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ABSTRACT

This thesis presents the results of the investigation on
certain important aspects of real-time problems encountered in

a power system. The problems considered are

State estimation

]

© - Similation of the cutage of a2 line or a transformer using
a constant sensitivity matrix, and filtering and ranking
of critical contingencies
- Line load alleviation using phase shifting transformers,
gereration rescheduling and/or load curtailment

~ Economic dispatch and Inverse optimal power flow

The.main contributions of this investigaﬁion.include

~ Development of three new state estimation zlgorithms

- JMpplication of constant sensitivity approach for outage
simil ation, and development of an efficient and reliable
method for filtering and rarking of critical contingencies

- Development of a simple approach for the computation of
phase shifter distribution factors required for thé alle-
viation of line overloads and application of constant sensi~
tivity approach to the problem of load shedding

~ Development of a simple method for the computation of pendlty
factors required for solving the coordination equations

- Formulation of load  shedding problem as a nornlinear

optimization problem.



To start with, & constant Jacobian load flow model is discussed.
This method will be of considerable use for solving load flow
problems for networks having large R/X ratios or systems having
ceapacitive seriesibranch.es° This method is more religble than
fast decoupled load flow method. The memory requirement of this
method is less than the Newton-Raphson load flow method and is
simple to program. Based on the constent Jacobian model all the
other algorithms are developed. Three improved methods are deve-
loped to solve the static state estimation problem of power systems.
The first method presents a modified decoupled estimator which is
faster than the fast decoupled state estimator available in the
literature. The second method is based on the constant Jacoblan
load flow model which is more religble than the fast decoupled
state estimator. The third method is based on a second order load
flow model. The state of the system obtained from the estimator
can be used to execute some sophisticated controls on the power
system.

A simple and fast method for similation of line and trans-
former outages based on a constant Jacobian load flow model 1is
developed. Some of the elements of the constant sensitivity matrix
are utilized in calculating the required changes in injections  at
the terminal buses of the outaged element during the similation.
The corrections for the stale vector are computed using the triangular
factors of the base case Jrcobian and post-outaged state vector is

obtained. This simulation technique is used to develop a reliable



ix

and simple method for filtering and ranking of critical contingen-
cies. Infinite norm is used for filtering critical centingencies.
Performance indices which reflect transmission line overloesds,load
voltage levels and generator reactive capabilities are used to rank
the identified criticel contingencies in a decreasing order of
saverity. Secondary outages are @lso indluded in the proposed
nethod. Once the security assessiment studies are carried out,

it is necessary to take preventive and corrective actions to
eep the system in a secure state. Since overloaded transmission
lines in a system pose a major security problem, efficient methods
have been developed for zlleviating line overloads. One of the
simplest ways of controlling the line flows is by edjusting the
phase angles of the phase shifting transformers. Thus, a new
method is developed for the computation of phase shifter disiri-
bution factors required for adjusting the phase angles of the
phase shifters to control the line flows. These factors are
computed from the triangular factors of the load flow Jacoblan.
Computation of these factors is carried out for both the base case
system ard the outsged system using the triangular factors of the
base case Jacobian or the base case sensitivity matrix. The factors
so computed are used to alleviate the linc overloads leaVing the
economic generation schedules unaffected. In case the phase angle
control does not reduce the line overloads completely, a method for
generation rescheduling snd/or load curtailment is proposed, thus

cnsuring a sccure system operation.



However, unﬁer normel conditions of operation, economy being
an important criterion, the cost of generation should be minimized.
Do algorithms have been developed to suit two different conditions.
In the first condition, when the available gercration is more than
the totel load demard, a method for economic dispatch is proposed.
In the second conditicn, when the load demand is greater than the
available generation, an optimization technique for load shedding
is proposed. The proposed economic dispatch method reduces invol-
ved calculations of penalty factors. In this method, penalty factors
are generated using somc of the columns of the sensitivity mabtrix.
A1 the penalty factors can be obtained in one. step.These penalty
factors are then used to solve the coordination equations \Jhlch
result in economic dispatch. The optimization technigque for load
shedding gives the load demarnds at various buses for a given set
of available generations in the system. The constant Jacobian
load flow model again is uscd to obtain the load flow solutions.
The objective function which is minimized in this case is the
weighted sum of the squares of the differences between the asctual
load demands and the load demand that can be met at cach bus. The
gradient method is used for this purpose. This provides a syste-
matic wey of load curtailment under the conditions of generation

shortage.
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