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Abstract:

This document introduces a rapid control prototyping (RCP) approach applied to the industrial sector using a non-linear
Quadratic Buck Converter (QBC) DC-DC. The goal is to reduce manufacturing costs for materials and electronic devices
while enhancing the power quality in the system’s response. An experimental setup is utilized to create a functional
model, converting 380 VDC to 48 VDC at a power level of 500 W. dSPACE CP1103 is employed to implement Model
in the Loop (MIL), Software in the Loop (SIL), and Hardware in the Loop (HIL) simulations. Modern control techniques,
including sliding mode control (SMC) and passivity-based control (PBC), are employed to devise a robust control scheme
capable of maintaining stability in real-time (RT) and resisting disturbances.

This approach also aligns with sustainable energy goals by contributing to the advancement of electric mobility and
supporting the broader energy transition towards a greener future. The developed control strategies can be integrated into
electric vehicle systems and energy management frameworks, enhancing energy efficiency and supporting the shift to
renewable energy sources. The document concludes with a performance analysis, Pl, Cp, CpK, Z-score, and ITAE,
considering response time, signal accuracy, system stability, and resource utilization efficiency. These insights highlight
the potential impact of the proposed control methods on sustainable energy practices and their role in the ongoing
transition to cleaner energy solutions.
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