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1. INTRODUCTION

Electrical energy is crucial to any socio-economic development [1]. The demand for electricity is
very important to this dilemma, it is necessary to appeal to new energy sources that will be without
consequence for man and environment. Wind energy represents a sizeable potential for bearing damping
demand increasingly rampant, after centuries of evolution and further research in recent decades and some
wind power projects developed by major central wind turbines provide electricity in parts of the world at a
competitive price than the energy produced by conventional plants [2].

Today, the development and proliferation of wind turbines have led researchers in Electrical
Engineering to conduct investigations in order to improve the efficiency of electromechanical conversion and
quality of the energy supplied [3]. It is in this context that this paper describes that we present a study on the
use of asynchronous machines has dual power in a wind system. Initially modeling and conversion system
simulation (turbine and asynchronous generator dual feed)

Then the vector control in stator active and reactive powers are proposed in a last step And
improved the system study and extract maximum power presents MPPT strategists and the simulation results.
The objective of this paper is to develop a novel combined MPPT-pitch angle control system of a variable
speed wind turbine.
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2. MODELLING WIND POWER SYSTEM
2.1. Model of the wind turbine

The wind turbine collects the kinetic energy of the wind and converts it into a torque, which turns
the blades of the rotor [3]. In our study, this system used a wind turbine based on DFIG, which supplies to
generate the torque required to the load in Figure 1.

Wind Generator

Turbine
Gear box

Figure 1. Schematic of the wind turbine
2.1.1. Wind modeling
In our case, the wind speed will be modeled as a sum of several harmonics [5]:
V(t) =10 + 0.2sin(0.1047t) + 2 sin(0.2665t) + sin(1.2930¢t) — 0.2 sin(3.6645t) 1)

2.1.2. Aaerodynamic power
P, = % Co(A, B).p.S.v3 2)
Which (1 is defined by: 1 = 2 ©)

The coefficient of power Cp represents the aerodynamic efficiency of the wind turbine. We will use
an approximate expression of the power coefficient given by [6]:

m.(A+0.1)

Cp(4,B) = (0.35 = 0.00167)). (B = 2).sin [ - o —

—0.000184. (1 — 3). (8 — 2) (4)

The simulation of the power coefficient is shown in Figure 2:

T amhda

Figure 2. Cp (A,B) Characteristics for various values of pitch angle 3

The aerodynamic torque is expressed as follows:

P
Ce =Q_i=2117p' R%.VZECo (A B) ;
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For the mechanical part can thus lead to a more simple mechanical model [7 and 14] (Figure 3). The
dynamic behavior of the generator can be represented by the following equation:

J aw =T, -T,,— f.w (6)
dt

Where Jt is the rotational moment of inertia of the rotor and the generator kg.m?, w is the angular
velocity of the rotor in red / s, Te is the mechanical torque applied to the alternator shaft in Nm, T, is the
electromagnetic torque developed by the generator in Nm and f, is the viscous friction coefficient in Nm.

2, Q,

T

G

Figure 3. Mechanical model of turbine

2.2. DFIG Modeling

We modeled the DFIG with the implementation of the transformation of the park following
Repository related rotating field This repository is called system of axes (X, Y), it rotates with the speed of
the electromagnetic field is obtained [9]:

. do
ugs = Rgigs + d:s — WsPgs
. . do
The stator: Ugs = Rslgs + == + wsas (7
d@os

Ups = Rglos + at
: dog
ugr = Ryigr + dtr — (wg — (*)r)(qu

_ o degr
The rotor: Ugr = Ryigr + (gt" + (w5 = 0r)Qqr ®)

d@or
dt

Uor = Rslor +
The equations of flow and after the simplification are:

@qs = Lsigs + Migy 9

{‘Pds = Lgigs + Migr
@os = Lglos

Also for the rotor and in the same way are:

Par = Lyiqr + Migs (10)

