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Abstract-In this article, we will study a system consisting of a
wind turbine operating at a variable wind speed and a two-feed
asynchronous machine (DFIG) connected to the grid by the stator
and fed by a transducer at the rotor side. The conductors are
separately controlled for active and reactive power flow between
the stator (DFIG) and the network, which is achieved using
conventional PI and fuzzy logic. The proposed controllers
generate reference voltages for the rotor to ensure that the active
and reactive powers reach the required reference values, in order
to ensure effective tracking of the optimum operating point and
to obtain the maximum electrical power output. System modeling
and simulation were examined with Matlab. Dynamic analysis of
the system is performed under variable wind speed. This analysis
is based on active and reactive energy control. The results
obtained show the advantages of the proposed intelligent control
unit.
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1. INTRODUCTION

Variable speed wind generators are more attractive than
fixed speed systems due to their efficiency, their quality in the
power output, and their dynamic performance in the occurrence
of network faults. The majority of wind diversion systems are
equipped with Doubly Fed Induction Generators (DFIGs) [1].
Under ideal control conditions, at different wind speeds, the
system can extract maximum energy. Wind speed measuring
instruments are used and the command is derived for the
required optimum speed turbine [2]. However, anemometers
can increase the cost of the wind transmission system and
reduce its reliability [3]. Several turbine control technologies
have been developed to improve the energy output for a
specific wind speed. Some variable speed techniques require a
strategy for estimating wind velocity, which is very difficult
under highly variable wind conditions [4]. Three types of PI
regulators are offered. In this paper, a fuzzy logic controller is
proposed to control the DFIG speed for the maximum
operating point to track force for a wide range of wind speeds.
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1L WIND TURBINE MODEL

A DFIG wind turbine consists of a variable speed turbine, a
generator and a gearbox [5, 6]. The main objective of the
turbine is to convert wind power to mechanical power on its
shaft. The relationship between mechanical power, P, and
rotor speed, w is described as [7]:

1
Precn = ;Cppn-RZV3 )]

where p corresponds to the density of the air and R to the radius
of the turbine fan respectively. The force modulus can be
described because the fraction of the mechanical strength
extracted from the total force to be obtained from the wind is
specific to each turbine [8]. The power factor Cp is generally
known as the pause ratio characteristic [9].

111, MODELING OF THE DFIG

The DFIG electrical state can be modeled using the Park
Transformation as follows [10]:

dae
( Vsd = Rslsd + d;d

Vsq = Rslsq + WsPsqa

d 2
Via = Rplg + Z;d - ((1)5 - w)(prq @)
do
qu = errq + d:q + ((1)5 - w)(prd

To obtain separate control over the stator reactive and
active forces, the DFIG model is required to express all
quantities. This is in accordance with the concept of stator flow
direction and the assumption that the stator resistance is small
compared to the stator reactance of a DFIG of medium and
high power volume, where the stator flux can be computed as

[11]:

M

Ps = _VSL_SIrq
Q _Vsos _ VsM I (3)
s = Lg Lg rd

The electromagnetic torque is expressed as:
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M
Cem = _pz Ds Irq (4)

IV.  SYSTEM DESCRIPTION

The first DFIG configuration used in this paper is shown in
Figure 1. By means of a gearbox and a coupling shaft
mechanism the wind turbine is mechanically connected with
the DFIG [12]. The wound-rotor induction generator is fed to
the stator and rotor from each element. The stator is directly
connected to the grid, while the rotor is fed via lower back to
another four-quadrant PWM power converter (RSC and GSC)
connected with the use of a battery inside the direct current -
link condenser [13].
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Fig. 1. DFIG-based wind conversion system.

Figure 2 displays a schematic diagram of an ordinary
conversion [14]. Figure 3 shows the forces between DFIG,
converters, and grid. The rotor aspect converter guarantees a
decoupled lively and reactive stator power control, Ps and Qs,
consistent with the reference torque introduced via the
Maximum Power Point Tracking (MPPT) control. The grid
facet converter manipulates the electricity drift trade with the
grid through. The rotor maintains the direct current bus at a
steady voltage state and enforces the reactive energy QL at zero
[15].
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Fig.2 Block diagram of the fuzzy controller.
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Fig. 3. Membership functions used by the controller.

TABLE 1. RULE TABLE OF THE FUZZY CONTROLLER

E
NG | NM | NP EZ | PP | PM | PG
NG | NG | NG | NG | NM | NP | NP | EZ
NM | NG |NM |NM | NM | NP | EZ | PP
NP | NG [NM | NP | NP | EZ | PP | PM
Ae | EZ | NG | NM | NP EZ | PP | PM | PG
PP | NM | NP | EZ PP PP | PM | PG
PM | NP EZ PP PM | PM | PM | PG
PG EZ PP PP PM | PG | PG | PG

AU

V. ADJUSTMENT OF THE ROTOR CURRENTS OF THE DFIG

We will now use the same diagram of the vector control
except that this time the rotor current regulators are fuzzy
regulators (Figure 4).

Ps.mes

Qsmes
Block diagram of the DFIG fuzzy-PI regulator of speed for supply

Fig. 4.
of power to the electrical grid.

