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Preface

Power transmission capability has traditionally been limited by either
rotor angle (synchronous) stability or by thermal loading capabilities. The
blackout problem has been associated with transient stability; fortunately
this problem is now diminished by fast short circuit clearing, powerful exci-
tation systems, and various special stability controls.

Voltage (load) stability, however, is now a major concern in planning
and operating electric power systems. More and more electric utilities are
facing voltage stability-imposed limits. Voltage instability and collapse
have resulted in several major system failures (blackouts) such as the mas-
sive Tokyo blackout in July 1987.

Voltage stability will remain a challenge for the foreseeable future and,
indeed, is likely to increase in importance. One reason is the need for more
intensive use of available transmission facilities. The increased use of
existing transmission is made possible, in part, by reactive power
compensation—which is inherently less robust than “wire-in-the-air.”

Over the last ten to fifteen years, and especially over about the last five
years, utility engineers, consultants, and university researchers have
intensely studied voltage stability. Hundreds of technical papers have
resulted, along with many conferences, symposiums, and seminars. Utili-
ties have developed practical analysis techniques, and are now planning
and operating power systems to prevent voltage instability for credible dis-
turbances. All relevant phenomena, including longer-term phenomena, can
be demonstrated by time domain simulation.

While experts now have a good understanding of voltage phenomena, a
comprehensive, practical explanation of voltage stability in book form is
necessary. This is the first book on voltage stability.

Power System Voltage Stability is an outgrowth of many two-three day
seminars which I began offering in 1988. As a full-time engineer of the Bon-
neville Power Administration (BPA), the book is influenced by my work on
voltage stability problems in the Pacific Northwest and adjacent areas. It is



also influenced by my participation in voltage stability work of the Western
Systems Coordinating Council, North American Electric Reliability Coun-
cil, IEEE, CIGRE, and EPRI.

Although voltage stability is fairly well understood, there are many
facets to the problem, ranging from generator controls to transmission net-
work reactive power compensation to distribution network design to load
characteristics. The physical characteristics and mathematical models of a
wide range of equipment are important.

Power System Voltage Stability emphasizes the physical or engineering
aspects of voltage stability, providing a conceptual understanding of volt-
age stability. The simplest possible models are used for-conceptual explana-
tions. Practical methods for computer analysis are emphasized. We aim to
develop good intuition relative to voltage problems, rather than to describe
sophisticated mathematical analytical methods. The book is primarily for
practicing engineers in power system planning and operation. However, the
book should be useful to university students as a supplementary text. Uni-
versity researchers may find the book provides necessary background
material on the voltage stability problem.

Many references are provided for those who wish to delve deeper into a
fascinating subject. The references are not exhaustive, however, and gener-
ally represent recent publications which build on earlier work. In keeping
with the intended audience, most of the references are quite readable by
those without advanced mathematical training.

Outline of book. The book is divided into nine chapters and six appendi-
ces. Chapter 1 is introductory with emphasis on reactive power transmis-
sion. Chapter 2 introduces the subject of voltage stability, providing
definitions and basic concepts. Voltage stability is separated into transient
and longer-term phenomena.

Chapters 3-5 describe equipment characteristics for transmission sys-
tems, generation systems, and distribution/load systems. Modeling of
equipment is emphasized.

Chapters 6 and 7 describe computer simulation examples for both
small equivalent power systems and for a very large power system. Both
static and dynamic simulation methods are used. Both transient and long-
er-term forms of voltage stability are studied using conventional and
advanced computer programs.

Chapter 8 describes voltage stability associated with HVDC links. Here
the reactive power demand of HVDC inverters is important.

Chapter 9 provides planning and operating guidelines, and potential
solutions to voltage problems.



The appendices include description of computer methods for power flow
and dynamic simulation, and description of voltage instability incidents.

Voltage stability is still a fresh subject and many advances in under-
standing, simulation software, and on-line security assessment software
will be made in future years. In fact, the book was frequently updated until
the submission deadline. It’s likely that a revised edition will be called for. 1
invite comments on the book and suggestions for revised editions. Please
write to me at 252 Northwest Seblar Court, Portland, Oregon 97210.

For those interested in desktop publishing, I used a Macintosh Ilci
computer and FrameMaker technical publishing software. I also used
several other programs such as DeltaGraph and Canvas. The manuscript
was submitted to McGraw-Hiil on diskettes.

Acknowledgments. I am indebted to many seminar participants, BPA col-
leagues, and industry colleagues. To a large extent, the book is a synthesis
of a large body of literature and practical knowledge. Through papers, cor-
respondence, and discussions, Walter Lachs, Harrison Clark, Dr. Thierry
Van Cutsem, Dr. Mrinal Pal, and others have provided many helpful
insights. On an international level, I have been privileged to participate in
the work of two CIGRE task forces investigating voltage stability. As part
of EPRI software development projects, discussions with Dr. Prabha Kun-
dur and colleagues at Ontario Hydro were very important.

Dr. Kundur and Mark Lauby reviewed the manusecript and provided
many helpful suggestions. I, however, am solely responsible for the final
version.

The Electric Power Research Institute sponsored the book. I deeply’
appreciate the support at EPRI from Dr. Neal Balu, Mark Lauby, and
Dominic Maratukulam.

Although this was an off-hours project, I thank BPA engineering man-
agement for encouraging advances in power system engineering, for pro-
viding the opportunity to work on problems in the field of voltage stability,
and for the privilege of participating in industry and professional society
study of voltage stability. This work, however, is my own and does not nec-
essarily reflect the views of the Bonneville Power Administration.

Finally, I thank my wife, Gudrun Taylor, for her encouragement, proof-
reading, and patience during many hours at the computer.

Carson W. Taylor
Portland, Oregon
December 1992



Foreword

Electric utilities have been forced in recent years to squeeze the maximum
possible power through existing networks due to a variety of limitations in
the construction of generation and transmission facilities.

Voltage stability is concerned with the ability of a power system to
maintain acceptable voltages at all nodes in the system under normal and
contingent conditions. A power system is said to have entered a state of
voltage instability when a disturbance causes a progressive and uncontrol-
lable decline in voltage.

Inadequate reactive power support from generators and transmission
lines leads to voltage instability or voltage collapse, which have resulted in
several major system failures in recent years. Hence, a thorough under-
standing of voltage stability phenomena and designing mitigation schemes
to prevent voltage instability is of great value to utilities.

The author, Carson Taylor, is an internationally recognized expert on
power system voltage stability. He not only has a thorough understanding
of the fundamental concepts of voltage stability but also has demonstrated
his skill in developing practical solutions to real life problems of voltage
instability. Carson has taught many courses and written numerous techni-
cal papers on the subject of power system voltage stability.

It gives me great pleasure to write the Foreword for this timely book,
which I am confident will be of great value to practicing engineers and stu-
dents in the field of power engineering.

Dr. Neal J. Balu

Program Manager

Power System Planning and Operations Program
Electrical System Division
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