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Abstract

During the isolated use of a wind system, the output voltage of the self-excited induction generator
depends on the variation characteristic of its parameters: the excitation condensers, the drive
speed and the load. Therefore, the regulation of the tension appears to be of great interest. We fo-
cused on the use of an analogical regulator of tension, with the aim of controlling the tension at the
exit of the self-excited induction generator. So we modelled, implanted and simulated a wind sys-
tem (Self-excited induction generator, converters (AC/DC, DC/DC) and load it) in the Orcad/Pspice
environment. In the first time the behaviour of the asynchronous generator was analyzed when
the load, the excitation capacitor and the drive speed vary in the absence of any form of regulation.
This analysis was conducted with the aim of defining the limits of the machine exploitation. In the
second time the functioning mode is controlled by an analogical control of tension. The results of
simulation show the good performances of the system during the application of the proposed vol-
tage regulator.
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1. Introduction

The exploitation of the renewable energy sources raises a growing interest, not only in the Third World coun-
tries, but also in the industrialized countries, particularly for the developing countries and for any isolated site
generally. The use of the mechanical converters (synchronous machine, asynchronous machine), is a subject of
studies and research in the range of products of the electric power [1]-[12]. As far as the production of low

“Corresponding author.

How to cite this paper: Elhafyani, M.L., Zouggar, S., Benkaddour, M. and Aziz, A. (2014) Behavior an Induction Generator
without and with a Voltage Regulator. Smart Grid and Renewable Energy, 5, 207-219.
http://dx.doi.org/10.4236/sgre.2014.59020



http://www.scirp.org/journal/sgre
http://dx.doi.org/10.4236/sgre.2014.59020
http://dx.doi.org/10.4236/sgre.2014.59020
http://www.scirp.org/
mailto:m_elhafyani@yahoo.fr
http://creativecommons.org/licenses/by/4.0/

M. L. Elhafyani et al.

power electrical energy (<50 kw) is concerned, the three-phase self-excited induction generator (SEIG) with
cage or wound-rotor, competes as a generator with the synchronous machine. This is due primarily to its sturdi-
ness, robustness, its simplicity of excitation (simple connection of condensers at the stator boundaries) and its
relatively modest cost.

During the isolated use of the asynchronous machine [1] [10]-[12], a variation of the capacity, load or diver
speed involves an imbalance of the stator output voltage. This problem can be solved by operating, the condens-
ers, the load or the drive speed by the intermediary of a regulator.

In this paper, we present the capacity variation effect, speed of drive and load as function of the wind system
without and with analogical regulator.

2. Behavior of the Machine without the Voltage Regulator
2.1. Modelling of the Wind System

2.1.1. Equivalent Circuit of the Wind System
The Figure 1 represents the synoptic diagram of an asynchronous machine (1.5 KW) related to on the energy
converter (AC-DC) and feeds a resistive load (Rs):

The Induction Asynchronous Generator does not excite without external power given to its stator, the rotor
windings are shorted. Rotor winding will have current only when there is connection of voltage from Grid/bat-
tery operated AC source.

The initiation of the generator is possible only from a speed-dependent threshold value of the capacitances
and the magnetic state of the machine (linear portion of the magnetization curve) (Figure 2).
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Figure 1. Synoptic diagram of a SEIG with a rectifier depend-
ent has a resistive load.
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Figure 2. Experimental curve of the magnetizing inductance

[4].



M. L. Elhafyani et al.

2.1.2. Modelling of the Wind-Turbine
By applying the theory of momentum and Bernoulli’s theorem, we can determine the incident power (theoretical
power) due to wind:
1

I:)inci =EpAVV3 (1)

The wind turbine acts like a primary strength to train the induction generator [7]. The power produced by the
wind turbine part is given by the following formula

P =

wt

Co(A) p-AVS @

N

where:

p: the air density (p = 1.225 kg/m® at atmospheric pressure);

A: the swept area (m?);

C,: the coefficient of wind turbine;

V.,: the wind velocity (m/sec);

C,o(4) is called the power coefficient, which expresses the aerodynamic efficiency of the turbine. It depends on
the ratio A, which represents the ratio between the speed at the end of the blades and the wind speed. The ratio 1
can be expressed by the following relation:

QR
VW

A=

®)

2.1.3. Symbolization of the Mechanical Equation (See Figure 3)
The implementation and the simulation of the self-excited asynchronous machine were achieved by using the
Orcad-Pspice tool whose libraries are rich in electrical and analogical components, and by elaborating symboli-
zation procedures [13]-[15].

