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Abstract: The use of renewable energy sources (RES) has increased exponentially during the present years. Even though the energy
production through the renewable sources had increased, they are unable to integrate it into the utility power grid directly. This happens
due to the frequency instability and other differences which are existing between the utility power grid and that of micro grids (WECS
or SPV). If we are able to integrate the renewable sources to the utility grid, the overall power production will be large and thus the
increased energy demand can be easily met. Here in this paper we are discussing about the possibility of integration of different
renewable energy resources to the utility grid with the help of a power electronic transformer in combination with a variable frequency
converter and also the methods to solve the existing frequency instability in the utility power system.
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1. Introduction
The conventional power generating systems are unable to
meet the energy demand since the demand for electrical
energy is increasing day by day. In such a scenario, sources
other than traditional are to be used to meet the excess
demand of energy. Due to the same, the use of renewable
energy sources (RES) has increased exponentially in these
years. Even though the energy production through the
renewable sources has increased, they are unable to integrate
it to the utility power grid directly. This happens due to the
frequency instability and differences which is existing
between the utility power grid and that of micro grids. If we
are able to integrate the renewable sources to the utility grid
the overall power production will be large and thus the
energy demand can be easily met.
Here in this paper we are discussing about the possibility of
integration of different renewable energy resources, RES; to
the utility grid with the help of a power electronic
transformer in combination with a variable frequency
converter and also the method to solve the existing
frequency instability in the utility power system. Power
electronic transformers are basically a multiple winding high
frequency transformer which can integrate multiple number
of renewable resources to the power grid. To match the
frequency of power produced with that of the grid, we are
incorporating a variable frequency converter on the grid
side. To solve the frequency instability problem, in this
paper we are discussing about mainly three methods viz
acceleration response, inertia emulsion and damping
enhancement.

transformers are considered as the heart of a power
electronic power system and it is basically a multilevel high
frequency converter combined with AC-DC converters on
both side.

Figure 1: Power electronic power system
While considering integrating the renewable energy
recourses to the power grid efficiently, we are using a high
frequency transformer and a converter preferably a
cycloconverter on the grid side.

Figure 2: (Top) conventional WECS (bottom) with power
electronics transformer on grid side.

2. Topology
Power electronic transformers are an inevitable part of a
power electronics power system. A simplified power
electronic power system contains the renewable energy
sources [RES], storage devices and as well as the
corresponding loads. Examples for a power electronic power
system are micro grids and smart grids. Power electronic

Figure 2 shows the difference between a conventional
integration of wind energy conversion system and the
proposed model of wind energy conversion system.
In this system we are using a multi winding high frequency
transformer [HFT] connected with a single phase
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cycloconverter on the grid side to integrate the resources.
The multi winding high frequency transformer can connect
multiple numbers of resources and connect them all to a
single grid. This is a major advantage of the system since we
only require a single transformer for the whole conversion.
Each of the resources, both WECS and SPV, are connecter
to the multi winding high frequency transformer through a
series of rectifier and inverter otherwise by a AC-DC
converter and a DC-AC converter and also a DC-DC
converter for the solar photovoltaic array. A general block
diagram for the proposed method of power integration to the
grid is given in Figure 3, power electronic transformer is
also termed as multi winding high frequency transformer.

Figure 3: Simplified block diagram of PET

 The proposed methods have single phase cycloconverter
on the grid side, connected to each of the 3 phases on the
grid. The cycloconverter used is a thyristor based
converter, since the thyristors can handle high amount of
current than any switching devices,

Figure 4: Detailed diagram of power integration to grid

 The power quality issues that could arise in such a
scenario like Harmonics can be suppressed as the
cycloconverter works on continues current circulation
mode of operation.
 The stabile frequency conversion is attained in a single
stage thus resulting in less loss in the system.
 The three of the primary winding of the high frequency
transformer is connected to the cycloconverter, while
the multiple windings of the secondary side connect a
number of sources.
 The transformer leakage inductance acts as a low pass
filter for ensuring continues current flow which can also
result in the proper commutation of the thyristors.

connected to the single phase multi winding high frequency
transformer. A converter is required in this situation to
maintain the quality of the power produced. While the wecs
require both rectifier and inverter, the spv array only
require the inverter section alone. Both the inverter and
rectifiers make use of IGBT since they are havigh high
switching frequency as well as are able to self commutate.

