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Abstract:

Using energy storage technologies with proper control can improve the flexibility of power
systems and cost-effective performance. However, none of the existing types of storage
systems can optimally respond under any conditions. An independent storage solution is
mostly limited by energy and power density, response speed, lifetime, and cost. On the
contrary, hybrid energy storage systems are composed of two or more storage systems that
usually have complementary features to achieve much better performance in different
operating conditions. Superconducting magnetic energy storage systems (SMESs) with
high power density can be used in high energy density storage systems such as lithium
batteries (LBs) to create hybrid energy storage systems (HESSS) in electric vehicles. This
paper proposes an optimal robust super-twisting sliding mode control (ORST-SMC) to
increase the controllability of this energy storage system. By fast estimating the
perturbations through the high-gain perturbation observer, the proposed controller can
compensate for the uncertainties and nonlinearities of the modeling of the hybrid energy
storage systems as an additional input. Considering the multi-objective nature of the
nonlinear electric vehicle control problem, a multi-objective stochastic fractal search
algorithm (MOSFSA) is used to extract the optimal parameters of the proposed controller.
The proposed system has been modelled using MATLAB-Simulink software. The
simulation results confirm that the proposed ORST-SMC controller has significantly
improved the system transient responses, as well as provided accurate and fast-tracking
performance.
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