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Abstract

This work is focused on the control of a wind turbine system based on (PMSG). In order to enhance the efficiency
of the wind turbine system, the maximum power point tracking (MPPT) control is applied to exploit the maximum
power from the wind. The Fuzzy Logic controller (FLC) has been proposed and developed for the speed control.

The simulation results show good performances of this control.

Keywords: Maximum Power Point Tracking (MPPT) control, Fuzzy Logic Control (FLC), modelling.

1. Introduction

Currently, the use of renewable energies is increasing, because the pollution and the

environmental problems caused by fossil sources [1]. Among these renewable energies, the
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wind energy takes a good place which knows a high growth and used. Many researches have
been done in order to increase the efficiency of the WECS, for this reason, various technologies
use the Permanent magnet synchronous generators (PMSGSs) in low and medium power
relatively due to their special characteristics and efficiency. Moreover, the PMSG does not
require a gear box, which reduces the cost, weight and volume of the system [2]. However, its
rotation speed should be controlled according to variations of wind speed for extracting the
maximum of power, this technics is called MPPT. MPPT control with speed controller has more
efficiency, but it needs the wind speed sensor and a speed controller. Various controllers can
be used in MPPT. In this work, one of the most promising controls is presented and explained
based on FLC. This later can maximize the wind turbine power. This paper presents the

performance evaluation of the wind turbine system using FLC, “Fig.1”.
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Figl. Wind energy system using PMSG.

2. Wind turbine system
The wind turbine is defined as [3]:

1
P ==C_(1)pAV 2
) »(4) ! (1)

The tip-speed ratio may be written as [4]:

Vi v
where,
A : area swept by blades [m?]
p - density of air [kg/m®]
V1 : speed of the wind [m/s]
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Rt : turbine blade radius [m]
Oy rotor speed [rpm]
C p : power conversion coefficient

The value of the coefficient of power conversion Cp can be approximated by [5]:

C, (4,8)=(05-00167(8-2))sin (104 -0.00184(1-3)(8-2)
18-03(5-2) (3)
The simulation of Cp, is presented in “Fig.2”:
i
Zaeg
4deg
- data3 2deg
o° d:t24 / \/

data5

d:t:ﬁ 7 T - & deg

NF 6deg
// /ﬁx\ N S
//// e P BN - \>\ 7 8deg
s w1 \< \ 10deg
/ / //*h\ N
// /// . .
// o ™S
// AN \
4 \\/
// \\‘ “
0 2 4 6 8 10 12 ‘14 16

Speed ratio

Fig.2 Characteristics of C p (4,5) for different values of

When the wind power is less than the nominal power, £ should be maintained fixe at the smallest
degree; so, the power coefficient takes the maximum value corresponding to the maximum
power value at the A opt. Hence, for maximizing the wind turbine energy, A should equal Agpt OF
Qrat Oret.

The optimal rotor speed is expressed by [6]:

"R @
3. MPPT control using Fuzzy Logic

Fuzzy logic control (FLC) has the advantage of solving the non-linearity of the system and it
doesn’t need its mathematical model parameters. FLC imposes the reference torque on PMSG
to obtain the optimal speed rotation which leads to optimal torque and then the optimal power,
“Fig.3”.
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Fig.3 Diagram block of the FLC.

Two input variables are in FLC controller; speed error ‘e’ and the error speed variation ‘de/dt’
[6].

The structure of FLC is given as shown in “Fig.4”:

Generally, FLC pass by three steps:

> Fuzzification,

> Reading table,

> Defuzzification.

i 4l ¢ :
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Fig. 4 Conception of FLC

At first stage, by using the triangular membership functions, the input variables should be
converted into fuzzy variables ‘e’ and ‘de’. The input variables ‘e’ and ‘de’ universes of
discourse are respectively (-0.5, 0.5) rad/s and (-1, 1) rad/s. The output variable discourse
universe is (-1, 1). Five fuzzy sets divide each universe of discourse: NG : Negatif-big, - NP :
Negatif-small, - Z : About Zéro, -PP : Positif-small, PG : Positif-big.

In the second stage, FLC executes the 25 control rules to obtain the output according to inputs.
Table.1 shows the control rules [7]:
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e |[NG|[ NP | Z [ PP [ PG
d
NG | NG | NG | NP | NP | Z
NP | NG | NP | NP | Z | PP
Z NG | NP | Z | PP | PG
PP [NG | Z | PP | PP | PG
PG| z | PP | PP | PG | PG

Table 1. Fuzzy control rules for speed controller.

4. Results and discussion

The simulation results are presented below:

Vv(m/s)

O 1 1 1 1 1

0 0.5 1 1.5 2 2.5
t(s)

Fig. 5 Wind speed
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Fig. 12 Wind turbine power Fig. 13 Electromagnetic power

It can be seen in “Fig. 6” and “Fig. 7” a fast and good following of the rotor speed to its
reference with an adaptation to speed of the wind (“Fig. 5) represented in the fast dynamic
response (0.0036s) as shown in “Fig. 8. The generator torque and the wind turbine torque are
equal in the steady state, they are also well adapted to the wind speed, “Fig. 9”. Thanks to the
good speed control, the power coefficient is well adjusted to its maximal value (0.5) after a
small dynamic (0.0036s) as shown in “Fig. 10” and “Fig. 11”. In addition, although the wind
speed variations, the power coefficient remains max and constant, which means that the
maximal power is achieved. All these above leads to harvest the maximal available power
whatever the wind speed variation (under its nominal value), which involves the adaptation of
the rotor speed value the mechanical power and electrical generated power (knowing that loses
are neglected) to the wind speed, therefore the MPPT control is well assured.

5. Conclusion

In this paper, a MPPT control for wind energy system was proposed. In the aim of picking up
the maximum power, the MPPT control with speed control based on Fuzzy logic controller was
used. According to the wind speed variation, the wind energy conversion system has given good
dynamic performances. The validity of the controlled wind turbine has been checked by
simulation results. In addition, this applied strategies can increase dynamic performances and

the efficiency of the wind turbine.
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