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ABSTRACT

This work focuses, initially, on modeling and simulating an isolated wind system in MATLAB/SIMULINK. And in the
second part, it presents the simulation results of the wind system to start unloading and in resistive load, and the third
part will discuss the strategy for adjusting the output voltage of the wind system to connect it to a rural operating load.
The results show that in a dynamic environment where the wind speed and the load, changes abruptly, the voltage of the

output is controlled at the desired value.
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1. Introduction

In remote areas, the asynchronous wind turbines are the
most widely used ones for the electricity generation.
They, generally, do not produce reactive power, for this
reason, the use of the capacitor banks connected in par-
allel to the terminals of the stator coils of the asyn-
chronous generator, for the generation of the needed re-
active power, is necessary.

This article is divided into three parts:

Firstly, from the experimental tests, we have modeled
and simulated, in transient state, under MAT-LAB/
SIMULINK environment, an isolated wind system com-
posed by: Turbine, multiplier, Shaft, self-excited asyn-
chronous machine of 1.5 kw, static inverters AC-DC, LC
filter, and resistive load [1-4].

Secondly, we have determined the shaft angular speed
of the induction generator according to wind speed, the
turbine parameters and the multiplier, the resistive torque
and frictions [5].

In the third part and in taking account that the output
voltage of the asynchronous generator varies with the
sudden change of wind speed and load [3-6], we have
developed a law and adaptive control for regulating the
output voltage of the system at a constant value [6-10].
The adaptive control is based on the use of reactive power
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necessary to excite the asynchronous generator.

Finally, the simulation results obtained are discussed to
show that the output voltage is exactly controlled at the
desired value.

2. Modeling of the Isolated Wind System

In this part of this work, we modelled and simulated a
system consisting of a wind turbine with blades of length
R, involving an asynchronous generator with gearbox of
speed gain M.

2.1. The Turbine Model
The power of the wind is defined by:

p - p-m-R*-V?
2

where p is the air density, R is the blade length, and V
the wind speed.

The aerodynamic power appearing with the rotor of
the turbine is given by:

(M

P =Cp(/1

aer

pom-RLV
)—2 (2)

Such as: C, represents the aerodynamic performance
of the wind turbine. The ratio speed A is the relation-

ship between the linear velocity of the blades and the
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speed of the wind
Q .. -R
ﬂ — turbine 3
y 3)
Where Q... is a mechanical rotation speed of the

turbine, for the turbine used in this study, the reactive
power coefficient C, is approached by the following
formula [7]:

GA(4-1)
CA (A -A)

cp(4)

Figure 1 shows the variation of the coefficient C,
(Equation (4)) as a function of lambda.
(G=0.19;4, =8.08;A=1.56). By using the preceding
equation we deduced the aerodynamic torque according
to the Equation (5):

“

P p-SV 1
C _&:Cp(ﬂ).—._ (5)
“ turbine 2 Qturbinc

2.2. Model of the Gear

The torque of the generator is given by Equation (6) and
the mechanical speed appeared on the shaft of the gen-
erator given by the Equation (7).

273

Cvis =f 'Qmec (11)
C

where C,. is the mechanical torque, C,, the elec-
tromagnetic torque produced by the generator and C,g
the viscous friction torque. The schematic model of the
mechanical equation is given by Figure 2.

2.4. Model of the Self-Excited Induction
Generator SEIG

The classical electrical equations of the SEIG in the Park
frame are written as follows:

. d
Vs = Rslds +a¢ds — OsPys

. d
Vqs = Rslqs +a¢qs + a)s¢ds

4 (12)
Var = Rridr +a¢dr _(ws _a))¢qr

. d
Vgr = Ryl +a¢qr +( o, — @)y

Veis>Vass Ve » Var s las» s lar s Ige - @re respectively the volt-

age and current output of the generator in the model of
Park.

aer 045 T T T T T T T
C, = o 6) : : : : : :
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Figure 1. Evolution of the function Cp(4)
A Quurbine
/\ — RO7yrbine L <
% M
v O
v
Cp § .S.V3 Q; L —> + — 1 >
Turbine Caer M Cem’-b - JS+f Qe
Wind Turbine Gearbox The shaft

Figure 2. Block diagram of the turbine.
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R.,R,L,and L, are respectively the resistance and

ro> Vs
inductances of the stator and rotor winding, L, is the

main inductance and @=P-Q_, is the rotor speed, p is
the number of pole pair.

s = Ll + Ll

Pos = Lsigs + Ly

o = Lelg, + Lyl

Por = Lilge + Ll

(13)

The electromagnetic torque is given by the following
formula:

Cem =P (¢dsiqs - ¢qsids) (14)

2.4.1. Steady-State Model

The Self-excited Induction Generator SEIG is modelled
in the steady-state by using the equivalent diagram
shown in the Figure 3:

The linear model of SEIG considers that the magnet-
izing inductance is constant, which is not true, as it’s
seen in the Figure 4, because the magnetic material used
for manufacturing is not linear.