{(pdr = Lyigr + Migg
Por = Lyior
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Doubly-Fed Induction Generator model of the landmark Park in the form of state:

di 1 . MR, . . M .
qe = Lo (as = Rslas + = Flar + (w50 — PQy(0 — 1))Lsigs — L, tar + PQrMigr)
di 1 MR M
qs _ . , . .
i = LS_O'(uqS — Rgigs + Trlqr + (w50 — PQ,(0 — 1)) Lgigs — T, ar + PQ,Mig,)
diyg 1 . MR, o—1 . M ws0 — PQ,
dtr = LS_O' (udr = Ryigr + L—Sr lgs + TPQTLerqu - L_Suqs + % lqr)
di ., MR, .M .
d‘ér =Is (ugr — Rpigs + L—SslqS + (w50 + PQ, )L igr — T, Yas + PQ,Miy,)
aq _3PM . C fy
d_tr - 2L ((Pds qr (pqsldr) - Tr - j_rﬂr

2
Where: 6 =1— LM—L is the dispersion coefficient.
sr

The expression of the electromagnetic torque of the DFIG in reference Park [10]. The general form
of electromagnetic torque is:

3PM

. 3PM . .
Com = ((pdrlqs (pquds) = _Z_LT((pdslqr - (quldr) (11)

2.3. Power Modeling DFIG
2.3.1. Modeling of phase rectifier diodes
If we neglect the effect of encroachment, the rectifier output voltage will be defined as following:

Vrea () = Max[V, (8). Vp (). Ve (D] = Min[V, (D). Vy (1). V(D] (12)

2.3.2. Modeling of DC bus
To reduce the ripple of the voltage source adding a low pass filter LC Their operation is governed
by the following equations:

dl_d _ Vreda—Vbc
dt Lf (13)
dVpc _Ig—Ig

dt Cf

2.3.3. VDC Association to DFIG
We will have the following system:

[Eg] VDC 2-1-1 1 [ ] 14

112

In our case, the control of the switches of the inverter is performed by use of the command
modulation or PWM pulse width.

3. MAXIMUM POWER EXTRACTION TECHNIQUE
The goal of the (MPPT) strategy is to pick up the maximum power from the wind; it involves the
following of the power curve shown in Figure 4, given by in equation (15):

P — opt( opt )pAV 3 (15)

opt
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Figure 4. MPPT and power characteristics in function of mechanical speed

An erroneous speed measurement therefore inevitably leads to degradation of the power captured by
the first extraction technique. This is why most wind turbines are controlled without control of the speed.
This second control structure based on the assumption that the wind speed varies very little steady state.

APPLICATION VECTOR CONTROL WITH THE ORIENTATION FLOW STATOR
We consider the DFIG works in hypersynchronous mode, the principle is to direct the stator flux
along the axis of the rotating frame [9].
So we have: ¢4s = @, and we have: ¢,; = 0 Relations between current stator and rotor currents:
The technical guidance of stator flux is applying on the couple become:

3 5L
Ce = —Epf((psd.qu) (16)
If neglecting the resistance of the stator winding R_S, voltage expressions become:
3 L,
Ce = _EPZ((psd- Irq) (17)

If neglecting the resistance of the stator winding R_S, voltage expressions become:

Vsd = 0
{Vsq =V = W Pgq (18)
@5 = @sq = Lg. Isq + Ly Irg
{ 0 = Ly Iyq + Lin. Irg (19)

From this equation, we can write the equations linking the stator currents to the rotor currents:

_ Ps Lm

Isd -5 = _Ird
S (20)
_ m
lsq == 72lrq
Relations between the stator and rotor currents powers:
{Ps = Vsa- Lsa +Vsq-lsq (21)
Qs = Vsq-lsd - Vsd-’sq

The adaptation of these equations axis system chosen and the simplifying assumptions made in this
case (Vyq = 0 etV = V) given:

P = Vs-Isq
22
{Qs = Vs-Isd ( )
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By replacing the stator currents by their values we get the expressions:

P = Vs 2l
oL (23)
S m
Qs = Lews - VsL_SIrd
Relations between rotor and rotor currents tensions:
One could express the rotor voltages depending on rotor currents, we can write:
L%\ d L%
Via = Rylra + (L‘r L_m)zlrd — gws (Lr - L_m) Lq
1%, dS L%, ) LmVs (24)
Vig = Rylrg + (Lr L_S)Equ + gws (Lr - L_s) Lg + 97
In steady state, the terms involving derivatives disappear, we can write:
L2
Vrd = RrIrd — 8Ws (Lr - L_m) Irq
N (25)

LmVs
Ls

Lin
qu = errq + gws (Lr - I) lq+g
Vector control in stator wind power system based on a P1 controller [13,14]:

4.1. Direct Vector Control

This control mode ensures proper decoupling between flux and torque but the problem this
disadvantage by the sensor. We neglect the terms of coupling between the two axes of control because of the
low value of the slip. We are getting as shown in Figure 5.

