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Abstract—Conventional vast synchronous generators comprise
rotating inertia due to their rotating parts. These generators are
capable of injecting the kinetic potential energy preserved in its
rotating parts to power grid during disturbances or sudden
changes. Therefore the system is robust against instability. On the
other hand, penetration level of Distributed Generation (DG) units
in power systems is increasing rapidly. A power system with a big
portion of inverter based DGs is prone to instability due to lack of
adequate balancing energy injection within the proper time
interval. The solution can be found in the control scheme of
inverter-based DGs. By controlling the switching pattern of an
inverter, it can emulate the behavior of a real synchronous
machine. In Virtual Synchronous Generator (VSG) control
technique, the power electronics interface of DG unit is controlled
in a way to exhibit a reaction similar to that of a synchronous
machine to a disturbance. In this paper the effect of using VSG
controller is investigated through many test cases.
Index Terms—Virtual Synchronous Generator (VSG),
Distributed Generation (DG), Phase Locked Loop (PLL), swing
equation.

I. INTRODUCTION
The earlier designed power systems are based on
centralized power generation and unidirectional power flow.
These conventional grids comprises vast synchronous
generators which are fuelled by fossil fuels. The worldwide
concern about environmental pollution, steady depletion of
fossil fuels and the increased demand of electrical energy
requires an unconventional solution to these problems. So,
the research is directed towards the renewable energy
resources as an alternative source for electricity generation.
Over the last few years, a number of influences have been
combined to lead to increased interest in the use of
small-scale generators connected to local distribution
systems, which is commonly called „Distributed Generation’
(DG). These DGs utilize renewable resources such as
wind
turbines, photovoltaic,
biomass,
small
hydro-turbines… etc. Beside their environmental benefits,
DGs offer a low-cost way for the energy flow into the market
since they do not imply substantial transmission losses due to
their location near to the customers [1]. Moreover, they
could present a reliable and uninterruptible source for the
customers especially in rural areas [2] and micro grids [3]. In

addition, a possibility where the DG could be beneficial if it
could help to supply load during contingencies until the
utility can build up additional delivery capacity [4].
In recent years the capacity of grid connected distributed
generation via inverters is rapidly growing. The Egyptian
government has planned to have 20% of the energy
generation from the renewable energy by the year 2020 [5].
Moreover, the Egyptian government planned to connect 3500
MW from solar energy and 2090 MW from wind energy to
the Egyptian unified grid in 2027. Due to their intermittent
nature, a power converters (i.e. Inverters) on its front end is
required when the DGs based on renewable energy resources
are connected to the AC grid to meet the grid requirements.
The inverters used in distributed generators are controlled
using PLL (Phase Locked Loop) in order to be synchronized
with power system frequency. Power systems may become
unstable, if the capacity of inverter type distributed
generators become larger and larger, because inverter
frequency is controlled just to follow grid frequency and they
have no inertia [6].
A solution towards stabilizing such a power system within
the limits of presently available system control strategies is to
provide additional virtual rotational inertia. Principally, this
can be attained by adding short-term energy storage to any
DG unit together with an intelligent control of the power
electronic interface to the grid. The DG unit will then operate
like a virtual synchronous generator (VSG), exhibiting some
of the desired properties of synchronous machines for short
time intervals [7]. There are several control methods which
are used to emulate the electrical behavior of synchronous
machine in the electrical grids. However, their different
topologies and distinctive labels, they are common in
mimicking the rotational inertia and damping properties of
synchronous machine. All of these controllers are reviewed
and classified according to its used references and control
scheme in Refs. [9, 10].
II. VIRTUAL SYNCHRONOUS GENERATOR (VSG) CONTROL
CONCEPT
The VSG control method is based on the known swing
equation of synchronous generator which is expressed as in
Eq. (1):
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(1)
Where Pin represents the prime mover power, Poutis the
electrical power output from the generator. The moment of
inertia and damping factor take symbols J and D respectively.
In synchronous generator, the inertia plays an important role
as it can contribute to the stable operation of grid through
absorption to and release from the inertial energy when
transient difference in demand and supply of the grid is
occurred. Each synchronous generator converts a part of the
kinetic energy stored in its rotating mass to active electric
power to supply the required total active power, resulting in a
slight decrease of the rotational speed and the frequency of
the output voltage. Moreover, the damper windings in the
rotor of synchronous generator is used to damp out the rotor
oscillation when its speed deviate from synchronous speed.
Due to the previous merits of the existence of synchronous
generators in the electric grid, the inverter which interface the
DG/renewable energy resources will be controlled in the
same manner.
III. VIRTUAL SYNCHRONOUS GENERATOR MODELING
The structure of the VSG control block diagram is as
shown in Fig. 1. PVSG represents the VSG output power which
is injected or absorbed from the grid. Prefis the reference
electrical power output from the VSG in steady state
condition. The extrinsic (virtual) moment of inertia (J) and
damping factor (D) are emulated by the existence of the
battery storage. Firstly, PVSG and QVSG are calculated using
the monitored grid voltage parameters i.e. Voltage
magnitude, frequency and its rate of change as shown in Eq.
(2, 3) [11]:

Fig. (1): Schematic diagram of VSG control.

