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Abstract- One of the most important issues regarding clean energy is considered to be clean electricity generation with
desirable quality. Low quality electricity causes the losses increase, mis-operation of the protection relays, saturation of iron
core transformer amongst others. Hence, it seems necessary to supply electricity with acceptable quality satisfying related
standards such as IEEE-519. The quality of the power generated by wind turbines should be investigated in order to adopt
some strategies-if needed- to improve its performance. A wind turbine is connected to the grid through a converter. Traditional
converters are fixed-speed whereas the advanced systems are variable-speed. The most important advantage of the advanced
systems is related to the mitigated mechanical stress and the energy capacity increase. Rectifier and inverter are involved in the
topology of variable-speed machines. This paper presents a mathematical model of this system i.e. a variable speed machine
which is defined in the rotating reference frame of rotor. Rectifiers and inverters contain some power electronic elements
which are the major causes of harmonic generation because of their nonlinear characteristics. Harmonics are considered as one
of the most important phenomena decreasing the power quality. Therefore, mitigation of the harmonic seems necessary. The
shunt active filter is used to reduce the current harmonics. This filter has three components, namely identification, modulation
and inverter. Some of the identification methods are sensitive to the input voltage harmonics. So, an algorithm which shows
the better performances has been used in the identification part. Finally, performance of the mentioned filter has been proved
through the simulation.

Keywords Wind turbine, theory of instantaneous active and reactive power, filter, harmonic.

1. Introduction poor power quality are major disadvantages of this type of

conversion system [5] causing a decrease in the application

Wind turbine is one of the renewable energy power plant
developing fast [1] such that since 2004, the installed
capacity of wind generation in the world has increased by
20% [2]. Because of some reasons such as the tower shadow
and the wind conditions, power output of the wind power
plants is variable [3]. Therefore, utilization of methods which
can increase the wind power output is being important. Wind
energy conversion systems may be divided into fixed-speed
and variable-speed systems [4]. The former has some
advantages like simplicity, reliability and low cost of the
electrical components. However, factors such as the lack of
the consumed reactive power control, mechanical stress and

of this system in recent years. Recently, the variable-speed
conversion system has had a dominant position and the better
performance of them has been demonstrated as it works in
the wide range of speed. This system, in contrast to the fixed
speed one, keeps the generator torque relatively constant and
also the fluctuation of wind is taken into account by
adjusting the generator speed [5]. Hence, compared with the
fixed speed wind turbines, power quality of the variable
speed wind turbines can be more controllable. Of the other
advantages are less mechanical stress and more capability of
the energy storing [6]. In these structures, power electronic
converters are usually used. So, the higher cost and electrical
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losses are also introduced as disadvantages [5]. In addition,
due to the nonlinear characteristic, power electronic
converters are the main causes of the generated harmonics in
the grid that not only increase the losses, but also have major
role in decreasing the power quality. In order to make
reduction in the harmonics, passive filters were used in the
past. In these filters, the specific harmonics are eliminated
using the selection of the passive elements such as inductor
and capacitor in proper sizes. The main drawback of these
filters is the resonance occurring between the passive
elements and grid impedance [7]. In order to avoid the
problems of resonance, the idea of using the active filters
was introduced by Sasaki and Machida [8]. In these filters,
main signals of the system are sampled. Based on the
sampling data, a current or a voltage is injected to the system
in series or parallels, respectively to mitigate the harmonic
emerged in the system. Active filters have three main parts
called identification, modulation and inverter. Among the
topics found on the active filter operation, the methods for
generation of the reference signals have an important role in
affecting the speed and the accuracy of the response. These
methods are mainly divided in two categories: time domain
and frequency domain [9]. Using the time domain based
methods leads to faster operation where the higher accuracy
is achieved by the frequency domain based methods. Some
of the time domain based approaches such as p-q
transformation (theory of instantaneous active and reactive
power) have not significant performance in the presence of
harmonic sources. This fact will be shown using
mathematical analyses. In this paper, a time domain based
method which avoids the above mentioned problem has been
used.

Variety of the wind turbines are presented in section 2.
A comprehensive and detailed analysis for the system of case
study with instruction of its circuit model is demonstrated in
section 3. Section 4, has analysed the proposed active filter
considering suggested modification, for improving the
performance, in detail. The results obtained by computer
simulation of the proposed system are shown in section 5.

