
ScienceDirect

Available online at www.sciencedirect.com

Procedia Computer Science 125 (2018) 398–404

1877-0509 © 2018 The Authors. Published by Elsevier B.V.
Peer-review under responsibility of the scientific committee of the 6th International Conference on Smart Computing and Communications 
10.1016/j.procs.2017.12.052

10.1016/j.procs.2017.12.052 1877-0509

1877-
Peer-
Com

Abst

In th
havin
robu
overa
conv
 
© 20
Peer-
Com

Keyw

1. In

D
(WE
varia
(TCR
spee

 
* C

E

-0509 © 2018 Th
-review under r

mmunications.  

6th Interna

Robust 

tract 

his paper, a robu
ng nonlinear dy
st controller is 
all system. The

ventional sliding

018 The Author
-review under r

mmunications. 

words: Nonlinear 

ntroduction 

Due to shortag
ECS) has been
able speed wi
R) at partial-l

ed respectively

 

Corresponding aut
E-mail address: bh

A

he Authors. Publis
responsibility o

ational Conf

Control

Bha
aElectrical

b,cSchool of Ren

ust controller is
ynamics. The ir

designed using
e obtained resu
g mode controll

rs. Published by
responsibility o

system; quasi-sli

ge of energy a
n considered a
ind turbine (V
load and pitch
y. In the TCR

thor. Tel.: +91-94
hanumnnit@gma

Available onlin

Scie
Procedia Comp

shed by Elsevier 
f the scientific 

ference on S
Decem

l of Vari
Slid

anu Pratap
l Engineering Dep
newable Energy a

s designed for v
rregular behavi
g quasi-sliding 
ults are validat
ler to show the 

y Elsevier B.V. 
f the scientific 

ding mode contro

s well as envi
as the fastest 

VSWT) operat
h control regi

R, the maximu

46-803-4271; fax
ail.com 

ne at www.scie

enceDir
puter Science 00 (

B.V. 
committee of th

Smart Comp
mber 2017, K

able Spe
ding Mod

a*, Navdee
partment, Nation

and Efficiency, Na

variable speed w
ior of wind ma

mode approac
ted through sim
superior perfor

committee of th

ol; robustness; un

ironmental co
growing rene

tes into two re
ion (PCR) at 
um energy is 

: +0-000-000-000

encedirect.com

rect 

(2018) 000–000 

he 6th Internati

puting and C
Kurukshetra

eed Win
de Appro
ep Singhb V
nal Institute of Tec
ational Institute of

wind turbine (V
akes the system
ch (QSMC). Th
mulation studie
rmance of the p

he 6th Internati

ncertainty; variabl

ncern for the 
ewable energy
egions [2]. Th
full-load, wh
extracted from

00 . 

m 

onal Conferenc

Communica
a, India  

nd Turbin
oach 
Vineet Kum
chnology Kuruksh

of Technology Ku

VSWT) system.
m unstable. To o
he chattering ef
es. The simulat
roposed contro

onal Conferenc

le speed wind tur

mankind, the 
y resource [1]
hese regions a
ere the VSW
m the wind at

www.elsevier.

ce on Smart Com

ations, ICSC

ne Using

marc 
hetra, India 
rukshetra, India.

 The VSWT is 
overcome this p
ffect is almost 
tion results are
l scheme. 

ce on Smart Com

rbine 

wind energy 
]. According 
are namely tor

WT operates at
t the optimal 

.com/locate/proce

mputing and 

CC 2017, 7-

g Quasi-

an uncertain sy
problem, a non
eliminated from

e compared wit

mputing and 

conversion sy
to wind speed
rque control r
t optimal and 
rotor speed, w

edia 

-8 

ystem 
nlinear 
m the 
th the 

ystem 
d, the 
egion 
rated 

where 

2 Bhanu Pratap/ Procedia Computer Science 00 (2018) 000–000 

generator torque is used as control variable [3]. Similarly, in the PCR, the pitch angle is used as the control variable 
to limit the generator output power at the rated rotor speed. In this paper, the main focus is on the torque control 
design of the VSWT.  

