Taylor & Francis
Taylor & Francis Group

Automatika

Journal for Control, Measurement, Electronics, Computing and
Communications

allongl

13

ISSN: (Print) (Online) Journal homepage: www.tandfonline.com/journals/taut20

High order sliding mode observer-based fault-
tolerant control scheme for DFIG in wind energy
applications with model predictive controller

Sarika S & S. Anitha Janet Mary

To cite this article: Sarika S & S. Anitha Janet Mary (2024) High order sliding mode observer-
based fault-tolerant control scheme for DFIG in wind energy applications with model predictive
controller, Automatika, 65:3, 793-802, DOI: 10.1080/00051144.2024.2308318

To link to this article: https://doi.org/10.1080/00051144.2024.2308318

© 2024 The Author(s). Published by Informa
UK Limited, trading as Taylor & Francis
Group.

@ Published online: 26 Feb 2024.

\J
C;/ Submit your article to this journal &

||I| Article views: 489

A
& View related articles &'

(&) View Crossmark data &'

ssMark

Full Terms & Conditions of access and use can be found at
https://www.tandfonline.com/action/journalinformation?journalCode=taut20


https://www.tandfonline.com/journals/taut20?src=pdf
https://www.tandfonline.com/action/showCitFormats?doi=10.1080/00051144.2024.2308318
https://doi.org/10.1080/00051144.2024.2308318
https://www.tandfonline.com/action/authorSubmission?journalCode=taut20&show=instructions&src=pdf
https://www.tandfonline.com/action/authorSubmission?journalCode=taut20&show=instructions&src=pdf
https://www.tandfonline.com/doi/mlt/10.1080/00051144.2024.2308318?src=pdf
https://www.tandfonline.com/doi/mlt/10.1080/00051144.2024.2308318?src=pdf
http://crossmark.crossref.org/dialog/?doi=10.1080/00051144.2024.2308318&domain=pdf&date_stamp=26%20Feb%202024
http://crossmark.crossref.org/dialog/?doi=10.1080/00051144.2024.2308318&domain=pdf&date_stamp=26%20Feb%202024
https://www.tandfonline.com/action/journalInformation?journalCode=taut20

AUTOMATIKA
2024, VOL. 65, NO. 3,793-802
https://doi.org/10.1080/00051144.2024.2308318

N 4 .
Ph (&) TayiorsFands
8 OPEN ACCESS W) Check for updates

High order sliding mode observer-based fault-tolerant control scheme for DFIG
in wind energy applications with model predictive controller

Sarika S? and S. Anitha Janet Mary®

3Department of Electrical and Electronics Engineering, Noorul Islam Centre for Higher Education, Thuckalay, India;
bDepartment of Electrical and Electronics Engineering, Noorul Islam Centre for Higher Education, Kanyakumari, India

ABSTRACT

This research presents a novel fault-tolerant predictive power control method for a Doubly-fed
induction generator (DFIG) used in wind turbine control systems. Due to the proposed control
mechanism, the system can continue to function effectively despite open-circuit or short-circuit
faults in the insulated-gate bipolar transistors (IGBTs) of the MPC controller. Depending on the
type of problem and its location, the tolerant IGBT overcomes power oscillations and limits the
power converter’s potential switching states. By monitoring the optimal generator speed, wind
turbine control systems strive to maximize power output. For wind turbines operating in the
partial-load area, a fault-tolerant model predictive control strategy is recommended in order to
achieve control goals despite disturbances, uncertainties, sensor, and actuator difficulties. A high
order sliding mode observer (HOSMO) is used to evaluate both the actual states and sensor-faults
at the same time. A high order sliding mode (HOSM) control strategy based on the MPC con-
troller is used to regulate the speed of wind turbines in order to harness the wind’s maximum
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power.