It is very essential to take into account the saturation
effect of the magnetic circuit and of the variation of mag-
netizing inductance.

To approach the characteristics of the induction ma-
chine (All the experimental points Lm) by a mathemati-
cal function, we used an approximation method.

The experimental curve of the magnetic inductance is
divided into three parts

For 0<1,<09

L, =cte=0.25H
For 09<1,<4.034

Kq and Kd are constant, they represent respectively the
initial induced voltages of the d-axis and g-axis axes
(d,q).

Vcqo and Vcedo are initial voltages of the capacitor
bank on the two axes d and q.

From this matrix we have developed a mathematical
model of the asynchronous generator that we use in the
simulation of the wind system.

Copyright © 2013 SciRes.
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Figure 3. The Phase equivalent circuit of the SEIG.
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Figure 4. Magnetizing inductance of the induction machine.

L, =0.13+0.126exp(-0.08 (1, ~1)’)

For 1, >4.034

L =—3+1'|ﬁ+4.03x10-3

m 2
Ih h

2.4.2. Transient Model of SEIG

By taking into account the initial conditions for the proc-
ess of self excitation, the transient state of (SEIG) is rep-
resented in the model of Park by the matrix according to:

pLy 0 ,
Iqs Vcoq
0 pL . Ids + Vcod
g K,
Rr + er —, Lr idr kd
a)r Lr Rr + er i

2.5. Simulation Results of Wind Systems

To simulate the wind system (SEIG and turbine), we
used a machine wound rotor and a turbine of characteris-
tics mentioned in Tables 1 and 2 respectively.

2.5.1. Start-Up with No Load
In this part of our work, we discuss the simulation re-
sults.
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Table 1. Parameter of SEIG.

R, 551Q
R 224Q
I, 0.022 H
Ir 0.022 H
L, 0.123H
P 2

Table 2. Parameter of turbine.

J e 0.436 kg'm®
I 0.0063 kg'm’
M 3.9
Y 1.225kg'm™
f 0.0063 N-m-s”'
R 1.8m

Figure 5 illustrates the voltage of leadless starting of
the SEIG versus time. The starting time is about 2.7 sec-
onds for a wind speed and a capacity constants of
(V =9m/s;C =65pF).

Also, we propose to simulate and analyze the behav-
iour of the system when the electrical (capacity, load)
and the mechanical parameters (speed) vary, and to study
the influence of the variation of each parameters on the
stability and the performance of the installation.

Figure 6 illustrates the variation of the angular veloc-
ity on the generator shaft for various values of the wind
speed. We observe that the mechanical speed varies pro-
portionally with the wind speed.

Figure 7 shows the curves of RMS voltage Vs of a
phase stator during the start-up period for different val-
ues of capacity. We note that the voltage changes for
each value of the capacity.

Figure 8 shows the evolution of the RMS voltage (Vs)
when the generator is driven empty and loaded gradually.

For different values of resistive loads, we traced the
evolution of the output voltage in function of the time.

Figure 9 shows the curves of the RMS voltage (Vs) of
a stator phase during the starting period for different val-
ues of the wind speed. We also obtained the same curves
for each speed but with a time lag of starting of the ma-
chine and a change in the stability voltage. Thus the
evolution of the electromagnetic torque generated by
SEIG, exposed in the Figure 10, during the start-up pe-
riod for a given capacity and wind speed, On the previ-
ous figures we have presented the typical results of
simulation of RMS voltage at the system output (SEIG
and turbine), its objective is to study the behaviour of the

Copyright © 2013 SciRes.
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Figure 5. Evolution of the output voltage Vs versus time for
(V=9m/sand C=65F).
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Figure 6. Evolution the angular velocity on the generator
shaft to the speed of the wind.
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Figure 7. Variation of stator RMS voltage versus time for
different values of capacity and for R = 300 ohms and V =9
m/s.
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Figure 8. Variation of stator RMS voltage versus time for
different resistance and for C =65 F and V =9 m/s.
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Figure 9. Variation of stator effective voltage versus time
for various wind speeds and for R =300 ohm and C =65 F.
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Figure 10. The electromagnetic torque of empty (no-load)
SEIG for (V=9m/s, C=65F).
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system without regulation when it submitted the changes
in the wind speed, in the ability of excitation and in the
load.

2.5.2. Start-Up on the Resistive Load

Figure 11 shows the voltage shape Vs of a stator phase
in function of the capacity and for different values of the
wind speed and the resistive load R = 100 Q.

Figure 12 shows the evolution of the voltage Vs as a
function of the capacity, but, in this case, for different
load values. We observe that the voltage follows the
same form for different values of the wind speed and the
load, for this reason it is simple to find a control law of
wind system.

