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Abstract: Now a days as per the present scenario lot of power shortages are there in all over the world especially country like India.
Almost the electrical power from the fossil fuels is becoming so less some of the examples of the fossil fuels which are coal, oil and
gases. So most of them looking in forward for the electrical power from green or renewable based energies like solar, biomass, wind,
tidal which does not cause any pollution to the environment. This paper proposes a step up converter which is interleaved with voltage
multiplier module with two types of inverter for photovoltaic power system. The main attribute of the step up converter with inverter
topology is the fact which generates an AC output voltage which is larger than the DC input voltage. Operations, control strategy,
modulation and experimental results are included in this paper. Firstly, step up converter interleaved with voltage multiplier module
with full bridge inverter is compared with step up converter with voltage multiplier module with half bridge inverter is done in Matlab/
Simulink. The FFT spectrums for the outputs of the system are compared and presented to validate the proposed control strategy. Then
step up converter interleaved with voltage multiplier module with inverter is compared with conventional step up converter with inverter
for solar application.
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1. Introduction

Electricity which is the most essential part required for
human survivor and for the growth of any nation. But the
main fact is that, electricity is not available naturally and it
has to be converted from other sources of energy. Also due
to the rising costs and limited amount of nonrenewable
energy sources, there is an increasing demand for the
utilization of renewable energy sources such as photovoltaic
system [1]. So the main focus of the engineers is to make
use of the available PV energy and so to design and control
of step up converter to step up output voltage of the PV
system and an inverter which is suitable for such PV
applications. The power electronics circuits with pulse width
modulation (PWM) are mostly used in energy conservation
system to achieve closed loop control [2][3].

Photovoltaic (PV) power generation is one of the main way
to utilize the solar energy. The renewable energy source
based distributed generation system which is normally
interfaced to the grid through power electronic converters
and inverters.
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Figure 1: Typical Photovoltaic system

We know that renewable energy systems which generate low
voltage output. Converters which may be designed to
operate at a continuous current conduction mode for high
power application and also at discontinuous current
conduction mode for low power application. It is classified
in to two categories, if the output voltage of the converter
which is less than the input voltage then it is called as step
down converter otherwise it is called as a step up converter

[5].

2. Step up converter with voltage multiplier
module

The proposed step up converter interleaved with voltage
multiplier module which is shown in Figure 2. A
conventional boost converter and also two coupled inductors
are located in the voltage multiplier module, which is
stacked on to the boost converter which forms an
asymmetrical interleaved structure. The primary winding of
the coupled inductors with Np turns are employed to
decrease input current ripple, and also the same secondary
winding of the coupled inductors with Ns turns are
connected in series to extend voltage gain. Now the
switching period can be subdivided in to six modes of
operation. The modes 1-3 are same as the modes 4-6. Figure
2 shows the matlab simulation model for proposed step up
converter which is interleaved with voltage multiplier
module for photovoltaic system [1].
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Figure 2. Matlab simulation model for step up converter

The MATLAB/ Simulink model for step up converter is Figure 5: Voltage and current waveforms for VVgs1, Vgs2,
shown in above figure in which the PV panel including 1d3, 1d4

MPPT is the input source which is 40V. The simulation is

carried out by different six operating modes. According to =

this the simulink model works and gets output current and E

voltage waveforms. Then the system undergoes run

command & after completion of the system run, the system 7T W ‘ A l /l
behaviour is analyzed from the waveforms. The output of N / \ / /

the system can be calculated as the sum of the voltages at the N/ \r \IJ V \I/ w \]/
four capacitors and which is 380V. The output waveforms
for the current & voltages at different stages are shown in Flgure 6: Results fOF current waveforms for lin, 11k

following figures.
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Figure 3: Voltage and current waveforms for Vgs1, Vgsﬁ: | | |
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Figure 4: Voltage and current waveforms for VVgs1, Vgs2,
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47' Figure 8: Output voltage for proposed step up converte‘r.
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Figure 9: Matlab simulation model for step up converter with load variation between 100W and 500W

Above figure 9 shows the load variation between 100W and 4, Step up converter with full bridge inverter
500W for the proposed step up converter and the output

waveform is shown in the following figure 10 which is 380V
DC supply.

