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ABSTRACT.:

Wind energy schemes have the potential to substantially reduce the consumption of fossil fuels used in the production
of electric energy. The self-excited induction generator has found renewed interest as a low maintenance wind
generator for standalone and grid integrated applications. The aims of this paper are: the modelling and simulation
of induction generator used in converting wind. First, we will start with turbine modelling. Second, we will deal with
the with the two-phase modelling GAS cage while taking into account the saturation of the magnetic circuit. Then,
concerning the simulation calculations, MATLAB®-SIMULINK® package is used to analyse the self-excited
induction generator. Finally, the obtained practical results are presented, illustrating the limitations of the system.
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1. INTRODUCTION

The importance of wind energy as a clean, renewable energy source cannot be overstated; its ability to
produce electric energy for standalone, micro-grid, and utility grid integrated applications has been
repeatedly demonstrated. The role of the self-excited induction generator (SEIG) in these applications has
grown as a result of its robust caged rotor construction, its low capital and maintenance costs, the absence
of slip rings and brushes, inherent overload protection and its ability to produce energy over a wide range
of wind speeds [1]-[3] The asynchronous three-phase squirrel cage is used particularly in decentralized
production of electricity as wind generator. In case the machine is connected to a power grid, it does not
need an additional artificial excitement, if the network can provide the necessary reactive power. However,
when operated in isolated mode, it is necessary to connect a capacitor bank across the asynchronous
generator to eventually ensure self-excitation. This capacitor bank, in conjunction with the rest of
magnetization (the residual) of the machine allows the latter to boot.

The objective of this paper is the modelling and studying of GAS cage used in converting wind. First, we
will start with turbine modelling. Second, we will begin with the two-phase modelling GAS cage while taking
into account the saturation of the magnetic circuit. Second, concerning the simulation calculations,
MATLAB®-SIMULINK® package is used to analyse the self-excited induction generator. Finally, the
obtained practical results are presented, illustrating the limitations of the system.

2. TURBINE MODELLING

The amount of power capacity produced by a wind turbine P; is dependent on the power coefficient Cp. It
is given by:

_1 2,3
P,[—E.Cp.p.ﬂ.R \Y, )
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Where p is the air density, R is the blade length and V the wind velocity. The turbine torque is the ratio of

the output power to the shaft speed Qt : Tt = Q—t :
t

The turbine is normally coupled to the generator shaft through a gear box whose gear ratio G is chosen so
as to maintain the generator shaft speed within a desired speed range. Neglecting the transmission losses,
the torque and shaft speed of the wind turbine, referred to the generator side of the gearbox, are given by:

T
Tmec = at and Qmec = GQt (2)

Respectively where Tmec is the driving torque of the generator and Q2mec is the generator shaft speed.

A wind turbine can only generate a certain percentage of power associated with the wind. This percentage
is represented by Cp which is the function of the wind speed, the turbine speed and the pith angle of
specific wind turbine blades [4].

Although this equation seems simple, Cp is dependent on the ratio A between the turbine angular velocity
Ot and the wind speed V. This ratio, called the tip speed ratio:

R

A typical relationship between A and Cp is shown in Figure 1. It is clear from this figure that there is a
value of A for which Cp is maximized, maximizing thus the power for a given wind speed. As depicted in
Figure 2, the peak power for each wind speed occurs at the point where Cp is maximized. To maximize the
generated power, it is therefore desirable for the generator to have a power characteristic that will follow
the maximum Cpmax line.
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Figure 1. Power coefficient for the wind turbine model
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Figure 2. Power-Speed characteristics of the wind turbine
The action of the speed corrector must achieve two tasks:
- It must control mechanical speed Qe With its reference Quec-ret.
- It must attenuate the action of the wind torque which constitutes an input disturbance.
The simplified representation in the form of diagram blocks is given in Figure 3.
Various technologies of correctors can be considered for the rotor speed control [5], [6].

Wind Turbine Gerbox The shaft

Figure 3. Device control with control speed
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3. THE MODEL OF THE ASYNCHRONOUS MACHINE

The mathematical model used in this case is known as Park. Indeed, the magnetic field produced by the
three-stator coils supplied with a three-phase electric system (V,, Vi, V) can be obtained by means of two
coils with perpendicular axes and are fed by a two-phase equivalent system (Vy, V). By means of the
transformation of Park, we obtain the equations of this bi-phase machine [7].

