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Abstract: The considerable growth of energy
consumption in all its forms with the associated
pollution effects is caused by the burning of fossil fuels.
They are at the heart of the discussions on the future of
the planet. Renewable energy, like wind power, has
increased growth, but its mechanical power is highly
dependent on wind speed and wind turbine performance
characteristics. The variation of the wind speed has a
significant influence on the wind flux that acts on the
blades and the mechanical power generated. In this
article we study the influence of the variation in the pitch
angle (#) on the power generated by the induction
generator. The simulation results were analyzed proving
effective control and flexibility of the system (wind-
network) ssimulated by Matlab based on the control and
actual geographical information of the study area. This
allowed us to control the speed of rotation of the wind
turbine by the corrector Pl within the turbine so that the
system remains stable and gives good efficiency.
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1. Introduction

wind turbine at [1] variable speed. Control
algorithms implemented are aimed to optimize the
energy conversion of the system, and reduce
mechanical loads experienced by the mechanical
structure of the wind turbine in order to lengttiba

life of the system [2]. The operation of a wind
turbine ' variable speed, breaks down into several
areas of operation, depending on the speed of the
wind acting on the rotor: for low wind speeds, the
main objective is to maximize the energy collected
by the turbine, while for high wind speeds [3], the
electric power must be limited and regulated to the
power rating of the generator [4]. Wind power
collected by the turbine depends on how strongly
non-linear external input, the wind speed, the dpee
of rotation of the impeller and the angle of
inclination of the blades (pitch angpy "Fig. 1 "
Therefore, the controller must be adapted by acting
on the electromagnetic torque generator and on the
pitch actuator, the speed of rotation of the tuebin
and the angle of the blades to wind acting on the
rotor speed. This stochastic quantity very quidkly
time-variant is unfortunately not measurable

wind energy is the most viable renewabl@r€cisely, since it is energy average containethen

energy today and has a strong development in tHgWw of air through the rotor, and not the speethef
world, despite the cost of returns which is highem Wind at a point. The best ways to know this qugntit
traditional energy sources. Currently, severad$ then estimate it from the behavior of the tueb
solutions are possible in order to reduce this,cost

such as the use of advanced control laws, which

allow to significantly improving the performance af
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A simulation program othe control system we
developed under Matlath simulink7.8 where th
results obtained by simulation are presented is
article whose organization is as follows:
introduction is described in section 1, the <sture of
the system is presented in section 2, the pregam
and modeling of thesystem of the student
presented in section 3, The command is discuss
section 4, the results of the simulation are dedaiih
section 5, followed by a conclusion.

2. Structureof system

The DFIG wind generation system is showr
Fig. 2, where the wid turbine is connected to t
DFIG directly [3.The electrical power generat:
by the DFIG is transmitted to a power grid vi
variablefrequency converter, which consists of
machineside converter and a g-side converter

connected back tback via a DC link7].
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3. Modeling of the studied system
The wind speed varies according to geograpl
areas and seasons. temperate regions, the wil
speed is higher in winter than in summer. Figui
shows the annual distribution of wind ADR/
region during 2004/2009.
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a. Wind turbine mode and field orientec
control of DFIG
In our article we consider a th-bladed wind
turbine associated with a turbine driving
asynchronous generator doubly fed through a :

and a speed multiplier (see Figure

multiplier

DFIG
-~ B
blades

Fig.4. Diagram of the system to be model

Model Wind:The windspeed is usually represer
by a scalar function that evolves over ti

vV, = (1) (1)

The wind profile can be modeled by a sumr
several harmonics, in accordance w9-11]:

V, =V, + ; a,.sin( b, W,t) 2

With:



Vmoy: Wind speed [m/s] Whereo is the turbine angular speed am) (s

t:time [s] the radius of the turbine. Therefore, the actualgyo
Figure.5 shows the wind the block diagram whichaptured by the wind turbine is given by Eq. (7)

is used in the simulation according to the 1 3

equation (2). = ECp (A, B) pAv @)

[@_” . Then, the torque of the wind turbine could be
J:: expressed as [6]:

VV=f(U

[@_”
wind speed

1
R WhereCt(1,8)=Cp(4,8)/2 is the torque coefficient
= — of the wind turbine.
Fig.5. Wind block diagram in MatlabSimulink The turbine power coefficien€p@,5) is a non
linear function and expressed by a generic function

Wind energy systems convert the kinetic energy 116 21
of the wind into the electrical energy. The kinetic Cp(A, ) =O.517€T—0.4,8—5j€4-i +0.0068i
energy produced by a moving object is expressed as !

