p of
their nominal value |V],. The specified quantities are the
real powers P at all buses, the nominal voltages ¥, at the
PY buses and the reactive(powers Q at the 1load buses. The
unknowns are the voltage angles § at all buses e£capt the
reference yus, the factor ¢ and the voltage magnitudes ¥, at

the load buses. The equations describing the system are:-

For each PV bus
Pisfu, = P,’ (P!‘-!‘_-Q)
For each PQ bus
Pisr;c. = pi (PIG'!L'!)

Q = Q,' ('!‘l!,_l!)

i spac
In ann bus systea vigh R PV buses, there are in all
{(2n - =) equations., At the same tise there are (2n < nm)
unkpowns: p, (n - m) elements of ¥, and the (n - 1! elements
of 9. Hence the above constitntes a set of (2n - m)

equations in (2n - =) unknowns.
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APPENDIX B
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The sparse matrix storage schemes used in this
thesis are described in this Appendix. Two scheses are
used. The first scheme stores the non-zero elements
sequentially, that 1is, all Cthe non-2e8ro elements of each
rov/coluan of the sparse matrix are placed adjacent to each
other in the array and there are pointers to 1locate the
first of each row/column entry. Thus a typrical exasmple

would be as follows: —

Non-zero elements| a a a,| 2., a2y a,§ «--

Column position '1 3 8 2 7 1 .ee

Pointers 1 ) 6 oo

~

With 1this schene, ig a particular element a

‘needs to be retrieved <one has to search only that part otx

the array, occupied by row i entries which are 1located

betveen positions given by poinrzn(i) and POINTER (i+1).

o~ : -

- 68 -

[

|

{

b e g SR 0 kA s




LR e e

A e ot g

ek

Bttt

SR

TP e B N

Bxcellent the above scheme may be, it has its
limitations. Central to creating the storage of ¢the sparse
matrkx with the above scheme, is the assuaption that
a 'priori knowledge of the structure of the sparsity of the
matrix is available. A1l the non-zero elements of one row
must be stored before the next rov elements can be stored.
This is so because non-zero elesents of a particular row
are stored adjacent to one another. Cnce storage -assignasent
begins for elements oﬂ one row, all elements of that row
must be assigned the following consecutive area in the array
before assignment of storage for the next rowv. This nmay
prove to be of no restriction for most matrices e.g. all the
elements of the matrix are available or are generated row by
row., However not all matrices are generated or processed row
by rov. A simple example is this: subsequent operations say

dictate that the matrix be stored by columns but the matrix

is generated rov by rov. Another example is the generation

of the bus adamittance matrix from the line parameters.

“Hare, the non-zero elements are created in a randcs manner

depending on the nodes the line is joining.
The sparse matrix storage scheme to use is a

rather complicated one. The previous scheme has the

restriction that all elements of a particular rov must be
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stored adjacent to one another in the array. This scheme
does avay with this restriction. &Elemsents of the l;trix can
be stored into the array in any order. However there must be
means to indicate vhere all the elements of any particular
rov are, in the array. One way to do so is to have a pointer
pointing to the firsf element of the rov and the first
element having a pointer pointing to the second element and
so on until the last element which has a pointer with a null
value indicating there is no other element of the sanme ftow
stored in the array. Such a data structure is known as a
linked 1ist ---- all the elements o0f one group are lgﬁked
together by pointers, the elements not necessarily being

adjacent to one another in their locations. An example may

further clarify the structure of a linked list, Suppose the -

iatrix to be stored is such:-

} a, { a,
A5 ) 8y
a3 | 8,
&y, 2.

-~ . \

The elements of the above matrix may be stored in a
linked list in the following fashion.

k.
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Non-zero elements | a, | a,, | a,,{ a,,| a,;{ a,, | a,,{ a,,
Pointers 2 0 5 8 0 7 0 0
Column position 1 2 2 2 3 3 4 4

Starting pointers 1 3 6 8

In the above example the starting pointers show
}hat the first element of row ! is at 1location 1 1n;tho
array, first elepent of row 2 i1s at location 3 in the array
and so on. With the starting pointer giving the lead, the
chain could be traced on. From the starting pointer,
location 1 of the non-zero elements array is the first entry
of row one. Location 1 of the pointer array has a value of
2 i.e. the second non-zero entry of row 1 at location 2 of

the non-zero elements array. Tracing further, location 2 in
¥

“the pointer array has a value of 0, the null value; this

R
value indicates the termination of the chain. Similar traces

could be made for the entries of other rowvs.
b

b
With a clearer concept of a linked 1list ve shall

elaborate on how the storage scheme is iamplemented. The

above example just illustrates hov elements are accessed,
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they did not show how the linked 1list was created in the
first place. The linked list in this work vas isplesented as
n stacks (vhere n 1is the number of rows in tye matrix). A
stack is a last-in first-out data structure; the last data
entry stored into the stack is the first element to be
retrieved. The first elements 0f each row to be retrieved is
pointed to by the corresponding pointers stored in the
starting-pointers array. Hence, bhecanse of the stack
stricture implementation, the starting-poiﬁters contain the
locations of the last-stored elements of the matrix.

In the very beginning df the linked 1ist creation,
the staring-pointers are ipitiated tc the null value. This
is so hecause there are no last-stored elements at the very
beginning. Wext, the non-zero elements are filled into the
array. As each none-zero element is filled into the non-zero
elements array, the value in the appropriate
starting-pointer array is,copied into the corresponding
location of the pointer array. This step links the nevly
stored element with the last entry from the same row of Ehe
matrix. Wext, the starting pointer is updated to 1ndic;;o
the last entry is this presently stored element. 1 short

section_of FORTRAN code is included to illustrate concisely

the operations involved. r

L]
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D0 1 I = 1,NROES '
1 LSTART(I) = 0 :
I1=0 :
2 READ (5,*,END=7) ELERENT, IROW, ICOLNN
I=T+1
ARRAY (I) = BLENENT
LARRAY (I) = ICOLRE : -
LIKKPT (I) = LSTART (IROW)
LSTART(IROW) = T
G0 TO 2
7  CONTINUE.

-
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~ eecicee ccccccccccccccccccccccccccccccccccccccccccctcccccccccccccccccc
‘CC v , CC -
X oo o cc -
,CC . . . B} . . . . CC
ce , ¥ \ cc
cc . \ : cc ,
[ C& . LOAD ‘'FLOW PROGRAM USING THE BEWTON RAPHSON METHOD, cc 4
i ’ 4 ‘ CcC t
i i
} cc ~ ‘ , & :
¢ . cc !l T o, cc :
Y . ce g - cc }
4 ceee ccccccccccccccccccccccccdcccccccccccccg:ccccc CCCCCCCCCCCCCCCCeeEece !
v * e , 3
SN ' ,C% 'r . Ch .
o THIS ‘PROGRAN IS n‘iszsnn TO' ACCONODATE UP TO "
f \ 1 ’ » M - é
¥~ 120 BUsES o . . *

/. AND 200 LYNES ° ‘ B \k ' j
. " , - [ ‘ « &

) . . ¥ , ~ ‘ ,

THE LINE DATA IS BNTERED PIRST, IN F10.5 PORMAT IN THE SEQUENC .
NODE,NUMBER, NODE NUMBER, LINE RRSISTANGE, REACTANCE AND ONE ?
nn.r LINE CHARGING ADRITTANCE (ALL IN PER unn') ‘ N

&

;‘:n‘d-an‘nnnn’nnnnanohnnnnoanh‘

THE LAST CARD OF LIlE DATA IS SEPARATED FRON TH! POLLOBIIG DECK .
- OF: BUS DATA wlRDS BY-A BLANK CAFD | . ' '

NEXT, IHE BUS DATA IS BNT!R!BLII‘?S 2 FOREAT IN Tl! S BNCE
+:+ BUS WUNBER, BUS TYPE, YOLTAGE MAGNITUDE, REAL PO‘!R ENERATION, i
+ REACTIVE POBBR GENERATION, REAL FOWER DEEAND, REACTIVR DBHAND, 4
. IJITIAL §STIHITB OF BUS VOLTAGE HLGNITUDE AND ANGLE ‘

ot THE LIST CARD OF BUS‘D!!I HUST %E FOLLOWED BY 1 BLA!K CIRD '

IHE'BUSES HUST BE IU!BBRBf/EOISICUTIVIL! STLRTIIG FRON 1,.
HOVEVER THERE IS ¥Q RESTRICTION ON GROUPING OF THE PTYPES OF BUSES

