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Abstract

This article presents an approach to enhance the performance of a Hybrid Energy Storage System
(HESS) that integrates supercapacitors (SC) and batteries. The system is based on vibration energy harvesting
using a Regenerative Shock Absorber (RSA), in conjunction with a Regenerative Braking System (RBS),
designed for medium-sized electric vehicles driven by a Permanent Magnet Synchronous Motor (PMSM).
During regenerative braking, an Artificial Neural Network (ANN) functions as the RBS controller, optimizing
the switching waveform of the three-phase inverter power supply. The recovered braking energy is
subsequently transferred to the energy storage devices. Additionally, the SCs coupled with the RSA are
capable of absorbing vehicular vibration energy and converting it into electrical energy, which is also
fed back into the storage system. Experimental results reveal that electric vehicles equipped solely with
either RSA (HESS_RSA) or RBS (HESS_RBS) achieved driving ranges of 134.19 km (13 cycles) and 184.21
km (18 cycles), respectively. In contrast, the configuration integrating both RBS and RSA (HESS RBS RSA)
attained a maximum driving range of 210.13 km (21 cycles). Furthermore, the HESS integrated with both
RSA and RBS improved driving efficiency by up to 56.59% compared to the system using only RSA. This
hybrid system also contributes to prolonging battery lifespan.

Keywords: Electric Vehicles, RSA, HESS, Supercapacitor, PMSM
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