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 Background: The issue of energy crisis and environmental crisis, the food crisis has 

been a concern of Indonesia. To answer the energy crisis and environmental done by 
utilizing renewable energy sources. Horizontal axis wind turbine is a wind power plant 

is suited to Indonesian conditions. This is due to the condition of the wind farm with 

varied and fluctuating low rate speed (2-8 m / s). To obtain the optimum performance 
of a wind turbine applied intelligent control to be able to cope with the load change. 

FLC output in the form of changes in wind turbine blade pitch angle. FLC rule base is 

constructed based on the characteristics of the wind turbine response to changes in load. 
Performance of horizontal axis wind turbines can work up to 40 pulses per second, 

equivalent to 120 rpm. 0:01% indicated maximum overshoot,  error steady state  4,56 %  

and  the ITAE   39 275  So, wind turbines  operation in the working area of 60-120 
rpm. 
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INTRODUCTION 

 

 Global crisis in 2008, via namely the financial crisis, energy crisis and climate-environmental crisis, has 

motivated and encouraged the world community to seek alternative energy resources, such as new and 

renewable energy to replace conventional energy. For now on, wind energy has a claim on new and renewable 

energy; therefore wind energy can be proven to solve the three crises above. The world wind turbine installation 

development in 2010 reached 30% with a total capacity of 196, 63 GW. They comprises of China = 44, 73 GW, 

USA= 25, 81 GW and Germany = 27, 22 GW, followed by Spain, India, Italy, etc. Indonesia as a tropical 

country with low wind speeds (3-6 m / s) is also not left behind. In 2008, Indonesia has 1.4 MW wind turbine 

installations, and in 2011 a new plant is built in South Sulawesi and Aceh Bulukumba consist of 0.5 MW and 10 

MW respectively. However, the majority of the installed wind turbines in Indonesia are from other countries, as 

a result there is a great dependency of the components from other countries. Therefore, it is needed to develop 

local wind turbine either by LAPAN, BPPT, colleges, or the general public (BPPT., 2010; BMKG., 2011; 

Zhang and Jianzhong, 2008). 

 In this part, the wind kinetic energy will be transformed into mechanical energy and then    converted into 

electrical energy. Fluctuation in the wind kinetic energy value was often influenced by the wind speed changes 

and the type of air. Wind turbine mechanical energy production value is parallel with the wind kinetic energy 

input [4-5]. Maximum mechanical power production of wind turbines can be attained by increasing the angle of 

wind turbine rotational speed. Wind turbine mechanical power production depends on several variables of wind 

turbines, such as power coefficient (Cp), which depends on the value of (λ, θ). λ is the tip speed ratio (TSR) that 

cost = ωR / V), the value of R constant wind turbines, mean while the fluctuation of V value depend on the 

condition of the wind field, ω is the angular velocity of the wind turbine correlated to a blade angle position. 

Hence, the most influence variable of mechanical power production of wind turbines is the blade angle position 

other quantities which influence over mechanical power production is the type of blade and blade number, but 

its value is constant after the system was designed (Burton and Tony, 2001). 

 The wind turbine performance can be monitored, if a prototype wind turbine is outfitted with a computer-

based electronic monitoring system. Here, major scales such as V, ω and θ are likely to be monitored. To obtain 

these quantities, wind turbine is outfitted with a sensing rotary encoder for sensing turbine rotational speed.  

Furthermore, this rotation data is processed by processor, and then it is displayed and recorded in real time by 
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the PC. The variations of blade angle position changes can be control via  PC, so the blade angle position 

changes can be done in every single step 5
o
 quickly and precisely (Bogdan, et al., 2006). From this experiments, 

all data related to head position blade angle changes, wind speed and the speed will be processed to obtain the 

relation between the wind power and the turbine mechanical power output.  

 

MATERIAL AND METHODS 
 

 Wind turbines with electrical and mechanical system configuration will result in different power different. 

