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Rotor Currents Command of The Doubly Fed
Induction Generator Used in The Wind Energy
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Abstract—The command of the doubly fed induction
generator by the rotor currents plays a key role in the control
of the stator active and reactive powers, So the concept of the
command rests on the precise control of the rotor currents
closed-loop, the implementation of this command allows to
check the doubly fed induction generator used in the wind
energy with the possibility of working in a loop of power open to
the exit of this command which is represented by the exit of the
doubly fed induction generator (DFIG), Regulators PI used are
simple and precise regulators, this type of control of the rotor
currents closed-loop adjusts the sliding of DFIG what gives a
good adjustment of the stator powers and rotor powers
generated by the DFIG, the compensation of the terms of
coupling is made by the synthesis of all the regulators PI used in
the command. The role of these regulators PI is the control of
the stator active and reactive powers and the compensation of
the cyclic rotor inductance and the cyclic stator inductance.

Index Terms —Command, DFIG, grid, loads, Matlab-Simulink.

I. INTRODUCTION

Wind energy is an expanding energy, geographically
spread and especially in seasonal correlation (the electrical
energy is widely more asked in winter and it is often in this
period when the wind's average speed is the highest).

Furthermore,it is an energy that does not produce
greenhouse gases; it is however random in the time and its
harnessing remains rather complex, requiring matt and blades
of big dimensions (until 60m for wind turbines of several
megawatts) in zones geographically of turbulences.
Furthermore, it is an energy which produces no air emission
or radioactive waste; she is however random at the time and
her harnessing remains rather complex, requiring matt and
blades of big dimensions (until 60m for wind turbines of
several ~megawatts) in zones geographically of
turbulences[1]. The installations can be realized on earth but
also at sea where the presence of the wind is more regular. A
wind turbine can convert the kinetic energy of the wind into
electrical energy. Its various elements are designed to
maximize this energy conversion; since the use of the
windmill, the technology of the wind sensors has not stopped
evolving[2]. It is at the beginning of the forties when real
prototypes of wind turbines with profiled blades were
successfully used to generate some electricity.
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A wind turbine has to contain:

» A system which allows to check her electrically (electric
machine associated with the command).

» A system which allows to control its mechanically
(orientation of the landings of the wind turbine, the
orientation of the nacelle).

The paper bellow deals with the wind turbine with the doubly

fed induction generator, because it gets several characters as

the adaptation has speeds of variable wind, the robustness of
their command and the reduction of effort on the mechanical

parts [3].

II. VECTORIAL COMMAND OF THE DOUBLY FED INDUCTION
GENERATOR

The vectorial command is also field-oriented control, it's a
separation between the command of the speed of the
DFIGand the magnetic state stator-rotor.

Independently of the machine's speed, the couple changes
the previous orientation and so the flow changes the previous
orientation, but with the vectorial command the couple stays
according to the direction in quadrature and the flow stays
according to the direct direction [4].

The orientation of stator flow according to the axis allows
to calculate the terms of coupling so the optimization of the
power reactive stator and consequently the power factor of
the wind system [5].

From the expression of these rotor flows, the equations of

the rotor voltage could be deduced:
Because we are in three phases system, a tool to transform the
tensions V.4 , V., in tensions V,,V,p, V. of reference is
needed, they will be injected in the converters of the power of
the DFIG through these converters the machine absorbs the
rotor energy, then, it produces the stator active powerF,, and
the reactive stator powerQ[6].
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Fig.1 Vectorial command of the parameters of the DFIG.

III. MODULATION OF THE WIDTH OF THE IMPULSE

The modulation of the width of the impulse is realized by
the comparison of a low-frequency modulated wave
(reference tension) with a high-frequency expanding wave of
triangular form [7].

The moments of switching are determined by the points’
intersection between the carrier and the modulating.

In three-phases, three sinusoidal references disorientated

of 2?” with the same frequency f [8].

