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Study on Energy Loss Reduction for High Frequency
Switching Power Supplies in DC Feeding Systems

Graduate School of Engineering, Nagasaki University
Satoshi Tkeda

Recently, research on high frequency driving of switched mode power supplies has
grown to be the major technical issues in response to demand for more efficient, small
and light weight power converters deployed in the direct current power supply systefn.
which has become new mainstream of renewable energy management systems. As the
switching power suppliés gives desirable power conversion by commutation of switching
devices, they face problems concerning increasing power loss or EMI noises. Managing
these problems, researchers focus on soft switching technologies or snubber
technologies aiming to reduce switch stresses.

As for buck-boost converters which are considered to be good candidates in
application for converting powers from renewable energy sources like photovoltaic cells
or rechargeable batteries, switching loss reduction techniques using resonant soft
switching or snubber circuits are discussed. However, voltage range of such renewable
energy resources or loads like LED lighting equipment are in trends of expansion and
the conventional circuit schemes are out of date and are not the best solution to present
wide voltage range and high efficiency at the same time.

At this point of view, this research proposes energy loss reduction technique for high
" frequency driving of switched mode power supplies presenting novel power converters
based on two fundamental schemes which features wide voltage fanges and high
efficiency at the same time and verifies their advantage by simulation or experiment,

First proposal is based on the resonant SEPIC (Single-Ended Primary-Inductor
Converter) circuit suitable for high frequency driving of ‘small power supplies up to
several hundred watts. Starting with novel resonant SEPIC circuit proposal by adding
individual resonant inductor in series with the main switch, its operation in soft
switching is verified and its operation principle becomes clear, but this resonant SEPIC

circuit has problem of large peak switch stress voltage.




As this problem comes from excessive energy storage in the resonant circuit, the next
proposal is active clamp re_sonaﬁt SEPIC circuit which features active clamp circuit
which regenerates and obviates the peak resonant voltage stress in the main switch. Its
operation and design as the converter is cleared because it has not been clear. -

Second proposal is based on boost full bridge converter suitable for high frequency
driving of large power supplies up to .sevex_'al kilowatts. As solution to the inherent
problem about high peak of the bridge bias voltage, proposed active snubber which
operates only in the case of excessive bias voltage features its low loss and high efficiency
and experimental results verify its feasibility. In addition, bidirectional derivation for
charger application for recharéeabie batteries is ‘also proposed and its efficignéy
improﬁement scheme is presented and experimentél results verify its feasibility.

_ This thesis consists of chapters 1 through 6 as follows. '

* Chapter 1 is preface explaining backgrounds and positioning of this study. Overview

of switching power supplies, backgrounds of SEPIC circuit and boost full bridge |
converters are described by prospects of conventional research,

Chapter 2 presents novel resonant SEPIC circuit in which additional resonant
inductor. is introduced in sefie$ with the main switch of the -conventional resonant
SEPIC circuit, Features on zero voltage switching in the main switch of the novel
resonant SEPIC circuit and soft switching condition as the entire converter is clarified.
At the same time, the problem of large peak voltage stress in the main switch up to 5-7 ~
times of input voltage and its relationship with circuit parameters was clarified.

Chapter 3 presents active clamp resonant SEPIC circuit which solves the mentioned
switch voltage stress in the proposed resonant SEPIC circuit by introducing active clamp
circuit, Relationship between switch voltage stress and output voltage characteristics
and circuit parameters are clarified by simulation and experiment.

Chapter 4 presents novel boost full bridge: converter with low loss active snubber,
mentioning fundamental boost full bridge circuit and its circuit and operation principle
is discussed. Prototyped experimental results verify its feasibility. '

Chapter 5 presents bidirectional derivation for charger application for rechargeablé .
batteries is also proposed and its efficiency improvement scheme is presented and
experimental results verify. its feasibilify.

Chapter 6 is the main conclusion of this thesis.