1. Types of wind turbine

Nowadays, regarding the actual price of energy,
utilization of the relatively inexpensive energies is an
inevitable fact. Therefore, wind energy is increasingly
becoming more important. In [4-6], four types of wind
turbines have been introduced whose systems which make
the proper interference between the wind turbine and the grid
are as following:

1. Squirrel Cage Induction Generator (SCIG) with Soft

Starter (SS)

2. Wound Rotor Induction Generator (WRIG) with

variable rotor resistance and SS

3. Double Fed Induction Generator (DFIG) with power

electronics converter

4. Permanent Magnet Synchronous Generator (PMSG)

with power electronics converter

In the first type, a SCIG is connected to the wind
turbine. Soft connection is obtained by an SS. Since this

model consumes high amount of reactive power, capacitor
banks may be installed at the terminals of the generator due
to the reactive power compensation. It should be noted that
this model is a fixed-speed wind turbine. A typical schematic
of this model is shown in Fig.1.

Wind Soft r 4
Turbine starter L\

=== Grid

SCIG

Fig. 1. Conversion system of wind turbine with SCIG and SS

Type 2 allows the wind turbine to be connected to the
WRIG and also an SS. Similar to that of type 1, the
capacitor banks are installed at the generator terminals for
the purpose of compensating the reactive power. In the
presence of variable rotor resistance, it is possible to control
the generator speed in the specific ranges dependent on the
value of the resistor. Usually, designing assumptions are
determined in such a way that they allow the generator speed
to approximately be 0-10 % higher than the synchronous
speed. Fig.2 shows the structure of this system.

Variable

Wind
Turbine

Soft 7
starter A\

Grid

Fig. 2. Conversion system of wind turbine with WRIG,
variable rotor resistance and SS

Capacitor banks cause the undesired effects including
transient and sub synchronous resonances. Furthermore,
since they are adjusted in a discreet region, they may be able
to inject not every amount of the required reactive power.
Therefore, power electronic devices have been used in the
configuration of type 3 and also type 4to isolate the generator
from the grid. Consequently, the generator speed will not be
limited by the grid frequency and the reactive power will be
fully controlled. In type 3 of wind energy conversion systems
known as DFIG, the stator of the induction generator is
directly connected to the grid through a transformer, while its
rotor is connected to the grid using a power electronic
converter. The block diagram of this scheme is shown in Fig.
3. In the fourth type, an electrical machine called PMSG is
used. The rotor and stator of this machine are connected to
the wind turbine and two back- to- back converters,
respectively. The structure of this system is presented in Fig.
4.

AC + [ole)
DC AC

Wind \
Turbine )] \
WRIG grid

Fig. 3. Conversion system of wind turbine with DFIG and
power electronic converters
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Wind AC + DC
Turbine be AC

Grid

Fig. 4. Conversion system of wind turbine with PMSG and
power electronic converters

Sometimes, wind turbines are assumed in the islanding
mode i.e with no connections between turbine and grid, in
order to analyze the harmonics [6]. The basics of the
proposed diagram reported as such are shown in Fig. 5.

PMSG

Wind \ AC o
Turbine / be -
Cr o

L

py)
2
A

v

Fig. 5. studied system
2. Studied system

The main parts of a wind power plant are the wind
turbine, permanent magnet generator and ac to dc converter
(rectifier). In this section, wind turbine has been introduced
at first. Next, a mathematical model of the elements of the
wind energy conversion system in the rotor rotating reference
frame is represented. So, the generator current and then ac to
dc converter current are calculated.

3.1. Wind turbine

Wind turbine is described by the curve of the non-
dimensional power coefficient C, as a function of the speed
ratio A [10]. The speed ratio is the ratio of the linear speed of
the turbine to the wind speed. In other words,

A=—" )

In Eg. (1), r is the rotor radius, o, is mechanical angular
speed of the rotor and V,, is the wind speed. The relation
between the power coefficient and the tip speed ratio is
shown in Eq. (2) [11].

C,=0.043-0.1081+0.146 1>-0.0602 1°
+0.0104 1*-0.0006 A° )

The output power of wind turbine is calculated using Eq. (3)
[12].

P=0.5Cy(M)pAV (3)

where p is the air density(kg/m°®) and A is the area of
wind wheel(m?). Torque produced by the wind turbine is
determined trought dividing the output power by the
mechanical angular speed.

