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• Analisys and comparison of the existing VSG models;

• Improvement of the damping of the electromechanical part of the VSG using a virtual

damper winding on the q-axis of the VSG;

• Decoupling of the damping of the VSG from the primary regulation of the frequency;

• Higher immunity to phase jumps in the grid voltage during faults→ better grid frequency

estimation during faults;

• Optimal tuning of the VSG parameters to provide the desired behavior (e.g. virtual inertia);

• Flexible and modular state-space modelling of the inverter digital control to allow an

easier integration of the VSG models into power system level simulations.
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Addressed research questions/problems
The key topics addressed in this research can be summarized in the following points:

• Necessary/useful features to include into the VSG model (full order model, simplified

models…);

• Current control vs Voltage control: the inverter can work as a grid feeding, grid forming

or grid sustaining inverter, grid-tied or in microgrid mode;

• Behavior in fault conditions: the inverter should not disconnect from the grid during

faults and must comply to the grid code (Low Voltage Ride Through, LVRT);

• Harmonic compensation: the VSG should counteract the presence of current harmonics

in the grid→ Active filter behavior;

• Islanding condition: how the inverter must behave in case of disconnection of a portion

(island) of the grid;

• Power electronics-based power system: the power system stability must be preserved

even with a high penetration of power electronics-based converters (i.e. solar panels,

wind turbines…);

• Modelling of a multi-inverter power system to analyze its stability.

Research context and motivation
Aim of this research project is to investigate the Virtual Synchronous Generator (VSG)

concept applied to the control of grid connected inverters.

This concept consists in controlling grid-tied inverters, so that they behave as traditional

Synchronous Generators (SGs).

The benefits and possibilities guaranteed by this solution are:

• Higher integration of renewable energy sources is the electric grid;

• Virtual inertia to support the grid frequency;

• Reactive support during grid faults;

• Power quality improvement, thanks to current harmonic compensation.

Future work
• Analysis of the VSG reactive control in under and over excitation conditions;

• Test of the proposed VSG solution on multiple inverters connected to the same grid;

• Grid forming capability for the proposed VSG;

• Test of the grid forming VSG into a microgrid composed of multiple inverters and local

loads.

XXXIII Cycle

Adopted methodologies
• Analytical modelling of the VSG and study of its dynamic behavior;

• Simulation of the complete power converter, equipped with digital control using the

software PLECS;

• Control code and VSG model implementation in C language, ready for a real

microcontroller or a prototyping environment, such as dSPACE;

• Validation of the designed control on a real grid-tied inverter interfaced to a grid emulator.

Fig 4. Diagram of the experimental setup. This setup

represents an effective case study of an inverter-interfaced

energy source (e.g. solar panels).

Fig 5. View of the experimental setup. The grid emulator is used

to perform tests under emulated grid fault conditions.

Fig 1. Comparison of damping techniques. A grid frequency

drop is applied (top) and the active power injected by three

VSGs using different damping methods is compared

(bottom):

• Droop-based damping: abnormal power injection due to

modified droop coefficient.

• PLL based damping: Power injection only during

frequency change

• Proposed damper-based damping: Power injection only

during frequency change

Fig 2. Comparison of damping techniques. A voltage dip

with phase displacement (-2% voltage and -2° angle) is

applied. The frequency estimation of the VSG is compared:

• Droop-based damping: Damped response and small

frequency error.

• PLL based damping: Damped response but large

frequency error

• Proposed damper-based damping: Damped response

and small frequency error

Fig 3. Tuning of virtual inertia constant H. Higher H →

higher virtual inertia → larger power injection during

frequency variations.

H = 1 s

H = 12 s


