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Pitch Control of Wind Turbine 

Generator by using New Mechanism 

 

This paper describes the modeling of the various components in a pitch controlled wind energy 
system and the design of the pitch controller, and discusses the response of the pitch-controlled 
system to wind velocity variations. The investigated pitch control system was observed to have a 
large output power variation and settling time. The pitch function provides full control over the 
mechanical power and is the most common control technique used in variable speed wind 
turbines. At wind speeds below the rated power of the generator, the pitch angle is at its maximum; 
however, it can be lowered to help the wind turbine (WT) accelerate faster. At the rated wind 
speed, the pitch angle is controlled to keep the generator at the rated power by reducing the angle 
of the blades. This paper develops dynamic models in MATLAB/SIMULINK, validates them 
through experiments, investigates the behavior of the pitch controller during the turbulent nature of 
the wind condition, and proposes new control in small wind turbine generators. The features of the 
new proposed stepper motor mechanism will be used in place of the hydraulic actuator. 

Keywords: Wind Power Generation, Pitch Control of Wind Turbine (WT), variable speed drives, 
MATLAB/SIMULINK. 

1. Nomenclature 

Pw  Power available of wind 
p Density of air 
A Area of cross section 
vw Wind velocity 
Pm Turbine power 
Cp Power coefficient 
γ Pitch angle 
β Tip speed ratio 
βn Adjustment of tip speed ratio 
βo Initial tip speed ration 
βref Reference tip speed ratio 
Pref Reference power 
PI Proportional integral 
L Delay time 
T Time constant 
Kp Proportional constant  
Ki Integral constant 
Ps Power corrected to the standard conditions 
PT Uncorrected average power 
ρT Tests air density 
B Barometric pressure 
t  Air temperature 
VT  Uncorrected wind speed 
Vs  Wind speed corrected to standard conditions 
Pi Average of wind speed in ith bin 
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Pij The jth 10 min average of net power in the ith bin 
ni Number of data sets in the ith bin 
P Net power 
PR Rotor power 
α Constant variable 
 

2. Introduction 

In the last decade, wind power as an energy source has increased its share in energy 
production, especially in central parts of Europe and on the west coast of the U.S. Globally, 
wind derived power is the fastest growing energy source. India has the fifth largest installed 
wind power capacity in the world. Pitch control is one of the most ubiquitously used control 
techniques to regulate the output power of wind turbine generators. This method relies on 
variations in the power captured by the turbine as a function of the hydraulically actuated 
blade pitch angles. The major features of the proposed principle of control, the system 
design, the analyses of field test, the simulation result and the cost minimization of the 
newly adapted mechanisms are also described in this paper. The control system consists of 
an inverter controller that keeps the load voltage constant and a pitch controller that 
regulates the blade’s angle by using simulation control enabled efficient wind energy 
capture, as shown in Figure 1. The output of the generator-side converter can be varied to 
control the speed of the induction generator [1]. 

 

Fig. 1: volts/hertz controlled induction generator 

The grid-side converter can be controlled to inject the desired power and reactive power 
into the grid. Thus, the wind system is capable of providing reactive power support, if 
required. The power electronics converter has to be rated for the maximum output of the 
power system. For a pitch controlled system, the pitch angle can be reduced to achieve the 
same end simulation result, by actuating the pitch angle to the limit of stalling; in this way 
fast torque changes from the wind can be neutralized. In the future a new mechanism will 
be used in small wind turbine generators and it is described in this paper. 

3. Principle of Control 

3.1. Aerodynamic Power Control for Wind Turbines 

When a generator reaches its rated power, the turbines must limit the magnitude of 
mechanical power delivered to the generator. For example a generator in typical wind 
turbines reaches its rated power at wind speeds of 15 m/s to 25 m/s, and thus, must decrease 
in energy collection at higher wind speeds.  This energy collection control is achieved by 
either stall, pitch, or a combination of them both, called active stall. There are no moving 
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parts in stall-controlled blades, and the challenge in this control technique is proper blade 
construction to avoid vibration and permit a gradual stalling. The pitch function provides 
full control over the mechanical power. The pitch angle is controlled to keep the generator 
at the rated power by reducing the angle of the blades. By actuating the blade angle to be at 
the limit of the stalling, fast torque changes in the wind speed can be tolerated [2]. 

