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Abstract:

This paper presents a new high-efficiency DC-DC converter structure utilizing a combination of coupled inductors and
a voltage multiplier network. This structure is applicable in the aviation industry for electric aircraft. The proposed
design achieves high output voltage gain through a low duty cycle, which reduces stress on the semiconductor
components. Consequently, the proposed structure leads to lower losses and improved system efficiency. Additionally,
the proposed structure offers advantages such as the use of a single active switch, resulting in simplified control and
continuous input current. Simulation results obtained from MATLAB software, along with experimental results from a
200-watt prototype, confirm steady-state performance and alignment with theoretical outcomes.
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1. Motivation of the work

The motivation behind this research stems from the
growing demand for efficient power management
solutions in the aviation industry, particularly for electric
aircraft. As the industry shifts toward electrification to
enhance sustainability and reduce carbon emissions, there
is an urgent need for advanced power conversion
technologies that can meet the unique challenges posed
by electric propulsion systems. This research is crucial as
it addresses these challenges by presenting a high-
efficiency DC-DC converter structure that significantly
improves voltage gain while minimizing losses.

The main impact of this research lies in its potential to
enhance the performance and reliability of electric
aircraft systems. By utilizing a combination of coupled
inductors and a voltage multiplier network, the proposed
design achieves high output voltage gain at a low duty
cycle, which reduces stress on semiconductor
components. This not only leads to improved system
efficiency but also contributes to the longevity and safety
of the components used in aviation applications.

The authors chose this model due to its ability to simplify
control mechanisms through the use of a single active
switch while ensuring continuous input current. This
approach not only streamlines the design but also
enhances operational stability. The validation of the
proposed structure through both simulation results from
MATLAB and experimental results from a 200-watt
prototype further underscores the reliability and
effectiveness of the chosen methods, making a
compelling case for its adoption in future electric aircraft
power systems.

2. Contributions

This study presents significant advantages over existing
DC-DC converter designs, specifically tailored for
electric aircraft applications. The primary objective is to
introduce a high-voltage gain converter structure that
enhances power distribution efficiency while addressing
the unique challenges of electric propulsion systems.

One of the key advantages of the proposed converter is
its ability to achieve a high output voltage gain (11.25) at
a low duty cycle (46%), which is not commonly seen in
traditional designs. This capability allows for effective
power management in scenarios where space and weight
are critical factors, such as in aviation.

Additionally, the incorporation of coupled inductors
within the voltage multiplier networks adds flexibility to
the design, enabling higher voltage gains without
compromising  efficiency.  This  contrasts  with
conventional converters that often face limitations in
voltage gain and operational efficiency.

The study also highlights the simplicity of control
mechanisms and the low voltage stress on active
components, which enhance reliability and reduce
maintenance needs—key considerations for aviation
applications where safety and operational efficiency are
paramount.

In summary, the objectives of this review are to showcase
the innovative design of the proposed DC-DC converter,

emphasize its superior performance metrics compared to
traditional converters, and underline its practical
implications for the future of electric aircraft power
systems. By focusing on these priorities, the study aims
to provide a comprehensive understanding of the
advantages and potential impact of this work in
advancing electric aviation technology.

3. Procedures

This study involved the development and analysis of a
new high-voltage gain DC-DC converter structure aimed
at applications in electric aircraft power distribution
networks. The primary focus was on optimizing the
voltage multiplier networks to achieve significant output
voltage gains while maintaining essential performance
characteristics such as continuous input current and low
voltage stress on active components.

The "subjects" of this research were the converter
prototypes developed by the researchers, which
incorporated innovative features such as coupled
inductors within the voltage multiplier networks. Various
configurations of these prototypes were tested to evaluate
their performance under controlled laboratory conditions.
The experiments were conducted under a range of
operational scenarios that simulated typical conditions in
electric aircraft. These included varying duty cycles and
electrical loads to observe how the converters responded.
The research team systematically altered the duty cycles
to assess the converter's output voltage gains, specifically
targeting operation at low duty cycles to optimize
performance.

Measurements taken during the study included output
voltage, input current, duty cycle, and efficiency of each
converter configuration. The primary comparison
involved analyzing the performance metrics of the newly
proposed converter against traditional DC-DC converter
designs, specifically focusing on output voltage gain,
efficiency, and operational stability.

The duration of testing varied for each prototype to
ensure accurate data collection and reliability of results.
The findings were statistically analyzed to confirm the
reliability and effectiveness of the new converter design.
Overall, this study aimed to demonstrate the practical
applicability of the proposed converter in real-world
aviation scenarios and to establish a framework for future
advancements in the field of electric propulsion systems.

4. Findings

The paper presents a novel high-voltage gain DC-DC
converter structure designed for power distribution
networks in electric aircraft. The proposed approach
utilizes two new voltage multiplier networks to achieve
significant voltage gain, addressing the critical needs of
modern electric propulsion systems. An essential finding
of the study is the incorporation of a coupled inductor
within the voltage multiplier networks, which enhances
design flexibility and allows for even higher voltage
gains. Key advantages of the proposed converter include
continuous input current, simple control mechanisms, and
low voltage stress on active components. These
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characteristics contribute to improved reliability and
efficiency, essential for aviation applications.
Furthermore, the converter allows for high output voltage
gain even at low duty cycles, which is beneficial for
varied operational conditions in electric aircraft. The
study reports practical results demonstrating an output
voltage gain of 11.25 at a duty cycle of 46%, validating
the theoretical framework presented for this converter
design. This high gain, combined with manageable
control parameters, illustrates the converter’s potential
utility in real-world applications. The significance of
these findings extends beyond theoretical interest; they
provide a practical solution for enhancing the efficiency
of power systems in electric aviation. With the aviation
industry increasingly pivoting towards electrification, the
ability to manage power distribution efficiently is
paramount. The proposed converter can facilitate the
successful integration of advanced electric propulsion
systems, ultimately contributing to the sustainability
goals of the acrospace sector. In summary, this research
not only advances the understanding of DC-DC converter
technologies but also paves the way for future
innovations in electric aircraft power management,
making it a substantial contribution to the field.

S. Conclusion

In this paper, a new high-voltage gain DC-DC converter
structure is presented for use in power distribution
networks in electric aircraft. The proposed structure
utilizes two novel voltage multiplier networks to achieve
high voltage gain. By incorporating a coupled inductor in
the voltage multiplier network, greater flexibility in
design is achieved, allowing for higher voltage gains.
Additional advantages of the proposed converter include
continuous input current, simple control, low voltage
stress on active components, and high output voltage
gain. Moreover, in the proposed structure, achieving high
output voltage gain with a low duty cycle is feasible. The
practical results, with an output voltage gain of 11.25 at a
duty cycle of 46%, validate the theoretical analysis
presented for the proposed converter.
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