T, = @)

Combining Eq. (3) and Eq. (4) results the wind turbine
torque as following:

3
T, =0.5pAC, )Y _0.5pAr Cp—(’1)VW2 ()
w,, A
T, =0.50ArC, (1)V,? ©6)

Where, Ct(A) , the torque factor, is the power coefficient
to speed ratio. The curve of torque factor with respect to the
speed ratio is depicted as Fig. 6 [6].

C,(%)

Cl(2)=-"

U]

After calculating the parameters related to the wind
turbine, the converter system will be considered and the
corresponding equations will be expressed. In the first step,
characteristics of PMSG is given followed by those of the
converter.

0,08 ‘

T T T
I I I
I ) I I

007 p------ [ =X - ---~— |——— == d4- === —
I I I 1
I I I

006 |-~~~ T I I I
I I I I
| | | 1

005 F----o- = == == == == = i == = == A== =
1 1 ! i

008 oo IR ey o sy o I o o U
| | | i
I I I ]

003 |F-—of-—~ roTT T CT Tt [N N A
I I I I
I I I |

o2 +-4-—--- (= = = = [t == = i e N e =
I I I I
| | | 1

00 Fof-=== ——— S I — A BN =
I I I |
I I I I
0 | | I |

2 4 6 8 10 12

Fig.6. The curve of torque factor with respect to the speed
ratio

3.2. Permanent Magnet Synchronous Generator (PMSG)

The wind turbine drives PMSG whose terminal voltage
equation is described as Eq. (8) [13].

B/a%c]: _[Rgbc][igbc]+ p a%c] (8)

By transforming these voltages to the dgo frame we have
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VE = (R + pLY)i¢ — 0, L%i¢ + @, 4,
V& =—~(R+ pL)i¢ — o, Li¢ ©)
Ve=0
Where, Ry is the stator resistance, Lq and L, are the
inductance in d-axis and g-axis, respectively. ®, is the

angular speed of the generator, Ap, is the stator linkage flux
and p is the differential operator.

Under the assumption that the stator voltage is a pure

sinusoidal wave with amplitude of \/ Sg , we have

V.2 =V cos(6,)

10
V.2 =V cos(0, —2?”) (10)

V.2 =V cos(0, + 2?”)

These voltages is appeared as time invariant terms by
transforming them to the rotor rotating reference frame.

Vg =V (1
V=0 (12)

Practically, one can say Lg =L3 = L° for a PMSG [14].

Therefore, the relation between the current in d and g axis
can be determined by substituting Eq. (12) in the second
equation of Eq. (9). Then, the voltage in g-axis is calculated
using the first equation of Eq. (9) as expressed in Eq. (13).

9 92 20192
ve = | (REFPL) + o (L) Yie 5 (13)
R¢ + pL®
The term @ (L®)?is negligible in comparison with
(R? + pL9)2. Hence, with acceptable accuracy, Eq. (14) is
obtained by substituting Eq. (11) in Eq. (13).

VeI =(R® + pL?)?%i + o, 4, (14)

This equation represents the relation between the stator
voltage and current and linkage flux in the assumed machine.
According to Fig. 5, after describing the PMSG machine, the
converter is, in turn, presented.

3.3. AC to DC converter

The output voltage of a typical rectifier has been
expressed in Eq. (15)

—\@ - Esin + —\@ COos u |*cosa
av, |2 2 2" (15)
" w-3u| (3 J3_. 3 .
+ E—7smy—5cos,u *sina — 21, ply

Where, o is the delay angle, p is the commutation angle,
lco is the commutation inductance, I is the current of the
rectifier and Vg is the dc output voltage. Neglecting the
commutation, the term describing the rectifier output voltage
will be simple as expressed Eq. (16).

33
T

Vp =——V,cosa (16)

The cosine of angle between V; and fundamental
harmonic of the current in ac side can be approximated with
the cosine of the delay angle [11].

Cosa=Cos@ @an

Neglecting the rectifier losses, the power in the ac and
dc side are equal. Consequently,

Vel =V i, + Vi, + Vi, (18)

By transforming ac side to the synchronous rotating
reference frame, Eq. (19) is turned into Eq. (18)

3, 4 .
— g 9i 9
VRIR _E(Vqlq +Vd|d) (19)
Simultaneously using Eq. (12) and above equation results
3, 4.
— 9;9
VR I R — E (Vq Iq (20)

So, dc current is determined by substituting the Eq. (16) and
Eqg. (11) in Eq. (20)

I 9 (21)

" 2J3cosa

In order to calculate the current in the d-axis, the term
describing the power in ac side is written again.

