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Abstract of Thesis

In centralized electric power generation, the electric power is generated mainly by enormous Synchronous
Generators (SGs). In the power system with huge SGs, the frequency is determined by the rotational frequency
that itself depends on the prime mover power. In case of a fault or disturbance, the kinetic energy preserved in
massive rotors and associated equipment is injected to the power system to maintain the energy balance.
Moreover, the inertia of the rotating masses prevents sudden changes in frequency and enhances the stability of
power system. The decentralization of the electric power generation increased the number of inverter-based
power sources. If these inverter-based units are operated and controlled similar to SGs, a large portion of
problems involved with distributed generation (DG) and microgrids such as frequency regulation, islanded
operation, and parallel operation of inverter-based DGs will be solved. The Virtual Synchronous Generator (VSG)
is an inverter based generating unit that uses a synchronous generator model to emulate the dynamic behavior of
a SG with a specific value of virtual inertia. By such scheme, the inverter-based generator can benefit the
advantage of a SG in frequency stabilization, preserving its original features. In the first chapter of this
dissertation, the merit of the VSG concept is discussed and the basic structure that is used in this research is
elaborated. Besides, the majority of the existing VSG topologies are reviewed.

The VSG control uses the swing equation of a synchronous machine to express a virtual inertia property.
Unlike a real synchronous machine, the parameters of the swing equation of the VSG can be controlled in real
time to enhance the fast response of the generator in tracking the steady-state frequency. Based on this concept,
the VSG with alternating inertia is introduced in chapter two. This scheme adopts the suitable value of the
moment of inertia of the VSG considering its virtual angular velocity and its rate of change during oscillations.
The damping effect of the Alternating Inertia scheme is investigated by transient energy analysis. In addition,
the performance of the proposed inertia control in stability of nearby machines in power system is addressed in
this chapter.

In chapter three, the parameters of the VSGs of the microgrid with multiple VSG units are tuned to obtain the
desired response. In this dissertation, the multi-VSG microgrid is introduced and the Voltage Angle Deviation
(VAD) of generators respect to the angle of the center of inertia is defined as a tool for transient stability
assessment of the multi-VSG microgrid. Afterwards, particle swarm optimization is implemented to tune the
parameters of the VSG units in order to achieve a smooth transition after a change or disturbance and also to
keep the VAD of generators within the stability limit. Moreover, alternating inertia is applied to the VSGs of the
multi-VSG microgrid to suppress the oscillation quickly and improve transient stability after a large disturbance.

Because of the limitation in inverter power and current, their operation under disturbances should be
evaluated and enhanced. In chapter four, the VSG unit response to the symmetrical and unsymmetrical voltage
sags is assessed. A theoretical analysis that traces the trajectory of the state variable of the system during voltage
sag is represented. By this analysis, the effect of the characteristics of symmetrical and unsymmetrical voltage
sags on the severity of their consequences is justified. In addition, it is detected that two sorts of transients
appear that must be mitigated: one is the transients during voltage sag and the other one is the transient after
voltage recovery. To prevent the overcurrent during voltage sags, voltage amplitude control and output power

control, and to suppress the transients after voltage recovery, alternating inertia control are implemented.
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