In electrical technology, there is no software for simulating mechanical parameters directly. We did this si-
mulation on the Orcad/Pspice software-using the following analogies:

Mechanical Electrical
Speed Voltage
Torque Current
Moment of inertia Capacitance of a capacitor
Viscous friction The inverse of resistivity

The mechanical equation of the induction machine is given by the following formula:

‘]%:Te_Bm'a)mr _Tr or g, :Ea)r (4)
dt p
T, =(lja dﬂ+(2jsm-wr+Tr )
p) dt p
The electromagnetic torque T, is given by:
T, =3 (%j LM (i i,y i i, ) ®)

With:

J: Moment of inertia;

Te: Couple électromagnétique en N-m;
T,: Load torque (N-m);

Bm: The constant friction (kg-m?/s);
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Figure 3. Electrical diagram of the mechanical equation.

y et wny: Electrical and mechanical speed (rad/s).
Applying the analogy between mechanical and electrical variables, we have:
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2.2. Simulation Results without the Voltage Regulator

2.2.1. Speed Variations Effect

Figure 4 represents the stator voltage variation at the output of the rectifier according to the drive speed of the
machine for a capacity of C = 80 pF and a load Rs = 70 Q. We note that the voltage increases with the speed
(the nominal voltage 22042 corresponds to a speed of the o, = 298 rad/s).

2.2.2. Load Variations Effect

Figure 5 illustrates the evolution of the stator tension on the outlet side of the rectifier according to the load at
different values of the drive speed, and at the excitation capacitor C = 80 uF. One fixes shows that a variation
speed or load involves a variation of the tension (the nominal voltage 22072 V corresponds to a load Rs = 70
Q, a C = 80 puF capacity and a speed a, = 298 rad/s).

2.2.3. Capacity Variations Effect
Figure 6 represents the voltage waveform evolution of a stator phase (Figure 1) according it’s of the self excita-
tion capacitor C. At several values of the speed, one observes that the voltage waveform increases with the ca-
pacity value knowing well that the induction generator cannot start unless the excitation capacitor has reached a
certain threshold.

The objective of these tests is to study the behavior of the asynchronous machine (SEIG) during variation of
the speed, capacity and load, and to determine the exploitation limits the generator without resorting to any form
of regulation.

3. Modeling and Simulation the Wind System in the Orcad-Pspice Environment
3.1. Behaviour of the Machine with the Voltage Regulator

The synoptic diagram equivalent of the system (asynchronous machine, energy converters (AC-DC, DC-DC,
regulator, and load) is given in Figure 7. The voltage regulator is intended to control the output voltage of the
reversible inverter Buck-Boost in spite of the variations of speed, load and capacity.

This diagram is implemented and simulated in the Orcad-Pspice environment.

Generally the conception and the modeling of a wind system (self-excited induction machine, static convert-
ers (AC/DC and DC/DC)) require the use of performing simulators on electronics and electrical engineering to
implement each block of the wind system and in particular the model of the self-excited induction generator in
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Figure 4. The output voltage evolution of the system (Figure 1)
as a function of the drive speed at (C = 80 uF and Rs =70 Q).
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Figure 5. Variation of the output tension of the rectifier as a func-
tion of the load for different speeds (C = 80 pF).

transient state. In our research framework, the Orcad/Pspice software can largely meet our need in electric

The main advantages of this software are:
Orcad/Pspice simulation software is the most widely used in the industry.
It is based on the industry standard SPICE and therefore gives access to libraries of models developed by
industrial manufacturers, and the availability of a large number of libraries on the market.
It allows the combination of digital and analog components without any problems.
It allows the ability to integrate Orcad electrical schematics in Matlab/Simulink tool especially with the ver-
sion 16 of Orcad/Pspice.
It is a very complete software because it allows to simulate all aspects of systems that we find in electrical
engineering: power electronics, analog and digital electronic control, slaving, and mechanics.