GADA

Figure 5. Block diagram of the direct control

4.2. Vector control indirectly

The flow is controlled in open loop. It is not measured or estimated. The quantities (voltage or
current) ensuring the flow direction and are evaluated “decoupling from the equations of the machine
transient.

The values of the rotor voltages depending on power and found we calculate:

Var = 90s v, = * P — | —Vvam *Q+(—+( T_L_s)—s)

WsLlm Wslm
Lg Lg
L3 L3 (26)
P (1r-h) i
— s Ls m s
Vor = =\ —vam S | * P — 8Ws v, *Q+gws(Lr_L_>F
L I s sLm

The Figure 6 shown the isolation carried at the outputs of regulators in rotor currents without any
return to the system.
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Figure 6. lindirect command without power loop Figure 7. lindirect control with power loop

The Figure 7 shown the method of control with power. In this method, the isolation is carried out at
the outputs of the current regulators rotor with a return of the system.

5. RESULTS
To evaluate and test the indirect control technique with power loop of active and reactive power by
the PI controllers, a simulation was performed under the MATLAB / Simulink. In this case, the gains of the
PI controllers are based to method of design, which is based on the compensation of the time constant of the
regulator with that of the process of the quantity to be regulated, and were refined after simulation:
a. For the power loop: k_p = 75.75; K i = 5354.55.
b. For the current loop: k_p = 75.75; K_i = 5354.55.

A)

1sabc (A)
ir abe (

% 262 28 2 Ls 2 isa zis zisz 2 Ls: 2 i56 2 i5a 27 2 25 3 .3I5 3 a5 C
Time (5) _ Time (S)

Figure 8. Stator current Figure 9. Rotor current
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Figure 10. Speed wind Figure 11. Rotor Speed
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Figure 13. Stator reactive power
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Figure 14. Comparison between Wr and Wr with MPPT

6. DISCUSSION

We obtained good results in dynamic handling and response to regulations imposed and reactive
power. The fluctuations in the power due to the PWM inverter and the dependence of these powers slip. The
figure 7 and 8 shown the results of the stator current and rotor current that have the same paces with the trend
of the wind and the power. Are sinusoidal, implying a clean energy without harmonics supplied or absorbed
by the DFIG.

The results obtained in Figure 12, 13 and 14, we can conclude that this type of control is more
efficient than direct control in terms of a variable speed operation, since it is able to provide a decoupled
control of active power and responsive regardless of the drive speed.

7. CONCLUSION

This paper present the modelling of the various components of a wind system for distributed
generation of electricity and the study of different double-fed asynchronous machine control systems (DEIG)
representing generator for production this energy. In the second part, we have begun the maximum power
extraction technique in the operation of the wind; this method proves and gives good results for the
maximum generated power to the grid. Subsequently, we developed vector of control reactive power in the
stator level, the proper follow instructions for the two powers by the real powers debited by the stator of the
machine showed the effectiveness of the applied control.

NUMENCLATURE
DFIG Doubly Fed Induction Generator
p Air density
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S turbine area
% Wind Speed
PC power extraction coefficient

s(R) index of the stator (rotor)

d, q indices Park repository

V (I) voltage (current)

P (Q) active power (reactive)

0] Magnetic flux

Cem (Cr)electromagnetic torque (mechanical)

R Resistance
L (M) Inductance (mutual)
c Coefficient leaks,c=1-M 2/ LsLr

Or (0s) Position of the rotor (stator)
or (ws) electric speed rotor (stator)

Q Mechanical speed
g Slip

f Friction

J Inertia

P

Number of pole pairs

Parameters of system:

R =35.25 m; G= 90 m; J=0.1Kg.m?.
Vs=220/381; Vr=18/31 V; f=50 Hz; fr=14 Hz.
R=0.3 Q; L=0.014 H; C=2e-3F;

Ugc=620 V; Re,= 85 Q; E=220 V.
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