
Advances in Natural and Applied Sciences, 9(8) July 2015, Pages: 43-48 

 

AENSI Journals 

 

Advances in Natural and Applied Sciences 

 
 

ISSN:1995-0772    EISSN: 1998-1090 

Journal home page: www.aensiweb.com/ANAS 

 

   

Corresponding Author: Ali Musyafa, Department of Engineering Physics,  Faculty of Industrial Technology, Sepuluh   

Nopember Institute Of Technology, Kampus ITS Keputih, Sukolilo, Surabaya – Indonesia, 60111  

Tel: 62-31-5966138/5947188 E-mail: musyafa@ep.its.ac.id 

Implementation of Pitch angle Control Base Particle Swarm Optimization on 

Horizontal Axis Wind Turbine at Low Rate Wind Speed 
 

Ali Musyafa, Sunarto, Ronny D. Noriyati 
 

Department of Engineering Physics, Faculty of Industrial Technology, Sepuluh Nopember Institute Of Technology,Box Surabaya, 

INDONESIA 

 

A R T I C L E  I N F O   A B S T R A C T  

Article history: 

Received  1 June 2015 

Accepted 28 June 2015 
Available online 22 July 2015 

 

Keywords: 
Wind Turbine, Performance, 

Pitch Angle,Particle Swarm 

Optimization, Control 
 

 Background: Indonesia's oil reserves are running low at this time. Therefore it is 

necessary to explore alternative energy sources-source able to cover the energy needs in 

Indonesia. One potential alternative energy source is wind energy. Availability wind 
energy in Indonesia is relatively varied depend on the geographical position. The 

problems associated with wind turbines and overcome by applying the control system 

of wind turbine pitch angle. In this study Proportional integral control (PID) system 
implemented based Particle Swarm Optimization (PSO) on a wind turbine blade pitch 

angle. With the control system at varieties wind speed, the turbine rotor angular 

velocity is expected to awake in the specified work area. PSO is a population-based 
modern heuristic algorithm inspired by the behavior of the animal herd movements 

such as bees. Of the performance test, the system shows that the wind turbine has a 

value of the coefficients of performance (Cp) on average by 0581. Best tuning results 
obtained PSO parameters Kp=0.4176 and Kd o= 0.1159 and the system has a standard 

deviation of 0.81. 
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INTRODUCTION 

 

 Availability of energy in the future is a problem 

that has always been a concern of all nations. 

Currently oil is still the main source of energy to 

meet its energy needs. The role of the big oil 

continues, while the dwindling reserves. So, we need 

alternative energy that can help supply the energy 

needs in Indonesia. One potential alternative energy 

source is wind energy. Velocity average wind here 

has been that in the range of 0-7 m / s at a specific 

location relative change and depends on wind lading. 

(Abbes, Furat A.R. et al2010). 

 To address these problems, performed by 

applying the control system of wind turbine pitch 

angle control. With the control system on a 

horizontal axis wind turbine, the generator power 

generated can be stabilized and the generator can 

work in optimal working area. In this study used the 

PID control method based on Particle Swarm 

Optimization (PSO) for controlling a wind turbine 

blade pitch angle.  

 Expected at various wind speeds, the value of 

the wind turbine rotor angular velocity remains stable 

and maintained in optimal working area. The 

problem in this research is how to design and build a 

wind turbine control system based good 

performance. Best tuning results obtained PSO 

parameters Kp. Kd. And Particular Swarm 

Optimization (PSO) in a field of wind with relatively 

low wind speed can produce a good performance; 

best tuning results obtained PSO parameters Kip. 

Kid. and the standard deviation best Solution 

(Alrijadjis, et al2010) 

 Renewable energy the fastest growing in the 

world today is wind energy. In other parts in general, 

the use of wind power in Indonesia received less 

attention. Until 2004, the installed capacity of wind 

power utilization only reached 0.5 MW from 9:29 

GW potential. Though wind power generation 

capacity in the world has been growing rapidly with 

a cumulative growth rate through 2004, exceeding 20 

percent per year. 5 GW of installed capacity in 1995 

grew to almost 48 GW at the end of 2004, which 

spread in the amount of 74.400 wind turbines are 

implemented in approximately 60 countries 

.(ESDM,2005, Catana, Ilie. et al2010). 

