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Abstract- This work presents the implementation of direct active and reactive powers control (DARPC) with nonlinear
controllers (synergetic controller (SC) and super twisting algorithm (STA)) for the rotor side converter of doubly-fed induction
generator (DFIG) connected to the multi-rotor wind turbine (MRWT) system, as an alternative to the DARPC technique with
STA controllers. In this work, DARPC is based on the nonlinear controllers and space voltage vector technique. Modified
space vector modulation (MSVM) technique is applied to compose fixed-switching-frequency DARPC strategy, which
replaces the switching table and hysteresis comparators technique in classical DARPC technique. DFIG's mathematics model
and the two control techniques are given, and the simulations of DFIG based on DARPC-SC and DARPC-STA are made
separately by Matlab software. In this work, two tests are proposed in order to verify the behavior of the proposed strategies,
where the comparison between the strategies is in several aspects such as current quality, traceability of references, robustness,
and ripple ratio. Simulation results show that the strategy based on synergetic control is better in terms of response time, ripple

ratio, and electric current quality compared to other strategies.

Keywords: Super twisting algorithm, synergetic controller, multi-rotor wind turbine, direct active and reactive powers control,

DFIG.

Nomenclature

DFIG
SC
HAWT
DARPC
SMC
VAWT
STA

Pl
MRWT
SVM

Doubly-fed induction generator
Synergetic control

Horizontal axis wind turbine

Direct active and reactive power control
Sliding mode controller

Vertical axis wind turbine
Super-twisting algorithm

Proportional integral

Multi-rotor wind turbine

Space vector modulation

FOC Field-oriented control

PWM Pulse width modulation

THD Total harmonic distortion

WTS Wind turbine system

MSVM Modified space vector modulation
Ps Active power

Qs Reactive power

1.Introduction

Electric energy is among the electrical energies that have
affected human life, as this energy is used in several different
fields. Several power sources can be used to obtain electrical
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energy such as wind power [1] and solar power [2].
Mechanical power is one of the most important sources used
in generating electrical energy, where several types of power
sources can be used to obtain mechanical energy, such as
wind energy [3], hydropower [4], nuclear energy [5], thermal
energy [6],...etc. Wind turbine (WT) is one of the most
prominent energies that has spread in recent years for several
reasons, including simplicity, low cost and the resulting
energy return [7]. To obtain mechanical energy from wind
energy, turbines are used [8]. The latter can be divided into
two types: horizontal axis WTs (HAWTS) [9] and vertical
axis WTs (VAWTSs) [10]. HAWTs are characterized by
greater efficiency compared to the VAWTS, as they are more
widespread on land and at sea [11]. To increase the
mechanical power gained from the wind, a novel technology
was introduced based on the use of several rotor in the
turbine [12]. The use of several rotors leads to an increase in
the power gained from the wind, as the greater the number of
turbines, the greater the mechanical power gained from the
wind [13]. In addition to the turbines, electric generators are
used, as these generators convert mechanical power into
electrical power. In order to convert mechanical energy,
several generators can be used, such as asynchronous
generators [14, 15], synchronous generators [16], doubly-fed
induction generators (DFIGs) [17, 18], and DC generators
[19].

In the case of variable wind speed, DFIG is the best
reliable solution in generating systems due to its simplicity,
low maintenance, long life, low cost, easy to control and
acceptable efficiency [20].

In the field of wind turbines, the inverter is used to feed
the generators (DFIG), adjust the frequency (f) and improve
the quality of the current, where the AC-DC-AC inverter is
used to feed the rotor and control the active and reactive
power of the DFIG [21]. To control the inverter, several
techniques can be used, such as pulse width modulation
(PWM) [22, 23], space vector modulation (SVM) [24],
intelligent PWM [25, 26], and simplified SVM techniques
[27, 28]. Using SVM technique to generate control signals in
IGBTSs increases the cost of the system, complicates and
difficult to implement the system especially in the case of a
multi-level inverter. Therefore, using PWM to generate
control pulses makes the system simple, uncomplicated, easy
to implement and low cost. But a lower quality current is
obtained at the output of the inverter compared to the SVM
strategy.