 
Fig. 2: air stream around a turbine 

The mass flow rate is a constant for the upstream at cross-section (0), at the rotor cross-
section (1), and for the down stream cross-section (2), and is given by:  

Mass m = pAoVo = pA1V1 = pA2V2. 
 
The turbine model represents the power captured by the turbine. The power available in 

wind, Pw, in an area, A, is given by: 
 

Pw = 1/2  pAv3
w                                               (1) 

 
Where, p is the density of air and Vw is the wind velocity. 
 

The turbine captures only a fraction of this power, which can be expressed as the 
turbine power, Pm, as, 
  
           Pm= 1/2  pAv3

w   Cp   
           Pm = Pw  ×  Cp                                         (2) 

 
Where, Cp is a fraction called the power coefficient. The power coefficient represents the 
fraction of power in the wind captured by the turbine, and has a theoretical maximum of 
0.55. The power coefficient can be expressed by as the equation (3): 
 

Cp=1/2 (γ - 0.022 β2 - 5.6) e –0.17γ                       (3) 
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Fig 3: power coefficient vs. tip speed ratio for various values of pitch angle 

The variation of CP with the pitch angle, β, for various values of the tip speed ratio, γ, is 
plotted in Figure 3. Thus, by varying the pitch angle, the power coefficient can be changed 
and the power captured by the turbine can be controlled. Calculations of Cp and γ along 
with pitch angle β enable as to get performance characteristic which can also be obtained 
from data fields containing family of derived from analytical calculations. The most 
effective way of controlling the mechanical power captured by the wind turbine is to adjust 
the rotor pitch angle. The families of power coefficient and tip speed ratio curves obtained 
by measurement or by computation can also be approximated in a closed form by non-
linear function. 

During normal operation, blade pitch adjustments with rotational speeds are 
approximately predicted in [3] βn = 5 to 10°/S = 0.09 to 0.17 rad/sec. 

3.2. Wind Turbine Controller 

A Multi-Processor controller (MP controller) was used as the control system for the 
wind turbine. The controller monitors and optimally controls all functions in the turbine to 
ensure maximum performance at any wind speed. The controller will stop the turbine if a 
supervisor detects an error.  An operator panel displays data corresponding to the current 
operation. The multi processor controller is divided into the ground processor and the top 
processor. The ground processor coordinates the cut-in and cut-out of the generator, 
capacitors, and current and voltage measurements. The top processor is responsible for the 
tasks in the nacelle that is the speed, pitch, power control, yawing, and internal temperature 
control [4]. 

3.3. Data Collection 

The MP-controller continuously collects turbine performance data such as: 

 Rotor and generator speed  
 Wind speed  
 Hydraulic pressure 
 Temperature 
 Power and energy production 
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 Pitch  
 

If some irregularity or error arises during operation, the data is stored in a LOG or an 
ALARM LOG, making it possible to analyze errors in the turbine. 

3.4. System of Parameters 

 
The software into the MP-controller system is designed such that all variables can be set 

individually with parameters, such as power reference, various alarm limits, and calibration 
values for the anemometer. For, every type of turbine and its variants, a set of parameters 
are present, which are selected at the start-up of the turbine. 
 

Turbine Control with OptiTip, When the turbine is stopped  (PAUSE, STOP or 
EMERGENCY STOP), the blades will be at a pitch angle of 900 (Out of the Wind), as 
shown in Figure 5.When the turbine is in RUN-mode, it is able to produce electrical energy; 
however the momentary wind conditions determine when the turbine can be in RUN-mode. 
The Turbine is controlled by the OptiTip control system of the MP-controller. 
 

The momentary wind conditions can be divided into four categories, as shown by the 
power curve in Figure 4: 

 
1. Low wind, the generator is not connected to grid 
2. Medium wind, the generator is connected, but does not produce nominal power. 
3. Higher wind, the generator is connected and produces nominal power. 
4. Stop wind, the generator is disconnected and the turbine is stopped. 

