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Control of an autonomous wind energy conversion system based on doubly fed induction
generator supplying a non-linear load

Introduction. Nowadays, many researches are being done on wind turbines providing electrical energy to a stable power grid by via a

doubly fed induction generator (DFIG), but the studies on the autonomous networks are rare, due the difficulty of controlling powers often

close to the nominal power of the generator. Goal. This paper presents a variable speed constant frequency (VSCF) autonomous control
system to supply isolated loads (linear or non-linear). The main objective is the design of an effective strategy to reduce harmonic currents

induced via the non-linear loads such as rectifier bridge with 6 diodes. The novelty of the work consists in study of system composed of a

DFIG providing energy by his stator to a stand-alone grid. It uses a static converter connected to the rotor allowing operation in hypo and
hyper synchronism. A permanent magnet synchronous machine (PMSM) connected to a wind turbine supplies this converter, that is sized
proportionately to the variation range of the necessary rotational speed. In the case of linear loads there is no problem, all desired
parameters are well controlled but in the non-linear loads case such as rectifier bridge with 6 diodes there is the harmonic problem. For this

purpose, to reduce this harmonic, the proposed solution is the installation of a LC filter. Methods. The DFIG is controlled to provide a

constant voltage in amplitude and frequency independently of the grid load or the drive turbine speed. This command is vector control in a

reference related to the stator field. The stator flux is aligned along the d axis of this landmark allowing thus the decoupling of the active and
reactive stator powers of DFIG. The DFIG is controlled by an internal control loop of rotor flux and an external control loop of output
stator voltage. We present also the control of the PMSM and the DC bus of the converter. The PMSM is controlled by an internal control
loop of the current and an external control loop of the continuous bus of the converter according to its nominal value. The control system of
wind generator based on the maximum power point tracking and the control of bus continuous at output rectifier knowing that the non-linear
loads introduce high harmonic currents and disrupt the proper functioning of the system. The installation of a LC filter between the stator
and the network to be supplied reduce harmonics. Results. Simulation results carried out on MATLAB/Simulink show that this filter allows

obtaining a quasi-sinusoidal network voltage and it also has the advantage of a simple structure, a good efficiency and a great performance.

This proves the feasibility and efficiency of the proposed system for different loads (linear or non-linear). Practical value. This proposed
system is very performing and useful compared to others because it ensures the permanent production of electricity at VSCF to feed isolated
sites, whatever the load supplied (linear or non-linear), without polluting the environment so that the use of wind energy is very important to

reduce the greenhouse effect. References 34, figures 9.

Key words: doubly fed induction generator, wind power, variable speed, autonomous operation, permanent magnet

synchronous machine.

