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Merekabentuk kincir angin mikro untuk aplikasi kendiri 

 

ABSTRAK 

 

Thesis ini adalah mengenai mereka dan menbangunkan kincir angin mikro untuk aplikasi 

kendiri. Faktor-faktor yang terlibat dalam mereka ialah jenis penjana, jenis penerus, 

pengatur voltan dan simpanan tenaga. Beberapa faktor seperti termasuk litar seperti litar 

siri, litar selari dan litar siri selari adalah penting dipelajari dalam memastikan litar yang 

terbaik dalam menghasikan voltan dan arus keluar. Faktor lain yang menpengaruhi projek 

ini ialah kelajuan angin, kelajuan penjana, jenis penerus dan jenis pengatur voltan. Faktor 

ini akan menpengaruhi voltan dan arus keluar. Projek ini terdiri daripada empat penjara 

menggunakan motor penyejuk PC yang telah diubahsuai litar, jambatan penerus, pengatur 

voltan dan tenaga simpanan. Data diambil dari alat pengukur termasuk multimeter, 

oscilloscope, tachometer dan anemometer. Selepas itu, data daripada alat pengukur 

tersebut digunakan untuk mendapatkan keputusan yang dikehendaki. Selain itu, 

perbandingan untuk voltan dan arus pada setiap litar juga dibincangkan. Pada penghujung 

laporan ini, kesimpulan mengenai penggunaan kincir angin mikro juga dibincangkan. 
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Design of Micro-wind Turbine for Stand Alone Application 

 

ABSTRACT 

 

This thesis is about the design and development of micro-wind turbine for standalone 

application. The design will consider the types of generator, rectifier, voltage regulator 

and energy storage. Several factors including the types of circuit such as series 

configuration, parallel configuration and series parallel configuration are important to 

study to ensure the suitable circuit configuration in micro-wind turbine which will the 

give best voltage and current output. The other factors that involve in this project are wind 

speed, generator speed, types of rectifier and voltage regulator. These factors are used to 

determine the output voltage and output current. This project consists of four generators 

are taken from the modified circuit DC brushless PC cooling fans, four bridge rectifiers, 

a voltage regulator and an energy storage Data are taken from measurement including a 

multimeter, an oscilloscope, a tachometer and a anemometer. After that, the data from 

measurement used to obtain the desired results. In addition, the comparison voltage and 

current in series configuration, parallel configuration and series parallel configuration are 

also discussed. At the end of this report, the conclusion about the using micro-wind 

turbine are also discussed. 
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CHAPTER 1 

 

INTRODUCTION 

 

 

1.1 Introduction  

 

 Wind energy is one of the potential renewable energy sources used for electricity. 

It uses kinetic energy from wind energy and convert it into electrical energy. The wind 

turbine consists of blade, pitch control, yaw control and generator. Normally, wind 

turbine has three blades with more than thirteen meters in diameter and tower with height 

is more than sixteen meters. It can generate more than 1kW of power with a minimum 

wind speed of five meter per seconds[ (THORSTENSSON)]. Manipulation of wind 

energy will reduce the air pollution. It also reduces reliance on fossil fuels. In 1991, the 

first offshore wind farm in the world was located in Denmark. Since then, more wind 

farms are constructed around the world (Ho, 2016).  

 The first wind turbine installed in Malaysia is located at Swallow reef, located 

some 200km from Kota Kinabalu, Sabah. It installed in 1996 with one wind turbine. This 

wind turbine can generate 150kW (The Ministry of Energy, 2009). In 2007, the second 

and third wind turbine was installed in Kapas island and Hentian island with capacity of 

100kW. These installation of wind turbine in these area have an average wind speed of 

5m/s (The Ministry of Energy, 2009). 

 

 
 

 
 

 
 

 
 

©This
 ite

m is
 pr

ote
cte

d b
y o

rig
ina

l c
op

yri
gh

t 

 



2 
 

1.2 Problem statement 

 

There are several issue in wind farm and wind turbine 

a) A lot of space are required for constructing large scale wind farm. 

b) A Higher cost for construction and maintenance of wind farm. 

c) Safety issue of malfunctioning of wind turbine. 

d) A minimum 5 m/s of wind speed is required to operate the windmill. 

 

A lot of space are required for constructing wind farm in large scale or small scale. 

The windmill consists of several of wind turbine to generate electricity but a larger space 

is required to construct them. A spacious land is required when installing a wind turbine. 

