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Abstract- Due to nonlinear loads integration in the grid, wind turbines type doubly fed induction generator DFIG must
contribute with their ancillary services to the improvement of energy quality, especially in the mitigation of harmonic currents
imposed by these nonlinear loads. In this paper, the strategy control of the DFIG is not only limited in the optimal powers
control, but also ameliorating of harmonic currents mitigation existing in the grid. To achieve this objective, a new nonlinear
control strategy based on the integral Backstepping strategy has been proposed to be flexible rotor currents dynamics, and
thanks to the contribution of rotor side converter RSC control. This choice presents more advantages compared with the
control of the grid side converter GSC as an active filter. The used method in this paper and which serves to identify the
harmonic currents is based on synchronous reference frame SRF. The simulation results show the effectiveness of the proposed

control strategy which is manifested by a net reduction in the total harmonic distortion THD.

Keywords Wind turbines, harmonic currents mitigation, RSC of DFIG, Control strategy.

1. Introduction

With the emergence of electronic power in the industry
such as variable speed drives and the domestic loads
equipped with converters or switching power supply, such as
microwave ovens, computers, printers, photocopiers,
fluorescent lamps, harmonic currents appear in the grid,
which cause several problems such as voltage or current
distortion and also causing the heating of cables and power
systems etc. [1],[2].

In the studied case of the wind energy conversion
system, the used generator is a doubly fed induction
generator DFIG controlled by a back-to-back converter
connected to the rotor circuit; this converter is dimensioned
to transit a portion of power output and which is estimated at
30% of the power of the generator. The DFIG allows
exploiting wide speed variation interval and an independent
control of active and reactive powers [3],[4],[5]

Regarding the ancillary services [6]-[8], the wind energy
conversion system equipped with DFIG can be used to
compensate the reactive power and the grid harmonic
currents. To identify these harmonic currents, two main
methods are cited, the first is known as PQ identification
method based on calculation of imaginary powers [9]. This
method requires two current sensors and two voltage sensors.
The second method, called synchronous reference frame
(SRF) that only requires two current sensors and uses a low-
pass filter [10].

Active filtering is among of appropriate solutions for the
grid harmonic currents mitigation [11], [12]. The active filter
simultaneously allows to detect and to mitigate the harmonic
currents that are imposed by nonlinear loads. In [13] the grid
side converter is used as an active filter, the used
identification method for harmonic currents is the SRF
method. In [14] the reference currents include the identified
harmonic current coming from the identification block that
use PQ method. In [15], the author has proposed to modify
the control system of the RSC by including the function of
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active filtering and compensation of the reactive power, the
used control strategy is the hysteresis control and the
identification is made by the SRF method.

To point out, in the literature of the authors who have
studied active filtering have systematically implemented
linear controllers type PI in order to regulate the harmonic
currents; these controllers are originally used in the
conventional control systems. However, this type of
controllers cannot accurately regulate the harmonic currents
due to their limit bandwidth, because of these controllers are
dimensioned to regulate continuous currents in the
conventional controls [16],[17].

In this context, the aim of our paper is the ensuring of
active filtering by using a DFIG like a filter in addition to
powers control. Thus, a new nonlinear control strategy based
on integral backstepping control has been proposed, its
description is detailed in the FIG 1.After modeling the
system (section 2), and the role of the RSC is not limited to
the optimal powers control [18] [19], but also to improved
compensation of the harmonic currents generated by the
nonlinear load connected at PCC. To achieve the function of
the active filtering with RSC, the identified harmonic
currents are added to rotor reference currents with a negative
sign in order to compensate the harmonic currents existing in
the grid (section 3). The used identification method in this
paper is SRF method that uses just two current sensors
(section 4).The simulation results will be described to justify
the importance and the effectiveness of the proposed control
that allow a net decrease of the THD (section 5).

2.  Wind-turbine-DFIG Modelling
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Fig. 1. Description of the system and its strategy control.