1. Introduction

For more dependable and effective electrical energy
production, wind turbines are being created. Integral
sliding surface and control strategy are changed in a
full-order compensation by output feedback. To reduce
faults and disturbances, by using the full-order com-
pensator [1]. A turbine generator can be affected by a
variety of problems, including Inter-Turn Short-Circuit
(ITSC), which can also quickly deteriorate the qual-
ity of the energy produced. The control methods can
be developed using the Indirect Rotor Flux Oriented
Control and the Maximum Power Point Tracking [2].

A variable speed wind turbine pitch angle manage-
ment method uses an adaptive fractional-based Termi-
nal Back-stepping with Sliding Mode controller. Time
delay estimating is utilized as an active fault estimate
algorithm to locate, recognize, and correct the faults.
The use of a higher twisting sliding mode method,
which also provides convergence to finite time and high
precision, prevents traditional sliding mode chattering
[3]. The regulation of doubly-fed induction generator
(DFIG) driven WECS was tested using model errors
and rotor current sensor-faults.

The speed profiles will be shown by the two
fractional-order non-singular terminal sliding mode
controllers. A state observer is also included into the
control strategy in order to determine the dynamics

of the rotor current in the event of sensor failures [4].
Nonlinear dynamics, uncertainties, and outside distur-
bances are constant in a typical grid-connected wind
energy system. Additionally, the wind energy system
must maintain a predetermined level of grid connec-
tivity for a predetermined period of time in accordance
with grid regulations and in the event of certain faults
[5].

Unexpected defects thus increase the requirement
for maintenance, which raises energy costs and decreases
the reliability of power supply. The wind turbine
power generating system’s dependability, availability
and safety features are also improved [6]. Due to non-
linearities in WECS dynamics, the unpredictable nature
of wind and unavoidable occurrence of faults in real-
ity. Long regarded a prerequisite for WECS’s maximum
power production, fault-tolerant control mechanisms
must be developed. For wind turbines with actuator
problems, fractional-order non-singular terminal slid-
ing mode control (FNTSMC) strategy has been devel-
oped [7].

A reliable aerodynamic torque observer based on
the super twisting algorithm is introduced to the con-
trol approach. The provided robust control technique
minimizes the chattering problem that could occur in
conventional sliding mode control systems [8] ensuring
acceptable performance under system uncertainties. a
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wind turbine (WT) with variable speed and adaptive
fault tolerance control (FTC) operating in an area with
high wind speeds. It reduces mechanical stress in the
region of huge wind speeds by restricting the gen-
erator output to its rated value and addressing pitch
actuator issues. The sliding mode control (SMC) tech-
nique is used in FTC design through the application
of adaptation law which determines the upper bounds
of uncertainty. A number of pitch actuator problems
and irregular wind conditions were used to evaluate the
controller’s effectiveness [9].

WECS fault-tolerant control fundamental problem
with a potential actuator fault. An enhanced condi-
tional value at risk (CVAR) stochastic model predic-
tive control (SMPC) controller (CVaR). The WECS
dynamics are modelled using a Markov jump linear
model and are influenced by a number of random fac-
tors, including the wind. The CVaR object function
enhances the SMPC controller’s fault-tolerant control
capabilities. CVa can balance the performance of the
system with the risk of random failure [10]. A fault-free
and disturbance-free TS fuzzy observer is created for
state subsystem by resolving linear matrix inequalities
(LMIs). Second, utilizing the other subsystem models,
determinations of faults and disturbance are obtained.
Third, to mitigate the effects of disruption and actuator
problems, an active FTC programme is created [11]. A
controller and a disturbance compensator, both are for-
mulated in the discrete time domain, can be combined
to perform any operation. The goals of a disturbance
compensator include identifying actuator failures and
creating the DTC to result in an FTC [12].

