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Short Abstract

In this paper, a new adaptive fractional-order sliding mode controller is designed for a Permanent Magnet Synchronous Generator (PMSG) to track the
maximum power point. The controller objective is to track the desired generator speed to extract the maximum power from the wind turbine system in
the presence of parametric uncertainty and external disturbances. First, a new fractional order sliding surface is defined. To ensure the stability of the
closed-loop system in the sliding model controller it is required to know the upper bounds of uncertainties and disturbances, where it is difficult to
calculate these bounds for practical applications such as wind turbines. Therefore, the control signal parameters are estimated online by the proposed
adaptive laws, in order to increase the convergence rate of the state variables to the reference value and reduce the chatting phenomenon, also to increase
the system robustness against external disturbances and parametric uncertanity. On the other hand, due to the unknown disturbance dynamics, a
disturbance observer is designed to estimate external disturbances and parametric uncertainty. Then, the stability of the general closed-loop system
together with the disturbance observer is performed using Lyapunov's theory. Finally, the simulation results considering two different scenarios; first
for step wind changes with external disturbance, second for changes in sine wind speed with parametric uncertainty. The results are compared with
conventional sliding mode controller and results show the effective performance of the proposed controller in tracking the reference value, increasing
its robustness against uncertainty and disturbance and reducing the chatting phenomenon.

Keywords
Wind turbine, permanent magnet synchronous generator (PMSG), sliding mode control, fractional calculus, adaptation laws, disturbance observer,
parametric uncertainties.

1-  Short Introduction

In recent years, renewable energies have attracted much attention due to their compatibility with the environment. Among these energies, however,
researchers have shown great interest in wind energy conversion system (WECS) according to its high efficiency. Due to the nonlinear behavior of the
system, an efficient, feasible controller design method is a challenge. For this reason, different nonlinear controllers including sliding mode controllers
are investigated. However, chattering in the control signal is one of the main drawbacks associated with sliding mode controllers. To overcome this
problem, many researchers have combined fractional calculus with the sliding mode method. In this paper, a novel fractional-order sliding mode
controller is proposed. Further, adaptation laws and a disturbance observer are employed to enhance the controller performance against disturbances.

2-  Proposed Work and Methodology (including comprision, simulation/experimental results and discussion)

In this paper, an adaptive fractional-order sliding mode controller is designed to extract maximum power from wind energy. For this reason, a new
fractional sliding surface is proposed which leads to faster convergence time and attenuates the chattering effect. Further, to eliminate the effect of
parametric uncertainties and external disturbances applied to the system, a nonlinear disturbance observer is employed to estimate the disturbances.
Also, controller parameters are obtained adaptively so that the destructive effect of disturbance and uncertainty is further compensated. The Lyapunov
theory is employed to guarantee the stability of the overall system (both PMSG and disturbance observer). Finally, simulation results are presented and
two scenarios are applied to demonstrate the robustness and effectiveness of the controller.

3-  Conclusion

In this paper, the combination of fractional calculus and the sliding mode method is used for the wind energy conversion system. Here, adaptive
algorithms and disturbance observer equations are incorporated into the design procedure to reach better tracking convergence and enhance the
robustness of the controller against uncertainties. Further, the stability of the overall closed-loop system is proved using the Lyapunov theory. Finally,
the results of numerical simulations presented in two separate scenarios. In the first scenario, step changes are applied in the wind speed and the tracking
is investigated under external disturbance. While in the second scenario, sinusoidal reference path tracking is considered in the presence of parametric
uncertainties. To better evaluate the results, the proposed fractional order controller is compared with the integer order sliding mode controller. The
results show that the tracking in the presence of disturbance and uncertainty is done with sufficient speed and accuracy and the proposed controller is
able to more accurately track the maximum power point. In addition, in the control signal obtained by the proposed method, the effect of the chattering
phenomenon is decreased as much as possible and its amplitude is less than the integer order sliding mode controller. Finally, the simulation results
indicate the effective performance of the proposed controller and its greater robustness against disturbance and parametric uncertainties compared to
the integer order sliding mode controller.
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