O T

~C " B.G. THE SLACK BUS Cll‘ﬁ! NUNBER THE FIRST BUS, THR LAST BUS OR
ANY ’UIBBR Iy BBT'BBI, 'y THE SANE APPLIES TO PQ AND PV BUSES
N, . -
.C,' TREYBUS TYPES ARE coprn is’rorrous; A : _
€. . 1.0 PQ BUS . w « ﬂ AR |
c 2.0  ev BUS ' y |
c . T 3.0 SLACK BUS 'HICH Is lLSO TEB RB!BRB‘CB BUS !
c L , . " e
¢ - . -~ . i ., P
c’ ' . - ‘
C_ » oA L% . .
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THE FOLLOWING ARE SOME PARANETERS THAT COiTROL THE EYERCUTION
OF THE PROGRAM THESE PARAMETERS SHOULD BE READ IN THE
FOLLOWING SEQUENCE IN 5F10.5 FORMAT BEPORE OTHER DATA IS READ

S
" IREAD =--- INPUT DEVICE NUMBER FOR LINE AND BUS DATA
IWRITE --- OUTPUT DEVICE NUMBER FOR RESULTS
CRITER --- ACCURACY TO WHICH THE MAXIMUM MISMATCH -MOST SATISFY
JUPDAT =--- HOW FREQUENTLY THE JACOBIAN NATRIX IS UPDATED

O INDICATES THE INITIAL JACOBIAR MATRIX IS USED THROUGHOUT
1 INDICATES THE JACOBIAN MATRIX IS UPDATED EVERY ITERATION

’ 2 INIDCATES JACOBIAN MATRIX UPDATED EVERY THO ITERATIONS
N INRDICATES JACOBIAN MATRIX UPDATED-EVERY N YTERATIONS
LOOP === MAXINUM NUMBER OF ITERATIONS ALLOWED

INPLICIT REAL®*8 (A-H,0-Z), INTEGER®*2 (I-N)
REAL®% PARN(S)

INTEGER®S IRPAD, INRITE

LOGICAL#1 OK .

COMNON /LOADFL/ VREAL (120),VINAG (120),VHAGSQ (120) ,CREAL(120),
+CIMAG (120) ,CHAGLY (200) ,REALG (120) ,REACTG (120) ,

+REALD (120) ,REACTD (120) ,MODBUS (120) ,NREP,NOGEN

CONNON /NETWOK/ DILYHB(120),DIA!HI(120),DLTAYR(200),DIIA!I(ZOO),
+DATALN (200) ,LKSTYA (120) , JCOLYN (400) , LINKYH (400) ,KONECT (120),
+LORDER (120) , NORDER (120) , LINE

CONMON /LUSOLV/ nznrax(zuoy ERRORZ (240) ,DELTAG (120), nznrnq(1zo),
+DIAGUT (240) , DATAUT (6000) , DATALT (6000) , LKSTUT (280) ,JROWUT {6000) ,
+LINKUT(6000),IRSTUT(2H0),JCOLUT(GOOO),IRSTLT(ZQO),JCOLLT(GOOO),
+JCOLJB (280) ¢

COMMON /ENABLE/ CRITER,IREAD,IWRITE,JUPDAT,LOOP

COMMON /SIZE/ NLESS1, nrownn,unzsxz NTOTX2

READ (5, 1) PARM

IREAD=PARN (1)° ) }

IWRITEXPARN(2) ¢
CRITER=PARN (3)
JUPDAT=PARN (8)
LOOP=PARK (%) o .
WRITE (IWRITE,S) _ ‘ .
CALL INTIAL )
CALL DINPUT . '
CALL NEWTON (OK) .

CALL RESULT (OK)

~

+'=-RAP ¥ “ALGORITHn'// T28,°'WITH L-U DECONPOSITION OF THE JICOBIAH
4N AND SPARSITY PROGRAMMING') ‘
END, ' ~ -
8! . -
'0’ N . ’ . -

I

gPlT P10.5) -
POBHA§421',T25,'CO!TB!TIO]IL LOAD ofﬁOI PROGRAM USING NEWTON',

S e e o, 2
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SUBROUTINE INTIAL
/

1 3
L)

THIS SUBROUTINE INITIALISES VARIABLES

< .
IMPLICIT REAL*8 (A-H,0-Z), IFTEGER*2 (I-N)
COMNON /NETROK/ DIAYMR (120),DIAYNI(120) ,DATAYR (200),DATAYI (200),
+DATALN (200) ,LKSTYH (120) ,JCOLYN (800) , LINKYM (400) ,KONECT (120) ,
+LORDER (120) ,NORDER (120) ,LINE
DO 1 I=1,120
DIAYNR (‘I)=0.0 4
DIAYNTI (I)=0.0
' LKSTYN (I)=0 _
KONECT (T) =0 v
RETORN
END . h
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SUBROUTINE DINPUT

THIS SUBROUTINE READS IN THE LINE DATA AND BUS DATA
THRN DOES A RE-NUMBERING OF THE BUSES ACCORDING TO THIS:

PY BUSES ARE GIVEN THE FIRST NUMBERS IN THE'ORDER THEY ARE ENTERED

THEN PQ BUSES ARE NOUMBERED IN ASCENDING ORDER OF THE NUMBER OF
LINES JOINING IT
THE SLACK BUS -IS NUMBERED LAST

IMPLICIT REAL*8 (A-H,0-Z), INTEGER#2 {I-N)
INTEGER*S& IREAD, INRITP
REAL*4 BUPLIﬁ(S),BUPNOD(9) RODE1,NODE2 ,RPU,XLPU, YCPU, FODE, TTPE,

. +V4,PG,Q0G6,PD,QD,VMG,ANGIE

COMMON /LOADPL/ VREAL (120),VINAG (120), VEAGSQ (120) ,CREAL{120),
+CIMAG (120.) ,CNAGLN (200) ,RBALG (120) ,REACTG (120),

+REALD (120) ,REACTD (120) ,HODBUS (120) ,NREF , NOGEN

COMMON /NETWOK/ DIAYMR (120) /DIAYNMT (120),DATAYR (200) ,DATAYI (200),
+DATALN (200) ,LKSTYH (120) JCQL!ﬂ(ﬂOO),Lruxtn(u00);xouncr(120),
+LORDER (120) , NORDER (120) , LINE

COMMON /LUSOLV/ DELTAX (240),ERRORZ (240) ,DELTAG (120) ,DELTAQ (120),
+DIAGUT {240) ,DATAUT (6000) , DATALT (6000) , LKSTUT (240) ,JROWUT (6000) ,
+L1nxur(6000),Iasrur(zuO)?SCOLum(6060).Insrnr(zuO),JCOLLT(GOOO),
+JCOLJB (280) ‘

_# COMMON /ENABLE/ CRITER,IREAD,IWRITE,JUPDAT,LOOP

COMMON /SIZE/ NLESS1 NTOTAL.NIBSXZ NTOTX2

COMNON /CORTIG/ NQDB1 NODE2,RPU,XLPU,YCPU

COMNON /CONTIN/ NODE,TYPE,VM,PG,Q0G,PD,QD,VHG,ANGLE
COMPLEX*16 REACTW,IMAG/(0.0D0,1.0D0)/

EQUIVALENCE (BUFLIN,RNODE1), (BUPNOD,NODE)

READING IN THE LINE DATA AND CALCULATING THE Y-NATRIX T~

OFLY NON-ZERO ELEMENTS Of THE Y-NATRIX ARE STORED
LINE=0 T g
LIST=0 | :

WRITE(IWRITE, 1111) 7 \
vaxmn(:unxrz,so)

10 ¥ ~CONTINUE °

annn(xnznn,51)surzxn ‘ “

IF({NODE1.2Q.0.0)GO TO 20 . ’
WRITE (IVRITE, 52) BUFLIN .
LINE=LINE+1 :
 LIST=LIST+1 ) , *
¥2=NODE2 : ,

N1=NODE1 _ ) " #
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KONECT (N1)=KOKECT (N 1) +1
KONECT (N2)=KONECT (N2) +1
REACTN=1D0/(RPU+XLPU*IMAG)
SUSCEP=~REACT N*THAG
DIAYHMR (N1)=DIAYNE(N1) +REACTH
DIAYMR (N2)=DIAYNR (N2) +REACTN d
DIAYNMI(N1)=DIAYNI(N1)+SUSCEP+YCPU
DIAYMY (N2)=DTIAYNY (N2) + SUSCEP+YCPU
DATAYR (LINE) =-REACTR
DATAYI (LINE) =-SUSCEP
DATALN (LINE) =YCPU
JCOLYN (LIST)=N2
LINKYM (LIST)=LKSTYH (§1)
LKSTY® (R1)=LIST
LIST=LIST+1 '
JCOLYMYLIST) =N1 .
LINKYNM (LIST)=LKSTYH (R2)
LKSTYM (N2)=LIST Q%
GO TO 10