[12]: ©)
1 2 With:
E kiv = — .m .V (3) )
2 1 1 _0.035
In this casem is the mass of air andl is the wind 7~ 3+ 0.08 8 f°+1 (10)
velocity. The masen Cofld be derived from(6]: Figure 5 shows th€p-i characteristics for the
M= p(Ad) 4) gifferent values of.
Where J ! L 1 |=—beta=0
pArdensty e U _Ee:afé
A Swept area of the rotor blade P AN NG — et
d Distance travelled by the wind. . | | 1 | ! | | = Deta=15
The mechanical power of the wind turbinj S I/ &=L\ N bea=20
by defined is the kinetic energy over the tintg (& NN e U R
thusPwis expressed as EOS*WTWT /¢ N\ O\ |
1 o IERY Y S 0\
- Adv2 2 02— ey USRI W N W
E. 2 P 1 g | | £ | | | |
P, = — = =~ p.AV? | | A\ U
w t t 2 p (5) | | - | | | | |
oA RN NN
The power expressed by Eq. (5) is the ideal / ‘ ; i E 1 i ! i i
power captured by the wind turbine. The actual % 7 4 & a1 1 12 4 1 1 2
S

power of the wind turbine depends on the efficiency pecific speed ratio(lamda)

of th_e turbine r.epresented t3%,(2.,5) ‘_’VhiCh is the  Fig.6. Power conversion coefficient versus tip shesio
function of the tip speed ratig(and pitch anglef) (Cp —7) curve for different pitch anglgY).
[12]. The power conversion coefficient is a function

of the tip-speed ratio (TSR) and the blade pitch When the wind speed changes, the rotor speed

angle B (deg.), in which the TSR is defined as[13]: and the power captured by the wind turbine will
« .R change.According to Egs. (6), (7), (9), for a derta

A = V— (6) wind speed, the power will be varied with respect t



the rotor speeda), and there is a point when the It may be determined that the control target is the

power is maximum, at the optimal rotor speeghf.  electromagnetic torque that should be applied ¢o th
Figure 7 illustrates the curves of the wind turbinenachine for rotating the generator at its optimum

power versus the rotor speed) (for the different speed.

wind speeds. From the figure, it is clear thattfte Thus, the couple is determined by the controller

different power curves, the maximum powers arehich is used as a reference torque of the turbine

achieved at the different rotor speeds [12]. model “Fig.7”. Variation of the system of the
= Wind turbine power versus turbine speed orientation angle of the blades (variation of thele
:“E Popt : ;" ” VR EBYI of incidence) to change the.ratio between thealid
& re drag. To extract the maximum power (and keep
b a r ] constant), adjusted the angle of the blades to the
2 P 1 wind speed [17].
) S ] b. Modeling of the DFIG
b £ Vi Generating for the selected conversion of kinatiergy
* 1 . . . .
:';: £ of the wind is a double-fed induction generator-1£.
= ’_-’ 1 The DFIG voltage and flux equations, expressedhitk P
= L h 1 reference frame [20], are given by (14),(15):
Turbine Shaft speed wi (rad/sec) dy
. . . u =Rj, + —L9 w
Fig.7. Wind turbine power curves [14]. ds s ds dt s7gs
_ d
Model multiplier : The multiplier adapts the (slow) u, =R+ fj”tqs + WY
speed of the turbine at the speed of the generator dy (14)
[15]. This multiplier is modeled by the equation: U, =Rig + dtdr WY,
Caer:G[Cg (11) _ . dl//qr
Uy = erqr + T-l- W o,

Tree modelThe basic equation of dynamics applied
to the shaft of the generator determines the eoolut

of the mechanical speed2m from the total Y = Loy + M i
mechanical torqu€, [16] : W, = L r | L M i N
=39 0 4c . . (15)
Cn=1J dt +t1A, em (12) Y — L, dog F M A gs
With : WhereR; and R, are the stator and rotor phase

C,,: Mechanical torque on the shaft of the DFIG. ~ resistances respectivals, or are respectively the
synchronous angular speed of the generator and the

Q2,: Rotational speed of the DFIG angular speed of the rotor, LL, are respectively the

f : Coefficient due to viscous friction of DFIG stator and rotor inductances and M is the
C..,: Electromagnetic torque of the DFIG magnetizing inductance[21].
J: Total inertia that appears on the rotor of the The electromagnetic torque is expressed by[22]
generator: _3 M . .
J Cem = E PT(Iqrwds + Idr()l/qs) (16)
J=| =Lt [+J
( 2) g (13)  The following figure shows the simulation of the

With: dual Generator (DFIG) block power.

Jg : Inertia of the generator.
J; : Inertia of the turbine.
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Where?opt and @opt are the tip speed ratio and the

¢ Qrid M_odel rotor speed optimal respectively.
The input s a three phase voltage supply as falow The aerodynamic power optimal must be set to the
Va=v, sm(vvt% following expression:
Vb=v,_sin(wt —?’T) (17) .
: 27T W, -R
Vc=v,sin(wt+— — opt
( 3 ) I:)opt - O'5Cp—max10 (19)

WhereVa,Vband Vcare the output voltages of [24] Aopt

the grid side converter.
The above equations are used to establish the servo
4. MPPT Control and pitch control block diagram of the turbine speed (see Figure.9).

lambda

In order to track an optimal rotor speed reference,
the MPPT algorithm is proposed and based in PI p—
controller .The objective of the MPPT operation mod P
is to maximize power extraction at low to medium
wind speeds by following the maximum value of the I':CP
wind power .To extract the maximum power, we need " _;;‘ngfae’ *[K/

to fix the tip speed ratio at,,,, the maximum power yggee Caer

Cp (ambdabeta) | jeos

lamda

coefficientC,_,qx andp should be equal to 0° [25]. ind
ao .R omega ref )I>} )
— pt .—}\ambdaopt .
/]Opt vV (18) lambda opt  —— Gain2
Subsystem1

Fig.9. DFIG speed control lod27].