Electrical equations become:

The stator:
deg d¢
Vds = R 1(:1s_®qs(d )+ dis
400 )
Vas = Ry-ls = Bas () + T3
The rotor:
do
Vdar = 1dr Q)qr( ) + d;ir
N dogr 5)
Var = Revigr = Oar () + 3

4. SELF-EXCITATION

The self-excitation of the generator starts with the residual flux and the rotor rotation, creating a low
voltage across the cage induction generator; this will increase voltage across the capacitor. This process
will be repeated till the moment when the voltage returned by the capacitor is equal to the nominal voltage
of the generator (operating point) [1]-[3]. When the machine is driven over the synchronous speed, the
machine operates as an alternative generator. In the autonomous mode, the stator must be necessarily
connected to the capacitors as it will strengthen the remanent magnetic field which is necessary for
magnetizing the machine and hence generating the rotor’s current to create a reactive current that will
enhance the preceding remanent field,. This reaction cycle will allow the machine to reach the operating
point located in the saturated zone. When the machine is not saturated, the magnetization characteristic
@(Iy) is a line of slope approximately equal to the mutual L. To work in the saturated regime, it is
necessary that the magnetic inductance L, (I,,) #constant.

5. THE ASYNCHRONOUS GENERATOR WITHOUT LOAD

The equivalent model of the asynchronous generator in the reference (d, q) leads to the following
equations: where Ls and Lr are the inductors of the stator and rotor phase, Lm is the magnetizing inductor,
Rr and Rs are rotor and stator resistances respectively [1]-[ 3] and[ 8].

(Z)ds _ Ls Lm Ids
@dr] B [Lm Lr] ' [Ids] (6)

s i A A

Choosing a repository (d, q)stator related wgs = 0 and w = —w,, the system becomes:

And
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S dt m- g _Rs-lqs - Vqs
dlgr
m o+ L= = —. Liplgs — Relgr — 0. Lylg,
dlgs dlgr
| L~ + Ly~ = . Ly lgs — Relgr + @. Lylgr

Applying Ohm's law to each phase, we obtain:

L +L

®)

Ve

dves (©)

Writing in matrix form of this system is:
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With
Xm = w.Ly, and X, = w.L;

We designed the asynchronous form of state or a system of six equations where we chose the state vector
as follows:

_Ids_
Igs
i Lar
[XI= 1,
qr
Vas
_VqS_
'Ly 0 L, 0 0 O
0 Ly 0 L, 0 0
L 0 L. 0 0 0
L: m r
=18 1w 0 L oo o
0 0 0O o 1 O
L0 0 0O o O 1
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T Ry 0 0 0 -1 07
0 Rg 0 0 0 -1
0 —X,
—R, X 0 0
Bl =X r r
[B] w2 X R 0 0
C 1 0 0 0 0
- 0 0
o C 0 0
This model is written by:
[X] = [AI[B][X]
Where:
1 . d
[A] = [L]7! and [x]=a[x]=s.x

[L]: is the matrix of inductanc

S: Laplace operator.

€s

6. SIMULATION RESULTS AND DISCUSSION

The interaction of the two phenomena, remanence magnetization and capacitors cause the booting of the
machine to the point of continuous operation. The observation of these curves shows easily that residual
values and capacitors can change the location of the operating point on the magnetization characteristic.
The self-excitation is simulated in case the machine is driven at 1500 rpm without load and magnetized by

a self-excitation capacity of 75

uF.

T

_______________________________________

_______________________________________
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Figure 4. Simulated self-excitation at
1500rpm and 75uF: generated voltage.
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Figure 5. Simulated self-excitation at
1500rpm and 75uF: generated current

These figures show the curves of the stator voltage and current from the transient to the permanent mode.
We note that the voltage and current of the stator behave exponentially in the area of unsaturation t = [0,
8], then they converge to a fixed value in the saturated zone out = [8, 15]. The boot up time is about 8s.
The amplitudes of the stator currents and voltages obtained are equal to 270V and 1.7 A, with a frequency
of 50Hz.