CONTIRUE

WRITE (IVRITE,55) LINE

READIRG IN THE BUS DATA

WRITE(IWRITE,1111)
NTOTAL=0 N A\ ral
HOGEN=0 4 .
DTORAD=3. 14159260 /180.0D0
WRTTE (INRITE, 60) .
CONTINUE o
READ (IREAD,61) BUFNOD
I¥ (SODE. 2Q.0. 0) GO TO 40
WRITE (IWRITE, 62) BUFROD
NTOTAL=NTOTAL+1 ’,
N=NODE -
HODBUS (¥) =TYPR )
VREAL (N) =YHG#DCOS (ANGLE$DTORAD) <
VINAG (N) =YAG*DSIN (ANGLE®DTORAD)
REALG (W) =PG
REALD(N)=PD 4 *
REACTG (N)=Q6 - S
' REACTD (N)=QD _ q ~
_/DELTAG {¥) =PG-PD B e
DRLTAQ (N) =0G=QD - - ; R
IF (TYPE.2Q.1.0) GO TO 30 . ;o
. TEAGSQ (N)=VHss2 :
KONECT (N)=0
NOGEN=NOGEN+1
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50

anE 000
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61
62

111

" #9L0KD?,T71, ' STARTING YOLTAG
- +'ansnrrunx',r35,'3311-,131,'nzxcrxvs',wsu,waz;t',rso,'nxncrrvz'

IF (TYPE. EQ. 3.0) NREP=N
GO TO 30
CONTINUE
NLESS1=NTOTAL-1
NLESX2=NLESS1$2
RTOTX2=NTOTAL®2
NOGEHN=NOGEN-1 :
KONECT (NREF) =100

BUS RE-NUMBERING ' ¢ \

DO 45 I=1,NTOTAL "
NOERDER (I)=1I —
INTERC=0 ‘

DO 70 I=2,NTOTAL

I (KONECT (I-1) . LE. KONECT (1) ) GO.TO 70 4
L=KONECT (I)
KONECT (T) =KONECT (£-1)
KONECT (T=1) =L -
_L=NORDER (I)
FORDER (I) =NORDER (I-1}
¥ORDER (I-1) =L
*INTERC=1

CONTINUE

IP (INTRRC.NE.0)GO TO 65

DO 80 I=1,HTOTAL

LORDER (NORDER (I) ) =1 -

RETURN. . —

PORNAT (* LINE DATA'/1X, 9('3*ﬁ///te,\aus NO. JOINS BUS HO.',T36,
#4'R P.U.Y,T50,'IL P.U.?,T68,'TSH P.U.%/%+%,78,7 (*_*),T22,7("_"),
$T3S,1___1,T89,0____V,063,0____///)

FORMAT (8710. 5)

PORMAT (8X,¥8.0,10X,¥4.0,1X,3718.8/)

FORNAT (//// T22,°'THERE ARE ',I4,' LINES IN THE SYSTEH')

PORNAT (* BUS DATA'/1X,8("=*)///128, 'VOLTAGE®,T37, ' GENERATION® 757,
//78,' NUNBER' , 716, 'TYPE',T23,

+771, 'NAGNITUDR', 762, 'ANGLE/'+7,T8,6 (' _!) 716, ',723,9('_"),
#7350 ru1,s(',-),rsu,'____',rso,s(g‘-),171,9k'_').rsz,
+5('_ ") 777) ‘
POREAT (1625.2) -

FOREAT (8X,75.0,T17,P2. 0.!25,?“ 2,T38,76. 3,2“2 r6.3,753,76.3,
#761,76.3,171,76.2,780,F6.2/) .

?ORBIT(///IIIVV//) T, ‘ ’ .
END . .

A
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SUBROUTINE NEWTON (OK)

: ¢ , -
¢ E ,
¥ y THIS SUBROUTINE PERPORNS THE NEWTON BAPHSON ITERATIONS
: c N 3
o # s
c IT RETURNS A LOGICAL*1 VARIABLE OF VALUE .TRUB. WHEN THE ROUTINE
c WAS SUCCESSFULLY COMNPLETED
o OTHERWISE THE RETURNED VARIABLE IS .PALSE. s .
o UNSUCCESSFUL COMPLETION IS WHEN THE REQUIRED ACCURACY IS NOT 3
c ATTAINED IN THE MAXINUM ALLOWED NOUMBER OF I?E/}g;ggg_“ :
4 c
‘ c
IMPLICIT REAL*8 (A~H,0-Z), INTEGER*2 (I-N) , ,
INTEGER*4 IREAD,IWRITE /
LOGICAL*1 OK C :
COMMON /LOADFL/ VREAL (120),VIBAG (120), VEAGSQ (120) ,CREAL(120), ;
, +c1unc(%20),cunsnu(2ooy,nnALc(120) REACTG(120), . i
' +RRALD (120) ,REACTD (120) ,NODBUS (120) ,NREF,NOGEN i
COMMON /NHETHWOK/ nInruR(120),D111&1(120),nnrnzaczoo),Dxmgrt(zoO), F
+DATALN (200) ,LKSTYN (120) ,JCOLYH (400) ,LINKYN (400) ,KONECT (120), i
+LORDER (120), uonnnn(120),LIun :
y COMMON /LUSOLV/ DELTAX (240) , BRRORZ (240), DBLTAG(120),DBLTAQ(1§%), y :
. +DIAGUT {240) ,DATAUT (6000) ,DATALT (6000) , LKSTUT (280) ,JROWUT (6 000) , o
. +LTRKUT(6000) IRSTUT (240) ,JCOLDT (6000) , IRSTLT (280) ,JCOLLT {(6000) , ;
% +JCOLJB (280) :
~ COMMON /ENABLE/ CRITBR,IREAD,INRITE, JUPDLT LOOP f
CONMMOX /SIZE/ NLESS1,NTOTAL, NLESX2, FTOTY2® , (;
KOUNT=0 . ‘
100 CONTINUE ’
c . ,
, C ** CMLCULATING CURRENT INJECTIONS ,
DO 200 M=1,NTOTAL \ ‘
e I—lonnnn(u)t » £ ;
CBEAL(H)=DIA!HB(I)’VR!!L(I)-DIAY!I(I)iVIHAG(I)
, QIuAG(u)-DIA!HI(I)tVRBLL(T)+DIAY!R(I)*VIHAG(I) ¥ !
¥ + 'L=LKSTIN(I)
150 CONTINUE
“ KDATA= (L+1)/2
‘ s J=JCOLYN (L)
. CREAL (N) =CREAL (N) +DATAYR (KDATA) *VREAL {J)
+ e . =DATAYI (KDATA) *VINAG (J)
* : cxnxs(u)=ctuac(u)+nlrazn(§,Arl)-vxnas(a)+ -]
+, DATAYI (KDATA) *VREAL (J) .
L=LINKYS (1) -
IF{L.F2.0)G0 0 150 . ,

200 - CONTINUE — y .

. e o e e ) o S o e ]
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& EVALUATING THE RISMATCHES
IP (NOGEN.EQ.0)GO TO 410 Y
DO 800 I=1,NOGEN -
J-RORDER(I) ’
ERRORZ(I)z-V!lGSQ(J)*'RE!&(J)*‘Z#VIH;&}J)**Z
ERRORZ (I+NLESS1)=~DELTAG (J) +VREAL (J) #CREAL (1)
+VINAG (J)*CINAG (I)
CONTINUR
CONTINUR
IP(HOGEN.EQ. NLBSS1) GO mo 510
H=NOGEN+1
PO 500 I=M,NLESS1
a=nonnzn(1)
ERRORZ (I) =~DELTAQ(J)~ (VREAL (J) #C THAG (I) ~VINAG (J) *CREAL (I))
EXRORZ (I+RLESS1)==DELTAG (J) + (VRBAL (J) *CREAL (I) +
VINAG (J) #CINAG (X))
CONTINUE )
CONTINUER )

L] ’ .
** CHECKING AGAINST CONVERGENCE CRITERIA ‘
p0.600 I=1,NLESX2
IF (DABS (ERRORZ(I)).GT.CRITER)GO TO 700

CONTINUE
#% ALL MISNATCHES ARE LESS THAN THE CRITERIA GIVEN )
WRITE (IWRITE,550)CRITER, KOUXT
OK=,.TRUZ,
RETURN ,

,) I
** NORE. ITERATIONS REQUIRED \ ¥ ’
CONTINUE o )
IP(KOUNT.LT.LOOP)GO 70 710 '
nn:mx(xwaxrn.SGO)cntmsa 100P ' .
OK=_FALSE. .
RETURN

*% DETERNINE 'HBTH!B TO UPDATE JACOBIAN NATRIX
CONTINUE \ . :
I (KOUNT. 2Q.0)GO TO 730 . ~ .
IP(JUPDAT.EQ.0) GO TO 750 .