In the above system, a DFIG is driven by a wind
turbine in order to insure the active filtering function. So, a
block identification detect the harmonics currents that is
generated by the nonlinear load in order to give it to the
block of power control and harmonics filtering, the later
block generate the currents references to RSC that drive the
DFIG.

2.1. System modelling of wind turbine

According to Betz theory, the captured mechanical
power is defined [20]:

P, = ; prR?V3C, (A, B) )
Its aerodynamic torque is:
1 C
T, = S pmR® 2V #)

While V,, is the wind speed, C, is the power coefficient,
R is the rotor radius, 8 is the pitch angle, A is the tip-speed
ratio, and p is the air density.

The dynamic law of the wind turbine is given:

d
]eq d_(: =T, — feqw - Te (3)

2.2. DFIG modelling

The voltages and the currents expression in the Park
reference related to the d-g synchronous field [21] [22], [23]
is:

dgs

(Vds = Rgigs + a0 WsPqs

. degs
Vas = Rslqs + T + WsPys

4)
. do (
Var = Relgr + Tdr — Wr@Pgr
. doqgr
Vgr = Rpigr + T + 0Py
((-Pds = Lsids + Midr
()

@Pqs = Lsigs + Migy

i(Pdr = Lyigr + Mlgs

Pqr = Lriqr + Miqs

WithRg, R, Lgand L, are respectively the resistors and the

inductors of the stator and the rotor windings, M is the
mutual inductance.

The DFIG powers are given as:

Ps = vgsigs + Vqsiqs
i o (6)
Qs Vqslds Vdslqs
The electromagnetic torque is defined as:
Tem = p((pdsiqs - ids(pqs) )

In case the Park reference which is synchronized to the
stator rotating field, the simplified fluxes expression is:

{(pds = Lgigs + Migr = @5 @)
@gs = Lgigs + Mig, =0

Thus
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Tem = p(psiqs 9)
Neglecting the stator resistance, the dg-axis voltages
equations are:

Vis = 0
{Vqs = WsPg = Vg (10)

Hence the dg-axis stator currents are defined as:

ﬁ_ﬂi

Ls Ls dr
M.

_L_Slqr

(1)

isq =
Active and reactive powers are:

M.,
PSZ—VSL—SIqr
s SLS SLS dr

And the electromagnetic torque expression is:

M.
Tem = _p(PsL_Slqr (13)

So the dynamic rotor currents can be written as:

digr _ 1 . .
ar G'_Lr (Vra = Ryipg + JLrwrqu)
dirq 1 . . M
dr O'_Lr (vrq - errq —oLiwyiyg — wy L_s(ps)

(14)
2.3. Text Layout for Accepted Papers
The converters dynamics are taken equal to 1

3. Contribution of RSC Control in the Improvement of
the Active Filtering Function

3.1. Control strategy of RSC representation

In this new control strategy, the role of the RSC is the
DFIG optimal powers control and also the improvement of
energy quality by compensating the reactive power and
harmonic currents existing in the grid.

With nonlinear load insertion at point of common
coupling PCC, harmonic currents appear in the grid, which
increase the total harmonics distortion of the currents.
Reducing this rate, the harmonic currents should be
mitigated.

Figure 2 shows the control strategy of RSC that reflects
the implementation of active filtering function. The defined
harmonic currents identification by Eqs.(17) and 18 are
added to the reference currents in order to achieve the goal of
active filtering.

The harmonic currents of the load non-linear are
converted to rotor currents according the Eq. (19).

Ird b - dq/abe |
*y
Ird* o} - Integral Voday
backstepping >
5 control
Irg* - - » | —T
<4
Irgg b

Fig. 2. Strategy control of the RSC.
3.2. Rotor currents references establishing

To include the active filtering in RSC controller, the
identified harmonic currents defined by equations (15) and
(16) should be added with opposite sign to reference currents
defined by equations 17 and 18.