Besides these techniques, different controls are used to
control the active and reactive power of the DFIG-WT
system. These controls can be classified into hybrid controls
[29-32], intelligent controls [33-35], linear controls [36, 37]
and non-linear controls [38-42]. The use of these controls
leads to obtaining an electric current of acceptable quality

with the presence of ripples. Also, there are ripples at the
level of active power, torque and reactive power of the
DFIG.

Synergetic control (SC) theory and super twisting
algorithm (STA) are among the most widely used and
famous nonlinear controls in the field of control, these
techniques are characterized by simplicity, durability, low
cost, ease of implementation and can be applied to complex
systems easily [43, 44]. The use of these techniques
significantly minimizes the problem of chatterring compared
to sliding mode control (SMC) [44, 45]. In [46], STA
strategy is used to improve the efficiency of a field-oriented
control (FOC) of seven-phase induction motor. The use of
STA technique significantly improved the dynamic response
of the engine while reducing torque ripples compared to the
FOC strategy. In [47], neural networks and STA are
combined to control the reactive and active power of DFIG-
based WTS. The simulation results showed the high
efficiency of neural STA technique compared to STA
technique. Fuzzy logic and STA controller was combined to
improve the quality of current of DFIG-based WTS [48]. The
use of fuzzy logic led to an increase in the efficiency and
robustness of STA technique, and this is shown by the
simulation results in the case of changing or not changing the
parameters of the system under study. In [49], terminal
synergetic control is used as a new strategy to control and
reduce the active and reactive power ripples of DFIG-based
multi-rotor wind turbine (MRWT) system. The use of
terminal synergetic control has improved the characteristics
of DFIG compared to the classic control, where simplicity
and durability are among the most important features of
terminal synergetic control. In [50], a new nonlinear strategy
based on the use of both synergetic control and SMC to
control the DFIG-MRWT system. Simulation results showed
that the synergetic-SMC (SSMC) strategy is one of the best
reliable strategies in the field of renewable energies due to its
great ability to significantly improve the current quality
compared to the classical technique. Direct active and
reactive power control (DARPC) based on synergetic-STA
techniques was designed to control the DFIG, where the
hysteresis controllers and switching table are eliminated and
replaced by the SC strategy and PWM [51]. The use of
synergetic control with PWM technique increased the
robustness of the system and significantly improved the
current quality compared to the traditional control scheme.

In this work, a comparison is made between two
different approaches in principle, concept and idea. The two
strategies are synergetic control theory and STA controller,
which are used to improve the performance of the DARPC of
the DFIG-MRWT system. This work aims to determine the
best controller that can be relied upon in the future for the
control of electrical machines. In order to accomplish this
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work, Matlab software is used to investigate and compare the
proposed controls in terms of active and reactive power
ripples, tracking references, total harmonic distortion (THD),
robustness, overshoot, steady-state performance, current
quality, and time response.

2.MRWT System

MRWT is among the new systems that have emerged
recently as a solution to overcome the disadvantages of
traditional turbines, where two turbines of different capacity
are used to increase the mechanical energy gained from wind
energy [52]. Fig. 1 represents the MRWT system designed in
this work for electrical power generation. The advantage of
this system is that it is simple, robust, and highly efficient
compared to systems that use ordinary turbines. The two
turbines are located in the same shaft and the torque is used
to rotate the generator [53].
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Fig. 1 MRWT system.

The torque produced by the MRWT is the sum of the
torques of two turbines and is represented in equation (1).

T=Ty+T, @

where, Ty is the torque of first turbine, T is the torque of
the second turbine.

Each turbine has a different torque than the other turbine
because of the size of the two different turbines, where a
large capacity turbine is used with a small capacity turbine in
the same axis. The torques of the two turbines can be
expressed by equation (2). Through this equation, it is noted
that the wind speed differs between the two turbines as a
result of the effect of the first turbine [54].

