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Power System Stability

1.1 Introduction

Since the industrial revolution man's demand for and consumption of energy has
increased steadily. The invention of the induction motor by Nikola Tesla in 1888 sig-
naled the growing importance of electrical energy in the industrial world as well as its
use for artificial lighting. A major portion of the energy needs of a modern society is
supplied in the form of electrical energy.

Industrially developed societies need an ever-increasing supply of electrical power,
and the demand on the North American continent has been doubling every ten years.
Very complex power systems have been built to satisfy this increasing demand. The
trend in electric power production is toward an interconnected network of transmission
lines linking generators and loads into large integrated systems, some of which span en-
tire continents. Indeed, in the United States and Canada, generators located thousands
of miles apart operate in parallel.

This vast enterprise of supplying electrical energy presents many engineering prob-
lems that provide the engineer with a variety of challenges. The planning, construction,
and operation of such systems become exceedingly complex. Some of the problems
stimulate the engineer's managerial talents; others tax his knowledge and experience in
system design. The entire design must be predicated on automatic control and not on
the slow response of human operators. To be able to predict the performance of such
complex systems, the engineer is forced to seek ever more powerful tools of analysis and
synthesis.

This book is concerned with some aspects of the design problem, particularly the
dynamic performance, of interconnected power systems. Characteristics of the various
components of a power system during normal operating conditions and during dis-
turbances will be examined, and effects on the overall system performance will be
analyzed. Emphasis will be given to the transient behavior in which the system is de-
scribed mathematically by ordinary differential equations.

1.2 Requirements of a Reliable Electrical Power Service

Successful operation of a power system depends largely on the engineer's ability to
provide reliable and uninterrupted service to the loads. The reliability of the power
supply implies much more than merely being available. Ideally, the loads must be fed at
constant voltage and frequency at all times. In practical terms this means that both
voltage and frequency must be held within close tolerances so that the consumer's
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equipment may operate satisfactorily. For example, a drop in voltage of 10-15% or a
reduction of the system frequency of only a few hertz may lead to stalling of the motor
loads on the system. Thus it can be accurately stated that the power system operator
must maintain a very high standard of continuous electrical service.

The first requirement of reliable service is to keep the synchronous generators
running in parallel and with adequate capacity to meet the load demand. If at any time
a generator loses synchronism with the rest of the system, significant voltage and current
fluctuations may occur and transmission lines may be automatically tripped by their
relays at undesired locations. If a generator is separated from the system, it must be re-
synchronized and then loaded, assuming it has not been damaged and its prime mover
has not been shut down due to the disturbance that caused the loss of synchronism.

Synchronous machines do not easily fall out of step under normal conditions. If a
machine tends to speed up or slow down, synchronizing forces tend to keep it in step.
Conditions do arise, however, in which operation is such that the synchronizing forces
for one or more machines may not be adequate, and small impacts in the system may
cause these machines to lose synchronism. A major shock to the system may also lead
to a loss of synchronism for one or more machines.

A second requirement of reliable electrical service is to maintain the integrity of the
power network. The high-voltage transmisssion system connects the generating stations
and the load centers. Interruptions in this network may hinder the flow of power to the
load. This usually requires a study of large geographical areas since almost all power
systems are interconnected with neighboring systems. Economic power as well as
emergency power may flow over interconnecting tie lines to help maintain continuity of
service. Therefore, successful operation of the system means that these lines must re-
main in service if firm power is to be exchanged between the areas of the system.

While it is frequently convenient to talk about the power system in the "steady
state," such a state never exists in the true sense. Random changes in load are taking
place at all times, with subsequent adjustments of generation. Furthermore, major
changes do take place at times, e.g., a fault on the network, failure in a piece of equip-
ment, sudden application of a major load such as a steel mill, or loss of a line or gen-
erating unit. We may look at any of these as a change from one equilibrium state to
another. It might be tempting to say that successful operation requires only that the
new state be a "stable" state (whatever that means). For example, if a generator is
lost, the remaining connected generators must be capable of meeting the load demand;
or if a line is lost, the power it was carrying must be obtainable from another source.
Unfortunately, this view is erroneous in one important aspect: it neglects the dynamics
of the transition from one equilibrium state to another. Synchronism frequently may be
lost in that transition period, or growing oscillations may occur over a transmission line,
eventually leading to its tripping. These problems must be studied by the power sys-
tem engineer and fall under the heading "power system stability."

1.3 Statement of the Problem

The stability problem is concerned with the behavior of the synchronous machines
after they have been perturbed. If the perturbation does not involve any net change in
power, the machines should return to their original state. If an unbalance between the
supply and demand is created by a change in load, in generation, or in network condi-
tions, a new operating state is necessary. In any case all interconnected synchronous
machines should remain in synchronism if the system is stable; i.e., they should all re-
main operating in parallel and at the same speed.