A second-order sliding mode with MPPT for man-
aging the DFIG of the wind turbine. The primary
error is inadequate power extraction, even though
some errors are also brought on by the estimates used
to establish current references. To maximize power
extraction and follow the DFIG torque directly, use a
dependable control, such as second-order sliding mode
[13]. The version of the Lyapunov theorem also guaran-
tees the general stability of a closed control system. The
control system’s performance and robustness are eval-
uated by addressing three faults between the interface
buses [14]. The position sensor-fault-tolerant control
for a wind turbine system based on permanent magnet
synchronous generators uses a sliding mode observer
and back-stepping controller system profiles in order to
prevent degradation brought on by sensor-fault [15].

The major contributions of the proposed research
work are listed below,

e In order to maximize wind power, the research pre-
sented here controls the wind turbine speed using
high order sliding mode (HOSMO) control method
based on the MPC controller.

e The Model Predictive Controller was designed as a
nominal controller to track the high wind power,

whereas the High Order Sliding Mode Observer
was developed to show the actual states and sensor-
faults.

e In order to meet the regulations in the occurrence of
uncertainties and actuator problems, a fault-tolerant
model predictive control technique is designed for
wind turbine in the partial-load region.

e A simulation results are demonstrate the suggested
MPC controller with High Order Sliding Mode
effective performance.

The fault-tolerant control method based on sliding
mode observer will be briefly introduced in section
1. The system modelling for wind turbines and DFIG
is covered in Section 2. A high order sliding mode
(HOSM) control strategy based on the MPC controller
is described in Section 3 for controlling the wind
turbine speed. Section 4 explains the fault descrip-
tions. The results of the simulation can be found in
section 5. Section 6 contains the conclusion of the

paper.

2. Methodology

The WECS system uses steady state operation while
utilizing aerodynamics and a wind turbine control
model to safeguard against transient or unstable cir-
cumstances. Figure 1 depicts the design for the DFIG-
based wind turbine system. The real and reactive power
flow from the generator to the grid is managed by a
mechanical and electrical model control system, which
also has a safety mechanism in case of an abnormal
condition. The system creates signals for power, speed,
and voltage. The electrical model system guides the
generator to provide the necessary real power and reac-
tive power as well as to maintain synchronism under
all operating conditions, while the mechanical model
system directs the turbine to extract the maximum
mechanical power for a given wind speed. The actual
and reactive power from the DFIG is managed by rotor
and grid side controllers.

Reactive power flow is controlled by altering the
rotor current direction while the DFIG rotor is main-
tained at its optimal speed using the RSC controller. To
quickly deliver leading or lagging reactive power with-
out significantly varying from generator real power,
the controller controls a stable DC link voltage across
the capacitor at back-to-back terminals. The function-
ing and stability of the closed-loop system might be
affected by other problems, sensor and actuator faults
in a partial-load zone must be considered equally
when developing a fault control system. The uncer-
tainty of the power coefficients is one of the diffi-
culties. The uncertainty of the power coefficients and
the limitations of the wind turbine are some of the
difficulties.
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Figure 1. Block diagram of proposed fault-tolerant control.

2.1. High order sliding mode observer (HOSMO)

The wind turbine’s power output will be increased by
the control strategy. In order to enforce the ideal tip-
speed ratio value, the controller modifies the wind tur-
bine rotational speed in response to changes in wind
speed. The energy extraction potential of DFIG wind
turbines is maximized even at low wind speeds. How-
ever, the shaft’s speed must be set in line with an ideal
tip-speed ratio, which produces the highest power coef-
ficient, to maximize energy extraction. This suggests
that the wind turbine should be accelerated to a spe-
cificand special value in order to maximize wind energy
extraction depending on wind speed.

HOSMO, which is involved in both fault detection
and isolation and fault-tolerant control methods, pre-
dicts the stator currents under defective conditions.
The system equations are derived using the Park trans-
formation matrix with stator (o 8)-stationary reference
([P6p] = 0).

