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    During the past decade, the installed wind power capacity in the world has been increasing more than 30%. Wind energy conversion system (WECSs) based on the doubly-fed induction generator (DFIG) dominated the wind power generations due to the outstanding advantages, including small converters rating around 30% of the generator rating, lower converter cost.




    Due to the non-linearity of wind system, the DFIG power control presents a big challenge especially under wind-speed variation and parameter’s sensibility.




    To overcome these major problems; an improved IDPC (Indirect Power Control); based on PID “Proportional-Integral-Derivative” controller, was proposed instead the conventional one (based on PI), in order to enhance the wind-system performances in terms; power error, tracking power and overshoot. Unfortunately using robustness tests (based on severe DFIG’s parameters changement); the wind-system offers non-satisfactory simulation results which were illustrated by the very bad power tracking and very big overshoot (> 50%).




    In this context; adaptive, robust & intelligent controllers were proposed to control direct & quadrature currents (Ird & Irq) under MPPT (Maximum Power Point Tracking) strategy to main the unity power factor (PF≈1) by keeping the reactive power at zero level. In this case, the new IDPC based on intelligent controllers offered an excellent wind-system performance especially using robustness tests, which offered a big improvement especially using Type-1 Fuzzy Logic Controller (T1-FLC), Type-2 Fuzzy Logic Control (T2-FLC; is the New class of fuzzy logic) & Neuro-Fuzzy Logic (NFC).




    In this sense, I think that this edited book is an important contribution to help students already in mastery of the basis of power electronic circuits and control systems theory to achieve these pedagogical goals. The proposed book describes with easy manner the modeling & control of Wind-turbine DFIG in order to control the stator powers using different topologies of robust, adaptive and intelligent controllers.




    The book present numerous intelligent control techniques that help in the control design of the DFIG wind-system (WT).




    The textbook “Improved Indirect Power Control (IDPC) of Wind Energy Conversion Systems (WECS)” proposes a collection of concepts, organized in a synergic manner such that to ease comprehension of the WT control design.




    The book’s contribution goes towards completing the already existing literature by offering a useful integration of control techniques, worthy to be read, understood and employed in the various WT applications.




    Please enjoy reading this book.
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      How to Use This Book




      This book offers advanced Power Control such as: Indirect Power Control (IDPC) to overcome wind-system DFIG limitation performances under different wind speed and parameters changement conditions.




      This book is addressed to students of: License, Master degrees and also for Post-graduation (PhD students) in order to understand the wind-system basics especially: Power electronics control (in this proposed Book we used SVM in order to fix the switching frequency), Power-flow DFIM diagram & Maximum power point tracking strategy.
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      Abstract




      In this chapter, a brief general introduction focuses on the well-known topologies of wind energy conversion systems (WECS), on proposed controls and generators by the scientific researchers. One part will be devoted to the latest research that has addressed the performance problems of wind systems and their results (in simulation). There will be also some arguments that reflect the main proposed ideas in this eBook, the proposed selections and their applications in simulation. We present the selecting criteria in particular the type of: generator, controls and theirs application in simulation studies. Also, we discuss in a detailed section on the different contributions of eBook that define the improvement of the proposed algorithms in each chapter. Furthermore, the organization and structure of eBook will be as follow; chapter one is devoted on the state of the art of wind systems and their controls, in particular using the doubly fed induction machine (DFIM). The simulation part is provided in two chapters (3 and 4). The limitations and problems encountered during the realization of this eBook are well described in the following section. After solving problems, very satisfactory simulation results have been found which reflect the quality of the scientific contribution including more papers of conferences; Journal papers were published during this eBook.
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      1. INTRODUCTION




      The growing connection of wind turbines has augmented at a quick pace over the last years. Installed wind power production, which is presently higher than 440 GW, is predictable to surpass 760 GW by 2020, creation this form of renewable energy an important element of the current and future energy supply systems [1-3]. The wind energy raises more important than any other renewable energy sources and is becoming really a significant factor in the recent energy supply system [4].




      In the 1980, the PEs (Power Electronics) WTs (wind turbines) was a soft starter used to primarily interconnect the induction generator with the electrical grid, only thysistors were used and they did not require to carry the power continuously [5].




      In the 1990s the PE technology was essentially used for the rotor resistance control of wound-rotor induction generator (WRIG), where further advanced diode bridges with a chopper were used to control the rotor resistance for generator [6], particularly at rated power process to reduce loading and mechanical stress. Since 2000, the bidirectional power flow have introduced with more progressive voltage source converters; the PEs started to handle the produced power from the WTs, first, by partial scale of power capacity for doubly fed induction generators (DFIGs), and then by the full scale of power capacity for asynchronous or synchronous generators (A/SGs) [5, 6].




