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Abstract. This present work presents a major contribution to the field of
wind turbine control which is the more challenging context that this paper is
focused. This manuscript gives a novel design of a high-performance
controller using the sliding sector law optimized by genetic algorithms. This
developed design gives an improvement in the robustness of wind energy
systems compared to the traditional law known as sliding mode control
(SMC). The proposed design is based on the idea of extending the SMC by
transforming the sliding surface into a sliding sector. Genetic algorithms are
used to optimize the switching gain in its control structure in real-time. The
benefits of this design under fast and random wind speed variations are
utility for non-linear systems, achieving maximum power tracking, ensuring
robust stability, eliminating the chattering problem, and faster response time.
The strengths of this design are proved by simulation results of the main
parameters of the two-mass model of wind turbines using Matlab software.
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1 Introduction

The field of Energy Engineering has taken much interest in recent decades. This area
motivates researchers to find new sources of clean, sustainable, and renewable energy [1, 2].
In addition, this field motivates engineers to develop new strategies for these installations.
The main goal behind these intensive studies is the production of electricity in a clean way
without harming our planet while retaining primary resources to live better on Earth.

Among the most attractive clean and renewable energy sources are wind energy
conversion systems. Wind turbines are promising and attractive alternatives for the
production of electricity [3]. It is therefore very interesting to do studies and research that
give control law syntheses for variable speed wind turbines (VSWT) in order to achieve good
performance for these systems. This paper focuses on this context of more complicated
control laws of VSWT. In this article, design a high-performance controller using the sliding
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sector control law based on genetic algorithms (GAs). The design proposed in this document
is an extension of the traditional sliding mode control (SMC) law by converting the sliding
surface into a sliding sector as in [4]. The utility of the classic SMC law is very powerful for
VSWT [5] but it has a major drawback known as the chattering phenomenon [6]. The
problem of chattering is caused by the use of a high gain in the case of strong disturbances
and great uncertainties, this drawback can cause rapid variations of the control signal and
damage to the system because of high-frequency oscillations [7, 8]. The elimination of
chattering is the important reason that leads to this contribution of this paper that deals with
the SMC law developed. The proposed law retains the advantages of the SMC law and gives
new benefits such as the elimination of chattering, accurate tracking, faster response time,
and the use of a high gain. GAs are introduced to optimize switching gain automatically by
imitating the process of natural selection observed in Darwin’s theory of biological evolution
[9].

This paper contains five sections. Section 2 presents the mathematical model of the
mechanical part of the wind turbine. Section 3 gives the new law control of wind turbines.
The effectiveness of this developed control law is proven by simulation results obtained by
the Matlab toolbox in Section 4. Section 5 summarizes the main points of this paper.

2 Wind power system model

In the context of controlling the three-blade horizontal axis variable speed wind turbine
(VSWT), the mechanical subsystem is considered which is represented by two-mass because
it is the most adopted model as depicted in Figure 1. A systematic analysis and calculation
of the dynamic behavior of the mechanical subsystem of the VSWT is represented by the
following matrix in state space in Eq.1. This matrix provides insight into the response of the
mechanical two-mass model of the VSWT under different operating conditions and control
inputs [10, 11]. The input and the output of the wind power are respectively generator torque
and the rotor speed. The important factors are presented in Table 1.
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Table 1. Wind turbine notations of the various coefficients.
Factors Notation [Unit] Factors Notation [Unit]
Blade radius R [m] Rotor external friction K, [N.m.rad".s]
Air density p [Kg.m? ] Low shaft torque Ty [N.m]
Gearbox ratio ng Unitless Slow shalft torsion Bs [N.m. rad"']
Power Coefficient Cp Unitless Slow shaft friction Kis [N.m.rad-1.s]
Tip speed ratio A Unitless Fast shaft torque Ty [N.m]
Wind speed v [m.s!] Generator speed Wg [rad. s]
Aerodynamic Ta [N.m] Generator inertia Jg [Kg.m?]
torque
Rotor speed ©r [rad. s] Generat'or. external K [N.m.radl.s]
friction
Rotor inertia I [Kg.m?] Generator torque Tom [KN.m]
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Figure 1. Wind turbine's two-mass mechanical model.

3 Sliding sector design optimized by genetic algorithms

In order to achieve good performance for VSWT, it is necessary to design a robust
controller that ensures optimal tracking of the reference signal, maximum capture of wind
energy, reduction in oscillations caused by rapid and random fluctuations in wind speed, and
reduction in aerodynamic loads. It is in this context to design a robust controller that this
section carries.