1
T =—=.pr. Rir’.C p'V12

3
4 @
Ty =—=.p7T.R3.Cp.V5
2/1% 2°>prV2

The torque produced by the turbine is related to a
parameter called the coefficient of power (Cp), which can be
calculated using tip speed ratio (1) and both pitch angle (B)
using equation (3).

1 0.035

—— ®)
A+0.08 p°+1

C,(4.5)=

Each turbine has a different value for tip speed ration
due to the difference in wind speed of two turbines and also
the rotational speed of the two turbines are different from
each other, using equation (4) we can calculate tip speed
ratio for each turbine [52].

M = wi-R1

Vi ©)
2, = W2-R2

V2

In the DRWT system, the wind speed between the two
turbines differs from the wind speed before the first turbine
as a result of the wind speed being affected by the blades of
the first turbine, where the wind speed between the two
turbines is calculated at a point by equation (5). This speed is
affected by the distance (x) between the two turbines and the
wind speed before the main turbine (V1) with a constant
coefficient (CT) of 0.9 [55].

1- (1—CT) 2.X
V, =v,(1- 1 (5)
2 =Vl 5 (+\/1+4.X2))

In addition to the turbine, a DFIG generator is used to
produce energy, where the energy produced is reactive and
active power. The output power of the generator can be
expressed by equation (6).

3
Ps :E(Vdslds +Vqs|qs)

3
Qs :E(Vqslds _Vdslqs)

(6)

As is known, the generator is made up of two main parts,
one of which is fixed and the other is rotating. The rotating
part is what gives us the torque and the resulting speed, and it
is the part that is connected to the turbine and it can be
expressed by equation (7). Using equation (7), it is possible
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to study the evolution of speed in terms of the two torques
(generator torque and turbine torque) [56].

Te—Tr=J~d—?+f~Q

am. (7)
Te =E pL_r(Idr'V/qs - Iqr"/’ds)

where, Te is the torque of generator.

In the rotor, there is also a coil in which the flux is
generated, which can be expressed by equation (8).
Wdr = Lelgr + Mlgr
War =Lelgr + Mg,

d
Var = Rrlar +a§”dr ~ OrYqr ®

d
Var =Relgr "‘a‘//qr T OrYdr

In DFIG, the stator is the part that connects to the
electrical network using a transformer and is the part
responsible for generating power, as it is a coil. The stator
can be expressed by equation (9) [53].

d
Vs = Rslgs +a‘//ds —Ws¥qs

d
Vs =Rslgs +a§”qs T WOsygs 9)

Wds = Lslds + Mlgr
Was = Lslgs + Mgy

3.DARPC Based on Nonlinear Controllers

DARPC is among the linear techniques that have spread
a lot recently in the field of renewable powers because of its
many and many advantages, as it is characterized by ease,
durability, fast dynamic response, and low cost of
implementation compared to the vector control [57]. The
principle of this control for DFIG is detailed in [58, 59]. Due
to its many advantages, there are negatives that hinder the
use of this control in the field of WTS, where power
fluctuations and low quality of electric current are among the
most important negatives as a result of using a hysteresis
controller [60]. This control was used to control synchronous
generators [61] and asynchronous generators [62]. To
overcome the defects of DARPC, intelligent strategies such
as neural networks [63] and fuzzy logic [64] have been used.
Besides the intelligent strategies, nonlinear controls were
used to improve the efficiency of the DARPC, such as using
SMC [65] and backstepping controller [66].

