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Synopsis

This paper is mainly concerned with the performance evaluations, the
performance analysis, design methods and experimental results of some
new conceptual high—frequency resonant inverters using Static
Induction(SI) power devices such as SI power transistors, SI thyristors,
MOS—Gate SI thyristors. In this paper, these proposed high—
frequency resonant inverters with some new circuit topologies are
mentioned from a practical point of view for industrial induction— heating
power applications. The purpose of this study is to develop some
application— specific high—frequency resonant inverters of SI power
semiconductor switching devices by the characteristic evaluations based
on the experimental results in trially—produced breadboards and
computer—aided simulation. This paper is composed of the following six
chapters:

Chapter 1 introduces the concepts of this study, referring to the high
—frequency resonant inverters for induction—heating, which are based
on the new resonant circuit topologies. The significances and problems
associated with the resonant inverter from the viewpoint of SI high
performance power semiconductor switching device technologies, high
frequency switching mode power conversion technologies, peripheral
technologies and computer—aided simulation technologies which form
the technological basis of high—frequency power electronics are
discussed.

Chapter 2 discusses in detail the circuit configuration, design method
and steady—state operation of the first voltage—fed full-bridge type
high— frequency resonant inverter in Japan developed 1983 as a practical
SIT device. This inverter is design to provide a maximum output power
of 12 kW at 100 kHz and it can melt up to 8 kg of metal. The design
methods and characteristics of a high—frequency output transformer,
specially designed to melt metals are discussed. The output transformer
has a coaxial structure type using ferrite ring cores. This chapter
concludes that the conversion efficiency is 93.9% at a maximum output
power of 12 kW according to the total evaluation of the devices and
demonstrates that the devices is more practical because of its high
operation stability and reliability.

This chapter also describes the features and basic characteristics of
the SI devices used in this study and the characteristics of the latest
MOS —gate power semiconductor devices, such as IGBT and power



MOS FET are explained as compared with the SI power device
characteristics to indicate the effectiveness and role of SI devices in the
field of high—frequency power electronics. Then, this chapter also
presents the historical and technological backgrounds of induction—
heating, key technology in the industry presented in this study, defined
the role and position of the developed high—frequency resonant
inverters for induction— heating.

Chapter 3 evaluates the characteristics of a zero current
soft—switching high frequency resonant inverter that has a constant—
frequency voltage regulation function on the basis of a new circuit
topology. A two—terminals resonant zero current soft— switching unit
consisting of an LC circuit was incorporated into the switching device
section of the conventional voltage—fed type series—resonant half—
bridge inverter. This chapter analyzes in detail the computer— aided
simulation characteristics of this inverter that has a parallel resonant
load circuit assumed for induction—heating. The load and frequency
regulation characteristics of the proposed inverter are illustrated with a
normalized expression. Its simulation results are illustrated as compared
with the experimental results obtained from trially— produced
breadboard. Then, this chapter shows the measured waveforms and
power conversion characteristics of a trially—produced inverter to
indicate that the inverter is practically feasible as a high—frequency
inverter for induction—heating. To make the inverter applicable to
various types of load systems, the author introduces the concept of a
complex resonant circuit topology into a load circuit containing a heating
—coil and demonstrated its effectiveness in experiment.

Chapter 4 discusses a zero current soft—switching high frequency
resonant inverter of the simplest single reverse—blocking type using
the computer—aided performance analysis, assuming a small— capacity
induction— heating load. Based on the results of analysis, this chapter
illustrates and evaluates with a normalized expression by introducing
the normalized resonant circuit parameters, control variables and load
resonant circuit parameters. The characteristics of this inverter include
the Dbasic operating waveforms, frequency control and load
characteristics, parameter ranges on enabling zero current
soft— switching operations, relationship between the maximum voltage
and peak current values generated in each circuit elements. Next, this
chapter presents a practical design example based on various
characteristics parameters and also gives design examples.
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Chapter 5 analyzes a single—ended high—frequency forward resonant
type DC—DC converter which operates on the circuit topology of the
high—frequency resonant inverter of the zero voltage soft— switching
voltage—fed type and high efficiency for a simple configuration. Through
detailed simulation of a computer—aided using a high—frequency
transformer model, a rectifier circuit model, and a tracking control loop
by zero voltage soft—switching detection, this chapter evaluates and
discusses the characteristics of the proposed switching—mode resonant
converter. The load and frequency characteristics are illustrated with a
normalized expression in addition to voltage and current peak values and
stresses of the switching power device. The converter has a single
switching device configuration, but provides boosting and reducing
voltage regulation characteristics because it has both forward and flyback
characteristics. As a result, this resonant converter provides small size,
less circuit components and low noise. Next, practical circuit design is
discussed and real circuit parameters are given numerically. Finally, the
zero voltage soft—switching circuit unit of the proposed resonant
converter which is applied to the 1MHz high—frequency inverter for
induction heating and presented the experimental results.

Chapter 6 summarizes the schematic results of this study and also
refers to the future technological trends in the high—frequency resonant
inverters.
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