      Although the WTs can be considered into various structures in terms of the generator type, with/without the gearbox, or the rating of the power electronic converter, it is common to divide the WTs system into a partial-scale power converter equipped with a DFIG and a full-scale power converter together with either a synchronous generator (SG) or an induction generator (IG) [7, 8]. Presently, the DFIG system configuration the occupies close to 50% of the wind energy market, due to its small size, light weight, and cost-effectiveness of the generator, as well as the relatively small and economic power converter [9, 10].




      The variable-speed WECSs can be worked in the maximum power point tracking (MPPT) mode to extract the maximum energy from wind. For this raison, good-calibrated mechanical sensors, such as encoders and anemometers/ resolvers, are essential in order to obtain the information of wind speed and generator rotor speed/position. But, the usage of mechanical sensors raises the cost, hardware difficulty of WECSs [11, 12]. These difficulties can be resolved by adopting position/speed sensorless control schemes [13].




      The DFIG’ conventional control approaches are generally based on Field oriented control (FOC) algorithms [14, 15]. In the past few years it suffers from the handicap of the generator parameters changement, which comes to compromise the robustness of the control device. Hence, the regulator should accommodate the effects of uncertainties and maintain the system steady against a big variation of system parameters. The traditional PI-based controllers cannot totally fulfill stability and performance necessities [15]. Their optimal PI’s parameters can be defined by other approaches such as genetic algorithm (GA) or particle swarm optimization (PSO) [16-18]. Power converter and drive system have inherent features, such as non-linearities, inaccessibility of an accurate model or excessive complexity, that call for intelligent control approaches such as neural networks (NN), fuzzy logic (FL) [19, 20]. The dynamic performance of a WTS can be substantially enhanced by the application of smart methods for the PES control that are used in WPG systems. Hence, the aims of efficient wind power integration in the power system can be successfully accomplied.




      Fuzzy logic (FL) has been applied for WPG control [21, 22]. The FL based controller is able to be implant, in the control strategy, the qualitative knowledge of an operator or field engineer about the system, but has been assessed for its limits, such as the lack of a formal design methodology, the difficulty in predicting stability and robustness of FL controlled systems [23]. The artificial neural networks (ANNs) based controllers have been used as these controllers can be formed straight by using the input-output information of the indefinite system, without requirement any previous model structure. However, to choice an ideal structure, parameter values and the number of training sets are still crucial concerns. To take benefit of their strengths and to mitigate their disadvantages, numerous hybrid methods have been planned [24]. A hybrid system can be achieved by, for example, combining a fuzzy inference system and adaptive neural networks (i.e., the adaptive neuro-fuzzy inference system (ANFIS)) [25]. ANFIS based controllers have been successfully implemented for numerous power systems and PE applications [26, 27].




      On the other side, the system is greatly nonlinear. Thus, linearization operating point cannot be applied to design the controller. Nonlinear control methods can be used to efficiently solve this problem [28, 29]. In attempt to reach high performances in the steady and stransient states, a diverse nonlinear control configuration must be applied. In the recent years, several modified nonlinear state feedback such as Input-output feedback linearization control (I/OLC), Sliding Mode Control (SMC); Backstepping Mode Control (BMC) and Model Predictive control (MPC) have been applied to more develop the control performances [30].




      

        



        2. THE MAIN CONTRIBUTIONS




        In the review of the DFIG-based wind system in last decade, it can be seen that the majority relies on the regulation of: speed, flux, torque, current and powers. More than 75% of the published articles (mainly based on “IEEE and Science Direct” databases between 2005 and 2017) concerning the study and development of the DFIG-based wind system are basically focused on three (03) main controls: vector control (rotor flux and torque), predictive control and direct power control (stator active and reactive power). In this eBook, we are interested in power control (in terms of modeling) whose main objective is to improve the quality of energy transmitted into the network by integrating and developing new algorithms in order to overcome or mitigate drawbacks of conventional controls in transient and steady states during the wind speed variation and under robustness tests.




        A detailed simulation study in power control using PI (Proportional-Integral) regulators (in order to control the stator powers “Ps and Qs” and the rotor currents “Ird and Irq” according to 04 loops respectively) is developed according to three modes, as follows:





        

          	Mode 1: Without the MPPT strategy (imposed power profiles).




          	Mode 2: With the MPPT strategy (wind in step form).




          	Mode 3: With the MPPT strategy (wind in random form).


        




        (Knowing that all control algorithms in this eBook are developed using these three modes).




        The MPPT (maximum power point tracking) is used in order to extract the maximum power despite the wind speed variation (step or random wind forms) by maintaining the reactive power at zero level means power factor near to the unity.