S=P+jQ=qug(i§+ji§) @2)
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So, the reactive power is added to the both side of the
equation.

Q:g(vgiqg):VRleina (23)

d-axis current is calculated by substituting Eq. (11), Eq.
(16) and Eq. (21) in the Eq. (23)

i =ijlgo (24)

The equivalent circuit of dc-link which is the simplified
one of the lead-acid model is composed of a capacitor and a
series resistor with an ideal voltage source [14]. For the aim
of creating a generator — rectifier equivalent circuit, all of the
dc side parameters should be transformed to the rotor
rotating reference frame. So, the following changes are
applied.

T

V, =V, ——— (25)
R R3J§cosa
|R':|Rm:i3 (26)
T
' T
E. =E,———— 27
R R 33 cos a @0

Where, E, is the dc-link voltage. According to equation
(25), since the ratio between the two voltages could be
considered as the transformer ratio, the impedances could be
transformed to ac side by square of the ratio between the two
voltages. Therefore, resistance, inductance and capacitance
of the dc side will be specified, in the ac side, with the values
as following:

2

! T
R=R——— 28
18cos® « (@8)

2

- T
L=L———— 29
18cos’ « (@)

2

c C18CO§ o 30)

T

Regarding the expression given above, the equivalent
circuit of the wind energy conversion system is extracted as
shown in Fig. 7.

Rg

O
- Clb

Lg

Fig. 7. Equivalent circuit of wind energy conversion system

4. Shunt active filter

As mentioned earlier, the shunt active filter is composed
of three main parts namely identification, modulation and
inverter. In the identification component, line parameters are
sampled and the proper reference signals are generated. Next
step is called the modulation which prepares the logic signals
for driving the inverter transistors. Finally, the inverter
generates a signal based on the reference signals produced in
the identification step. It allows mitigating the current
harmonics by injecting the generated signals into the line.
The outline of this filter is shown in Fig. 8.
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Fig.8. Diagram of shunt active filter
4.1. Identification Method

The methods introduced for reference signal generation
are divided in two groups: time-domain and frequency-
domain methods. The time-domain based approaches such as
d-g transformation (synchronously rotating reference frame)
and p-q transformation (theory of instantaneous active and
reactive power) generally act with the three-phase
measurements and transformations, while frequency based
approaches are based on FFT. In comparison with the
frequency domain, the time domain based methods are faster,
but the frequency domain based methods have higher
accuracy. In this theory, 3 phase voltages and currents are
measured in the abs coordination and then they are
transformed to the orthogonal frame (affo) by applying Eq.
(31) and Eq. (32).
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1 0
r 1 -05 -05] ig = > /2Ipsin(nat—¢n)
v v a n n
N, -3 VB3| @ =]
Ve =% 5 5 | . _ 37
Vo }/ }/ }/ Ve iy = > V2l sin(nat — gy +120)
V2o /N2 /2] ”;1
- L o5 _0'5__ia ic = nglﬁln sin(net — gp, —120)
@ - 32 B
i :\/% 0 V3 43 . (32)
; 2 2 1 Now, if voltages and currents are transformed to the
-0 }/ﬁ }/ J2 }/ V2| ¢ orthogonal frame and also expressed based on the positive,

Then active and reactive powers are calculated in the
new frame using Eq. (33). These powers contain both dc and
ac components. The power determined in order to reduce the
harmonics of line current must be opposite of the ac
component of the calculated power. Therefore, the reference
currents for the aim of compensating can be obtained by Eqg.
(34). Finally, the currents resulted from Eq. (34) are returned
to ABC coordination by the inverse transformation given as
Eg. (35).

P v, Vg, 0 |i,
q|=|-Vs V, 0 iﬁ (33)
P, 0 0 v, |i
i"w] [v, v, 0 -p, ]
iP5 |= -v, v, 0 -0, (34)
io 0 0 v, | |-P.
i*a—‘ 1 _0.5 _}5 _i*a
" -3 B . (35)
:2% ° - 7 !