Blade aerodynamic theory used is the same (Rostoen and Hans Overseth, 2002). Wind has kinetic energy 

because it contains the mass and velocity. Wind turbines work by capture the kinetic energy and convert it into 

energy rotor rotation (mechanical energy). In figure 1 is described as a water foil exposed to the wind from the 

front W, it will produce a lift force vector (FL) and drag (FD) with a resultant (FT). Style lift and the drag force 

changes directly by the shape of the blade geometry, wind speed and direction to the main line of the blade. As a 

result of changes in the lift and drag force, the angular velocity and torque shaft will change as well (3.6). Pitch 

angle control system is one of the mechanisms that control the wind turbine works by controlling the 

aerodynamics of the blade through the blade pitch angle control to the wind direction (angle of attack) as shown 

in Figure 1. (Zhang and Jianzhong, 2008). The blade angle changes will affect the angular speed ( RPM ) of the 

shaft due to changes in the amount of power received by the blast of wind blades that are converted to shaft 

rotational speed. 

 

 
 

Fig. 1:  Vector force on turbine blade (Zhang and Jianzhong, 2008). 

 

 Mechanical power that can be generated at the wind turbine wind speed v, windswept cross-sectional area 

A satisfies the equation 

2

1
P ρair Cp(λ,θ) Ar 

3

wV                                               (1) 

 The density of air is assumed to remain at 1000 kg/m3. In actual conditions depend on the density of air 

humidity and air temperature. Mechanical efficiency depends on the power coefficient. Wind turbine power 

coefficient is a function of tip speed ratio and pitch angle. Tip speed ratio (TSR) is defined as the ratio of the 

linear speed of the rotor and the wind speed, the angular speed of the blade is then TSR is defined (5) 

v


  R                                        (2) 

 If ω is a constant corresponding desired set point and R blade is constant Cp depends only on v and θ. 

Therefore v cannot be controlled then θ be a variable that is controlled to compensate the change of wind speed 

(V) to obtain the expected power. To obtain θ in accordance with the requirements, and then do the data 

retrieval with wind speed (V) fixed (constant). The relationship between wind power and angular velocity 

(RPM) shown by equation 2:13 shafts. With power production is proportional to the angular velocity of the rotor 

blade (Musyafa, et al., 2010; Musyafa, et al., 2011). 

  

 P= τaero                       (3) 

λ = tip speed ratio 

ω = angular velocity (rps)  

V = wind speed (m / s)  

R = radius of the rotor blade (m) 
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 Production of wind power captured by a wind turbine HAWT horizontal axis can be lowered through the 

wind kinetic energy equation which moves with a certain speed towards the x-axis, the energy equation for the 

air passing through the wind turbine is shown by equation 4. And 5. Fig.2 

  2
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 Power is the energy derivative with respect to time; 
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 The relationship of wind speed in the wind tube passing wind turbine is ideal: 
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Fig. 2: Tube wind that passes through a wind.
 

  

 Wind power that can be extracted by the wind turbine as follows; 
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 To simplify the calculation, equation (7) is converted into another form that uses variable A2 or associated 

with wind turbine sweep area as follows: 
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 Fuzzy system is expressed in degrees of membership and a degree of truth (Bogdan, et al., 2006). The 

advantages of fuzzy logic theory are in the process of reasoning ability in the language (linguistic reasoning). So 

that in its design does not require a mathematical equation of the object to be controlled. Model-based fuzzy 

logic (fuzzy rule - based model) suitable for nonlinear system introduced by Takagi and Sugeno. Fuzzy model ( 

MF ) is presented , illustrated by the rules ' if-then ' fuzzy represent linear input- output relations of nonlinear 

systems . Overall fuzzy model of the system is obtained by a linear model of the system to mix and match. 