In this part, a new idea is presented for DARPC based on
the use of nonlinear strategies to increase robustness, reduce
power ripples and improve dynamic response. These
nonlinear strategies are represented by the use of both
synergetic control and super twisting algorithm. So, two
different approaches in concept and principle are dealt with
in detail in this part of the paper. The two proposed controls
are two modifications of the classical control, in which the
hysteresis controller is removed and replaced by both
synergetic control and STA controller. Also, the switching
table is dispensed with and replaced with the modified SVM
technique. The two proposed controls are represented in Fig.
2, where the two proposed controls are similar in several
matters and differ in terms of the type of control used in
controlling the capacities. Compared with the classical
technique, the two proposed controls are characterized by
durability, fast dynamic response and fewer ripples.
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Fig. 2 The proposed nonlinear DPC techniques

In the two proposed techniques, both the capacities and
the flux are estimated, as the same estimation equations used
in the classical strategy are used. These estimation equations
can be expressed by equations (10) through (11) [57, 61].

t
\Pra - J(Vroc B Rriroz)dt
0
t . (10)
\Prﬂ = J(Vrﬂ - errﬁ)dt
0
t
\IISa:J(_Rsi5a+Vsa)dt
0
t
\Prﬁ:j(_RSiSﬂ+VSﬂ)dt (ll)
0
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ws=\[¥Ea + ¥4
Yr= 1/‘{’%a+‘1’$ﬂ

To estimate the capabilities, equations (13) and (14) are
used. To obtain good estimates, high-quality measuring
devices must be used, where voltage and current are
measured [63, 66].

3 Lmx (Vs.¥rp)

(12)

s =

2 oxLsxLr (13)
3, Vslm Vs
=——(— . +— V¥
Qs 2 ( olslr " olLs rﬁ) (14)

3.1 Design of the Synergetic Reactive and Active Power
Controllers

In this section, SC strategy is used to command the
powers of DFIG, and this controller was chosen because of
its robustness, simplicity, responsiveness, and ease of
implementation [49]. As it is known, SC strategy
significantly reduces chattering problem compared to the
SMC [40]. To apply this controller, you must first determine
the surface on which the synergetic controller is applied. The
surface is determined by the equation (15), where the powers
(Ps and Qs) are controlled. So, two synergetic controls are
used, where the inputs are errors in the capacities (Ps and Qs)
and the outputs are the reference values for the rotor voltage
(Vo and Vg).

SQS = QSref _QS (15)
SPS = PSref - PS

The two equations (16) and (17) represent the proposed
controller in this part for the control of powers (Ps and Qs).

* dS S
* ds
Var=K, S5+ Ses an)

where, K; and K; are constants. These constants are used
to adjust and modify the response.

Fig. 3 expresses the synergetic controller used to
command the DFIG powers. Through this form, the designed
controller is simple, uncomplicated and does not require a
specialist. Thus, this designed command can significantly
reduce torque and current ripples, significantly increase
system robustness, reduce steady-state error (SSE) of
reactive and active power, and improve system dynamic
response.

Fig. 3 Synergetic controller for reactive and active power.

3.2 Design of the STA-reactive and Active Power
Controllers

The second nonlinear controller used to improve and
reduce power fluctuations is the STA controller. This
controller is among the nonlinear techniques that are
characterized by high durability and ease of implementation,
as it is applied directly without making calculations after
determining the surface [67, 44]. Equation (18) represents the
proposed STA controller in this work to perform a
comparative study with the synergetic control technique [31,
44].

u(t) = cr2[sign(S (1)) + a1 /[S(M)]sign(S (1)) ~ (28)

The same work done with the synergetic controller is
followed with the STA controller. Two STA controllers are
used to control the powers (Qs and Ps), where the inputs are
the error in the powers and the outputs are the V" and V"

The two equations (19) and (20) represent the proposed
STA controller for controlling the powers (Qs and Ps) and
calculating the reference values for the rotor voltage (V"
and V).

Vr = any[Sps (V)]:5at(Sps (1)) + a2 sat(Sps (1) (29)
Vi = a3y [Sqs (1) sat(Sgs (0) + a4 52t (S s (1)) (20)

Qs'Qs

Ps’-Ps

Fig. 4 STA controller for active and reactive powers.
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Fig. 4 represents the proposed STA controller for power
control for DFIG-DRWT system. Through this form, this
control is characterized by simplicity and does not need to
know the mathematical form of the system under study.

