
Chapter 52
Maximum Power Point Tracking Method
Using Sliding Mode Extremum-Seeking
Algorithm for Residential Wind Turbine

A. Abbadi, F. Hamidia, Y. Chiba, and A. Tlemcani

Abstract This paper discusses a control strategy that allows maximum energy
extraction from a variable speed wind power conversion system based on a sliding
mode extremum seeking control scheme. Themain purpose is to supply 230 V/60 Hz
domestic appliances through a single-phase inverter. The required power can be effec-
tively supplied by the proposedwind turbinewith the proposedMPPTcontroller. This
MPPT system allows to changes the VDC reference signal (VdcRef) of the inverter
VDC regulator. A second controller regulates the DC link voltage to its reference
value and the third controller regulates active and reactive grid current components.
The active current reference is the output of the DC voltage controller. The simula-
tion of the system operating in variable wind conditions shows the performance of
the developedMPPT controller based on the sliding mode extremum seeking control
algorithm.

Keywords Wind turbine · PMSG · Sliding mode extremum seeking control ·
Residential wind system

52.1 Introduction

Many remote communities throughout the world are supplied with electrical energy
produced by diesel generators. In many of these communities, the cost of energy is
largely determined by the landed cost of the diesel fuel. The urgent need to reduce
the cost of energy has led to the investigation of the use of renewable energy sources,
such as the wind, to replace some or all of the fuel consumed [1].
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Small wind turbines (SWT) are defined as wind turbines not exceeding 50 kW
and which can be installed near inhabited areas where large-scale wind turbines
cannot be built. In countries where high wind speeds are common, renewable elec-
tricity generating systems are gaining ground in residential sector for the purpose of
diminishing the electricity bills or to reaching some degree of energy independence.
Indeed on both on and off the grid, wind energy system can help houses become
energy self-sufficient by generating electricity on site using clean, quiet, reliable and
sustainable technology [2].

The most common configuration for residential wind -grid-connected systems
of powers less than 50 kW normally consist of permanent magnet synchronous
generator (PMSG) feeding a three phase rectifier followedby a residential grid system
connected single phase AC inverter [1, 3].

The most critical and complex part of the AC grid-connected residential wind
system is the control of the voltage amplitude at the terminals of the PMSG while
allowing a maximum power transfer. Generally, there are three traditional types of
the wind MPPT techniques: (1) Power Curve Characteristic Control, (2) tip speed
ratio control, and (3) perturbation and observation (P&O) control [4, 5]. The first two
methods have got a better dynamic response making them suitable for situations of
rapid wind variations. On the other hand, the third method is parameter independent,
simple to implement and can be applied more to a wide range of different types of
SWTs [2].

In this paper, the Sliding Mode Extremum Seeking Control (SM-ESC) scheme
[6, 7] was proposed to maximize the output power capture from wind generation
system. SM-ESC is a non-model-based self-optimizing control strategy that aims to
search for unknown input in real-time varying systems by finding the extreme point.
This work discusses the control of the VDC reference signal of the VDC controller of
the inverter based on sliding mode extremum seeking control scheme. The proposed
MPPT controller automatically varies the VDC reference signal of the inverter’s to
obtain a DC voltage that will extract the maximum of the power wind.

This paper is organized as follows. In Sect. 2, the system under study is described.
The sliding mode extremum seeking controller design is presented in Sect. 3. In
Sect. 4, the proposed control is validated by means of simulation. Finally, the
conclusions are summarized in Sect. 5.

52.2 System Structure

The block diagram of the proposed system is illustrated in Fig. 52.1. The residential
wind turbine system entails of awind turbine, an inverter controlmodule, a residential
load and a distribution network.

As illustrated inFig. 52.1, themajor components include: thewind turbine, PMSG,
rectifiers, and MPPT controller; VDC Regulator: Determine the required Id (active
current) reference for the current regulator; Current Regulator: The regulation defines



52 Maximum Power Point Tracking Method … 403

Fig. 52.1 General block diagram of a single-stage single-phase wind topology

the intended reference voltages for the inverter; PLL is used for synchronization;
PWM Generator.