Takagi - Sugeno fuzzy model ( TS ) for continuous systems described in the form of a set of rules ' if-then ' 

fuzzy rules expressed in all models I, IF ζ1 ( t ) was MI1 and ... ζp ( t ) is Mip . Membership value as a result of 

operation 2 sets often known as fire strength or α - predicate. Maximum operator associated with the union 

operation of set theory. α - Predicate as a result of the operation with the OR operator is obtained by taking the 

largest membership value between elements in the sets in question (Bogdan, et al., 2006). 

HAUB = max [HA(x), HB(y)]                                                  (9) 

 Where HAUB is a membership function of a combination of A and B. While the x and y are members of the 

set. 

 Wind turbine control system consists of several components, namely a relative rotary encoder sensors, 

controllers based on Takagi-Sugeno fuzzy logic is embedded in the microcontroller ATMega16A, actuators 

such as servo motors and the standard wind turbine plant. Relative rotary encoder which serves as a rotation 

sensor consists of two tracks or a single track and two sensors called channel A and B. When the shaft rotates, 

pulse train will appear in each channel at a frequency proportional to the rotational speed while the phase 

relationship between channels A and B resulted in the direction of rotation is shown by Figure 3. (Rizqiawan, 

Arwindra, 2011). 
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Fig. 3: Rotary encoder  (Rizqiawan, Arwindra, 2011)  

 

 The microcontroller is able to generate data input and output according to the instructions given program. 

The timer / counter is a facility of the ATMega16 used for the calculation of time. Some facilities channels of 

timer / counter, among others: single-channel counter, Pulse Width Modulation (PWM), frequency generator, an 

external event counter. Method of Pulse Width Modulation or PWM can be used to adjust the position of the 

servo motor. The PWM can be generated through software. PWM pulse width is expressed in the Duty Cycle. 

For example, 10% duty cycle, mean pulse width is 1/10 part of the full period. 

 Formulation OC1A/OC1B frequency output signal pin (output compare 1A/1B) in CTC mode (Clear Timer 

on Compare Match) using PWM timer / counter 1 (http://www.atmel.com/atmel/acrobat/doc2466.pdf. 

www.atmel.com). The CTC mode is the most flexible PWM mode, because the TOP value can be set in 

accordance with what we want so that the value of frequency can be adjusted as appropriate. While in PWM 

mode, the value of TOP is worth the same as the maximum number of bith in figure 4. 

 Servo motor axis angle is set by the width of the pulse signal is sent through the legs of the motor cable. 

There are two types of servo motors are standard and continuous servo motors. Standard type servo motor 

rotates 1800 and continuous servo motors can rotate by 3600 (Somers and Dan, 2002). Servo motor motion 

control method performed by a PWM. (Pulse Width Modulation). This technique uses a system of pulse width 

motor rotation control. Servo motor axis angle is set based on the width of the signal pulse is sent through. 

Figure 4. With 1.5 ms pulse width of 2 ms period the motor axis angle will be at the center position (Somers and 

Dan, 2002). 

 

 
 

Fig. 4: The servo position by a PWM signal (Somers and Dan, 2002) 

 

 Blade used type S833, S834, S835 designed specifically for wind turbines with a diameter of 1-3 feet on 

wind speed and pitch angle (pitch angle) is varied. Blade airfoil shown in Figure 5. Aerodynamic blade design 

was developed and refined to reduce the interference that often occurs in wind turbines. Aerodynamic 

disturbance at the turbine blade is mostly due to the outer portion of the blade, wherein the portion receiving the 

highest wind speed (11). The special design has been perfected by James L. Tangler of the National Renewable 

Energy Laboratory (NREL). Which consists of three S835 root airfoil i.e., primary S833, and S834 with the size 

of the radial tip blade (blade radial station) 0.75; 0.95; 0; 4 (Bentley and John, 1995). 

 

          
 

Fig. 5: Profile of airfoil; type, S833, S834 and S835 (Bentley and John, 1995)  

 

 The object of the research is the design of small-scale wind turbine and blade pitch angle control system 

(Figure 6). In this study the type of wind turbine blades that are adapted to the use of wind speed in Indonesia, 

which ranged between 2-8 m and s. Type of wind turbine airfoil is NREL S833, S834, and S835. While the 

control system used is based on fuzzy logic control systems Takagi-Sugeno type. Research step is shown in 

Fig.6. 
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Fig. 6: Flow diagram of the control system development. 