Bemyn. B oanuti wac npoeooumwcsi bazamo  Oocniodcenv Gimpsanux mypOiH, wo 3a6e3meuyioms eneKmpoeHep2iclo  cmabdinbHy
ENIeKMPOMEPEICY Uepe3 ACUHXPOHHULL 2eHepamop 3 nodeitinum dxcuenennsm (DFIG), ane docniodicenHs aBmMoHOMHUX Mepedic PIOKICHI uepes3
CKNIAOHICMb  YAPABTIHHS  NOMYNCHOCHSIMY, 4acmo OIU3bKUMU 00 HOMIHAIbHOI nomydicHocmi cenepamopa. Mema. Y cmammi
npeocmaenena asmoHOMHA CUCTNEMA YRPABNIHHA 3MIHHOW weuokicmio ma nocmitinoio yacmomoro (VSCF) ona owcuenenta i3onvoeanux
Hasanmaoicenv (LHiHux uu Heninitinux). OCHOBHOIO Memolo € po3pobKa eekmusHOl cmpamezii 3HUIICEHHS! 2APMOHIUHUX CMPYMIG,
HageOeHux uepe3 HeNiHIHI HABAHMANCEHHS, MAKI AK eUnpsAmMHutl micm i3 wicmoema Oiodamu. Hoeusna pobomu nonseac y ueyewHi
cucmemu, wjo ckraoacmuca 3 DFIG, wo 3abe3neuye enepeicio 1io2o cmamop 8 asmoHomuy mepedicy. Bin euxopucmogye cmamuunuil
nepemeopiogay, NiOKmoYeHuli 00 pomopa, wo 0036015€ npayrosamu 8 2ino-i zinepcunxponizmi. CUNXpPOHHA MAWUHA 3 ROCTIIHUMU
maenimamu (PMSM), niokmouena 0o 6impsanoi mypoinu, Jcueums yeti nepemeoprosat, KU Mae po3mip, nponopyitinuil Oianazony 3miHu
HeoOXIOHO! weuokocmi 0bepmants. Y pazi MHIIHUX HABAHMAICEHb NPOOIEM HEMAE, 6CT DANCAHT napamempu 0obpe KOHMPOIIOIMbCS, alle
V pazi HeHIHUX HABAHMANCEHb, MAKUX K SUNPSIMHULL MICm 13 wicmbma Jlodamu, SUHUKAE npobaema 2apmoHix. /s yiel memu, wob
SMEHWUmU Ylo 2APMOHIKY, 3anpononosanum piwenuam € ecmanoenenns LC-gpinempy. Memoou. DFIG ynpasnsicmocs 01 3a6e3neqents
NOCMItIHOI Hanpyau 3a aMIAIMY00I0 Ma Yacmomolo He3ANeNHCHO 8i0 HABAHMANCEHHS Mepedxci abo weuokocmi npusooHoi mypoinu. La
KoManoa € 6eKMOpHUM YRPAGTIHHAM 8 ONOPHOMY CueHa, nos'sizanomy 3 noiem cmamopa. Ilomik cmamopa eupienanuil 63006c oci d
Yb020 OpiEHMUPY, WO 003B0IAE MAKUM YUHOM PO36'I3amu akmueHy ma peaxmugHy nomyxciocmi cmamopa DFIG. DFIG ynpasisembcs
GHYMPIWHIM KOHMYPOM VHPABIIHHA NOMOKOM PpOMOpA MmMd 306HIWHIM KOHMYPOM YAPAGTIHHS GUXIOHOK HANPY20i0 CMamopa.
Tlpeocmasneno maxoxc ynpasninna PMSM ma DC wunoro nepemsoprosaua. PMSM ynpaenacmuvcs aHympiwinin KOHmMypom Kepy8aHHs
CIMPYMOM MaA 306HIUHIM KOHMYPOM KepyeanHs 0e3nepepHolo WUHOI0 Nepemeopiosaud GionosioHo 00 U020 HOMIHATILHO20 3HAUEHHS.
Cucmema KepysanHs 6impo2eHepamopom 6a3yembCs HA BiOCMENCEHHT MOUKU MAKCUMATLHOT NOMYXHCHOCIE Ma Oe3nepepeHOMy KepyBaHHi
WUHOIO HA BUXIOHOMY GUNPAMIAYL, 6PAXOBYIOUU, WO HENIHIliHI HABAHMAICEHHS 6B00Mb CHIPYMU GUCOKUX 2APMOHIK MA ROPYULYIOMb
Hanesxcne pyHKyionyeanms cucmemu. Bcemanoenenns LC-binempa mixne cmamopom i Mepexcer0 HCUGTEHHS 3MEHULYE 2apMOMIKU.
Pesynomamu mooenrosarnts, npogeoeni 6 MATLAB/Simulink, noxasyroms, wo yeil Qinemp 0038015€ ompumamu K8A3ICUHYCOIOATLHY
Hanpyay mepesici, a maxkodic Mac nepesazy wooo HpoCmomu CMpyKmypu, Xopowioi epekmusnocmi ma 3uaunoi npooykmuerocmi. Lle
00600UMb OOYITbHICMb MA ePeKMUSHICIb 3aNPONOHOBAHOT cucmeMu Ol PI3HUX HaBaHmadicers (Miitinux uu Heminiunux). Ipaxmuuna
3Hauumicms. 3anpononosana cucmema Oysce NPOOYKMUBHA | KOPUCHA 8 NOPIGHAHHI 3 THUUMU, OCKITbKU 8OHA 3abe3nedye nocmiiine
supobHuymeo enekmpoenepeii na VSCF 0na sicusnens i301608aHux OUIHOK, HE3ANeHCHO 8I0 HABAHMAIICEHHS, W0 Nooacmucsa (Tiiline abo
Heniniline), He 3aOPYOHIOIONU HABKOMUWHE Cepedosuiye, TOMY WO SUKOPUCIIOBYE eHepeilo GIMpY, WO € GaNCIUBUM Ol SHUICEHHS
napHukogozo egpexmy. bioin. 34, puc. 9.