For the extraction of maximum output power from the wind, there are several linear/nonlinear torque controllers 
has been proposed in the literature [4]-[11]. The proportional-integral-derivative controller for the torque control of 
VSWT is designed in [4]. A linear model predictive control (MPC) for torque control of VSWT is proposed in [5]. 
Similarly, a linear quadratic Gaussian controller (LQG) has proposed for torque control of VSWT in [6]. The VSWT 
operates at both partial-loads as well as full loads under a wide range of varying wind speed. Thus, these linear 
controllers are providing only local stability for the VSWT. Also they require online tuning of the control parameters 
to deal with hard nonlinearities present in the system due to the stochastic nature of wind speed. The nonlinear and 
intelligent controllers proposed for the torque control of VSWT are feedback linearization control (FLC) [7], sliding 
mode control (SMC) [8], Backstepping control [9], neural network control (NNC) [10], and fuzzy based control [11] 
etc. For a permanent magnet synchronous generator (PMSG), a DC-link voltage controller is designed through FLC 
to control the grid power of wind power system [7]. In order to deal with the problem of power generation and 
stability of VSWT, a higher-order SMC approach has been reported in [8]. The obtained results indicate the 
achievement of smooth torque and better power regulation. Similarly, a Backstepping and NNC approach for VSWT 
has been implemented to track the optimal speed and maximum power extraction in [9] and [10] respectively. By 
controlling the rotor speed of VSWT using an adaptive fuzzy controller, the maximum power has been achieved 
[11]. Among the above nonlinear control techniques, quasi sliding mode control (QSMC) has been proven to be an 
effective and efficient robust control technique to deal with nonlinearities, uncertainties and chattering effects. In the 
literature, not much survey available on the torque control design of VSWT using QSMC. The QSMC based torque 
controllers designed for VSWT are reported in [12], [13].  

In this paper, QSMC based approach is applied to control the VSWT. This work presents the torque control of 
VSWT using QSMC, where the high wind speed acts as the disturbance. The performance of the proposed controller 
is evaluated with a conventional SMC with and without disturbances. Also the robustness issue is addressed in the 
presence of external disturbances. Rest of the paper is organized as follows. In Section II, the mathematical 
modeling of VSWT is briefly presented. The problem statement is formulated in Section III. In Section IV, the 
robust controller for VSWT is designed using SMC and QSMC approach. Section V demonstrates simulation results 
of the proposed control scheme with a comparative analysis. Section VI concludes the work presented in this paper. 

2. Mathematical Modeling 

The mathematical modeling of considered wind turbine consists of aerodynamic model, rotor speed dynamics model 
and elastic tower fore–aft motion model. Overall, the dynamical model of VSWT with its physical parameters is 
represented in Fig.1 [3]. 

 
Fig.1. Wind turbine dynamical model [3] 
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controllers are providing only local stability for the VSWT. Also they require online tuning of the control parameters 
to deal with hard nonlinearities present in the system due to the stochastic nature of wind speed. The nonlinear and 
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mode control (SMC) [8], Backstepping control [9], neural network control (NNC) [10], and fuzzy based control [11] 
etc. For a permanent magnet synchronous generator (PMSG), a DC-link voltage controller is designed through FLC 
to control the grid power of wind power system [7]. In order to deal with the problem of power generation and 
stability of VSWT, a higher-order SMC approach has been reported in [8]. The obtained results indicate the 
achievement of smooth torque and better power regulation. Similarly, a Backstepping and NNC approach for VSWT 
has been implemented to track the optimal speed and maximum power extraction in [9] and [10] respectively. By 
controlling the rotor speed of VSWT using an adaptive fuzzy controller, the maximum power has been achieved 
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presence of external disturbances. Rest of the paper is organized as follows. In Section II, the mathematical 
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robust controller for VSWT is designed using SMC and QSMC approach. Section V demonstrates simulation results 
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