The equations of the SMO-based system in the
(ap)is

o~

[X'] = [AJ[X] + [BI[U] + Asgn(S); [Y] = [C][X]

(1)
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Sl =€ = ilsx - l:s;
PN (4)
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The observer errors are
e —a; 0 a; @ | [e
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é4 0 as w —ay4 €4
Al1A12
| A21A22 | [sgn(S1) )
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Ad1A4
Lyapunov condition is
sTs
V=— 6
3 (6)

sliding surface is expressed by

Sl €1
s=[L]=ela] o

Q is a regular matrix.
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Lyapunov function is expressed by

V=§O[§;}+§Q 2} 8)

Replacing e; and e; by their expression,
sl 2 )]
—drw as 1 €4
_ |:)»11 )»12} |:Sgn(51):|
A3l A3z || sgn(S2)

+§qu 9)

€2

Supposing that
-1 __ as a)w
Q= [—azw as :|’
A1 A -1|{nn O
= 10
[)»31 )»32] Q [0 J/z] (10)
The derivative of Lyapunov function becomes
V = Si(e3 — y1.5gn(S1)) + Sa(ea — y2.5gn(S2))
+57Q [ o ] (11)
€2

{51(63 — r15gn(81)) < 0}

Sa(es — yasgn(Sy)) > 0 (12)

If we select y; and y; verifying y1 > |e3|max and y2 >

|e4|max Where |€3|max and |e4]max denote the maximum
values of e3 and e4.

|: 0 } -1 ([ el ] |: y1 O ”: sgn(Sy) :|>
0 € 0 »m Sgn(Sz)
(13)

Vector sgn is expressed by

I = [ 2 } =[% & ]T (14)

I[s])

(15)

The dynamic of errors become
|:é3]: _|:)\21 )»22]
e Ay A

It can be then selected

A2l An a0 i 0
= 16
|:)u41 )»421| |:0 Q2i||:0 )/2:| (16)

The parametric vector 2, is,

O ==
NI

)»1 = [az.y1a3.a).)/1]

A2 = [q1y10]

17

A3 = [—az.w.y102.y2] (17
Ay = [0g272]

By using Park matrix transformation, the reconstructed

three-phase current #, - in the (abc)-real frame is estab-
lished.

e = PO = 0)][E4]] (18)

2.2. MPC design for the wind turbine

A wind turbine control system is designed for partial
loads. Maximizing extracted aerodynamic power while
taking into account all system limits is the aim of the
control in this area. According to Cy, (A, 8) has a unique
maximum at (Agpt, Bopt)-

Cp()‘opt’ﬂopt) = Cpgpt (19)
The optimal generator speed is
Ghopt
* p
: = R v (20)

Therefore, when the generator tracks the optimal
generating speed, the greatest amount of electricity is
extracted.

3. System modelling
3.1. Wind turbine system

The main components of the nacelle are aerodynamic
rotor, drive system and generator are on top of the
tower. In a nacelle, the wind energy is turned into elec-
tricity. The drive-train rotates at high speed when the
generator is powered by wind. The pitch angle of the
blades is regulated by the control system mounted on
the generator. The pitch angle is determined by the
tower speed and the generator speed. A top of the
nacelle also has an anemometer formeasuring wind
speed and direction. The rotor blades, gear box, and
generator comprise the three primary parts of a wind
turbines power train. A wind turbine collects and trans-
forms wind energy into mechanical energy. The DFIG
rotates as a result of the torque created. The wind energy
input is expressed as

1
p= EpAv3 (1)

The wind turbine’s mechanical output is represented by
the following formula:

1
o= 5CpAv3 (22)

The aerodynamic power consumed by the wind is
shown below and is obtained by combining equations
21 and 22.

1
P, = EpAcpv3 (23)

Where
p and A represent air density, area of turbine blades.
C, denotes the coefficient of power



Table 1. Parameters of 5SMW baseline wind turbine.

