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Abstract: One of the most popular and accessible sources of renewable energy is solar energy. In
order to eliminate fossil fuels that have pollution and destructive effects on the environment, many
researches and studies have been conducted so that clean sources of energy, including solar energy,
can replace or compete with fossil fuels. In a single-phase system with a two-phase structure, if the
line voltage is 220 volts, the bus voltage of the inverter connected to the grid must be around 380
volts. However, the output voltage of photovoltaic cells is generally lower than the bus voltage. DC-
DC converters with high voltage gain are responsible for converting the low voltage of solar cells to
the appropriate voltage level. The boost converter is the simplest structure that increases the voltage
level, but the use of the boost converter in high voltage applications will bring many problems, for this
reason, extensive research has been done to improve the problems of the boost converter and provide
new structures. In the proposed structure, the technique of voltage multiplier circuit and coupled
inductor is used to increase the gain. In this article, in addition to explaining the operation of the
circuit and providing theoretical analysis, the correctness of the operation of the circuit is evaluated
through PSpice software and the practical implementation of the laboratory sample.
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Figure (1): Proposed converter
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Figure (2): Proposed converter with coupled inductor equivalent circuit
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Figure (3): The key waveforms of the proposed converter
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Figure (4): Equivalent circuits of the proposed converter in the first mode
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Figure (5): Equivalent circuits of the proposed converter in the second mode
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Figure (6): Equivalent circuits of the proposed converter in the third mode
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Figure (7): Equivalent circuits of the proposed converter in the fourth mode
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Figure (8): Equivalent circuits of the proposed converter in the fifth mode
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Figure (9): voltage gain comparison of the proposed converter with other converters
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Figure (10): voltage gain comparison of the proposed converter with other converters
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Yo

T
i
[
-
~"—Zar


https://jeps.dezful.iau.ir/article-1-506-fa.html

[ Downloaded from jeps.dezful.iau.ir on 2025-01-22 ]

Journal of Novel Researches on Smart Power Systems - VVol. 13 - No. 2- Summer 2024

S 95 (55,51 sl 1)1 (61 YU 0y Cwgr Joue SO 0 Sdee o g (il

L el ool o tion el ool ools lis calises sl ylgs sl 4y (golprinn Jaus 003l (gilwand Jloges (VY) SO jo
izad b oo el Joe 003 g oad i Lol chlae alali (olgr Gili8l b ogd oo Bae U LL AT 0 A8

3,15 olgiiing Jous 4y Cnd (55508 033l (6955 950 0L sulas Sl JJs a4 [VF] ax e

100

99
®— Proposed Converter

98 - —O— Converter in [14]
97 A
96 A 'S - o °
b °
95 .

ol O/O/,,o——ﬂﬁo\o

93

Efficiency (%)

92

91 A

90

20 40 60 80 100 120 140 160 180 200 220
Output Power (W)

(N=D)ailsy o yo St cos 1 laae log ol Joes 55 050 ylo5ed (OT) JSC
Figure (14): voltage gain comparison of the proposed converter with other converters

S S azs -0

Slo S g alsl o couload (o Joaus 8,5as 0556 o g Cowl 0l (B xe (golpaiing Jouwe ol jo allis ol o
QG axgi Lo ooy las ilwand bl &Il L oads lo Cdlae Coro Ll jo 9 8,5 1,8 o) 0 50 (solpaiiin Jouw

Oearad g 058 Sl YU Hleadly of par ay 1) YU 5L 0 g0 el astuilyy (golpiiin Jowe 8l )0 olg5 oo 00l ol CJlae

(1]

[2]

(3]

(4]

(5]

(6]

[7]

References

&l
H. Tarzamni, H. S. Gohari, M. Sabahi, and J. Kyyra, " Nonisolated High Step-Up DC-DC Converters:
Comparative Review and Metrics Applicability,”" IEEE Transactions on Power Electronics, vol. 39, no. 1,
pp. 582-625, 2024 (doi: 10.1109/TPEL.2023.3264172).
M. R. Mohammadi, H. Peyman, M. R. Yazdani, S. M. M. Mirtalaei, " A ZVT bidirectional converter with
coupled-filter-inductor and elimination of input current notches, " IEEE Transactions on Industrial
Electronics, vol. 67, no. 9, pp. 7461-7469, 2019 (doi: 10.1109/T1E.2019.2944065).
D. Taheri, G. Shahgholian, S. M. M. Mirtalaei " Analysis, design and implementation of a high step- up
multi- port non- isolated converter with coupled inductor and soft switching for photovoltaic
applications,” IET Generation, Transmission & Distribution, vol. 16, no. 17, pp. 3473-3497, 2022 (doi:
10.1049/gtd2.12537).
K. Zaoskoufis, and E. C. Tatakis, “An Improved Boost-Based dc/dc Converter with High-Voltage Step-Up
Ratio for DC Microgrids,” IEEE Journal of Emerging and Selected Topics in Power Electronics, vol. 9, no.
2, pp. 1837-1853, 2021 (doi: 10.1109/JESTPE.2020.2981018).
M Mirtalaee, R Amani Nafchi, " Boost high step-up dc/dc converter with coupled inductors and diode-
capacitor Technique," Journal of Intelligent Procedures in Electrical Technology, vol.10, no. pp.3-12, 2019
(in Persian).
J. Jalili, S. M. M. Mirtalaei, M.R. Mohammadi, B. Majidi, " A Current-Fed ZVS High Step-Up Boost
Converter Integrated with Isolated SEPIC Converter,” Journal of Circuits, Systems and Computers, vol. 33,
no. 1, 2022 (doi: 10.1142/S0218126624500051).
P. Luo, T.-J. Liang, S.-M. Chen, and K.-H. Chen, "A high step-up DC-DC converter with switched-
capacitor and switched-inductor using one coupled inductor,” IET Power Electronics, vol. 16, no. 9, pp.
1514-1526, 2023 (doi: 10.1049/pel2.12491).

