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ABSTRACT

This paper deals with the connection of a wind generation system to the grid through a shunt active power filter
(SAPF), which used mostly to improve the power quality, compensate the reactive power, and reduce the distortion
appeared on the grid current waveforms produced by the connected non-linear loads. Another task assigned to the
SAPF is to inject the active power extracted from the wind system to the power grid, ensuring a load power sharing.
The SAPF is a three-phase two-level inverter controlled by a predictive current control and is fed by a wind system
through a DC-link capacitor; a PI regulator is synthesized to fix the DC-bus voltage at a constant value and compensate
the system losses. The wind system composed of a wind turbine coupled to a gearless permanent magnetic synchronous
generator (PMSG) aims to convert the mechanical energy available on the shaft to an electrical energy. Because of the
fluctuating and unpredictable nature of the wind and its speed variation, an uncontrolled three-phase diode rectifier
connected to a DC/DC boost converter is used to control and feed the electric power extracted from the wind system
to the DC-link. MATLAB Simulink simulations show the effectiveness of the used control system to improve the grid
current waveforms, to compensate the reactive power, and to ensure a continuous injection of the wind power to the
point of common coupling (PCC) to share the load power with the grid.

Keywords : DC/DC converter; harmonics; PMSG; shunt active power filter; wind system.

INTRODUCTION

Faced with the depletion of fossil energy resources and environmental issues caused by the emission of greenhouse
gases in the exploitation of these resources, many so-called renewable energy resources have been emerged such as
photovoltaic, wind, biomass, etc. Wind energy is among the best ones shared by all the inhabitants of the earth; it comes
from the conversion of kinetic energy of the wind into mechanical energy by the favor of a turbine. This mechanical
energy is exploited to rotate the rotor of an electric generator to produce an electric energy.

For high power scales, a doubly fed induction generator is usually then used. But for low power scales, the Permanent
Magnet Synchronous Generator (PMSQG) is the most used because of the advantages it has: absence of the excitation
circuit, gearless generator (no gearbox block), high efficiency, and low maintenance.

On the other side, the great and quick development in the manufacture of the electronic components made the
modern power systems able to contain the combination of linear and nonlinear loads. In recent years, the intensive use
of power electronic elements (transistor, thyristor...etc) as switching devices of power converters (such as diode or
thyristor rectifiers) is being increased vastly. As a result, harmonics are still being generated from the nonlinear loads
that forced the power system operates at low power factor, low efficiency, distorted current and voltage waveforms, and
increased losses in transmission and distribution lines (Yiauw & Khanniche, 2001).

To overcome these disturbances, active filtering has proven effective as an alternative to solutions based on passive filters;
the shunt active filter is based on the injection of harmonic currents equal, and in opposite phase to those generated by the
nonlinear load in a coupling point to force the grid currents to be sinusoidal (Chellali, 2005, Khadem et al. 2014).
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The active filter is a voltage two-level inverter aiming to inject with a proper control harmonic currents needed to
feed the non-linear load in order to save the sinusoidal waveforms of the grid currents.

The conventional methods such as the instantaneous p-q theory (Khadkikar et al., 2009), synchronous reference frame
(SRF) theory (Ochoa-Gimnez et al., 2015 ; Sundaram & Venugopal, 2016), and direct power control (DPC) (Djazia et al.,
2015) are very used because their simple control implementation. But the low dynamic performance and their bandwidth
limitation decrease the compensation quality. Furthermore, the absence of a phase locked loop (PLL) makes these methods
unfit variable frequency systems (Chilipi et al., 2018). In this paper, an intelligent current predictive control based on a
discrete model of SAPF is proposed; the high accuracy and the simple concept and implementation of this method make
it an attractive alternative to the classical control methods. The principle of this method is based on the selection among
the all eight possible voltage vectors of the SAPF the optimal voltage vector that minimizes a predefined cost function.
The grid reference currents are extracted from the DC-bus control loop dedicated to maintaining the DC-bus voltage fixe
and close to its reference value using a PI controller.

The rest of the paper is presented as follows: Section 2 presents a literature review. Section 3 presents the configuration
of the system under study. Section 4 describes the wind system modeling details. Section 5 explains the current predictive
control proposed to control the SAPF. Afterwards, simulation results are presented in Section 6. Finally, the paper is
concluded in Section 7.