’IP(KOU!T/JDPDIT-BQ.(KOUIT-1)/JUPDIT)GO TO 750

CONTINUE C
CALL JACOB

CONTINUE

CALL BACKSB (NLESY2)
DO 800 I=1,NLESS1 = T

v,

o
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550
560

800 -
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J=NORDER (I)
YREAL (J)=VREAL (J) +DELTAX (I)
VIMAG (J)=VINAG (J)+DELTAX (I+HLESS1)
CONTINUE
KOUNT=KOUNT+1
G0 TO 100

FORMXT (*7',T11,*CONVERGES TO WITHIN ¢, ¥8.5,' POR THE MAXITNMUN !ISHATCH

+4vCH IN ',I3,' ITERATIORS' /////)

RORMAT (*1',711,'FAILS TO COBVERGE TO WITHIN ' ,F8.5,' FOR THE MAXINUM

+0n MISMATCH IN *,I3,' ITERATIORS' /////)
BND
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+REALD (120) ,REACTD (120) , MODBUS (120) , NREF, NOGEN

SUBROUTINE JACOB

THIS SUBROUTINE EVALUATES THE JACOBIAR HEATRIX

THE JACOBIAN MATRIX IS NOT STORED BUT AS SOON AS ONE BOW IS )
CALCOLATED IT IS DECOMPOSED INTC THE CORRESPORDING ROWS OF THE &
LOWER AND UPPER TRIANGULAR MATRICES

[

“IMPLICIT REAL*8 (A~H,0-Z), INTEGER*2 (I-N)
COMMON /LOADFL/ VREAL(120),VINAG (120),VMAGSQ (120) ,CREAL(120),
+CINAG(120) ,CMAGLN (200) ,REALG (120) ,REACTG (120),

COMMON /NRTWOK/ DIAYAR (120),DIAYAY (120),DATAYR(200) ,DATAYI {200),
+DATALN (200) ,LKSTYH (120) ,JCOLYN (300) ,LINKYN (300) ,KONECT (120), :
+LORDER (120) , NORDER (120) ,LINE “ :
COMMON /LUSOLYV/ DATAJB (240) ,BRRORZ (240) , DELTAG (120),DELTAQ (120), .
+DIAGUT (240) ,DATAUT (6000) , DATALT (6000) , LKSTUT (240) ,JROWDT (6000) , g
L?NKUT(GOOO) IRSTUT (240) JCOLUT(GOOO).xasrLT(zao) JCOLLT (6000) , \
+JCOLJIB (280) |
COMMON /SIZE/ NLESS1,NTOTAL, NLESX2, NTOTX2 g
DO 170 J=1,NLESS1 ‘ :
I—noxnxn(a) ;
po 179 J0=1,NT0TX2 _ i
DATAJB (30) =0.0 :
Jcotas(a0)=o - o i i
Jo=1"_ .., '
IF (MODBUS (I).NE.2) GO TO 175
DATAJB (J) ==2. 0* VREAL (I) ¢
JCOLJIB (J0) =J+ NLESST " >
DATAJB [J+ELESS 1) =-2.0*VINAG (1) . - ) [
GO TO 178 o -
narxan(a)z-vxunc(z)tnxa!an(1)+vnzln(I)tnxx!ux(x)ocxnne(av
L=LKSTYN (T) ;
CONTINUE 4
. M=JCOLYM(L)
Ir(n;io;rngggso 0 177
B=LORDER (M)
JCoL JB{J0)<n
QJO=JO*1F i ”j
KD=[L+1) /2
DlTLJB(!)t—'IalG(I)0DITLYB(KD)+VRBIL(I)*Dlrl!I(KD)
aconan(ao)su*lnnss1 J
J0=J30+1 . - A
‘ DATAJB(H+ILBSS1)='IBIGCI)‘Dl!l!l(KD)QVBBAL&I)‘DATI!R(KD)

N

“

. .
- éq - P \
e , .
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17 L=LINKYN(L) .
IF (L.NE.0)GO TO 171
JCOLJB ({JO)=J+NLESS1
DATAJB(J+NLESS1)=YIH!G(I)*DI!!HI(I)0VRBIL{%M*BIA!HR(I)*CRBIL(J))
178 CALL LUNSYM(J,NLESX2) '
170 CORTINUE
DO 160. J=NTOTAL,NLESX2
I=RORDER (J-NLESS1)
Do 163 JO=1,RTOTX2
DATAJB(J0)=0.0
163 JCOLJB (J0) =0
J0=1 .. :
nnrxaa(J)z-VIﬂnG(I)tnznyan(z)+vaﬁAL(1ptnznrur(z)-cxnxc(a-uxnss1)
L=LKSTYN (I) '
161 CONTINUE
M=JCOLYN (L)
I7 (M. EQ. NREF) GO TO 166
B M=LORDER ()
: JCOLJIB (J0) =N
J0=J0+1
KD= (L+1) /2 :
DATAJB (M) =~VREAL (I) *DATAYR (KD) ~VINAG (I) *DATAYI (KD)
JCOLJB (JO) =N+NLESS1 .
JO=J0+1 .
 DATAJB(M+NLESS1) =VREAL (I) #DATAYI(KD) -VIHAG (I) $DATAYR(KD) !
166 L=LINKYM(L) ) : .
I? (L.NB.0) GO TO 161 _
JCOLJB (30) =J-NLESS1 ]

.

DATAJB (J-NLESS1)=-VREAL (I)*DII!BR {(I)-VINAG (I) SDIAYNI (I) v §
+ . -CREAL (J-NLBSS1) ) , -7
N CALL LUNSYHN(J,NLESX2)
160 CONTINDE }
. RETORN .
EXD
R “ ¢ v v
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SUBROUTINE LUNSYM(I,N)

THIS SUBROUTINE TRABSTORMS A GIVEN ROﬁ OF A MATRIX INTO THE -
CORRESPONDING ROWS OF A LOWER TRIANGULAR AND AN UPPER TRIANGULAR
MATRIX. ONLY XOX-ZERO ELENENTS ARE STORED.

THE INPUT VARIABLES I GIVES WHAT ROW OF THE MATRIX IT IS TO BE
DECONPOSED WHILE N GIVES THRE ORDER OF THE NATRIX

aaonaoanNna.aoaan

JMPLICIT REAL*8 (A-H,0-2), INTEGER®2 (I-§) ‘ -
‘common /ﬁgSOLV/ DATAJB (240) ,ERRORZ (240) ,DELTAG (120) ,DELTAQ (120),
+DIAGUT (280) , DATAUT (6000) , DATALT (6000) , LKSTUT (280) , JROWUT (6000) ,
+LTIRKOUT (6000) ,IRSTUT (240) ,JCOLUT (6000) , IRSTLT (280} ,JCOLLT (6000} ,

+JCOLJB (240) . .

IF (I.NE.1) GO TO 22

C *% INTITIALIZATIOR AND CALCULATICN OF FIRST ROW OF UPPER
TRIANGULAR NATRIX , -
KOT=1
KLT=1 y
IRSTOT (1)=1 v , R
. IRSTLT (1) =1 .
PO 1 m=1,X ~
1 LKSTOT (X) =0
© ,DIAGDT (1)=DATAJB (1)
JO=1 ( ,
1~ JCOLJB (J0) . «
10 1P (L.EQ.0) 60 TO 20 -
IP(DATAJB(L).2(.0.0)G0 T0 15 ‘ - ,
- DATAUT (KUT) #DATAJB (L)
- JROWUT (KUT) =1 L
JCOLUT (XUT) =1
LINKDT (KUT) =LKSTUT (1)
LKSTOT (L) =KUT
KUT=XUP+1 A e
15 s CONTINOE ‘ :
J0=J0+1 : Co
1=3C0LJB (J0) N
GO T0 10 - ’ S
20 RETURN - .
¢ b
e *SDECONPOSITIOR OF ROWS OTHER rnan THE rxisr
22 CONTINUR . ,
25 JO=1 7 : L -
- IRSTUT(I)=KOT % :
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IRSTLT (I)=KLT
IR=IRSTLT(I)

C
c ** SEEKING COLUMN ONE ENTRIES OF JACOBIAN HNATRIX ;
' 1= JCOLJB (J0) ~ \
130 IF(L.EQ.0)GO TO 110
IP(L.2Q.1)6G0 TO 120 .7
J0=J0+1 .
l=JCcowJB(Jyo)
G0 TO 130 '
¢
of #¢ EVALUATING ELEMENT OF COLUAR ONE OF LOWER TRIANGULAR NATRIX
120  JCOLLT (K1T)=1 .
DATALT (KLT)=DATAJB (L) /DIAGUT (1)
KLT=KLT+1 .
c
c % IF THIS IS SECOND ROW %O MORE LOWER TRIANGULAR MATRIX ENTRIES
110  IP(I.EQ.2)G0 T0 T80 i
I1=I~1 3
D0 200 J=2,I1
Jo=1 .
. DATALT (XLT)=0. 0 ‘ :
c - \ ' S
c *# SEEKING NON~-ZERO ELBNENT IN CORRESPONDING POSITION