A4


https://doi.org/10.1109/TPEL.2023.3264172
https://doi.org/10.1109/TIE.2019.2944065
https://doi.org/10.1049/gtd2.12537
https://doi.org/10.1109/JESTPE.2020.2981018
https://doi.org/10.1142/S0218126624500051
https://doi.org/10.1049/pel2.12491
https://jeps.dezful.iau.ir/article-1-506-fa.html

[ Downloaded from jeps.dezful.iau.ir on 2025-01-22 ]

Journal of Novel Researches on Smart Power Systems - VVol. 13 - No. 2- Summer 2024

VF ¥ bl —pg0 o,leds —po0 o Jlo —diodign 508 (sl pinnw ;0 (gl Olidod  sanss - sole ale

(8]

(9]

[10]

[11]

[12]

[13]

[14]

[15]

[16]

[17]

(18]

Y. Zhang, J. T. Sun, and Y. F. Wang, “Hybrid Boost Three-Level DC-DC Converter with High Voltage
Gain for Photovoltaic Generation Systems,” IEEE Transactions on Power Electronics, vol. 28, no. 8, pp.
3659-3664, 2013 (doi: 10.1109/TPEL.2012.2229720).

P. Talebi, M. Packnezhad, and H. Farzanehfard, "Fully Soft-Switched Ultra-High Step-Up Converter With
Very Low Switch Voltage Stress," IEEE Transactions on Power Electronics, vol. 38, no. 3, pp. 3523-3530,
2023 (doi: 10.1109/TPEL.2022.3224831).

R. Fani, E. Farshidi, E. Adib et al., “Analysis, Design, and Implementation of a ZVT High Step-Up DC-
DC Converter with Continuous Input Current,” IEEE Transactions on Industrial Electronics, vol. 67, no.
12, pp. 10455-10463, 2020 (doi: 10.1109/T1E.2019.2960727).

J. Jalili, S. M. M. Mirtalaei, M. R. Mohammadi, B. Majidi, " A ZVS high step-up converter based on an
integrated boost-cuk topology," Electrical Engineering, vol. 104, no. 2, pp. 807-816, 2022 (doi:
10.1007/s00202-021-01450-y).

J. Ai, M. Lin, and M. Yin, “A Family of High Step-Up Cascade DC-DC Converters with Clamped
Circuits,” IEEE Transactions on Power Electronics, vol. 35, no. 5, pp. 4819-4834, 2020 (doi:
10.1109/TPEL.2019.2943502).

R. R. Khorasani, E. Adib, and H. Farzanehfard, “ZVT Resonant Core Reset Forward Converter with a
Simple Auxiliary Circuit,” IEEE Transactions on Industrial Electronics, vol. 65, no. 1, pp. 242-250, 2018
(doi: 10.1109/TIE.2017.2716871).

M. Heidari, M. Esteki, S. A. Khajehoddin, and H. Farzanehfard, "A High Voltage Gain ZVT Quasi-Z-
Source Converter with Reduced Voltage Stress," IEEE Transactions on Power Electronics, vol. 37, no. 11,
pp. 13696-13710, 2022 (doi: 10.1109/TPEL.2022.3178140).

T. Jin, X. Yan, H. Li, J. Lin, Y. Weng, and Y. Zhang, "A New Three-Winding Coupled Inductor High
Step-Up DC-DC Converter Integrating With Switched-Capacitor Technique," IEEE Transactions on
Power Electronics, vol. 38, no. 11, pp. 14236-14248, 2023 (doi: 10.1109/TPEL.2023.3301869).

Y. Zhang, J. Sun, Y. Wang, “Hybrid boost three-level DC-DC converter with high voltage gain for
photovoltaic generation systems,” IEEE Transactions on Power Electronics, vol. 28, no.8, pp. 3659-3664,
2013 (doi: 10.1109/TPEL.2012.2229720).

J. Jalili, S. M. M. Mirtalaei, Mohammadi, Mohammad Reza, and B. Majidi, "The current-fed high step-up
switching converter with low coupled-inductor RMS current,” Journal of Novel Researches on Smart
Power Systems, Research vol. 11, no. 4, pp. 1-7, 2023 (in Persian).

D. Taheri, G. Shahgholian, and M. M. Mirtalaei, "Simulation of Combined Boost Converter Behavior with
Positive Output Voltage and Investigation of Voltage Ripple at Output,” Journal of Novel Researches on
Smart Power Systems, Applicable vol. 9, no. 3, pp. 1-8, 2020 (in Persian).

B w o)

' High Voltage Direct Current
% Zero Current Switching

* Electro Magnetic Interference
* Zero Voltage Switching

\a%


https://doi.org/10.1109/TPEL.2012.2229720
https://doi.org/10.1109/TPEL.2022.3224831
https://doi.org/10.1109/TIE.2019.2960727
https://doi.org/10.1007/s00202-021-01450-y
https://doi.org/10.1109/TPEL.2019.2943502
https://doi.org/10.1109/TIE.2017.2716871
https://doi.org/10.1109/TPEL.2022.3178140
https://doi.org/10.1109/TPEL.2023.3301869
https://doi.org/10.1109/TPEL.2012.2229720
https://jeps.dezful.iau.ir/article-1-506-fa.html
http://www.tcpdf.org

