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Abstract

The design of self-synchronized synchronverter is made by removing the keen synchronization unit. Synchronization with the grid takes
place before connection and it will track the grid frequency after connection. Like the original synchronverter it functions in various modes
to deliver the grid frequency as the reference frequency. The functions of frequency regulation, voltage regulation, real and reactive power
control are maintained. Moreover, it can share the real power and reactive power accurately. Distributed energy sources delivers the major
contribution to the power system operation. Generally the renewable sources are non-linear and uncontainable. Majority of renewable
energy sources were associated to power systems through dc/ac converters. For this kind of application synchronizing the inverter with the
grid is necessary before and after the connections to be made. It is one of the biggest challenges. So synchronverter is designed to deliver
a scheme for power systems to regulate the renewable energy connected to the grid and enables smart grid integration.

Keywords: Distributed Generator, Point of Common Coupling, Pulse Width Modulation, Renewable Energy Source and Synchronous Generator.

1. Introduction

Study of current regulation in the power converters has been one of
the major demanding activities in recent times. The Zero Steady
state error is protected by the usage of proportional integral (PI)
controller while the reference current is a direct signal which is as
same as dc motor drive [1]. Whereas, if the reference current signal
is as same as ac motor drive then the direct utilization of PI control-
ler would lead to finite gain at operating frequency. Then a synchro-
nous mounted Pl controller was recommended which promises a
zero steady-state error in a balanced system.

Digital insight of the comprehensive integrators and the compensa-
tion of the delay are studied with the scheming of PI constants. The
instantaneous reactive power theory will be used for reference cur-
rent generation. The difficulty in this theory associated to non-ideal
point of common coupling (PCC) voltage will be determined by the
sequence filter.

Electrical grid is continually stressed with difficulties related to the
voltage instability. In recent times, this problem has turn into sig-
nificantly severe as the conventional electrical setup is ranging. Up-
rising of electrical system has been taking place ever since the Dis-
tributed Generator (DG) and Renewable Energy Sources (RES) is
introduced in the electrical grid [2]. Integration of several tools
pointed towards the increasing diversity of grid, comprising of
smart grids drives more restraining standards. Limitations in RES
and DG power quality are known in every countries in so termed
“grid codes[3]. Various control schemes based on synchronverter
for the HVDC transmission by emulating control of synchronous
machine on both sending and receiving ends. The self-regulating
VSC technique offers control of active and reactive power[4][5]. In
power network, to facilitate the quality analysis numerous devices

were developed to improve the quality of electricity[6].Also the
harmonics exist in the motor terminal due to the increase in voltage
is reduced by adding the filter to the load terminal by eliminating
the reflecting voltage, as the modelling of voltage waveform at var-
ious stages are measured and developed the power cable screen in-
put[7][8]. To enhance the voltage using high step-up DC -DC cou-
pled converter, losses and ripples are reduced to produce high out-
put voltage implied in the PWM technique in the inverter circuit [9].

2. Proposed System

In proposed system, the ability of synchronizing with the grid is
enhanced by means of the Synchronverter strategy. As the strategy
shown in Table 2.1 in the closed loop system this strategy will re-
move the slow element. It consists of synchronization unit, inverter
controller and the power system. It prevents speed and accuracy of
synchronization by eliminating major nonlinear elements.

A current controller is excluded there but for over current protection
it can be included. In the regulation of system voltage and frequency,
the DG and grid connected renewable energy.

2.1. Self Synchronverter

It is possible to integrate the synchronization functions into the
power controller and make synchronize with the grid. In this paper,
a essential step is taken by inserting the synchronization function
into the power controller as per the removal of synchronization unit
as per the grid connected inverter control structure shown in figure
2.1. This will make the system operation at ease by removing a non-
linear element from the system.

Copyright © 2016 Authors. This is an open access article distributed under the Creative Commons Attribution License, which permits
unrestricted use, distribution, and reproduction in any medium, provided the original work is properly cited.
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Table. 2.1. Modes of Operation for Self-Synchronized Synchronverter

Switch Sc | Switch Sp | Switch So | Mode
1 ON ON N/A
1 ON OFF Self — synchronization
1 OFF ON N/A
1 OFF OFF N/A
2 ON ON P-Mode, Qp-Mode
2 ON OFF P-Mode, Q-Mode
2 OFF ON
Pp-Mode, Qp-Mode
2 OFF OFF Pp-Mode, Q-Mode
v, il
Power I
y Controller
&

Fig. 2.1 control scheme of grid-connected inverter

The adjacent effort laterally this course is where an supplementary
PLL is not required in the course of normal operation but a backup
PLL is still required for synchronization before connecting to the
grid [8]-[12]. Synchronverter consists of a power part as shown in
figure 2.2.
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Fig.2.2 Power part of a synchronverter

The control performance and the system stability could be A slow
synchronization unit could directly affected right away by slow syn-
chronization unit, on the other hand, complex synchronization unit
supplements computation problem to the controller[13][14].

