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Abstract — This paper presents the contribution of the application of fuzzy logic for the
independent control of the active and reactive power stator of a doubly fed induction generator
(DFIG), used in a variable speed wind energy conversion system. So in this work, we are
particularly interested in the application of indirect vector control by stator flux orientation to the
DFIG, based on fuzzy controllers. These latter surpass the limits of conventional controllers and
possess essential characteristics for the improvement of the robustness of the vector control with
against parameters variations of the system. The obtained simulation results have shown that it is
possible to control the stator powers, even in the presence of parametric variations.
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I. Introduction

The new wind turbines technology work at variable spee
ds.this type of operation allows energy efficiency to be in
creased, mechanical loads to be reduced and the perform
ance of the electrical energy generated to be improved.
Compared to the wind turbines at fixed speed,
Such wind turbines often use the Doubly Fed generator
of induction (DFIG) [1, 2]. The Indirect vector control
based on conventional regulators PI type (Proportional-
Integral) is traditionally used to control the active and
reactive power of DFIG [3, 4]. This technique decouples
the rotor current active and reactive components are
obtained indirectly by controlling the input currents.

Artificial intelligence techniques are currently known for
their great potential to solve problems related to
industrial processes. These techniques include genetic
algorithms, neural networks and fuzzy logic that are
increasingly applied in the control of the induction
machine and the adaptation of its vector control [5]. In
our study, we looked at fuzzy logic to synthesize robust
regulators against DFIG parametric variations to replace
the four conventional IP controllers used in vector
control. Simulation results are presented to show the
effectiveness of these regulators in solving the robustness
problem so that they compare their performance with
conventional regulators.

I1. Simplified model of DFIG

The DFIG is represented by Park model (d-q) whose
equations are established in a reference related to the
rotating field as follows [6]:

e The Terminal voltages

Vd = Rsisd +

N

- ¢sd - a)s ¢sq

(D
* The rotor voltages
=R i d
Vrd - rlrd + E¢rd - (ws - a)r )¢”1
. d
qu = errq + —¢,q +(o, - 0,),
dt ‘ ()
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The active and reactive statoric powers are expressed by:

P = %(Vsd I T Vg i‘“q )

s

3 . .
Qs = E(V‘vq lsd - vsd lsq )
A3)
*  The electromagnetic torque
3 L, .
Cem = Ep L_((Dsqlrd - q)sdqu)
4)

With: p is the number of pole pairs of the DFIG.

In view of DFIG's vector control; it makes more sense to

choose the d-q coordinator related to the statoric rotating
field, which is related to the frequency of 50Hz
(frequency of the electrical grid). Therefore, Park's
coordinator will be synchronized with the statoric flux
(Figure 1)

Figure 1. Stator flux orientation

Often in the case of a DFIG medium and high power, the
stator resistance Rs is neglected during the synthesis of
the model according the assumption of orientation of the
stator flux [7, 8].

By adopting the hypothesisof negligible stator resistance
Rs and the stator flux is constant and oriented according
to the d-axis, we deduce:

=0
{ﬁq (5)

¢sd = Ts
V,=0

sd (6)
Vsq = Vs = CUS \Ps

\IJS = Lsisd + L}r)‘r’d
. 2) )
0=Li, +L,0,
From equation (7), we can write:
\PS m_
lsd = - _lrd
L Ly ®)
L.
lsq - _L_Slrrﬁ:i)
L
=oLi,6 +—2Y
¢r‘d O r'lr'd L s (9)

5

¢7’q = O-Lrirq

with 1o =1- (len / Ler) (@ispersion coefficient of
Blondel).

By substituting the expression (9) of the rotor flux in
equation (2) we obtain

d
Vrd = Rrird + O-Lr _ird - ga)SO-Lri"q
dt (10
LYV

m__ s

d
V,=R,i,+0oL, 51@, +gooL,i, +g

In steady state, the terms involving derivatives of the
diphasic rotor currents disappear, we can write:

Vrd = Rrird - ga)so-l‘rirq
y (1

m S

V,=Ri,+gooli, +g

s

The adaptation equations powers (3) with the axis system
chosen and the simplifying assumptions made in this
case (V;,=0) gives:

P=2vi
s 2 sVsq

3 (12)
Qs :EVsisd

By replacing the stator currents by their values the
equation (8) in equation (12) we obtain the following
expressions for the active and reactive power:

po=-3y Ltn;
s s L rq
(13)
3 b4
——— s _ Y m
Qs 2( K LS s LS rd]
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By pulling ¥, = V, the equation (6), the expression of
a)Y
reactive power becomes:
3 L 3’
=y ey | 20 (14)
Qs 2 K LS rd [21‘?&)?}

Given the chosen coordinator, approximations made and
if we consider the magnetizing inductance Lm as
constant (constant air gap), the resulting system
proportionately links the active power to the rotor g-axis
current and the reactive power to the rotor d-axis at a

constant (3VA,2 /2L, a)s) imposed by the grid.

Replacing (6) in (4), the DFIG torque will be expressed:

3 L 3 LV
C,=—-——p—2Vi =—-—p—25i
p s'rq 2pLa) rq

(15)
- 2 LS 5 s

III. Indirect Vector control of DFIG

This method involves taking into account the terms of
coupling (Cd and Cq) and compensating them by using a
system with two loops to control rotor power and
currents, based on conventional IP-type regulators

(Proportional-Integral).