IN JACOBIAN MATRIX
1= JCOLJB (J0)
220 IF(L.EQ.0)GO TO 230
IP(L.EQ.J)60 TO 210

JO=J0+1 - — : .
1=3COLJB (J0) ‘

60 TO 220 ] - o ‘
210  DATALT(KLT)=DATAJB (L) '
230 K1=KLT-1 j
p .
¢ s IP THERE ARE NO PREVIOUS ENTRIES IN THIS ROW OF THE LOWER TRIAN-
¢ GULAR MATRIX ¥O FURTHER PROCESSING IS NECESSARY FOR THIS ELBMENT
~g IP (IR.GT.K1) GO TO 280 X '
Q- "
c” ** SCANNING THROUGH LIST OF ELENRNTS IN COLUNN J OF UPPER ]

- ¢ TRIANGULAR NMATRIX TO MATCH THE®CORRESPONDING BNTRY IN THE

. LOWER TRIANGULAR MATRIX :

1=LKSTUT (3J) "
) EM=KLT '

DO 250 M=IR,K?} , o~ ,

~ MN=MN=-1 > \:1. - ‘ .
270 I!(L.BQ.0.0B.(J!OIBI(L).LT.JC LT (NB))) 60 TO 250
( IF (JROWUT (L) . BQ. JCOLLT (R 8)) GO TO 260 .
o L=LINKUT (L) r .

.
. .
- Al - o
' b P
.
o - s : -

'

)

N 3
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 IF(I.EQ.¥)GO T0 100 , - . L

B
..:44-6-0-4':'&'&'

. e .

GO T0 270 ' : . o
DATALT (KLT)=DATALT (KLT)~DATADT (I.)"Dl'l‘ll.'l' (nn) : o
CONTINUE

s IP ELENENT IS ZERO DO NOT STORE INTO LIST
IF (DATALT (KLT) . EQ. 0.0) GO 0 200 .
JCOLLT (KLT)=J : :
DATALT (KLT)= DlTlLT(KLT)/DIlGUT(J) . v
KLT=KLT+1 \
CONTINOE :

s ClLCULATING THE DIAGONAL ELEBENT OF UPPER TRIANGULAR MATRIX
DIXGUT (I) =DATAJB (T) )
K1=KLT-1 - h
I? (IR.GT.K1)GO TO 380 ! . s
L=LKSTUT (I) “ -
HN=KLT
DO 300 J=IR,K1
AN=NN~-1
IF (L. £Q.0.0R. (JRONUT (L) . L. JCOLLT (XR))) GO ro 300
IF (JROWUT (L) . BQ. JCOLLT (M) ) GO- TO 320
L=LINKUT (L) . .
GO TO 330 - ‘ V ,
DIIGUT(I)SDIAGUT(I)-DATLLT(!H)‘DLTIUT(L) : S
CONTINUR ‘ c o
CONTINUE . - ‘

i
## TP IT IS THE LAST ROW THERE IS NO lOl~D1160111 3 I
IN UPPER MATRIX .

2

©

#% EVALUATING ELENENTS ¥%\§ax UPPER. rn:xssuzun
MATRIX EXCLUDING DIAGONAL N ) :
I1=T+1 ’ Yo
DO 300 J=I1,¥ , ‘ , “ .-
J0=1 ‘ . , .
DATAUT (KUT)=0.0 ~ ‘ ‘
1=JCOLJB (30) - N = S e
T? (L.2Q.0)GO TO 810 S L e :
IP(L.EQ.J)GO TO 620 . L
«  J0=J0+19 : L .
, JCOLJIB (J0) o : PN
GO 30 ' . S
/ DATADT xnr)annrxas(n) o . .. N ‘
‘IF (IR.GT.K1)GO TO 880 : S S ‘ ,
L=LKSTUY (J). _— . e , f o
MR=KLT\/— \ N r ST .
n? nsohr-xn.x1 L . T S -

s L ’ .
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EA=HN-1 o ¢
480 1P (1.2Q.0,0R. (JROVUT (L).LT. JCOLLT (NX))) GO TO &50
IP (JROWUT (L) . BQ. JCOLLT (MR)) GO TD &70
L=LINKUT (L)
- GO TO 480 .
870 DATAUT (KUT)=DATAUT (KUT) ~DATALT (NN) *DATAUT (L)
.-450 CONTINUE
830  IF (DATAUT (KUT).EQ.0.0)GO TO 800
JROWDT (KOT) =T
LINKUT (KUT)=LKSTUT (J)
LKSTUT (J) =KOT
JCOLUT (KUT) =J
KOT=KUT +1
300 CONTINUE
RETURN
100 CONTINUE s
IRSTLYT (N+1)=KLT &
IRSTUT (N+1)=KUT" '
RETURN
BND
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SUBROUTINE BACKSB(X)

-

-

THIS SUBROUTINE DOES A FORWARD THEN A BACKWARD SUBSTITUTION RITH
THE GIVEN LOWER AND UPPER TRIANGULAR NATRICES RESPECTIVELY.

3

THE INPUT VARIABLE N IS THE NUBRBER OF ROWS IR THE MATRIX

-

NNOOOTONO0N

IRPLICIT REAL®S (A-H,0-Z), INTRGER®2 (I-¥)
CONNON /LUSOLV/ DELTAX (280) ,ERRORZ (280) ,DELTAG (120) ,DELTAQ (120) ,
+DIAGUT (280) ,DATAUT (6000) ,DATALT (6000) , LKSTUT (240) , JROWUT (6000) ,
+LINKUT (6000) ,IRSTUT (260) , JCOLUT (6000) , TRSTLT (280) , JCOLLT (6000) ,
+JCOLJIB (280)

PRIy

600 _
P

LY

750
700

850
800

TEND=IRSTLT (2) -1

Do

600 I=1,N

DELTAX (T) =ERRORZ (I)
DO 700 I=2,N
ISTART=IEKD+1

TEND=IRSTLT (I+1) -1
IF (TEND.LT.ISTART) GO TO 700

DO 750 J=ISTART,IE¥D

M=JCOLLT (J)
DBLTIX(I)SDELT!I(I)-DATALI(J)‘D!LTA!(H)

«CONTINUE .
CONTIRUE :

IsT

Do 80P

ART=TIRSTUT (N+1)
I=1,N
ITR=N-1I+1
IEND=ISTART-1
ISTART=IRSTOT (IR)
TF{IEND.LT.ISTART)GO TO 800
DO 850 J=ISTART,IERND
B=JCOLUT (J)
DELTAX (IR) =DELTAX (IR} ~DATAUT (J) # DELTAX (K)

CONTIYUE K
DBLT!I(IR)*DBLTI!(IR)/DI!GUT(Ik 3

RET
END

URN
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SUBFOUTINE RESOLT(CK)

4 \
ot
THIS SUBROUTIRE CAICULATES THE POWER INJECTIONS, THE POWER

PLOWS AND THE TOTAL TRANSMISSION LOSSES OF A SYSTEM \
GIVEN THE NODAL VOLTAGES n . .

I? THE INPUT VARIABLE IS .PALSE. IT PRINTS A WARNING MESSAGE
THAT THE NODAL VOLTAGES ABRE HOT UP TO THE SUFFICIENT ACCORACY

INPLICIT REAL®S (A-H,C-Z), INTEGER*2 (I-¥)

INTEGER®*8 IREAD,IWRITE
COMMON /LOADFL/ VREAL (120),VINAG (120),VHAGSQ (120) ,CREAL(120),
+CINAG(120) ,CMAGLN (200) ,REALG (120) ,REACTG (120) ,
sREALD (120) ,REACTD (120) ,NODBUS (120) , NRE?, KOGEN
CORMOX /NETWOK/ DIAYMR (120) ,DIAYNI(120) ,DATAYR (200),DATAYT (200),
#DATALN (200) ,LKSTYH (120) ,JCOLYN (800) , LINKYN {400) , KONECT(120),
+LORDER (120) , NORDER (120) ,LINE ’

COMMOX /LUSOLV/ DELTAX (280) ,ERRCRZ (280) ,DELTAG (120),DELTAQ (120) ,/ !
+DIAGUT (280), DATAUT (6000) , DATALT (6000) , LKSTUT (280) , JROWDT (6000) ,
+LTNKUT (6000) ,IRSTUT (200), JCOLUT (6000) , TRSTLT (280) ,JCOLLT (6000) ,
+JCOLJB (280)

COMMON /ENABLE/ CRITER,IREAD,IWRITE,JUPDAT,LOOP

COMEON /SIZE/ WLESS1,NTOTAL, NLESX2,NTOTX2 :

LOGICAL*1 OK -

17 (. NOT. OK) WRITE (IWRITE,500) '

WRTTE(IVRITE,520)

