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Abstract: In this paper, we present The sliding mode control (SMC) methodology based on the theory of
variable structure systems that has been widely used for robust control of nonlinear systems. Nevertheless,
this type of control has an essential inconvenience, which is the chattering phenomenon caused by the
discontinuous control part. In order to reduce the effects of the chattering phenomenon, second order sliding
mode (SOSM) seems to be a very attractive solution. To eliminate the remains of chattering phenomenon, a
new control scheme based on fuzzy second order sliding mode control (FSOSMC) is proposed in this paper.
This fuzzy second order sliding mode controller is destined to the speed control of doubly fed induction motor
(DFIM) which is based on the decoupling control to enhance robustness under different operating conditions
such as load torque and in the presence of parameters variation.

The simulation results for various scenarios show the performances of the proposed control in terms of,

precision, rapidity and stability for the high powers DFIM operating at variable speeds.
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1. INTRODUCTION
The introduction section must contain theory
related to the paper topic along with state of
art study and well referenced citations. Make
this section as informative as possible to
justify the work and situate it with respect to
the literature.
The doubly fed induction motor (DFIM) with
wounded rotor have become increasingly
used in industry. This type of motor has been
neglected by researchers for several years
because of its disadvantages. However, it
has come back to the forefront because of
the progression of the control techniques and
the accessibility to its rotor [1-17].
The operation of a variable speed motor
needs some control techniques in order to
obtain a high performance system. Among
the control techniques currently applied to
asynchronous machines, we can find scalar
control, vector control, direct torque control
and nonlinear control. Indeed, the scalar
control is the first that has been introduced in
the industry. However, this control does not
satisfy the most efficient applications. This
has opened the way for researchers to
search for new control techniques that meet
industrial requirements.

The vector control presents the evolution of
the scalar control [2] and it can be performed
by two basic methods: direct vector control
(DVC) and indirect vector control (IVC).
These ensures control of the flux and the
electromagnetic torque at the same time [3].
The most widely used control method is the
proportional integral (Pl) and the proportional
integral derivative (PID) control. These later
are easy to design and implement, but it has
difficulty in dealing with parameter variations
and load disturbances [4]. These controllers
are designed using a linear control technique
ensuring local stability in a vicinity of the
operation point.

Recently, the SMC methodology has been
widely used for robust control of nonlinear
systems [9]. Based on the theory of variable
structure systems, SMC has attracted a lot of
research on control systems for the last two
decades. Nevertheless, this type of control
has an essential inconvenience, which is the
chattering phenomenon caused by the
discontinuous control part. In order to reduce
the effects of the chattering phenomenon,
second order sliding mode seems to be a
very attractive solution [16]. This method
generalizes the essential sliding mode idea
by acting on the higher order time derivatives

Vol. 6, Issue 3, September-2021| ISSN: 2543-3792- EISSN: 2676-1548 169



ALGERIAN JOURNAL OF SIGNALS AND SYSTEMS (AJSS)

of the sliding manifold, instead of influencing
the first time derivative as it is the case in
SMC, therefore reducing chattering and
avoiding strong mechanical efforts while
preserving SMC advantages [13]. Indeed,
this method has proven in several studies
and research applications its effectiveness in
minimizing this undesirable phenomenon
which is mainly due to the presence of a
discontinuous control term containing the
sign function. So this fact has led other
researchers to find a new methods of
control. These efforts have been rewarded by
the introduction of modern control techniques
such as artificial intelligence. The latter
adapts better to these requirements and
robust. In this work, we will focus on solving
the remains of chattering phenomenon
problems by using the fuzzy logic technique
that is part of artificial intelligence.

To eliminate the remains of chattering
phenomenon, a new control scheme based
on fuzzy second order sliding mode control is
proposed in this paper. The fuzzy second-
order sliding mode approach have been
actively developed over the last two decades
for chattering attenuation and robust control
of uncertain systems with relative degree two
and higher, respectively [7- 8- 9- 10- 11].