Parameter Value

Rated power 5MW
Rotor orientation, configuration Upwind, 3 blades

Rotor, Hub diameter 126,3m
Hub height 90m
Rated wind speed 11.4m/s
Hub mass 110,000 kg
Rated tip-speed 81m/s
Nacelle mass 2,40,000 kg
Tip ratio is expressed by
$2(R
A= —— (24)
1%
Where, £2; is the shaft speed
G =G
cpzcl<——1 e " (25)
A

In above equation, C;, C; and Cs are constants. The
wind turbine’s output power will always be at its max-
imum speed. The maximum speed is indicated by the
tip-speed ratio, which is denoted by symbol A.,5;. When
opt the power coefficient value is high (C,Cp—max) and
the wind may provide the most power possible. The
Parameters of the 5SMW baseline wind turbine is shown
in Table 1.

T; 2,
Tr - G 2 t— G (26)
Where
T, and T represent the generator and aerodynamic
torque
G is represent the gear ratio
By combining eqns. 23, 24 and 26 we get,

AoptG
Qr—ref = OZ v (27)
1
Pgrid—ref = 577:077:2Cp7maxv3 (28)

Where, 1 is represents the wind turbine efficiency

3.2. DFIG model

The following equations can be used to define the
dynamic model of a wind turbine based on a DFIG in a
synchronously rotating dq reference frame
d
Vis = Relgs + E(f)ds - ws¢qs (29)
d
Vqs = Rqus + E¢q5 — Wshs (30)
d
Vir = Relgs + E(ﬁdr — (ws — wr)¢qr (31)
d
Vqr = erqs + Edﬂir + (ws — wr)Pgr (32)
Flux equations of stator and rotor expressed as,

¢ds = Lgljs + Linlg, (33)
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¢qs = Lqus + LmIqr (34)
Gar = Lelgr + Limlgs (35)
¢qr = LrIqr + LmIqs (36)

Where,
Vs, Vgss Vars Vgr indicate the d and g-axis voltage
components
Las, Igs, Igrs 1gr represent the current components.
The rotating parts mechanical dynamics are

J$2, = em_Tr_err (37)

Electromagnetic torque T,,, can be expressed with sta-
tor fluxes and currents as

L
Tem = NPL_m(¢qsIdr - ¢dqur) (38)
s

stator flux ¢ leads to ¢z = ¢ps and ¢pys = 0

L,V
Tom = Np—— (o) (39)
wsL

The stator active and reactive powers can be expressed as

d
Var = Relgr + GLrEIdr — 0 Lyswslyy (40)
d L,V
Vgr = Relgr + 0Ly — Iy — 05wl + s (41)
dt L
L,V.
Pi=— ”L‘S “Ior (42)
Ve LmVs
= — I 43
Qs wsLs L, dr ( )
where 0 = IL: f:” and the generator slip is defined as
s = (ws — o)/ ws.

4, Fault description

Control systems that can withstand potential compo-
nent failures while preserving desirable performance
and stability characteristics are known as fault-tolerant
control (FTC) designs. The FTC design is to stop local
faults from spreading and growing into system failures,
which in turn create safety risks for people and the
environment. Since sensor, actuator, and component
problems frequently result in rising operating costs,
unexpected shutdowns, and potential negative environ-
mental effects, FTC is an important duty that must be
completed. A well-designed FTC system can be used
to improve the performance of wind turbine by adjust-
ing the maintenance plan and schedule based on the
Fault Detection and Diagnosis information. As it pro-
vides the essential performance, it also inspires a certain
amount of confidence in the planning of the mainte-
nance. FTC approaches frequently use both active and
passive schemes.
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Table 2. Various faults effect on pitch system dynamics.