PLOSS=0. 0

RTODEG=180D0/3. 1815926D0

DO 1000 TI=1,NTOTAL

' YMAG=DSQRT (YREAL (T) **24VINAG (I)*#2)
ANGLE=DATAN2 (YINAG (I), VREAL (I)) *RTODEG
J=LORDER (I) -
IF (RODBUS (I) . EQ. 1) GO TO 30
REACTG (T) =VINAG (I) *CREAL (J) ~VREAL (I) *CIHNAG (J) +REACTD (I)
TP (MODBUS (I).NE.3)GO TO 300
REALG (I)=REALD(]) +VREAL (NREF) €CREAL (NTOTAL)
WRITE (IWRITE,S550)I,VMAG,ANGLE, REALG (1), REACTG (I),

+ REALD (T) ,REACTD (I)
GO T0 350 ° .
CONTINUE ’

WRITE (IWRITE,550) T, VHAG,ANGLE,REALG (I),REACTG (I),
+  REALD (I),REACTD (I) ,ERRORZ (J) ,EREORZ (J+NLESS1)

CONTINUE

PLOSS=PLOSS+REALG (I)-REALD(I)

()
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800

1000

500
520
550

555
559

L=LKSTYH (I)
CONTINUE

N=JCOLYN(L)

KDATA= (L+1) /2

VOLTRL=VREAL (I)-VREAL (M)

VOLTIM=VINAG (I)-YINAG (N)
CURREL=~DATAYR (KDATA) *YOLTEL+DATAYI (KDATA) #VOLTIN
CURI®G=-DATAYR (KDATA) $YOLTIN-DATAYI (KDATA) ¢V OLTRL
SAOUNT==DATALN (KDATA) $VHAG#S2
REAPLO=VREAL (T) *CORREL+YIMAG (I) *CORING
REACTV=VINAG (I) *CORREL-YREAL (I) *CORIMG+SHUNT
WRITE (IWRITE,555) M, REAPLO, REACTV

L=LINKYN(L) N

IF(L.NE.0)GO TO 800

CONTINUE : “

WR ITE(IWRITE,S5S9) PLOSS '

RETURN

PORMAT-(T18,'THE POLLOWING RESULYS ARE CALCULATED BASED OF THE YET
+T0' CONVERGE VOLTAGES' /////)

FORMAT (/ T18,'V O L T A G B',T35,'GENERATION®,TS6, 'DENAND?,
+173, 'NISHATCH' // T11, 'NAGNITUDE  ANGLE',T33,'REAL REACTIVE®,
+752, 'REAL  REACTIVE',T71,'Q/| V| POWER' / ) |

PORNAT(// * BUS ',I3,F10.3,P8.2,3(3X,2F8.3)/)

PARNAT (7X, *TO BUS *,I3,T30,2F8.3) . _

FORNAT (/////720,'TOTAL SYSTER LCSS = ,r8.3 / 1)

END

°

0
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c . THE PARTICIPATION PACTORS LOAD FLOW PROGRAM c
c v C
(04

C

c

o]

L8 =

CCCECECTCETECCEteCCCeCCCCCCCeCCCCeCecCeCetCeeCeCCCCCeeeeCeececeeeeee’

~

B
Cc
CC”CCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCC

er
IMPLICIT REAL®*S (A-H O-Z), IRTEGER®*2 (I~ H)
REAL*S PARM(S)
TNTEGER®S TREAD,IWRITE
LOGICAL®1 OK

COMMON /LOADPL/ YREAL(120), VIHAG(120),VHIGSQ(120),CBELL(120),
+CTHAG (120) ,CHAGLN (200), sannz(120),nxnnc(120) REACTG (120),
+REALD(120), Rnlcrn(1zo),nonnu5(120),vzunub TOTALG, SUASHA, NAEP, NOGEN

CONMON /NETWOK/ DIAYMR{(120),DIAYNI (120),DATAYR(200),DATAYI (200),

" +DATALY (200) , LKSTYA (120) , JCOLYH (800) , LINKYN (400) ,KONEEY (120) o ~
+LORDER {120) , NORDER (120) -

COMNON /LUSOLY/ DELTAX (280) ,ERRCRZ (240) ,DELTAG (120) ,DELTAQ (120) ,

o +DIAGUT (240) , DATAUT (6000) , DATALT (6000), LKSTUT(2DO),JROUUT(GOOO),
+LTNKOUT (6000) , TRSTUT (250) , JCOLUT (6000) , tasrnm(zuO),JCOLLT(GOOO),
+JCOLJB (280) -

COMMON /ENABLE/ CRITER,IREAD,IWRITE,LOOP, Jupnnm
COMNON /STZE/ NLESS1,NTOTAL, uxzsxz,urorxz
READ (5, 1) PARN
IREAD=PARN (1)

IVWRITE=PARN (2)

CRITER=PARM (3)

JUPDAT=PARN (&)

LOOP=PARN (5)

WRITE(IVRITE,S)

CALL INTIAL
CALL DINPUT _ ‘
CALL PACTOR (OK)
CALL RESULT (OFK)
sTop
FORNAT (SP10. 5)

PORNAT ("1',T35,'80 SLACK BUS LOAD FLOW PROGRAN. USING NEWTON

4+ TRAPHSON ALGORITHE'// T38,'WITH 1-U DECONPOSITION OF THE JACOBIAN
+N AND SPARSITY PROGRIHHI!G')

EXD
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" SUBROUTINE PACTOR (OK) : e
IMPLICIT REAL®8 (A-H,0-Z), INTEGERe2 (x-u)
_INTEGER®S4 IREAD,IWRITE

1OGICAL*1 OK

COMNON /LOADPL,/ VREAL (120),VINAG(120) ,VHAGSQ (120) ,CREAL(120),

3

+CINAG (120) ,CHAGLN (200), 5513!(120),RBILG(120) REACTG (120) ; Q

+RZALD(120) ,REACTD (120) ,HODBUS (120) , DENAND, TOTALG, SUNSHA, NREF, NOGEN j
COMNON /NETWOK/ DIAYMR (120),DIAYMI(120),DATATR (200) , DATAYI (200), |
+DATALH (200) , LKSTYH (120) , JCOLYHA (800} , LINKYH (800) , KONECT (120) ,
+LORDER (120) , NORDER (120)
COMENR /LUSOLY/ DELTAX (280) ,PRRORZ (260) ,DELTAG (120) , DELTAQ (120),
+DTRGUT (280) , DATAUT (6000) , DATALT (6000) , LKSTUT {280) , JROWDT (6000) , j
+LINKUT (6000) , TRSTUT (280) , JCOLUT (6000) , IRSTLT (280) ,JCOLLT (6000) ,
+JCOLJB (240)
COMMON /ENABLE/ CRITER,IREAD,IWRITE,LOOP,JUPDAT ,
COMMON /SIZE/ WLESST, umoraz ¥LESX2, STOTX2 , o
KOUNT=0
CONTINUE :
s* CALCULATING CURRENT INJECTIONS AT, ALL NODES
DO 200 M=1,NTOTAL ,
T=NORDER (M) F
CREAL (M) =DIAYHR (I) *VREAL (I)-DIAYAI (I) *VINAG (I) :
CIEAG (M) =DTAYHT (T) $VREAL (I) +DIAYHR () *VINAG (I)
L= LKSTY®(I)

e TV e N S

CONTINUE i

KDATA= (L+1) /2 : © s
J=JCOLYN (L)
. cxnan(a)zcnzAL(n)+nnrntn(xnlrl)tvuzAL(J)
. - =DATAYI (KDATA) ®*VINAG (J)

CTIMAG (M) =CINAG (M) +DATAYR (KDATA) ¢ VINAG(J) ¢ ‘ -
- DATAYI (KDATA)$VREAL (J)

L=LtwKyn (1)
IP (L.NE.0)GO 10 150 \JN>

—-——

" CONTINDE

*¢ EVALUATING THE TOTAL GB!BBATIOﬁ
TOTALG=0.0 . ;
I? (NOGEW.EQ.0)GO TO 310 3
DO 300 I=1,NOGEN =T
J=NORDER(I)
" TOTALG=TOTALG+VREAL (J) *CREAL VINAG (J)*CINAG (I)+REALD (J)
TOTILG=TOTILG+VRBAL(IRB?)‘CRBAL(NTOT!L)+'IHlG(lRBP)‘CIBlG(iTOTAL)

.

