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Preface

It is generally accepted that electromagnetic transient analysis on a
real electrical transmission system started during the second half of the
19" century with the work of Lord Kelvin to investigate signal distortion
on the planned Trans-Atlantic telephone cable in 1854. Since then, methods
and tools to accomplish the problem of interest have been progressively
developed and enhanced, from traveling wave theory to the more recent numerical
electromagnetic analysis, passing through a long phase of development of
electromagnetic transient like programs, which are still the most diffused and
used tools for accomplishing electromagnetic analysis in power systems.
These methods and tools have benefited by the impressive evolution of the
computational power of computers: some theories that a few decades ago were
requiring prohibitively long computational times and could not be used for
engineering purposes can now be successfully applied through the employment of
modern computers and parallel computing techniques.

Electromagnetic transient analysis has gained progressively more and
more importance in the last decades, essentially because the increasing/
widespread use of electronic devices has been accompanied on the one hand
by their increasing performance, but on the other hand by their increasing
sensitivity and vulnerability to transient disturbances too. Electronic devices are
deployed at a large number points within the electric and electronic systems and
appliances we are surrounded by, and in some cases it is the same system
in which they are embedded that originates the transient disturbances that
can potentially damage them. The problem is made even more important
due to the fact that our society is relying more and more on ICT applications in
most of its sectors, think for instance at the smart grid and smart city paradigms

that are receiving major attention worldwide.



6 Preface

Full-wave numerical electromagnetic analysis methods (henceforth
called NEA) allow the direct numerical solution of Maxwell’s equations
either in frequency or in time domains. These methods, thanks to the earlier
mentioned impressive performance of computers if compared to the one they
were exhibiting only a few decades ago, are becoming a promising approach for
the numerical solution of complex transient phenomena that cannot be
straightforwardly solved by means of circuit-theory-based simulation tools
such as the Electromagnetic Transient Program (EMTP). As a matter of
fact, circuit-theory based approaches cannot, in principle, solve transients
that involve non-TEM propagation modes. Additionally, circuit-theory
based approaches present major difficulties for the solution of transients in
complex media (e. g. grounding electrode, cables semi-conducting layers,
etc. ). Finally, it is worth noting that circuit-theory approaches require
the prior knowledge of the circuit parameters that are often hard to estimate.
On the other hands, NEA methods are inherently capable of solving this
problem as they require only with the geometrical and physical parameters of a
given system, although involving major computational efforts and a non-
straightforward definition of both sources and boundary conditions.

The volume “Theory and Approaches for Time- and Frequency-
Domain Electromagnetic Transient Analysis” by professor Jinliang He
deals with a timely subject in the area of electrical and electronic systems:
the modeling and appraisal of electromagnetic transients affecting power
and telecommunication systems or, more in general, electric and electronic
systems. In this book professor Jinliang He has not only covered the large
domain of the traditional wave process theory and fundamental numerical
analysis methods of electromagnetic transients, but has also illustrated the
theory of NEA and its application to the analysis of transient surges in power
systems. This volume has the merit of accomplishing a comprehensive survey
and categorization of some of the most advanced research findings within the
domain of interest achieved by the key international research groups dealing
with it, and among which the author’s group is distinguished for productivity
and outstanding level. It presents a critical assessment of existing modelling

methods of power system components, and electromagnetic analysis methods.



Preface 7

In recent years, while I was serving as the chair of CIGRE Study
Committtee C4 System Technical Performance, Prof. He has convened
and joined several CIGRE Working Groups related to lightning protection
and electromagnetic transient analysis; many new achievements obtained
within the framework of those working groups are indeed included in this
book.

The matter dealt with develops across fourteen chapters, devoted to
the characterization of transients, the fundamental theory for analyzing
the electromagnetic transients in time and frequency domains, the relevant
numerical computational methods. Such a theory includes full-wave
electromagnetic transients approach, the algorithms for electromagnetic
transient analysis based on the transmission line approach, the wavelet
transform for extracting the characteristics of different electromagnetic
transients, and the relevant numerical methods. Useful indeed and
commendable, the part of this book relevant to the models of various
power system equipment and apparatuses, including power electronics and
control systems devices as well as power renewable sources, in transient
regime.

1 think that this book represents an extremely useful piece of knowledge for
those, scientific researchers and advanced engineers working in the area of
electromagnetic transient analysis, and wish the author all the editorial

success he deserves.

(ol MOl AMltee

Carlo Alberto Nucci
Professor of Bologna University

Jul. 30, 2015
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