Kniouogi cnoa: acMHXpPOHHUI reHepaTop 3 NOABIHMM JKHBJIEHHSIM, BiTpOeHepreTHka, 3MiHHA WMIBHAKICTb, AaBTOHOMHA
po60Ta, CHHXPOHHA MALIMHA 3 MOCTIHHUMM MarHiramu.

Introduction. Electrical energy and electrical power  sources is essential to reduce the greenhouse effect [3].
systems frameworks play essential roles in the economic  Thus, the development of wind turbines represents a great
development of a country [1, 2].Sustainable development investment in technological research [4]. These systems
and renewable energies arouse the interest of several which produce electrical energy from the wind can
research teams. The use of wind energy and renewable © M. L’Hadj Said, M. Ali Moussa, T. Bessaad
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constitute a technological and economical alternative to the
various exhaustible energy sources [5—7]. Wind turbines
are believed to be a potential source of electrical energy in
the near future [8, 9]. Wind turbines undergo both cycles,
i.e. coercion and change in wind behavior [8—10].

A large part of the wind turbines use the
asynchronous machines with double power. The
utilization the doubly fed induction generator (DFIG) as a
generation unit in the wind generation structures has been
granted great concern during the past and present decades
[11-14]. The superiority of the DFIG over other
generation units comes from its ability to handle higher
power ratings compared with the other units. Due to the
physical construction of the DFIG, it has the ability to be
controlled from both the grid and rotor sides [15]. The
possibility of performing the control from the rotor side
has enabled the utilization of low power inverters, which
resulted in saving the cost [16, 17]. This generator allows
the production of electricity at variable speed [18-23]. It
gives the opportunity, then, to better control wind
resources for different wind conditions [21-23].

Nowadays, many researches are being done on wind
turbines providing electrical energy to a stable power grid
by via a DFIG, but the studies on the autonomous
networks are rare, due the difficulty of controlling powers
often close to the nominal power of the generator.

The following work shows firstly, the control
strategy of a DFIG, providing energy by the stator to an
autonomous grid. It uses a static converter connected to
the rotor allowing operation in hypo and hyper
synchronism. A permanent magnet synchronous machine
(PMSM) connected to a wind turbine feeds this converter
(Fig. 1), that is sized proportionately to the variation
range of the necessary rotational speed [24].

Network E’m‘
400V - S0HZ Non Linear Load

Filter LC

PWM
Inverter

‘Wind Turbine

Fig 1. Global schema of the proposed system

The DFIG is controlled to provide a constant voltage
in amplitude and frequency independently of the grid load
or the drive turbine speed. This command is vector
control in a reference related to the stator field. The stator
flux is aligned along the d axis of this landmark allowing
thus the decoupling of the active and reactive stator
powers of DFIG [25-27].

The control strategy is carried out in two loops: an
internal control loop of the rotor flux and an external
control loop of the stator voltage. We have also; the
PMSM is controlled by an internal control loop of the
current and an external control loop of the continuous bus
of the converter according to its nominal value [28].

The aim of this work is the improve the performance
of this proposed system to feed isolated sites at variable

speed constant frequency (VSCF), whatever the load
desired to supply it, especially the non-linear loads. In the
case of linear loads there is no problem, all desired
parameters are well controlled but in the non-linear loads
case such as the rectifier bridge with 6 diodes there is the
harmonic problem.

These loads introduce high harmonic currents and
disrupt the proper functioning of the system. The solution
proposed to reduce harmonics is the installation of an LC
filter between the stator and the network to be supplied.
This filter allows obtaining a quasi-sinusoidal network
voltage and it also has the advantage of a simple structure,
a good efficiency and a great performance.