LITERATURE REVIEW

Many studies treat the harmonic pollution problem solutions based on active filters. Rahmani et al. (2012) proposed
a Lyapunov function control for a hybrid parallel filter to mitigate the harmonics applied for balanced operation.
Chen et al. (2012) developed an aircraft active filter used to improve the voltage quality in close-loop way. Mikkili &
Panda (2012) developed two control techniques based on PI (Proportional/Integral) regulator and fuzzy logic controller.
Komurcugil (2015) proposed a double-band hysteresis current control for a single phase inverter based SAPF in the
goal to achieve a lower average frequency and lower switching losses compared to the classic single band hysteresis
control.

After that the researchers became interested in the association of the active filters and renewable energy resources
(single source or hybrid systems) in order to assign another task to the active filter besides of the reduction of harmonic
pollution, which is the injection of the active power produced by the renewable sources to the grid. Boukezata et al.
(2014) proposed a photovoltaic system associated with a shunt active filter controlled by a hysteresis direct current
control. Vaikundaselvan & Ranithottungal (2014) presented a wind energy system associated with an active filter
controlled by a synchronous reference frame theory technique and space vector pulse width modulation. Ouchen et
al. (2016a) developed a real time implementation of a fuzzy-predictive direct power control for an SAPF connecting
photovoltaic system to the grid, where a fuzzy logic based maximum power point tracking control to track at any
moment the optimal point of the photovoltaic generator is performed. Ouchen et al. (2016b) proposed an experimental
validation of a sliding mode-predictive direct power control to interface a small scale photovoltaic system to the grid,
where a fuzzy logic based maximum power point tracking control to track at any moment the optimal point of the
photovoltaic generator is developed. Boukezata et al. (2016) proposed a multifunctional grid connected inverter
interfaced by a PV system, where a new predictive technique is applied to control the SAPF based on the prediction of
the generated filter current.

This paper proposes the connection of a wind generation system to the grid through a two-level inverter based SAPF
and at the same time performs reactive power compensation and reduces the grid current harmonic distortions using
the model predictive control. The last exploits the model of the whole system (SAPF + grid + load) to select among
the all eight possible voltage vectors of the SAPF the optimal voltage vector that minimizes a predefined cost function.
The selected cost function is based on the prediction of the grid currents instead of filter currents in order to eliminate
the disturbances in the network. These disturbances come from the connected nonlinear load absorbing non-sinusoidal
currents, the presence of reactive power, or imbalances introduced by constrained networks (Albuquerque et al., 2010;
Ilango et al., 2012; Tummuru et al., 2014).

Figure 1 shows the principle scheme of an SAPF interfaced by a wind energy system:
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Figure 1. Principle scheme of an SAPF fed by a wind system.

SYSTEM CONFIGURATION

The studied system consists of an SAPF, which is a three-phase two-level inverter controlled by predictive current
control and is fed by a wind system through a DC-bus capacitor. The power that reached the DC-link is fed to the PCC
through the SAPF. At the PCC and in parallel with the grid and the filter, a nonlinear load (which is a three-phase diode
rectifier coupled to a resistance in series with an inductor) is connected. A passive filter (inductive) is connected at the
end of the SAPF to reduce the current harmonics.

The wind generation system consists of a three-blade wind turbine, which transforms the kinetic energy from the
wind in mechanical torque applied on the shaft, the shaft drives directly (no gearbox block) the shaft of a PMSG, and
a three-phase diode rectifier coupled to a DC/DC boost converter is responsible to transfer the power generated by the
generator (AC side) to the DC-bus (DC side).

The generator side and the grid side are coupled by a DC-link, which used to keep the SAPF input voltage constant
and close to its reference value to compensate the power losses. The system has two main functions: at full-windy
days, the power generated by the wind system is fed to the load through the SAPF. If this power exceeds the load
needs, the excess of power will be injected to the grid. At low-windy days (the injected wind power is less than the
load requirements), the grid will share the load by giving the difference of power to meet the load power need. During
no wind periods, the power required by the load is received from the grid while the SAPF only gives reactive power
compensation and the needed harmonic currents.

Figure 2 shows the proposed system topology associated with the SAPF:
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Figure 2. Scheme of the proposed wind system connected through an SAPF.
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WIND ENERGY SYSTEM

The expression of power converted by the turbine into mechanical power from the wind is given by

mec

P, =%p7rR2Cp(/1,/5)v3 Q)
where

FBoec : The mechanical power extracted from the wind.

: The air density ( kg | m? ) .

