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Abstrad_: Nonlinear devices, such as power electronics
converters inject harmonic currents in the AC system
and increase overall reactive power demanded by the
equivalent load. Also, the number of sensitive loads that
require ideal sinusoidal supply voltages for their proper
operation has increased. In order to keep power quality
under limits proposed by standards, it is necessary to
include some sort of compensation. Different types of
power quality compensators of higher or lower
complexity have been reported. It is now well known
that an active filter can easily compensate the har monic
current contents in the load current by inserting
negative har monicsinto the power network.

The aim of this paper isto present the efficiency of the
electrical part of a wind generation system with a
synchronous generator. In attempt to minimize the
commutation frequency harmonics in the current and
voltage in the stator and to avoid the overlap
phenomenon in the diode bridge, an LC filter isinserted
between the excited circuit and the DC-DC converter.
Simulation results are curried out to validate the
proposed solution.

Active power filters are gaining more popularityedto
their ability of handling higher switching frequées by
using faster power switches. One of the active pdilters,
the shunt active filter has been researched andlajeed,
and it has gradually been recognized as a feasiilgion to
the problems created by nonlinear loads. It is uted
eliminate the unwanted harmonics and compensate
fundamental reactive power consumed by nonlineaddo
with injecting the compensation currents into thé knes
[6,7].

A new technique was launched by P. Poure & allajig
developed with Abolhassani & all [10],[11] integedt
doubly fed electric generator instead of the actilter
(IDEA) for variable speed wind energy conversiostsyns,
also at the same author [12] the proposed approaicsists
of a synchronous generator with modification to fitdd
excitation. It is shown that, by injectind“2 4" and &
harmonic currents into the field, a standard syocbus
generator can be modified to generdfeaid 7' harmonics
in the stator winding connected to the electridityti But
this technique creates strong torque ripples dueth®
harmonic currents and the disappearance of theermurr
harmonics compensation in the absence of the wind.
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|. INTRODUCTION

The increase rate of depletion of fossil energypueses
in one hand and growing energy demand on the dthed
has initiated considerable research activity woitlbwto
explore means for tapping of renewable energy messu

analysis, control and simulation validation of actes
controlled constant speed SG supplying a grid ccteke
The inverter side grid has multiple functions, éfiated
harmonic currents, store energy in SS (Fig.1) amyige
the power in the rotor. An LC filter implanted teien the
rotor and the DC-DC converter to eliminate the
commutation frequency harmonics in the current and

Many different concepts have been developed angdesvoltage in the stator, to avoid the overlap phenmuonen the
over years. Activities in this field were encourddey the diode bridge, and ensure a good pace of currergddiition
oil crisis in 1973. Much of the growth in wind-prnaced the absence of torque ripple and the continuitymiaauic
energy is due to the development of more efficteritines current filtering in wind absence, and generate grow the
and making wind power competitive with other energyrid if nonlinear load arrest or both.

sources; because of its free availability and lear and
renewable characterWind energy conversion systems

provide cost-effective and reliable energy in mafgces in - \ying tyrhines convert the kinetic energy presentia

the world. During the last two decades, the pradacbf wind into mechanical energy by means of producigue.

wind turbines has grown in size from 20kW to ; L
he power outputP, from a wind turbine is given by the
2MW[2,4,10,11,12]. well-known expressian

I1. WIND TURBINE MODEL

Nonlinear devices, like power electronics converter PW:O.Spﬂr2v3 1)
inject harmonic currents in the AC system and iasee
overall reactive power demanded by the equivalead.l Pr=RyCp @)
Also, the number of sensitive loads that requireaid Cp=f() (3)
sinusoidal supply voltages for their proper operathas
increased. In order to keep power quality underitdim Cp= (0.44—0.0167,8)sin{ ”“_3)}-0_0184/1—3),3_ (4)
proposed by standards, it is necessary to inclodeessort 15-03p
of compensation [1,6]. 1= wWr 5)
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WhereP,, and P; are wind power and mechanical power
respectivelyp is the density of airl(225 kg.mB Cy is the
power coefficient, and is the wind speed. the tip-speed

wind is maximized if the rotor speed is such tkt is
maximum, which occurs for a determined tip spedid.ra
The mechanical torque produced by the blades engby

Tm =%71.,0.Cp(,6’,/1).r3v2
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Fig.2 G characteristics of wind turbine

Fig.1 Block diagram of the proposed method.

