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Abstract

The research described in this thesis covers the analysis and design of
impedance-source networks for a wide range of electric power conversion applications
(dc-dc, dc-ac, ac-dc, ac-ac). Various impedance networks, circuit topologies and
modulation techniques were analysed, designed and tested in the laboratory to improve
the performance (efficiency, reliability and power density) of the converter. To achieve
this, three distinct approaches were taken in this research, which include: i) investigate
and implement a new modulation technique, ii) retrofit existing topologies to get an
improved hybrid topology, and iii) investigate a novel converter topology with desired
performance.

In the first approach, a new modulation technique called “optimised PWM control
with shoot-through during zero-states” was developed to improve the performance of
any impedance-network-based dc-dc converter with an intermediate H-bridge switching
topology. Compared to classical modulation techniques, the new modulation technique
minimises the number of switching commutations of the power switches and reduces
the switching losses of the converter whilst achieving Zero Voltage Switching (ZVS).
This improves efficiency of the converter specially working at higher frequency.
Further, the digital implementation of the proposed technique is simple and requires
fewer resources (comparators, registers, logic gates, memory etc.) available within the
digital platforms, e.g. FPGA, DSP and microcontroller.

In the same context, a modified space vector pulse-width-modulation technique
(Odd SVPWM) with a reduced number of commutations of the power switches was

investigated and analysed to minimise the common-mode voltage and leakage current



of a 3-phase quasi-Z-source inverter. The modulation technique is useful in a
transformerless grid-connected inverter for solar photovoltaic system, which has strict
safety requirements. The modulation technique was also implemented in a
transformerless 3-phase quasi-Z-source inverter for ac drives to reduce the common-
mode voltage and common-mode currents.

The second approach was accomplished by amalgamation of a quasi-Z-source
impedance network with a push-pull switching topology. The resulting new dc-dc
converter uses fewer switches, has a smaller common duty cycle and a smaller turns
ratio of the transformer compared to existing topologies. This converter has improved
power density, efficiency and reliability, making it suitable for applications which
demand a wide range of voltage gain such as distributed generation and dc power
supplies found in telecommunication, aerospace and electric vehicles.

Finally, a versatile Y-shaped impedance network was invented for applications in
converters requiring a very high voltage gain. To achieve that, the proposed network
uses a tightly coupled three-winding inductor. The obtainable voltage gain of this
converter is presently not matched with any other impedance network-based converter
operated at the same duty ratio. The proposed impedance network also has more
degrees of freedom for varying its gain, and hence provides more design freedom to
meet its requirements. These advantages are more prominent when applied to inverter
design. The inverter can produce a very high voltage gain while simultaneously
operating at a higher modulation index, which minimises the switching device stress,
better utilises the input voltage (dc-link voltage) and produces better output waveforms
compared to classical impedance-network-based inverters. The incommensurate
properties of this network open a new horizon to researchers and engineers to explore,

expand and modify the circuit to suit a wide range of power conversion applications.
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