: The blade radius (m) .

r : The power coefficient characterizing each turbine.

aAax D

B : The pitch angle of the rotor blades in degrees.
v :The wind speed (m /s) .
A : The tip-speed ratio, and is given by:

A=Rw, /v ()
where W; is the speed of the turbine shaft (md / s) .

The power coefficien C, is a specific data characterizing each wind turbine, and it has a theoretical limit called
“Betz limit”. This limit is never being reached in practice (Laverdure, 2005). In this paper, the expression of the power
coefficient in function of A and the pitch angle £ is given by the polynomial approximation (Figure 3) presented in
(Dahbi, 2012)
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Figure 3. Power coefficient against tip-speed ratio.

The mechanical torque applied on the generator 7 is given by
T, =P, /w, 4
where
P, : is the mechanical power available on the generator shaft.
Wq : is the speed of the generator shaft (rad / s)

By using a gearless generator, we can write

mec

1 2 3 )
Py = Pyee = PR C,(2.B)v
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The mechanical equation of the system (turbine + generator) is presented in equation (8):

J=J,+J,

J.

a’wg
dt =Tg _T;zm _fv'wg

5

(6)

(7

®)

where /, and J, are the moment of inertia of the generator and turbine, respectively; /v indicates the generator

viscous friction coefficient.

Permanent magnet synchronous generator

The dynamic model of the PMSG is presented in equation (9) where R, is the stator resistant, Ly > L, are the
inductors in the dq frame, %s > I4s are the stator currents in the dq frame, s the radial flux of PMSG, and @, is the
generator electric speed (Valenciaga & Puleston, 2008):

di R w,.L V
ﬂ=__sjdg+ € q_l'qs_ﬂ
dt L, L, L,
dy, R . ol ’ we((pf_qu)
s *ds
dt L, Lg L,
Equation (10) presents the generated electromagnetic torque:
3 . .
T, - E.P.((Ld ~L, )i+ oy )i,
Ld = LL]

3 .
T‘em = 5P¢/lq

where P is the number of pair of poles.

Figure 4 shows the mechanical power against the rotor mechanical speed for variable wind speed:
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Figure 4. Mechanical power versus mechanical speed.
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For a wind speed "1, the maximum output power is captured at W, . If the wind speed increases from i to V2, the rotor
speed is still fixed at W . At this moment, the corresponding output power is less than the maximum power that can be
extracted; hence the rotor speed should be increased from W, to W, (Esmaili, 2006). To extract the maximum available
power at any wind speed; many maximum power point tracking (MPPT) algorithms based on mechanical speed control
are proposed in the literature; the next section resumes the technique used to extract the corresponding maximum power
for each wind speed.

Maximization of the extracted wind power

To control the speed of the PMSG, the optimum reference speed expressed by equation (13) was used:
AotV

op

Wy = (13)

The control topology of PMSG speed is illustrated in Figure 5:
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Figure 5. Block diagram of the power maximization with generator speed control.
Diode rectifier model

In this study, a three-phase diode rectifier is used. The diodes are assumed ideal and therefore their conduction
corresponds to a short circuit and their blocking corresponds to an open circuit. Under these conditions, the two
diodes, which lead to each sequence, correspond to the phase having the more positive voltage to the diode of the
upper half-bridge and the phase having the more negative voltage to the diode of the lower half-bridge.

During each conduction sequence, the voltage V.., at the rectifier output is

Vi = Max(V, )= Min(V;); j =1,2,3. (14)
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DC/DC boost converter

The basic circuit and control topology of the boost converter are depicted in Figure 6; the boost converter converts
the rectified DC voltage into DC voltage in a desired value. Two conduction modes are operational. In mode 1, when
the switch (transistor) is ON, the diode is in the OFF condition and the inductor stores energy. During this period, the
capacitor supplies the output current. In mode 2, the switch is in the OFF condition; the capacitor stores energy and the
energy stored in the inductor gets dissipated. The state equation that describes the behavior of the boost converter in the
two modes is expressed in (15):

n

di__d_l[/ V;
L
1

= +
a L~
1-d .

v,
e _Z4 ___y,
dt c b RrRCc*

(15)

The inductor current is controlled on the basis of the mechanical speed error; as shown in Figure 6 (b), the speed
error is the difference between the reference speed (from the MPPT block) and the actual speed.. This error will be the
input of a speed controller which is a PI regulator giving the reference inductor current (/). This reference current
will be compared to the boost inductor current, and the resulting error will be the input of another PI controller gives
the control signal of the DC-DC converter.
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Figure 6. Basic Circuit and control topology of the DC/DC boost converter.

