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ABSTRACT 

 

 

 

In this project, a fuzzy logic controller is designed to obtain the desired output voltage of 

DC-AC power conditioner used in a stand alone wind generator   which the Fuzzy Logic 

Controller (FLC) is employed to control the modulation index of the SPWM (Sinusoidal -Pulse 

Width-Modulation) inverter which is built using four MOSFET’s transistor. This project present 

of development single phase DC-AC converter for wind generator application. The mathematical 

model of the wind generator and Fuzzy Logic Controller for DC-AC converter is derived. The 

controller is designed to stabilize the output voltage of DC-AC converter. To verify the 

effectiveness of the proposal controller, both simulation and experimental are developed. The 

simulation and experimental result show that the amplitude of output voltage of the DC-AC 

converter can be controlled. 
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ABSTRAK 

 

 

 

Projek ini mempersembahkan fasa tunggal pembangunan penukar DC-AC untuk aplikasi 

penjana angin. Model matematik penjana angin dan kawalan Fuzzy Logic Controller untuk 

penukar DC-AC diterbitkan. Pengawal direka bagi memantapkan voltan keluaran penukar DC-

AC. Untuk mengesahkan keberkesanan pengawal cadangan, kedua-dua simulasi dan eksperimen 

telah dibangunkan. Simulasi dan keputusan eksperimen menunjukkan bahawa amplitud voltan 

keluaran penukar DC-AC boleh dikawal. 
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CHAPTER 1 

 

 

 

INTRODUCTION 

 

 

 

1.1   Background of Study 

 

Nowadays, a large interest to power the world with clean energy has become 

a world target.  This has motivated all researchers to redirect their work into the 

renewable energy source.  Wind turbine is considered as one of the targeted clean 

energy source.  Wind turbines are electromechanical devices that convert the wind 

energy into electrical energy. The wind turbine is mix and match a variety of 

innovation concepts with proven technologies both generators and power electronics 

(Thomas Ackermann, 2005). 

There are several types of design of wind turbines generators; which is either 

AC or DC generators, such as “AC generators (induction- asynchronous) and DC 

generators (shunt wound-series wound)”.Output of wind generator depends on wind 

speed therefore to maintain the output voltage a power conditioning is required 

(Thomas Ackermann, 2005). 
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The power conditioners must have the following specifications: 

  

 High gain, to contribute to energy conservation in the form of various 

products, ranging from a lot of appliances. 

 Small current ripple. 

 High efficiency and low cost ( Hongzhong Ma et al.; 2009). 

 

The DC-AC power conditioners are equipments that generate wind power by 

converting direct current, supplied by generator of wind turbine, into alternating 

current. In this power conditioner, the electric energy, generated by DC generator 

which is driven by the wind turbine, changes into qualified AC energy by DC-AC 

inverter. An inverter (DC-AC with controllable frequency and voltage) to covert 

direct current into alternating current, while the energy flows to the AC side 

(Hongzhong Ma et al.; 2009).At the same time, the storage battery, mounted between 

the output of the DC generator and the SPWM inverter, can compensate the voltage 

variation caused by variable wind speed by charge-discharge in a small range to keep 

the output power constant  

The pulse width- modulated (PWM) DC-AC inverter has been the main choice in 

power electronics for deadest, because of its circuit simplicity and rugged control 

scheme. Modulation techniques are used in inverter to regulate output voltage/current 

by using IGBT inverter. The pulse width modulation technique decides the switching 

losses in the inverter, harmonic contents in output waveform, and overall 

performance of the inverter. Sine wave pulse width modulation (SPWM) is most 

widely used scheme due to its simplicity and better output profile (Maria D. 

Bellar,1998). 

In consideration of the characteristics of wind power system and DC generator, a 

wind power generation in this system based on DC generator with DC-AC power 

conditioner are developed, which consists of a variable pitch wind turbine, an 

adjustable excitation DC generator, which a SPWM inverter with low-frequency 

parts and some other related control parts. The main task of wind turbine control 
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system is enabling continuous power production under all operating conditions 

determined by various wind speeds (Thomas Ackermann, 2005). 

As output power is directly proportional to generator speed, power control can be 

done by controlling generator speed or by controlling inverter SPWM by using fuzzy 

logic controller as an alternative approach to wind turbine modeling is proposed in 

this system. 

