
CHAPTER I

Introduction

The purpose of this chapter is twofold. We first provide a brief
perspective on the development of electric power systems. This is not
intended to be a detailed historical review, but rather it uses historical
landmarks as a background to highlight the features and structure of the
modern power systems. Following this we offer an outline of the text
material.

1.1 THE DEVELOPMENT OF
ELECTRIC POWER SYSTEMS

Electric power is one major industry that has shaped and contributed
to the progress and technological advances of mankind over the past
century. It is not surprising then that the growth of electric energy
consumption in the world has been nothing but phenomenal. In the United
States, for example, electric energy sales have grown to well over 400 times
in the period between the turn of the century and the early 1970s. This
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growth rate was 50 times as much as the growth rate in all other energy forms
used during the same period.

Edison Electric Illuminating Company of New York pioneered the
central station electric power generation by the opening of the Pearl Street
station in 1881. This station had a capacity of four 250-hp boilers supplying
steam to six engine-dynamo sets. Edison's system used a 110-V dc under-
ground distribution network with copper conductors insulated with a jute
wrapping. The low voltage of the circuit limited the service area of a central
station, and consequently central stations proliferated throughout metro-
politan areas.

The invention of the transformer, then known as the "inductorium,"
made ac systems possible. The first practical ac distribution system in the
United States was installed by W. Stanley at Great Barrington, Massachu-
setts, in 1866 for Westinghouse, who acquired the American rights to the
transformer from its British inventors Gaulard and Gibbs. Early ac distri-
bution utilized 1000-V overhead lines.

By 1895, Philadelphia had about twenty electric companies with
distribution systems operating at 100-V and 500-V two-wire dc and 220-V
three-wire dc; single-phase, two-phase, and three-phase ac; with frequencies
of 60, 66, 125, and 133 cycles per second; and feeders at 1000-1200 V and
2000-2400 V.

The consolidation of electric companies enabled the realization of
economies of scale in generating facilities, the introduction of a certain
degree of equipment standardization, and the utilization of the load diver-
sity between areas. Generating unit sizes of up to 1300 MW are in service,
an era that was started by the 1973 Cumberland Station of the Tennessee
Valley Authority. A major generating station is shown in Figure 1-1, with
the turbine-generator hall shown in Figure 1-2.

Underground distribution at voltages up to 5 kV was made possible by
the development of rubber-base insulated cables and paper-insulated, lead-
covered cables in the early 1900s. Since that time higher distribution
voltages have been necessitated by load growth that would otherwise
overload low-voltage circuits and by the requirement to transmit large
blocks of power over great distances. Common distribution voltages in
today's system are in 5-, 15-, 25-, 35-, and 69-kV voltage classes.

The growth in size of power plants and in the higher voltage equip-
ment was accompanied by interconnections of the generating facilities.
These interconnections decreased the probability of service interruptions,
made the utilization of the most economical units possible, and decreased
the total reserve capacity required to meet equipment-forced outages. This
growth was also accompanied by the use of sophisticated analysis tools such
as the network analyzer shown in Figure 1-3. Central control of the
interconnected systems was introduced for reasons of economy and safety.
Figure 1-4 shows the control room in a system control center. The advent of
the load dispatcher heralded the dawn of power systems engineering, whose


