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Abstract: 

The current shift from fossil-based energy production towards renewable power in the electric 
grid, as well as the integration of Battery Storage Systems (BSS) and the bidirectional V2G, are 
radically challenging the power grid due to the proliferation of static power converters (inverters). 
Without new approaches to inverter control, the associated drop in overall system inertia and 
damping decreases and deteriorates the grid’s stability and robustness against disturbances and 
faults. 

A promising solution to this challenge is the Virtual Synchronous Machine (VSM): inverters 
behaving like synchronous generators to provide grid services and grid support. Therefore, the 
VSM-controlled inverters can contribute to system inertia, damping and the decentralized 
regulation of voltage and frequency. Moreover, their very fast response time, and their ease of 
reprogramming to add new features in their control algorithm, opens ways to improve their 
performance beyond what is possible with synchronous generators. 

This tutorial will start presenting requirements for safe grid operation and stability requirements 
that impose bounds on damping and inertia from the power electronics perspective. Then, the 
concept of VSM will be presented and its advantages compared to other control strategies are 
highlighted. 

We analyze the performance of a microgrid comprising VSMs in island mode as well as when 
connected to a main grid. We also consider microgrids comprising both VSM and synchronous 
machines and show the interdependence between system parameters, VSM parameters and the 
physical equipment of the inverter. Finally, we introduce more advanced concepts for the safe 
and stable operation of VSMs: the influence of measurement errors and grid voltage distortions, 
black start mechanisms and ways to improve the damping of oscillations and fault ride-through 
using communication links between inverters. 
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