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 In Domestic Wind Machines, if the wind speed is low, the output voltage is not 

sufficient to charge the battery as it is lower than the rated charging voltage of the 

battery. This limits the overall efficiency of the Wind Machine to 20%. This paper 
proposed to design and develop a Fuzzy Logic Controller (FLC) for the effective 

utilization of the wind machine .By implementing a FLC based Buck Boost converter, 

the voltage produced at the lower wind speeds can also be utilized effectively by 
boosting it to the rated charging voltage of the battery. Also if the wind speed is high 

(>14 m/s), the DC output voltage will increase to more than 65 V. The converter 

bucks this high voltage to the nominal battery charging voltage (52 V), thereby 
protecting the battery from over charging voltage. Thus effective utilization of the 

wind machine has been achieved by the use of the proposed Buck Boost Controller. 
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INTRODUCTION 

 

 The demand for energy has increased 

tremendously in the past few decades. As a result, 

the use of renewable energy sources like solar 

energy, wind energy etc., is gaining popularity. Thus 

the Domestic Wind Machines (<10 kW) are 

extensively used in both rural and urban areas to 

generate electric power from wind energy.In 

Domestic Wind Machines, if the wind speed is low, 

the output voltage from the Wind Machine after 

rectified into DC is less. The battery will not charge 

as it is lower than the rated charging voltage. This 

happens most of the time in a day, since the wind 

speed in domestic regions is in the range of 0 to 4 

m/s. This limits the efficiency of a conventional 

domestic Wind Machine to 20 %. Therefore, an 

efficient control mechanism is needed, so as to utilize 

the wind power effectively. 

 In this paper we have proposed a Fuzzy Logic 

Controller (FLC) based Buck- Boost converter, so that 

the voltage produced at the lower wind speeds can 

also be utilized effectively by boosting it to the rated 

charging voltage of the battery. The FLC constantly 

monitors the output voltage from the Wind Machine. 

Corresponding to the magnitude of the DC output 

from the rectifier, the controller calculates and 

changes the width of the pulse given to the converter, 

to boost it to the rated voltage of the battery. Thus the 

battery is charged even when the wind machine 

rotates at lower speed (0-4 M/S) .If the wind speed is 

high (>14 m/s), the DC output voltage is also high. 

The converter bucks this high voltage to the battery 

charging voltage thereby protecting the battery from 

over voltage. 

     

II. Specification of the Wind Machine System: 

2.1. Wind Machine: 

2.2 Wind Turbines: 

 A wind turbine is characterized by its power-

speed characteristics. For a horizontal axis wind 

turbine, the amount of power Pt that a turbine is 

capable of producing is given by 

31
* * * *

2
t PP C A V                                                   (1) 

where ρ is the air density, A is the swept area of the 

turbine and v is the wind velocity. The Cp parameter 

is called the power coefficient and is dependent on 

the ratio between the linear velocity of the blade 

tip (R*Wt) and the wind velocity (V). This ratio, 

known as the tip-speed ratio, is defined as where R is 

the radius of the turbine. This kind of application is 

designable with constant or variable speed. 

*t R

V


                      (2) 
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 Different types of wind turbines are available 

on the market. The different types of wind turbines 

have their own advantages and disadvantages. 

Fixed-speed wind turbines normally cause a voltage 

drop during start-up (Manwell, J.F., 2002). The 

voltage drop is mainly caused by reactive power 

consumption during magnetization of the 

generator. Another problem concerned to wind 

turbines with fixed speed is the flicker produced 

during normal operation of the wind turbine. Once 

this method the energy extraction is optimized for 

one point of operating, it means that for only wind 

speed is achieved the maximum value of extraction. 

 The variations in the generated power are 

mainly caused by the wind turbines and the tower 

shadow effect. These variations can lead to flicker 

emission. Variable-speed wind turbines can reduce 

these power variations and eliminate the flicker 

caused by power pulsation, becoming possible to 

maximize the energy extraction using an 

appropriated control method. 