 

1. Principle of wind Turbine 

The basic principle of a wind turbine is a rotating 

turbine shaft ability caused by the vector of the lift 

force and drag force generated due to the 
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aerodynamic shape of the blade cross section. In 

figure 1 is described as a foil of water exposed to the 

wind from the front, it will produce the lift force 

vector (L) and drag (D). Style lifts and drags force 

these changes are influenced directly by the 

geometry of the blade, wind speed and direction of 

the main line of the blade. As a result of changes in 

the style of lift and drag, then the angular velocity 

and torque shaft will change as well, (ESDM,2005)  

 The tilt angle of the blade control system is one 

of the mechanisms that control the wind turbine 

works by controlling the aerodynamics of the blade 

through the tilt control blade angle to the direction of 

the wind (angle of attack) as shown in Figure 2, this 

blade angle changes will affect the angular velocity 

(RPM) of the shaft due to a change in the amount of 

power received by the blast wind blade is converted 

into rotational speed shaft shown in Figure 1. 

(Somers,2002), (Ali Musyafa, Farid .R.M. et al 

2011). 

 

 
 

Fig.1: Vector model On Air Foil with angle of  

Attack variation (Musyafa, et al2010). 

 

 Power energy per unit time, wind power is 

directly proportional to air density, wind speed, as 

shown by the following equation. (Lei head, W. E., 

2005. Muttaqhin, F. Musyafa, A.2011) 

 

P = ½ .ρ.V
3 
[ watt/m

3
]                         (1) 

 To analyze how much wind energy that can be 

absorbed by the wind turbine used Betz Elementary 

Momentum Theory. Simply put, the theory of 

elementary Betz momentum based on the two-

dimensional flow modeling wind on wind turbine 

rotor. Reduced air flow velocity and flow lines veer 

when through the rotor. Reduced air flow rate due in 

part to the wind kinetic energy is absorbed by the 

wind turbine rotor. In fact, the rotation of the rotor 

produces a change in the direction of the tangential 

wind speed which consequently reduces the total 

amount of energy that can be extracted from the 

wind. (Ebrahim, M, A. et al 2011.  Fingers, L.J., 

2008.) 

 Energy can be extracted from the wind with a 

speed reduction, meaning that the air speed at the 

back of the rotor is lower than the speed of the rotor 

on the front. Mechanical energy captured from the 

wind per unit time based on changes in speed is 

expressed in the equation. (Musyafa, A. Farid .R.M. 

et al 2011). 

 

 
 

Fig. 2: Model-based Beltz momentum theory  

(Musyafa, A., at. al.,.2010.). 

 

P = ½ .ρ.A1.v1
3
- ½ .ρ.A2.v2

3
=½ .ρ.A1.(v1

3
- v2

3
)        (2) 

Assuming the density does not change, then in 

accordance with the law of continuity: 

ρ. A1.v1 = ρ. A2.v2 

Then, 

P = ½ .ṁ.(v1
2
-v2

2
)            (3) 

 The ratio of the mechanical power output has 

been modified from wind energy with wind power 

contained in Po-called "power coefficient" Cp by the 

equation, Jianzhong Zhang, et al..2008, 
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 With, v2/v1= 1/3, then the amount or the 

maximum theoretical efficiency of wind turbines Cp 

at 0.5923. So that the maximum wind power that can 

be extracted by a wind turbine with a rotor sweep is 

broad, 

 P = (16/27) ½ .ρ.A.V
3 
[watt]             (5)  

 Cp value for one type of wind turbine is not 

always the same as the value of Cp is a function of 

tip speed ratio or λ. To determine the maximum 

value of Cp can be produced by a wind turbine, it is 

important to know in advance how much the tip 

speed ratio produced. Through the equation 5 can be 

calculated value of tip speed ratio (Musyafa.A, et al 

2010., Musyafa, A. et al 2011). 

 Ρ
v

ω
λ               (6) 

 

2. Particle Swarm Optimization Algorithm: 

 Particular Swarm Optimization (PSO), 

According to James Kennedy and Russell Eberhart 

(1995), Particle swarm optimization (PSO) is one of 

the modern population-based heuristic algorithms 

inspired from the behavior of herd animals such as 

fish movement (school of fish), herbivore animals 

(herd), and birds (flock) in search of food. They 

move together in a group and not the individual. 

