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Abstract In this paper, a fuzzy logic control is proposed t@®. Wind Turbine Characteristics
control the doubly-fed induction generator (DFI@jdely A total scheme of a wind energy conversion system

used as modern large wind turbine generators. Thigonnected to the electrical power grid is showRiq
technique finds its strongest justification for theodel

uncertainties of non-linear systems. The objecisvéo
control of the active and the reactive power getetaby

the asynchronous machine decoupled by flux oriemat Power
The obtained results show the increasing interéatsuch _ Grid
control in electric systems

Inverter Rectifie
Keywords : Doubly fed induction generator, fuzagid turbine
control, Vector control, wind energy.
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1. Introduction
Wind energy is one of the most growing uses of th. . .
renewable energy sources since it is clean an‘;H_'g'l Wind energy conversion system based DFIG.
available, moreover, because of its reduced casbt a'Ph ilabl the wind turbine is ai
improved techniques. e power available on the wind turbine is giveidy
Many different structure and control algorithm carLA’]'
be used to control power converters. One of thet mog - 1 pC S\ 1)
common control techniques is the active and reactiv. = 2" P
power decoupled by PI control to improve dynamiwhere: p— air density, S— turbine area,v— wind
behavior of wind turbines [1-9]. But uncertaintyoa sneed,C_— power coefficient.
the exact model and behavior of some parametehs sug P ) i o
as wind, wind turbine, and also variation of pareme  For the wind turbine, the power coefficienf,
values, during operation because of the temperatugepending on both, the wind speed and the turbine
events or unpredictable wind speed are the maigtating speed, is defined between 0.35 and 0.5.
problems in the PI control method. A wind turbine is dimensioned to develop on its
Using fuzzy control, we can produce controlleshaft a nominal powss, obtained from the nominal

outputs more reliable because of the effect ofrrothg, - o
parameters such as noise and events due to wige raﬁ(md speed,, . When the wind speed is higher thgn

of control region; and online changing of the colter the wind turbine parameters must be modified tacavo
parameters can be considered. Moreover without tH mechanics destroy [2, 5-6]. 3

need of a detailed mathematical model of the system Beside the nominal speeg, it is also specified the
and just using the knowledge of the total operadioth ~ starting speed; where the wind turbine starts
behaviour of the system, tuning of parameters @n Broducing energy and, the maximum wind
done more easily [10-12]. speed/,,,., Where the turbine does not convert any more

In this work, first, a wind turbine system 'Saie wind energy. The aerodynamic control principle

g;?ﬁgfgc?tsagfn;ﬁicgh:;gcgeg:?gfrﬁagégs clir? pé?ftri?e at limits the power extracted from the turbine at
minal output power value of the generator is Base

operating conditions. Then, a fuzzy logic contfdhe - - :
- n a “pitch” system [3, 5-6] to adjust the bladiés |
DFIG used to control independently the powers %:rce at the wind speed, to maintain the power

proposed and tested on a wind turbine equippedawit

DFIG of 10 kW ppreciably constant.



2.1 Mathematical M odel of the DFIG L

The generator chosen for the wind energf, = -V —"| ar (6)
conversion is the doubly fed induction generator. Ls
Moreover, a DFIG controlled through its rotor i®ds L v 2
with a speed variation range limitation of £30%fé¢ @ = —m| 4 s (7)
nominal speed. This choice permits the use ofomly ~° s L dr L (00,

converter dimensioned for an output power of aBéut

to 30% of its nominal output power. It will be thiess . . .
bulky, less expensive and will require a lesd sWsis the stator reactance. Equations showing the

cumbersome cooling system [9]. relationship between the rotor currents and voltage

The DFIG model is described in the d-q Park refezenestablished and will be applied to control the gatoe
frame, through the following equations [2], [3, B-9

dd _ L2 dlg
Vdsstlds"'Ts_wsq)qs Var =R lge + (L _Li)d_tr
S
8
V.. =R +%+w¢ L ©
as s' gs dt st ds 2) - g(Lr —L—)(JL)S|qr
S
do 2
Vi =Ry +— = (0 — W, L
dr Rr dr dt ( s r)q)qr Vqr _erqr+(|—r _ lin ) dqf
do - 9)
— ar
Vor =Rl + =g+ (05 =00 Lo Ve
+o(L ——)wglg +9
LS LS
¢ds = le ds T I—ml dr
¢qs =Ld ast Lmlqr 3) Since the power grid frequency is imposed,
dg =L 1 Ll gs 0, = gws, 6, /65 —rotor/stator electrical speegl,is
0. =L +L.] the DFIG slip. From equations (6), (7), (8) and )
qr = -riar m' gs block diagram containing the rotorique voltages as
inputs and active and reactive statorique powers as
Where: s/t are stator/rotor subscriptV/ /1 — OUtpULS, is established in Fig. 2.
voltage/current;p —flux; R— resistancd;,,,— mutual —
inductanceg — leakage coefficient, =T
(0:1— LmzlLer); L, /Lg— rotor/stator leakage , _- g — | E|LE 2
4 Ro+pL-2=| Loy
inductance;w, / w¢— rotor/stator pulsation. S
3. Control Strategy of the Doubly Fed Induction =57
Generator —

For obvious reasons of simplifications, the d- gm_a:ll_,,_%i - v
reference frame related to the stator spinning fie S Lsa
pattern and a stator flux aligned on the d-axisewe .
adopted. Moreover, the stator resistance can , - — L | .= Q,
neglected since it is a realistic assumption far tr RaiGanil B L
generators used in the wind turbine.