Figure 13 shows the variation of the wind speed based
on the capacitor for start-up of SEIG, in order to com-
plete the study on the effect of different parameters
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Figure 11. Variation in output voltage for each wind speed
based on the ability of excitation to a load of 100 Q.
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Figure 12. Variation of output voltage according to the ex-
citation capacitor for different values of the load.
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Figure 13. Variation of the minimum excitation capacitor

depending on the speed of the wind.

(speed, capacity and load) on the system behavior espe-
cially on the output voltage. We also studied the influ-
ence of each parameters on other components. To deter-
mine an adaptive control of output voltage and will be
our goal in the next section.

3. Adjusting the Output Voltage of the Wind
System

3.1. System without Adjusting Voltage

Figure 14 shows the block diagram of a wind system
which is based, in our case, on an induction machine and
feeds a resistive load (RS) through a AC/DC converter.

3.2. The Simulation Result

For the values of the characteristic parameters the system
of the Figure 14 (C=81uf,R=100Q,V =9 m/s and
filter settings: L =9 mH,C =2200 uF ), we obtained the
results of simulation (Figure 15). We find that the output
voltage is round 311 V which is our value searched.

3.3. Algorithm for Adjusting the Output Voltage
of the Wind System

In a dynamic environment where the wind speed changes
abruptly, the adaptation of the voltage across the load at a
constant value (220 V) is necessary.

Based on previous results we deduce that the reactive
power supplied by the capacitors boot generator is one of
the parameters which is variable in relation to the value
of the output voltage

This relationship allows us to find an evolution law
suitable with the voltage and wind speed (Equations (15)
and (16)).

In this work we have taken a reference wind speed
v_.. with a fixed excitation capacitor C,. In less windy

max

Copyright © 2013 SciRes.
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Figure 14. Schematic diagram of a wind system with a rec-
tifier connected to a resistive load.
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Figure 15. Evolution of the output voltage of the wind sys-
tem with load.

areas we can consider that V=9 m/s for
v<v, ,Co=81pF,V, =311V and R=100Q , the
change in the excitation capacitor of the SEIG depending
on the wind speed is an exponential function (Figure
16).

By interpolation polynomial we deduce:

{Cexc =C,+aexp-f- (V Vo )

15
C, =cte,enuF (1)

For v>v,_, , the change in the excitation capacitor of
the SEIG depending on the wind speed is a hyperbolic
function (Figure 17).

By interpolation polynomial we deduce:

{Cexczco_ﬂ"\/}/'(v_vmax) (16)

C, =cte,enpuF

From the previous results (15) and (16), we deduced
an algorithm to adjust the voltage reference value which
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Figure 19. Evolution of the output voltage with a sharp decrease (a) Evolution of the output voltage with a sharp decrease in
wind speed of 9 m/s to 8 m/s; (b) Evolution of the output voltage with a sharp decrease in wind speed of 9 m/s to 7 m/s.
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simulation results in Matlab/Simulink, of the output vol-

tage of the rectifier (voltage delivered by the SEIG).

The aim is to study the behavior of the system without
regulation when he submitted a variation on the wind
speed for R=100Q,V, =311V,

C, =81puF(a,B,4,7)=(3.8,0.9,1,420).

On the curves of Figure 20 we represented the same
conditions of the Figure 19, the typical simulation results
of the output voltage rectifier controlled by the adaptive
control of the Figure 18.

The simulation results show that:

e The output voltage of the system of Figure 20 re-
mains at a constant value whatever is the value of the
wind speed in the turbine terminals.

e The adaptive control by reaction capabilities of exci-

Voltage (V)
vy
(=3

—_
(=3
S

Voltage (V)
— —_ )
(=2 W (=3
(=} (=} (=]

(%3
(=]

(=]

Figure 20. Evolution of the output voltage with a sharp de-
crease in wind speed of 9 m/s to 8 m/s with adapting the
reactive power excitation. (a) Evolution of the output volt-
age with a sharp decrease in wind speed of 9 m/s to 8 m/s;
(b) Evolution of the output voltage with a sharp decrease in
wind speed of 9 m/s to 7 m/s.
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tation is effective and efficient; it allows the conver-
gence of the system after a suitable time.

4. Conclusion

In this paper, we have presented the results of study of a
system consisting of a wind turbine and an asynchronous
generator connected to an AC/DC converter and a LC
filter to supply a resistive load. Algorithm for adjusting
reactive power excitation is proposed to maintain the
voltage at a fixed value with an increase or decrease in
the wind speed from a reference value. For the practical
implementation of our control studied in this paper, we
have opted to use a filters based on active dimmer or
UPS (capacity varies), making these switches control as
ways to track the value of the desired capacity. Thus,
these results should be supplemented by an analysis of
power losses in the changing speed moment.
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