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ABSTRACT

The focus of this research work is on the reliability evaluation of
distribution substations using an analytical approach. Basic load point
reliability indices are to be evaluated at various load points in a substation
taking into account both passive and active failures, malfunction of normally
closed circuit breakers, and scheduled maintenance. Then, additional system
reliability indices for the whole substation are to be evaluated, which can be
used in comparing substation designs based on their reliability. Besides, this
research work allows developing a reliability model for distribution

substations to be utilized in HL-III adequacy assessment.

This thesis recognizes the need for an appropriate modeling for
various components used in substations. This permits the inclusion of all the
realistic component failure modes in the reliability prediction, and appeared
through two categories of minimal cutsets; basic and non-basic. The
analytical approach utilized here for reliability evaluation is based on a
Failure Modes and Effects Analysis (FMEA) which employs the technique
of minimum cutsets to compute the frequency and duration of a fault with

respect to the criterion of continuity of electric service.

In addition, a computer program is described for generation of
minimal paths, generation of minimal cutsets, and evaluation of reliability
indices. The application of this program is illustrated by considering a

practical substation example.
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Reliability Evaluation of Distribution Substations Using Analytical Techniques

CHAPTER 1: INTRODUCTION

1.1. INTRODUCTION

The increasing dependence of modern society on electrical energy
puts a heavy pressure on electric power utilities to provide an energy supply
of acceptable quality with reasonable assurance of continuity [1]. It is not
economical and technically feasible to attempt to design a power system with
one hundred percent reliability. Power engineers, however, attempt to
achieve an acceptable level of reliability within existing economic

constraints.

Attempts have been made over the last four decades to resolve the
dilemma between the economic, operating and reliability constraints, by
developing a wide range of techniques. The criteria and techniques first used
in practical application, and in use even today, are deterministically based.
The basic drawback of deterministic criteria is their inability to consider the
probabilistic or stochastic nature of system behavior, customer demands or

of component failures.

The need for probabilistic evaluation was recognized many years ago
but these techniques were not widely used in the past due to lack of data and
computational resources, etc. A wide range of probabilistic techniques have
now been developed which attempt to recognize the severity of an outage
event, its impact on system behavior and operation, together with the
likelihood (probability) of its occurrence. The data required to support these
techniques are generally available and computational resources are not a

problem.




Chapter 1: Introduction

1.2. POWER SYSTEM RELIABILITY AND RELATED
CONCEPTS

The word reliability when used in the context of power networks is
generally defined as the concern regarding the ability of the power system to
provide adequate supply of electrical energy [2]. The term reliability has a
wide range of meaning and cannot be associated with single specific
definition. In general terms, it is related to the existence of sufficient
facilities within a system so that the system is capable of supplying electric
power to its customers under both static and dynamic conditions, with a
mutually accepted assurance of continuity and quality [3]. It is necessary to
recognize the extreme generality of the term and therefore to use it to
indicate, in a general rather than a specific sense, the overall ability of the

power system to perform its function.

A simple but reasonable subdivision of the concern designated as
system reliability can be made by considering the two basic and functional
aspects of the system, adequacy and security [3]. System adequacy relates to
the existence of sufficient facilities within the system to satisfy the consumer
load demand or system operational constraints. These include the facilities
necessary to generate sufficient energy and the associated transmission and
distribution facilities required to transport the energy to the consumer load
points. Adequacy is therefore associated with static conditions which do not
include system disturbances. System security relates to the ability of the
system to respond to disturbances arising within it. These include the
conditions associated with both local and widespread disturbances and the
loss of major generation and transmission facilities etc. This thesis is

restricted to the adequacy assessment of electrical power systems.