(a) Basic circuit (b) Inductor current control.
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MODEL PREDICTIVE CONTROL (MPC)

The base of the MPC is the prediction of the behavior of controlled variables using the model of the system. This
information will be exploited by the controller to apply the optimal voltage vector among the large eight possible
filter voltage vectors that minimizes a predefined cost function chosen according to the system control needs. For
each voltage vector, the predicted value of the next sampling time is calculated and then, the switching sequence
corresponding to the voltage vector, which minimizes the cost function, will be selected and sent to the filter switches.

This MPC technique applied in this work is summarized in the following steps (Rodriguez and Cortés, 2012;
Rodriguez et al., 2007; Boukezata et al., 2016):

* Define an appropriate cost function J.
* Build the converter model and its possible switching sequences (voltage vectors).

* Build the SAPF model (associated with a non-linear load and fed by the grid) to extract the prediction law.

In Boukezata et al. (2016), the cost function used is minimizing the error between the predicted and reference values
of the filter currents as written in equation (16):

J =i (k1) =2 (e )| i (k1) =0 (K +1) (16)
where iﬁa (k + 1) ) l'_;a (k + 1) and i}; (k + 1) ) l;ﬁ (k + 1) refer to the real and imaginary components of the predicted

and reference filter currents in the @3 stationary frame, respectively.

In this work, the selected cost function is minimizing the error between the reference and predict values of the grid
currents, which have the expression

J =

i;a(k+1)—i§a(k+1)‘+‘i;ﬁ(k+l)—i§ﬁ(k+1)‘ (17)

where iz, (k+1), l';a (k+1)and iﬁ; (k+1), i; , (k+1) are the real and imaginary components of the predict and
reference grid current in the /3 stationary frame.

ok
But the grid reference current Z, (k +1) is unknown; it can be predicted using its present and previous values using
the second order extrapolation given in equation (18):

i (k+1) =30 (k) =3 (k1) +1, (k -2) (18)

For a small sampling time, the approximation l'; (k+1)= i; (k) can be used and no extrapolation is needed

(Rodriguez et al.; 2007). The SAPF reference currents are obtained by subtracting the grid reference current from the
load currents as given in equation (19):

{(k41) =iy (k+ 1) =i (k +1) (19)
The proposed predictive current control is described by:

1. The grid current ig (k) is sensed and transformed to aff stationary frame, and the grid reference current ig (k) is
obtained from the DC-link voltage control loop.

2. The SAPF model is used to calculate predicted value of the grid current in the next sampling time i; (k +1) for each
vector of the eight possible voltage vectors.

3. The selected cost function J minimizes the error between the generated reference grid current and the predicted grid
current calculated by the prediction law in the next sampling time for the all eight possible voltage vectors.

4. The voltage vector that minimizes the grid current error is selected and the corresponding optimal switching state
signals are sent to the filter switches.
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SAPF model

The one phase equivalent circuit of the system composed of SAPF + grid + nonlinear load is depicted in Figure 7
(Chaoui et al., 2013; Boukezata et al., 2016):

N-linear

Figure 7. One phase equivalent circuit of an SAPF connected to a nonlinear load fed by the grid.

From Figure 7, the electrical equations can be written as

. di
Ve=Vpee =R *i, + L, 7; (20)
, di
ViVeee =R % + L, 7; @21

By subtracting equation (20) from equation (21) and neglecting the effects of the grid and filter resistances R: and
# respectively we find

di, di,
VooV =ly7r = Lir (22)
But the load current is the sum of the fundamental current iLoad, 7 and the harmonic current iLoad,h
iLoad = iLoad,h + iLoad,f (23)
On the other hand,
iLoad = lf + ig (24)
From equations (23) and (24), we obtain
iLoad,h + iLoad,f = lf + ig (25)
Hence, we can write
bty = A=y, — 1) = AP, =-AQ, (26)
For a small current variation, we can approximate Af =~ di ; equation (26) becomes
di, = —di, 27)
By substituting equation (27) in equation (22), the final electrical equation can be given as
di,
Vo=V =L = L=(L, + L) (28)
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Discrete time model for prediction

This section describes the discretization of the grid current of the equation (28) for a sampling time 7 ; the discrete
time model is essential to predict the future value of the grid current i/ (k + 1) using the present sampling time measured

grid current I, (k ) , grid and filter voltages ¥/, (k) and v, (k). Taking into account that the system is modeled as a

di
first order model, the grid current derivative 7“” can be substituted by a forward Euler approximation:
t

di, i, (k+1)-i, (k)
dr T

N

(29)

