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Abstract

In solar-powered DC microgrids, utilization of a high-voltage-gain and stable DC-DC converter is essential. This paper proposes an ultra-high step-up
DC-DC converter by combining voltage-boosting structures, an improved switched-capacitor (SC) cell, and a three-winding coupled inductor. The
proposed converter not only achieves ultra-high voltage gain but also features low voltage stress on semiconductor elements, continuous input current
with minimal ripple, low cost, high power density, common ground between input and output, and high efficiency. Additionally, the application of the
pole placement control strategy and the appropriate positioning of system poles enhance the converter’s stability. A detailed analysis of the proposed
converter is provided, covering its operational principles, mathematical derivations, and element design. A comparative evaluation is conducted based
on key performance criteria for DC microgrids and solar energy systems, demonstrating the advantages of the proposed topology. Finally, a 200 W
experimental prototype is developed to validate the theoretical findings, and the corresponding results are presented.
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Introduction

The integration of solar energy into DC microgrids enhances efficiency by reducing the number of conversion stages, but it requires high-voltage-gain
DC-DC converters due to the large voltage difference between the panels and busbars. Isolated converters provide high efficiency but suffer from
transformer saturation and complex control. Non-isolated types are simpler and cheaper, achieving high gain via cascaded or hybrid designs with
coupled inductors and voltage-boosting cells. However, some face low reliability, poor voltage gain, discontinuous input current, and reduced efficiency.
Hence, developing compact, high-gain converters with improved dynamic performance remains a vital research direction for DC microgrid applications

Proposed Work and Methodology

In this paper, considering the limitations of recent designs and the necessary conditions for converters used in photovoltaic systems and DC microgrids,
a non-isolated ultra-high step-up DC-DC converter is proposed for the mentioned application. As shown in the paper (Fig.2), the input stage of the
proposed converter utilizes the circuit from the input stage of the converter presented in [18] to achieve a continuous input current with minimal ripple.
Additionally, the output stage combines a three-winding coupled inductor with an improved SC cell, as used in the structure presented in [15], to
enhance the voltage gain. The method used for combining the output section of this converter follows the hybrid approach utilized in [19]. Additionally,
by applying the pole-placement control strategy, the stability of the proposed converter is improved to better suit the intended application.

The proposed converter is compared in terms of voltage gain, power density, converter cost (in dollars), stability, semiconductor voltage stress, input
current ripple, and common ground with other converters presented in this field. The superiority of the proposed converter in these aspects is
demonstrated. In addition, a laboratory prototype of the proposed converter with a power range of 200 W was developed. The results for capacitor
voltages, input and output voltages and currents, inductor voltages, and currents, as well as the voltages and currents of semiconductor elements, are
obtained and included in the paper. In fact, the results obtained from the laboratory tests confirmed the accuracy of the relationships derived from the
analysis of the converter's operating modes and validated the claims regarding its advantages.

Conclusion

This paper presents a non-isolated ultra-high step-up DC-DC converter for solar-powered DC microgrids. Using a three-winding coupled inductor and
a switched-capacitor cell, it achieves up to 24x voltage gain at a 0.5 duty cycle and a turns ratio of 1. The design reduces voltage stress on switches and
capacitors, lowering overall cost while reaching a power density of 2.38 mW/m’. It features continuous low-ripple input current and a common ground,
ideal for solar systems. A pole placement control strategy ensures high stability, confirmed by 78.43° phase and 20.94 dB gain margins. A 200 W
prototype validates its superior performance experimentally.
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