The control system of wind generator is based on the
maximum power point tracking (MPPT) and the control
of bus continuous at output rectifier. A power
maximization algorithm determines the speed of the
turbine that achieves maximum power generated, by
estimating the speed of the wind corresponding to the
optimal advance factor [29-31].

DFIG model. The equations of DFIG in d-q axis are [32]:

. do,
Vig = Riyg +2254_ iy g, (1)
dr
dg
qu = inxq +—2 - Osbsq s @)
. d
Vrd = errd + g;d _(a)s - wr)¢rq 5 (3)
. dg
Vig = Ryipg + d—;q (0 — 0 )yq “4)
¢sd =Lgigg +Mi,g ; (5)
¢sq = Lsisq +Mirq 5 (6)
bra = Lyirg + Migy ; (7)
¢rq = Lrirq + Misq > ®)

where V,, V,, Ry, R,, i, i, ¢, &, Ly, L, are the voltages,
resistances, currents, fluxes and inductances of the stator
and rotor, respectively; M is the mutual inductance; @; is
the synchronous speed; @, is the rotor speed.

The reference related to the stator field is chosen.
The stator flux is aligned with the axis d of this reference
which corresponds to the following equations:

d¢sq
¢Sq = 0 N =
de
In order to present the principles of this command,
we neglect the resistances of stator and assume that the
permanent state is reached. The voltage is therefore fixe
in amplitude and frequency, we obtain the follow relation:

0. 9)

d¢sd ~0:

d (10)
Vsq ~ s¢sd ~V.
From (5), (6), (9), o is the DFIG scattering coefficient,

the constraint (11) corresponds to the good orientation of
the landmark chosen:

Vvd ~

oL L

<:>¢Vq:_ j&risq. (11)

From (8), (10), (11), the new expression of active
and reactive power became:

. s .
qu = ﬁl“[

4
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Equation (12) shows the decoupling of the powers
active via ¢, and reactive via ¢, when the permanent
state is reached.

In generator mode, DFIG is represented by the state
system with time varying following:

A RA TR ANE AR
A3 AR ART AR KA

where:

rq sq
“RJL, o, o1t RM
= 5 ) )R )
M[RJL, o, _M bo
[C]__Z{ o, Rr/Lj’ Pl ks [n] [0 1}
R, +Ter oL,
[6l=ot,[,]; [F]=| £ v |
ol,o, RS+TRr
I

where [V,], [Vi], [@,] are respectively the input, output
and system status vectors. The vector [I;] depends on the
load, it is considered as perturbation.

In the case of a DFIG operating as a generator, the
difficulty comes from the derivative terms of the perturbation
(14), which are difficult to simulate. There is also a direct
link between the input and the output of the system.

The originality of this new method of control come of
the choice of the rotor flux vector as a control vector,
indeed the equation (13) shows that the rotor flux is the
natural state vector of DFIG and it allows also a direct
control on the voltage of the rotor. Compared to the
regulation in the current, this method allows a minimization
of harmonics introduced by non- linear loads.

Internal control loop of the rotor flux. From (13),
we can deduct the following system, where E, and E, are
coupling terms:

dé.y 1
=V, ——¢,+E;; 15
@ T bra +Eq (15)
dg,, 1
et (0
where T, = L,/ R, is the DFIG rotor time constant:
M .
Ey :Tlsd + a)r¢rq;
" (17)
Eq = Fisq — g

"
The transfer functions between the flux and tensions
of the rotor depend only to the rotor time constant 7,. The

regulation can be realized with simple PI correctors. It’s
also, the coupling terms can be compensated as shown in
the block diagram (Fig. 2).
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Fig. 2. Global block diagrmm proposed wind
power system

External control loop of the stator voltage. We
have already seen that the constraint (11) correspond to
the correct orientation of the reference chosen. The
amplitude of the stator voltage is given by:

|VS|=,/VS§ Ve - (18)