The key aspect in designing a robust controller is the selection of a sliding surface that is
an attractive surface. The sliding surface expression is based on the system’s relative degree
[8]. For the wind turbine, the relative degree is equal to 2. In this paper, this sliding surface
selection is converted into a sliding sector by dividing it into two sliding sub-surfaces based
on the system states and a desired reference signal. Then the expressions of the two sub-
surfaces and the sliding sector are given as follows in Eq.2 with k; and k; are positive
constants. However, the entire state space of the wind turbine is divided into three different
regions as depicted in Figure 2 and these regions are expressed in Eq.3 noting that Rg3
represents the sliding sector.
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Figure 2. The three regions of the wind power’s state space.
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The time derivative of the chosen sliding sector is given by Eq.4 with f(¢) is the nominal
representation of the wind turbines and g(t) is known constant.

S(t) =k xery(t) +ern(t) =k xery(t) + f(t) + gt) X Tom ()]

The control law that satisfies the condition S(t).S(t) < 0 to ensure the existence of a
sliding sector control for a sliding sector, is given by Eq.5 as follows:
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The sliding sector control law is combined with GAs. The purpose of using GAs is to
optimize the switching gain noted by a in order to avoid the manual choice that will be
changed until the optimal value of this gain is reached. The GAs use the three essential
operators: selection, crossover, and mutation. The most evolutionary steps of GAs are
depicted in Figure 3 and are repeated until a specified number of generations is reached and
a convergence criterion is satisfied. These steps are driven by a fitness function, which is
given by Eq.6 in order to minimize the tracking error [12]. Twenty generations are used in
the GAs and four chromosomes are used for each generation. Each chromosome is coded in
five bits using binary coding. The type of selection method is roulette wheel selection and
the kind of crossover method is multi-point.

fitness = (6)
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Figure 3. The evolution of genetic algorithms.

4 Simulation results

The proposed nonlinear law in this paper, which is called sliding sector control based on
genetic algorithms (SSGAs), is applied to the mechanical part of VSWT. The values of
various parameters are mentioned in Table 2.

Table 2. The various parameters used in the simulation.

Parameter Notation [Unit]

R 21.65 [m]

K, 27.36 [N.m.rad"l.s]
Iy 325000 [Kg.m?]

Ky 0.2 [N.m.rad!.s]
Jg 34.4 [Kg.m?]

B 2691000 [N.m. rad"']
o 1.29 [Kg.m? ]

Kis 9500 [N.m.rad-1.s]
ki 0.3 Unitless
ko 0.1 Unitless

Figure 4a shows the wind speed profile. Figure 4b presents the curve of variation of the
generator torque for the three control laws: SMC, sliding sector control (SSC), and sliding
sector control based on GAs (SSCGAs). Figure 4 shows the powerful of the SSCGAs in
terms of accurate tracking with a faster response time.
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Figure 4. Simulation results: (a) for wind speed profile, and (b) for rotor speed.

Figure Sa illustrates the variation of wind turbine generator torque for the three laws SMC,
SSC, and SSCGAs. Each of these laws is presented in Figure 5b, Sc, and 5d respectively.
From Figure 5, this developed law keeps the generator torque constant and that the response
time is low also the chattering phenomenon does not exist in this law.
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Figure 5. The variation of wind power generator torque.

Figure 6a shows the variation of the switching surface of the SMC, the variation of the
sliding surfaces and their sub-surfaces for both SSC and SSCGAs. Figure 6b is an
enlargement of the Figure 6a. The two sub-surfaces of the SSCGAs law rapidly converge
towards the sliding sector with a low response time and note that the oscillations do not
appear.
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Figure 6. The variation of switching surface and sliding surfaces.

Figure 7 shows the variation of the switching gain according to number of generations.
The switching gain converges to an optimal point which is about 0.6875 from the 17®
generation. The switching gain used in SMC and SSC is about 0.5. The values of k; = 0.3
and k, = 0.1.
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Figure 7. The switching gain variation.

5 Conclusion

This work presents an optimal nonlinear design for high-performance control of variable
speed wind turbines. By combining sliding sector control with genetic algorithms to optimize
the switching gain, the proposed approach outperforms traditional sliding mode control.
Simulation results display its effectiveness in achieving maximum power tracking, robust
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stability, reduced chattering, and improved response time. This innovative design holds
promise for other nonlinear systems and offers practical solutions to real-time challenges in
variable-speed wind power.
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