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1. INTRODUCTION

Renewable power is a form of power produced from herbal
sources, because of this that it's far always renewed and
inexhaustible. This sort of power deferred from the non-renewable
kind is unlimited and environmentally friendly, its effect is low as
compared to that of fossil fuels, increases the economic system of
the country, and protects the fitness of humanity. In recent years,
wind energy has become one of the main types of energy used in
many areas: military, domestic commercial, agricultural, and
industrial [1, 2].

This paper presents a wind power system that varies according
to wind speed based on the doubly fed induction generator
(DFIG). Due to the variation of wind speed which imposes
unstable environmental conditions and nonlinearity of the system,
it is difficult to extract the maximum bridge for proper operation
[1]. To achieve this objective, the technique of maximum power
point tracking with speed control is used to improve the ability of
wind turbines to be used efficiently.

The wind power system consists of three parts: the mechanical
part, the electrical part, and the control part, regarding the control
part, among its most important elements is the controller. Recent
developments in uncontrolled loops allow the optimization of
wind turbine operation [1].

In addition, it is still necessary to implement each control loop
separately using conventional proportional-integral (PI) or
proportional-integral-derivative (PID) controllers and reduce
inter-loop coupling by using iterative tuning [3]. A traditional PI
controller requires an accurate linear mathematical model of the
system, which is difficult to achieve in the presence of parameter
variation, nonlinearity, and load disturbances [4].

Conventional controllers such as PI and PID are not adjustable
under transient conditions, although they perform well under
steady-state conditions. However, modern wind turbine
engineering, increased dimensions, improved adaptability and
ecological conditions make traditional regulations unsuitable for
momentary situations, despite favourable steady-state conditions.
Therefore, the need for advanced control methods is increasing.
Previous work has focused on improving the dynamics of PI
controllers, such as the application of fuzzy logic control [5] and
sliding mode control [6, 7, §, 9].

On the other hand, a sliding mode controller has greater
advantages over some controllers. For example, as mentioned in
[10], the fuzzy logic controller (FLC) can be expensive, which is a
drawback. However, the cost of this approach can be a major
problem. In addition, determining the exact fuzzy rules and
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membership functions are difficult tasks, and selecting the input
and output ranges of the FLC is time-consuming.

Deploying the imprecise logic controller is time-consuming,
which can lead to disappointment. The FLC's dependence on an
expert to achieve optimal results is a disadvantage, given its lack
of expertise. If the expert provides imprecise rules, the FLC is
likely to perform worse than the PID controller [11].

Sliding mode control is a very robust nonlinear control, very
powerful against external disturbances and errors. It is a strategy
that can operate at high switching speeds [12]. At present, sliding
mode analysis has emerged as a favourable option in the field of
monitoring and fault tolerance [12]. As a result, numerous control
researchers opt for sliding mode control, which can serve as a
feasible replacement in the field of monitoring [13, 14]. Unlike
traditional controllers, the sliding mode controller does not require
exact mathematical models. However, it necessitates the
identification of the parameter range to ensure robustness and
favourable circumstances [15, 13].

The main objective of this paper is to realize an advanced
sliding mode control to regulate the active and reactive power of a
wind power system based on a dual-feed generator. The first
section description of the DFIG-based wind power system, and
then the second section focuses on the system modelling. The third
section discusses the control of the turbine and the DFIG, and the
last section is devoted to the presentation of the simulation results.

2. DESCRIPTION OF A WIND TURBINE MODELING

A wind turbine is a system composed of three main parts: a
mechanical part, an electrical part and a control part. It converts
the kinetic energy of the wind into mechanical energy and then into
electrical energy, and is commonly referred to as a wind generator.

The design of the system is shown in Figure 1. The mechanical
part consists of the turbine and gearbox, while the electrical part
consists of a doubly fed induction generator (DFIG). The last part
is the control system, for which we used two distinct control
methods: a classical approach with a proportional integral
controller, and an advanced approach using sliding mode control.

The mechanical
part The mechanical

part

Wind rotor Ps, Qs
_ [ e——
Wind

Sat RSC

T B

[
: 7 =
H 4+ T Vs *
i L4 RsC

Tgsc control
Pg= Qg+

1
R Pitchangle J The control part ‘

sliding ﬁ

mode
control

integral
proportional
regulator

Fig. 1. The design of the conversion system of the wind turbine.

3. MODELING OF THE WIND TURBINE GENERATOR

The aerodynamic power, which is converted by a wind
turbine, depends on the power coefficient Cp, which is expressed
by Equation 1 [15]:

Py = Cp (L B)pmR?Y,? (1)

Where p is the air density (kg/m?), R is the turbine radius (m),
¥, is the wind speed (m/s), Cp is the coefficient of the turbine and
B is the angle of orientation of the blades.

The tip speed ratio is defined in Equation (2) [16]:

1= ‘%R )
Where 4 is the relative speed representing the ratio between the
linear speed at the end of the wind turbine blades and the wind
speed and (), is the angular speed of the wind turbine rotor shaft.