Table 1 presents a comparative study between the three
controls (DARPC, DARPC-SC, and DARPC-STA) proposed
in this work in terms of complexity, durability, ease of
achievement, steady-state performance, Qs and Ps
ripples,...etc. The table was filed by this completed study and
the results obtained.

Table 1. A comparative study between the designed

techniques.
DARPC | DARPC- DARPC-
SC STA
Ps estimation Yes Yes Yes
Simplicity Simple Very Simple
simple
Set-point tracking Good Very good | Very
good
Response dynamic Slow Quick Very
quick
Overshoot Important | Very low Low
STA controller No No Yes
Steady-state High Very low Low
performance
Synergetic controller | No Yes No
Implementation Easy Easy Easy
Qs estimation Yes Yes Yes
Degree of complexity | Low Very low Low
Quality of power Low High Medium
Rise time High Low Low
Modified SVM | No Yes Yes
technique
THD High Low Medium
Qs and Ps ripples High Low Medium
References Psand Qs | Psand Qs Ps and
Qs
Precision Low High Medium
Switching table No Yes Yes
Robustness Low High High
MPPT technique Yes Yes Yes
Hysteresis controller | Yes No No

4 Results

In this part, verification, comparison, and analysis of
results of three different approaches in principle, concept and
idea using Matlab software are done. To accomplish this
study, DFIG with the following parameters is used: p = 2,
380/696V, 50Hz, J = 1000 kg.m?, Ps=1.5 MW, Lp =
0.0135H, Rs = 0.012 Q, Ls = 0.0137H, L, = 0.0136H, R, =
0.021 Q, and f, =0.0024 Nm/s [68, 69].

4.1 Tracking Test

The objective of this test is to evaluate the behavior of
synergetic controller, STA, and PI controller. Steady-state
performance of powers, ratio ripples in reactive and active

power, overshoot of power, and THD value of current are
certified for a fair comparison. As shown in Fig. 5, for the
three control techniques, the active and reactive power
perfectly tracks its reference values, for which the DARPC
based on SC strategy gives better performance in terms of
increased damping, ripple value, overshoot, settling time, and
diminished SSP compared to the Pl and STA controllers.

However, the STA controller offers a faster response time,
where the response time of active power is better for STA
controller (0.265 ms) when compared to that of the PI (0.474
ms) and synergetic controller (1.45 ms).

Fig. 6 shown the zoom in the reactive and active power
of the DFIG. The ripple values for the powers are given in
Table 2. Table 3 represents the overshoot values for the
powers. It can be seen from Tables 2 and 3 that the nonlinear
controllers offer good tracking performance with marked
superiority of the synergetic controller in terms of overshoot
value and power ripples value decreasing. Synergetic
controller reducing active power ripples by 66% and 49%
compared to Pl and STA controllers, respectively. As for the
reactive power, the reduction ripples ratios were 70.09% and
25% compared to each of the Pl and STA techniques,
respectively. For further comparison of the performance of
this route, the harmonic spectra of stator current are
compared. Figs. 5¢ to 5e shows that the current THD is better
for the synergetic controller (THD = 0.30%) when compared
to that of the P1 (THD = 0.72%) and STA (THD = 0.52%).

x 10°

=
o

Qs (P
Qs (STA)
Qs (SO)
Qsref

o

(=]

Reactive power Qs (VAR)

&

(0] 0.1 0.2 0.3 0.4 0.5 0.6 0.7 0.8
Time (s)

a)Reactive power

Ps (PI)
Ps (STA)

2 Ps (SC)
Psref

Active power Ps (W)

[0} 0.1 0.2 0.3 0.4 0.5 0.6 0.7
Time (s)

b)Active power
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 FFT analysis

Fundamental (50Hz) = 976 , THD= 0.72%
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LiLu
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¢)THD (PI controller)
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Fig. 6 Zoom in the powers (First test).
Table 2. Ripples value (First test)

| Fundamental (50Hz) = 973.6 , THD= 0.30%

Mag (% of Fundamental)