6.1 Influence of saturation
According to (Figure 6), we see that the magnetizing inductance varies non-linearly according to the law

Lm=f(v);

i 1 i
0 a0 100 150 200 250 300
Vv

Figure.6. Variation of magnetizing inductance with
phase voltage.

In a non-saturated regime the magnetizing Inductance IS regarded as constant, the magnetization
characteristic does not bend when saturation. The self-excitation is possible but the stator voltage then
increases to an infinite theory value.
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6.2 Influence of the remanent field

The remanent field is the residue of magnetization of the machine, which allows the latter to begin. The
rest of this increase leads to reduce the boot time, the (Figure 7) and (Figure 8) show the terminal voltage
obtained for two values of the remanent field x1 and x2 with x1> x2 and n = 1500 rpm, C = 75pF.

B - piaLue

-N0

200

Figure 7. The terminal voltage built up at X=Xj.

Vas—1)
EL0 T T

Figure 8. The terminal voltage built up at X=5X,.

The results obtained with the two values of X with X1 = X0 and X2 = 5X0 with (XO represents the
remanent field in ids = igs = idr = 0.01A.

6.3 Influence of Speed
Speed has a direct influence on the voltage for the same magnetizing current. A passage from 1500 rpm to
1200 rpm, which represents a 20% variation causes a 17.6% variation of current which is illustrated in

(Figure 9) and (Figure 10).
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Figure 10. Generated current at 1200rpm.

The frequency is linearly related to the velocity in the equation:f; = % (g=0). (11

7. EXPERIMENT RESULTS AND DISCUSSION

For the practical implementation we used an experimental stand composed of a DC motor which has a
separate excitation and three-phase induction machine, a tachometer to measure the speed, a shunt to view
the current supplied by the generator, a differential probe voltage of 1/1000 to see the line voltage, a digital

oscilloscope, load banks capacitive and resistive and optionally measuring devices.
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Figure 11. Experimental stand.

The machine is being without load when driven by the wind turbine, we also notice the appearance of a
voltage across its terminals if there is a remanent field. The visualization using an oscilloscope of the
voltage generated at the stator of the machine and the network decoupled without load with any excitation
is shown in Figure 12. This voltage is relatively low due to the remanence and the fact that the rotor is
rotated.
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Figure 12. Measured voltage with no excitation.

It should therefore lead to a usable value by increasing the magnetic flux in the machine by connecting a
capacitor. It has a bench 2kvars. The asynchronous machine is driven at a speed of 1500 rpm. It puts

operating capacitors gradually until there is a stable value RMS voltage between phases.
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Figure 13. Measured voltage between phases.

The following figure shows the image of speed after a tachogenerator.
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Figure 14. Measured speed at 60 pF.

This waveform is used to highlight the 90 ° phase shift of the current before the voltage.
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Figure 15. Steady-state voltage and current waveforms from
oscilloscope for the isolated IG operated at 50Hz.

By analogy with the synchronous machine, we can say that the ability plays a similar role of the current
excitation which is therefore the wvariable of the terminal voltage of the generator.

V =f(C)

300
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Figurel6. Measured voltage versus the excitation.
The curve is not linear and therefore it shows the difficulty of controlling the voltage output. In fact there

is no simple relationship between the excitation and voltage output.
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8. CONCLUSION

This paper discusses the operation of an induction machine under standalone generating mode. A
laboratory test is performed where the induction machine is controlled as a self-excited induction
generator. The dynamic analysis of a self-excited induction generator is done and the effects of rotor
speed, the remanent field and excitation capacitance are observed. From the simulation and
experimentation, it is confirmed that as the capacitance increases at a particular speed, voltage builds up
faster and the magnitude of voltage increases due to the availability of more VAR. In stand-alone mode the
two quantities power and voltage are related, and therefore a change in velocity causes a variation in power
and voltage. The excitation variation causes a variation in the voltage output and consequently power. If a
receiver absorbs a fixed power it must then act on the excitation to control voltage. Note that the risks
arising from the use of a capacitor bank to compensate an induction generator are high. If the batteries are
connected, voltage output at the terminals of the windings during the stop phase is high. Above all, it is not
enough to disconnect the motor from its source to be protected when responding during the stop phase
because the machine is self-excited by the capacitor bank.
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