To capture the maximum power of the incident §
wind must continuously adjust the rotational spetd
the wind turbine. Optimal mechanical turbine spised  Van
Aopt ang = 0°. The speed of the DFIG is used |** ) o Vbn
as a reference for a controller Proportional-Iraegr \\ 56
type (PI phase lead), [17].

The wind turbine is sized to grow on the tree o
called a rated output poweP," which is obtained Fig. 11. Equivalent model of the two-level inverter
from a wind speed “Y, as the rated speed. Knowing

that when the wind speed exceeds the rated spgeed, t The switches (S1, S4), (S2, S5), (S3, S6) are

. . . ) ‘complementarily controlled to avoid short circiiet
wind turbine [3] must change its settings to av0|8 P y

: . . source [19], [18] (see Table.1).
mechanical destruction, so that its speed remains o .
Tablel. Excitation of switches

practically constant .Near the rated sp&gdwhich 31 = > 3 3 %
will help us to specify the necessary parameters:
- Startup speed/y, from which the turbine starts Sa S S
supplying power. OFF ON OFF ON OFF| ON
- Startup speed,, from which the turbine starts| ON OFF ON OFF ON | OFF
supplying power.
The speed/y, Vin and Vd define four zones in the  \yhere vabc is the vector of voltages to the
diagram as a function of the effective wind spegf}erter output, they are given by:
power “ Fig.10":

To ® @ N e

: E = Vac| _ -

Y| =g 2 THHS )
é . Vcn _1 _1 2 SC
' N Figure 12 represents the Simulink model of the

o Vi Vin ;7,,,,.5; sinus triangle PWM control and figure 22 shows the
Fig.10. Diagram of the output power on the shaft
depending on the wind speed.
- Zone |, where P = 0, the turbine is not operating  as well as the output voltag®s,, Vbn, Vcn , When the
- Zone I, where in the power supplied to the shafihput are three-phase sinusoidal voltages with a
depends on the wind speed V. frequency of 50 Hz and an amplitude of 230V.
- Zone lll, where the rotational speed is maintdine .
constant and the power P supplied remains quale L] 7 |
to P. — - o —
- Zone 1V, in which the system dependability stops

the transfer of energy [26]. . [ ] : I
IR |

simulation of the inverter switches statSs, S, S

¥y

ey Ly Scape2
WréB

a. Modd of theinverter PWM
The voltage inverter is a static converter composed I ]

of switching cells typically transistors or GTO m —h En o =

thyristors. It consists of three arms, two switchms

each .To ensure continuity in each current switch i

connected in anti-parallel with a freewheeling @&od Fig. 12. Model under SIMULINK of the sinus-triangle
(See Figure.11) PWM control
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¥
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5.

Simulation results and discussion

Simulinksoftware [23].

When simulated

following figures:

wind[m/s]

14

12

10

=)

=

time [s]

Fig.13.

time [s]

. 14. Rotation and reference speed (rad/s).

0.

To simulate the System (wind / network), we madeos
the simulation scheme of Figure 2 in the Matlab-.s

the case of a double-fed
asynchronous machine this generator is driven by a
wind turbine with a mean wind speed of around (6.10415
m / s). The simulation results are shown in the
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Fig.15. Coefficient of power conversion.
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regulation of the phases.

Fig.19. Three phase current generated by DFIG.

14 16 18

12

time [s]

At; t = 1.2s time coupling between two sources,
wind/network, the shape of the current phase of two
sources for the coupling is shown in figure 20islt

Fig.21. Overview of frequency.

+ 4.9 A, with a 20 ms

sinusoidal with amplitude of

period (50 Hz).



pulse A VréfA[v],carrier signalA

Fig.22. Voltage and simple current of phase "A"grated by

VréfB[v],carrier signalB
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Fig.23.Voltage and simple current of phase "B" gatezl

by DC/AC inverter.
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Fig.24.Voltage and simple current of phase "C" getes
by DC/AC inverter.

6. Conclusion

In this paper, a structure of a control operatibn o
a wind turbine at variable speed.The control
synthesis technique with Pl corrector ensures
optimum system behavior around an operating point
with respect to a compromise which is presented
between several control objectives. The evaluation
the proposed control strategy showed a better
behavior of the system in each operating region
compared to a conventional controller, and good
transitions between operating areas.

The simulation results show that the system
performance is very encouraging in that modern
turbines, which are equipped with a "control Vialea
pitch blade" whose function is to change the pitch
angle of the blades to allow the turbine extrabts t
maximum amount of kinetic power, or decreases the
speed of the rotor too in such case.
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