This latter is controlled by an external loop (Fig. 2),
because (14) shows that when the DFIG works as a
generator on an autonomous grid, the stator voltage is the
output vector of the system. The equations (10), (14) and
(18) allow obtaining the following system, where 4, and 4,
are terms of perturbation that we can compensate. The
transfer functions between the stator voltages and the rotor
flux are of simple gains, integrators will allow of cancel the
static error between the measured and desired tension:

Vi =Vigs Vi =0, + 40}
u b 19)
Vsq = L_<¢rd +4 )7
L R
Ay =—"L| =i, +0L ;
d M( wslsd o1 lqu

(20)

Cascade rotor side. Figure 2 presents the system
seen the rotor side of the DFIG. This configuration using
a converter is very frequent for high power applications
and the limited speed variation range. This method
permits operation below and above at the synchronous
speed. These are the limits of this speed variation range
that secure the power of converter. Figure 2 also presents
the control of the PMSM. The objective of this control is
to keep the continuous bus voltage constant independently
to the rotor power. This control will be realized by two
control loops: internal control loop of the stator current of
the PMSM and an external control loop of the continuous
bus voltage to its nominal value.

Electrical Engineering & Electromechanics, 2025, no. 4



Model of PMSM. The model of PMSM is given by
the system (21) using Park method in a reference frame
linked to its rotating field:

d/
Va=Ryslg+Ly d_j —Enas

21
ar, . @1
Vq :Rms[q‘f'Lq?—qu,
E,g=-wL,l;
q°q 22)
qu = —a)LdId — a)@a,

where E,q, E,, are the coupling terms; R, is the stator
resistance; L4 L, are the direct and quadrature
inductances; Vg, V,, 1, 1, are the components d-g stator
voltages and currents; @, is the flux of the permanent
magnet; w=pQ is the voltage pulsation; Q is the speed of
rotation; p is the number of pairs of poles.
The voltages being input variables, we can express

the output variables (current) as follows:

ds 1

- E(Vd ~ Ryl +oLy1, }

Iy _ 1 (7, = Ryl — Lyl y — 0B, )
?_E g " Bpslyg —OLglg —0OP,
Knowing that in our case Ly = L, = L.

Control of wind generator. The block control of
wind generator diagram is shown in Fig. 2. The control
system based on two functions: MPPT and the control of
bus continuous at output rectifier.

Power maximization strategy. The equations of
electric and mechanical powers of the system in
permanent regime allow to new the formulation of the
new objective. However, the function of mechanical
power, a simpler form is used. To reduce the degrees of
freedom of the system, wind speed, only uncontrollable
variable of the system, is out of the mathematical
formulation by the use of an optimal form [33, 34].

The equation of the wind power P,, corresponding to
a wind speed V, is given as:

(23)

3
v,
R=C, (24)
where C, is the power coefficient; 4 is the tip-speed ratio;
p s the air density; S is the blade surface.
If the tip-speed ratio 4 is maintained at its optimal
Aot Value, the power coefficient is always at its maximum
value Cpmax = Cp(Aopr)-
Therefore, the power of wind is also at its maximum
value:
3
=C i .

opt _
P pmax )

(25)

On the other hand, if the equation of assumed tip-speed
ratio maintained at the optimal value, we isolate the wind
speed (26) for replacing in the equation of the maximum
mechanical power (25), we obtain the (27):

o SRy R 6)
ﬂopt
A4
1 3
opt _ 3
By 2 pmaxps(loptj Q2. (27)

We obtain an analytical form of the maximum
mechanical power of the wind turbine depending to its
speed of rotation Q only. Considering that the conditions
are optimal (at optimum power) then the (27) allows the
calculation of the value of the optimum torque:

1 P
opt ’

Tvﬁpt 2 pmaxlag(

Regulation of the stator current of the PMSM.
The transfer functions between the voltages and currents
of the PMSM are first order and are regulated by PI
correctors as shown in the block diagram on Fig. 3. The
transfer function of the machine being of the form:

(28)

dq(S)
H(s)= 29
O+ Enge ) @
1 IR,
H(s)= = ms__ 30
) Ems+qu(S) 1+Lﬂs (30)
I; PI Vl 1/‘Rﬂ1: [dh
A 1+-2d
T Emal Ena R
Em_, =1 Lﬁms !qf
=/ \f/ 143 1 g
T By Tqu s