As at the exit of the inverter, the tension is not purely
sinusoidal, thus it contains a harmonious, only responsible
for parasites what engender additional losses. This PWM
serves to solve these problems and it has the following

advantages:
» As at the exit of the inverter, the tension is not purely
sinusoidal, thus she contains harmonious, only

responsible for parasites what engenders additional
losses. This MLI serves to remedy these problems and it
has the following advantages[9]:
» Variation of the frequency of the tension of the output
»  Elimination of certain harmonious of tension
The reference tension V.., V,,, V.. will be modulated by a
tension MLI this tension is called a carrier [10]:

Reference Algorithm of
wave > the command.
generator.

" S(t)

Generation of
the carrier

Fig.2 Plan of the modulation of width of impulse.
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IV. DESCRIPTION OF THE CONVERTERS OF THE POWER OF

THE DFIG
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Fig.3 Plan of command of the converters of the DFIG
(Matlab-Simulink).

The elaborated control considers the IGBT as switches in
the case or the rotor tension of reference of the command is
superior of the expandingtension, Vieference —rotor >
Vporteuse  the switch is thus closed,the signal passes, in the
case or the rotor tension of reference of the command is lower
than the expanding tension Vieference —rotor < Vporteuse the
switch is opened, thus the signal is interrupted[11].

R~ =

Fig.4Signal modulated by the tension introduces into the converters
of power.

Control converter
of DFIG

The modulation of width of impulse to allow us to pass of a
low frequency to a high one and to decrease the harmonious
on the modulated signal,the importance of modulated signal
is to have a signal without harmonious capable of
commanding the signal in a precise way without having a
disorder in the functioning of the IGBT and their frequency
of switching so the modulated signal is more preciseat the
level of the passage of the IGBTof a state of switch opento
astate of closed switch [12].

V. OPEN-LOOP, INDIRECT COMMAND OF THE SYSTEM

The open-loop command is essentially based on the
hypothesis of a stable network in tension and in frequency. It
consists on enslaving either the powers, but also the rotor
currents by not using either the powersmeasured as return on
the comparator, but the rotor currents of axis d and q. This
configuration remains reliable as long as the electricity
networkremains stable in tension and in frequency[13].

This instability of the network is going to cause an erroron
theinstructions of the active and reactive powers.

The open-loop command consists in overcoming either the
powers, but also the rotorcurrents by using either the powers
measured as return on the comparator but the rotor currents
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ofaxis d and q. These currents play a key role in the command
of the stator active and reactive powers [14].

VI. REALIZATION OF THE OBJECTIVE Q¢ = 0 BY THE USED
COMMAND

A wind turbine with a doubly fed induction generatoris
used in Tangier's site.

The industrial problem of wind turbines is that it is very
difficult to reach an almost Unitarian optimal power
factor.The objective of the new command synthesized in this
work is to return the value of the stator reactive power
Q, = 0 Var about is weather conditions [15].

» Analytical Demonstration of Q;, = 0 Var

Mathematically according to the vectorial command with
oriented stator flow [16]:

bs M.
QS = Vs Z - Vs Zldr (1)
We have the stator flow becomes:

bs = dys = Lgigs + M iy, = constante 2
The stator tension according to the direct axis is equal has:

. d
Vds = Rslds - d_td)ds + ws¢qs(3)

As:
g5 = constanteand ¢g; = 0(4),(5)
Consequently:

Vg = 0 and Vyg = V,(6),(7)

. . Vs .

Vds = Rslds = lgs = Rds =0=> q)s =M ldr(S),(9),(10)
Therefore:

Q, =0Var (11)

VII. RESULTS OF THE SIMULATION
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Fig.6Rotor current i,, (A), iy (A), iy (A) according to time (s).
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Fig. 7Rotor current i,., (A), i, (A), iyc (A) according to time (s).