The aerodynamic torque equation is defined in Equation (3)
[17]:

1
_ 36 ABpmR*K,®

Taer - aq. (3)

Q¢
C, depends on the TSR and the pitch angle 5 such as presented
in Equation (4) [18]:
Cp=0Ci—Cp*(B=C3).sin(A) = C4 x A= Cs) * (B = C3) 4)

4. MODELING OF THE DFIG GENERATOR

The electrical equations for the DIFG in the park setting are
presented in Equation (5), Where R, and R, are respectively the
stator and rotor phase resistances, w, and w, are respectively the
stator and rotor speeds [19, 20]:

ddas

(Vas = Rs.las + =5 — Wa. Pgs
Vis = Rolgs + 7285 4 . s .
|Var = Ry-lar + 22 — 0, ¢, ®
Vir = Rrigr + 22+ 0, gy

The stator and rotor fluxes can be written as shown in
Equation (6):
Dys = Og = L. igs + M. iy,
Pys = Lg.lgs + M. ig,
@ur = Lyp.igr + M. iy
Pyr = Ly igr + M. g

(6)

Where ig, ig Igs i4s are the respective direct and quadrature
currents of the rotor and stator.

The reactive and active powers at the stator are given as shown
in Equation (7) [21].

{Ps = Vgslgs + V;qsiqs
Qs = Vqsids_Vdsiqs

)

The DFIG torque is presented in Equation (8):

PM . .
Tem = L_S(ldrgqs - lqrgds) (8)
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5. TURBINE CONTROLLER

In this part we have used two different types of controllers, one
classical proportional integral and the other advanced sliding mode
control and Figure 2 shows the block diagram of the turbine

control.

Fig.2. The block diagram of the turbine control.
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5.1. Proportional Integral Control

It is a classic controller simple to develop, this conventional
controller has good efficiency in stable conditions and accurately
monitors wind speed in severe situations. In this work, we are
interested in the method of pole placement. The transfer function
is expressed by:

TF(p)= p"2+2.8 w2+ w3 ©)

5.2. Sliding Mode Control
The SMC is an advanced non-linear control, this control is
more efficient and precise than other control techniques. The

following surface is taken:
sS)=0-0 (10)

Calculate the equivalent equation: from which we derive the
expression of the equivalent command:

Tomeq = —KJQ — KEQ + T, (11)

Where T,meq is the equivalent torque and T, is the mechanical
torque, f'is the coefficient of friction, and K is a positive constant.

The command for attractiveness: to ensure the convergence of
Lyapunov’s function, we must pose:

Temn = —K.s(S(Q)) (12)

Where T, is the discrete couple, K is a positive constant.

6. CONTROL STRATEGY OF DFIG
By aligning the d-axis in the direction of flux us [20, 21] we have:

{‘psd = Qs (13)
Psq = 0
Therefore, by using Equations (9) and (19) we obtain:
M
Tem = P L_s (Iqrgds) (14)

The stator flux can be in Equation (15):

14

{(pds = (pS = LS' idS + M. iqr
(15)

O = LS' iqS +M idr

Neglecting the stator phase resistances and assuming that the
stator flux is also constant, the stator and rotor direct and
quadrature voltages can be written as presented in Equation (16)
[22]:

(VdS =0
V;Is =V = wq. bs
. ddar 1
4| VdT RT' Lar + dt — Wy ¢CIT (16)
. d¢qr
qur =R, lgr dt + Wr- Par
Stator currents are given with rotor currents:
D . M
las = L_ + Lar- L_
S S
. . M a7
lgs — —lgr-—
qs arr.
Relations between stator powers and rotor currents:
M
Ps = VS L_s Iqr
M \'4 (18)
Qs = =V Zldr + oo

6.1. Control Synthesis by PI for Controlling the Active and
Reactive Power of the DFIG
The open loop transfer function integrating the controllers is
given by Equation (19):

Gro() = 15 = (kp + ) .( ) (19)

In a closed loop, we obtain the following transfer function in
Equation (20):

MST VS
RyLs+SLsLR o

(kp-s+k)Msr.Vs

PS LS.LR.O'
Gpr(s) = Pt . RrlstkpMsyVs kiMgrVs (20)
s s2+s :
Ls.LR.U' Ls.LR.U'

The k, and k; represent the PI controller gain as in Equation
(21):

0Ly Ls2.8.wn—RyLs

k. =

p Mgy.Vs Q1)
ke = o.Ly.Ls.w?

: Mgy Vs

This system has the canonical form of a second-order transfer
with Equation (22):

2.8.wpstwd
s242.8. wps+w?

G(s) = (22)

Where ¢ is the depreciation coefficient and w,, is the proper pulsation
and they are presented in Equation (23):



R. Leulmi, S. Lekhchine’ A. Medoued, Y.Soufi, Turk. J. Electromec. Energy, 8(1) 12-20 (2023)

Ry Ls+kp.Msy.Vs

2.8 wy =
o.Ly.Lg (23)
2 _ kiMg,.Vs
wp = ———
oLyLg
g et P MY, P,Q

Pt E.,H,-s{.,({... "'f")

= i

Fig. 3. System regulated by a PI controller.