Ls
Lan = Elcdh_nL (15)
Ls
Irq_h = ﬁ[cqh_nL (16)
T s x Lg
o == Qs (17)
* _ Ls *

lqr - pMg em (18)
So the resulting references currents are given by:

{de_ref i 'idr** + Ird_h (19)

brayrer = lgr +lrqn
3.3. Integral backstepping control strategy of RSC

> i.q Current loop:

The i, tracking error is defined as:
. . t. .

Zd = lrdaref — lrd + Kd fO Lrd_ ref — Ird dt (20)

Lyapunov candidate function is given as:
1
Va = 3Zq* (21)
Vd = ZdZd (22)

Substituting the suitable terms, the Lyaponov function
derivative is:

. . 1 1. 1
v, =2, <(1rd_ref — Va5 Rela U—Lreq) +
Kd(ird_ref - ird) + K’dzd> —K'4Z,* (23)

By taking into account the voltage control input v,.4 is:
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Vra = aLr(ird_ref + Kq (ird_ref - ird) +

K'4Zg)+Ryivg + e, (24)
So
Vy=—K'4Z4° (25)
> irq Current loop

The i, tracking error is:

. . t. .
Zy = lrqrer —irq + Kg fo irq ref — irq dt (26)

Lyapunov function will be defined as:
1
V=122 (27)
Its derivative
V, =2,Z, (28)

y . 1 1 . 1
Vi, =2, ((qu_ref - a_LrUrq + O'_L,«errq + O'_Lred +

1 . . ’ ’
oe0) + Kqlirgrer = irg) + K qzq> —K'.Z (29)

By taking into account the voltage control input v, is:

Vrg = 0L (irqrer + Kq(irqrer —irq) +
K'4Zy)+Rrirg +eq + e, (30)

By substituting this voltage control in Eg. (29), the
derivative of Lyaponov function is given as:
=—K',Z,° (31)

Ya

4. Harmonics Isolation

To identify the harmonic currents, the most proposed
method in the literature is PQ theory method, it consist to
calculate the active and reactive power, then to extract the
harmonic currents by using a high-pass filter (HPF) and/or
low-pass Filter (LPF). This compound method is complex
requires the measures of the current and voltage.

The second method that is proposed in this paper is the
SRF Method [16], this method is described in fig. 3. It can be
observed that only the currents are measured then the dq
harmonic components are extracted by using a low-pass
filter.

™, icgh-nl
icall — et om0
- 1
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icsld —» feg-nl FPB + icgh-nl

+
-

Fig. 3. SRF method for harmonics identification.
5. Simulation Results

To validate the performance of the proposed control
strategy allowing active filter function for harmonic currents

compensation, simulations are carried out under
MATLAB/Simulink. Fig. 1 shows the block diagram of the
proposed control system that is composed of a DFIG whose
parameters are listed in the table 1, two low pass filters of
quality factor of 0.7 have been used in the harmonic currents
identification block, and two linear and nonlinear loads
representing respectively an inductor and a three-phase
rectifier supplying an inductive load.

The control strategy used in this article is a nonlinear
control based on integral backstepping; this strategy is used
to overcome the problems of the conventional PI control,
which is responsible to drawbacks coming from the bound
bandwidth unable to deal effectively with the harmonic
currents.

Two cases of carried out simulations have been shown:
In the first case, the DFIG provides its active and reactive
powers without harmonic currents mitigation, so the
identified harmonic currents are not added to the reference
currents. While in the second case, the simulations show the
same measures with harmonic currents compensation.

5.1. Case of simulation without active filtering function

In the first case, the dg-axis rotor currents are shown in
Figures 4 and 5.

Time [

Fig.4. D-axis rotor current without active filtering.

. N :

Fig.5. Q-axis rotor current without active filtering.

It can be noted that these currents are smooth because it
controls active and reactive powers without active filtering.
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In order to evaluate the impact of harmonic currents that
cause waveform deformations in the load voltage that
represents consumers connected at the PCC, total harmonic
distortion (THD) should be calculated and its expression is
the following:

100 ®
THD === /thz I,* (31)

With Iy, : the harmonic currents and I, : the fundamental.