Faults Natural frequency Damping ratio
No fault 11.12 0.7
Maximum air content in the oil 6.67 0.54
Pump wear 8.32 0.76
Hydraulic leakage/pressure drop 4.42 0.9

A fault is defined as an improper deviation from
the nominal state of the system’s parameters or struc-
ture. Examples include sensor reading scaling errors,
trapped sensors or actuators, biassed actuator faults,
fixed sensors, decreased actuator efficacy, sensor loss
and disconnected system components. These flaws have
the potential to degrade the closed-loop system’s per-
formance and even lead to the system’s eventual loss
of functionality. Sensor, actuator, and plant faults are
the three types of faults. Actuator problems can affect
the function of the controller and either limit or stop it
from having an impact on the plant. The performance
of the controller might be seriously affected by incorrect
sensor readings or their entire absence.

An actuator position is controlled by a servo valve,
which receives a control signal from a controller based
on the difference between the actual and reference rotor
speeds. There are many potential sources of pitch sys-
tem faults, including control and hydraulic subsystems.
Sensor failures affect the hydraulic subsystem whereas
pump degradation, hydraulic leakage, and high oil air
content are issues with the control subsystem. The con-
troller’s effectiveness is hampered by pitch sensor bias
and gain, making it challenging for the system to follow
the proper input. When the pitch sensor fails, the blades
are ruffled. The pitch angle can be affected by the gener-
ator speed sensor. The sluggish pitch control action can
be caused by high oil air content..

4.1. Pitch sensor-fault

A faulty pitch sensor or improper system calibration
can allow the bias problem, which is common in wind
turbines, to enter the system. The rate and range of a
biassed signal can be differentiated from a sensor error,
which is referred to as an emerging fault. The perfor-
mance of the closed-loop system is negatively impacted
by biassed output, which also affects how pitch angle is
measured.

4.2. Pitch actuator faults

The three problems with hydraulic pitch actuators are
excessive oil air content, hydraulic leakage, and pump
wear. The pitch system’s natural frequency and damp-
ing ratio both reflect these defects, which have various
implications on the system’s dynamics. Table 2 provides
the actuator dynamic parameters for the reference wind
turbine model.

4.3. Performance measure

Sensor-Faults:

All forms of scaling, trapped sensor failures, and bias
failures are modelled as additive faults. The following is
a representation of the sensor-fault system’s output:

Yo = Cx(t) + Nfs(t) (44)

Actuator Faults:

Actuator additive and actuator loss effectiveness faults
are two forms of actuator faults that are taken into
consideration in the WT system. These two forms of
actuator defects can be modelled as follows:

x(t) = Ax(t) + Bu(t) + F(t,x) + D, (45
x() = Ax(t) 4+ Bu(t) + Byu(t) + D,  (46)

5. Simulation result and discussions

A wind turbine is used to generate power. Whether a
wind turbine operates depends on where the primary
indicator power changes with wind speed. A wind tur-
bine can output all of its rated power if the wind speed
is rated power. The recommended control technique
reduces the output power of the wind energy conver-
sion system if the wind speed exceeds the rated wind
speed.

5.1. Faulty actuator

When combined the high order sliding mode observer
and MPC controller. The rotor speed, generator speed,
drive-train torsion angle, and output power are reli-
ably responsive with reduced fluctuation and stress. In
Figure 2, this degradation is shown with significant
variations and attrition. In HOSMO tolerates the actua-
tor defect very well and does not exhibit any significant
alterations or variations. In faulty circuit simulations,
the generator power tracking, voltage, and current are
shown in Figure 2.

5.2. Healthy actuator

The HOSMO controller’s performance was determined
by applying the wind profile to the turbine without
any errors or uncertainties. The generator power track-
ing, voltage, and current in healthy actuator simulations
are shown in Figure 3. Performance of the reconstruc-
tion in the presence of faulty sensors and combined
uncertainty. It is clear that the estimation is fulfilled
quickly and with little error, highlighting its impressive
performance.

