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Foreword

Power electronics is a discipline whose development has been prompted by real-life
applications in industrial, commercial, aerospace, and residential environments. In the early
stage of development, research in power electronics was often driven by immediate needs in
certain power conversion applications and hence was more focused on practical aspects that
would address the specific power conversion requirements. Facilitated by the advent of
semiconductor switches, power electronic converters have been in popular use for more than
half a century. Basic analytical work has begun since the 1970s, with the development of
averaged models that permitted linearization to be applied to analyze power converters, leading
to convenient standard linear models for essential control design. However, until the 1990s,
although engineers had realized the rich variety of complex behavior of switching power
converters in their workbench for a long time, they remained uninterested in probing into the
mechanisms behind the observed complexity because they were often committed to address the
immediate pressing needs to achieve the required power conversion functions. Such complex
behavior cannot be analyzed by linear models or even the original averaged models due to the
incompatible time scale or bandwidth limited by the feedback loops. In the 1990s, as power
electronics research became more mature, the research community realized the need for deeper
understanding of the operation of power conversion equipment in order to improve flexibility,
functionality, reliability and safety, and to address new design requirements. Nonlinearity is the
root cause of all complex behavior. During 1990s and 2000s, power electronics had gone
through a golden era in research and development in the particular aspect of nonlinear analysis
and formal identification of bifurcation phenomena that significantly improved our
understanding of the operating conditions and possible consequence of certain phenomena that
were previously considered "strange".

Now, the research status of studying nonlinear and complex behavior of power electronics
has reached a state where many phemonena and their causes have been well understood. In
general, since the operation of power converters is very much affected by the choice of
switching frequency relative to the values of the components chosen and the intended design
functions, it is generally well understood that the bandwidth of the feedback loop dictates the
kinds of observable behaviors. For instance, for almost all practical purposes, period-doubling
(relative to switching period) type of phenomena is not permissible, whereas Hopf type
instability is the commonplace phenomenon. Hopf type instability has in fact been observed for
over half a century on engineers’ workbenches as unstable oscillations upon the use of high



gain or incompatible bandwidth of a closed control loop, and now we have a clear and precise
understanding of the way in which a switching converter becomes unstable. In the past two
decades, many bifurcation scenarios have been studied for a large variety of converters as well
as some simple connected systems of converters, and the studies were conducted in great depth.
Analysis of large-scale or higher order systems remains difficult as there is no simple or
one-size-fit-all method that can treat all kinds of nonlinearity, though we are able to focus our
effort according to the needs of power electronics. Since the 2000s, "design-oriented" analysis
has been promoted by the author of this Foreword for better compatibility with the engineering
community. The essence of "design-oriented" analysis is precisely to put nonlinear analysis to
practical use, for instance, in developing practically relevant operation boundaries in the
practical parameter space, and at the same time, in avoiding study of complex behavior under
unrealistic operating conditions or parameter values which generates irrelevant or even
misleading results.

This nicely written book by Zhou Guohua, He Shenzhong, Yang Ping and Zhang Xi has
made available the key methods and results from application of nonlinear analysis to switching
power converters, including many original findings by the authors. The book provides a
comprehensive and well connected descriptions of the derivations of models, mathematical
analysis, simulation results, experimental measurements, and practical implications of the many
findings to power electronics design. The writing of the book permits both students and
experienced engineers or researchers to acquire the necessary skills and key research
information of this field in an easy-to-understand fashion, and yet the amount of information is
comprehensive and highly valuable as a reference for engineers to identify relevant design
problems and develop proper design strategies.

Being one of the early researchers who developed this field, I am particularly pleased to
see the publication of this lucidly written book at this juncture when we have gathered so many
useful methods and results, and gained so much understanding of the essential mechanisms
behind the behavior of power electronics systems.

In the years to come, applying nonlinear analysis and identification of complex behavior
will continue to be important, as we move to a new era of applications involving a completely
new power delivery framework involving integration of new energy sources and smart grid
configurations. All these new developments will inevitably involve complex interconnection of
systems of converters, and will hence create new opportunities and needs for understanding the
complex behavior associated with the interactions of power conversion equipments. Complexity
will be the key word, and engineers and researchers alike should be well equipped to tackle
problems arising from nonlinearity and complex interactions of systems. This is precisely the
reason why I recommend this book to all those power electronics students, researchers and
engineers who need to face the challenge of this new era of applications in power conversion

and delivery. Because of its detailed analytical exposition and wide application coverage, this

il



book will prove to be suitable as a valuable text for research students and novices of this field,
as well as a useful source of reference for practitioners of power electronics.

In closing, I would like to give my heartfelt congratulations to my dear friends Zhou
Guohua, He Shenzhong, Yang Ping and Zhang Xi, on reaching this important milestone and
adding this extremely valuable publication to the power electronics literature.

Chi Kong TSE
Hong Kong
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