Fig. 3. Regulation loop of current of the PMSM

In permanent regime and neglecting the stator
resistance, the equations (21), (22) give the following system:

-wL, I ;
q'q 31

Vy=
Vq = Q)Ldld +60(Da '

Furthermore, neglecting the losses introduced by the
converter, we can write:
Pdc = led + Vqlq = Vdcldc , (32)

where P, is the active power; V. is the continuous bus
voltage; I, is the output current of the rectifier.
With the help of (31), (32) we obtain:

Iy =Py | 0@, , (33)
Vi="Puly [P, - (34)

The relations (33), (34) show that the components of
the direct voltage and the quadrature current depend to the
desired rotor power. A conventional method controlling of
the motor starting asynchronous power (MSAP) seeking to
obtain maximum power for a minimum of current.
However if 1,,~0 the stator voltage is given by (35). This
voltage is acceptable as long as it is below the limit voltage
Vim fixed by the continuous bus voltage (36):

2
PL
V)= [@:J +(o®,f ;

V| < Viim - (36)

Control loop of the continuous voltage V.
According to (32), (33) the equation of the power is:

(35)
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v,
P = 0@yl =Vylge =1, =—%1,.. (37
a
Figure 3 allows us to write:
lj=1.+1;. (38)
Supposing that the losses are null
dvy,
C— =1, -1;. 39
dt dc L (39)

The block diagram of this loop is shown in Fig. 4.
The regulation is done with PI correctors after setting the
damping factor and the natural frequency desired.

Vaer 1 Vieret |Lgr Ky |lag 1 [
I L I

Fig. 4. Regulation of the continuous bus voltage

Simulation results. Linear load case. The proposed
system has been tested in MATLAB / Simulink using the
electrical parameters of the DFIG and PMSM, the
reference voltage at the rectifier output being taken equal to
150 V, it is assumed that this DFIG and MSAP are driven
by a wind turbine, wind speed is variable in time to feed a
load RL. Load whose power consumption is expected to
vary according to the following time table: 0 kVA at time
t=0s,12kVA atr=0.5 s and 9 kVA at time =2 s with
0.8 power factor. The obtained simulation results (Fig. 5)
prove the feasibility of the proposed system for the
maximum load variable power in the time. The values
also show that the stator voltage V; and the continuous
voltage V,. are entirely controlled during the variation of
the load and wind speed. This therefore proves the
feasibility of the system in hypo and hyper synchronism.
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Fig. 5. Simulation results of the proposed system for linear load

Non-linear load case. After having studied the
functioning of the DFIG on linear load, we will study the
performance of the latter on a non-linear load made up of
a converter (rectifier bridges with 6 diodes) which
supplies an inductive load (see Fig. 6):

I =Ug/(L; +R).

14
D!Z S D;z S D1Z S
0
INDUCTIVE
b
) Ud LOAD
WZE YA

Fig. 6. Structure of a 6-pulse diode rectifier

(40)

The rectified voltage is obtained by:
(41)

Inserting a 6-diode rectifier bridge into the system
does not change the test procedure; the only difference is
the introduction of non-linear loads instead of linear RL
loads. Indeed, this type of converter induces a large
number of current harmonics:

Isf :\/gld/”; Iy, :Isf/h;

h=6ntl; THD =Y 13, /Isf :

where Iy is the amplitude of the fundamental current; 7, is
the harmonic current of order %; I, is the continue current
flowing through the load; THD/ is the total harmonic
distortion of the load current.

The simulation results clearly show the deterioration
of the stator voltage due to the induced harmonic currents
caused by the load currents. The more the load increases the
load current becomes more and more distorting. The active
and reactive powers are also deteriorated by this non-linear
load due to the harmonics induced by the 6-diode rectifier
bridge. These harmonics increase the losses in the DFIG and
promote excessive heating of the latter. The simulation
results are shown in Fig. 7.