I1l. M ACHINE MODEL DESCRIPTION

! _ -V ! The structure of the synchronous machine model used
ratio (rotor blade tip speed divided by the winée); and thjs study in a synchronously rotatidgq reference frame is
B is the blade pitch angle. The power extracted ftbe given by the state space representation:

[1]= [ - [ IRI]
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Parameters and variables in the above equations teey Ct Cy
following meanings: ) )
w: rotor speed; _ 1 |1
Vq: armatured axis terminal voltage; B= {0 L O} , D= {: 0 0]
Vg armaturey axis terminal voltage; '

ig- armatured axis terminal current;
ig: armatureg axis terminal current;
Viq: field winding terminal voltage;
irg: field winding terminal current;

ikg: d axis damper winding current;

Fig.3. illustrates the equivalent circuit of thescaded
structure rotor inverter-LC filter-rotor SG circuifThe
current ir across the filtering inductor can be regged in
terms of the rotor inverter voltage U and the ratoltage V

as:

ik g axis damper winding current; —

cqu: total armature flux il axis; 't = _F(p)U +G(pV (18)
@, total armature flux i axis; where:

R armature phase resistance; F(p)= 1 (19)
L armature phase leakage inductance; ap*+azp?+asptau

Ling (_jaxis_cogpling i_nductance; 1+C; p(L, p+R)

Ry: field winding resistance;, G(p) = (20)
Lyq: field winding leakage inductance; (Li p+Re)A+Crp(Ly p+ RN+ (L p+Ry)

Rqq: d axis damper wining resistance;

::':]Z gg:: gg&%ﬁ;ﬂgﬂgt%ﬁa;age Inductance; The denominator coefficients in (19) are given by:
R« g axis damper winding resistance; & =L LiCs, ap =Rt Cs +LtRCy ,

Liq: g axis damper winding leakage inductance. ag=L, +L; +RR;C;, a4 =R +R; .

where the inductance and mutual inductance are:

Lg =Lis *Lmd» Lg = Lis * Ling> If the all resistances effects are neglected, ioglaf19)

Lt =Lid +LmdsLp = Likd * Lmds Lo = Likg + Lmgs becomes:
Mo =Lmg, Map =LmgsMgo =L F(p) = L (21)
fD = tmd> dD — md qQ_ mq LrLfo p3+(|—r+|—f )p
If the machine has not damper windings, the flokdiges Finally, the resonance frequency of the LC filtar i
and the electromechanical torque are given by: computed as:
3 . . 1
Cem=EP[(Ld —Lg)igiq +@igl (12) w, :T (22)
r-f
o . C
@5 —Lf-lf +qu|d (13) L +Ly f
@ = Lgig + M gqi ¢ (14)
% = Ldiq (15) iir R L R Lj

If the flux vector is aligned with the d-axis ineth
synchronously rotating reference frame, thégp=0, v4=0 U C; Tn \%
and the field rotor currents attracted the refeeenator —|—
current per following equation:

x 1,V * Fig.3. Equivalent circuit of rotor-LC filter system
it =——(——Lqiq) (16)
Mtg Ws
V. DESCRIPTION OF THE PROPOSED METHOD
IV. THE SECOND ORDER LC FILTER MODEL The design procedure for the load conditioner DX li

. ) . ) . voltage loop is very similar to that of a PWM réeti. The
The conversion system including the LC filtesiown in itterence is that the output of the load condiéioB®C link

Fig. 3, where, andi; are the input and output filter currentggiage compensator is much smaller compared toctha
respectively, Ucis the capacitor filter voltage. The genergdPWM rectifier under a heavy load. Since there islowad
state space model of the second order LC filtagiven by across the DC link capacitor, there is no activavgro

[6]:



delivered. The output of the voltage compensat@p&ea voltage to regulate DC link voltage with very lowstrtion

small value to compensate the power losses. in voltage and current on the AC side and DC side,

a- Harmonic Current Extraction: minimum voltage and current stresses in the compusne
To perform the active filtering function, the loadidirectional power flow capability. Also, it pralés unity

conditioner injeCtS load harmonic currents. The ﬂ)wvel power factor and draws continuous input currents.

harmonic current determine the lowest harmonicesurthat rotating co-ordinates and an outer voltage loope THC

the load conditioner can handle. error voltage is passed through a compensator tergee

Harmonic currents are obtained by subtracting F'@ I:?ref( current reference),as the q channel is respan§iblthe
component from the total currents. The advantagasofg power transfer. The d-q co-ordinates axis are atigwith

this kind of high-pass filter structure is thatrinés no phase . .
shift in the extracted harmonic components. A mgvinrespect to the input line voltages such Mafas result, the d

average operand is a good choice to implementothephss channel cur.rent referencéys: is set to zero in order to
filter due to its simplicity and accuracy. achieve unity power factor. The output of the cutre
The transformatiom—f3 of a three-phase system Withouft:OntrOIIer are the duty_ cyclea_ dnc_i 4
neutral connected is defined by the relations Thg quadrature and_d|rect grid S'(.je current dencanche
derived from the active and reactive power refeesR¢,Q*