The designed fault-tolerant control performance of
the wind turbine system controlled by a DFIG is shown
in Figure 4 and Figure 5 with 30% three-phase at
t = 0.5s,a50% rise in both stator and rotor resistive val-
ues attime, t = 0.5s and a sudden change in wind speed
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Figure 2. a) Power b) Voltage c) Current at faulty actuator in
DFIG.

at 0.14s. The effectiveness of fault-tolerant control in a
wind turbine system powered by DFIG with 30% three-
phase at t = 0.3s under 30% rise in stator and rotor
resistive values at t = 0.3s and a sudden change in wind
speed. The reaction of the generator speed is seen in
Figure 6.

It is necessary to analyze the time variation of the
wind turbine system under reactance fluctuations of the
stator and rotor phases. The established fault technique
is further investigated under fault tolerance control
when the wind speed suddenly increases in order to be
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Figure 3. a) Power b) Voltage c) Current at healthy actuator in
DFIG.

as realistic as possible. Figure 7 illustrates the estimate
and reconstruction performance of the state observer’s
rotor current dynamics in the presence of malfunction-
ing sensors and lumped uncertainty. It is clear that the
estimation is fulfilled quickly and with little error, high-
lighting its impressive performance. Figure 8 illustrates
X as the estimated status of the plant.

The MPC control technique is intended to dimin-
ish the effect of disturbance on the WT. In the case
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of actuator faults, this method uses the optimal con-
trol strategy to generate a full state feedback gain. The
numerical results show that the suggested control strat-
egy has the best robustness against the accumulated
uncertainty and the lowest tracking error. Figure 8 of
the proposed control signal ensures the least tracking
errors according to the numerical results that have been
presented.

The saturating period has minimized the chatter-
ing of the HOSMO control signal. sliding surface con-
vergence almost at zero and HOSMO adaptation gain
oscillations. The sliding surfaces attached to the pro-
posed high order sliding mode observers are shown in
Figure 9. In a suggested controller offers the most reli-
able performance, the quickest convergence time, and
the least amount of chattering in the control signal and
sliding surfaces, according to the results.

The proposed technique HOSMO was compared
to the AOFSMC (Adaptive Output Feedback Sliding
Mode Controller) and SMO methods. When compared
to the existing methods, the fault duration time is
reduced and also performance is increased are shown

a
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Figure 6. Plant state based on High Order Sliding Mode
Observer.
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Figure 7. Static state feedback control strategy.
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Figure 8. Control signal based on the MPC controller.
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Figure 9. Sliding surfaces.

Table 3. Comparison table of fault duration in various methods.

Power tracking

performance in Fault
Author and Year Method wind turbine duration (s)
Askar Azizi et al. (2018) AOFSMC 73% 25
Kamyar Ghanbarpour SMO 82% 2.8
etal. (2020)
Proposed HOSMO 90% 0.5

in table in Table 3. Higher desirable chattering mitiga-
tion performs better than the suggested HOSMO. The
aforementioned results indicate that the proposed fault-
tolerant control technique describes rotor currents as
well as how superior it is at tracking speed and power.

6. Conclusion

In this research, a DFIG employed in a variable speed
wind turbine system was given a HOSMO control
scheme. In spite of system uncertainties, the aforemen-
tioned method Sproduced an optimal power efficiency
of the turbine operating over a broad range of wind
speeds. The proposed method results in more con-
sistent behaviour with fewer changes. A fault-tolerant
control is provided to ensure that the wind turbine sys-
tem will perform well in the partial-load region. To
capture the highest power while accepting parameter
constraints, an MPC is presented. To manage uncer-
tainty, estimate the system’s actual states, and identify
and isolate sensor issues, a high order sliding mode
observer is utilized. Stress on the torsion angle of the
drive-train, output power, generator speed and rotor
speed. In the case of a faulty actuator, HOSMO now
has more fault-tolerant capability. The proposed HOSM
observer and MPC controller provide both a precise
prediction of the aerodynamic torque and assurance
that the speed tracking target is met, enabling increased
power extraction to be maintained with varying wind
speeds and system uncertainties.
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