Further simplified animals each object into a particle. 

A particle in space has a position that is encoded as a 

vector coordinates. This position vector is considered 

as a state of being occupied by a particle in the 

search space. Each position in the search space is an 

alternative solution that can be evaluated using the 
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objective function which each particle is moving 

with velocity, (Sneckenberger, John, and E.et al 

2013). 

 According Alrijadjis (2010), the PSO itself is 

one of optimization techniques and include the type 

of evolutionary computing techniques. This method 

has a good robust to solve problems that have 

nonlinear characteristics and non differentiability, 

multiple optima, large dimensions through adaptation 

derived from the theory of social psychology. 

 

Start

Initialize particles with random position 

and velocity

Evaluate Solution

Compare/update pbest

Compare/update gbest

Meet Stopping criterion

Update velocity and position

end

N

Y

 
 

Fig. 3: Flowchart based PSO algorithm, Zerda, Evi  

Rea., 2009. 

 

PSO equations expressed in, 
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 Constanta of inertia weight can be made at a 

price between 0.2 - 0.9. From equation PSO, is 

divided into three main sections, (Zerda, Evi Rea., 

2009). 

 Momentum Part : )(

,
.

t
V mi

W   

Particle velocity cannot be changed freely, but with 

the speed of change now 

 Cognitive part : 
)(

,,1 (** t
mimi XpbestRandC    

 Is part of the particle experiences, learn from the 

experience of the particle itself. 

 Social part :
)(

,2 (** t
mim XgbestRandC   

 Is collaboration between the particles, to learn 

from the experience of other particles? 

 According Rochmatulah (2009), the fitness 

function (f (x)) is used to determine how well the 

predetermined position. This function has domain 

position vector x with the output of a specific value 

that indicates how well the position vector x. the 

better the value, the closer the position of the 

solution. With this function, the positions that have 

been found to be compared to its proximity to the 

sought solution. The fitness function is different in 

each issue depends on the problem at hand. 

 Measures to achieve the research objectives of 

the control systems on the blade pitch angle of the 

wind turbine based particle swarm optimization 

(PSO) is described in the following stages (J. 

Kennedy and R.C. Eberhart.1995, J. Kennedy and 

R.C. Eberhart. 1995). Modeling of wind turbines 

based on the journals of Dr. John E. Sneckenberger 

in Modeling and Control Of A Wind Turbine as a 

Distributed Resource, which is in the process of 

modeling done by the Taylor series linearization.  

 

3. Modeling of Wind Turbine 

In general, to model wind turbine is obtained from 

the kinetic energy equation that passes through the 

wind turbine blade. 

),()
3
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inearization dynamic model equations wind turbines 

required for the control mode used is proportional-

integral-derivative (PID), which works in a linear 

system, because the dynamic model of the non-linear 

turbine must be linear zed. Linearization of the 

dynamic equation is the wind turbine. (Abbas, Furat, 

A.R. et al.2010). 
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 So that the wind turbine rotational speed is 

defined as and shown in Figure 4. 
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Fig. 4: Block diagram of wind turbine plant, (Abbas, 

Furat, A.R. et al..2010). 

 

 Mathematical model of the wind turbine is 

expressed in the equation, 
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4. Modeling of Actuators: 

 To move the wind turbine blade has three servo 

motors. Modeling actuator is represented in the 

equation: 

1






s

K

m

m

c 


 

 Km is the actuator gain obtained from the 

equation, 

mesurementiabelspan

outputspan
Km

_var_


  

 
300021000

090




 =0.005 

τs is the time constant obtained from the datasheet 

servo GWS S-125 at 0:21 / 60o. So that the transfer 

function of the actuator is, 

121.0

05.0








sc


            (11) 

 

5. Modeling of Transmitter 

 Transmitter is used opt interrupter which 

generates a signal box because of the rotary encoder 

20 holes coupled with wind turbine shaft. Settling 

time obtained from the data sheet opto interrupter of 

10ms. From the datasheet opto interrupter, a score 

gain Kt is the ratio between the output span to span 

the input. 

mesurementiabelspan

outputspan
Kt

_var_


 5

01

05





  

 So that the transfer function opt interrupter is, 

10.01s

5

PV

MW


  (12) 

 After modeling the plant, actuator and 

transmitter then the overall system model is a wind 

turbine shown in Figure 5.  