 
When the wind speed is very low and the rotor does not rotate or rotates with a very low 

speed, the pitch angle will be approximately 45o. This will provide a maximum start 
moment to the rotor, permitting a quicker start when the wind speed increases. The         
MP controller will then pitch the blades to 0o, that is, into the wind. The rotating speed for 
the rotor and the generator will increase towards the nominal level, which the MP controller 
will try and maintain with speed control.  When the wind speed decreases and the produced 
power become negative, the generator will be disconnected from the grid and the              
MP controller will control the speed. 

 
If the wind continues to decrease, the rotating speed will decrease below the nominal 

value and the rotor will run freely.  At medium wind speed, the rotating speed is regulating 
to the nominal value, and if the pitch angle can be maintained at 5o, (or equivalently, there 
is enough energy in the wind) the generator is connected to the grid. When the generator is 
connected and there is sufficient energy in the wind to produce nominal power, the pitch 
angle is regulated as a function of the wind speed [5]. This function, called OptiTip, is 
precisely calculated, simulated, and evaluated based on measurements. This function is 
implemented in turbines to optimize the aerodynamics of the blades, which will, in turn, 
optimize energy production. 
 

When the generator is producing power, it causes a torque in opposition to the 
mechanical torque of the rotor. The MP controller based fully automatic system controls the 
produced power, such that the rotor speed is maintained at constant within a narrow band 
called slip. Slip is the procentual relation between actual and synchronous rotating speeds. 
Optimal adjustment of the angle of the blade in relation to the prevailing wind, results in 
maximum power being generated. Such a method is currently used by turbines in the        
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30 KW to MW range that employ power electronics to convert the frequency to that 
required by their design. 

 
Fig.4: power curve 

 
Fig.5: pitch settings at different operating states 

4. Pitch Control System Design 

 
The control system structure used to generate the pitch angle reference is depicted in 

Figure 6. The pitch controller consists of a nonlinear feed forward path, which generates β0 
and a linear feedback path, which generates Δβ. 
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Fig. 6: pitch angle reference generator 

 
The feed forward path uses the information about the desired power output, wind 

velocity, and turbine speed to determine the required pitch angle. Equation (4) provides the 
pitch angle as a function of the measured variables.  
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 The feed forward term assumes that all the components are ideal and does not account for 
the losses in the system. The feedback path compensates for the losses by decreasing the 
pitch angle, if the output power is less than the desired power, to increase the power 
captured. The PI controller for the system is designed using the Zeigler-Nicholas rules for 
tuning PID controllers. 

 
A control system was developed in MATLAB using PI controllers with rotor currents as 

inputs and a rotor voltage as an output. Induction machines were investigated in MATLAB 
to determine the gain of the PI controllers [6]. The control is also tested using MATLAB 
for both static and dynamic characteristics. A digital signal processing (DSP) unit from 
dsPACE was used to control the machines using the control system built in 
MATLAB/SIMULINK [7]. 

 
4.1. Zeigler-Nicholas rules 
 

The method used in this investigation is generally applicable to plants without 
integrators or dominant complex conjugate poles, wherein the plant response for the wind 
system is found to correspond to these Zeigler-Nicholas rules. For a plant response to a unit 
step input, as depicted in Figure 7, the intersection of the tangent line at the inflection point 
with the start and end values of the curve  provides the delay time (L) and the time          
constant (T). 

 
 

Fig. 7: obtaining the time constant and delay time for a response to a unit step 
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For a controller of type KP (1+1/Ti s), 
The values of KP and Ti are given as KP =0.9(T/L) and Ti =L/0.3. 

 
4.2. P-I Controller Design 
 

In order to use the Zeigler-Nicholas rules for designing the proportional-integral (PI) 
controller is proposed to achieve constant speed for sufficient mechanical power, and the 
step response of the plant is required [8]. A block diagram showing the plant and controller 
used for generating the step response is depicted in Figure 8. The actuator is modeled as an 
integrator in a feedback loop, as shown in Figure 9. The rate limiter limits the rate of 
change of the pitch angle, as most pitch actuators cannot change the pitch angle more than 
some degrees/sec. The value used for the rate limiter in the simulations is 5◦/sec. 