The block diagram of the system is thus reproduced in
the opposite direction, resulting in a model corresponds
to that of the machine but in the other direction which
contains all the elements of the block diagram of the
DFIG.

In this method, decoupling is done at the outputs of the
current regulators rotor with a feedback, which allows
the adjustment of the powers (Figure 2). In our work, the
design of these regulators is achieved by the method of
compensation of the dominant poles.

Power Controllers

Current Controllers

=
&

DFIG

IR
=

Figure 2. Block diagram of the indirect control with power loops

=

Cd = ga)so-Lrirq - 2L w

With: . sos
Cq = ga)SO-Lrlrd _ ngVv
A

IV. Fuzzy Logic Control

The advantage of fuzzy control over conventional
controls is that it does not require knowledge of
mathematical models of the system. On the other hand, it
needs a set of rules based mainly on the knowledge of a
qualified operator manipulating the system [9].

The design of the fuzzy controller (FLC) through four
main distinct steps is shown in Figure 3. The two
most significant variables to analyze the behavior of the
system to know the error and its variation are chosen as
the two inputs of the controller by fuzzy logic (RFL).
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Figure 3. Basic structure of a fuzzy logic control [11,12]

sortie

The output is the increment of the control signal applied
to the system to be controlled 47 - (see Figure 4).

MADA

Commands

Vectorsells

Figure 4. The DFIM control system Block diagram

The RFL inputs are calculated at time K as follows [12,
13].
E, (k)= P, (k)- P (k) (16)

dE ,(k)=E (k)-E, (k-1) (7

Thee 79 . . . . .
" control signal is obtained after the integration

of the RFL output
ref _ gref ref
19 (ky =127 (k=1)+dl Y (k) (18)

rq
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The same reasoning and procedure applies to the reactive
power loop where the control signal is the direct rotoric

current /7 .

The fuzzy regulator shown in figure 4 is composed of

[11]:

e The triangular and trapezoidal membership
functions, this choice is due to the simplicity of
implementation

e A standardized universe of  discourse;

The universe of discourse is divided into three (fine
adjustment) for the input and output variables

e Mamdani's involvement in inference.

e  The Centre of Gravity Method for defuzzification.

a. Fuzzification

For the membership functions, triangular and

trapezoidal shapes were chosen for each variable as
shown in Figure 5[9]:

>

E, dE, dI,

-1 0 1

Figure 5. Membership functions for input variables Ep, dEpand outlet
dl,qof the fuzzy controller of active power.

b. Inference

As mentioned before, each of the two linguistic
inputs of the fuzzy controller has three fuzzy sets,
resulting in a set of nine rules. These can be represented
by the following inference matrix [7]

dE,
dl,,
N Z P
N N z
Ep Z N Z P
Z P P

Table 1. Inference matrix of the fuzzy power regulator.

c. Defuzzification

For defuzzification, we use the method of the center of
gravity presented previously, we obtain

_ z /’IRi (Irqi )dl rqi 19
dl,, = (19)
Z /JRi (Irqi)

DFIG's indirect power control strategy through fuzzy logic
was validated by numerical simulation using
MATLAB/SIMULINK software:
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Figure 6. Simulation results of the DFIG vector control based on fuzzy
controllers (RFL), at variable wind speed

The simulation results presented in Figure 6 show that
the fuzzy controller offers better dynamic and static
performance of power reference tracking, with a very fast
response time, no overshoot and an almost zero static
error.

IJECA-ISSN: 2543-3717. December 2019

Page 11



H. Mesai Ahmed et al

3.2. Robustness test

The purpose of this test is to test the robustness of the
technique of two controllers (PI -RLF) against variations
in DFIG parameters. We will perform a decrease in the
mutual inductance (30% of Lm), which corresponds to a
saturation effect of the machine's magnetic circuit.

From the results obtained in Figure 7, it can be
seen that the fuzzy controller retains its robustness in the
face of the variation in mutual inductance, while the PI
controller loses its robustness completely.
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Figure 7. Robustness test of controllers against DFIG parametric
variations

We can summarize the dynamic and static performance
obtained by the two regulators in normal operation
(without parametric change) by the following table:

Table 2. Performance Comparison of the two regulators

Controller
Performances PI RLF
Response time (ms) 6 1.95
Exceedance (% 6 6

. (%) 0.6 1.42

Static error W) 9000 21000
Robustness to variation Bad g
parameters
Conception Simple difficult

V. Conclusion

In this paper, the robust vector control of DFIG based on
fuzzy logic technique has been presented, whose notion
of the offline decision table is implemented in the vector
control of DFIG. This choice of command was justified
by the ability of fuzzy logic to deal with imprecision,
uncertainty and vagueness.

From the simulation results obtained, it can be said
that the fuzzy controller provides significant robustness
to the vector control of the DFIG, with respect to the
parametric variations of the latter, in particular the
mutual inductance.

By comparison, fuzzy controllers offer significant
improvements over conventional controllers in terms of
speed of transient regimes and insensitivity to parametric
variations in the system.
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