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ABSTRACT 

Energy can neither be created nor destroyed, but can change form, we all know this law of 

conservation of energy. In our daily life we consume energy in one form to another. 

Different energy resources which have been used before e.g. fossil fuels caused pollution; 

Nuclear energy needs perfect handling to minimize its harmful effects. Now we are 

moving towards non polluted energy resources or renewable energy resources. It is an 

attempt to demonstrate how the K.E of vehicles on the road could be transformed to 

electrical and can be utilized at the neighborhood buildings or can be transferred to the 

nearest grid station. 

Daily a lots of vehicles passes over the speed breaker that can be our power resources if 

we make a speed breaker to act as a power converter. The proposed system in this thesis 

takes input from the vehicles mechanical stress on the speed breaker can be converted to 

electrical energy in output. This technique uses a rack that moves vertically when an 

automobile passes across the speed breaker and it is linked to pinion that revolves when 

rack is pressed down with pressure by an automobile. This pinion is attached to a large 

sprocket, on a common shaft; the large sprocket is connected with a smaller sprocket by 

using a chain. There is another common shaft on which the small sprocket is attached with 

flywheels that enhances the rotations and gives input to large a gear, without any jerks, 

which is attached with a small gear identical in wind turbines to speed up the alternator to 

generate electricity. 

If our proposed system works 12 hours daily then 24.7KW electricity can be generated that 

could be used for different purposes. 

We used MATLAB Simulink for the simulation of the system to get results and used 3ds 

max to show this phenomenon as real time animation. 

This system can be used at parking plazas, at the entrance to shopping malls, filling 

stations and at toll tax center. The final results of the suggested system are quite sufficient 

compared with prior models. We can deploy an identical suggested system in parallel to 

increase the power rating. 

Keywords: Renewable energy resources, Kinetic Energy, Electrical Energy, 

Automobiles, Rack and pinion, Gear, Alternator, Simulation, Animation 
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OZET 

Her gun hiz kesicilerin uzerinden gecen motorlu araclar elektrik enerji uretiminde guc 

kaynagi olarak kullamlabilirler. Araclann hiz kesiciler uzerine uyguladigi mekanik stres 

elektrik enerjisine donusturulebilir. Biz kesicilere baglanan mekanik duzenek sayesinde 

elektrik uretimi yapilmaktadir. Bu tez bu sekilde elektrik uretimi yapan bir duzenek icin 

MATLAB Simulink benzetim program ile yapilan bir modelleme sayesinde uretilen 

elektrik enerjisi ve sonuclan hakkmdadir. Uretilen veriler hesaplanrms ve bu veriler 

kullamlarak sebeke baglantih veya sebekeden bagimsiz cahsma irdelenerek sonuclar 

verilmistir, Sistemin kullamlabilecek muhtemel uygulama alanlan ongorulerek sonuclar 

literaturdekibenzer calismalar ile karsilastmlrmsnr. 

Anahtar sozcukler: elektrik enerji, sonuclan hakkmdadir, ongorulerek sonuclar 

111 



• 

ACKNOWLEDGEMENT 

First of all thanks to Almighty ALLAH, who made me capable to achieve this 

milestone in my life. 

After that I would like to pay gratitude to Assoc. Prof. Dr. Ozgur C. Ozerdem 

for his consistent assistance, guidance, wise advices and 

recommendations throughout this thesis. I would like to say thanks 

to my department and university for all the helpful resources 

provided, to be used in this thesis. I am grateful to all who supported 

me in this work. 

iv 



To my Parents and my Sisters, especially to my mother whose prayers 

made me able to do this work . 