T P T TP T T (TR} nillniekanl
0 100 200 300 400 500 600 700 800 900 1000
Frequency (Hz)

Qs (VAR) | las (A) | Ps (W)
P1 controller 30100 64 30000
Synergetic controller 9000 13 10200
STA controller 12000 315 20000
Ratios STA 60.13 50.78 | 33.33
(%) SC 70.09 79.68 | 66.00

Table 3. Overshoot in powers (First test)

d) THD (Synergetic controller)

FFT analysis

| Fundamental (50Hz) = 973.3, THD= 0.52%
0.25

02

0.15

Mag (% of Fundamental)

R 11 [T TP I OO [ T A1
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Frequency (Hz)

e)THD (STA controller)
Fig. 5 Results of first test

& 15000
i>(, “ ” ‘\ ‘ \‘ ‘ | Qs ) I ‘h H It \‘
" 10000 4L | QS (STA) I n M
o
g 5000 | Qs (SC)
g Qsref
® 0
2
g -5000 ‘
@
0.32 0.322 0.324 0.326 0.328 0.33
Time (s)

a)Reactive power

Qs (VAR) | Ps (W)
Pl controller 15600 14320
Synergetic controller 3850 4960
STA controller 7500 8940
Ratios STA 51.92 37.56
(%) SC 75.32 65.36

4.2 Robustness Test

A comparative study will be studied in terms of the
effect of DFIGs parameter variables on the effectiveness of
designed techniques. Accordingly, the behavior of PI, STA,
synergetic controllers are investigated. Fig. 7, Tables 4 to 6
show the simulation results in this test. In this test, the
figures will be shown for the reactive/active power and THD
of current. The powers keep track of the references well
despite the change of DFIG parameters with an advantage for
STA controller in terms of time response compared to both
Pl and synergetic controllers, where the response time for the
reactive power was about 0.135 ms for STA controller, 0.245
ms for PI controller and 0.794 ms for synergetic controller
(Table 4). For active power, response times were 0.659 ms,
0.251 ms, and 0.801 ms for STA, PI, and synergetic
controllers, respectively. Table 6 represents the overshoot
values for reactive and active power of the DFIG. The table
indicates that the synergetic controller offers better overshoot
values compared to both Pl and STA controllers. Therefore,
the overshoot of active power reduction percentages were
79.93% and 63.40% for Pl and STA techniques, respectively.
While the overshoot of the reactive power reduction ratios
were 93.33% and 26.33% for Pl and STA controllers,
respectively. In addition, Fig. 8 shows zoom in both the
reactive and active power of the three designed controls. We
can clearly conclude that the changes of the parameters have
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a clear effect on the dynamic performance of the active and
reactive power when using the PI controller compared to
both SC and STA controllers. With the ripple values listed in
Table 5, the synergetic controller provides better values for
active and reactive power ripples than both Pl and STA
controllers. Therefore, the active power ripples reduction
ratios were 66.66% and 50% compared to the Pl and STA
controllers, respectively. While the reactive power ripples
reduction ratios were 75.86% and 65% compared to the PI
and STA controllers, respectively. Also, the value of THD is
much affected in the case of Pl controller compared to both
synergetic and STA controllers. Moreover, the separation of
reactive and active powers is not guaranteed in this case,
while the synergetic controller approach is more robust
against parameter changes and the ripples and THD value are
significantly reduced. The synergetic controller reduced the
THD value of current by 56.05% and 40% compared to the
Pl and STA controllers, respectively.