Figure 10: Output voltage forwétep up converter with 100W
and 500W load variation
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Figure 11: Proposed step up converter with single phase full bridge inverter
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The above figure 11 shows the single phase full bridge A I g

inverter with input source as proposed step converter with : f \ ;{\ A m f\: A f\ ;f‘\ f\ f“\ f\ f\\
photovoltaic system which converts the input 380V DC =/~ ‘\ /’ ‘\ l{ ‘\ ! \ 1 \ / \ /’ ‘\ " ‘l‘ l’ \{’ ‘\ IH\ /’ ‘\”
supply to the 380V AC supply as output. The LC filter is g T A B S B T A A Y AL
used in the system. Figure 14 which shows the output v U; | v U Sy — \j -\
voltage of the full bridge inverter. The THD of the output ’
voltage of the inverter is found to be 1.48%. The frequency Figure 14: Waveform for output voltage of full bridge
spectrum is shown in the figure 16. inverter
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1 Figure 15: Waveform for output current of full bridge
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Figure 12: Input voltage of full bridge inverter
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Figure 13: Pulses given to IGBT/Diode 1 to 4 Figure 16: FFT and THD analysis for full bridge inverter

5. Efficiency calculation for step up converter
with full bridge inverter

—h— ] Efficiency calculation graph for Step up converter with Full Bridge Inverter
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Figure 17: Matlab simulation model for efficiency calculation for step up converter with full bridge inverter

Above figure 17 shows for efficiency calculation for step up
converter with full bridge inverter and the efficiency versus
power graph is shown in the following figure 18.
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Figure 18: Efficiency calculation graph for full bridge inverter

6. Step up converter with half bridge inverter

Figure 19: Matlab simulation model for proposed step up converter with single phase half bridge inverter

The above figure 19 shows the single phase half bridge = = = = = = = = = = — —
inverter with input source as proposed step converter with
photovoltaic system which converts the input 380V DC ¢
supply to the 190V AC supply as output. The LC filter is f
used in the system. Figure 22 which shows the output
voltage of the full bridge inverter. The THD of the output =
voltage of the inverter is found to be 3.76%. The frequency ; "

spectrum is shown in the figure 24. [ - o " ’

Figure 21: Pulses given to IGBT/ Diode switch 1 and 2
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Figure 20: Input voltage of half bridge inverter
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Figure 24: FFT and THD analysis for half bridge inverter

7. Efficiency calculation for step up converter
with half bridge inverter
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Figure 25: Matlab simulation model for efficiency calculation for step up converter with half bridge inverter

Above figure 25 shows for efficiency calculation for step up Figure 26: Efficiency calculation graph for half bridge
converter with full bridge inverter and the efficiency versus inverter
power graph is shown in the following figure 26. 8. Conventional step up converter with full

bridge inverter with efficiency calculation
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Conventional Step up converter with Full Bridge Inverter with €fficiency calculation

Figure 27: Matlab simulation model for conventional step up converter with inverter

The above figure 27 shows the conventional step up
converter with full bridge inverter with photovoltaic system.
The step up converter converts the input 40V DC supply to
the 140V DC output supply and then the inverter converts
this DC 140V to the AC 140V output supply which are
shown in the following figures. Figure 24 which shows the
output voltage of the conventional PV system. Figure 30
shows the efficiency versus power graph for conventional
step up converter with full bridge inverter.
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Figure 28: Waveform for output voltage of inverter
WL
N

\ iE\ E 1‘5'!‘

il
il

CURRENT

T uf L RARRANIAY UIVH N

0 n [H 03 W ] 1] W 1]
TE

Figure 29: Waveform for output current of inverter
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Figure 30: Efficiency calculation graph for conventional
step up converter with inverter

9. Conclusion

The control system of a power converters is one of the most
important part of the photovoltaic power generation system.
In the paper, proposed step up converter interleaved with
voltage multiplier module with single phase full bridge
inverter and single phase half bridge inverter using solar
power source is simulated using Matlab/Simulink and
compared with conventional step up converter with inverter
for solar system. The proposed step up converter interleaved
with voltage multiplier module which converts the DC 40V
input supply to 380V DC output. The output voltage of
proposed converter with full bridge inverter is obtained as
380V AC supply with a THD of 1.48%. The output voltage
of proposed converter with half bridge inverter is obtained
as 190V AC supply with a THD of 3.76%. The conventional
step up converter which converts the 40V DC input supply
to the 140V DC supply and then inverter converts 140V AC
output supply. Thus the proposed step up converter is more
suitable than the conventional step up converter for the
photovoltaic power generation system.

