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Abstract of Thesis

Distributed generations (DGs) are expected to be penetrated widely in the future power grid. Virtual
synchronous generator (VSG) control can play a vital role in supporting the frequency stability of such a power
grid thanks to its virtual inertia feature. However, there still exist some issues that can be improved to enhance
the capacity of VSG control. For instance, the transient stability of DG can be significantly improved if VSG
control is capable of riding through a short period of transient disturbances such as balanced and unbalanced
voltage sag. Furthermore, the existing VSG control is mainly designed for the traditional two-level inverter
with an energy storage unit. Hence, it is challenging to implement VSG control in a system without energy
storage units such as matrix converters (MCs), as the inertial power cannot be drawn directly from energy
storage elements and instead needs to be provided by the input power control. In order to solve the
aforementioned issues, studies on the implementation of VSG control using finite control set model predictive
control (FCS-MPC) are conducted. In this dissertation, a novel FCS-MPC based method for VSG with
fault-ride-through ability is proposed for two-level inverter-interfaced DGs, and a novel approach based on
FCS-MPC scheme is introduced for the implementation of VSG controls in indirect boost matrix converter
(IBMC)-interfaced DGs.

This dissertation is organized as follows.

In Chapter 1, the background of the research, concepts of power converter-interfaced DGs, their existing types
of control methods, challenges in these technologies, and the objectives of this research are discussed.
Principles and reviews of the state of the art of VSG control and FCS-MPC scheme are introduced in Chapter 2
along with their design procedures and control diagrams.

In Chapter 3, the implementation of the two-level-inverter-based VSG using FCS-MPC is pro-posed.
Simulation studies showed that the FCS-MPC based VSG inherits all the properties of the VSG. Moreover, the
FCS-MPC-based VSG allows simultaneous control of voltage and current to grant the two-level inverter system
with current limiting ability.

In Chapter 4, other existing current limiting methods for two-level inverter-based VSGs are introduced, namely,
the VSG with multiloop control and the VSG with virtual impedance current limiting. Several simulation and
experimental studies validate the superior fault-ride-through capability of the proposed FCS-MPC-based
strategy for both grid-connected and islanded operations in comparison with the other existing methods.

The implementation of VSG control in the IBMC-interfaced DGs using FCS-MPC is studied in Chapter 5.
Comparative simulation studies between the proposed control schemes and the existing method have
demonstrated that the proposed grid-forming control scheme offers many advantages over the existing methods,
which utilize a grid-following strategy. For instance, the proposed control scheme can operate in both
grid-connected and islanded modes, is able to improve the quality of current waveforms significantly, and is
capable of providing inertial power to the grid by dispatching active power from the input source. A scale-down
experimental study is also conducted to validate the effectiveness of the proposed control scheme.

The dissertation is concluded in Chapter 6, where future challenges and possible future works are also
discussed.
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