Table 4. Response time in powers (Second test)
Qs (VAR) | Ps (W)

PI controller 0.251ms | 0.245ms
Synergetic controller | 0.801 ms | 0.794 ms
STA controller 0.659ms | 0.135ms
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Table 5. Ripples value (Second test)
Qs (VAR) | Ps (W)

PI controller 58000 60000
Synergetic controller 14000 20000
STA controller 40000 40000
Ratios STA 31.03 33.33

(%) SC 75.86 66.66
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Table 6. Overshoot value in power (Second test)

Qs (VAR) | Ps (W)
PI controller 60000 28560
Synergetic controller 4000 5730
STA controller 5430 15660
Ratios STA 90.95 45.16
(%) SC 93.33 79.93

To demonstrate the properties and superiority of a
DARPC based on SC techniques, it is interesting to compare
it with published work in the same discipline (DFIG
Control). All the proposed comparison work is done on
DFIG, where the proposed method is compared with the
published work in terms of ripple reduction ratio of the
reactive and active power, response time, and THD value.
The results of the comparison are recorded in Tables 7 and 8.
From Table 8, it can be noted That the designed DARPC
based on synergetic controllers provides a low THD value
(0.30%) compared to with published works. In addition, the
work done in this paper (DARPC based on synergetic
controllers) provided very satisfactory results in terms of
ripple value for reactive and active power and response time
compared to other methods, for more information see Tables
7 and 8.

Table 7. Compare ripple reduction ratios

Ratios
Active | Reactive
Methods (iiurr;eer;t power power
PP ripples | ripples
Proposed | DPC-STA | 50.78% | 33.33% | 60.13%
techniques | DPC-SC 79.68% 66% 70.09%
DPC with
neural 67.79% | 45.26% | 66.29%
algorithm
Ref.[70] | DPC with
neuro- 0 0 0
fuzzy 69.33% | 57.74% | 67.13%
algorithm
STA 3.58% 7.35% 2.01%
Ref. [71] MgOT“Red 021% | 13.44% | 8.96%

Table 8. Compare response time and THD value

Response time THD .
References Strategies
Ps Qs (%)
Sliding-
[72] 0'05338 0'0:45 0.87 Backstepping
mode control
Observer
[73] 0.150s | 0.080s | 0.94 Sliding Mode
Control
[74] 0.32s - - Fuzzy SMC

0.030s | - - PI
7
™1 rooms | - - RST
0.12s - 18.8 DTC
[76] 0.16 - 8.26 FSC
0.15s - 8.17 MPDC
- 0,055 ] 208 SMC bas?d
backstepping
0.245 | 0.251 0.72 PI controller
ms ms
Proposed 1 0.135 | 0659 | o) | g1 controller
controls ms ms
0.794 | 0.801 Synergetic
0.30
ms ms controller
5. Conclusion

This paper discusses and implements three different
DPC schemes based on Pl, STA, and synergetic controllers
in a wind turbine system-based RSC-DFIG circuit. The
proposed strategies for the comparative study are
characterized by simplicity and ease of implementation and
have disadvantages such as power fluctuations and low
current quality. A comparative study was completed between
the three techniques in terms of complexity, ripples ratio,
response dynamic, steady-state performance, simplicity,
overshoot, robustness, and THD value of current. To verify
and complete a comparative study and to show the best
control, Matlab software was used using 1.5 MW DFIG.

The simulation results showed that the non-linear
controllers (STA and synergetic controllers) have very high
efficiencies, durability and an increase in the quality of the
electric current in addition to attenuation of the chatterring
phenomena compared to the PI. The results confirm that the
DPC based on synergetic controller is a suitable control for
regulating DFIG system by under estimating the overshoot of
the power and not being affected too much by changing the
system parameters compared to both DPC-PI and DPC-STA
techniques. However, the DPC-STA technique has a faster
dynamic response than the two techniques are DPC-PI and
DPC-SC.

The study carried out at the present time is limited as a
result of using a constant wind speed, and the comparative
study is limited to simulation only. In addition, the
comparative study was limited to ripple reduction ratio,
overshoot, response dynamic, and THD value. A comparative
study will be carried out experimentally under previous
concerns in future work. This will be implemented by further
testing of DFIGs with the use of new control techniques, such
as neural network controller. The use of these solutions is of
great importance in overcoming the defects and problems of
the wind power generation system.
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