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Abstract: Aimed at the issue of bus voltage instability caused by constant-power load in a DC microgrid, a variable-gain
approach backstepping sliding-mode control strategy based on a nonlinear disturbance observer (NDO) is proposed. First, the
exact feedback linearization method is used to obtain the standard Brunovsky linear model of a bidirectional DC-DC converter.
Second, a backstepping sliding-mode controller is designed to enhance the robustness of the system while reducing its
adjustment time. The error variables are linearly combined to form a sliding-mode surface, and the sliding-mode approach law
of power-exponential variable-gain is constructed to achieve fast and accurate tracking of the reference voltage. On this basis,
the NDO is introduced to estimate the system perturbation in realtime, and the estimation results are compensated to the
backstepping sliding-mode controller to further reduce the steady-state voltage deviation of the system. Finally, MATLAB
simulations and an RT-LAB HIL platform demonstrate that the proposed control strategy can enhance the steady-state
performance of the system and is highly robust with respect to system and parameter perturbations.
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