 

C. Control System Wind Turbine Blade Pitch Angle: 

 FLC is a closed loop control system, the input control and delta error is error. Error is the difference 

between the set point with control variables (in this case pps); the delta error is the error margin at the present 

time with before. Based on the principle of the control system block diagram is shown in Figure 7. 

 

 
 

Fig. 7: Block Diagram of Fuzzy Logic Control. 

 

 Membership function of fuzzy logic based on Takagi-Sugeno formed response data turbines with pitch 

angle variation (resolution 50 from 00 to 900) and wind speed. These data were taken using a monitoring system 

to achieve maximum Events steady for about 300 seconds. Having obtained the data on the Events steady, then 

the value of the angular velocity and the average was taken as the response set in accordance with the conditions 

of the pitch angle and wind speed Figure 8. 

 

 
 

Fig. 8:  The response speed of the position angle of pitch angle and wind speed. 

 

 Based on the data collection table, there are irregularities that occurred at the corner of 150 and a wind 

speed of 7 m / s. It can be caused by environmental factors or calculation is less precise sensors. So that the 

range of angles used as actuation control system set 5-100 to improve the speed and angle of 15-450 to lower 

angular velocity. Membership is show function in Figure 9-11. Membership function error range is -60 to 60. 

Value is taken from the maximum angular velocity at 56 pps. While the range of the  membership function of 

the delta error obtained by the study. Based on the research note that the value is not too large range that is 

below 10 pps. To anticipate the sudden surge use the range -20 to 20 pps.  
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Fig. 9:   Membership functions of input error and input error delta. 

 

 
 

Fig.10: Angle of the output membership function. 

 

System comparison of two input used is the maximum. If the input data is located at the intersection of the 

retrieved value is the maximum value, so that the boundary region is the intersection of two intersecting straight 

lines functions. 

 

 
 

 Membership is made more narrow function that outputs more carefully. The resulting resolution of the 

smallest 50. Repeating the experiment obtained optimal results on the limits of the membership functions. The 

output is chosen based on preliminary data retrieval response of wind turbines. 50-100 pitch angle changes 

increase the use of wind speed. While 150-450, to lower wind speeds. Value is directly proportional to the 

magnitude of decrease in pitch angle. To go beyond the pitch angle of the turbine blade stall condition is no 

longer able to catch the wind force. 

 Rule base fuzzy logic or rules represent the input-output relationship. This rule base is built on the principle 

of control systems to maintain process variables remain in the set point by changing the manipulated variable. 

The manipulated variable is the pitch angle. Error stating the status of the process variable, while the delta error 

stating actuation ongoing condition. This value, indicate the circumstances that occurred in the turbine, if being 

in a state of improvement or deceleration. When positive error and negative error delta means the turbine is in a 

state increase in speed. Meanwhile, a positive error and delta positive error means the turbine is running the 

wrong, because the positive errors should improve the speed but instead lowers speed (angular velocity 

decreased as delta positive error) is therefore given actuation to improve revolution with an angle of 50. 

 
Table 1: Rule base of  flc. 

DE / E NH NM NL ZE PL PM PH 

NB 45 45 40 15 15 15 15 

NM 45 45 40 10 10 10 15 

NS 40 35 20 5 10 10 10 

ZE 40 35 20 5 10 10 10 

PS 35 20 15 5 10 10 10 

PM 30 15 10 10 5 5 5 

PB 30 15 10 10 5 5 5 

 

RESULTS AND DISCUSSION 

 

A. Test the performance of the control system with fixed point set: 

 The qualitative analysis is done based on the analysis of the system response parameters. The test results 

related to the system's ability to overcome interference, maintaining the set point and other parameters that 
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describe the quality control system. To see the response of the system is done by giving the wind resource at a 

predetermined set of plant point, further giving the variation of wind speed at the turbine.  