Yo Ve e Ja)t

This approach is capable of providing the desired
solution for the sinusoidal system. However, there is no
proper result if the presence of the harmonic sources is
considered. In order to prove this matter, we consider that the
currents and voltages to be polluted according to Eq. (36)
and Eq. (37).

o0
Vg = le/ivn sin(nat +yp)
n=

o 0]
vy = zlﬁvn sin(net +120+yp,) (36)
Nn=

w -
Ve = le/ivn sin(not —120+yp)
n=

negative and zero sequences, the followings will be resulted:

v, =V3YV, sin(nat+y;) +V, sin(net +y,)

n=1

v, =3) -V, cos(nat +y;) +V, cos(nat +y,) (38)

n=1

v, =6 V. sin(nat +y°)
n=1

i, =33 (1; sinnat—g;)+1; sin(nat - 4, )
o =Y (1, osnot g7+ 1, oosrot—g,) @9
i, =433 (17 sin(nat —4?))

N

n=;

The powers in this new frame are calculated using Eq.

(40).

VI cos((i— jat+4" —y))
+V[ I cos((i— J)at+¢ —y;)
i1 g [V cos((i + ot +d +y)

=V I cos((i+ j)ot + 4" +y))
=V sin((i - jot+4" —y;)
+V[ 17 sin((i - ot + ¢ —y;)
i1 g [+V]Tsin((i+ Jat+ ¢ +y))

=V sin((i+ ot +¢" +w;)
S| cos((i — jat +¢° —y?)
i1 j-1 ) —cos((i+ J)ot + ¢’ +‘//?)

(40)

One can extract dc component from these equations as

following:
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Py =3 Vi1, cos(gy =) +V, 1, cos(d, —,)
n=1

Qoe =30, =V, 1o sin(g; —yy) +V, 1, cos(g, -v,) (41)

n=1

P, =32V, 15 cos(gy ~vy)

n=1

It is clearly shown from Eq. (41) that in the transmission
of the dc power from the source to the load, harmonics are
also involved. So, it is not enough to mitigate the line
harmonic by compensating ac powers. Therefore, the
applicably of this theory in the presence of voltage
harmonics is decreased.

4.2. Improved identification method
In order for the resulted currents to be capable of

mitigating harmonic, it is suggested to consider the
instantaneous active and reactive power as following [15].

Py (£) = v, (£) i, (6) + v, (0) X, (8) + v, () xic (1) (42)

a b c
q,(t) = v, () v, (t) v () (43)
i, (1) 1, i.(t)

It seems that the fundamental and harmonic components
of the active power should be separated and harmonic
contents be compensated by the filter. In addition, the total of
the reactive power must be compensated in order to obtain
the desired unity power factor. Hence, the rated power of the
filter is determined by Eq. (44) and Eq. (45).

ps(t) = py(t)

0= pO+p0=RO+PO>

(44)

U ) =q,()
O (1) =y (1) (45)
qfc (t) = qlc (t)

Where, p|(t) and ps(t) are the instantaneous active powers
of the load and source, respectively. p¢(t) is the instantaneous
active power of the shunt filter, p,(t) is the fundamental
component of the instantaneous active power, pp(t) is
instantaneous active power of harmonic components, (1),
Om(t) and g¢(t) are the reactive powers produced by the a, b
and c phases of the filter, respectively. Also, q;4(t), qi,(t) and
gi(t) are the absorbed instantaneous active power by the
nonlinear load. As shown in Fig. 1, the instantaneous
reactive power and harmonic components of the active power

must be supplied by the shunt filter in order to generate only
the fundamental active power from the power supply.

For the purpose of compensating the reactive power, we
must have

q fa (t) 0 - Vc Vb i fa
() | =] V. 0 —v, x| (46)
O (1) -V, V 0 I

a

And compensating the harmonic active power leads to
expressing the following equation:

Py (8) = v, () xi 4, (1) +V, (O x5 (1) +v, () %1 () = pu(t) (47)

In this case, In order to extract the reference currents by
matrix addition of Eq. (46) and Eq. (47) we have

Ve Y I, O () + Py (1)
V, 0 —v, x|y |= q, (t) (48)
- Vb Va 0 [ fc qlc (t)
Thereupon
I 0 -v. v 0, (1) + py, (t)
in =] Ve 0 -v,| x (1)
I —Vy VY, 0 qp (t)
(49)

The currents are calculated using Eq. (49) as following

1 [2 . . .