 
 

Fig. 8: plant and controller 
 

 
Fig. 9: hydraulic actuator model used in the simulation 

 
A hydraulic actuator model of pitch control wind turbine is made in    

MATLAB/SIMULINK. Simulation results prove the effectiveness of the control system. 
The unit step response of the plant, obtained by applying a one-degree step input, is shown 
in Figure 10. 

 
The measured values of the time delay, L, and the time constant, T, are L = 0.03 s and  

T = 0.155 s.  Thus, the values of the proportional and integral constants are KP = 4.65 and 
Ki  = 46.5. 
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Fig. 10: Plant response to a unit step input 
 

The SIMULINK block diagram of the pitch controller wind energy system is depicted 
in Figure 11 [9].The complete pitch control system is modeled in MATLAB/SIMULINK 
and the SIMULINK model will be used to prove the effect of the proposed pitch control 
and actuator. The final conclusion of the simulation results are given in section-4. 

 

 
Fig. 11: SIMULINK model of the pitch controlled generator 
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5. Analysis of Field Test Results 
 
5.1. Wind Shear Correction 
 

No corrections need to be applied to the wind speed reading for anemometer heights 
whenever the wind velocity is within desirable limits different from the hub height. 
 
5.2. Correction of Power for Air Density Variations 
 

Before data analysis using the bin method, the data sets must be corrected for air density 
variations. In this procedure, the wind turbine speed range of operation is divided into a 
series of intervals (bins).The purpose of these corrections is to bring the power curve and 
the calculated mean power as close as possible to the values that   would be obtained if the 
measurements were all carried out at a standard dry air density of 1.225 kg/m3 at        
1013.3 mbar and 288.15K.  

 
For a stall-controlled wind turbine, each 10 min average net power value is corrected by 

applying the following formula: 
 
Ps = PT [1.225/ ρT],                                              (5) 
 

Where Ps   is the power corrected to standard conditions, PT is the uncorrected average 
power, and ρT is the test air density. PT is calculated for 288.15K: 
 

ρT = 1.225[288.15/T][B/1013.3],                             (6) 
 

Where B is   Barometric pressure in   mbar, t is the air temperature in degrees Celsius, and  
 T= t + 273.15. 
 

For a pitch regulated Wind Turbine Generator, the correction is the same as for a stall-
controlled WTG, provided the measured power levels are below 70% of the rated power 
[10]. For measured power levels above 70% of the rated power, the correction is applied to 
wind speed, instead of the power, according to the following expressions: 
 

Vs = Vt [ρT /1.225]1/3,                                               (7) 
 

Where VT is the measured, uncorrected wind speed in m/s, and Vs is the wind speed 
corrected to standard conditions, and 
 

      
in

i ij
j 1i

1P P
n =

= ∑                                                       (8) 

 
Where Vij is the jth 10 min average of wind speed in the ith bin, Pij  is the jth 10 min average 
of net power in the ith bin, and ni   is the  number of data sets in the ith bin. 
 

The ensemble averages, Vi and Pi, are then plotted and curve fitted through the plotted 
points. This curve is the WT power curve. The minimum conditions of a shorter pre-
averaging time does not reduce the total time, as the number of data sets per bin multiplied 
by the pre-averaging time  constant and must be met before the curve is established. The 
power curve is a linearly scaled, artesian coordinate system graph of the WT net power, 
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corrected for air density variations, (ordinate) versus wind speed (abscissa), as shown in 
Figure 12. 

 
Fig. 12: output power profile of the pitch controlled wind turbine generator 

Both scales start at zero. The ordinate scale should extend to 110% of the WT 
maximum power, and the abscissa should extend to a wind speed of at least 20 
meters/second. The power curve can be displayed graphically, as indicated in Fig. 12, and 
in the form of a table, as shown in Table 1.Care should be taken such that the air density 
corrections are not applied to fractions of the power that are not dependent on the air 
density, such as gearbox and generator losses. 