+ Ly +REALD (NREF) ]

TOTILG’TOTALG/SUHSBI‘

¥ #* EVALUATING THE HISHATCBBS<

IF (NOGEN.EQ.0)GO TO 810 , “

S .- o -



500
510

600

700

710

730
750

800

550
560

4

<+

J=NORDER (I) - f .
ERRORZ (I) =-VNAGSQ (J) ¢ VREAL (J) ##2+ YINAG (J) #+2 g
zanonz(1ouzzss1)=-snnnz(a)trornns+nznnn4aywvnzAL(J)tcnnamtr)
+VIBAG (J) *CINAG (I) /'
CONTINUE
CONTINUE / -

IP(NOGEN. BQ. NLESS1) GO 70 510
E=NOGEN+1 .
DO 500 I=N,NLESS1

J=NORDER (I) ~

h

r'

zxnonz(1)s-nzlrxqqa)-vxzax(a)tcrnns(Iﬁ+vruns(3)tcnzan(x)
ERRORZ (I¢NLESS1) ==DELTAG (J) +VREAL (J) $CREAL () +
YINAG (J) SCINAG (I)

CORTINUE

-CONTINUE.

G0

s* CHECKING AGAINST CONVERGENCE CRITERIA

DO 600 I=1,NLESX2

IP(DIBS(!RRORZ(I)) ci;cn:tzn)co TO 700

CONTINUE '

RII!(IIRIT!,SSO)CBIT!R,KOUII £

OKa.TROE. ,
RETURN . - ¢
CORTINCE
IP(KOUNT.LT.LOOP)GO TO 71
WRITE (IVRITE,560)CRITE
OK=_,FALSE.

RETURN

CORTINUE

IP (KOURT. BQ.0)GO TO 730
1P (JUPDAT.EQ.0) GO TO 750

ooP

A

PRI e

e e N

IY(KOUIT/JUPDAT.!Q.(KOUle1)/JUPDlT)GO TO0 750 . -

CONTINOR
CALL JACOB
CONTINDE
€ALL BACKSB
DO 800 I=1,NLESS1
J=NORDER (I)
YREAL (J) =VREAL (J) #DELTAX (I)

VIBAG (J)=YINAG (J) +DELTAX (I+NLESS 1)

CONTINUE
KOUNT=KOUNT ¢ 1 /
70 100

+TCH IW ',13,' TITERATIONS' /////)
PORMAT('1',711,'FAILS TO CONVERGE TO WITHIN ',F8.5,°' !0! Tl! llIIlﬂl
+08 BISHATCH IN °',I3, ITERATIONS' /////)

END

&

73
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THE PLOATING SYSTEM VOLTAGE LOATL FLOW PROGRAN ‘ C
. : . ’ c
C
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CCGCCCCCCCCCCCCCCFCCCCCCCCCG?QCCCCCCFCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCC

e e Ea ER ER R Ne I |

' -4
INPLICIT REAL®8 (A-H,0-Z), INTEGER®2 (I-N)
RZAL*4 PARM (5)
INTEGERd IREAD,IWRITE o .
LOGICAL*Y OK - . .
COMMON /LOADPL/ VRBIL1120),;}£A§(120),Val SQ (120) ,CREAL(120),

+CINAG (120) ,CHAGLN (200) ,REALG (120) ,REACTG (12
+REALD (120) ,REACTD (120) HODBUS (120) ,NREY , BOGEX . \
COMMON /NETWOK/ DIAYER (120),DIAYNI (120 AYR (200) ,DATAYI (200) ,
+DATALN (200) ,LKSTYN (120) ,JCOLYN (800) ,L ¥ (300) , KONECT (120),
>  +LORDER(120),NORDER (120)
COMMON /LUSOLY/ DELTAX{280), znaonzgzuo;,.-erc(120),nernQ(120),
wDIhGUT(ZIO),DlTlUT(GOOO),DlTlLT( 000) , LKSTUT (240) , JROWUT (6000) ,
+LINKUT (6000) ,IRSTUT (280) ,JCOLUT (6000), IasrLT(ztO) ,JCOLLT (6000) ,
+JCOLJB (280)
CONMONX ' /ENABLE/ cnx%zn :nnnn iznxrz ,LOOP,JUPDAT
. COMMON /STIZE/ NLESS1, nroan, sxz,uwowxz
READ (5,1) PARY
IREAD=PARN (1) ', o
IARITE=PARN (2) 7 O
CRITER=PARN(3) ' ’
JUPDAT=PARN (B) . N
LOQP=PARM (5).. - - ‘ * -
. WRITE(INRITE,S) ; v
CALL INTIAL : _ .. .
'. -CALL DINPUT . ~
", .CKLL SYSVOL (OK) . : ‘
CALL RESULT (OKX) . '

3

.sTOP" i .
1. .' TFORMAT (5 10. 5) '

5 .  PORMAT('},735,'¥0 SLACK BODS LOAD PLOW PROGEAN USING NEWTON
, + 'RAPHSON ALGORITHM'// T38,°'WITR L-U DECOMPOSITION OF THE JACOBIAN

+N KKD SPARSITY PROGR!H!IIG')
BND ‘

\
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~200

800
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SUBROUTINE SYSVOL (OK) ‘

INPLICIT PEAL®E (A-H,0-Z), INTEGERS2 (I*l)

INTEGER#®Y4 IREAD,IVWRITE

LOGICAL*1 OK

COMNON /LOADFL/ VREAL (120),VINAG(T20), VllGSQ (120) +CREAL(120),
+CYMAG (120) ,CHAGLY (200) ,REALG (120);REACTG(120), .
+REALD (120) ,REACTD (120) , NODBUS (120) , NRE?,BOGEN

conxon /l!*BOI/ DIAYNR (120) ,DIAYBI(120) ,DATAYR (200) ,DATAYI (200) 0
+DATALN (200) ,LKSTYR (120) ,JCOLYH (200), LIIK!H (%00), KO!EO‘I‘ (120),
+LORDER (120) . NORDER (120)

COMPON /LUSOLV/ DELTAX (280) antoaz(ch),nnLrlc(120),nznr:o(1zo),
+DIAGUT (280) ,DATAUT (6000) ,DATALT {6000) , LKSTUT (280) ,JROWOT (6000) ,
+LINKUT (6000) +IRSTUT (280) ,JCOLUT (6000) , IRSTLT (280) ,JCOLLT (6000},
+JCOLJB (280) -

COMNON /ENABLE/ CRITER,IREAD IIRIH,L&OP JOPDAT

CONNON /SIZE/ WLESS1 ITOTAI., IIRSIZ, ¥TOTX2

COMEON /FLOAT/ nno BHOSQ

RAO=1.0 -~

RAOSQ=1.0 .

NEQTNS=NLESX2+1

KOUNT=0 oo -

CONTINUE : L ’

t\Q CALCULI'HIG CURRENT INJECTIONS AT ALL NODES
DO- 200 B=1,NTOTAL

I=!ORDEB(H)
AL (M)=DYIAYNR (I) SVREAL (1) -DIAYHI(I) $VINAG (T)
nnc(a)anxltux(x)tvxnlt(I)ontltan(z)tvxuns(x)

L=LKSTYN(I) .

CONTINUE-

. ° _KDATA='(L#1)/2

J=JCOLYH (L) ,
cnnnl(n)acnzxx(n)onxtntn(xnlrl)tvnnxL(J) . .

+ =DATAYI (KDATA) *VYINAG (J)
CINAG (M) =CINAG(N) +DATAYR(XDATA)*VIRAG(J) 4
+ DATAYI (KDATA) *VREAL (J)

L=LIWNKYM (L) - .
IP(L.X2.0)GO TO 150 S~
CONTINUE - )

. %% EVALUATING THEZ RISHMATCHES
IF (NOGEW.EQ.0)GO TO 810
DO 800 I=1,NOGEN B . -
Jaﬁonoxn(x; ) . .
:anonz(Iys-vanch(a;ovxznx(a)ttzovxnxs(a;ttz
ERRORZ (I+NLESST) = DELTAG (J) flnosqt(VIEIL(J).CRBIL(I)
' +YINAG (J) *CINAG (I))
co:rtfﬂz \ . . .

NS
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810 CONTINUE : -
% IF(NOGEN.2Q. NLESS1)G0 TO 510 —
N=NOGEN+1 »
DO 500 I=N,NLESSY ~ % 7 Lo
. J=NOBRDER(T) |
ERRORZ (I) ==DELTAQ (J) - (VREAL (J) *CIBAG (T) ~VINAG (J) $CREAL (I)) *
* RHOSQ
ZRRORZ (I+NLESS1) =-DELTAG (J) + (VREAL (J) *CREAL (I) ¢
+ ‘ . VINAG(J) *CIMAG(I)) *RHOSQ -
;- SO0 CONTINOE ,
: © 510 CONTINUY <
: ERRORZ(ILBSXZ#1)=-DELILG(IRBPy+VRBlL(IRET)‘CRBIL(!TOTIL)'BBOSQ 1

I - ¢ CHECKING AGAINST CONVERGENCE CRITERIA
{ DO 600 T=1,NEQTNS :
1 IP(DIBS(!!RORZ(I)) GT.CRITER)GO TO 700

600 CONTINUE ¥

' WRITE (IVRITE, 550)cprmzn XOUNT
7 OK=. TRUE. C;f\\\
i RETURN .
: 700 CONTINUE -
I¥(KOUNT.LT.LOOP)GO TO 710 ,

: WRITE (IWRITE, 560)CRITER, LOOP
& ) OK=.FALSE. y _

RETURN .
710 CONTINDZ
IP(KOUNT.20.0) GO TO 730 .
IP(JUPDAT.EQ.0) GO TO 750 .
. IP(KOUNT/JUPDAT. no.(xounr-1)/aupnxr)co T0 750
' CONTINUE .