In this work, all the presented simulations are
carried out on two power supplies and a
doubly fed induction motor (DFIM). The stator
and the rotor are powered through two
electronic inverters. The latter is driven by a
direct vector controller (DVC) using pulse
width modulation PWM and rotor flux
orientation strategy. Several simulations have
been done using the MATLAB/Simulink
software in order to validate the theoretical
results.

The remainder of this paper is structured as
follows: in section 2, the machine model with
a decoupling control of DFIM is presented. In
section 3, speed controllers synthesis are
presented. The simulation results of
FSOSMC, SOSMC and the PI controller are
shown in section 4. Finally, the conclusions
are presented in section 5.

2. MATHEMATIC MODELS OF DFIM
AND STRUCTURE OF THE
DECOUPLING CONTROL

The main objective of the vector control of
doubly fed induction motors is to control the
torque and the flux independently; this is
done by using a d-q rotating reference frame
synchronously with the rotor flux space
vector as shown in the figure 1. The general
full order dynamic model of DFIM is given by:
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The electromagnetic torque of a three-
phase doubly fed induction machine
modeled in the Park reference is given
by the following relation:
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Fig.1. Rotor field orientation on the d-axis

Then, after the d-axis is aligned with
therotor flux vector, we get:

Dr = Pra>Prq =0;

M
Iy, =- LSR I, 1z, =0;

R

Control of currents and compensation
terms

It can be seen that the voltage equations
(1),(2),(3) and (4) include terms of coupling
between d-axis and g-axis. These terms are
considered as disturbances and are
cancelled by using a decoupling method [5].
In order to obtain a decoupling between d
and q axis we have used a method which
was introduced by D. LECOQ [6]. It requires
the use of four current correctors; let us
define new voltages as:
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Fig.2. Decoupling and regulation of the currents
The current references are given by:

. L .
I, = MljR ¢Rd
[; = L—R*C:m (7)
PM SR ¢Rd
I =0
. 1 .
I == em
Y

Thus, figure 2 shows the control structure of
the currents.

3. SPEED CONTROLLERS
SYNTHESIS

Speed control via Second order sliding
mode controller :

The sliding mode technique is developed
from variable structure control to adjust
feedback by previously defining a surface.
The system which is controlled will be forced
to that surface, then the behavior of the
system slides to the desired equilibrium point
[14]. When the system is in sliding mode, the
system behavior is not affected by any
modeling uncertainties and/or disturbances.
The design of the control system will be
demonstrated for a nonlinear system
presented in the canonical form [15-20]:

); =f(x,t)+Bx,tV (x,t),x €eR"V eR" ,man(x t)=m (8)

With control in the sliding mode, the goal is to
keep the system motion on the manifold S,
which is defined as:

§={&:e(5,1)=0} (9)

e=x —x (10)

The sliding mode surface in our study is the
error between the measured and reference
speed, so we can write the following
expression:

S=Q0"-Q (11)

The first order derivate of (11), gives:

§=0-0 (12)

dQ
JE: KemIRq _ﬂz_cr (13)

Substituting the expression of equation (13)
in equation(12), we obtain:
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Irq Will be the component of the control vector
used to constraint the system to converge to
S = 0. The control vector U,, is obtain by
imposing so the equivalent control
components are given by the following
relation:

U, =—f Q+JfZ—C’ (15)
1 K K K

em em em

To obtain good performances, dynamic and
commutation around the surface, the control
vector is imposed as follows [12]:

U=U,+U,, (16)

Where U, o> Uy, are the equivalent control and
the switching control, respectively and the

switching input, U, is introduced as :
U,, = Ksign(s) (17)
where K is a positive constant, K €R’,

and sgn(.) denotes signum function defined
as [19]:

I, S§>0
sign(s)=4 0, §=0
-1, S§<0

The sliding mode will exist only if the
following condition is met:

S.5 <0 (18)
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In order to reduce the effects of chattering
phenomenon and to ensure the DFIM’s
speed convergence to their reference second
order sliding mode seems to be a very
attractive solution [13]. Considering the
sliding mode surface given by (12), the
following expression can be written:

S-0 Kuy o C
J q

J o J (19)
S =Y (£,x)+ A@,x),,

Where f (x, t) and Jf'i(x, t) are uncertain
functions which satisfy:

Y >0,V |>4,0<K, <A<K,

Basing on the super twisting algorithm
introduced by Levant in [18], the proposed
high order sliding mode controller contains
two parts [15]:

]'Rq:v1+v2

With

v, =-K.sign(S)
v.2 =—/ |S |7 sign(S)

In order to ensure the convergence of the
sliding manifolds to zero in finite time, the
gains can be chosen as follows [15].

IRq=v1+v2
A
Km
72> 44 K, (kK +y)
KZK, (k-2
0<y<0.5

k >
(20)

Let us consider the internal schema of the
SOSM regulator in Fig. 3.
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Fig.3. Internal structure of the SOSM speed
controller

Speed control via Fuzzy second order
sliding mode controller:

The fuzzy second order sliding mode
command (FSOSMC) is similar to a classical
SOSMC technique. However, the switching
regulators term sign(S(x)), has been replaced
by FL regulators.

Let us consider the internal schema of the
FSOSM regulator in Fig. 4.

Fig. 4 Internal structure of the FSOSM speed
controller

The principle diagram of direct vector control
(CVD) with rotor flux oriented on the d-q axis
is shown in the figure 5.
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Fig.5. Block diagram of the proposed control
scheme of the DFIM

4. SIMULATION RESULTS

In order to test the robustness of the
regulation, two tests are carried out. Firstly a
change in the speed set point from (150rd/s),
(-150 rd/s) to (30 rad/s) with a cyclic change
of different load torque levels was applied to
the DFIM by time. Secondly the rotor
resistance is increased up to 50% of its
nominal value. The results of this simulation
is shown in Fig. 6.

The speed variation is represented by Figs.
6. And it contain zooms on moments of
constraint changes. We note that the fuzzy
second order sliding mode controller based
drive system can handle the sudden change
in load torque without ripples, undershoot,
overshoot and a negligible steady state error.
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However The SOSM controller presents
ripples but without a steady state error,
undershoots and overshoots. The PI
controller presents a steady state error,
undershoots and overshoots. Thus the PI
regulator is not perfectly robust with respect
to the variation of the load.

It can be seen that the variation in the rotor
resistance does not cause any undesirable
effect on all the dynamic responses of the
fuzzy second order sliding mode controller.
However the SOSM and PI controllers has a
disturbance during the variation in the rotor
resistance. Therefore, this shows the
robustness of the FSOSMC controller in the
face of the variation of the rotor resistance.

|
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Fig. 6. Simulation results of speed variation

5. CONCLUSION

In this paper, we have proposed a new
robust control method based on hybrid
computational technique and variable
structure technique destined to the speed
control of doubly fed induction motor (DFIM)
with a direct rotor flux orientation control. The
results obtained with this hybrid technique
are very interesting compared to the
conventional controller especially in
eliminating of the chattering phenomenon.
The FSOSMC regulator proves robustness
against rotor resistance variation and
insensitivity to load torque disturbance as
well as faster dynamics with negligible steady
state error at all dynamic operating
conditions. As the result, the proposed
FSOSMC has very satisfactory tracking
performance than those tuned by the SOSM
and PI controller.

Nomenclature
Parameter Description
Vs Stator Voltage component
Vr Rotor Voltage component
Is Stator current component
Ir Rotor current component
Dyqgsr Stator/Rotor flux in d-g frame
d-q Reference frame
Rs Stator resistance
Rg Rotor resistance
L, Stator inductance
Lgr Rotor inductance
Cem Electromagnetic Torque
C: Load Torque
Kem Torque coefficient
P Number of pole pairs
J Moment of inertia
f Viscous coefficient
M Mutual inductance
Q Mechanical speed
® Electrical speed
0 Angular position
p Blondel dispersion coefficient
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