3.2. Modelling of the Voltage Regulator

The model of the voltage regulator is given in Figure 8.

D
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Figure 6. Evolution of the output tension of the system (Figure 1)
according to the capacity for different speeds at (Rs = 70 Q).
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Figure 7. Descriptive diagram of the system.
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Figure 8. Equivalent circuit of the voltage regulator.

The different transfer functions of the various elements of Figure 8 are as follows:

B: divider of return:

K: Corrector Proportional-Integrator Pl

H: Corrector Integrator

Vref
B= v 8)
_U(P)_ A
K(P)= e(P) l+zp ©)
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V, (P
H(p)=elP) 1 (10)
U, (P) P
S: Comparator circuit Puls Wave Modulation (PWM):
P
S(P)= «(P) (11)
Vo (P)
The transfer functions of the inverter:
Vv, (P V,
F(P)= ( ):k- E (12)
a(P) p(1+7,p)
with: a = Cyclic ratio
P: Laplacian operator
The total function of transfer of the system is as follows:
Vs
Ht(p)=—
Ve (13)

Ht(p)=K(p)-S(p)-F(p)-H(p)B
with:

A =2.2x107° 7=12.69, 7, =0.0423et S =1.3x10°".

3.3. The Analog Voltage Control Algorithm

When you submit your final version, after your paper has been accepted, prepare it in two-column format, in-
cluding figures and table We have implemented in the environment Orcad/Pspice the wind system of Figure 7
without the Analog Voltage Control (AVC) with taking into account the parameters of the converter given in the
previous paragraph. Then we have analyzed the adaptation of the generator SEIG (LEROY SOMER: LA3 loop
asynchronous machine 1.5 KW) and studied the effect of the variation of the resistive load (Rs), the excitation
capacity, the drive speed and the duty cycle to the output system.

The IRF450 switch of the converter is controlled by a pulse generator outputting a square wave of high fre-
quency 100 kHz and a variable duty ratio.

3.3.1. Influence of the Load and Duty Cycle of the Voltage

In Figure 9, we have shown the output voltage of the converter according to the Rs load and the duty cycle « for
an excitation capacity C = 70 uF and a driving speed @, = 298 rad/s. From these curves of the figure below we
deduced that the output voltage of the converter increases with increasing the Rs load and the duty cycle.

3.3.2. Influence of the Capacity and the Duty Cycle on the Output Voltage

Figure 10 illustrates the voltage at the output of the Buck/ Boost converter as a function of the capacity and the

duty ratio « for a resistive load Ry =70Q and a driving speed cor around 314 rad/s. From these curves we

have observed that the output voltage of the converter depends on the self-excitation capacity and the duty cycle.
The voltage required by our specifications (VS =311 V) is given by a capacitor C =85puF and a ratio « of

0.25.

3.3.3. Influence of the Speed and the Duty Cycle on the Output Voltage
Figure 11 shows the output voltage of the converter as a function of the load and the duty cycle « for an excita-
tion capacity of 75 puF and a resistive load of 70 Q.

From these curves we found that the output voltage of the converter also varies with the duty cycle when the
speed varies.

As to the Buck/boost converter, the variations in the output voltage according to the duty ratio, obtained in the
simulation Orcad/Pspice, are consistent with the relation (14) and the proportionality of the duty ratio with the
voltage at the variation in the mechanical and electrical quantities of the machine.

G2
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Figure 9. Typical simulation of the voltage Vs at the output of the
buck/boost converter in function of the load and the duty ratio: C
=70 pF and @, = 298 rad/s.
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Figure 10. Typical simulation of the voltage Vs at the output of
the buck/boost converter according to the capacity and the duty
ratio for: @, =314rad/s and R, =70Q.
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3.3.4. Summary of Variations in the Parameters Load, Speed and Capacity
We saw in the previous section when the excitation capacity, the load and the driving speed varies, an adaptation
of the system must be achieved by including between the generator (asynchronous machines SEIG + Rectifier)
and the Rs load an adapter (Figure 1). This adapter must also include the DC-DC power converter, an AVC
command to regulate the voltage in the operating conditions considered. The AVC command must meet our spe-

cifications so as to maintain a constant voltage on the terminals of the wind system studied.

