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Abstract: In this paper, a new three-port DC-DC converter is
introduced. The designed converter benefits from a small
number of elements, and it has a bidirectional port for the
battery. This converter can operate in three different
operating modes including renewable source-alone mode,
battery-alone mode, and battery-charging mode. A prototype

of the proposed converter was built and tested in the
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laboratory. Its dynamic responses to the changes in the input
voltage and output load in all three operation modes verified
the accuracy of the designed converter.

How to cite this article: Mataei, Sh. et a, "Design and implementation of a novel three-port DC-DC converter for local energy

applications’,
https://doi.org/10.22052/eem.2024.254530.1057
© 2023 University of Kashan Press.

Thisis an open access article under the CC BY license.(http://creativecommons.org/licenses/by/4.0/)

Introduction

In this paper, a new three-port DC-DC converter
is introduced. The designed converter benefits
from a small number of elements, and it has a
bidirectiona port for the battery. In the case that
the renewable energy source is not available, the
converter is cable of feeding the load from the
energy stored in the battery. Also, when the load
is not heavy, it is possible to charge the battery
from the renewable energy source. This
converter can operate in three different operating
modes including renewable source-only, battery-
only, and battery-charging mode. Having these
three operating modes, the converter can feed the
load for a longer time with an appropriate
planning. A prototype of the proposed converter
was built and tested in the laboratory. Its
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dynamic responses to the changes in the input
voltage and output load in all three operation
modes verified the accuracy of the designed
converter.

Materials and Methods

A new three-port step-down DC-DC converter
aong with its controller was designed. Using the
KVL and KCL in switch on and off modes, the
voltage gains of the converter in different
operation modes were obtained. Then the
number of turns in the inductors were calcul ated
for a continuous current operation. In the next
step, a Pl voltage controller was designed. The
comparison between the proposed converter with
other similar converters was provided. The result
of the experiments showed the accuracy of the
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design method. With a low manufacturing cost,
this converter can be used in the low power
renewable energy applications such as road and
street lighting.

Discussion and Conclusion

In this paper, a new three-port DC-DC step-down
converter has been introduced. The most
important characteristics of this converter are:
the small number of elements, a common ground

between the inputs and outputs, 3 operation
modes, bidirectional port, and a battery alone-
mode. To confirm the accuracy of the designed
converter, a prototype of the proposed converter
was built, and its dynamic performance in the
presence of the changes in the input voltage and
output load in al three operation modes were
investigated in the laboratory. The obtained
results have demonstrated the accuracy of the
converter and its controller design.
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