The rotor current is influenced by the variation of the
reactive stator current absorbed by the DFIG, these
currents i, (A), i, (A) and i, (A) vary approximately
between—(30000 A) and (20000A), and they are independent
from the profile of wind speed. The rotor currents depend on
the variation of the speed of asynchronous machine with
double feeding, and on the variation of the sliding of the
machine according to the absorption or the supply of the rotor
power.
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Fig. 8Rotor current according to i,44 (A) to time (s).
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Fig. 9Rotor current i,.44 (A)according to time (s).
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Fig. 16Stator current i5,,. (A) according to time (s).

The form of the wave of stator currents is linked to that of
the stator active power and of the stator reactive power. This

aJm 4
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means that the stator active power is sent from the generator
towards the grid. It is worth noting that the forms of the
current are independent of the profile of the wind’s speed.
These curves vary in a sinusoidal way also there is some

. 2 . L
phase shift because of the constant of ?“ which exists in the

park’s transformation, the value of these currents reached a
maximum of (1000 A) and a minimum of (-420 A).
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Fig. 17Stator current iy, (A), i5q (A) according to time (s).
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The stator currents depend on the variation of the stator
active power and the stator reactive power of the machine.
These forms of waves depend on the speed of the rotation of
the machine as well as on the rotor power according to the
absorption or the supply. These curves vary in a sinusoidal
way, and the value of this curves reached (2400 A).
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Fig. 20Generator speed (rad/s) according to time (s).
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The mechanical speed on the slow tree multiplied by the
coefficient of multiplying leads to a rapid mechanical couple
on the asynchronous machine, and then to the increase in the
speed of its rotation. The generator speed varies between
(=913 rad/s) and (—922rad/s) which is adequate to a
DFIG used in wind turbines.
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Fig. 23Electromagnetic couple C,,, (N.m) according to time (s).

The electromagnetic couple depends on the evolution of
thestator flux ¢; (Wb), and on the rotor current irq (A). It is
independent from the speed of wind, The value of this couple
vary approximately between (-30000 N.m) and (+80000
N.m) in the beginning of the simulation and it becomes very
adequate to the function of high power wind turbines in the
end of the simulation, it fluctuates between 4.98 seconds and
4.99 seconds, and it depends from the stator inductance.
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Fig. 24Voltage of continuous bus V. (V) according to time (s).

The Voltage of continuous bus V4., which allows us to
control the active power injected in the grid, it has a
maximum of (1500 V), and a minimum of (90 V).
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The active stator powers depends on the variation of the
stator currents, of the machine and of the sliding of the
machine, it vary between (-60 MW) and (40MW). Which
isadapted to high power wind turbine, the simulation time is 5
seconds.
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These curves vary between (-700VAR) and (800VAR),
which shows the robustness of the indirect command of the
DFIG used in wind energy and it depends on the rotor current
igr (A), it’s not related to the profile of wind turbine, the
simulation time is 5 seconds.

P,: Active power output from stator (W);
Qs:  Reactive power output of stator (VAR);

V4.: DC link voltage (V);

@y The stator flux following axis d (Wb);
®ys: The stator flux following axis q (Wb);
p: The number of pole pairs;

L,: Magnetizing inductance (H);

Lg:  Stator inductance (H);

Vgs:  The stator voltage following axis d (V);
The stator voltage following axis q (V);
Iq:  The rotor current following axis d (A);

Igs:  Stator current following axis d (A);

w:  Stator pulsation (rad/s) ;

V.4 : Rotor voltage following the direct axis (V);
Rotor voltage following the quadrature axis (V);
&, . Stator flux (Wb);

Vs : Stator voltage (V) ;

Rs @ Stator resistance((2).

VIII. CONCLUSION

From the results obtained, we can conclude that the use of
the indirect control in opened loop is well adapted for this
kind of system. The behavior of the asynchronous machine
with double feeding was studied, when the indirect open
looped command of the DFIG is applied, and the indirect
command in power remains the robust and suitable command

for a DFIG used in the wind energy. The algorithm based on a
traditional (PI) controller can be wused under every
circumstance without variations on the control hardware of
the actual wind generators [17]. The one based on an indirect
opened control presents a better performance for trajectory
tracking applications, with error minimization characteristics
but with the need for more computational operations[18]. On
the other hand, even if both algorithms present a correct
dynamic performance in the developed tests, only the (PI)
controller has really been implemented in a wind farm, It can
be used to implement and develop various studies such as
interaction of wind farm with an energy storage system [19],
interaction of model with a solar system, applying protection
system technology and developing new advanced control
schemes, Considering the results it can be said that doubly
fed induction generator proved to be more reliable and stable
system when connected to grid side with the proper converter
control systems [20]-[21].