As the DC bus bar volatge of the synchronverter is supposed to be
constant. Else, DC bus bar voltage is maintained constant by con-
necting a dc-bus voltage controller, together with an energy storage
system, so that the either synchronverter’s reference real power or
in and out power flow of the energy storage system is regulated.

2.2. Synchronverter Control
As the Electronic representation of the synchronverter shown in

Figure 2.3 suggests that the scientific model of a three-phase wound
rotor synchronous machine is included which is termed by

Fig.2.3 Electronic representation of a synchronverter

0= 17(Tm ~T,-D,0) 2.1)
T, = Myif(ig sin 6) (2.2)
e = OMyi; sind (2.3)
Q = OM;igiy cos B) (2.4)

Where Tm is the functional mechanical torque of the rotor, Te repre-
sents the electromagnetic torque, e is the generated three-phase
voltage and Q is the reactive power. J is the imaginary moment of
inertia of all the parts rotating with the rotor. it is the field excitation
current and Mt is the maximum mutual inductance between the sta-
tor windings and the field winding. Frequency of the switching sig-
nal e is directed to the Pulse Width Modulation (PWM) Generator
and | is the stator current supplied out of the machine.

i cos 6
sin 3
. 2
| sin (9 + ?)J
r cos B
cos 3
21 |
cos (9 + ?)J

In this paper, it is presumed for each phase the quantity of pole pairs
is one and therefore the machines mechanical speed is equivalent to
the electrical speed of the electromagnetic field.

Corresponding to the regulation of a synchronous generator, the
synchronverter controller has the provision of two channels for both
real and reactive power control. This loop sets the speed Y é of the
synchronous machine which forms the phase angle é for the control
signal e. Where Dy is the voltage droop coefficient, controls the re-
active power. This loop controls the field excitation Mf if and makes
the proportionality to the magnitude of the voltage generated.
Henceforth, the frequency, voltage, real power and reactive power
controls are incorporated in one compact controller with merely
four parameters.

The grid information is provided by the synchronization unit for the
synchronverter to synchronize with the grid before connection and
to supply the preferred real and reactive powers after connec-
tion[15].

sin =

cosf =

2.3. Synchronous converter to an Infinite Bus

The per-phase model synchronverter, connected to an infinite bus
is shown in fig 2.4

v,=V,ainf, i| X, e=Esinf

per phase
sg model

T

Fig.2.4 The per-phase model of an SG connected to an infinite bus

The generated real power P and reactive power Q are,

3V,E
= X sm(G - Hg)
and,
3V,E
Q= 2—)2[E cos(@ - Gg) =Vl

where Vg be the infinite bus voltage amplitude, E is the amplitude
of generated voltage of the SG regulated by means of exciting volt-
age or current and Mt in the case of a synchronverter; 0g is the grid
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voltage phase and 0 represents the phase angle of SG respectively
and the synchronous reactance is represented as Xs.

5= (0-196,)

The driving Torque of the turbine controls the phase difference
which is also known as the power angle. As the parameters Vg and
E are amplitude values and the factor here is 1/ 2.

By increasing the driving torque Tm, the phase angle 3 rises and
sequentially the real power delivering through the grid gets in-
creased up to the mechanical power from the turbine is identical to
that of the electrical power supplied. 7/ 2 rad is the value at which
the generator gets to synchronize with the grid at the maximum §.
when the increase in mechanical power occurs then it impacts in a
phase angle that is greater than 7/2 rad, then the synchronization
between the rotor of SG with the grid drops and this should be
avoided.

E =1,
6 = 6,

3. Test System

The test system is modeled in MatlabR2010 software. Automatic
Synchronverter Inverters lacking a Devoted Synchronization Unit
was modeled by its components in the MATLAB software to make
more real simulation results.

3.1. Simulation Model

As the self-synchronized synchronverter has been proposed, imple-
mented, and verified. So, for the synchronization purpose, incorpo-
rating the dedicated synchronization unit is not needed. The math-
ematical model of SG is considered to be the primary part of the
controller. The addition of the mathematical model of a three-phase
cylindrical rotor synchronous machine in the controller.

The Frequency and voltage droop control loop controls the real and
reactive power respectively. In the proposed synchronverter system
some changes have been made in the core of the controller so that,
it can be coupled to the grid securely and to run without the require-
ment of the devoted synchronization unit.

