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Abstract- The paper proposes a direct power control (DPC) scheme for the doubly fed induction generator (DFIG) for variable
speed wind-power generation. The machine is connected as a generator. Its rotor is fed by a three-level NPC inverter. We
propose to control the DFIG with a technique based on the DPC control performances. A combination of a three-level neural
space vector pulse width modulation (3L-NSVPWM) strategy and reactive and active power controllers is made to replace
hysteresis comparators used in the traditional DPC drive resulting in a fixed switching frequency of the power converter. The
performances obtained by using this control technique are shown under Matlab/Simulink software.
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Nomenclature
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SVPWM
NPC
ANN
FLC
GSC
SOSMC
FOC

PI
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d,q
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R, R
Wr, Ws
L, I

Vs, Vi
Ps, Qs

Direct power control
Doubly fed induction generator
Space vector pulse width modulation
Neutral point clamped
Artificial neural networks
Fuzzy logic controller
Grid side converter
Second order sliding mode controller
Field oriented control
Proportional-integral
Rotor, stator.
Synchronous d-q axis.
Space vector modulation
Stator and rotor self-inductances.
Mutual inductance.
Stator and rotor resistances.
Rotor and Stator flux vectors.
Rotor and stator current vectors.
Rotor and stator voltage vectors.
Active and reactive powers.

1.Introduction

The DFIG control comprises both the rotor side converter
(RSC) and grid side converter (GSC) controllers so that the
RSC controls stator active and reactive powers and the GSC
regulators DC link voltages as well as generating and
independent reactive power that is injected into the grid [1].
The DFIG can be controlled by well-known field-oriented
control [2], direct torque control [3] or direct power control
[4]. However, the DPC control is similar to the DTC control.
The DPC control scheme’s goal is to control the reactive and
active powers of the DFIG. In the traditional DPC control
scheme, a two-level hysteresis comparator is used for the
reactive power and a three-level hysteresis comparator for
the active power [5]. On the other hand, the DPC control has
many advantages, the simplest scheme, reliability, the fast
dynamic response, and lower parameter dependency, but it
has some drawbacks, such as the reactive and active powers
ripples [6].

In [7], a modified DPC control was proposed based on
second-order sliding mode controller (SOSMC) to regulate
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the active and reactive powers of the DFIG. In [§], the
authors propose a three-level DPC strategy to control the
DFIG-based wind turbine. In [9], the DPC strategy was
proposed based on artificial neural networks (ANN) to
control DFIG-based wind turbines. Sliding mode direct
power control is proposed[10]. In [11], a modified DPC
strategy was proposed based on space vector modulation
(SVM) and proportional-integral (PI) controller to reduced
harmonic distortion of current and power ripples. Model
predictive direct power control [12].

In this work, a DPC control scheme is proposed based on the
neural SVPWM strategy (NSVPWM) to control the DFIG-
based wind turbine. This proposed strategy reduces the
reactive power ripple, electromagnetic torque ripple, active
power ripple and harmonic distortion of voltage compared to
the traditional DPC control scheme. Section II is dedicated to
the basic principles of the traditional DPC strategy has been
shortly introduced. Section III presents the SVPWM based
on the ANN controller for three-level NPC inverter. Section
IV presents the proposed DPC strategy with a three-level
NSVPWM technique. Section V presents the simulation
results of both techniques. Finally conclusion has given in
section V1.

2.DPC control

The traditional DPC control scheme of three-phase DFIG-
based wind turbine is shown in Fig. 1. In this control system,
the stator reactive and stator active powers are controlled by
two hysteresis comparators and a switching table. This
strategy is easy to implement and simple structure compared
to field-oriented control.

The magnitude of stator flux, which can be estimated by:
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Fig. 1 DPC control scheme.
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Where : Vi is the stator voltage linkage of a-axis.
Vip : is the stator voltage linkage of B-axis.
The stator flux amplitude is given by:

Ds =, T%a + lP?ﬁ (2

The stator flux angle is calculated by :

LPsﬂ
Os = arctg(—— €)
sa
Active and stator reactive powers is estimated using (4) and
(5) [13].
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Where: Lm is the mutual inductance.
Wip : is the rotor flux linkage of B-axis.
Wi @ is the rotor flux linkage of a-axis.