 

 
 

Fig. 1: Wind Machine. 

 

3. Fuzzy Logic Controller: 

 Fuzzy logic is applied to wind farm control 

with the goal of pass-through the complex, non-

linearity and uncertainty of these control systems. In 

(Reznik Leonid, 1997) are present some limitations 

of conventional controllers as: nonlinear models are 

computationally intensive and have complex 

stability problems. A plant does not have accurate 

models due to uncertainty and lack of perfect 

knowledge, uncertainty in measurements and 

multivariable’s and multiloops systems have 

complex constraints and dependencies. 

 

3.1. Fuzzy Logic control: 

 

 
 

Fig. 2: Fuzzy controller structure. 

 

 The Fuzzy Inference System (FIS) evaluates at 

each time which control rules are appropriate using 

the base knowledge. The defuzzification unit 

computes the crisp output of the rules leading to the 

optimal plant control. The typical TSFC 

configuration is given in Fig.5 

 
*( ) ( ) ( )s s se nP nP nP    

( ) ( ) ( )s s s sr nP e nP e nP P               (3) 

 Where n: Positive integer, sP  : Sampling time, 

*y : Set point, e(nP): Error, r(n): Error  

rate, ( )y nP system output. 

 In this work, the FLC design uses the hand- 

tuning method considering, in the first stage, the 

classical PI as a reference. The conventional PI is 

replaced by a Fuzzy PI with a discrete 

approximation depicted in (2). The same response 

of the closed loop system verifies of the right 

implementation. 

1

1
.( )
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jt

K e P
P




                                                (4)    

 

 The defuzzification process computes output 

with assigning a representative value to the fuzzy 

variable. The output of the TS model is calculated 

by the weighted average given in (3)  
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                         (5) 

 

3.2. Membership Functions: 

 The highest excursion of the inputs is scaled 

to the input universe in order to avoid saturation. 

The signals sizing are obtained with adjusting the 

FLC gains. To increase sensitivity, the input 
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universe is split into seven triangular sets crossing 

their adjoining at the medium membership value as 

depicted.. This provides a sufficient sensitivity in 

the case study. The output sets are reduced to 

singleton to simplify the Center of Gravity (COG)  

defuzzification  algorithm. 

 

IV. Control Circuit: 
 The program for the ATmega8L controller is 

done using IDE and the hex code for burning it in 

the chip is generated. This hex code is virtually 

burnt in the Microcontroller The input and output 

voltages of the Buck Boost converter are given to the 

ADC pins of the Microcontroller. Port D of the 

Microcontroller is connected to the LCD. The LCD 

displays the digital values of the input and output 

voltages. The program burnt in the Microcontroller 

is such that it adjusts the duty cycle of the PWM 

signal depending upon the values of the ADC. The 

PWM output is available in the OC1A pin of the 

controller and can be visualized through the Virtual 

Oscilloscope.  

 
Fig. 3: Control Circuit Simulation using ISIS Proteus 7.5 

 

 

 
Fig. 4: Waveforms Captured for 5 V Input. 

 
Fig. 5: Waveforms Captured 20 V Input. 

  

 The testing of the kit for various ranges of input 

voltages shows the correctness of design of the Buck 

Boost controller. Thus by using this controller the 

voltage obtained at lower wind speeds can be 

boosted and used to charge the battery effectively 

and hence the efficiency of this system is 

comparatively higher than the existing system. 

 

Conclusion: 

 The proposed system of Fuzzy logic controller 
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based Buck Boost converter is found to be more 

compact, user friendly and more efficient. Its 

performance could be maximized and optimized 

considering only the control of wind turbine Speed. 

So, this control method is not based in analytical or 

empirical expressions but in real effects allowing 

having a control method independent from systems 

characteristics. The use of fuzzy logic allows at 

solving the problems of non-linear and high 

complexity of the power coefficient behavior.  
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