The two current regulators are of the same type (seven-class
Mamdani-type regulator), and have the same membership
functions.

VI.  RESULTS AND DISCUSSION

For the robustness tests of the control by fuzzy regulators,
we studied the influence of the variation of the rotor resistance
and own and mutual inductance on the performance of control.
Our wind power system (turbine+DFIG) is controlled by fuzzy
regulators. The starting is no-load then a reference active power
is applied:

e Between t=0.2s and t=0.6s negative scale (P,,=—20000W).
e Between t=0.6s and t=15 (P, = —10000W).
e Reactive power: Between t=0s and t=1s step (Q,,~0VAR)

Figures 5-13 show the performance of the reactive and
active stator power PI- fuzzy control applied to the DFIG. In
Figures 6 and 7 we observe that the direct and quadrature
components of the stator and rotor currents follow their
reference values. In view of these results, better tracking of the
fuzzy regulator compared to that of the PI regulator is
achieved. Fuzzy regulators do not generate any overshoot,
particularly at transient. For the other performances, they are
almost similar to that of the PI regulator. Figure 12 shows the
waveform of the stator voltage and current.
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overshoot accompanied by weak oscillations around the

latter further reduces the response time by producing a limited

/\\/ setpoint in steady state. The precision is not as good as that of a
e PI regulator where the integral action eliminates the static error.
N This suggests the combination of two types of regulators: a
) fuzzy regulator for the transient regime and a PI regulator for
the steady state.
[\
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Fig. 5. Electromagnetic torque.
20
of\ MW‘
. \v4 ird (A)
a0 H--£\ / )
all] an \ ;
. \UI Ird ( R) 0 o1 02 0'3 0'4 OES 0'5 07 08 09 1
701 S U S (S S S A S S S, n
ol R 4 N R T T | Time(s)
4% l Fig. 9 Three-phase stator current.
-1600 0.1 02 03 0.4 0.5 06 07 0.8 09 1 T
Time(s) ~ i El
Fig. 6 Direct and quadrature rotor currents ”'
P IF || T R N
b »] [!, pmum i
v = i “ l“" {q wm L
v S TN N O S : lv i
=0 01 02 03 04 Tlme(s) OS 07 08 09 1
/ """" Fig. 10.  Three-phase rotor current.
T times
Fig. 7 Direct and quadrature stator currents. L
‘ RN ERER TN YTy ITy Ty Iy
A
)3& / — u e VTPV e
sy PRV
N
0 0. 02 OiI‘ime(sO)S 06 07 08 09
. Fig. 11.  Current per rotor phase.
. o T . 4°° Isa(d)  Vsa(V)
Fig. 8. Stator active power (W) and reactive power (VAR). 300 n " }4- A | )
We can notice that the stator voltage is equal to that of the ?Z\ 1 1 H ﬂ 4 } ( [
network, while the waveform of the current is related to that of ! i1 4 !
the active power and the reactive power. The stator current and i i ! P
voltage are in phase opposition, as shown in Figure 12. This 100 ‘ } ‘
means that the stator active power is sent from the generator to 200 \ U ‘ f l
the network. Note that the stator voltage and current 300 ‘ } RRRNAN V U SRARE L
waveforms are independent of the wind speed profile. Tuning 400 i
by fuzzy logic may override tuning by PI with respect to the ’ o Y rmey '
quality of the dynamic response of the system. Indeed, the Fig. 12.  The stator current and voltage.
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Fig. 13.

Focus on stator current and voltage.

VIL

In this paper, the technique of fuzzy logic has been
explored. A fuzzy logic controller using the concept of offline
decision table was installed in the vector control for a
asynchronous dual power machine (DFIG). This choice of
command was justified by the ability of fuzzy logic to handle
the imprecise, the uncertain, and the vague. The obtained
results show that the FLC has very satisfactory tracking
performance. It has improved the dynamics of the rotor
currents compared to that of the adjustment by PI. The major
problem in designing an FLC is the choice of membership
functions for the input and output variables, which is generally
done thanks to the expertise of the process. However, a fuzzy
system is difficult to grasp. Its control and adjustment can be
relatively long. Sometimes it is a lot more of a trial and error
procedure than a real reflection. Fuzzy logic therefore lacks a
high-performance learning medium for solving a fuzzy system.

CONCLUSION

APPENDIX

PARAMETERS OF THE 1.5MW DFIG

Symbol Parameters Value
Pn Rated Power 1.SMW
Vs Stator Voltage 300V
Fs Stator Frequency S50Hz
Rs Stator Resistance 0.012Q
Ls Stator Leakage Inductance 0.0205H
Rr Rotor Resistance 0.021Q
Lr Rotor Leakage Inductance 0.0204H
Lm Mutual Inductance 0.0169H

Poles Pairs Number 2
J Rotor Inertia 1000K g.m’
PARAMETERS OF THE TURBINE
Symbol Parameters Value
R Blade Radius 35.25m
N Number of Blades 3
G Gearbox ratio 90
J Moment of inertia Kg.m®
fv Viscous friction coefficient 0.0024N.m.s"
\Y Nominal Wind Speed 16m/s
vd Cut-in Wind Speed 4m/s
Vm Cut-out Wind Speed 25m/s
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