By substituting approximation (29) in equation (28), the control law that gives the future values of the grid current
for each vector voltage given by the SAPF is

(k) =i (k) + 5(1,(0)-7, (0) a0)

T

The grid reference currents i; (k ) are estimated by multiplying the output Zgmax, of a PI (proportional/integral)
controller, which used to compensate the losses in power and maintain the dc-bus voltage constant and close to its
reference value 7/, . by a three-unit sinusoidal signal obtained from a phase looked loop (PLL) (Belhaouchet et al.,
2007). This PLL is used to extract the phase of the grid voltages to synchronize the generated reference currents with

the utility grid voltages.

Figure 8 shows the predictive current control block diagram used to control the SAPF:

SAPF N-linear

SN an

Load

Grid reference

i, (k) ¢ \ s,

current generation

. V
Cost function s
b

de
minimization l

Grid

Predictive Law
\_ —

Figure 8. Principle scheme of the predict current control.

DC-bus control

In order to control the DC bus voltage and keep it close to its reference value required to feed the power
circuit, a PI regulator will be used (Figure 9). First, the DC-bus voltage V/, is measured by a voltage sensor then
compared to a reference value (600 volts), the resulting error is corrected by the PI controller, the output of this
control loop gives the reference peak current value of the /g4, and this current will be multiplied by a three unit sine

(sin(wt), sin(wt+27/3), sin(wt+4x/3))whichare obtained from the PLL.
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The controller will be synthesized by the following method:

The power absorbed by a capacitor is given by

d 1 2
P =—(=.CY, 31
=2 G @31
After the Laplace transform,
1
Vie =Pr.— 32
: / Vi C.p (32)
The PI controller transfer function is given by
Kp+ﬁ= 1+7.p (33)
T, T,.p
(Vi) 1 2 v
+T. -
de q m p d.

4

\'\T/ 1 7P C.p

Figure 9. Functional control diagram of the DC bus voltage.

The transfer function in a closed loop F (p) is given by

wz.(‘r.p +1) 2 T
F(p)= 2 [ w,y = £ =
) PP 28wy p+ Wi "o CT ¢ hxcr, (34)
SIMULATION RESULTS

The simulations developed in this work are carried out using MATLAB/SIMULINK SimPowerSystem. The
simulation shows the effectiveness of the active filter using a direct current control to compensate the reactive power

and reject the current harmonics generated by the nonlinear load. Also, it shows the injection of the electric power
extracted from wind system to the PCC.

Before the insertion of the SAPF and in direct connection between the grid and the non-linear load, the load
consumes an active power reaches to (PL1 =~ 10 kW) as shown in Figure 10:
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Figure 10. Active and reactive power consumed by the connected non-linear load before compensation.
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Figure 11 shows the grid current waveforms and the corresponding spectral analysis; we can observe that the load
consumes non-sinusoidal current with high total harmonic distortion in current (THDi = 25.24%), which is greater than
5% (limit specified by IEEE standard 519-1992).
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Figure 11. Waveforms and spectral analysis of the grid current (phase a).

After that, we re-run the system with the insertion of the active filter. The study is divided into two modes: the first
mode shows the load power demand sharing between the grid and the renewable wind energy system, which occurred
when the load power requirement is more than the power injected through the inverter. In this case, the grid gives the
deficit of power to meet the load power requirements.

Figure 12 shows the wind profile (at t = Osec, the wind speed v = 9m/s, then the speed decreases at t = 0.4sec to
v =7.5m/s) and the corresponding maximum extracted power injected by the SAPF at each wind speed:
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Figure 12. Wind speed profile and the corresponding maximum extracted power injected through the filter.

Figure 13 shows the effectiveness of the technique used to control the inductor current i, of the boost converter. It
is clear that current iz follows its reference /4y carefully and the variations in power and current generated by the wind
system (Figure 12 and Figure 13) is consistent with the applied wind profile.
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Figure 13. The boost inductor current and its reference.

Figures 14 and 15 show the load active power sharing; it can be observed from these Figures that the grid and
the inverter work in conjunction and try to meet the load demand. Firstly, the power injected by the filter is greater
than that injected by grid; when the power injected by the filter is decreased (wind speed decreases from (v = 9m/s
to v = 7.5m/s), the grid will instantaneously increase its produced power to compensate the deficit of power.
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Figure 14. The load, grid, and filter powers.
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Figure 15. Load power sharing between the grid and the wind power injected by the filter.