X
Xq _\F 1 -y2 -y27]°® 23 |- Py
Xg 3]0 \/§/2 —\/5/2 % Id—reactive:V—
X g (30)
The instantaneous power for the three-phase syiteas =0
follows: aractive ™y .o
{P}z{ Vo V,B} [Eia} ap and harmonic currents needed for compensation of no
q ~Vg Vg |lip linear load currenti;;d and i;:q can be derived as follows:
By observing the formulations & andQ, it is possible to x i 31
put them in the following form: 'hd =Id-reactive ™ 'hd (31)
p=p+p (25) ihg = ig-activetihq (32)
a=q+q The controller voltage and current sources in terage
If we put model are represented in rotating co-ordinates as:
—u2 132 i
A=vgt+vg (26) %:i(\/ +3d it —d V)
dt 3L gd g'gh dVo
We have: _ g
ia|_1[va -vg|[P o _ L~ 3al g - dgrVo)
Jl== b @7 gt 3L Vea g'dh = GghVo
ig| A|Vg Vg q v 193 (32)
Finally the current reference given by the: —L == =ldgnigh + danign) -1
.*y g y dt C(Z(dhdh qhqh) oj
Iha 1 0 ~ 3
x i Vo =V, + R.| =\dgnign + Agnign) i
i =\/g Y2 +3/2 EETU} 28 07V Rc(z( dhldh qhqh) oj
- ~1/2 -y3/2| LA So, the currenit, is given by:
io = S*i 33
The power converter system control block diagram is ° f (33)
shown in Fig 1. The load conditioner is controlledh a VI. SMULATION RESULT:

current loop compensator superimposed by a voltage

compensator to control its DC link voltage. Thereat .In.a first time the non _Ilnear load is not conndectthe
reference generator is the key for the load cooiti to grid inverter gives an active power needed by titerrof

perform the active filtering. The most importantntol SG, sinusoidal current, at time t=2sec the dioddghr is

aspect of the load conditioner is the generatiothefcurrent connected, the grid inverter gives power to the)rrcblleld
references. and compensate harmonic currents Fig.4., at tiBésec a

To obtain the references currents control of adilter, it step in the power where the generation of wind paeps,

; o the grid inverter give a good hardness, with sitghilf DC
;zllrécivcsssary to pass from tabc co-ordinates to thelq as bus and thd'HDi of nonlinear load reduced from 30.9% at

. 2.3%
x [
ihd | _ \F sin@) sin(@-2m/3) sin@+ 2713 iDa 29
i;q 3| cos@) cos@-2m/3) cosP +2rm/3) ibb

hc
b- Front End Converter Control

The three phase AC/DC inverter shown in Fig.1 is an

attractive topology for use as a front end powearcpssing
unit at higher power levels. It converts three ghagput
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Fig.7.Cemelectromagnetic torqu®, andQ active and
reactive power generated by SG without LC filter

i i i
2 200 ‘i‘i (- - - - - Lo
T.J/ l | |
g ° i r 7
200 [ I I by frane — — — _ : ,,,,,, ]F ,,,,,,
I Il I I
2 2.1 2.2 2.3 2.4 2.5
—_ 200 Iq\ | | |
< | | | |
¥ 0 S : -
2 Id / | |
200 ,,,,,, 1N - - L I — — — — _ |
B | |
_400 I Il I I
2 2.1 2.2 2.3 2.4 2.5

Temps(sec)

Fig.8.if rotor currentjsa stator currentsjdq stator currents
in dg co-ordinates withC filter

With LC filter the ripple torque, power and reaetiv
power and commutation frequency in the rotor aradost
current are eliminated. Fig.6, 7, 8 and 9 illustréte LC
filter effect on the power utility supply current.

Figl0. (a,b.c.d) illustrate the LC filter effect dhe
power utility supply current. The SG stator cursefiHD,
is significantly reduced from 13.2% to 1.8%.

Fig.10.a shows the current of the stator to grile T
stator current before installing of LC filter isvgh in
Fig.10.c. After installing of the LC filter the distion of
the current of the stator is improved as shownignl.b.

Fig1l0 (b and d) shows the harmonic spectrum vanati
after adding of the LC filter
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V. CONCLUSION

In this paper, a novel approach for grid power ifqyual
improvement using WECS with SG is discussed. Is thi
method, one of the rotor current components is used
control the machine flux while the other is used to
compensate harmonics. An LC filter is inserted leetwthe
excited circuit and the DC-DC converter to redube t
commutation frequency harmonics in the stator curaead
improve the power quality.
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