 

 
 

Fig. 5: The dynamic model of wind turbine Transfer  

function system shown in Figure 6.  

 

 
 

Fig. 6: Transfer Function plant system. 

 

RESULTS AND DISCUSSION 

 

 Analysis of the performance of wind turbines 

done by the primary data collection in the form of 

rotations per minute (RPM) shown in Figure 7. 

 

 
 

Fig. 7: RPM to pitch angle and wind speed. 

 

 Open-loop testing is intended to determine the 

performance of the block processes that have been 

made. In open-loop simulation is used as input of 

step test signal value is 1, this value is present 

magnitude Pulse per Second (PPS) is 0:33 rotational 

speed (RPM) wind turbines shown in Figure 8. ( 

Tony Burton,et al 2001, Zdenco Kovacic, Stjepan 

Bogdan.,2006, Zerda, Evi Rea., 2009). 

 To perform tuning PID with PSO, the first step 

that must be done is to determine the number of 

individuals in a population, the value of the position 

and velocity determination, determination of the  
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Fig. 8: Open-loop test wind turbine systems. 

 

 Number of iterations and the determination of 

the weight of inertia shown in Figure 9. 
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Fig. 9: Close loop test wind turbines system. 
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 From Table 1 explained that the best inertia 

weight value lies in the value of 0.9, it is based on 

the value of the performance index of the smallest 

found on inertia weight by 0.9. However, the inertia 

weight value of 0.9 is not applicable to all systems. 

Under the rules of standard PSO, inertia weight value 

set in the range of 0.2-0.9. 

 
Table 1: Weight Inertia vs. Performance Index 

Item    PSO    

  W 
=0.2 

W 
=0.4 

W 
=0.5 

W 
=0.6 

W 
=0.7 

W 
=0.9 

Para Kp 0.52 0.49 0.23 0.39 0.52 0.42 

metre Ki 0 0 0 0 0 0 

PID Kd 0.001 0.023 0.171 0.040 0.001 0.116 

Perfo. index IAE 2.463 1.260 1.150 0.948 2.465 0.697 

 ISE 1.35 0.575 0.637 0.436 1.35 0.378 

 

 For the system response shown in Figure 10. 
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Fig.10: The closed-loop response to variations in the 

number of individuals 

 Furthermore test the response to the influence of 

the number of individuals in the population and the 

number of iterations. The number of individuals 

assigned number 25, 40 and 50 the number of 

iterations of 50 and inertia weight value of 0.9. For 

the system response shown in Table 2. 

 

 

Table 2: Effect of Number of Individuals Against Performance Index. 

Item PSO iteration 

 n=25 n=40 N=50 

PID Kp 0.1468 0.5075 0.4176 

parameter Ki 0 0 0 

 Kd 0.3937 0.0070 0.1159 

Performa IAE 3.0350 1.8520 0.6966 

Index ISE 1.6000 0.9304 0.3784 

     

 
Table 3: Response Controller using PSO-PID. 

Set Point Max. 

Over 

shoot 

Rate sted. 

state 

Settling time STD. ITAE 

 

20 5.0 % 19.42 98 0.749 35825 

30 3.3. % 29.18 175 0.784 183650 

40 2.5 % 38.55 566 0.896 585943 

 

 Analysis of the pitch angle control system is 

done by looking at the response of the system set 

point tracking shown in Figure 11. 
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Fig. 11: Tracking test with set point PSO-PID. 

 

Conclusion:  

 Based on testing of wind turbine with wind 

speed varied, wind turbine has a Cp value by an 

average of 0.5814. The smaller value of 0.0109 

(1.8%) than the maximum Cp values expressed by 

Beltz, of 0.5923. so that the excellent performance of 

the wind turbine. Of dynamic modeling of wind 

turbines and PID control system in tuning the 

parameters obtained PSO Kp = 0.4176 and Kd = 

0.1159. In the real plant conditions, PSO-PID 

controller in steady state has a standard deviation of 

the average response of 0.81, PSO is able to achieve 

whatever set point value is specified, and the PSO 

has a relatively long settling time. 
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