A power inverter is an electronic device or electrical system that
converts the Direct Current to Alternating Current.

The filter can produce calculative cost saving while the preset dis-
tortion level is attained. Minor loss, reduction in size and weight in
accordance to the capacity are standard filters. Circuit breaker is an
autonomously functioned electrical switch intended to protect
an electrical circuit from faults affected by overload or short circuit.
Its simple purpose is to identify the fault condition and break the
current flow. MCB used in low application to control and protect
the electric circuits may not have enough interrupting ability these
circuit breakers are named "supplemental circuit protectors”.

4. Simulation Results

This system was modeled in MatlabR2010 software. Also, the Au-
tomatic Synchronverter Inverters lacking a Devoted Synchroniza-
tion Unit was modeled by its components in the Mat lab software
to make more real simulation results.

4.1. Grid Voltage

Two simulation were processed under the grid fault conditions in
the self-synchronized Synchronverter. Those two conditions per-
sists when the voltage dip in grid is 50% and other for the frequency
One is when the grid had a 50%voltage dip drop in the grid is 1%.
Apart from these, the impedance of the feeder is also considered
under normal operating condition.

Fig. 3.1 Proposed Simulation circuit

Fig: 4.1 Plot for the output waveform of grid voltage

4.2 Real and Reactive Power

The real power and reactive power were monitored with the set ref-
erence points. The real power shown in figure 4.2 was the actual
power which was comparatively less than the reference point sup-
plied from the synchronverter to the grid, due to the small loss in
the internal resistance of the inductor. The real power will rise to
the new steady state condition, When the PD —mode is enabled.

The reactive power value raised about 40 VAR due to the
low grid voltage and makes the generated reactive power response
smooth and stable. Due to this and the frequency tracking impacts
in the real and reactive power with small ripples. From this sort of
control the performance of both real and reactive power control
very significant and the efficacy has been increased by about 83%
and 70% respectively.


http://en.wikipedia.org/wiki/Direct_current
http://en.wikipedia.org/wiki/Alternating_current
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Fig: 4.2 Plot for the output waveform of Real and Reactive Pow-
ers

4.3 Voltage Error
As suggested in the grid voltage under the grid fault conditions of

voltage dip and frequency drop. The impedance of the feeder can
be considered as 0.405Q and 1.35mH.

[ttt

e

A

[

Fig: 4.3 Plot for the output waveform of voltage Error

The output voltage reduced and recovered according to the existing
and clearing of fault. While the response time taken by the fre-
quency return back to normal state is 0.2 s, where the voltage and
current response time taken is 0.1 s after the fault is eliminated. For
safety reasons, this was demonstrated and compared with a low-
power low voltage system. Though the working model is adequate
to low voltage and power levels and it can also be definitely
mounted up for high power and high voltage applications.

4.4. Frequency Error

The results of the frequency response is shown in Figure 5.4 when
the grid frequency is lesser than 50 Hz, the synchronverter track the
grid frequency perfectly earlier the connection to the grid with ac-
complished peak ripples of about 0.0053 Hz. As the performance of
the frequency tracking is significantly improved by the self-syn-
chronized synchronverter with the existence of smallest ripple when
the frequency value exceeds 0.035 Hz.

Fig: 4.4 Plot for the output waveform of frequency Error

Similarly the frequency response when the grid frequency increas-
ing 50 Hz. It results with negligible difference in response compar-
ing to the response with the enabling of droop modes. The fine fre-
quency tracking and the set reference for real power and reactive
power were trailed with even changeover and slight overreaches.
The real power will rise to the new steady state condition, When the
PD —mode is enabled.

5. Conclusion

A self-synchronized synchronverter is proposed, implemented, and
verified without the requirement of the devoted synchronization
unit for the purpose of synchronization. This enhance the system
performance with basic controller, lesser mandate for calculative
power, moderated development cost with less work, and better soft-
ware consistency. Synchronization takes place earlier the connec-
tion to the grid and it will evaluate the grid frequency later connec-
tion. Furthermore, it can work in various modes as the conventional
synchronverter with short of the requirement of the devoted syn-
chronization unit to offer the grid frequency identical as the refer-
ence frequency. Mathematical outcome presents the proposed con-
trol approach can enhance the frequency tracking performance
greater, similarly the performance of real power control is improved
to 83%, and reactive power control to 70%. Main aim of this paper
is to determine the possibility of eliminating the synchronization
unit which is considered as the essential part for grid-connected in-
verters. Whether it might prolong to further kinds of controllers for
grid-connected inverters is a demand. In standard, if a controller is
able to synchronize, then the controller can possibly make the syn-
chronization unit eliminate.
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