Volume 5 Issue 6, June 2016
WWW.ijsr.net

Licensed Under Creative Commons Attribution CC BY

Paper ID: NOV164771

http://dx.doi.org/10.21275/v5i6.NOV164771 2261



International Journal of Science and Research (1JSR)
ISSN (Online): 2319-7064
Index Copernicus Value (2013): 6.14 | Impact Factor (2015): 6.391

References

[1] Kuo-Ching Tseng, Chi-Chih Huang, and Wei-Yuan
Shih, “A High Step-Up Converter With a Voltage
Multiplier Module for a Photovoltaic System”, IEEE
Transactions On Power Electronics, Vol. 28, No. 6,
0885-8993, June 2013

[2] Yushan Liu, BaomingGe, Haitham Abu-Rub, Fang Z.
Peng, ” An Effective Control Method for Quasi-Z-
Source Cascade Multilevel Inverter-Based Grid-Tie
Single-Phase Photovoltaic Power System”, IEEE
Transactions On Industrial Informatics, Vol. 10, No. 1,
1551-3203, February 2014

[3] Tzuen-Lih Chern, Ping-Lung Pan, Yu-Lun Chern, Wei-
Ting Chern, Whei-Min Lin, Chih-Chiang Cheng, Jyh-
Horng  Chou, Long-Chen  Chen, “Excitation
Synchronous Wind Power Generators With Maximum
Power Tracking Scheme”, IEEE TRANSACTIONS ON
SUSTAINABLE ENERGY, 1949- 3029 ,2014 IEEE.

[4] Pablo Acunna, Luis Moran, Marco Rivera, Juan Dixon,
Jose Rodriguez, “Improved Active Power Filter
Performance for Renewable Power Generation
Systems”, IEEE Transactions On Power Electronics,
Vol. 29, No. 2, 0885-8993, February 2014.

[5] Michael M. C. Merlin, Tim C. Green, Paul D.
Mitcheson, David R. Trainer, Roger Critchley, Will
Crookes, and Fainan Hassan, “The Alternate Arm
Converter: A New Hybrid Multilevel Converter With
DC-Fault Blocking Capability”, IEEE Transactions On
Power Delivery, Vol. 29, No. 1, 0885-8977, February
2014.

[6] Chung-Ming Young, Ming-Hui Chen, Tsun An Chang,
Chun-Cho Ko, Kuo Kuang Jen, “Cascade Cockcroft
Walton Voltage Multiplier Applied to Transformerless
High Step-Up DC-DC Converter”, IEEE Transactions
On Industrial Electronics, Vol. 60, No. 2, 0278-0046,
February 2013.

[7] M.A. Abdullah, A.H.M. Yatim , CW. Tan , AS.
Samosir, “Control of a Bidirectional Converter to
Interface Ultra capacitor with Renewable Energy
Sources”, IEEE Transactions, 978-1-4673-4569-9/13,
2013 IEEE.

[8] Daniel Montesinos-Miracle, Miquel Massot-Campos,
Joan Bergas-Jan’e, Samuel Galceran-Arellano, and
Alfred Rufer, “Design and Control of a Modular
Multilevel DC/DC Converter for Regenerative
Applications”, IEEE  Transactions On  Power
Electronics, Vol. 28, No. 8, 0885-8993, August 2013.

[9] K. I. Hwu, C. F. Chuang, W. C. Tu, “High Voltage-
Boosting Converters Based on Bootstrap Capacitors and
Boost Inductors”, IEEE Transactions On Industrial
Electronics, Vol. 60, No. 6, 0278-0046, June 2013.

[10]Qin Lei, Fang Zheng Peng, “Space Vector Pulse width
Amplitude Modulation for a Buck Boost Voltage /
Current Source Inverter”, IEEE Transactions On Power
Electronics, Vol. 29, No. 1, 0885-8993, January 2014.

Author Profile

o

Bhushan S. Chaudhari received his B.E. Electrical
from Government College of Engineering, Jalgaon, in
2013, and now also pursing M.E. from S.S.B.T.’s

College Of Engineering and Technology, Jalgaon. He has

published three papers in international journal.

M. Mujtahid Ansari received his B.E.( Electrical
Engineering) and M.E.(Electrical Power System) from
the S.G.B.University, Amravati. He is the member of
ISTE, IE and IACSIT. He has joined S.S.B.T.College
of Engineering and Technology, Jalgaon in the year
2000. He is working as Assistant Professor in Electrical
Engineering Dept. Also he was chairman Board of studies in
Electrical Engg. and Instrumentation Engg. under the faculty of
Engineering and Technology, North Maharashtra University,
Jalgaon, India.

Volume 5 Issue 6, June 2016
WWW.ijsr.net

Licensed Under Creative Commons Attribution CC BY

Paper ID: NOV164771

http://dx.doi.org/10.21275/v5i6.NOV164771 2262





