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ABSTRACT
Wind energy varies with year, season, and time of day, elevation above ground, and form of terrain. Because of
fluctuating nature of the wind speed the variation of the output power occurs. When wind speed exceeds the rated
speed of a turbine, the output power also exceeds the rated level. By controlling the pitch angle the output power of the
wind turbine can be limited. The purpose of this work is to design a MATLAB\SIMULINK model of a wind turbine
using pitch controller where at high wind speed region, the pitch controller will automatically active to maintain the
output power at the rated level. From simulation result, it is observed that, at rated wind speed pitch angle is zero i.e.
pitch controller remains inactive and above rated wind speed the pitch controller is activated and keep the output
power at rated value by changing the value of pitch angle.
2012 Trade Science Inc. - INDIA

MW[3]. In order to achieve power generation for the
utilities sector in the nineties, the wind turbine electric
The world-wide concern about the environment pol- power generator technology was put in place. In their
lution problems and the economic benefits of fuel sav- current form, wind driven power stations represent not
ings has led to increasing interest in technologies for a replacement for the conventional power station but
generation of electricity from renewable sources is to would exist as a complement, thereby forming a part of
use wind turbines[1]. The global market for the electri- the total electric generation mix. In principle, the wind
cal power produced by the wind turbine generator system could replace a part of the existing conventional
(WTG) has been increasing steadily, which directly generation capacity. More realistically, they will cover
pushes the wind technology into a more competitive the envisaged demands of power. This advantage leads
era. According to the American Wind Energy Associa- to the wind turbine technology undergoing a revolution.
tion, the installed capacity of wind grew at an average Researches are being carried out in different countries
rate of 29% per year[2]. At the end of 2009, the world to facilitate an improvement generation of power through
wide installed capacity of wind energy was over 159 the use of wind turbine[4]. Wind turbines mainly are of
MW. The prediction capacity for 2010 is over 203 two types: Vertical-Axis (VAWT) and Horizontal-Axis
INTRODUCTION
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(HAWT). Vertical-Axis Wind turbines (VAWT) are typically developed only for urban deployment. Changes in
wind direction have fewer negative effects on this type
of turbine because it does not need to be positioned into
the wind direction. However, the overall efficiency of
this turbine in producing electricity is lower than Horizontal-Axis Wind turbines (HAWT). And for this reason, the Horizontal- axis wind turbine design in this work
falls under this category of wind turbine. There are two
types of Horizontal-Axis Wind turbines (HAWT) in the
market: the constant-speed wind turbine and the variable-speed wind turbine (VSWT). Nowadays variablespeed wind turbines are becoming more common than
constant-speed wind turbines. This is mainly due to its
better power quality impact, reduction of stress in the
turbine and the reduction of the weight and cost of the
main components. The traditional fixed-speed turbines
are stall regulated while the new, variable-speed wind
turbines (VSWT) are pitch regulated. Pitch-adjusting
variable-speed wind turbines have become the dominating type of yearly installed wind turbines in recent
years[5-7]. The aerodynamic efficiency Cp (,) of a wind
turbine is a function of tip speed ratio () and pitch angle
(). With a given pitch angle, the efficiency coefficient
CP has a maximum value for a certain tip speed ratio
(). It is thus obvious that to maximize the efficiency of
the turbine, we should able to follow the wind speed.
The fluctuating nature of the wind makes the variable
speed turbine a nontrivial object to control. But it is required to achieve high efficiency and at the same time

have a smooth power output. So, under these conditions for limiting the output power the variables to control are the electro dynamical torque and the pitch angle.
This work basically based on two purposes:
(1) Modeling of a wind turbine where pitch angle is a
control variable.
(2) At the high wind speed the pitch controller will
automatically active to maintain the output power
at the rated level.
Here, we used the specifications of VESTAS V52 wind
turbine model for design purpose of VSWT model.
STRUCTURE OF A VSWT
A wind turbine must run at a certain speed relative
to the current wind speed which is defined by the optimal tip-speed ratio, in order to produce maximum
power. For a constant speed concept, it is not possible to get maximum efficiency due to losses which
depends on exact design of the turbine and variations
of wind speed at the site. An active pitch controller,
which adjusts pitch angel instantaneously to the variations of wind speed, is an option to increase the efficiency of that kind of constant speed wind turbine.
Unfortunately, it is not possible to utilize this advantage because of the too small bandwidth of that active
pitch controller system. By introducing a variable
speed operation, it is possible to continuously adapt
the rotational speed to the current wind speed, so that
ideally, the maximum obtainable power is continuously

