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Abstract: We describe afresh way to constructing a dependable controller utilizing a modified integrated sliding
mode control technique in this research. Our proposed solution is intended to address the problem of attaining
phasein systemswith matching disturbances. Asastarting point for demonstrating the usefulness of our technique,
we propose replicating a wind turbine system. The inbuilt sliding mode control system is therefore used, which
just requires the rotor speed as an accessible measurement. We use an asymptotic observer design that lowers
observing errors over timeto predict the unknown rotor acceleration required for the control law. The control law
is based on Lyapunov stahility analysis, which ensures the system's stability. We compare the performance of our
proposed system to that of typical sliding mode control using simulation results in terms of settling time, tracking
precision, energy usage, and input smoothness. Our findings show that the proposed technique outperforms classic
sliding mode control across various performance parameters, showing its potential for developing a reliable
controller in real applications.
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Wind turbine.

1. Introduction

Wind energy is an abundantly available source of
electricity by converting the kinetic energy of moving
air mass into electricity. The deployment of solar and
wind is characterized as tributed/distributed local
production, excluding huge offshore wind farms are
considered aslocal when they are power plants having
ratings in the range of more than 100 MW [1-3, 23].

Wind turbines (WTs) are progressing toward the
trend of large size and huge capacity in order to fulfil
the growing needs of wind power consumption. To
enhance the overall performance of big WTs in this
trend, numerous sophisticated yaw control solutions
have been put out; however, their anaysis and
summaries are still missing [22].
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Since the high rise in energy consumption and the
threat of the depletion of natural resources, renewable
energy production methods have drawn considerably
greater attention, particularly in nations without
access to natural energy resources. One of the major
sources of clean, renewable energy for producing
power iswind energy [4, 5].

It's believed that Sliding Mode Control (SMC) is
one of the magjorities of system performances,
comprising disturbance and insensitivity to parameter
changes rejection and have been implemented
effectively in several fields.

Practical nonlinear plants, making the task of
designing controls for nonlinear systems challenging
[6, 10]. Thus, a variety of nonlinear control
techniques, including dliding mode control and
integral sliding mode control, have been devel oped for
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nonlinear systems to get around the challenge of
designing a controller for areal system.

Sliding mode control isarobust control technology
that is increasingly used in wind turbine controal. It is
intended to handle the uncertainties and disturbances
associated with wind energy conversion systems,
making it an appropriate aternative for wind turbine
control [7-9]. A dliding surface is defined asafunction
of the system states and desired references in sliding
mode control, and the control rule is designed to drive
the system states onto this dliding surface. The basic
concept isto drive the system to slide down the surface
towards the desired operating point, resulting in fast
and accurate control. Sliding mode control for wind
turbines has various advantages, including resistance
to parameter changes, changes in wind speed, and
other environmental disturbances.

Sliding mode control (SMC), a nonlinear control
technique, induces a nonlinear system to "dide" over
across-section of itstypical behaviour by delivering a
discontinuous control signal [10, 11].

Integral diding mode control (ISMC) is a
sophisticated control technique that has been
developed to address the challenges associated with
designing controllers for nonlinear systems, such as
practica nonlinear plants. Unlike traditional diding
mode control, ISMC alows the system trajectory to
start from the diding plane, eiminating the arrival
phase and promising robustness across the entire state
space. ISMC is acombination of sliding mode control
with another controller, and was initially developed
with thegoal of ensuring adliding mode response from
the start of the system's reaction or providing
compensation for matching uncertainty response
throughout the system [12, 15]. This makes ISMC a
powerful approach for controlling nonlinear systems
with matched disturbances, asit can effectively handle
uncertainties and disturbancesin the system dynamics.
ISMC has been successfully applied in various fields,
including renewabl e energy systems like wind energy,
to improve system performance in terms of tracking
accuracy, disturbance rejection, and robustness
against parameter changes. In the context of wind
energy systems, |SMC has shown promising resultsin
optimizing the performance of large wind turbines and
enhancing the overall efficiency and reliability of wind
energy generation. The use of ISMC in wind energy
systems is an active area of research, and ongoing
studies continue to explore its potential for further
advancements in renewable energy production.

The integral diding mode control (ISMC) is a
technique which was first proposed in [13, 14] as a
solution to the reaching phase problem for systems
with matched disturbances. It can be considered a
technique for combining the use of the sliding mode
controller with another controller.

When ISMC weas first developed, the main goal
was to compel a dliding mode from the start of the
system's reaction, or an ISMC-based controller can
give the entire system compensation for matching
uncertainty response [16, 17].

