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In recent years, the world is moving toward Renewable Energy Sources (RES) to produce
clean and efficient energy and reduce global warming introduced by CO2 emissions. RES
1 provides power to vast numbers of residential, commercial, and industrial customers using
the utility grid's transmission lines. Among many exciting RES types, Photovoltaic (PV) has
proven its competencies for many fundamental reasons. Grid-connected applications are
becoming more popular due to fast PV penetration and new architectures, such as PV
module architectures. This success has been stimulated by a considerable cut in PV
installed price of PV modules, storage batteries, inverters, and other controllers.

DC-AC inverters are among the most critical parts of the PV module architectures. They are
vital players for successful operation by converting the Direct Current (DC) power of the PV
to Alternating Current (AC) power needed by the grid. Many categories of inverters with
different ratings were proposed in the last three decades. Single-phase inverters are
conventional in many applications, such as centralized, string, and micro-inverters.
However, this solution has many severe problems, such Vas the double-line frequency
component and its electrolyte capacitors. This issue disturbs the normal connection between
the PV modules and the grid. Nowadays, three-phase micro-inverters are the best topology
to solve double-line frequency. The balance between DC and AC power exists, and no

electrolyte capacitors are required.
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This project surveys many three-phase inverters ‘bopologies for grid-connected
applications. Between dozens, single-stage differential-based inverters have been selected.
Differential inverters replace every leg of traditional VSI inverter with a DC-DC converter.
This configuration gives many properties such as single-stage, modulari‘;y, and isolation
using isolated DC-DC converters. One DC-DC converter's connection per phase provides the
inverter's uniform operation and enhances power density. It facilitates the power extension
(scalability) by addingk parallel converters without adding control complexity. They have
step-up/down voltage gain with bi-directional power ability by utilizing the appropriate
DC-DC converters.

This project contemplates a single-stage three-phase isolated differential inverter utilizing
Single-Ended Primary-Inductor Converters (SEPIC). The SEPIC includes two power
switches, one inductor, a single High-Frequency Transformer (HFT), and two small Film
capacitors. This low number of components produces a compacted and cheap inverter.
According to differential characteristics, each SEPIC converter possesses one-third of the
total power. Therefore, small components with low power ratings are utilized. The SEPIC
converter has the lowest energy storage of passive elements. Finally, it provides voltage
isolation and continuous input current with no extra components.

The project develops a simple control strategy for injecting active power at the utility grid.
It is depend on the d-q synchronous frame and achieves little Total Harmonic Distortion
(THD). The Negative Sequence Harmonic Component (NSHC) is a common issue in
differential inverters and generating from the circulating currents between the DC-DC
converters. That is because the alternating output voltage is greater than the input DC
voltage. A NSHC detection circuit has been proposed by adding a three-stage Low Pass
Filters (LPF) to mitigate this issue. The proposed controller's feasibility with NSHC
compensation is proven by using a real-time Power Simulator (PSIM). Finally, a simple DSP
board has been programmed for the proposed control because it has a small computational
burden. ;

The project also develops a three-phase Modular Differential Inverter (MDI) by utilizing
three SEPIC converters per phase. It processes a triple power by using identical nine SEPIC
converters. A mismatch of £20% in each SEPIC converter parameters has been investigated
to confirm the inverter performance and its modular feature. The proposed MDI utilizes the
proposed control strategy without extra circuits. Finally, the proposed inverter utilizes
Silicon Carbide (SiC) MOSFET devices for better operation at a high switching frequency. A
laboratory prototype validates the proposed inverter with 200V grid-side voltage, 100V DC,
1.6kW, and 50 kHz switching frequency.
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論文審査結果の要旨
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