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2 Objective and Motivation

7 Conclusion

Two new VSC control concepts based on replicating physical 
properties of different electrical machines have been proposed:

 Both approaches adequately emulate inertial response, thus 
providing necessary synchronization and damping capabilities.

 Unlike VSM, a VIM can operate without a dedicated PLL unit.
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1 Introduction

Large-scale integration of Renewable Energy Sources (DERs) 
has led to an increased share of Power Electronic (PE) devices in 
the power system. The consequences are:

 Significant reduction of the overall rotational system inertia.
 Voltage Source Converters (VSCs) often represent the 

interface between distributed generation and the grid.
 Potentially negative effects on the system stability margin could 

arise under traditional vector control structures.

4 Virtual Synchronous Machine (VSM) Model

 Results are obtained using a Virtual HIL Device.
 Soft-synchronization of a VIM at start-up is enabled without               

employing any synchronization unit, nor grid information.

6 Virtual Hardware-In-the-Loop (HIL) Experiments

5 Virtual Induction Machine (VIM) Model

3 Working Principles: Synchronous vs Induction Machine
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Main properties
 Inertia emulation is 

incorporated within the 
active power controller 
(hence, no explicit active 
power droop is needed).

 A synchronization unit in 
the form of PLL is required 
for estimating the angular 
frequency of the terminal 
voltage. 

 Reactive power controller 
is implemented as a 
conventional droop 
providing voltage 
magnitude signal. 

Design a unified and grid-friendly control structure for PE-
interfaced units such that grid detects them as conventional 
electrical machines.

 Obtain suitable control mechanisms for regulating the power 
system and providing virtual inertia from an energy source 
connected to the dc-link of VSC.

 Achieve self-start capability and auto-synchronization with a 
grid of unknown parameters (without a dedicated PLL unit).

Main properties
 Synchronization and 

damping are emulated as 
an individual control loop.

 A complete control 
scheme is based only on 
local current and voltage 
measurements.

 Both active and reactive 
power controllers are 
designed under the droop 
principle.

 As long as initial rotor 
speed is close to 
synchronous, a VSC 
should have self-
synchronization capability.