Figure 1 : Structure of a VSWT model
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produced by the wind turbine. Because of this, pitchadjusting variable-speed wind turbines have become
the dominating type of yearly installed wind turbines
in recent years. There are usually two controllers for
the variable-speed wind turbines which are crosscoupled each other, shown as in Figure 1.
When wind speed become low below the rated
value, the speed controller can continuously adjust the
speed of the rotor to maintain the tip speed ratio constant at the level which gives the maximum power coefficient, and then the efficiency of the turbine will be significantly increased. Pitch angle regulation is required in
conditions above the rated wind speed when the rotational speed is kept constant. Small changes in pitch
angle can have a dramatic effect on the power output[810]
. So, the pitch angle control is required to –
 Maintain the maximum output power when wind
speed below the rated value by adjusting the pitch
angle at its optimum value.
 Providing a very effective means of regulating the
aerodynamic power above rated wind speed.



Minimize the fatigue loads of the turbine mechanical component.

POWER CAPTURE AND CHARACTERISTICS
OF VSWT
Wind turbine produces electricity by using the natural power of the wind to drive a generator. The wind is
a clean sustainable fuel source, it doesn’t create emissions and will never run out as it is constantly replenished by energy from the sun. Although there are many
different configurations of wind turbine systems they all
work in the same way. The available power originates
from the mass flow of the moving air, referred to as the
wind speed. The transformation to mechanical torque
is done by aero dynamical forces acting on the rotor
blades, the actuator disc. The wind turbine shaft then
transports the power to the generator which is connected to the electrical grid. Usually there is a gear box
between the slowly rotating turbine shaft and the more
rapidly rotating generator shaft[11].

Figure 2 : Power extraction block of a VSWT

From a physical point of view, the static characteristics of a wind turbine rotor can be described by the
relationships between the total power in the wind and
the mechanical power of the wind turbine. These relationships are readily described starting with the incoming wind in the rotor swept area. It can be shown that
the kinetic energy of a cylinder of air of radius R traveling with wind speed Vw corresponds to a total wind
power wind Pw within the rotor swept area of the wind
turbine. This power in the wind can be expressed as

(1)
( R 2 )C P ( ,  )(Vw ) 3
2
Where,  is the density of air; R is the rotor radius; CP is the
Power coefficient; VW is the wind speed
Pw 

And the expression for power coefficient is given by,
21
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(2)

1
0.035
Where,  i    0.088  3
;  is the pitch angle of blade;
 1
 is the tip speed ratio

It is not possible to extract all the kinetic energy of the
wind, since this would mean that the air would stand
still directly behind the wind turbine. The wind speed is
only reduced by the wind turbine, which thus extracts a
fraction of the power in the wind. This fraction is determined by the power efficiency co-efficient, Cp, of the
wind turbine. The mechanical power, Pmech, of the wind
turbine is therefore, obtain by the following equation
Pmech = CP  Pw

(3)

However, it is theoretically possible to extract approximately 59% of the kinetic energy of the wind. This is
known as Beltz’s limit. Optimum Cp value lies between
0.52-0.55 for modern three-bladed wind turbines when
measured at the hub of the turbine[12].
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It is clear from a physical point of view that the
power, Pmech, that is extracted from the wind will depend on rotational speed, wind speed and blade angle,
â. Therefore, Pmech and hence also Cp must be expected
to be functions of these quantities. That is,
Pmech = Pmech (urb, Vw, )

(4)

From the simple geometric considerations, which ignore the wind turbulence created by the blade tip show
that the angle of incidence  is determined by the incoming wind speed Vw and the speed of the blade. The
blade tip is moving with speed Vtip, equal to ùturb R.
This is illustrated in Figure 3.

function of ë and â.
CP = CP (,)

(7)

CP is a highly non-linear power function of ë and â.
Now, if the ë - Cp curve is Known for a specific wind
turbine with a turbine rotor radius R it is easy to construct the curve of Cp against the rotational speed for
any wind speed Vw. Therefore, the optimal operational
point of the wind turbine at a given wind speed wind Vw
is determined by tracking the rotor speed to the point
ëopt. Then the optimal turbine rotor speed become
 turb 

 opt  w
R

(8)

Thus any change in the rotor speed or the wind speed
induces change in the tip speed ratio leading to power
coefficient variation. In this way, the generated power
is affected. Figure 4 shows a group of typical Cp -ë
curves where optimum values of tip speed ratio, ëopt,
correspond to the maximum power coefficient, Cpmax.

