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Abstract

Microgrids based on distributed generation sources are
connected to the main power grid through power electronic
converters that have low mechanical inertia and damping, so the
dynamic characteristics of the power system must be improved
simultaneously with the integration of renewable energy sources
for stability. Virtual synchronous generators are one of the
effective methods for integrating renewable energy systems into
the power grid. In order to have a behavior similar to that of a
real synchronous generator when changed or disturbed by a
virtual synchronous generator, the control operation is
performed in the power electronic converter of the distributed
generation unit. In this paper, the characteristics of two droop
methods and a virtual synchronous generator for controlling
active and reactive powers are compared using the small signal
model and the state space model. The evaluation between these
two different control strategies is performed using simulation
results in the MATLAB environment. Also, the characteristics
of the synchronous generator due to changes in the moment of
inertia and damping coefficient are shown. Integrating the
virtual synchronous generator in the microgrid, in addition to
reducing frequency and voltage deviations, also improves
stability.
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1. Introduction

Environmental problems have caused the power industry to move towards the use of green and low-carbon energy
and the reduction of greenhouse gases, so a larger share of the power system has been allocated to renewable
energy sources. The energy crisis and environmental pollution have led to the penetration of renewable energies
such as photovoltaic systems and wind turbines in the power system. The transformation of the global energy
structure, along with the rapid development of energy technologies, has increased the proportion of electricity
generation due to the advantages of renewable energy production such as flexible distribution and economic
benefits. It is possible to set up power plants near load centers using renewable energy sources in a dispersed
manner. Given the many advantages of using renewable energy, their integration into the power system will reduce
inertia and affect the stability of the system due to the lack of mechanical rotating components and their non-
adjustable nature. Also, the unpredictability and fluctuations of renewable energy sources in the network will be
challenging, which is why microgrids are used as a solution to overcome these limitations [1,2]. Microgrids are
considered a suitable solution for integrating renewable energy sources, for energy availability in remote locations,
as well as ensuring improved flexibility and increased system reliability. VVoltage source converters or inverters
are usually the interface between energy storage systems, distributed generators and loads. The limited capacity
of converters makes it possible to operate a number of them in parallel, forming a microgrid [3,4].

2. Innovation and contributions
The use of power electronic converters increases the generation but leads to a lack of inertia and reduced damping
of the power system and reduces the ability of the power system to withstand disturbances. The droop control and
virtual synchronous generator control methods can be used in the voltage source inverter. In this paper, by
presenting a small signal model, the two above methods are compared in terms of response speed to load changes.
The simulation results show the angular velocity changes and active power changes of the inverter output for step
changes in the input. Among the innovations of this paper, the following can be stated:

- Study of attenuation reduction of power electronic converters in the network.

- Comparison of droop control method with virtual synchronous generator technique.

- Determination of small signal model of virtual synchronous generator connected to infinite bus.

- Comparison of response speed for load changes of two control methods.

3. Materials and Methods

Virtual synchronous generators (VSG) are similar to a generating unit with a power electronic converter that has
similar dynamic behavior and characteristics to synchronous generators, which are used as one of the effective
methods for integrating renewable energy sources into the power grid due to their ability [5,6]. Droop control is
one of the applied methods for controlling converters in microgrids and virtual synchronous generator is an
alternative way. Virtual synchronous generator is an inverter-based control method applied in distributed
generation unit and has a behavior similar to synchronous machine in order to support power system stability
[7,8]. The main purpose of using virtual synchronous generator technique is to improve power system stability.
Energy storage in conventional synchronous generators is mechanical, but in virtual synchronous generator,
energy is stored electrically using inverter. In a real synchronous machine, the damping factor and the moment of
inertia are constant, but by controlling with the oscillation equation, the dynamic characteristics of the virtual
synchronous generator can be adjusted according to the system requirements [9,10].

4. Results and Discussion
In order to maintain the frequency while reducing the equivalent grid inertia due to the increase in the penetration
of renewable energy in the grid, a virtual synchronous generator control scheme is used.

5. Conclusion

The rapid expansion of microgrids and the increasing penetration of renewable energy sources using power
electronic converters due to the absence of arbiter mass that has low inertia has reduced the inertia of the entire
system and affected the stability. One of the practical techniques to overcome the problem of lack of inertia in
renewable power systems is the use of virtual synchronous generator, which plays an important role in the
production of renewable resources due to its various advantages. Virtual synchronous generator is one of the
simplest methods for applying virtual inertia in the power system, which has been studied and simulated in this
paper. Simulating the inertia and rotor droop by an inverter similar to a conventional synchronous generator causes
the control of the virtual synchronous generator to have better frequency support than droop control. The
simulation results have shown the effect of the control scheme of the virtual synchronous generator compared to
droop control.
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