42

The triangular observer is a popular state
estimation approach in control systems. It is a special
sort of observer, aso known as an extended state
observer, that iswell suited for estimating the states of
nonlinear systems with unknown or uncertain
dynamics[22]. The triangular observer is based on the
concept of a system's "triangular form," in which the
state variables are represented as a combination of
their original and derivative values. The observer
estimates the system states using the system'’s input-
output data and an estimated input. The key concept is
to design the observer dynamics so that the estimation
error converges to zero, resulting in accurate state
estimation. The capacity of triangular observers to
deliver resilient and accurate state estimates even in
the presence of model uncertainties and disruptionsis
well established. They've found use in a variety of
fields, including robotics, power systems, and
automotive systems, where precise state estimate is
critical for control and monitoring. The triangular
observer is a potent tool for nonlinear system state
estimation, contributing to improved system
performance, fault detection, and control.

The system's motion is same in dimension to the
state space, in contrast to traditional sliding mode
control. In integral diding mode control (ISMC), the
system trgjectory starts usually from the planning
plane. Hence eliminatesthe arrival phase and promises
robustness across the state space.

In thiswork, the first section covers the modelling
of thewind energy system [23, 20] then we present the
suggested strategy then we applied it on our system,
and we present some simulations of the siding mode
control and theintegral to make a comparison between
the two modes of sliding control. Finally, aconclusion
is reached from the results.

2. Wind Turbine Modeling
The variable speed wind turbine's aerodynamic

torqueis given by [8, 23]:

_1 3Cp(AL.B) 2
Ta—zan SR v(t), D

where p isthe density of air, Ristherotor radius, V is
the wind speed, C, is the power coefficient and 4 is
defined as:

A =Rw /v () @)
The rotor's dynamicsis determined by:
Jrwe = Tq = Tis — kpwy, ©)

where J, k; and w, are the sequentidly, the rotor's
inertia, external damping, and rotational speed.

The speed w, of the generator is provided by the
following expression:

]gwg = Ths - kgWg — Tems 4)
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where J;, kg are the generator inertia and friction
coefficient and T,,, isthe control law ofthe system.
Expecting a perfect transmission, we definen, :

_ Tls

S 5
"8 = Ths ®)

3. Integral Sliding M ode Control

The maximum point on the power coefficient
curve corresponds to the ideal amount of wind energy
which corresponds to wy,: [23, 22], where wy,,, is
given by:

v(t). A4
Yr = Wtopt = Tom (6)

The system in (Fig. 1) is represented by (7) with
disturbances:

(Wt =W,

W,

_ 1 K, d (7)
g = f(x0) xwg +g .ulx,t) +E*Eran n

V1 =W
The control law U=T,,,, y=w;.

The errors of the system are provided by [23]:
€1 = Weopt — W , €3 = Wtopt'_ Wi (8

The dliding surface is defined as:

6(6) = ey (6) + () + ki * f “edt (9

0

Such aski isthe diding gain.
Assuming the function of stability given by [23]

€1 = Weopt — Wp , € = wtopt'— W (20
By using the following equation's derivative, we have
V=06 =0(A(Weopr — W) +kixe (1))  (11)
The condition of stability
V<o (12)
This condition satisfies the following requirement [ 18]
<0foroc>0

A Weopt — W.t) +kitre; =y=0forc=0 (13)
>0foro<0

K isthe designer's chosen dliding control positive gain
[19].

Tem = Jg (_Aez(t) = Wiopt + é(Ths -
(14)

kgwg) kie; (t)) — ksign(o).

Fig. 1. The representation of the two-mass model wind
turbine (10 m/s).

4. Triangular Observer Structure

For the system model stated in (7), the triangle
observer that causes the observing errorsto go to zero
after afinitelength of time can be expressed asfollows
[6][23]:

A

{v*vt = Wy + Aysign(w, — Wy)
Wy = Wy + Apsign(Wg — va)’

where

Wy = Wg + A;signg (W — Wy)
and
Wt = Wt

Such as sign; is characterized by:
0 if {—%#0
j € [1,i]
elsewhere

sign;(..) =
sign(..)

5. Simulation Results

The Fig. 2 depictsthewind speed used in our study
(10 m/s), the second depictsthe two curves, onefor the
rotor speed and the other for the target rotor speed, and
the third depicts the error between the two rotor
speeds, the norma and the desired. The Fig. 6
describes an asymptotic observer triangular; that
causes the observing errors to go toward zero over a
finite period of time which shownin Fig. 7; to roughly
estimate the unknown rotor acceleration needed to
build the control law. Fig. 6 depicts the difference
between the generator speed and the observed state.
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Fig. 2. The representation of the wind for (10 m/s).
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Fig. 4. Responses of tracking error between the rotor speed

and the rotor speed desired.
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observed.
6. Conclusion

In this article, we explored the operating mode for
the two-mass model system that is connected to the
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Fig. 5. The response of the control law with integral sliding
mode control.

09 b

08 b

07f

06

Error
o
o

T

04

03

02

01F

0 L I I I I
0 5 10 15 20 25 30

Time(s)

Fig. 7. The observatory error.

integral sliding mode control (ISMC). The simulation
results demonstrate the distinction between the two
strategies. The Lyapunov technique ensures the
stahility of the system. In this optics, we can make and
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search for approximationsto key parameters and gains
in order to improve our system's performance and
efficiency.
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