Figure 3 : Blade element velocities at blade cross-section.

Another commonly used term in the aerodynamics
of the wind turbines is the tip-speed ratio, ë, which is
defined by:


 turb R
w

(5)

The highest values of Cp are typically obtained for ë
values in the range around 8-9. This means that the
angle between the relative air speed-as seen from the
blade tip-and the most rotor plane is rather a sharp
angle. Therefore, the angle of incidence  can be calculated as:
 w 
1

  tan  1    tan 1 


  turb R 

(6)

It is possible to adjust the pitch angle â of the entire
blade through a servo mechanism.
If the blade is turned, the angle of attack á between the blade and relative wind Vrel will be changed
accordingly. So the energy extraction will depend on
the angle of attack á between the moving rotor blades
and the relative wind speed Vrel as seen from the moving blades. It follows that, Cp can be expressed as a

Figure 4 : Power coefficient characteristics curve

The optimal rotational speed for a specific wind
speed also depends on the turbine radius, R, which increases with the rated power of the turbine. Therefore,
the large rated power of the wind turbine the lower the
optimal rotational speed. These basic aerodynamic
equations of the wind turbines provide an understanding that fixed-speed wind turbines have to be designed
in order for the rotational speed to match the most likely
wind speed in the area of installation. In the case of
variable-speed wind turbines, the rotational speed of
the wind turbine is adjusted over a wide range of wind
speeds so that the tip-speed ratio ë is maintained at
ëopt. Therefore, Cp reaches its maximum and consequently, the mechanical power output from a variable-
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speed wind turbine will be higher than that of a similar
fixed-speed wind turbine over a wider range of wind
speeds. At higher wind speeds, the mechanical power
is kept at the rated level of the wind turbine by pitching
the turbine blades. There are two possibilities for doing
this-either out of the wind or up against the wind:
(1) When the blades are turned out of the wind, the lift
on the blades is gradually reduced. This is called
pitch control and requires a relatively large change
in pitch angle to reduce power significantly.
(2) If the blades are turned up against the wind, the
turbine blades will stall and thus automatically reduce the lift on the turbine blades. This effect is
obtained with a relatively small change in pitch angle.
This is called stall control and requires a more accurate control of the pitch angle because of the high
angular sensitivity.
The typical power control regions of wind turbine are
shown in Figure 5. The turbine starts operating when

the wind speed exceeds cut-in wind speed. The power
captured by the turbine increases with the wind speed
increasing. At the set point of wind speed, the generating power reaches the rated power of the turbine. If the
wind speed continues to rise, the generator output power
remains constant at the design limit. Due to safety consideration, the turbine is shut down at speeds exceeding cut-out wind speed.
The typical power control operation of VSWT
can be divided into three regions which are shown in
Figure 5.
R-1: [Vcut-in to Vn] Area where turbine operating at
variable speed with an optimal rotor speed giving maximum ratio when wind speed is between the cut-in speed
and the rated speed:
R-2: [Vn to Vo] Operating at rated rotor, but below
the rated power.
R-3: [Vo to Vcut-off] Turbine running at full rated
power and rated speed. Pitch controller active.

