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This paper presents a high step-up DC-DC converter. The converter
had a simple structure and without adding an auxiliary switch, soft
switching condition was provided in the converter. Due to the fact that
a switch was not added to the converter, there was no need to design
a new control circuit for this converter and the basic control circuit
structure was suitable for this converter. In the proposed converter,
with the minimum number of auxiliary elements soft switching
condition provided reduced losses and increased efficiency in
addition to having a simple structure. Soft switching condition was
provided under zero current switching (ZCS) when the switch was
turned on and under zero voltage switching (ZVS) when the switch
was turned off. The voltage stress on the switch was at a lower level
than the output voltage of the converter which the switch can use with
low voltage. In addition, not much current stress was imposed on the
converter, which did not require a very high current switch. The
proposed converter was completely analyzed and in order to prove
the theoretical analysis, the converter was simulated ata power of 500
watts and full load, the efficiency obtained was approximately 97%.
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EXTENDED ABSTRACT

Introduction

Today, high step-up converters (with high voltage gain) have found wide application in
energy production systems. Systems such as photovoltaic, fuel cell or hybrid systems the
output voltage of which is low and there is a need to increase the voltage level to an
acceptable value for the inverters to convert to city electricity voltage. Therefore, the use of
these converters has become very widespread. If there is no need for isolation between the
input and output, the non-isolated type is used due to its simple structure and design. The
basic boost converter cannot have high duty cycle due to the losses of the converter
inductor. Therefore, in order to have a high voltage gain and to convert voltages to high leve],
the limitation of the duty cycle becomes a problem, and a boost converter cannot be used.
For this reason, the design of high step-up converters has expanded greatly. These
converters are based on boost converter that greatly increase the output voltage level at a
lower duty cycle by various elements such as coupled inductors and capacitors. In addition,
from the perspective of efficiency and problems of sudden changes in switch voltage and
current, there is a need to create soft switching condition in converters. Thus, at moments
of turning on and off the switch, it controls the voltage and current so that they do not
change suddenly and slowly reach to zero level and then change the state of the switch.

Methodology

The structure of the proposed converter is shown in Figure 1. The converter was a
combination of a boost converter structure with coupled inductors with a series capacitor
in the path to increase the voltage gain, as well as an output voltage leveling circuit, which
increased the voltage gain by the coupled inductors L1, Lz and L3 and C, so that the ratio of
output to input voltage was high at low duty cycle. Auxiliary elements Ly, C;, D1 and D2 were
placed in order to create soft switching conditions. The important relationships of the
proposed converter design are shown below:
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Figure 1. Structure of the proposed converter.
Results and discussion

Simulation results

The converter was simulated at 24 V input voltage, because in an application system,
input voltages are usually in this range. Furthermore, according to the gain value, the output
voltage was obtained at about 410 volts, which is a suitable option for power generation
applications for the input of a three-phase inverter. The simulation was carried out in
PSPICE software and the results are presented in Figures 2 and 3. Figure 2 is related to the
voltage and current of the switch, which is given separately and also in one diagram. It is
obvious that in this diagram, at the moment of turning on the switch, the current increased
with a slope and did not change suddenly, which shows that the soft switching condition
under zero current was achieved for the switch. At turning off the switch, the voltage did
not increase suddenly and reached maximum value with the slope, creating soft switching
condition for turning off switch. During the time when the switch is turned off, minor
fluctuations occurred on the switch, and these fluctuations were caused by the parasitic
capacitor on the switch, which is usually not seen in the experimental prototype. By placing
the ideal elements, accurate simulation shapes were obtained and these fluctuations were
not present. However, in order to fully prove the theoretical results and the complete
similarity of the simulation results with the experimental example, simulations with real
elements and detailed practical specifications were carried out, the results of which were
similar to the experimental prototype.

Figure 3 concerns the current of the converter diodes. Since diode current is more
important in converters and soft switching conditions under zero current are particularly
important when diodes are turned off, the form of diode currents was provided. Due to the
problem of reverse recovery of diodes at the time of shutdown, if the conditions of
shutdown under zero current were established for the diodes, the current of the diodes did
not suddenly become zero and slowly reached zero and turned off. Thus, it can be concluded
that the problem of reverse recovery in diodes was solved. This point is clear in the results
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of Figure 3 where all the converter diodes had a slow change of current when they were
turned off and did not have a sudden change of current.

Ipoz
Ipo1

Figure 3. Simulation results of the current of the diodes.
Conclusion

Anew high step-up DC-DC converter is presented in this paper. The proposed converter
provided soft switching conditions for turning on and off the switch, which led to a
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reduction of switching losses and an increase in the efficiency. The proposed converter
diodes were turned off under zero current switching condition, which in addition to
reducing the switching losses of these diodes, solved the reverse recovery problem of these
diodes. The converter had three coupled inductors on one core, which in addition to
increasing the voltage gain by these coupled inductors because the coupled inductors were
wrapped on one core, the volume of the converter did not increase and the presence of the
coupled inductor did not have much impact on the volume of the converter. The proposed
converter had only one switch and did not have an additional auxiliary switch, which was
no different from the basic converter in terms of its control and circuit, and there was no
need to design a new control circuit for this converter. In the simulation test performed on
the proposed converter, improved efficiency, high gain and soft switching were observed,
which proved the design and theory results.
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