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Abstract

The increasing adoption of renewable energy sources such as solar energy, wind
energy, and fuel cells has made higher demands on power electronic converters.
These converters serve as an electrical interface among various renewable energy
sources, energy storage units, and output loads to perform efficient power conversion,
effective power conditioning, and fast control whilst complying with the safety and

reliability requirements of the system.

Using many single-input, single-output (SISO) converters to connect different
sources and loads is a straightforward approach widely adopted in the industry. Al-
though this approach offers apparently easier control and modularity, it leads to rel-
atively complex configuration, high cost, and lower conversion efficiency. Multiple-
input, multiple-output converters (MIMO) are capable of converting power from
multiple power sources to multiple loads individually or simultaneously by using

simplified circuitry and an appropriate control strategy.

The main goal of this thesis is to conduct a systematic topological study to
derive all possible basic and non-isolated three-port converters (TPCs), using power
flow diagrams that could be used for the future development of DC distribution sys-
tems. Unlike most reported TPCs with one bidirectional port, this thesis considers
up to two bidirectional ports. It provides an analytical tool and framework for all
power flow combinations and corresponding converter configurations, including se-
lection and design. After eliminating the impractical configurations due to indirect

connection to some ports and multiple conversion stages, suitable converter configu-



rations are identified and corresponding circuit realizations are demonstrated. The
significance of this work is to show which configuration has fewer power conversion
stages between any two ports. Furthermore, it shows whether all ports are fully or
partially controlled, and it presents the appropriate configuration for specific appli-
cations. Three of the investigated configurations are taken as an example to analyse
further and verify the principles of operation and working conditions experimentally.
The proposed circuits are able to work in seven different modes for a PV-battery-
powered DC bus system where smooth and fast transitions between different modes
are achieved. Furthermore, a decision flowchart is presented to demonstrate how to

select different modes practically.
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