International Journal of Scientific Research & Engineering Trends
Volume 6, Issue 5, Sept-Oct-2020, ISSN (Online): 2395-566X

Power Quality Improvement at Grid Using Virtual

Synchronous Machine in Solar Power Plant

Rahul R. Bhende, Dr. S.P. Muley, Prof. S.C. Suke
Department of Electrical Engineering
Priyadarshini College of Engineering,Nagpur,India
Rahulbhendel.rb@gmail.com, shubhada_muley@rediffmail.com, sachin.suke281984@rediffmail.com

Abstract-Renewable power primarily based dispensed power mills are getting an crucial a part of the destiny electricity
structures. Power electronic converters are commonly used an interface between the renewable energy supply and the software
grid. Since the strength virtual converters do not possess any rotating inertia like a synchronous generator, fast fluctuations in
strength supply and call for purpose unexpected deviations inside the grid frequency in electricity virtual converter ruled weak
grids. A virtual synchronous machine (VSM) approach for controlling the inverters related to the grid tries to mimic the
behaviour of a synchronous system and offers virtual inertia to the grid via distinctive feature of the electrical garage. In this
paper a simple virtual synchronous machine control strategy based totally on swing equation is proposed for 3 phase grid
linked inverters. The proposed manage strategy is implemented in desk bound reference body and does not need a section
locked loop for grid synchronization unlike a few of the existing strategies. The virtual synchronous device unit consists of a
DC-link linked thru a three-section voltage supply converter with an LCL-clear out into the grid and the corresponding local
manipulate machine. A check setup of the virtual synchronous system unit with the specification of 200 V, 50 Hz, 1 kW is
evolved within the laboratory environment to validate the control scheme. Different performance research together with actual
and reactive power manipulate of VSM, effect of variation within the value of inertia of VSM at the electricity reaction,
response of VSM for the grid frequency variant have been performed. The overall performance of VSM control is in
comparison with the conventional stoop control approach for the grid connectedconverters.
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stableness of the microgrid. The balance analysis of

I.INTRODUCTION

Pollution brought about due to the combustion of fossil
fuels in traditional strength producing stations and the
diminishing gapbetween the deliver and call for of fossil
fuels are two foremost elements which have given a first-
rate impetus towards the utilization of renewable
electricity inside the last few decades.

Due to the intermittency of the renewable sources like
solar and wind power, power electronic converters like
inverters shape a crucial interface between the renewable
assets and the software grid. The percent percentage of
converter based renewable power era within the electrical
machine community will increase at an exponential price
in  maximum international locations due to the
government regulations for selling renewable power
utilization. Microgrid concept for energy generation and
distribution is popular inside the closing two many years
as a promising model for future energy systems. A
microgrid is capable of working in islanded mode
similarly to the grid linked mode of operation. In islanded
mode of operation, the inverter based disbursed
generators have the additional role of keeping the

inverter based totally microgrids requires the development
of the small signal country area version of the microgrid
to correctly layout the controller parameters (Pogaku et
al., 2007). Adaptive controllers in conjunction with
efficient verbal exchange networks can assist the inverters
in the microgrid to go back to regular working situations
after transients (Bidram et al., 2014).

But, nonetheless the dearth of inertia in inverter based
totally microgrids reasons serious temporary balance
issues (Tielens et al., 2016). Provision of presenting
virtual inertia to inverters with the aid of the usage of
electric strength garage to be had on the DC hyperlink is
considered as a promising answer for the frequency
stability problems in microgrids (Pertl et al., 2017).A
manipulate approach based on the emulation of a
synchronous generator was proposed through Beck and
Hesse (2007) for inverters working in vulnerable grids,
which is called Virtual Synchronous Machine (VSM)
concept by using the authors. The specific feature of this
manipulate strategy is that it combines the deserves of an
inverter with the static and dynamic homes of a
synchronous generator. But given that a full order model
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of a synchronous generator is needed for the controller, it
makes the overall manipulate scheme complicated.

The Virtual Synchronous Machine (VSM) concept
changed into proposed by using Driesen and Visscher
(2008), which imparts virtual inertia to an inverter by
using short term energy storage. This idea will increase
the grid balance for the electricity virtual converter based
totally microgrids. The boundaries on the penetration
degree of energy virtual interfaced mills inside the utility
grid may be removed the use of this kind of control.