The output power of the wind-turbine is described as [8]:

PTurbine = ρπR2Cp(λ, β)v3
/
2 (52.1)

where, ρ is the air density ( kg/m3), R is the blade radius (m), CP is the performance
coefficient of the turbine which is a function of the pitch angle of rotor blades β (in
degrees) and v is the wind speed (in m/s). The tip-speed ratio λ is given by:

λ = ωm R
/
v (52.2)

where ωm is the wind turbine rotor speed (in rad/s). The mechanical torque output
of the wind turbine Tm is given as:

Tm = 1

2
ρACp(λ, β)v3 1

ωm
(52.3)

The coefficient of power conversion Cp (λ,β) is described in [8] as:

Cp = c1

(
c2
λi

− c3β − c4

)
e
−

(
c5
λi

)

+ c6λ

1

λi
= 1

λ + 0.08β
− 0.035

β3 + 1

(52.4)

The coefficient c1 to c6 are: c1 = 0.5176, c2 = 116, c3 = 0.4, c4 = 5, c5 = 21
and c6= 0.0068. The coefficient of power conversion and the power are maximums
at a certain value of tip speed ratio called optimum tip speed ratio λopt [9, 10].
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a. Bloc diagram for SM ESC            b. The cost function curve 

Fig. 52.2 Block diagram and the cost function characteristic curve of wind turbine generator of
sliding mode extremum seeking control algorithm

52.3 Sliding Mode Extremum Seeking Control for Wind
MPPT

The Maximum Power Point Tracking (MPPT) controller is based on sliding mode
extremum seeking algorithm. This MPPT system allows to changes the VDC refer-
ence signal (V dcRef ) of the inverter VDC regulator in order to draw the maximum of
the power wind which mean that Cp reached the Cpmax.

The objective of the sliding mode extremum-seeking controller (Fig. 52.2a) is to
steer the cost function of the system to follow a non-predetermined optimal operating
point (the maximum (minimum)). The optimal operating point in our case is the
maximum point of the output power of the wind turbine ( Fig. 52.2b).

The sliding variable s(t) is defined as:

s(t) = y(t) − g(t) (52.5)

where y(t) is the cost function, g(t) is a function satisfying ġ(t ) = ρ, with ρ is a
positive constant. The parameter θ is designed to satisfy:

θ̇ = K sign
(
sin

(
π s(t)

/
α
))

(52.6)

where K and α are positive constants.

52.4 Simulations Results

The simulation considered the operation of the SWT connected to residential system
operating at 230 V/60 Hz and with varying wind speed conditions.

Performance of the of generator side control is carried out with different wind
velocities as shown in Fig. 52.3.
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Fig. 52.3 Performance of generator side control

It is evident from the results that the generator speed increases with an increase in
wind velocity and vice versa (Fig. 52.3). The wind power coefficient is tuned under
the wind speed variation as illustrated in Fig. 52.3.

The DC-link power and voltage are illustrated in Fig. 52.4. The DC-link voltage
is maintained at 425 V under the wind speed variation.

Figure 52.5 represents the residential load voltage and the residential load current.
The total harmonic distortions (THD)of the residential loadvoltage current are shown
in Fig. 52.6. The Fig. 52.7 shows the wind and the active power of the residential
load. The difference in the curves represents the losses in the converter.

Fig. 52.4 Performance in DC-link
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Fig. 52.5 Residential load voltage and current

a.Volatge harmonics spectra b.Current harmonics spectra

Fig. 52.6 Voltage and current harmonics spectra of residential load

52.5 Conclusion

In this paper, sliding mode extremum seeking controller is proposed to regulate the
VDC reference signal of the inverter VDC structure. The developed control strategy
is checked via simulation studies on wind turbine system for residential application.
The performance of system has been demonstrated under varying wind conditions.
The voltage THDand the current THDof the residential loadmeet the required power
quality norms recommended by IEEE. It is finally shown that the results proved the
effectiveness of the employed control strategies.
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Fig. 52.7 Active power of the residential load
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