The DFIG is controlled by the rotor voltages viararerter.
Itis an independent control of active and reagiveers. In
the d-g reference frame and in an asynchronousragene

stator, the active pow&}, and reactive powdp, are: Fig. 2 Block diagram of the generator.

Ps = (Vas!l as =Vasl gs) (4) The powers and the voltages are linked by a first
order transfer function. Since the slip value iskyet
Qs = Vsl us = Vsl sq) )(5 IS possible to establish a vectoriel control, beeau

the influence of the coupling will remain weak dhd
The adaptation of these equations to the simpgfyind and q axes can be controlled separately by their own

assumptions gives regulators.



4. Fuzzy Control

The control system is based on fuzzy logic. Th
type of control, approaching the human reasonin
making use of tolerance, uncertainty, imprecisiod a

fuzziness in the decision-making process, managed

offer a very satisfactory performance, with no nefal

detailed mathematical model of the system, but ju

incorporating the expert knowledge into fuzzy rules
addition, it has inherent abilities to deal wittpiracise
or noisy data; thus, it is able to extend its ogintr

capability even to operating conditions where linee

control techniques fail (i.e., large parameteratars)
[10-16].
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Fig. 3 Block diagram of fuzzy control.

As illustrated in Fig. 3, this paper focuses orefuz
logic control based on mamdani's system. This Byste
has three main parts. First, using input membersk
functions, the inputs are fuzzified, then basedua
bases and inference system, outputs are produced
finally the fuzzy outputs are defuzzified and apglio
the main control system. In any time interval,thewe
and the error change rate are chosen as inputs.

Fig.4 shows the block diagram where fuzz
controllers are integrated to the rotor side coteveo
control the DFIG. The main objective of this parttie
active power control and the reactive power confsl
illustrated rotor side converter manages to follo\
reference active power and reactive power sepgrat
using fuzzy controllers. Based on equations (5)(&hd
inputs of the fuzzy controller are the active agattive

DFIG

Fig. 4 Control scheme of DFIG.

5. FLC design

The inputs of the fuzzy controller are error (eflan
error change rateA€). The output of the fuzzy
controller is Au). The universe of (e)A€), and Au)
are partitioned into three fuzzy sets. N (negative)
(zero), P (positive). Each fuzzy set is represtbig
either triangular membership function or trapezbida
membership function.

Degree of membership ~ Degree of membersip - Degree of membership

Fig.5 Membership functions.

power error and the error change rate in any time

interval.
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The rule base of the FLC contains nine rules based ] s
the IF-THEN structure which are tabulated in Tablel - 02 o021 ir
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6. Simulation Results
Simulation is done to illustrate the fuzzy control
performances applied to the DFIG. A bloc diagram is

proposed in Fig. 6 to control the whole system

Fig.7 System responses with fuzzy controller.

The active and reactive powers follow the desired
variables. In fuzzy logic control, the answers are
without overshoots, no coupling effect; the statior
goes to zero, rapid in transient state.

The parameters of the DFIG are:
R,= 0455 Q, L, =007 H, R =019 Q,

L, =0.0213 H, L, = 0034 H,V,=230V.
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The results plotted in the following figures shbwt 2200 6500 : 1

0.20.2050.21 Prer(W) - B
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Fig.7 shows the answers with fuzzy controllers ;500
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Fig.8 Effect the wind of a speed variation on the
active power and reactive power.

In the wind power generation system, the DFIG is
required to operate at variable speed and, meamwhil
the required active and reactive power referenaas m



also be variable.

4

Under this circumstance, the active power and
reactive power of the DFIG follows the power
reference calculated from the wind speed. thivacti
power is limited by the generator nominal powes

(10kW).
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Fig.9 Reponse of system with (0.8*Lm, 0.8*Ls,

0.8*Lr).

A robustness test of the proposed controller Wais
realised by a decrease of 20% in the rotor, statdr 0.
mutual inductances. The Fig.9 shows that the fuzzy
controller gives satisfactory performances of robess

against parameters changes of the DFIG.

7. Conclusion

11.

A complete fuzzy logic control based on wind
generation system has been described in the paper.
First, a generator model is proposed; then, a abntr
strategy using fuzzy logic of the DFIG allowing an o
independent control of the powers is also proposed.
The results show the improved quality of the cdntro

when using the fuzzy logic controller.
Through the response Characteristics,

performances are observed even in the referental si
variations. The output power follows the reference

signal without overshoots.

good

The advantages of the fuzzy control are that it is
parameter insensitive, provides fast convergernuoe,
accepts noisy and inaccurate signals. The fu%'

algorithms are universal

and can be applied

retroactively in any system. System performanct) bo
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