 

 

1.2   Objective of Project. 

 

 Develop simulation model of DC-AC power conditioner for wind generator  

 Using MATLAB of Fuzzy Logic controller for DC-AC power conditioner  

 Develop single phase DC-AC power conditioner using Mosfet 

semiconductor. 

  

 

1.3   Problem Statement. 

 

Due to the volatility and the uncontrollability of wind source, hence output power 

of a wind generator become unstable. By this reason a variable speed wind energy 

systems integrated with power electronic interfaces are becoming popular because it 

can extract maximum power from the wind and maintain constant output. In this 

project the problem statements are how to develop simulation model of inverter, 

sinusoidal PWM and Fuzzy Logic Controller (FLC).also how to develop single phase 

inverter circuit wiring Mosfet and SPWM program in DSP board  
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1.4  Scope of Project. 

 

This project is primarily concerned with development of (DC-AC) power 

conditioner for wind generator. The scopes of this project are:- 

  
 Modeling of a DC wind generator, DC-AC converter and Fuzzy Logic 

Controller are simulating using MATLAB.  

 Sinusoidal Pulse Width Modulation (SPWM) technique is used to control the 

switching signals for the DC-AC power inverter 

 Using neural Fuzzy Logic technique as controller to improve performance of 

power conditioner for system 

 The controller and (SPWM) develop in DSP Board 
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CHAPTER 2 

 

 

 

LITERATURE REVIEW ON WIND TURBINE 

 

 

 

2.1      Electrical Characteristics of a variable –speed wind turbine 

 

Variable–speed turbines are designed to achieve maximum aerodynamic 

efficiency over a wide range of wind speeds.  With variable –speed operation it has 

become possible continuously to adapt (accelerate or decelerate) the rotational speed 

ω of the wind turbine to the wind speed υ. This way, the tip speed ratio γ is kept 

constant at a predefined value that corresponds to the maximum power coefficient 

the relationship between a variable – speed wind turbine generator and output power 

is described in figure 2.1(Thomas Ackermann,2005). 
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     Figure 2.1: Showing electric power as a function of rotor speed with curves and 

     curves of same wind speed. 

   

The advantages of variable-speed wind turbines are an increased energy 

capture, improve power quality and reduced mechanical stress on the wind turbine. 

The introduction of a variable –speed turbine types increases the number of 

applicable generators types and also introduces several degrees of freedom in the 

combination of generator type and power converter type (Mukund R. Patel, 2006). 

The advantages of variable-speed direct-drive wind turbine system include 

increased energy capture , reduce cost and improved reliability through elimination 

of the mechanical gearbox ,and reduction of mechanical stresses throughout the 

turbine, also, the key to economically viable direct-drive variable-speed wind turbine 

is the selection and design of the generator such as DC generator   (David A-Torrey 

et al.;2001). 

 

 

2.1.1 Wind turbine with gearbox 

 

The principle of a design of a wind turbine with gearbox is shown in figure 

2.2.The main aspect of this design is the split shaft system, where the main shaft 

turns slowly with the rotor blades and torque is transmitted through a gearbox to the 

high –speed secondary shaft that drives the few-pole pair generator. The transmission 

of torque to the generator is shut off by means of a large disk brake on the main 

shaft. A mechanical system controls the pitch of the blades, so pitch control can also 
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be used to stop the operation of the converter, in stormy conditions. The pitch 

mechanism is driven by a hydraulic system, with oil as the popular medium. For 

construction without a main brake, each blade has its pitch angle controller by a 

small electric motor. The gearbox concept was in many cases accompanied by an 

insufficient life time because of failure of gearbox (Hermann-Josef wanger et al.; 

2010). 

 
Figure: 2.2: wind turbine with gearbox (wind system, 2010) 

 

 

 

2.1.2 Wind turbine without gearbox 

 

The main idea for this design depends on another converter type without 

gearbox is shown in Fig 2.3. This design has adjusted one stationary shaft .The rotor 

blades and the generator is both mounted on this shaft. The multi-pole generator is in 

the form of a large spoked wheel with. Forty-tow pole pairs around the outer 

circumference and stators mounted on a stationary arm around the wheel. The wheel 

is fixed to the blade apparatus, so it rotates slowly with the blades. Therefore, there is 

no need for a gearbox, rotating shafts or a disk brake. This minimizing of rotating 

parts reduces maintenance and failure possibilities and simplifies the maintenance 

and production of the converter. The price for these advantages is a high nacelle 

mass caused by the high copper content of multi-pole generator (Hermann-Josef 

wanger et al.; 2010). 
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     Figure 2.3: wind turbine without gearbox (wind system, 2010) 