Meanwhile, a higher cost is involved for construction and maintenance of wind farm. The 

wind farm need a larger investment money for installation area and constructing wind 

turbine. The maintenance is required to make wind farm operate at optimum. Thus, the 

additional cost is needed to maintain them. In addition, safety issue on the malfunction of 

wind turbine also is take into account due to its large blades size and the height of the 

turbine tower. Usually, a minimum 5 m/s of wind speed is required to operate the 

windmill. Usually, many of windmill located at offshore where the wind speed is more 

than 5 m/s. If the wind speed is less than 5 m/s, the blade of wind turbine cannot rotate. 

Thus, the electrical energy cannot be produced.     
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1.3 Research Objectives 

 

In this project, the following objectives are set to be achieved: 

a) To construct a hardware for micro-wind turbine with combination several wind 

turbine generators wind turbine with lower cost, modular and can be placed on 

small area. 

b) To design circuit configuration of generator in series, parallel or series parallel 

to give best voltage and current output based on wind speed. 

c) To implement a micro-wind turbine which can be operating at lower wind speed. 

 

The first objective is to construct a hardware for micro-wind turbine with combination 

several wind turbine generators with lower cost, modular and can be placed on small area. 

The design of micro-wind turbine is in micro scale, therefore it can be located at any place 

that conventional wind turbine cannot be placed such as building, a rooftop house or so 

on. It is also design at lower cost since the cost of ordinary wind turbine are expensive. 

 The next objective is to design circuit of generator in series, parallel or series 

parallel in order to obtain optimum voltage and current output based on wind speed. This 

concept of micro-wind turbine inspired from Photovoltaic Solar cell which can arrange 

in series, parallel or array. These configurations would give an optimum voltage and 

current output. The last objective is to implement a micro-wind turbine prototype which 

can be operating and generating electrical energy at low wind speed.  
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1.4 Thesis Scope 

 

 This thesis is to design and develop a prototype of micro-wind turbine for stand-

alone applications with a rated power of 5W. A hardware model is constructed based on 

low wind speed energy harvesting requirement. From hardware, several components 

characteristic are investigated to make a best modeling hardware of micro-wind turbine 

including generator, rectifier and voltage regulator. 

 In this research project, rectifier is used to convert AC voltage to DC voltage. A 

rectifier consists of diode and capacitor to filter the AC voltage. By using a bridge rectifier, 

a DC voltage can be generated. While for voltage regulator, it is designed to give fixed 

output voltage. The emphasization on design characteristics required for the voltage 

regulator includes: 

i. Capacitor – capacitance value, voltage rating and type of material. 

ii. Integrated Circuit (IC) – output voltage, minimum and maximum input 

voltage.  

Lastly the energy storage is used for store energy. The voltage for energy storage 

must equally same be as output voltage at voltage regulator. It is important to prevent 

injury or damage the equipment when energy storage is in charging state. 
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1.5 Thesis Outlines 

 

 This thesis consists of five main chapters where all the concepts, activities and 

outcome of the project that are relevant throughout the project progress are documented. 

Chapter 1 discusses briefly about the project’s introduction, background, problem 

statements, objectives and scope that give an overall idea of the project.  

Chapter 2 is mainly about literature review which concentrated on the DC brushless motor, 

rectifier and inverter and voltage regulator where all useful equations related to the circuit 

are illustrated clearly in this chapter.  

Chapter 3 concentrates on the methodology of this project, which includes the method in 

design of the proposed micro-wind generator including rectifier and voltage regulator. 

Besides that, the method in hardware design and construction of the project and as well 

as hardware testing are also included. 

 Chapter 4 is mainly discussing the results obtained through hardware testing, and the 

comparison between these circuit configurations of results which include the result from 

wind speed, speed of generator, voltage and current.  

Lastly, Chapter 5 is the conclusion of the research project and possible recommendation 

is suggested to further improve this project in the future. 
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CHAPTER 2 

 

LITERATURE REVIEW 

 

 

2.1 Introduction 

 

Installed wind capacity has increased globally by an average of 23% over the past 

18 years according to the Global Wind Energy Council (Ho, 2016). Despite the fact that 

wind energy is one of the fastest growing renewable energy sources today, there is limited 

literature on micro-wind turbine technology. Micro-wind turbines are generally 

characterized as small-scale turbines designed for use by individuals rather than for large 

scale energy or grid production. Although the power output of micro-wind turbines is 

much less than small and large-scale wind turbines, micro-wind turbines are less costly, 

easier to install, and can empower small electrical devices such as LED signs and cell 

phones (Bahaj A.S, 2014). 

Current implementation and development for wind energy applications are 

exclusively focused on large-scale wind turbines that produce electricity for grid-tied 

markets. Large-scale turbines produce energy on the scale of megawatts (MW) and 

require large logistical and development efforts that may last several years or even 

decades. Small-scale wind turbines are still a minority part of the wind turbine market. 