CALL JACOB . !
750 CONTINUE . :
- CALL BACKSB (NEQTNS) - ]

DO 800 I=1,NLESS? b ‘ . )
J=NORDER (T) ;
VREAL (J) =VREAL {J) +DELTAX(T) :
VINAG(J)=VINAG (J) +DELTAX (I+NLESS1) ,

800 CONTINUE _ .
RHO=RHO+DELTAX (JLESX2+1) .
RAOSQ=RAQ*RHO
KOURT=KOUNT+1

G0 TO 100

S50  PORNAT (*1¢,T11,'CONVERGES TO' #ITHIN ',P8.5,' YOR THE NAXINUM NISNATCH

+ICH IN *,I3,' ITERATIONS' /////) -

560 FPORMAT('1',T11,'FAILS T0 CONYERGE TO WITEIN *,PS.S5,' POR THE EATINUN

+UM NISNATCH IN -.13 * TTERATIONS® /////)
. END
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THE PLOATING SYSTEN VOLTAGE LOAT FLOW PROGRAN
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C

THE ITERATIVE APPROACH c
' . ¢

c
CCLCCCCCCCCCCCCCCCCOCCCCCCCCCCCCCOCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCl

THE VARIABLE ITERAT IS THE MAXIFPUM NUNBER OF TINES VOLTAGE .
‘ ADJUSTEENTS IS TO BE PERFORMED
: -~

1a0aaQanaanaan

IMPLICIT RPAL®8 (A-R,0-Z), INTEGER#2 [(I-N)
REAL®Y PAFNM(6)
. INTEGER*4 IREAD, IWRITE co
LOGICAL*1 OK '
CONMON /LOADFL/ VREAL (120),VINAG (120), YHAGSQ {120) ,CREAL(120),
+CINAG (120),CHMAGLN (200) ,REALG (120) ,REACTG(120) ,
. +avazn(1zo),xzncrp(1zoy,uon335(1zo),unzr NOGEN -
COMMON /NETWOK/ DIAYNR (120),DIAYNT (120),DATAYR(200),DATAYI (200),
+DATALY (200) , LKSTYH (120) , JCOLYN (400) ,LINKY {300) xouncr(1zo),
oLonnza(vzo;,nonnzp(1zo) LINE
COMMON /LUSOLYV/ nzxrnx(zuO),xnncBZ(zuo),nxnrnc(1zo),nzxrloa1zo),
.+DTAGUT (240) ,DATAUT (6000) , DATALT (6000) , LKSTUT (240) ,JROWUT (6000) ,
+LTNKUT (6000) ,IRSTUT (240) , JCOLUT (6000) , TRSTLT (280) ,JCOLLT (6000),
° . +JCOLJB (280)
COMMON /ENABLE/ CRITER,1READ,IWRITE,LOOP,JUPDAT,ITERAT
CONNOX /SIZE/ WLESS1 uwornn,uxzsxz ¥TOTX2
READ (5,1) PARN
IREAD=PARN (1)
: IWRITE=PARN (2)
£ CRITER=PARK (3) ) .
g . JUPDAT=PARH (&) . . {
: LOQP=PARK (5) . .
ITERAT=PARN(6) . ;
WPITE(IWRITE,S)
cnzx‘xnrtnx
CALL'DINPUT , :
CALL FLLOAT (OK) ,
CALL RESULT (OK) :
STOP
1 FORNAT (6P10.5) )
5 FORMAT (*1°,T735,'¥0 SLACK BUS FLOATING SYSTEM VOLTAGE *, .
Y +' LOAD FLOW *) ' -
PZND :

R s
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- CONMON /ENABLE/ CRITER,IREAD,IWRITE,LOOP,JOPDAT,ITERAT

»

SUBROUTINE FPLLOAT (OK) ‘

THIS SUBROUTINE PERFORNS THE LOAD FLOW ITERATIVELY, ADJUSTING THZ
VOLTAGE  MAGNITUDES ONTIL THE SPRCIFIED TRANSRISSION LOSS IS ATTAINED

, IMPLICIT REAL*8 (A-H,0-2), INTEGER®2 (I-N) &
COMPLEX*16 V1,¥2,VDIFF,DCHNPLY

INTEGER®S IBEAD, IWRITE

LOGICAL®$1 OK , 4
CONNOX /LOADFL/ VYREAL (120),VINAG(120), VEAGSQ (120) ,CREAL(120}, [
+CINAG (120) ,CEAGLYN (200) ,REALG (120) ,REACTG(120), .

+REALD(120) ,REACTD (120) ,BODBUS (120) ,NRE? ,NOGEN

COMMON /NETWOK/ DIAYNR (120),DIAYNI(120),DATAYR(200),DATAYI (200),
+DATALN (200) Lxsrtu(120),acoxta(100),Llevn(uOO),xouzcr(120).
+LORDER (120) ,XORDER (120) ,LINE

COMMON /LUSOLY/ DELTAX (280),ERRCRZ (280) ,DELTAG (120) ,DELTAQ (120),
+DI AGUT (280) , DATAUT (6000) , DATALT (6000) , LKSTUT (280) ,JROWUT (6000) ,
+quxur(5000),znsmur(250).acozurquOO) IRSTLT (280) ,JCOLLT (6000),

+JCOLJB (280)

s ;LM"

s Nramitetn

COMMON /SIZE/NLESS1,NTOTAL,NLESX2,NTOTX2
CALCULATE THE INPLICITLY SPECIFIED TRANSHISSICH LOSS . s

PLOSS=0.0 -
DO 1 I=1,¥TOTAL : '

_ PLOSS=PLOSS+DELTAG (I) \ .
CORTINUP L

* 1P (PLOSS.LE.0.0) WRITE(INRITE,50)
IF (PLOSS.LE.0.0) STOP
KOUNT=1

- CONTINDE

EXECUTES THE LOAD FLOV ITBRATIVILY

s Ha v

CALL NEWTON (OK), ' &
I¥ (. NOT.OK) RETURN %v;
CALCULATE THE TRANSMISSION LOSS ~ \ §
- |
TRLOSS=0. 0 .

L=JCOLYN (2T ~-1)
V1=DCHPLX (YREAL (K) , VINAG (X))
V2=DCNPLY (YREAL (L) , VINAG (L))

PO 2 I=1,LINE : . £
K=JCOLYHN (2%71)
- 100 -




R RN

DN R

aoaa

52

53
55

a

5 -

YDIFF2V1-¥2 , _ d .
YMAGDF=CDABS (VDIFF) ;
raLosssrnLoss+vancnrtvnAcrrt(-nnrxra(1)) 7
CONTINUZ .
DPLOSS=DABS (PLOSS-TRLOSS)
WRITE (IWRITE, 52) DPLOSS
IP(DPLOSS.LE.CRITER)IRITE(IIEIT!,53)KOU!T @
' IP(DPLOSS.LE.CRITER) RETURN

ADJUST THE VOLTAGES AT THE PV BUS!S]

YLEVEL=TRLOSS /PLOSS

TP(NOGEN.EQ.0)GO TO &

‘DO 3 I=1,NOGRY

J=NORDER (T) ’
VHAGSQ (J) =VLEYEL*VHAGS{(J)

CONTINUE

CONTINUE .

vnzlnclnzr)=vnxxx(nnxr)tnsont(vxzvzx;

KOUNT=KOUNT+1
I? (KOUNT.LT.ITERAT) GO TO 9
WR ITE(IWRITE,SS5) [TERAT
OK=. PALSE. .
RETURN .
PORMAT (* 17,720, ' INSUPPICIENT REAL GENERATIONS ALLOCATED TO!, 4 t
+' WERT DENA¥D PLUS TRANSNISSION LOSSES')
FORBAT {/ T20,'DIFFERENCE BETWEEN CALCULATED § SPECIFIED TRANSHISSION.
40N 10SS = !, F9.6 )
PORMAT (* 17,720, ' CONYERGES ™ ',12,* OUTER ITERATIONS'///) . /
FORMAT (*1¢,77,'AFTER?,I3,' SYSTEM VOLTAGE CORRECTIONS THE !,
+'SPECIFIED TRANSHISSION LOSSES IS STILL UNATTAINED™-///)
END

W
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