The Synchronverter concept, which mimics the behaviour
of synchronous mills in an inverter, become proposed by
using Zhong and Weiss (2011). When as compared to the
VSM concept, the performance of a synchronverter is not
affected by the monitoring error of the currents and
voltages. But the synchronverter manipulate scheme
wished a Phase Locked Loop (PLL) to synchronize the
inverter with the grid on every occasion it moves from
islanded mode to grid related mode. Self synchronized
synchronverter became proposed with the aid of Zhong et
al. (2014), which does no longer want a PLL for its
synchronization with the grid.

State space model of a virtual synchronous machine
(VSM) implementation with cascaded voltage-cutting-
edge control loop is evolved This paper offers the
improvement of energy pleasant and grid balance for
disbursed generation using the virtual synchronous
machine (VSM) which embodies a hysteresis controlled
three phase inverter with a synchronous device model on
an embedded control computer to calculate the reference
currents. Currently the traditional grid-connected inverters
are predominantly designed to transmit electrical strength
to the grid discounting the preservation of frequency and
voltage and also its temporary balance.

However, the VSM is capable of alter each the energetic
and reactive electricity one by one and bidirectionally by
using setting the virtual torque and virtual excitation to
fulfill the electrical machine requirements. Furthermore, a
virtual rotating mass is carried out within the VSM on the
way to growth the inertia in the grid and improve the
transient frequency balance in analogy to the conventional
synchronous generator. Additionally, the virtual damping
of the VSM can reduce the frequency and energy
oscillation within the grid. All those residences mentioned
above had been confirmed in simulations and
measurements in an experimental micro grid.

Il. THE CONCEPT

The increasing integration of allotted era (DG) assets is
accompanied by using problems with number one
strength assets and policy troubles inclusive of financial
performance, environmental safety and strength security
[1]. DG technologies encompass photovoltaic, wind
generators, gasoline cells, small and micro sized turbine

units, stirling engine based mills and combustion engine
pushed mills [2].

Some of these DG technologies together with
photovoltaic or gasoline cells produce direct
contemporary and ought to be connected to the grid via
inverters. The wind generators can offer alternating
cutting-edge, however, due to the variable wind pace, the
inverter has to handle the generator and grid frequency
hole. One of the disadvantages of such power electronic
interfaces is the lack of artificial inertia, which
energetically corresponds to the electric brief-time storage
in the inverter to inhibit frequency strokes inside the grid
resulting from transient power unbalances or partial grid
dropping. The computation of the rotating generator mass
at the manage pc will increase the temporary grid
frequency stability. Furthermore, the conventional
inverter concept is designed to transmit a most power
harvest into the grid neglecting the electricity first-class.
This can also cause disturbances of the voltage profile:
because of the bidirectional strength flows and the
insufficient control, the voltage within the whole grid may
fluctuate [3]. Hence, a reliable voltage manipulate
technique is needed. Generally, a few small-size DG units
will now not have an effect on the safe operation of the
power network inside the presence of large centralized
power stations and so their attendance can be omitted. But
with a larger numbers of DG machines with higher
capacities, the overall dynamics of power structures are
appreciably affected [4].

The have a look at of variable DG technologies indicates
an growth of the most frequency deviation if the output
electricity of the DG units increases [3]. In addition, the
synchronous generator has a larger impact at the voltage
stability due to the fact of its functionality of reactive
strength provision [5]. Moreover, the synchronous
turbines can function self-organizing distinctly parallel,
reliable and solid. Because of these blessings it's far
suitable that DG devices with inverter have to operate as
synchronous mills to enhance the power exceptional in
dispensed grids. Based in this method, a few further
manipulate techniques were advanced together with
Droop Control [6], Virtual Synchronous Generator [7]
and Synchronverter [8]. These principles render most
effective fragments of the static and dynamic belongings
compound of the synchronous machine.

I11. POWER QUALITY STANDARDS,
ISSUES AND ITS CONSEQUENCES

1. Voltage variation

The quality of power transfer on a network may also be
poor if the voltage varies erratically. The most common
problems are:

1.1. Flicker- Larger loads connected to the network that
vary or switch regularly can cause small voltage variation
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on the surrounding network. These cause brightness of
incandescent lights to change which is irritating to users

1.2. Dips- Starting a large motor on a weak motor
usually in the distributionnetwork can cause a large dip
lasting up to 10 seconds. A dip in voltage can cause other
loads connected nearby to switch off, In severe causes,
damage may be caused.