=—————|(vi +V)i, —V, (Vi +V|)+pv]
b | b'lb I lh

V2V +VE e e o ?

' 2 2v . . (50)

=% 2.2 [(Va FV), =V, (Vo + Vi) + p|th]
V2V 4V

i 1 [ 2, 2\ ; ; ]

e = 7|V + V)i = Ve (Valia + Vi) + PinVe
V2V +V

Following expression can be written based on the
absorbed power from the load verified by Eq. (42)

pl (t) - Va (t) X Ia(t) = Vb (t) . ib (t) + Vc (t) X ic (t)
pl (t) - Vb (t) X ib (t) = Va (t) x ia (t) + Vc (t) X ic (t) (51)
Py (8) = Ve (8) X () = Vi, (1) 1, (8) + v, (8) 1, (F)

Substituting Eq. (51) in Eq. (50) results in
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. . o Py
=i — V. + v

f |

Vo VA SV VRS Vi RV
. . P, P
=i, — V, + V, (52)
fb Ib b b

V2V A+ V2V +V2
. P, P

Ifc = IIc - Vc + Vc

VAV +VE S VRV Ve

It can be concluded from Eq. (52) that the active
component of the load current should be supplied by the
source and harmonic contents and the reactive component of
the load current should be provided by the compensator. If
the filter needs only to provide the reactive power
compensation, then the third term of Eg. (52) must be
omitted. Similarly, if the filter is only required to compensate
the load harmonic power, the second term of Eq. (55) must
be eliminated in this case. In any cases, harmonic power and
reactive power components of the load current will be
compensated throught injecting the currents determined in
Eqg. (52) to the grid by the filter. The expressions described in
Eqg. (52) may be written as follow for simplification:

pll

ey = 1), — \V/
2 Y Ve Vs
i _ i _ pll \V/ (53)
fo — Mib b
V2 +VvZ + V2
Ifc ilc 2 plzl 2 Vc
Vi + Vg + V¢

As previously mentioned, py; is the fundamental power
related to the load current.

5. Simulation resaults

A system is shown in Fig. 5 while its are presented
parameters in Table 1. High and low order harmonics exist in
the output current of the PMGS with simulation of system in
PSIM software, as shown in Fig. 9. The compensation
performance of the proposed active filter is tested on this
system in order to reduce its harmonics.

5.1. Uncompensated system

Provided that this test system is simulated based on
parameters given in Table 1, the output current of PMSG is
as shown in Fig. 10. This current contains 13.92 % of the
harmonic and hence, it is necessary to reduce its harmonics
according to the IEEE-519 standard.

5.2. Compensated system
The current harmonic distortion level has been reduced

to an acceptable value i.e 2.3 % as shown in Fig. 11, by
applying the proposed filter and the compensation method.

g
1]

BFBRER 6 6 F
[isiiey
|
{i
=
&

B ey

Fig. 9. The detailed model of system in PSIM software

Line Current
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=

a
T
1

n
133}
T
1

Percent of Harmonic
o
S
T
)

g .= .. . . .

01 5 10 15 20 25
Harmonic order

(b)
Fig. 10. The current without active filter: a) Time waveform
b) frequency spectrum

5.3. Subsidiary advantage

As it can be observed in Figures 12 and 13, the voltage
harmonic has been dropped from 29.48 % to 22.78 %.
Although the aim of using the shunt filter is not to reduce the
voltage harmonics, designed filter is capable of reducing
them. Indeed, the filter is unable to satisfy the standard
related to the voltage harmonics, but the mitigation of this
harmonic can be considered as a subsidiary (not the main)
advantage.
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Table 1. Parameters of wind turbine, converter system and

load

Parameter Description Value
P, Rated Power of Turbine | 20kw
Vi Wind Speed 12m/s
Ji Inertia of the turbine 1500
Rs Stator’s Resistance 0.432Q
Lq Inductance in d-axis 5.24mH
L, Inductance in g-axis | 5.24mH
Jm Inertia of the machine 1.954
CL Load Capacitance 5000uF
R, Load Resistance 6.5Q
Cr Filter Capacitance 3.9uF

6. Conclusion

In this paper, a shunt active filter was proposed to reduce
the current harmonics of the wind turbines. The method used
in the identification box of the filter was designed regarding
the system harmonics. This compensator is capable of not
only reducing the voltage harmonics but also mitigating the

current disturbance.
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