M
\Psa = JLrIra + L_\Pv (6)

s

Where : Vs : is the stator flux linkage of a-axis.
s is the stator flux.
Iie : is the rotor current linkage of a-axis.
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VYyp=0L:1p (7)
Where : Vs : is the stator flux linkage of -axis.

Lip : is the rotor current linkage of -axis.

J— Vs
= ®)
Where : Vs is the stator voltage.
2
oc=1-M ©)

The reactive and active powers can be reformulated by
inducing angle A between the rotor and stator vectors as
follows :

3 Lnm
=—= ) sin(A
=Ty orn mWvisin(d) (10)
3 Ws M
0,=-= S |cos(A)—|w )
2 0.Ls V. L, v V. (11)

The derivation of the active and reactive powers can given
by:

P _ 3 L d(y Jsin(2))
dt 2oLl g (12)
dQ, 3 M.ws (d(ly,, cos(l)))

i 2oL a (13)

In traditional DPC control scheme a two-level hysteresis
comparator (Fig. 2) is used for the reactive power (Hq) and a
three-level hysteresis comparator (Fig. 3) for the stator active
power (Hp). Finally, based on the values of constants Hp and
Hq and the position of the stator flux (6 region control) , the
inverter switching algorithm is as shown in Table 1 [14].

Hq
A
+1
1
4 €Qs
—> 5 > >
-AQs/2 +AQs/2
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Fig. 2 Reactive power hysteresis comparator.
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Fig. 3 Active power hysteresis comparator.

Table 1. Switching table for traditional DPC

N 1|2 |3 |45 6
Hq | Hp
1
1 0
-1
1
0 0
-1
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3.Neural space vector pulse width modulation

Traditionally the PWM strategy is widely used in variable
speed drive of the AC machine, especially for vector control
where the stator voltage and frequency can be controlled
with minimum online computational requirement [15]. On
the other hand, this strategy has the following drawbacks.
This strategy gives more harmonic distortion. This strategy is
unable to fully utilize the available DC bus supply voltage to
the inverter. But, this strategy is easy to implement. In [16],
PWM and neural networks are combined to reduce the
harmonic distortion of current. Fuzzy PWM technique is
proposed to regulate the reactive and active powers of DFIG-
based wind turbine [17]. In [18], the author has proposed a
new structure for SVPWM, this proposed strategy is simple
and easy to implement. This proposed based on calculating
the maximum (Max) and minimum (Min) of three-phase
voltages. In [19], an SVPWM strategy of the three-level
inverter has proposed, which based on the two-level
SVPWM strategy. We remake that the SVPWM for three-
level NPC inverter reduces the harmonic distortion of voltage
compared to SVPWM of a traditional inverter. The SVPWM
strategy block represents the three-level inverter model as
shown in Fig. 4. On the other hand, the block diagram of the
hysteresis comparators is shown in Fig. 5. This strategy gives
more harmonic distortion of stator voltage, active and
reactive powers ripples of DFIG-based wind turbine.
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To improve the three-level SVPWM performances,
additional use of the ANN controller is proposed in this
work. The principle of the three-level NSVPWM strategy is
similar to three-level SVPWM strategy. The difference is the
use of ANN controllers to replace the hysteresis comparators.
As shown in Fig. 6. In addition, the three-level NSVPWM
strategy reduces the ripples in stator current, active and
reactive powers ripples. On the other hand, this proposed
strategy is easy to implement and simple scheme [20].

Table 2. Parameters of the LM algorithm

Parameters of the LM Values
Number of hidden layer 8
TrainParam.Lr 0.02
TrainParam.show 50
TrainParam.eposh 300
TrainParam.goal 0
TrainParam.mu 0.9

Tensing, Purling,
gensim

Functions of activation

Coeff of acceleration of convergence 0.9

(mc)

4.DPC control with NSVPWM strategy
The DPC control of three-phase DFIG with the application of

three-level NSVPWM technique is shown in Fig. 9. The
DPC with three-level NSVPWM technique (DPC-3L-
NSVPWM) is a modification of the classical DPC control
scheme, where the switching table and two hysteresis
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Fig. 4 Block diagram of three-level SVPWM technique.
comparators, has been replaced by a 3L-NSVPWM

technique and two PI controllers respectfully. This proposed
strategy minimized the powers ripples and harmonic
distortion compared to traditional DPC control scheme.