1.3. Harmonics- he connection of large variable speed
drives to a network Introduces power noise onto the
surrounding network. This is called harmonics‘. The
current flow caused by harmonicscan cause other
electrical devices to overheat & malfunction. The
prolonged presence of harmonics on a system will shorten
the life of sensitive equipment *Unbalance- Voltage
unbalance will cause heating of three phase machines &
in reduction in motor output torque which leads to
increased machine

loses and reduced efficiency.

3. Harmonics

The current flowing through a given circuit in the network
should not exceed the rating of connected equipment.
Currents above the rated current can cause equipment to
suffer excessive mechanical stress and overheat. This may
result in permanent damage to equipment. A fault at some
point along a circuit can cause large currents to flow in
the network to the fault point. The equipment surrounding
the fault needs to be capable of handling large currents
without overheating until protection can isolate the supply
of power to the fault.

4. Consequences of the issues

The voltage variation, flicker, harmonics causes the
malfunction of equipments namely microprocessor based
control system, programmable logic controller; adjustable
speed drives, flickering of light and screen. It may leads
to tripping of contractors, tripping of protection devices,
stoppage of sensitive equipments like personal computer,
programmable logic control system and may stop the
process and even can damage of sensitive equipments.
Thus it degrade the power quality in the grid.

IV. TOPOLOGY FOR POWER QUALITY
IMPROVEMENT

When the penetration level of DGs is low. To clear up the
problem, researchers international have been in search of
specific methods to manipulate strength electronic
converters in energy systems to decorate device stability.
One very vital way is to embed the dynamics and conduct
of traditional synchronous machines into power virtual
converters as VSMs. Physically they're energy virtual
converters, however mathematically they are synchronous
machines. The VSM concept [2], one implementation of
the VSM, controls the inverter present day to follow the
modern-day reference generated according to a
conventional synchronous machine. In this way, the DGs

will mimic the conduct of conventional synchronous
machines and offer virtual inertia and damping to the grid.
The synchronverter concept [3], another implementation
of the VSM, controls the inverter to generate an output
voltage thru embedding the mathematical version
oftraditional synchronous mills into the controller of the
inverter. A synchronverter has all of the foremost
properties of a synchronous system and may behave
within the equal way as traditional synchronous turbines.
The virtual inertia, friction coefficient, subject inductance,
and mutual inductance of a synchronverter may be
flexibly set to design the parameters of a synchronverter
in accordance to the grid linked. It is worth noting that
VSMs act like present day resources, at the same time as
Synchronverters act like voltage resources.

Power structures are ruled by means of voltage sources,
SO current assets are inherently not compatible with power
systems. Although these days energy systems can tolerate
a few modern sources, a big variety of present day
sources may want to doubtlessly impose serious
demanding situations on energy systems operation.
Hence, this newsletter specializes in Synchronverters to
put in force VSMs as voltage sources. It is widely
recognized that demand reaction will play an important
position in regulating machine frequency and voltage.
Interestingly, the general public of future hundreds will
join to the grid through energy virtual converters, that is,
rectifiers, as well.

For instance, the broadly used cars, can be equipped with
motor drives, which have rectifiers at the front end; Light-
emitting diode (LED) lights may even have rectifiers to
transform ac into dc. The Synchronverters may be without
problems implemented to operate rectifiers as virtual
synchronous cars, really by way of changing the
mathematical model embedded in the controller from that
of synchronous mills to that of synchronous motors. This
makes Synchronverters a unified interface for clever grid
integration.