(14)

So, for a given a wind system operating. The design of a command to adjust the duty cycle «, depending on
weather changes (wind speed), changes of the capacity and of the load is needed in order to operate the wind
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system in optimal conditions.

Figure 12 shows the search algorithm of the duty cycle as a function of the output voltage whatever the varia-

tion of the SEIG characteristic.

In the following paragraph, we study the design and the operation in the Orcad/Pspice environment, of the
Analog Voltage Control (AVC) linked to a converter (buck/boost) operating at high frequency (100 KHz).

700 . :
—@— w,=314rad/s !
600 || ——o,=300rads | _______i__®_ __|
—4+— .= 295 rad/s
2 500 | —W— w,=290radls  |--aZ-
(5]
g !
S '
> 400 f-------- L
*5‘ 1
= |
= 1
O 300 p-------- L e
= 1
= 1
1
200 f---- R S —
|
1
1
100 f---F----q--------1 e
0 0.2 0.4 0.6 0.8

Duty Ratio ()

Figure 11. Typical simulation of the voltage Vs at the output
of buck/boost converter according to the driving speed and
the duty cycle for: C =75 pF and R = 70 Q.
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4. Results of Simulation Analog Voltage Control Algorithm

Figure 13 represents the nominal output voltage of the inverter at fixed values of the capacity of self excitation,
load and wind speed.

Figure 14 illustrates the output voltage evolution of the inverter when the driver speed decreases by 8%. We
note as light variation of the voltage at the time of the speed variation and then it is stabilized at its initial value
(The wished value).

The voltage output variation of the inverter, when the self-excitation capacitor increases by 12%, is showed in
Figure 15. We observe that the output voltage reaches the nominal value of stabilization after as light increase at
the time of the capacity variation.

Figure 16 represents the output voltage evolution of the system (Figure 7) when the load increases by 22%.
We note a slight variation of the voltage at the time of the load variation; then is stabilized at the nominal value
fixed by our schedule of conditions.

200V -
100V -
0 V E ' H H '
0.9s 1.1s 13s 1.5s

Time

Figure 13. Variation of the output voltage of the chopper (Figure 5) at o
=298 rad/s, C = 80 uF and Rs = 70 Q.
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Figure 14. Variation of the output voltage of the chopper when the speed
decreases by 8% at C = 80 puF and Rs = 70 Q.



M. L. Elhafyani et al.

5. Conclusions
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Figure 15. Variation of the output voltage of the chopper when the excita-
tion capacitor increases by 12% at w, = 298 rad/s and Rs = 70 Q.
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Figure 16. The output voltage evolution of the chopper when the load in-
creases by 22% at w, = 298 rad/s and Rs = 70 Q.

In this paper we proposed a robust law of the control circuit applied to a wind system with the aim of finding a
constant value of tension (22042 V) at the exit of the system provided that the drive speed does not exceed a
maximum value o, = 330 rad/s.
From the results of simulation of the studied system (asynchronous machine, converters (AC-DC and DC-DC)
and load), it appears that:
e The voltage at the exit of the inverter is almost invariant for all the curves, even if one varies the characteris-
tic parameters of the system (speed, capacity or load).
e The control designed makes the system oscillate around the desired tension.
e The disturbances which exist during the oscillations around the value 220+/2 V are due to the transient
state of the asynchronous machine and the losses in the components of the system (Mosfet, diode and com-
ponent of the regulator).

G
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The SEIG has the following characteristics:

P=15KW, f =50 Hz, 220/380V, |, =4.4A, p=2,
r,=551Q,1 =224Q, Xr=69Q, Xs=6.90Q,
Xm =38.81Q.
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Nomenclature

SEIG Self-Excited Induction Generator
IG Induction Generator

, Mechanical Rotor Speed

I, Iy Stator and Rotor Resistances

Xs, Xr Stator and Rotor Leakage Impedance
Xm stator Mutual Impedance

C Excitation Capacitor

a Cyclic Ratio

AVC : Analog Voltage Control

AC-DC : The energy Converter (Rectifier)
DC-DC : The energy Converter (Buck-Boost)
PWM Pulse-Width Modulation

Rs The Resistive Load

Vs The Output Voltage

E The Input Voltage

Indices s and r

stand for stator and rotor respectively.
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