Inp_ 1 4 Out_ 1

Fig. 5 Block diagram of hysteresis comparators.

5.Simulation results

Simulations of the proposed control techniques for a DFIG-
based wind turbine are conducted by wusing the
Matlab/Simulink software. The DFIG is rated at 1.5 MW and
its parameters are listed in Table 3 [21-22]. The proposed
strategies will be tested and compared in two different
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configurations: robustness against parameter variations and
reference tracking.

O
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Fig.7 Block diagram of NSVPWM of three-level NPC
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Fig. 8 Block diagram of neural hysteresis comparators.

Table 3. Parameters of the simulated DFIG

Pn 1.5 MW
Vn 380V
p 2
Rs 0.012Q
Rr 0.021Q
Ls 0.0137H
Lr 0.0136H
Lm 0.0135H
J 1000 Kg.m2
fr 0.0024Nm.s/rad
f 50Hz

220

Neural
hysteresi

Out 1



INTERNATIONAL JOURNAL of SMART GRID 221
Habib Benbouhenni, Vol.3, No.4, December 2019

r | Grid
o Gl
urbine
Vr L
QS_%@—» PI controller | —ld q — —DC bus
g Gear box
T S Sabc |
— H=Te
P
N
Ps ref PI controller 7; abe W RSC
- M
Ps ) J
P = _i Lm '(VY-¢;»R)J |1r’a/’) (Xﬂ € rabe
Os 2611 ” v
raf r,abe
[ 3 W VoLn J abg
Q __Z(O'.Lx'(arﬂ_O'.Ls.Lr. tz)

Reactive and active power estimation

Fig.9 DPC with 3L-NSVPWM technique.

It can be clearly observed that the harmonic distortion is
reduced for the DPC-3L-NSVPWM control method (THD =
0.35 %) when compared to classical DPC (THD = 1.36%). It
is clear from the results that the DPC-3L-NSVPWM has
satisfied performance.

A.Reference tracking test

Figs 10-14 show the obtained simulation results. For the
proposed strategies, the stator reactive and active power
tracks almost perfectly their references values. Moreover, the
DPC-3L-NSVPWM control scheme reduced the power
ripples compared to the classical DPC control (See Figs 15-
16). The stator current of the DPC-3L-NSVPWM control
has low ripples compared to classical DPC (See Fig. 14 and
Fig.17). On the other hand, Figs 10-11 shows the harmonic
spectrums of one phase stator current of the DFIG-based
wind turbine for DPC-3L-NPWM and classical DPC one
respectively.
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Fig.11 THD of one phase rotor current for DPC-3L-
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Fig.13 Reactive power (RTT).
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Fig. 17 Zoom in the stator current (RTT).

B.Robustness test

In this section, the nominal value of the R: and R, is
multiplied by 2, the values of inductances Ls, M, and L: are
multiplied by 0.5. Simulation results are presented in Figs
18-25. As it’s shown by Figs 18-19, the harmonic distortion
is reduced for the DPC-3L-NSVPWM control method (THD
= 0.77 %) when compared to classical DPC (THD = 2.75%)).
On the other hand, the active and reactive powers track
almost perfectly their reference values and the effect appears
more important for the DPC compared to the DPC-
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NSVPWM control scheme (See Figs 23-24). The stator
current of the DPC-3L-NSVPWM control has low ripples
compared to classical DPC (See Fig. 22 and Fig.25). Thus it
can be concluded that the DPC-NSVPWM control scheme is
more robust than the classical DPC control scheme.
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Fig. 18 THD of one phase rotor current for classical DPC
(RT).
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6.Conclusion

This work presents the application of a three-level
NSVPWM technique for active and reactive powers control
of a DFIG controlled by the DPC control scheme. With
results obtained from simulation, it is clear that for the same
operation condition, the DPC-3L-NSVPWM control scheme
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reduces the active power ripple, harmonic distortion of stator
current and reactive power ripple compared to classical DPC
control scheme.
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