IV. PHASE LOCKED LOOP
The phase locked loop (PLL) technique is used for
synchronization of grid-interfaced converters. Also the PLL
algorithm is used to monitor the grid voltage parameters (i.e.
the voltage magnitude and frequency). Moreover, it is used to
provide the phase angle of the grid voltage. There are
severaltechniques to implement the PLL. The commonly
used technique is the Synchronous Reference Frame phase
locked loop or (SRF-PLL) is shown in Fig (2). The SRF-PLL
is broadly used due its good performance when the grid
voltage is balanced and not distorted.

(2)
)

(3)

Then, the reference current for the current controller in
dq-axis are calculated using PVSG and QVSG values as given in
Eq. (4). The PI current controller is used to control the VSG
output current and provide the reference voltage for the
Sinusoidal Pulse Width Modulation (SPWM).

Fig (2). Block diagram of SRF-PLL

V. CASES STUDY
This section will investigate the effect of using the VSG
control technique in the electric grid through three cases as
following:

(4)
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54

Frequency (Hz)

A. Case (1)
In this case the effect of VSG solution towards grid
frequency stabilization will be investigated. The test network
is as shown in Fig. (3). It is composed of three generators of
equal rating 100 VA. A three phase transformers are
connected to the generators to step up the generated voltage
from 380 V to 11000 V. A variable active load with variation
cycle as shown in Fig (4) is connected at bus number three to
simulate disturbance. The VSG and generators parameters
are listed in the appendix in Table.1 and Table.2 respectively.
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Fig. (5), (A): Load frequency with VSG connected
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Fig. (5), (B): Load frequency with VSG disconnected

A. Case (2)
Another case study is simulated to investigate that if the
VSG can replace the SG and do its function. The test network
is as shown in Fig (6). Generator G3 is removed and A 150
KW VSG is connected at bus 3. The same load variation as in
previous test is used as a disturbance. The results shown in
Fig. (7), indicate that the VSG is capable of emulating the
existence of SG in the electrical grid. Also, the frequency
variation is in the acceptable rang (i.e. 49≤ f ≤51).

Fig. (3): Test network with VSG connected at Bus 2.
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Fig. (4): Load variation cycle.

The simulation results is shown in Fig (5). It is noticed that
the VSG reduces the frequency deviation from 2.286 Hz to
1.28 Hz. So, the VSG controller is capable of adjust the
frequency level in the grids to be in its acceptable limits.

Fig. (6): Test network with G3 replaced by VSG at Bus 2
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Fig. (8), (B): load variation cycle
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Fig. (7), (A): VSG output power.
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B. Case (3)
In Fig. (8), another test scenario is simulated to investigate
the connection effect of 100 KW VSG when it operates with a
SG having the same VSG rating. A load variation cycle is as
shown in Fig. (8) Is used as a disturbance to show its effect on
frequency profile.
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Fig. (8), (D): VSG output power

Fig. (8), (A): Test network and load variation cycle

At first, the load active power is 100 KW and the load
frequency is equal 50 Hz. At .08 sec the load increased to be
120 KW. The VSG provide 52 KW according to the rate and
value of frequency deviation. This power sharing from VSG
helps to restore load frequency to its rated value (i.e. 50 Hz).
The load frequency increased to be 50.1 Hz at .16 sec due to
switching off70 KW from the connected loads. The VSG try
to decrease the power delivered to the connected load to
adjust load frequency. The same procedure is continued till
the rest of simulation to verify the ability of VSG to keep the
load frequency constant at its rated value.
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VI. CONCLUSION
REFERENCES
The concept of using Virtual synchronous generation as a
method for frequency stabilization is introduced. The
effectiveness of the proposed method to stabilize load
frequency is investigated through many test scenarios. The
simulation results show the feasibility of the control strategy.

VII. APPENDIX
Table .1.Synchronous generators parameters.

Description

Value

Rating

100 KVA

Terminal voltage
Synchronous speed

380 V
1500 RPM

Nominal frequency
Inertia
d-axis synchronous reactance Xd

50 Hz
20 Kg.m2
2.0 pu

Transient reactance Xd'

0.17 pu

Subtransient reactance Xd''

0.12 pu

Transient reactance Xq'

1.01 pu

Subtransient reactance Xq''

0.15 pu

Leakage reactance Xl

0.06 pu
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Table .2. VSG parameters.

Description
Rating

Value
100 KVA

Terminal voltage (line value)

380 V

DC link voltage

750 V

Nominal frequency

50 Hz

Inertia
Damping coefficient

15 Kg.m2
5500 W sec/rad

Filter inductance

460 µh

Filter capacitance

55 µf
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