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Abstract

In recent few decades, due to various reasons, including energy crisis and environmental problems,
renewable energy sources such as wind energy, solar systems and fuel cells have received much
attention. Solar or photovoltaic systems are one of the most widely used renewable energy sources that
have a low output voltage. For this reason, research on dc-dc converters has increased in recent years.
In this paper, a non-isolated high voltage gain converter with three input-output ports is proposed. This
converter provides two separate paths for power flow from each input source to the output load. In
order to reduce the number of converter components, some components play multiple roles. Therefore,
the energy storage device (battery) will charge with the same components used to transfer the power to
the load. In this converter, to increase the voltage gain, the coupled inductor technique is used.
Moreover, to reduce the leakage inductance as well as achieving the soft switching condition, two
active clamps are used. Since the voltage across the switches is limited, the switches can be used with
low voltage stress and thus low conduction losses. In this converter, the ripple of the input current will
reduce by adding an inductor at its input. This has a significant impact on the performance and the
lifespan of the solar cells. The various operational modes of the converter are discussed and the
designing considerations are presented. A prototype of the proposed converter is simulated to supply a
130 W, 330 V load with a switching frequency of 50 kHz, in OrCAD software. Finally, a laboratory
sample is implemented and the theoretical analysis are validated by the practical results.
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Figure (1): Proposed non-isolated high voltage gain dc-dc converter with three input-output port
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Figure (2): Essential waveforms of the proposed converter in step-up mode
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Figure (3): Equivalent circuit of the proposed non-isolated high voltage gain converter in various time periods in step-up mode, a) Time
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Figure (6): Variations of the efficiency of the proposed converter versus variations in duty cycle
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Figure (7): Variations of the gain of the proposed converter versus variations in duty cycle
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Figure (8): Comparing the output voltage of the proposed converter with the converter presented in [1], a) Output voltage of the proposed
converter around 331 (V) 50 (V/div), b) Output voltage of the similar converter around 326 (V) 50 (V/div)

16V/Di ] i
D {
| FRke e b et

\./ \\.L/\/ \/ T~ ! II'J \ ln’ \ Il' .\ ‘I' \ ,l' \ |" \ { \ .f
! [ I'n | 1" \ Ill \ {I \ l" Il| [\ "' \ | "'

"‘ I'» | 1" ‘5 .( l‘! n" \I| ll' ‘.l { / l'll [ l'l {‘

‘g \ 1 L\ / vl v \ \ ,1 \ “;

e 8 R RN Y Y R

g vlh (« ,\ 'l \ \l f \ { .'u { ..' f |\ 'l

\ L \ 77'__‘ it ! \

D g2 0 Jomo b (s0loauiions Jomo (53959 0ol 32 ey s o 1 (1) JSs
Figure (9): Comparing the input current ripple of the proposed converter with the converter presented in [1], a) Input current ripple of the
proposed converter around 2.9 (A) 10 (A/div), b) Input current ripple of the similar converter around 10.8 (A) 5 (A/div)
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Figure (10): Comparing the transformer primary winding of the proposed converter with the converter presented in [1], a) transformer
primary winding of the proposed converter 1 (A/div), b) transformer primary winding of the similar converter 1 (A/div)
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Table (1): Comparing the parameters of the proposed converter with the converter presented in [1]
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Figure (11): Simulation results in OrCAD software a) Voltage as well as current of the main switch in step-up mode 40 (V/div) b) Voltage as
well as current of the auxiliary switch in step-up mode 40 (V/div), c) Voltage as well as current of the main switch in charging mode 10
(V/div), d) Voltage as well as current of the auxiliary switch in charging mode 10 (V/div), e) Current of the transformer primary winding of
the proposed converter 1 (A/div), f) Current ripple of the proposed converter 1(A/div)
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Table (2): Parameters of the proposed converter
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Figure (12): Photo of the control as well as power circuits designed and constructed, a) Control Circuit, b) Power circuit
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Figure (13): Voltage as well as current waveforms of the main switch S; and the auxiliary switch S; in step-up mode 20 (us/did), a) Voltage
across the main switch S; 40 (V/div), b) Current through the main switch S; 10 (A/div), ¢) Voltage across the auxiliary switch S; 40 (V/div),
d) Current through the auxiliary switch S; 10 (A/div)
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Figure (14): Voltage as well as current waveforms of the main switch S, and the auxiliary switch S, in charging mode 20 (us/did), a) VVoltage
across the main switch S, 10 (V/div), b) Current through the main switch S, 5 (A/div), ¢) Voltage across the auxiliary switch S, 10 (V/div),
d) Current through the auxiliary switch S, 5 (A/div)
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Figure (15): Input current Waveform 10 (A/div)
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