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Studies on Improving Dynamic Performance of Microgrids by Applying Virtual Synchronous Generator Control
to Distributed Generators
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Recent years, inverter—interfaced distributed generators (DGs) with renewable energy sources (RES), e.g.
photovoltaics and wind turbines, have been developed to solve energy crisis and environmental issues. However,
the penetration rate of DGs is limited by current regulations and policies, due to concerns about the increased
complexity of power system management and protection, and about the lack of inertia support from these
inverter—interfaced DGs. To facilitate the integration of DGs in distribution system, the concept of microgrid
was proposed. In a microgrid, a cluster of DGs, distributed energy storage systems and loads operate as a
single system to reduce the system complexity for the utility and increase the power quality and reliability
for local customers. However, inverter—interfaced DGs with conventional control methods, such as droop control,
still cannot provide enough inertia to support the frequency of the microgrid. In this dissertation, virtual
synchronous generator (VSG) control, a novel control strategy of DG to provide virtual inertia by emulating
the swing equation of a synchronous generator (SG), was introduced to inverter—interfaced DGs in microgrids
in order to improve the dynamic performance, especially the transient response of frequency of microgrids.

This dissertation is organized as follows.

In Chapter 1, concepts of inverter—interfaced DGs and microgrids, and major challenges in these emerging
technologies were introduced

In Chapter 2, principles of the basic VSG control were introduced, and other existing control methods
providing virtual inertia support were reviewed

In Chapter 3, VSG control was compared with droop control, which is a conventional DG control method widely
adopted in microgrid applications, from the aspect of dynamic characteristics. Two cases were investigated
single inverter operation and parallel operation with a SG. Small-signal models were built to compare transient
responses of frequency during a small loading transition, and state—space models were built to analyze
oscillation of output active power. Effects of delays in both controls were also studied, and an inertial
droop control method was proposed based on the comparison. The results were verified by simulations and
experiments. It was shown that VSG control and the proposed inertial droop control inherit the advantages
of droop control, and provide extra inertia support for the system.

In Chapter 4, parallel operation of multiple VSGs in microgrids was studied. It was shown that when the
basic VSG control was applied, active power oscillation and improper transient active power sharing could
be observed. Moreover, the problem of reactive power sharing error, inherited from conventional droop control,
should also be addressed to obtain desirable steady—state performance. In this chapter, an enhanced virtual
synchronous generator control was proposed, with which oscillation damping and proper transient active power
sharing were achieved by adjusting the virtual stator reactance based on state—space analyses. Furthermore,
communication—less accurate reactive power sharing was achieved based on common ac bus voltage estimation.
Simulation and experimental results verified the improvement introduced by the proposed enhanced VSG control
strategy.

In Chapter 5, a microgrid composed of a VSG and a SG was discussed. Modifications of VSG control were proposed
to address specific issues of this kind of microgrids. To prevent unbalanced SG current, double decoupled

synchronous reference frame (DDSRF) decomposition and SG negative—sequence current compensation were proposed;
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and to prevent inverter overcurrent, transient virtual stator impedance was introduced. Tuning methods of
main parameters were discussed through theoretical and/or simulation analyses. The effects of the proposed
modifications were verified by simulation results, and it was also demonstrated that the presence of VSG
alleviates rotor speed deviation of the SG during a loading transition.

In Chapter 6, conclusions were presented and some future challenges were discussed
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