ACKNOWLEDGEMENT

This article was produced in the Laboratory of Informatics,
Systems and Renewable Energy (LISER), Team Analysis
and Control of Electrical Energy Systems (ACSEE) -
National School of Electricity and Mechanics Casablanca
Morocco. First, we want to thank very much Mr. Abdelhadi
EL MOUDDEN, our research director for giving us the
opportunity to work under his direction, and finally, we thank
all parents who are always supporting us.

REFERENCES

[1] Abdelhadi EL MOUDDEN, Abdelali AARIB, Abdelhamid HMIDAT:
"Optimization of the robust control of the doubly-fed induction
generator used in the centralized production of wind energy", The
National School of Electricity and Mechanics (ENSEM), Casablanca,
Morocco, July 2014.

[2] Abdelhadi EL MOUDDEN, Abdelali AARIB, Aicha WAHABI and
Fatima Ezzahra BOUNIFLI: "Command of the active and reactive
stator powers of the doubly-fed induction generator used in wind
energy", The National School of Electricity and Mechanics (ENSEM),
Casablanca, Morocco,October 2014.

[3] A. El Moudden, A.Wahabi, A.Sandali, F. E. Bounifli “Modelling and
simulation of a double-fed asynchronous generator for control of wind
energy”, International Congress of Thermal, Agadir, Maroc, April
2014.

[4] Aicha WAHABI, Abdelhadi EL. MOUDDEN, Fatima Ezzahra
BOUNIFLI, Abdelali AARIB”’ Improved performance of a wind
energy conversion chain driven by an asynchrounous generator doubly
fed by a “RL” filter” The National School of Electricity and Mechanics
(ENSEM), Casablanca, Morocco, June 2015.

[5] Debiprasad P., Benedict E. L.Venkataramanan G. and Lipo T. A. “A
Novel Control Strategy for the Rotor Side Control of a Doubly-Fed
Induction Machine”, Proceedings of Thirty-Sixth IAS Annual Meeting
Conference IEEE, Vol.3, 30 Sep.-4 Oct. 2001, pp. 1695-1702.

[6] V.Akhmatoy and H.Krudsen, “Modelling of windmill induction
generator in dynamic simulation programs,” Proc. IEEE Int.
Conference on Power Technology, Budapest,Hungary, paper No.
108.Aug 1999.

[7]1 Sandy Smith,Rebecca Todd and Mike Barnes “Improved Energy
Conversion for Doubly- Fed Wind Generators”, Proceedings of IAS
2005, pp. 7803-9208, June 2005.

[8] R.Pena,J.C. Clare and G. M. Asher, “Doubly fed induction generator
using back-to-back PWM converts and its application to variable speed
wind-energy  generation,” IEE Proceedings Electrical Power
Application, Vol.143, pp. 231-241.1996.

[9] Lucian Mihet-Popa, FredeBlaabjerg, “Wind Turbine Generator
Modeling and Simulation Where Rotational Speed is the Controlled
Variable”, IEEE Transactions on Industry Applications, Vol.
40.No.1,January/February 2004.