6.2. Control Synthesis by Sliding Mode Control for Controlling
the Active and Reactive Power of the DFIG
The sliding-mode controller structure for controlling the
active and reactive power of the DFIG-based wind power system
is shown in Figure 4. The reactive and active power errors and
their derivation are shown below:

SP = Ps—ref — Ps
] . ' ' (24)
SP = Ps_rer — K
SQ = Qs—ref — Qs
] . ' ' (25)
SQ = Qs—ref — Qs
. . M .
SP = Ps_rer — Vs L_qu
L M (26)
SQ = Qs—ref — Vs L_slrd
M .
SP = P;_rer — Vs T (Veq — Ryirg)
(27)
SQ Qs ref — S G.LyLg (Vrd Rrird)

During the sliding surface is the steady state, we write:

SP = 0;
SP =0;

SQ=0
SQ=0
Vig =0, V" =0

(28)

= " (V! + VR~ Rolyy)

1}1 - errd)

s—ref

By replacing V- by Vrq®? + Vrq™ and Vg, by Vrd®? + Vrd™:
Letro (29)

. M eq

- Qs—re f— Vs LsLyo (V;”d +

Then the equivalent command 1 q Tand V, d can be written as:
; LsL
Vrzq = —Ps_yer > TU+RrIrq (30)
30
LsL
Vrd - Qs -ref "y > TU+RrIrd

During the convergence mode, the power condition:

(SP).(SP) < 0,(5Q).(5Q) < 0, is verified, so:

; M
SP ==V LsLyo Viq
: - &)
SQ =-W Lelyo Td
Therefore, the switching term is given by:
Vg = Kysign(SP
{ 15ign(SP) (32)
V1 = K,sign(sQ)

The parameters of the SMC gains are shown in Table 1.

Table.1. Parameters of the SMC control gains.

Symbol Value
K 100
K> 100

2
skr— M7 1.0608 e-4
Ms
_ Lrfr -0.0130
M

The synthesis equations for SMC are specifically applied to
obtain rotor voltage values for the d and ¢ axes as shown in Figure
4 (a) and (b) for active and reactive power. From Figure 5, which
shows the DFIG block diagram, we obtain the active and reactive
power of the system using sliding mode control.

f— £
Pioreg [ d] Poorer[T,L, - M " 4 L Y
dt M, &
- l"'é
Fy-max T | I— -L-Ry
dt MV
g iy
(a)
. q
Qs-rey ? Qs-reg| Lol = M* Vra L Vi
dt M, S ]
— [HI
rd
Qs-max T(h-m LRy
dt MY
(b)

Fig. 4. Sliding mode controller structure, (a) Sliding mode
controller structure for active power, (b) Sliding mode controller
structure for reactive power.
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Fig. 5. Block diagram of the DFIG for active and reactive power control.

7. SIMULATION RESULTS

The design of the wind turbine system is based on a dual-feed
induction generator and is simulated using MATLAB/Simulink
environment with the objective of the control of the powers. We
used the MPPT technique with speed control by utilizing two
different types of controllers: sliding mode control and
proportional integral.

Figures 6 and 7 show the simulation results of the wind energy
conversion with power control by PI and SMC, such as Figure
6(a) stator current, Figure 6(b) rotor current, Figure 6(c) torque,
Figure 6(d) active power, Figure 6(e) reactive power. Figure 7(a)
stator current, Figure 7(b) rotor current, Figure 7(c) torque, Figure
7(d) active power, Figure 7(e) reactive power.

Figure 8 shows the mechanical error of the speed by SMC and
PI, such as Figure 8(a) the mechanical error of the PI controller
speed, Figure 8(b) the mechanical error of the SMC controller
speed, Figure 8(c) comparison between the two mechanical speed
errors.

The simulation results confirm that the MPPT control with
mechanical speed control by sliding mode is better compared to
the PI controller and Figures 8(a-c) confirm exactly from the error
of the mechanical speed that the best is the SMC. In addition, the
results for power management based on the PI controller and
sliding mode show that we could control the active power and
ensure a unit power factor.

From Figures 6(d) to 6(e) we can see that the active and
reactive powers of the system follow perfectly the references and
Figure 6(c) shows that the electromagnetic torque takes the same
waveform as the active power. Figures 6(a) and 6(b) show that the
three-phase stator and rotor currents generated by the DFIG are
directly dependent on the active power supplied, and their
waveforms are almost sinusoidal.
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8. CONCLUSION

This article presents the control of a doubly-fed induction
generator wind system to control the active and reactive stator
powers of a doubly-fed induction generator. Two types of
controllers are synthesized and the active and reactive power of a
DFIG wind turbine are compared to show that the performance has
been adjusted and their performance analysed. The results
demonstrate that the sliding-mode controller is more robust than
the PI controller and enables independent control of the system's
active and reactive power. It offers perfect reference tracking, zero
static error and perfect decoupling. It also ensures zero power
factor, and the electromagnetic torque is identical to the active
power waveform. Moreover, the DFIG's three-phase stator and
rotor currents are directly proportional to the active power input,
and both currents have almost sinusoidal waveforms.
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