Similar to other grid-connected converters, the (original)
Synchronverters also want a dedicated synchronization
unit to provide the phase and frequency of the grid
voltage, in order that Synchronverters can be linked to the
grid easily. Currently, a segment-locked loop (PLL) is the
maximum typically used synchronization technique [4].
However, PLLs are inherently nonlinear, and it's far very
difficult to track the parameters. What is worse is that
multiple PLLs in a device often compete with every other
and purpose many problems, for instance, decreased
performance, elevated complexity, and even instability.
PLLs are not often utilized in cutting-edge strength
structures because synchronous machines have the
inherent synchronization mechanism and there is no want
to depend on outside synchronization units to attain
synchronization.
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As mentioned previously, a synchronverter [3] is an
inverter that mimics a conventional synchronous
generator. It acts as an interface for smart grid integration.
As a result, distributed generation can easily take part in
the regulation of system frequency and voltage and
provide inertia and damping to the grid, as conventional
synchronous generators do. A synchronverter consists of a
power part, which is the same as a conventional power
electronic converter depicted in Figurel(a), and an
electronic part, which consists of the sensoring,
protection, and control circuits. The controller of a

three-phase synchronverter, includes the mathematical
model (in red) of a three-phase round-rotor synchronous
machine as the core. The back electromotive force e
calculated according to the mathematical model is passed
through a pulse width modulation (PWM) generation
block to generate PWM pulses to drive the power
semiconductors in Figure 1(a). The currents flowing out
of the inductors of the power stage are treated as the stator
current i and fed back to the mathematical model. These
two-way interactions link the power stage and the
controller together.
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FIG 1 The components of a synchronverter [3]: (a) the
power stage and (b) controller.

V. RESEARCH METHODOLOGY
OPERATION

Various strategies were proposed to control PWM
rectifiers. These techniques can attain the equal principal
goals, along with excessive strength thing and near
sinusoidal modern-day waveforms [6], [7].Similar to
operating an inverter as a synchronous generator, the
mathematical model of synchronous vehicles can be
followed as the center of the controller for rectifiers, to
operate rectifiers as virtual synchronous cars [8].The
reactive power Q can be controlled to song the reference

excitation Mfi f so the electricity factor may be controlled
via placing the reactive electricity reference. To acquire
the unity strength factor, the reference value Qref may be
set to zero. Compared to the controller for a
synchronverter in the “Operation of Inverters as a VSM”
section, some other loop is delivered to govern the DC
bus voltage via a proportional-imperative (PI) controller
to generate the virtual torque Tm. Again, a devoted
synchronization unit, which in this case is a sinusoidal
monitoring set of rules, is adopted for synchronization
with the grid depicts the simulation outcomes while
regulating the dc-bus voltage of a rectifier. The reactive
electricity turned into set to O to obtain the cohesion
energyelement. The dc-bus voltage become regulated to
the reference values, even if the load become changed.
The VSM frequency tracked the grid frequency well.

VI. OUTPUT PLOTS

VSM control strategy can also be applied to the
integration of solar power. In [13], a synchronverter-
based single phase transformer less photovoltaic (PV)
inverter is proposed.

The topology of the inverter. The PV inverter can be
formed by adding a neutral leg into the conventional half-
bridge inverter. The added neutral leg consists of two
switches and one inductor The two switches are
connected in series and then put between the positive and
negative poles of the dc bus. The neutral inductor is put
between the midpoint of the switches.
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Fig 2 Output Plots.

VIl. CONCLUSION

This article has proven that strength virtual
converters,each inverters and rectifiers, can be operated to
behave like virtual synchronous machines. Moreover, the
devoted synchronization unit that has been deemed
necessary for grid- connected converters may be removed.
This ends in a unified interface for smart grid integration
and a easy architecture for subsequent-era clever
grids.TOther packages encompass vehicle to grid
structures [16] and static synchronous compensators [17],
and many others. It is worth bringing up that the VSM
gives the dynamics and synchronization mechanism of
synchronous machines to facilitate the self- balancing of
actual power and reactive electricity. The actual energy

Qref through an integrator and generate the sector
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needed to aid the grid comes from the electricity saved
within the machine, for instance, in large vehicles, wind
mills, and electricity storage systems. While, in this text,
the VSMs are carried out based totally at the
synchronverter technology to facilitate the presentation,
any other (in reality better) way is to adopt the strong
stoop manipulate era. The primary focus of this work was
to develop a VSM control for the grid connected VSC’s in
the power system.The developed model of the VSM,
which operates without a phase locked loop for grid
synchronization, is simulated in the MATLAB/Simulink
platform. The simulation study was performed for a DC
voltage of 360 V, the grid voltage of 200 V rms (L-L),
and grid frequency of 50 Hz.
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