WWW.Wjir.org


https://www.google.com/search?biw=727&bih=463&q=Lucian+Mihet-Popa,+Frede+Blaabjerg,+%E2%80%9CWind+Turbine+Generator+Modeling+and+Simulation+Where+Rotational+Speed+is+the+Controlled+Variable%E2%80%9D,+IEEE+Transactions+on+Industry+Applications,+Vol.+40.No.1,January/February+2004.&spell=1&sa=X&ei=emXWU7n-C-TS0QXthIHwBw&ved=0CBkQBSgA
https://www.google.com/search?biw=727&bih=463&q=Lucian+Mihet-Popa,+Frede+Blaabjerg,+%E2%80%9CWind+Turbine+Generator+Modeling+and+Simulation+Where+Rotational+Speed+is+the+Controlled+Variable%E2%80%9D,+IEEE+Transactions+on+Industry+Applications,+Vol.+40.No.1,January/February+2004.&spell=1&sa=X&ei=emXWU7n-C-TS0QXthIHwBw&ved=0CBkQBSgA
https://www.google.com/search?biw=727&bih=463&q=Lucian+Mihet-Popa,+Frede+Blaabjerg,+%E2%80%9CWind+Turbine+Generator+Modeling+and+Simulation+Where+Rotational+Speed+is+the+Controlled+Variable%E2%80%9D,+IEEE+Transactions+on+Industry+Applications,+Vol.+40.No.1,January/February+2004.&spell=1&sa=X&ei=emXWU7n-C-TS0QXthIHwBw&ved=0CBkQBSgA
https://www.google.com/search?biw=727&bih=463&q=Lucian+Mihet-Popa,+Frede+Blaabjerg,+%E2%80%9CWind+Turbine+Generator+Modeling+and+Simulation+Where+Rotational+Speed+is+the+Controlled+Variable%E2%80%9D,+IEEE+Transactions+on+Industry+Applications,+Vol.+40.No.1,January/February+2004.&spell=1&sa=X&ei=emXWU7n-C-TS0QXthIHwBw&ved=0CBkQBSgA

Rotor Currents Command of The Doubly Fed Induction Generator Used in The Wind Energy

[10] Mekkaoui Naima, "Contribution a la Modélisation et a la Commande
d’une Mini-Centrale Eolienne a Base de Machines a Induction Simple
et Double Alimentée", Mémoire de Magister université batna(Algérie),
pp- 98, promotion 2004.

[11] S. E. AIMANI, "Modélisation de différentes technologies d'éoliennes
intégrées dans un réseau de moyenne tension", Theése de Doctorat,
Ecole Centrale de Lille (France), 2004.

[12] H. Akagi and H. Sato, "Control and performance of a doubly-fed
induction machine Intended for a flywheel energy storage system",
IEEE Trans. Power Electron., vol. 17, No. 1, pp. 109-116, Jan. 2002.

[13] S. Muller, M. Deicke and W.DeDoncker, “Doubly fed induction
generator systems for wind turbine,” IEEE Industry Applications
Magazine, Vol.3, pp. 26-33.2002.

[14] M. H. Bollen, Understanding Power Quality Problems: Voltags Sags
and Interruptions. Piscataway, NJ, USA: IEEE Press, 2002.

[15] S. E. AIMANI, "Modélisation de différentes technologies d'éoliennes
intégrées dans un réseau de moyenne tension", These de Doctorat,
Ecole Centrale de Lille (France), 2004.

[16] M. Bongiorno, "Control of voltage source converters for voltage dip
mitigation in Shunt and series configuration", Chalmers University of
Technology, Goteborg, Sweden, Licentiate Thesis 515L, Nov. 2004.

[17] Carlsson, A. (1998). The back to back converter: control and design.
Lund. Department of Industrial Electrical Engineering and
Automation. Lund Institute of Technology.

[18] J. Niiranen, "Voltage dip ride through of a doubly-fed generator
equipped with an active crowbar", Proceedings of Nordic Wind Power
Conference; March 2004.

[19] Mohammad Rashed M.Altimania: "Modeling of doubly-fed induction
generators connected to distribution system based on eMEGASim®
real-time digital simulator”, A Thesis Submitted to the Faculty of the
University of Tennessee at Chattanooga in Partial Fulfillment of the
Requirements of the Degree of Master of Engineering, May 2014.