 Finally control system performance can be evaluated.  Set point 10, 20, 30, 40 are given to the wind speed 

of 4.8; 6.5; 7 and 7.5 m / s. In figure 11, the system response is more oscillatory than 13 images, essentially 

error on some responses ranged on the same value. The error contributed zero FLC membership is a function 

which has a range of -2 to 2 pps. 
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Fig. 11: Response system in set point 10 pps and 20 pps. 
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Fig. 12: Response of control system with set point 30 pps and 40 pps. 

 

 FLC complete quality parameters shown in Table 2. Maximum set point overshoot occurred at 20 pps. This 

is due to the instability of wind disturbed. In other conditions the maximum overshoot can be suppressed. This is 

due to the FLC is able to condition applied to the blade pitch angle error and delta 50 with zero error. The pitch 

angle caracteristic reduce the angular velocity at high wind speeds and increase the speed at low wind speeds. 

Figure 11-12 and Table 2, showing the steady state error at 10 pps step-in large enough value is compared with 

step-in 20,30 and 40 with a value of <5%. This is due to oscillations that often occur because of the actuation of 

the plant. 

 
Table 2: Performance of Fuzzy Logic Control. 

Set point (pps) Maximum overshoot ESS (%) ITAE 

10 0% 8,57% 857 

20 5% 4,18% 418 

30 0% 4,65% 465 

40 0% 4,56% 456 

 

B.  Test of Control Tracking: 

 Testing set point tracking is part of the qualitative analysis of control system response. Both parameters 

Maximum Overshoot and ESS can use for indication level success of FLC. The test is performed by changing 

the set point value after steady state. Set point is taken is 20 - 30-20. To study the response of the system in the 

event of changes in the load current change from 20 - 30pps, wind speed changed from 6.5 to 7m / s. While the 

change from 30-20 was made permanent 7m / s. Figure 13. Shows the FLC is able to follow the set point. The 

time taken rose from 20 to 30 pps set point is relatively long compared to the conditions fell from 30 to 20 pps. 

Energy reduction in angular velocity by pitch angle control is stronger than the energy increase to the angular 

velocity. So the time down from 30 pps to 20 pps faster. 

 

C. Quantitative Analysis of Blade Pitch Angle Control System Prototype Wind Turbine: 

 Parameter Integral Time Absolute Error (ITAE) describes the overall number of errors at each time interval. 

The maximum value of settling time 148 s, so the time taken is that to 150 s. Based on Table 3 there is a 

difference ITAE low and high set point. When the 10 seconds into the low set point error arising relatively 

small, ± 3 pps. For high set point the same time the error occurred relatively large ± 11pps. Thus given greater 

actuation. At 40 set point, process variable statistically operate at 40 1.05 pps. Based on Table 3, it is known that 

the control system has good performance. 
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Fig. 13: Response of set point tracking using FLC. 

 
Table 3: Control System Performance with Set point tracking. 

Setpoint Maximum  Overshoot ESS (%) ITAE 

10 30 0,857 10875 

20 30 0,835 10925 

30 20 1,695 30887 

40 0 2,220 39275 

 

Conclusion: 

 Pitch angle control system prototype wind turbine based on fuzzy logic produces 10 pps set point control 

system has a maximum overshoot time 0%, 8.57% steady state error; set point 20 pps have maximum time of 

5% overshoot, steady state error of 4.18%; 30 pps have a maximum set point overshoot time 0%, 4.65% steady 

state error; and at 40 pps have a maximum set point overshoot time 0%, 4.56% steady state error. Based on 

quantitative analysis, the control system at the set point 10, 20, 30, 40 pps respectively have ITAE 10 875, 10 

925, 30 887, 39 275. Turbine wind capable of operating at 20-40 pps / 60-120 rpm. Suggestions for further 

development, wind speed sensor added that more specific actuation control system so that performance can be 

improved. 
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