 

 

 

 2.2   DC generator for the wind turbine 

 

 The DC generator converts the inside AC into DC for outside use.  It does so 

by using a mechanical commutator. It switches the positive output terminal 

continuously to the conductor generating the positive polarity voltage, and likewise 

for the negative polarity terminal which the sliding contacts inherently result in low 

reliability (Muhammad H.Rashid, 2006). Despite this disadvantage, the DC generator 

use in a limited numbers of wind power installation of a small capacity.  Figure 2.4 

shows the curves of the relationship between the required field current and the 

rotation speed of the variable wind turbine.  
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Figure 2.4: Influence on the field current for variable wind speed (P1>P2>P3>P4). 

 

 

Because of the directly driving technique, there is no need to mount the 

gearbox between the wind turbine generator and the DC generator, so that the 

operating efficiency is greatly improved, the running noise is moderated and the 

maintenance work is reduced. Because of DC output of the generator here only needs 

to DC-AC inversion and the generator can be connected to grid through the step up 

transformer. Compared with the AC-DC-AC part of the traditional AC generator, the 

AC-DC part is not needed so that the equipment investment is reduced and the 

operational reliability is improved (Hongzhong Ma et al.; 2009). 

 

 

2.3   Characteristics of a small wind-power system with DC generator 

 

  The performance characteristics of a small-scale wind-power system with a 

separately or self-excited DC generators are appears in the following points 

 Relatively cheap electronics 

 Good damping and stability 

 Easy synchronization to grid 
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 With the converter as rectifier, the dc .machine may be run as a motor (useful 

for starting vertical axis machines). 

 Electronics limit the fault level.  (L.L.Freris, 1990). 

 That the maximum output is proportional to the cube of the wind speed and 

consequently the field current (or the load resistance) must be controlled over 

a wide wind speed range to obtain maximum output power (T. Suzuki et al.; 

1982). 

 

 

2.4    power control using speed variation 

 

1. When the frequency is constant, the speed of a wind turbine can be 

influenced as allows:  

 

 Mechanically by varying the transmission ratio if the generator speed is 

constant. 

 Electronically by frequency converter if the speed is rotation is variable 

over the entire drive train (turbine, gearing, and generator). 

 

           The turbine speed can thus be adapted to meet operational requirements.     

           Varying the rotor speed in turn varies the power of the turbine, allowing it 

 

 To be brought into the maximum range, depending on available wind, or 

 To be reduced if required meeting user requirements. 

 

           Currently used power electronics (rectifiers, commutated inverters) to convert     

            the frequency to that required (Siegfried Heier,2006). 

 

2. When there is flexible coupling for grid or equipments are employed, the 

effect   Fluctuations in available wind can be reduced by making use of the 

rotating   Mass of the drive train to: 

    smooth out variations in rotor speed and reduce the dynamic load on 

     the entire system. 
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 In this way, the power converter allows a very Short- time intervention at the    

generator, which allows the requirements and desired to be achieved at the turbine 

via the drive train (Siegfried Heier, 2006). 

 

 

2.5 Modern power electronics in wind turbine systems 

 

The wind turbine behavior/performance is very much improved by using 

power electronics. They are able to act as a contributor to the frequency and voltage 

control. Also it can be concluded the power scaling of wind turbines is important in 

order to be able to reduce the energy cost. 

Power electronics has changed rapidly during the last thirty years and the number of 

applications has been increasing, mainly due to the developments of the 

semiconductor devices and the microprocessor technology. For both cases higher 

performance is steadily given for the same area of silicon, and at the same time they 

are continuously reducing the price. Figure 2.5 shows a typical power electronic 

system consisting of a power converter, a load/source and a control unit as in wind 

turbine system (F. Blaabjerg, 2006). 

 

 
Figure 2.5: power electronic system with the grid, load/source, power converter and 

control. (F. Blaabjerg, 2006). 

 

The power converter is the interface between the load/generator and the grid. 

The power may flow in both directions, of course, dependent on topology and 
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