However, demand is increasing due to a rising interest for turbines in general 

(THORSTENSSON). Small-scale turbines are larger than micro-wind turbines, the latter 

 
 

 
 

 
 

 
 

©This
 ite

m is
 pr

ote
cte

d b
y o

rig
ina

l c
op

yri
gh

t 

 



7 
 

ideally used on buildings and directly integrated into pre-existing infrastructure. Micro-

wind turbines are beneficial because it creates a sustainable form of power generation, 

reduces fossil fuel emissions, and is cost efficient due to the affordability and small size 

of the turbine (Dixon P. Drumheller, 2015). 

 

2.2 DC Brushless motor 

 

Conventional DC motors have traditionally been used in applications where DC 

power sources are available, such as on aircraft and automobiles. However, small DC 

motors of these types have a number of disadvantages. The principal disadvantage is 

excessive sparking and brush wear. Small, fast DC motors are too small to use 

compensating windings and interpoles, so armature reaction and 𝐿 𝑑𝑖 𝑑𝑡⁄  effects tend to 

produce sparking on their commutator brushes. In addition, the high rotational speed of 

these motors causes increased brush wear and requires regular maintenance every few 

thousand hours. If the motors must work in a low-pressure environment (such as at high 

altitudes in an aircraft), brush wear can be so bad that the brushes require replacement 

after less than an hour of operation (Chapman, 2012).  

In some applications, the regular maintenance required by the brushes of these 

DC motors may be unacceptable. Consider, for example a DC motor in an artificial heart-

regular maintenance would require opening the patient's chest. In other applications, the 

sparks at the brushes may create an explosion danger, or unacceptable RF noise. For all 

of these cases, there is a need for a small, fast DC motor that is highly reliable and has 

low noise and long life (Chapman, 2012). 
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Such motors have been developed in the last 25 years by combining a small motor 

much like a permanent magnet stepper motor with a rotor position sensor and a solid-

state electronic switching circuit. These motors are called brushless DC motors because 

they run from a DC power source, but do not have commutators and brushes. A sketch of 

a small brushless dc motor is shown in figure 2.1, and figure 2.2 shows voltage pulse. The 

rotor is similar to that of a permanent magnet stepper motor, except that it is nonsalient. 

The stator can have three or more phases and the figure 2.1 shows an example of four 

phases (Chapman, 2012). . The inputs to the control unit consist of a DC power source 

and a signal proportional to the current motor position. 

 

 

Figure 2.1: The figure shows a brushless DC motor and its associated control unit. 
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Figure 2.2: A voltages applied to the stator coils. 

 

2.2.1 Basic Components of DC Brushless Motor 

 

The basic components of a brushless de motor are:  

a) A permanent magnet rotor  

b) A stator with a three, four or more phase winding.  

c) A rotor position sensor.  

 
 

 
 

 
 

 
 

©This
 ite

m is
 pr

ote
cte

d b
y o

rig
ina

l c
op

yri
gh

t 

 



10 
 

d) An electronic circuit to control the phases of the rotor winding  

A brushless DC motor functions by energizing one stator coil at a time with a constant 

DC voltage. When a coil is turned on, it produces a stator magnetic field, BS and a torque 

is produced on the rotor given by: 

 

𝜏𝑖𝑛𝑑 = kBR X BS                                                                                                                         (2.1) 

  

 Where the 𝜏𝑖𝑛𝑑 is the torque of motor, kBR is the rotor magnetic field and BS is 

the stator magnetic field, which tends to align the rotor with the stator magnetic field. At 

the time shown in Figure 9.22, the stator magnetic field BS points to the left while the 

permanent magnet rotor magnetic field BR  points up, producing a counter clockwise 

torque on the rotor. As a result, the rotor will turn to the left (Chapman, 2012). 

 If coil a remained energized all of the time, the rotor would turn until the two 

magnetic fields were aligned, and then it would stop, just like a stepper motor. The key 

to the operation of a brushless DC motor is that it includes a position sensor, so that the 

control circuit will know when the rotor is almost aligned with the stator magnetic field. 

At that time coil a will be turned off and coil b will be turned on, causing the rotor to gain 

experience a counter clockwise torque, and to continue rotating. This process continues 

indefinitely with the coils turned on in the order a, b, c, d, -a, - b, -c, -d, etc., so that the 

motor turns continuously (Chapman, 2012). The electronics of the control circuit can be 

used to control both the speed and direction of the motor. The net effect of this design is 

a motor that runs from a DC power source, with full control over both the speed and the 

direction of rotation. Brushless dc motors are available only in small sizes, up to 20 W or 
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