 
If, for instance, the relation between the net power (P) and rotor power (PR) is of the 

form:      
 
P = α PR – β                                             (9) 
 

With a constant α and β, the correction of the power for air density variations should be:  
 

Ps = 1.225/ρτ (α PR) – β                            (10) 
 

This will be the case for a grid-connected, constant speed WTG, wherein the electric 
losses are normally proportional to the power produced, while the mechanical losses in the 
drive train will be rotor speed dependent, and hence, be constant for a constant speed WTG. 
 
Table 1: Results of bin analysis 
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6. Results of Simulation 
 

The power output of the pitch controlled wind turbine generator, as a function of the 
wind. Velocity variation depicted in Figure 13. It’s shown in Figure 14. Desired output 
power is 12/30 KW. The output power variation is large (12%), and the system settling time 
is about 15 sec. The pitch angle reference generated by the pitch controller and the actual 
pitch angle of the blades (output of the actuator) are plotted in Figure 15. 

 
The response of the pitch actuator is slow (the time constant is 1 second), which limits 

the performance of the system. The plot of the rotor speed is shown in Figure 16. The rotor 
speed is always above 1 p.u, indicating that the generator is operating at super-synchronous 
speeds and has pitch regulated rotor blades for high performance and highly effective start 
and breaks. 

 

 
 

Fig. 13: wind speed profile used for simulation 
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Fig. 14: output power profile of the pitch control wind turbine generator 
 

 
Fig. 15: plots of the pitch angle reference and the output of the pitch actuator 

 
 

Fig. 16: rotor speed of the induction generator 
 
7. Conclusions 
 

The pitch control system is easy to implement; however, the response is slow and the 
output power variation is large. The aerodynamic power control for the variable speed wind 
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turbine can limit the power injected into the turbine by reducing the angle of the blades.  
Fast torque changes caused by wind gusts impact generator performance. The speed range 
of the generator depends on the converter voltage and the load situation. The blade pitch 
control system has been successfully designed to regulate the load voltage and stabilize 
rotor speed for an induction generator in variable-speed wind energy conversion systems. 

 
A higher available voltage for the converter in the rotor circuit will result in a higher 

range of speed. A speed was selected to make the generator choose a mechanical speed that 
provides the best power output as a function of wind speed. A rate limiter was selected to 
avoid fast changes in the mechanical speed. 

  
The scaling of the converter could potentially be investigated and also compared to the 

winding ratio for the converter of the machine to find an optimal winding ratio bus voltage. 
The response time is primarily dictated by the hydraulic actuator, which limits the 
performance of the system. The complete pitch control system with the proposed hydraulic 
actuator controller is modeled in MATLAB/SIMULINK. The controller should be used in 
conjunction with the pitch control system to avoid large losses during steady state 
operations. The constant speed is achieved by the controller for sufficient mechanical 
power. The hydraulic actuator mechanism is proposed for the variable speed wind turbine 
in a large power pitch control system. 

 
The major application in the future of the proposed small wind turbine control 

mechanism that follows will be involved in adapting the stepper motor pitch angle 
mechanism in place of the hydraulic actuator and the operating system design is also 
described below: 

 
1. Stepper motor – 10 Kg torque, 60 RPM, 24 V and 2 Amps, 10 degree. 
2. Single axis travel mechanism 
3. Piston inside the shaft 
 

This adaptation will be facilitated by rotating the stepper motor clockwise or counter-
clockwise, and transferring this rotation to the travel mechanism. The travel mechanism 
acts between the stepper motor and the piston. The travel mechanism will move the piston 
from front to back (a linear movement). The linear movement of the piston is connected to 
the circular movement of the blade axis by reciprocating links. This converts linear 
movement to circular movement, thereby, making the blades rotate circularly. The cost of 
this mechanism is low compared to a hydraulic actuator mechanism and can be used up to 
30 KW in a WT. 
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Fig.17: stepper motor pitch angle mechanism 
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