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ABSTRACT

This thesis presents application  of mathematician K .Ft .Brown's 

method to the so lution  of lo ad -f lo w , optimal load- f l o w  and s ta t ic  

s ta te  estimation problems. The method is  p a r t ic u la r ly  e ffective  

fo r  solution of i l l -c o n d it io n e d  systems of nonlinear algebraic 

equations. I t  is  a va ria tio n  of Newton's method incorporating 

Gaussian elim ination in  such a way tha t the most recent informa­

t io n  is  always used at each step of the algorithm , s im ila r  to u/hat 

is  done in the Gauss-Seidel process. The i te ra t io n  converges 

lo c a l ly  and the convergence is  quadratic in nature. A general

discussion of i l l -c o n d i t i o n i n g  of a system of algebraic equations 

is  g iven. I t  is  also shown by f ix e d -p o in t  formulation that the 

proposed method f a l ls  in the general category o f successive approxi­

mation methods. D ig i t a l  computer solutions by the proposed Brown's 

method are given for several i l l -c o n d it io n e d  power systems for 

which the standard load-flow  methods fa ile d  to converge. Even i f  

much progress has been made in l o a d - f l o w  an alysis , there are s itua ­

tio ns  which cause d i f f i c u l t i e s  in obtaining solutions with some of 

the standard methods. Some of the causes of i n s t a b i l i t y  and d ive r­

gence in  load-flow  so lution  methods are

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

(b )  the choice of acceleration factors,

( c )  the existence of negative l in e  reactance,
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(d )  ce rta in  types of ra d ia l  systems, and

( e )  a large ra t io  of lo n g -to -s h o rt  l in e  reactance for 

l in e s  terminating in  the same bus.

Networks having the above features are known as i l l - c o n d i ­

tioned systems and are described by a system of nonlinear alge­

bra ic  equations. The soolutions of these equations are very 

sen sitive  to small changes in  spe cifie d  parameters such as bus 

data* In other words, small changes in parameter produce a large 

change in the s o lu tio n .

A new algorithm is  presented in th is  thesis fo r  the lo a d - 

flow solution  of iJ ,l -co n d itio n e d  power systems using Brou»fi's 

method and the nodal admittance m atrix . In Brown's method, each 

equation is  expanded in approximate T a y lo r 's  s e r ie s j houower, the 

most recent information a va ilab le  is  immediately used in  the con­

stru c t io n  of the next function argument, s im ila r  to  the procedure 

in  the Gauss—Seidel process fo r  the so lution  of sets of nonlinear 

equations. This contrasts sharply with Newton's method in  which 

a l l  equations are treated sim ultaneously. I t  has been proved that 

Brown's method is  not equivalent to Newton's method. D ig i t a l

computer re su lts  of the proposed lo ad -f lo w  are presented
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for several i l ,^ c o n d it io n e d  power systems, for which the standard 

lo a d -f lo w  methods, namely, Gauss-Seidel, Newton's, Fletcher-Powell 

and Fast Decoupled algorithms fa ile d  to converge with usual f la t  

s t a r t .  Although the Brameller and Denmead method works for i l l -  

conditioned problems, i t  shows poor convergence. A comparison of 

th is  method with the standard load-flow  methods is  also presented 

for the w ell-co nditio ned AEP 14, 30 and 57 bus systems.

The optimal real power flow has been solved with approximate 

loss formulas by several authors. Approximate methods also exist 

for the optimal re active  power flow. Recently, attempts have been 

made to solve the optimal real and re active  power flow exactly .

The general problem of optimal load-flow  subject to  equality and 

in e q u a lity  constraints  were formulated by Dommel and Tinney using 

,the Lagrangian m u lt ip l ie rs  method and Newton-Raphson lo ad -f lo w . 

L a t e r , Sasson applied the Fletcher-Powell algorithm to the solu­

t io n  of load-flow  and optimal lo ad -flo w  problems with Zangw ill 's  

form ulation. However, these well-known methods fo r  optimal load- 

flow do not work for the i l l -c o n d it io n e d  power systems. I t  is  shown 

in  th is  thesis that the ap plication of Brown's algorithm to the 

set of necessary conditions for a minimum of the scalar objective 

function subject to the equality  and in e q u a lity  constraints results  

in  faster convergence to the so lution  o f the i l l -c o n d it io n e d  power 

systems comparod to the other methods. D ig i t a l  computer results 

by the proposed Brown's optimal lo ad -flo w  algorithm are presented 

for 13-bus i l l -c o n d it io n e d ,  5 -  and 25- bus w ell-conditioned te st
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systems. Also the thesis presents a comparative assessment o f con­

vergence c h a ra c te ris t ic s  of a l l  the three methods (Dommel and 

T in n e y, Sasson, and Brown) for optimal load-flow  solution  of w e l l -  

conditioned powor systems. For the application  of Brown’ s method, 

the optimal load-flow  problem formulation is  such that no move 

from one feasible so lution  to another is  to be made for achie­

ving  the optimal so lution  unlikn in Qommel and Tinnay's  gradient 

technique.

The s ta t ic  state estimation has also been solved by the pro­

posed Brown’s method. I t  is  shown that the method converges faster 

than the Gauss-Newton method and Fletcher-Powell method for i l l -  

conditioned systems. However, a l l  these three methods are based 

on weighted least square formulation, that i s ,  minimization of the 

sum of squared residuals (mismatches) o f  bus in je c t io n s  and the 

l in e  flows.
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