        Some drawbacks appears in simulation studies especially in with/without robustness tests (Knowing that we used the same robustness tests in chapters: 3 and 4) such as:





        

          	An important overshoot is noted (more than + 50%).




          	The coupling terms between the parameters of the both axes (d and q) has negative influence on the wind-system performances, especially in high wind-power generation (HWPG).




          	The long response time (a visible delay of the measured value relative to that of the reference) order of 10e-2 (sec).




          	A bad power tracking of the measured value relative to that of the reference especially if the profile is in the step form.




          	Poor power/voltage quality which will be transmitted to the grid; a bad THD that exceeds IEEE standards (>> + 5%).




          	A remarkable power error for conventional power control sometimes exceeding 25% of the rated power (± 1000 (W) for a rated power of 4 kW).




          	The conventional regulators (PI regulators) depend on the DFIG's parameters.


        




        In this context, several approaches have been proposed in order to overcome or minimize these drawbacks (already mentioned above). As a first step, a conventional regulator called PID (Proportional-Integral-Derivate) more developed in term of minimization error and overshoot is proposed instead the PI controllers to control Ps, Qs, Irq and Ird respectively. Remarkable improved performances are noted for the three modes -Mode: 1, Mode: 2 and Mode: 3; already mentioned above- especially without robustness tests. After applying the 3rd test (green color of the curves/robustness tests section in each chapter) a bad tracking of the active power is particularly apparent when the wind speed varies severely, which means that the PID regulator -for rotor current control: Ird and Irq- is unable to track the power reference during the sudden wind speed variation and DFIG’s parameters variation.




        For this reason, intelligent controllers are used to correct the failure of conventional controllers in transient and steady states, such as: “Type-1 Fuzzy Logic Control (T1-FLC)”, “T2-FLC (Type-2 fuzzy logic control)” and “NFC (Neuro-fuzzy control)”; knowing that all these proposed controllers (already mentioned above) are used in order to control the d-q axes rotor currents components (Ird and Irq) by keeping PID controllers for stator active and reactive powers tuning (Ps and Qs). Intelligent regulators have been proposed for the control of “Irq and Ird“, in same time; there will be more improved results than used only for “Ps, Qs, Irq and Ird“, the aim of this select is minimizing time computing and in same time maintaining a good performance, then it is to look for a robust controllers which does not depend on DFIG’s mathematical model.




        In this context, the high-performance regulators known by the name of “intelligent regulators”; are set up to remedy these problems -performances limitation-, three (03) intelligent regulators: T1-FLC, T2-FLC and NFC are used to correct power error especially under robustness tests. T2-FLC and T1-FLC are fuzzy controllers based on the inferences (inputs and outputs in triangular or trapezoid forms) and linguistic rules -depends on the inferences number choosing for studied system to the power of number of inputs, exp: 7 inferences in triangular form “for inputs and output respectively” and 2 inputs; means: 72 =49 rules - to initiate the optimal calculation of the desired value, noting that the computational algorithm interface is integrated in MATLAB®/Simulink software. Knowing that; T2-FLC controller based on three (03) dimensions more than T1-FLC (only two dimensions), this difference in dimensional form generates a complexity of mathematical model of the controller itself and aims to minimize error of the desired value known by optimal value despite the parameters variation of the wind-system.




        T2-FLC represents the most developed fuzzy family generation in terms of precision and robustness. NFC regulator is a combination between the fuzzy logic strategy and the artificial neural network (ANN) to have theirs qualities at the same time: to remedy the dependence problem of the wind-system mathematical model and to minimize the calculation of the optimal value while maintaining the robustness despite the parametric variation. Excellent results have been found compared to those found for the last proposed controllers which reflect the robustness of the proposed controller.


      




      

        



        3. WORK LIMITATIONS




        We found several problems and the majority of them were reminted i.e.; the Simpower Systems model in Matlab/Simulink takes a long time in simulation; sometimes for several minutes especially if the sampling time is between 1e-6 (sec) and 1e-5 (sec), and this can cause problems in the computer (the PC). If the studied system includes a simple algorithm with a few Simulink-blocks (maximum 2 control loops) this does not pose a problem in general, and if the studied system is complicated with several loops -as in the majority of the algorithms of this eBook- the solution is translated in this case by the realization of the blocks based on the mathematical model of the studied system because the Simpower Systems library contains dozens of algorithms in the same block means that; the studied system is near to the real one; exp: DTC control. By using these simulation blocks, the simulation time is minimized to just a few seconds. It is necessary to note that the calculation time of the proposed power algorithm using T2-FLC will be took more time (nearly twice) than T1-FLC; the reason was the complexity of T2-FLC structure (using three (03) dimensions) compared to T1-FLC (based only on two (02) dimensions).
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