Figure 16 shows the effectiveness of the SAPF to compensate the reactive power consumed by the connected
nonlinear load; the compensation of the reactive is effective and therefore the reactive power of the network is zero,
which means that this is the active filter that provides the reactive power to the load.
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Figure 16. The grid reactive power.

Figure 17 proves that the PI controller succeeds to maintain the DC-bus voltage constant and close to its chosen
reference value (600 volts) with a very small transition time (At=0.07 sec):
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Figure 17. DC-bus voltage curve.
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Figures 18 and 19 show the waveforms and the spectral analysis of the grid currents; these figures demonstrate
the effectiveness of the proposed predictive current control to improve the waveforms of the grid currents. It can be
seen from the value of the THDi = 1.09 % that the MPC applied to the two-level inverter based SAPF provides a
good prediction of the reference grid current and compensates clearly the grid reactive power (see Figure 16). The
synchronization between the grid voltage and current (both are in phase) explains that the grid plays the role of a source
to supply the deficit of power (positive power) needed to meet the load power demand.
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Figure 18. Grid current and voltage waveforms (phase a) after compensation.
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Figure 19. Waveforms and spectral analysis of the grid current after compensation.

Figure 20 shows the compensating current produced by our active filter to correct the imbalance in the system. It
can be seen that the MPC succeeds to force the SAPF to generate the appropriate compensating current to improve the
grid current waveforms.

40
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0.5 0.52 0.54 0.56 0.58 0.6
Time (sec)

Compensation currents (Amp)

Figure 20. Compensation current injected by the filter (phase a).

The second mode occurred when the load power demand is less than the power injected by the filter. At t = 1sec and
for a wind speed v = 8m/s, we introduce a load variation; the new connected load consumes an active power (PL2 =
2.5kW). Figures 21 and 22 show the active power injected by the filter, the grid active power, and the load demand as
well as the grid current and voltage waveforms after the load variation.

From Figures 21 and 22, it is seen that the active power injected through the filter is greater than that consumed
by the load. The excess amount of power is transferred to the grid (with negative sign in Figure 21). As the voltage is
imposed by the grid, it can be said that:

e the sign of the grid power reflects the flow of the grid current, which explains why the grid current and voltage are in
opposition of phase (Figure 22), which means that the grid (in this mode) plays the role of a second load.

e Attenuation in the amplitude level of the grid current is explained by the small amount of power injected to the grid
after fulfilling the load demand.
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Figure 22. Grid current and voltage waveforms (phase a) after a load variation.

CONCLUSION

In the present work, we have treated the problem of harmonic pollution of power systems, its source, and adverse
effects on the power grid. To remedy this problem: we improved the quality of the grid currents, reducing its THDi
and increasing the power factor of the system. A modern solution based on a shunt active filter controlled by a model
predictive control (MPC) and powered by a renewable energy source (wind energy generation) is introduced. The
suggested MPC exploits the model of the whole system (SAPF + grid + load) to predict the behaviour of the grid
currents at the next sampling time, among the eight possible voltage vectors of the SAPF; the vector that minimizes a
cost function expressed as the error between the predicted and the estimated values of the grid currents will be selected
and the corresponding switching state will be sent to the SAPF switches. The simplicity of the suggested MPC makes it
easy to understand and implement and does not require any kind of linear controller or modulation technique.

The results confirm the feasibility of the system and validate the features assigned to the voltage source inverter,
namely, the compensation of harmonic pollution, reactive power, and the transfer of the energy flow of the wind
generation system part to the power grid. This novel way to interface a wind system through a two-level inverter based
SAPF designed in a way to reduce the energy consumption from the utility grid by sharing the required power of a
common connected load.

It is important to note that the power factor is still high, the source currents have low harmonic distortion, and the
consumption of reactive power is almost zero.
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APPENDIX

Table 1. Wind system parameters (Dahbi, 2012).

wParameter Value
Nominal power (Kw) 6.6
Stator resistor R, (Q) 1.63
Stator inductance on the d axis /, J ( H ) 0.02246
Stator inductance on the q axis [ ( H ) 0.02246
permanent magnet flux @, (Wb) 0.9
Number of pair of poles 12
Air density o (kg /m’ ) 1.08
blade radius p (m ) 3.11
Power coefficient Cpmax 0.5

Table 2. DC/DC converter parameters.

Parameter Value
Inductance [, ( H ) 0.035
Resistor R(Q) 1K
Capacitor (C ( f) 2200e-6
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