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The great problem that human must address is a simultaneous solution to energy‘resource
securing and environmental protection. For solving both problems, it is necessary to make
maximum use of renewable energy and energy conservation. A solar power generation system
that can convert sunlight energy directly to electric power is considered to be the most efficient
as a system for converting solar energy into electric power. Photovoltaic power generation is
expected to grow greatest in the future,

In the background mentioned above, this researéh focuses on power conversion equipment
that enables high-efficiency use of renewable energy. This paper consists of all six chapters, and
their contents are as follows.

The first chapter is an introduction. From 2002 to today, the importance of adopting "insulated
type" for a power conditioner for solar power generation and fuel cell and have developed
"insulated type" DC-DC converter which adopts LLC resonance circuit meunted on tﬁis pursued.
In this paper, the circuit design method to maximize power conversion efficiency and verify its
effectiveness through actual design and development work has been proposed. Also, a design
method for fuel cells with considerably different design specifi¢ations for solar power generation
and verified its effectiveness is proposed. In general, a "non-insulated type" boost chopper circuit
which is preferred to use because of high power conversion efficiency, low cost, and
miniaturization in a power conditioner for a photovoltaic generation system.

On the other hand, recently, many deteriorations due to the PID phenomenon of the solar cell
panel have been confirmed.

Further, "non-insulated tYpe" has a risk of direct-current power flowing out to the system when
the circuit breaks down. On the other hand, in "insulation type," its deterioration is greatly
reduced, and safety is also high. Therefore, high power conversion efficiency, cost reduction and
miniaturization of "insulated type" are strongly demanded. '

In chapter 2, the adoption of voltage doubler rectifier as a power efficiency improvement
method of LLC resonant DC-DC converter for photovoltaic power generation is described.

Generally, a center tap rectifier circuit is used, but a high vibration voltage waveform is
superimposed on a diode. We analyze the factor, The circuit configuration of the proposed

circuit, its operation principle, and comparison data with the center tap rectifier circuit are




described. The maximum power efficiency of 97.5% was achieved at an input voltage of 250 V
and input power of 1 kW. ’ '

In chapter 3, we describe the power efficiency improvement method of the main transformer
as a power efficiency improvement method of LLC resonance type DC-DC converter for
photovoltaic power generation. A transformer for LLC resonance positively utilizes magnetic
leakage flux for resonance operation. Magnetic field analysis'by computer simulation and
theoretical analysis for the show that eddy-current loss was induced in the winding by leakage
* magnetic flux crossing in the windings. In this section, we describe the analysis method, its
verification, and experimental data. As a result of usihg the optimum transformer design and the
voltage doubler rectifier circuit described in Chapter 2, when the input voltage is 270 V, the output
voltage is 380 V, the output power is 1.2 kKW, and the wire diameter of the Litz wire is 0.03 §, the
maximum power efficiency of 98.0 % is realized.

In chapter 4, We will describe the control range expansion method of LLC resonance type

DC-DC converter. The solar cell input voltage range (85 V to 400 V) and the output power range
(no load to 2 kW) are wide. However, the control range of the LLC resonance circuit is narrow.
" In order to make effective use of renewable energy, this section proposes the contro! range
expansion method of LLC resonance circuit and further describes the analysis method of the
proposed circuit and its verification. It was confirmed that the output voltage could be controlled
without the inability of resonant operation and burst oscillation control under the condition of
the maximum input voltage and no load. Also, at the time of startup of the LLC resonance type
DC-DC converter, electrical charge is not accumulated in the inductive elements and the
capacitive elements,. so hard switching occurs. Therefore, due to variations in elements, an
excessive spike current flows to the primary side power circuit. This phenomenon may cause
malfunctions in the control system. As the countermeasures for absorbing device variations, a
countermeasure circuit that opefates only at startup and describes experimental results has been
proposed.

In chapter 5, the power efficiency improvement methgd of LLC resonance type DC-DC
converter for PEFC type fuel cell has been described. The DC-DC converter used for the PEFC
type fuel cell needs low input voltage and large input current specification. Therefore, it is .
difficult to achieve high power efficiency. Circuit method to achieve high power efficiency,
circuit analysis, experiment results and comparison with conventional circuit has been described.
As a result of adopting full-bridge type LLC resonance circuit and voltage double1l' rectifier
circuit as the circuit system, when the input voltage is 19 V and the output power is 340 W, the
maximum power efficiency of 97.4% has been realized.

Chapter 6 is the conclusion summarizing the above.