Figure 6 shows the current absorbed by the nonlinear
load and its spectrum. The waveform is distorted and the
spectrum shows a THD of 23.72%. On the other hand, fig. 7
shows the THD at PCC with a rate of 15.80%. According to
the grid code standard, the THD must be limited by the value
of 5%.
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Fig.6. Waveform and spectrum of the load.
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Fig.7. Waveform and spectrum of grid current without active
filtering.

The DFIG currents are shown in fig.8.

Gnt current withad actys Alareg

Fig.8. DFIG current without active filtering.

e et Wbl a8 ve ey

Fig.9. Zoom of DFIG current without active filtering.

Figure 9 shows the zoom of the normal DFIG currents
generated to grid without active filtering.

5.2. Case of simulation with active filtering function

In the case of active filtering, after the addition of the
harmonic currents coming from the identification block to
the reference currents, the dg-axis rotor currents that control
active and reactive power are shown in Fig.10 and Fig. 12.
The current generated by the DFIG is shown in Fig. 15 and
the spectrum of the current circulating in the grid after
compensation is shown in Fig. 16. In this case, the obtained
grid current THD is 3.93%, which conforms to the standard
of the grid code.

Fig.10. D-axis rotor current with active filtering.
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Fig.11. Zoom of d-axis rotor current with active filtering.

Figure 10 show the d-axis rotor current and fig.11 its
zoom.
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Fig.12. Q-axis rotor current with active filtering.
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Fig.13. Zoom of g-axis rotor current with active filterin.g

Figure 12 and gives the g-axis current and fig.13 shows
its zoom. It can be well-known that these currents contain the
harmonics currents references given by the identification
block.

OF K erert afer actve Serrg
-4 3 i : -

Fig.14. DFIG current with active filtering

Fig.15. Zoom of DFIG current with active filtering.

Figures 14 and 15 show the DFIG currents that are
generated to the grid in the case of active filtering. These
later indicate some fluctuation because it compensates the
nonlinear load harmonics currents.

Grdd cument e $loneg

Nag (% of Fundammntal)

10
Harmonic oedor

Fig.16. Waveform and spectrum of grid current with active
filtering.

In terms of comparison, and based on the simulation
results that assess the THD with and without active filtering,
the used control strategy for harmonic currents mitigation has
been well validated and the obtained THD conforms
effectively to the standard of grid code.

To endorse this work, the achieved THD is less than his
homologue that is reached in [10].
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DFIG characteristics
Pa- Description Values
rameters
p Power (MW) 2
Stator
Lg inductance (mH) 0.62
Rotor
L, inductance (mH) 0.62
Mutual
M inductance (mH) 0.3
Rotor
R, resistance (Q) 0.025
Number of
P pole pairs 2
Voltage level
Vs (V) 690
Frequency
f (Hz) 50

6. Conclusion

In this paper, a new control strategy has been proposed
and discussed in order to improve the compensation of
harmonic currents generated by nonlinear loads connected to
grid. The involvement of RSC control has allowed DFIG
rotor currents control in the aim of decreasing the THD grid
harmonic currents. This choice is justified by the passage
from the stator to the rotor, which means that the identified
harmonic currents at PCC are rotor currents’ functions,
taking into account the DFIG parameters, these identified
currents (added to reference currents) have been reduced to
optimize the control system.

The proposed control strategy was tested by simulation
in Matlab/Simulink. In the first case, the system has been
used without active filtering function, whereas in the second
case, the new nonlinear control strategy has been contributed
to the harmonic currents mitigation. So, the THD has been
increased from 15.80% to 3.93%, which confirms the
effectiveness of the proposed control strategy that has given
a THD conforms to the standard of the grid code. In addition,
this control strategy has resolved the problem harmonic
currents of the conventional control that requires a limited
bandwidth, which have regulated the rotor currents dynamics
with precision and robustness.
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