Figure 5 : Operation regions of wind turbine

AERODYNAMIC POWER CONTROL
STRATEGY OF VSWT
At high wind speeds it is necessary to limit the input
power to the turbine, i.e., aerodynamic power control.
There are three major ways of performing the aerodynamic power control, i.e. by stall, pitch or active stall
control. Stall control implies that the blades are designed
to stall in high wind speeds and no pitch mechanism is
thus required.
Pitch control is the most common method of controlling the aerodynamic power generated by a turbine
rotor, for newer large wind turbines. In this method,
there is a mechanism to physically turn the blades around
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their longitudinal axes. At low wind speed a control system will use this feature to maximize energy extracted
from the wind[13]. In the area of high wind speed, the
desired operation is to keep the rotor speed and especially the generated power as close as possible to the
nominal. To reduce the surplus energy, we using the
blades pitching as a main power control in this area[14].
The pitch angle controller is only active after region 3.
when the blade pitch angle is changed in order to reduce Cp. Using the expression of Cp, the pitch angle
need to limit the power extracted from the wind to the
rated power of the VSWT can be calculated for each
wind speed theoretically. Furthermore, it should be taken
into account that the pitch angle can’t change immedi-

ESAIJ, 7(4) 2012

Riku Chowdhury et al.

143

Current Research Paper
ately, but only a finite rate for the large rotational inertia
of the blade and the desire to save money on the blade
drives. In this controller a pitch angle scheduling is
used[15]. According to different wind speed point, fixed
pitch angle is given. There are two advantages for using
this scheduling. One of them is saving the time and de-

vice to calculate the pitch angle for every wind speed
and another one is, gives enough time make the pitch
regulation system to reach its destination. The block
diagram of this controller is shown in Figure 6. A PI
controller corrects the error between the actual pitch
angle and the reference.

Figure 6 : Pitch control scheme.

MODELING AND SIMULATION
RESULT OF VSWT
In this paper, for modeling of VSWT we used the
specifications of VESTAS-V52 wind turbine with considering all necessary basic assumptions of wind turbine modeling. The parameter values of VESTAS-V52
model are given in TABLE 1.
TABLE 1 : The specifications of V52 wind turbine[4].

Rotor diameter
Area swept
Number of blades
Power regulation
Air brake
Cut-in wind speed
Nominal wind speed
Cut-out wind speed
Nominal output

52 m
2,124m2
3
Pitch\optimal speed
Full blade pitch
4m\s
16m\s
25m\s
850kw

By using MATLAB/SIMULINK, a VSWT
model has been designed in this paper which is shown
in figure 7.

In figure 8, the overall VSWT controlling model by
pitch controller has been designed. During the higher
wind speed the torque or power can easily be limited
to its rated value (Wr) by adjusting the pitch angle â
which is controlled by beta actuator. When the power
output becomes too high, it requested the blade pitch
mechanism to immediately turn the blades slightly out
of the wind. When the wind speed is less strong, the
blades are turned back into the most effective position.
For VESTAS V52 VSWT model, a flow chart is
shown in Figure 9 to draw the Cp Vs curve with different value of pitch angle â and the power coefficient
surface those are shown in Figure 10 and Figure 11
respectively.
The simulation results obtained from the designed
VSWT model are given in TABLE 2 (for various wind
speed).
From simulation result, we observed that, at rated
wind speed pitch angle (â) is zero i.e. pitch controller
remains inactive. But when the VSWT running above
rated wind speed, the PI controller sending information to the beta actuator to change the pitch angle. By
changing the pitch angle, the power coefficient reduced
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Figure 7 : Wind turbine model

Figure 8 : Wind turbine model with pitch controller
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Figure 10 : Cp vs lamda curve with different value of beta

Figure 11 : Power coefficient surface
Figure 9 : Flow chart for VESTAS V52 VSWT model
simulation
TABLE 2 : Simulation result

Wind speed
(m/s)
16(rated)
17
19

Pitch angle
(degree)
0
6.22
12.98

Cp
0.1195
0.1138
0.11

Power
(pu)
1
1
1

to maintain the output power at rated value which indicates that the designed control system for VSWT
performs well.
CONCLUSION
At high wind speed region the fatigue damage of
the mechanical parts of the wind turbine can be occurred due to high level of output power. To overcome this problem, a pitch controlling model for VSWT
was established in this paper. By using pitch controller the output power has been limited at high wind
speed and wind turbine can operate safely. The simu-

lation results has been shown that at the wind speed
above the rated speed of the turbine the pitch controller automatically activate and limiting the output
power by increasing the pitch angle. In this paper, a
step input was used to simulate VSWT model. By
using real wind field data for the simulations, a better
accuracy for the model will be achieved.
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