From Figure 4, the renewable energy sources (wind energy
conversion system and solar photovoltaic array) are
connected to H-bridge converters which are in turn

Figure 5: Cosine firing scheme
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The single phase cycloconverters use thyristors since it is
able to carry high current.
 The firings of the thyristors in the cycloconverters are
done by using the cosine scheme factor of triggering
(Figure 5).
 This scheme is used such that the amplitude of the
voltage at the output, as well as the frequency can be
controlled along with the phase control.
 The cycloconverter works in continues current mode of
operation since it is an advantage of not causing any
crossover distortion.
 Therefore the output of the cycloconverter operating in
a circulating current mode will have only a low amount
of harmonics present.
Stability Improvement
While discussing about the integration of the RES to the
grid, the other auxiliary equipments which plays a major
role in the process are also to be considered. If their proper
working is not ensured, the whole integration process will
not happen smoothly. The whole power generation and
transmission systems are housed in a power station.
Conventional Power stations are very sensitive to
variations in the system frequency and if the frequency
deviates from the normal value, it might be overloaded.
The auxiliary electric motors in the generation system
deliver air and fuel and other requirements (such as water
and coolant) to the entire power generation systems.
If low speed occurs due to variation in the frequency of the
system, it will significantly affect these auxiliary electric
motors. This phenomenon will lead to several cascading
shutdowns of the power stations. The frequencies below 47
Hz will lead to damage of steam turbines, while hydro
power plants and thermal units are more robust.
Frequencies down to 45 Hz, may face the worst, which is
disconnection.
In order to avoid such a situation which may lead to the
disconnection, there should be stability in the frequency of
the generated power. Stability improvement of frequency
can be done by the following methods. Damping
Enhancement,
Inertia
Emulation
and
Response
Acceleration.

3. Conclusion
Integration of renewable sources, to the grid with the help
of a power electronic transformer in combination with a
variable frequency converter on the grid side is proposed
here. The method to solve the existing frequency instability
in the utility power system is also discussed. Power
electronic transformers can integrate multiple number of
renewable sources to the power grid. To match the
frequency of power produced with that of the grid, we are
incorporating a cycloconverter on the grid side. To solve
the frequency instability problem, in this paper we are
discussed about mainly three methods viz acceleration
response, inertia emulsion and damping enhancement.

4. Acknowledgement
The authors would like to extend their warm gratitude to all
the persons including the mentors and friends who had
helped them to complete their paper. They are highly
grateful to their institution, guide and other staff members
for their constant support and guidance.

References
X. She, A.Huang, and R. Burgos, “Review of solid
state transformer technologies and their application in
power distribution systems,” IEEE Journal of
Emerging and Selected Topics in Power Electronics,
Vol.1 pp.186-198,2013
[2] K
Harda,
F.Anan,
K.Yamasaki,M.Jinno,Y.Kawata,T.Naka
shima,
K.Murata,and H.Sakamoto,”Inteligent transformer”,
in conf.rec.of.EEE PESC , 1996,pp.1337- 1341.
[3] Fang Zheng Peng, “A Generalized Multilevel Inverter
Topology with Self Voltage Balancing”, IEEE
transactions on industry applications, VOL. 37, NO.
2, MARCH/APRIL 2001
[4] J; Jih-Sheng;Fang Zheng Peng “Multilevel converters
a new breed of power converters,” IEEE Trans on
Industrial Electronics,vol.32, no.3, pp.509-517,
may/jun 1996.
[5] A Sahoo,and N Mohan,”High frequency link multi
winding power electronic transformer using modular
multi level converter for renewable energy
integration”,in Proc of Industrial Electronics
Society,IECON 2014-40th Annual Conference of the
IEEE,pp.4642-4648,Nov2014
[6] B R Pelly, “Thyristor phase controlled converters and
cycloconverers,” Wiley,1971
[7] IEEE Recommended Practices and requirements for
Harmonic Control on Electric Power Systems, IEEE
std.519,1992.
[8] Improvement of Frequency Stability in Power
electronics-Based Power Systems Jingyang Fang,
Xiaoqiang Li, Yi Tang School of Electrical and
Electronic Engineering Nanyang Technological
University Singapore
[9] F. Blaabjerg, R. Teodorescu, M. Liserre, and A. V.
Timbus, “Overview of control and grid
synchronization
for
istributed
power
generationsystems,” IEEE Trans. Ind. Electron., vol.
53, DOI 10.1109/TIE.2006.881997, no. 5, pp. 1398–
1409, Oct. 2006
[10] J. Fang, X. Li, and Y. Tang, “Grid- connected power
converters with distributed virtual power system
inertia,” in Proc. 2017 IEEE Energy Convers. Congr.
Expo. (ECCE), in press.
[1]

Volume 9 Issue 9, September 2020
www.ijsr.net
Licensed Under Creative Commons Attribution CC BY
Paper ID: SR20924130520

DOI: 10.21275/SR20924130520

1395