[20] W. Hofmann, F. Okafor, (2001): Doubly-Fed Full-Controlled
Induction Wind Generator for Optimal Power Utilization. Proceeding
of 4th IEEE International Conference on Power Engineering and Drive
Systems, Vol. 1, pp. 355 —361.

[21] Matlab-Simulink.

AUTHOR’S PROFILE

Doctoral student: Abdelali Aarib

I am in the process of preparing a doctoral thesis in the National School of
Electricity and Mechanics (ENSEM), University Hassan II Ain Chock,
Casablanca, Morocco. Team Analysis and Command of Electrical Energy
Systems (ACSEE) - Laboratory of Computing, Systems and Renewable
Energy (LISER).On July 2011, I got a diploma on Master specialized in
renewable energy and energy systems in the Faculty of Science Ain Chock,
University Hassan II Casablanca, Morocco. My doctoral thesis discusses the
optimization of the electrical energy produced by the double-fed
asynchronous machine wused in wind power. I presented four
communications at scientific conferences. I attended several international
scientific congresses.

Pr. Dr. Abdelhadi E1 Moudden

Doctor of Science from the National Polytechnic Institute of Toulouse
(INPT) in 1993 - FRANCE. He is now a professor in the National School of
Electricity and Mechanics (ENSEM), University Hassan II Ain Chock,
Casablanca, Morocco.

Since 2006, he has been a member of Laboratory Computing, Systems and
Renewable Energies (LISER), Research Group: Analysis and Control
Systems of Electrical energy (ACSEE).

His research interests include Dynamic Simulations of Electric Machinery,
Simulation and Optimization of Renewable Energy Systems. He has
presented and published many articles in scientific journals and conferences
(IEEE).

Doctoral student: Widad Driouich

I'm an Electrical Engineer, preparing my thesis on storage of electricity
produced by renewable energies sources, at ENSEM; i’m a part of theTeam
Analysis and Command of Electrical Energy Systems (ACSEE) - Laboratory
of Computing, Systems and Renewable Energy (LISER) teams.

In the past 6 Months, I had an internship in the GREEN Laboratory in Nancy,
doing some works on the neuronal modeling of the Electrolyseur PEM.

Pr. Dr. Angel SCIPIONI is a research professor

He is a member of the Research Group Electrical and Electronics of Nancy
(GREEN).His research activities focus on developing innovative energy
solutions. He is alsoat the origin of the energy transition project on hydrogen
“MHyRABEL"“and he works on innovative measures processes based on
wavelet observers. He assumes educational and industrial responsibilities
within the Electrical Engineering and Industrial Computing department of
IUT Henri Poincaré (Longwy, Université de Lorraine, France). He also
ensures the sustainable development manager function of the site and of the
DDER license.


https://www.google.com/search?biw=727&bih=463&q=S.+Muller,+M.+Deicke+and+W.+De+Doncker,+%E2%80%9CDoubly+fed+induction+generator+systems+for+wind+turbine,%E2%80%9D+IEEE+Industry+Applications+Magazine,+Vol.3,+,+pp.+26-33.2002&spell=1&sa=X&ei=DWXWU4PnIOmw0QXjhYC4Cg&ved=0CBkQBSgA
https://www.google.com/search?biw=727&bih=463&q=S.+Muller,+M.+Deicke+and+W.+De+Doncker,+%E2%80%9CDoubly+fed+induction+generator+systems+for+wind+turbine,%E2%80%9D+IEEE+Industry+Applications+Magazine,+Vol.3,+,+pp.+26-33.2002&spell=1&sa=X&ei=DWXWU4PnIOmw0QXjhYC4Cg&ved=0CBkQBSgA
https://www.google.com/search?biw=727&bih=463&q=S.+Muller,+M.+Deicke+and+W.+De+Doncker,+%E2%80%9CDoubly+fed+induction+generator+systems+for+wind+turbine,%E2%80%9D+IEEE+Industry+Applications+Magazine,+Vol.3,+,+pp.+26-33.2002&spell=1&sa=X&ei=DWXWU4PnIOmw0QXjhYC4Cg&ved=0CBkQBSgA

