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ABSTRACT

This thesis presents application of mathematician K.[1.8rown's
method to the solution of load-flow, optimal load-flow and static
state estimation problems. The method is particularly effective
for solution of ill-conditioned systems of nonlinear algebraic
equations. It is a Qariation of Newton's method incorporating
Gaussian elimination in such a way that the most recent informa-
tion is always used at each step of the algorithm, similar to what
is done in the Gauss-Seidel process. The iteration converges
locally and the convergence is gquadratic in nature. A general
discussion of ill-conditioning of a s8ystem of algebraic equations
is given. It is also shown by fixed-point formulation that the
proposed method falls in the general category of successive approxi-
mation methods. Digital computer sclutiors by the proposed Brown's
method are given for several ill-conditioned power systems for
which the standard load-flow methods failed to converge. Even if
much progress has been made in load-flow analysis, there are sitﬁaw
tions which cause difficulties in obtaining sclutions with some of
the standard methods.i Some of the causes of instability and diver-
gence in load-flow solution methods are

(a) the position of the reference-slack bus,

(b) the choice of acceleration factors,

(c) the existence of negative line reactance,
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(d) certain types of radial systems, and

(e) a large ratio of long-to-short line reactance for

lines terminating in the same bus.

Networks having the above features are known as ill-céndi-
tioned systems and are described by a system of nonlinear alge-
braic equations. The soolutions of these equations are vsery
sensitive to small changes in specified parameters such as bus
data. In other uwcrds, small changes in parameter produce a2 large

change in the solution.

A new algorithm is presented in this thesis for the load-
flow solution of ill-conditioned power systems wusing Brown's
method and the nodal admittance matrix. In Brown's method, each
equation is expanded in approximafe Tayior's series3 howawer, the ‘
most recent information available is immediately used in the con-
struction of the next function argument, similar to the procedure
in the Gauss-Seidel process for the solution of sets of nonlinear
equations. This contrasts sharply with Neswton's method in which
all equations are treated simultaneously. It has been proved that
Brown's method is notAequivalent to Newton's methode. Digital

computer results of the proposed load-flow are presented
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for several 1l@ﬁconditioned power systems, for which the standard
load~flow methods, namely, Gauss-Seidel, Newton's, Fletcher-Powsell
and Fast Decoupled algorithms failed to coﬁverge with.usual flat
start. Although the Brameller and Denmead methéd works for ill-
conditioned problems, it shows poor convergence. A comparison of
this method with the standard load-flow methods is also presented

for the well-conditioned AEP 14, 30 and 57 bus systems.

The optimal real power flow has been solved with apprbximate
loss formulas by several authors. Approximate methods also exist
for the optimal réactiVQ power flowe. Recently, attempts’have been
made to solve the optimal real and reactive power flow exactly.

Tﬁe general problem of optimal load—flow subject to equality and
inequality constraints weres formulated by Dommel and Tinney using
.the Lagrangian multipliers method and Newton-Raphson load-flow.
‘Later, Sasson applied thz Fletcher-Powell algorithm to the solu-
tion of load~flow and optimal load-flow problems with Zangquwill's
formulation. Howsver, these well-known methods for optimal load-
flow do not work for the ill-conditioned power systems. It is shown
in this thesis that the application of Brown's algorithm to the
set of necessary conditiens for a minimum of the scalar objective
function subject to the equality and inequality constraints results
in Fastef convergence to the solution of the ill-conditioned power
systems compared to the other methods. Digital Eomputer results
by the probosed'Brown's optimal load-flow algorithm are presented

for 13-5us ill-conditioned, 5- and 25~ bus well-conditioned test
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systems. Also the thesis prasents a comparatiﬁe assessmeht of con-
vergencs characteristics of ail tha three methods (Dommel and
Tinney, Sasson, and Brown) for optimal load=flow solution of well-
conditioned power systems. for the application of Brown's method,
the optimal load-flow problem formulation is such that no  mova
from one feasible solution to - another is to be made for achie-
ving the optimal solution unliks in Oommel and Tinney's gradient

technique.

The static state estimation has also been solved by the pro-
posed Brown’s metﬁod. It is shown that the method convergaes faster
than the Gauss-Newton method and Fletcher-Powell method  for i1l-
conditioned systems. However, all tﬁese three methods arc based
on weighted least square formulation, that is, minimizetion of tho
sum of squared residuals (mismatches) of bus injections and the

line flows.
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