Ug = Vjs max — Vjs min -

(42)
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Fig. 7. Simulation results of the proposed system for non-linear load

Filtering characteristics. LC filter is placed on the
stator side of the DFIG to eliminate voltage harmonics
from the on-board network. The single-phase equivalent
model of the filter is given in Fig. 8.

Bl

I
G

Linear

Load

Fig 8. Single-phase equivalent diagram of the LC filter

This filter can be represented by the following

equation of state:
r 1 0 1
seE ] e
dr | Ve 1 o Ve _1 o ILVs
C C
where L, r are the filter inductance and its internal
resistance; C is the filter capacitance; V,, I, I,, V, are
respectively the stator voltage and current of the DFIG,
and the current and voltage of the non-linear load. V; can
be considered as the filter input variable, /, — the
disturbance variable and V, — the filter output variable.

From (43), we can write 4 transfer functions to describe
the operation of the filter:

1,(s) _ a)g { 1 Cs}{lg (s)} @4
Ve (s) s2+2ma)os+a)§ Ls+r 1 ]| V(s)

where o = 1/ VLC is the resonance frequency; m is the

damping coefficient.

This presentation shows that the load current
harmonics due to the 6-diode rectifier bridge deteriorate
the stator current as well as the load voltage vector. The
filter parameters must therefore be chosen so as to reduce
the harmonic distortion rate of the mains voltage to a
value less than 5 %. We can derive from (44) the transfer
function between I (s) and V(s):

Ve(s) _
Ig(s)  s2+2mays +w]

(Ls+ r)a)g

(45)

Design procedure. The filter inductance is typically
sized equal to a fraction of the rated motor impedance, so
voltage drop is reduced across the filter inductance. In this
case, we will choose:

L=0.7-L,. (46)

The resistance in this case corresponds to the
internal resistance of the inductance and thus is
proportional to the internal Joule losses of the inductance.
This resistance creates losses at the level of the filter. In
this case, the Joule losses are defined to be less than 1 %
of the total power, so the maximum acceptable internal
resistance ry,x can be calculated as:

0.01P,_
Tmax :# . (47)
315 nom

The attenuation provided by the filter depends on the
damping coefficient m. The cutoff frequency should be
low enough to give the desired attenuation and the
damping coefficient large enough to increase that
attenuation. On the other hand, (44) shows that a low
cutoff frequency may result in large components value
and size. In addition, a very large damping coefficient
would result in an internal resistance value more
important than rp.. It is therefore necessary to find a
compromise between the dimensions of the filter and the
desired THD.

From the components of the harmonic current
described by (42), the amplitude-frequency characteristics
given by (45) and knowing that the amplitude of the
voltage of the fundamental is 400 V, we can calculate the
relationship between the filter cutoff frequency and the
THD of the mains voltage after filtering.

Finally, knowing w, and L, we can deduce the
capacity of the filter:

C=1/L} . (48)

The introduction of an LC filter with a cutoff
frequency of 816.5 rad/s with a damping coefficient
m=0.734 to reduce current harmonics is simulated in the
same way as before.

The simulation results (Fig. 9) show that the load
voltage is almost sinusoidal for a non-linear load.
Compared to the signal obtained without a filter, the
oscillations on the active and reactive power are greatly
reduced by the introduction of the filter. These
simulations carried out on MATLAB/Simlink prove the
efficiency of the proposed system in the event of non-
linear loads.
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Fig 9. Simulation results of the proposed system for non-linear
load after the introduction of LC filter

Conclusions.

This paper has enabled us to study an autonomous
electrical generation system working at variable speed
and fixed frequency to supply isolated loads. The
principles of vector control of DFIG and PMSM have
been presented. The simulation results carried out on
MATLAB/Simulink show that this method makes it
possible to obtain a voltage at fixed frequency and
amplitude under a wide range of variation of the turbine
drive speed. The addition of non-linear loads, such as
diode rectifier bridges, introduces harmonics which
deteriorate the voltages of the network. The introduction
of an LC filter on the stator side of the DFIG allows these
harmonics to be reduced to an acceptable level. This
proves the efficiency of the proposed system for different
loads (linear and non-linear loads).
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