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Abstract—In this work, we study the modeling and
control of a wind energy conversion chain based on
a Dual Power Asynchronous Machine. First, the
mathematical model of the whole system under
study is developed in d-g Park coordinates. Then,
the proposed control strategy is designed based on a
fuzzy logic control technique that gives good results.
Finally, the results of the different simulations of the
whole  conversion chain, performed under
MATLAB/Simulink environment, are presented.
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1 Introduction:

Nowadays, wind energy has become a viable solution for
electricity generation as a complement to other energy
sources. The wind power system studied converts the kinetic
energy of the wind into mechanical energy, usually this
energy is transformed into electrical energy by the generator
which allows a variable speed production of electricity. This
allows the wind resource to be better exploited for different
climatic conditions (wind speed...).

In fact, the rotor captures the Kinetic energy of the wind and
transmits its rotation directly to the main shaft. The kinetic
energy has been converted into mechanical energy. A fast
motion is transmitted to the output shaft, which is connected
to the generator, which converts the mechanical energy of the
rotary motion into electrical energy, before injecting the
produced energy into the grid [1], the generator is connected
to power converters. The converter on the grid side controls
the DC bus voltage and the power factor [2, 3]. In addition,
the generator-side power converter controls the active and
reactive power produced by the GADA [4]. This paper
presents a method for controlling a Dual Power
Asynchronous Generator, which provides a tool for recursive
control law design based on fuzzy logic [5].
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2 Wind turbine system :

N ~ = -

Turbine Rectifier Inverter Filter + Electrical network

Figure 1: Architecture of a GADA-based wind power system

A. Modelling the 'Generator - DC/AC' combination

The modeling of the Double-fed asynchronous
machine has already been the subject of numerous
studies, the choice of a representation model,
whether formal or derived from an identification, is
always made according to the type of control to be
carried out. The machine is supplied with voltage:
the components of the control vector of the state
equation will therefore be voltages. The different
quantities will initially be expressed in their
respective references (a, b, ¢). The first change of
variable will allow expressing its voltages in the
reference frame (d, q) [4]. Like any machine, the
GADA can be represented by three stator windings
and three rotor windings.

The voltage equation is written:

For the stator v = [Rg ][is ] +%[(ps]
With Vo (v, vy, ve] - Stator voltages
. Stator currents
. Stator flux

ls= [isa isp iscl

T
Ps= [0sa @sp Pscl
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For the rotor: v, = [R] [iy ] +%[(pr]
with:

: Rotor voltages

Ir= [ipa irp  irc] : Rotor currents

@r=[@ra @rp ‘Prc]T : Rotor flux

T
Ur= [Vra Vrb Vrcl

The most appropriate model to study the dynamic
behavior of the machine and the implementation of
the control laws is a model expressed in PARK
coordinates [6], The park model is the replacement
of the stator windings (a,b,c) by equivalent
windings (d,q). We can switch from one to the
other reference point using a transition matrix. The
change of variable to the voltage, current, and flux
equations gives :

[irdq] = p(0)[irapc]
[vrdq] = p(@) [vrabc]
[q)rdq] = p(0)[@rancl

Hence, the stator and rotor voltage equations of the
MADA are written:

_ d
Rslsd + a Psd — PsqWs

Vsq =

) d
Vsq = Rslsq +a Psq — PsdWs
Ved = Rylpg + 57 @ra — PrqWr

dt
Vrq = Rrirq + a Prq = PrdWr

In the following, we consider the vector
[ira irg ®sa ©sq a)]T as the state vector and
[vra vrq] as the control variables, hence the model
of the overall system in state space is expressed in
d-g coordinates as follows:

d ird . . Rs 1
= —Ulyg T Wrlpg A7 Psg T Vra
dt s

L L,o

— AVgq
dirg . . 1
7 = —Ulpg — Wrlyg APWPgq + Lr_O' Vrq

— QUsq
with:
_ Rs | RM& Msy
H= e Like Lylso
We have expressed the equations of the machine
but there is also the electromagnetic torque. The
latter can be derived from the expression of the co-
energy obtained using a power balance

and a =
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— p MST

Ls
And the relationship between torque and speed is
written :

Ce m ((psqird - (psdirq)

dw
]E=Cem_cr_f(‘)

3 Application of fuzzy logic to MADA active
and reactive power control

In this section, we will follow the steps shown in
the Main Steps diagram when designing an RLF to
design two Mamdani type fuzzy logic controllers
for the current and power control loop, to improve
the control performance, both controllers are of the
same type, and have the same membership
functions. The difference is only in the
normalization gains. The general block diagram of
the fuzzy logic control of MADA is given in fig

).

Figure 2: Block diagram for fuzzy logic control of MADA

4 Robustness study:

The simulation results reported in the following
figures concern the control of the wind power
conversion chain based on a double-fed variable-
speed asynchronous machine, with the application
of reference steps of active and reactive powers.

From the following figures, we can see that the
measured active and reactive power quantities
follow their reference values, and from these
results, better tracking of the fuzzy controllers than
the PI controllers.

For the robustness tests of the fuzzy controller
control, we studied the influence of the variation of
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the rotor resistance R, and the inductance L, on the
control performance.

We simulated the system for a gradual increase of
150% in resistance and rotor inductance at time
t=0.25, and a return to their initial values at t=0.35.
The following figures show the results of the
simulation test.

The simulation results show respectively that these
parametric variations introduced at time t=0.25
have a slight influence on the performance of the
control; in contrast to the PI controller which is
influenced leading to destabilization.
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Figure 3 : Variation of rotor inductance
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Figure 4: The disappearance of the rotor resistance
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Figure 5: Active power with a fuzzy controller
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Figure 6: Active power with a fuzzy controller
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fig.6: Reactive power with a fuzzy controller
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Figure 7: Electromagnetic torque with a fuzzy controller
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5 Conclusion:

In this paper, the technique and basic notions of
fuzzy logic were presented, and aspects of fuzzy
logic control (FLC), as well as the design of a
fuzzy controller, were introduced while justifying
our choice of this type of control which lies in its
ability to deal with the imprecise, the uncertain and
the vague of its simplicity of design. A fuzzy
controller-based simulation was carried out to
perform speed control in place of the PI controller
of a dual-fed asynchronous machine.

The simulation results obtained show that the FLC
has a very satisfactory tracking performance, and
has proven its efficiency, especially in parametric
variations. The major problem in the design of the
FLC is the choice of membership functions for the
input and output variables.
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