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Instability, Subharmonics, and Chaos in Power
Electronic Systems
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Abstract—The concept of chaos is applied to a variety of nonlinear
power electronic circuits. With the onset of instability, the phenomena
of subharmonics, quasi-periodicity, and chaos are predicted and ob-
served. Examples treated are diodes with charge storage (with appli-
cation to resonant converters); a ferroresonant circuit; a controlled
thyristor rectifier circuit; and a buck converter controlled by pulse-
width modulation (PWM).

I. INTRODUCTION

N UNSTABLE nonlinear systems a variety of strange

effects are observed, including subharmonics. quasi-
periodic oscillation, intermittency, and chaotic behav-
ior—erratic, apparently random motion. These phenom-
ena have been studied intensively in the emerging cross-
disciplinary science of chaos [1]-|3]. On the other hand
instability, spurious oscillations, and subharmonics have
been little studied in power electronic systems, though
they occur frequently. Power converters were identified
as potentially chaotic some years ago [4], but this area
has been little explored. The purpose of this paper is to
outline some fundamental concepts of chaos theory, to
show how they may be applied to power electronics, and
to suggest mechanisms by which nonlinear phenomena
may arise in power converters. We hope to show that
many puzzling effects can be explained, understood, and
perhaps even exploited. We shall confine our attention to
simple circuit examples that model aspects of real power
electronic systems.

Unstable circuits are conventionally considered unac-
ceptable for engineering applications. largely because
their performance seems unpredictable and unquantifi-
able. A barrier appears to separate stable circuit behavior
from unstable; yet both cases are governed by the same
laws of circuit theory. Unstable systems can be tamed and
set to perform valuable work: an everyday example is the
class of unstable feedback circuits termed oscillators,
where controlled instability is used to generate periodic
waveforms. The main obstacle to studying unstable cir-
cuits is the need to take into consideration their large-sig-
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nal characteristics, which are inevitably nonlinear. As
there are no general analytical methods for solving non-
linear differential equations, nonlinear systems have tra-
ditionally been regarded as intractable. This is unfortu-
nate, because many such systems are of great practical
interest. The solar system, the weather, population dy-
namics, the economy, and power electronic circuits, all
may be regarded as systems governed by nonlinear differ-
ential or difference equations.

To overcome the difficulties raised by nonlinearity,
weakly nonlinear systems are often linearized about a
nominal operating point to obtain a small-signal model.
It is assumed that a convergent Taylor-series description
can be truncated after the linear terms if the perturbations
are small enough. This assumption is difficult to justify in
connection with the strongly nonlinear circuits of power
electronics. For example, when the state-space averaging
technique is applied to the analysis of a switched-mode
converter, the resulting nonlinear equations are usually
linearized to obtain a small-signal model. While such an
approach is often useful in determining the stability of a
switched-mode converter, it does not predict the possibil-
ity of subharmonic oscillation that is an essentially non-
linear phenomenon and that may occur in practice. If
large-signal effects are to be taken into account, analytical
difficulties usually force one to resort to computer simu-
lation. Simulation has played a large part in the develop-
ment of the science of chaos and remains of fundamental
importance in the study of unstable nonlinear systems.

It is a commonly held belief that simple systems exhibit
simple behavior, with the corollary that complicated sys-
tems must have complicated behavior. Both beliefs are ill-
founded. Investigation of some very simple nonlinear sys-
tems reveals remarkably complex behavior, while many
dissimilar, complex systems behave in surprisingly simi-
lar ways. (Examples that illustrate both these points are
presented next.) The fact that dissimilar systems can show
qualitatively and quantitatively similar behavior has led
to the hope that a single unifying theory may describe
them all. This property is known as universality [5].

There are many sources of nonlinearity in power elec-
tronic systems. Some that commonly occur are as fol-
lows.

Semiconductor Devices, DC Characteristics Modeled
Either as ldeal Switches or as (Controlled) Nonlinear Re-
sistances: BIT’s, MmosreT’s, IGBT’s, SIT’s, thyristors,
diodes.
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