V 



CONTENTS 

ABSTRACT 11 

OZET 111 

ACKNOWLEDGEMENT IV 

CONTENTS VI 

LIST OF TABLES IX 

LIST OF FIGURES X 

ABBREVIATIONS XII 

CHAPTER 1: INTRODUCTION 1 

1.1 OVERVIEW 1 
1.2 BACKGROUND 1 
1.3 PROBLEM STATEMENT 3 

1.3.1 Objectives 3 
1.4 RESEARCH CONTRIBUTION 4 
1.5 DIFFICULTIES 4 
1.6 SUMMARY 4 

CHAPTER 2: LITERATURE REVIEW 5 

2.1 OVERVIEW ·············· 5 
2.2 BACKGROUND OF ENERGY CONVERTER SYSTEM 5 
2.3 CLASSIFICATION OF AMPC PROBLEM 9 

2.3.1 Subterranean Power House concern 9 
2.3.2 AMPC 9 

2.4 ALTERNATOR SELECTION 11 
2.5 OPTIMIZATION OF AMPC PROBLEMS 11 
2.6 COMPARISON OF DIFFERENT AMPC SCHEMES 12 
2.7 SUMMARY 13 

CHAPTER 3: DIFFERENT DESIGNS FOR ENERGY CONVERTER 14 

3.1 OVERVIEW 14 
3 .2 INTRODUCTION 14 
3 .3 OLD TECHNIQUES 14 

3 .3 .1 Roller Mechanism 14 
3.3.2 Design 15 
3.3.3 Drawbacks 15 

3.4 CRANK-SHAFT METHOD 16 
J.4.1 Design 16 
3.4.2 Drawbacks 16 

3.5 SPRING COIL METHOD 17 
3 .5 .1 Dimensions and Design of Speed Breaker 17 
3.5.2 Disadvantage 19 

Vl 



•• 

3.6 RACK-PINION 19 
3.7 SUMMARY 19 

CHAPTER 4: DESIGN AND DIMENSIONS FOR AMPC 20 

4.1 OVERVIEW 20 
4.2 SPEED BREAKER DESIGN 20 

4 .2 .1 RK-10 20 
4.2.2 RK-18 21 
4.2.3 RK-36 22 

4.3 MATERIAL AND LIFE TIME 23 
4.4 RACK-PINION DESIGN 23 

4.4.1 General Rack Calculations 24 
4.4.2 General Pinion calculation 24 
4.4.3 Rack-Pinion Selection 25 

4.5 GEARS 26 
4.5.1 Simple Gear 26 

4.6 SPROCKETS AND CHAINS 27 
4.7 SPUR GEAR 27 

4. 7 .1 SPUR Gear Dimensions 28 
4.8 SHAFT DIMENSIONS CALCULATION 29 
4.9 ALTERNATOR 30 

4. 9 .1 Mechanical and Electrical Comparison 3 0 
4.9.2 DC Generator operating principle 31 
4.9.3 Constructional Details 34 
4.9 .4 Equation for Generated E.M.F 34 
4.9.5 Advantages 35 

4.10 CALCULATION FOR SOME DIFFERENT CASES 35 
4 .10 .1 Case 1 : : . 3 6 
4.10.2 Case 2: 36 
4.10.3 Case 3: 3 6 

4.11 SMART GRID 37 
4.11.1 Features 3 8 

4.12 SUMMARY 38 

CHAPTER 5: AUTOMOBILE MOTIVE POWER CONVERTER 39 

5.1 OVERVIEW 39 
5.2 AMPC MATLAB SIMULINKMODEL 39 
5.3 MODEL EXPLANATION 40 

5.3.1 Automobile module 40 
5.3.2 Rack-Pinion module 41 
5.3.3 Gear module 42 
5.3.4 Alternator module 43 
5.3.5 DC-AC module 43 
5.3.6 SG module 44 

5.4 OUTPUT GRAPHS 46 
5.5 AMPC REAL-TIME SIMULATION MODEL IN 3DS MAX 7 55 

vu 



• 

5.6 DISCUSSION 57 
5.7 SUMMARY 58 

CHAPTER 6: CONCLUSION AND FUTURE WORK 59 

6.1 CONCLUSION 59 
6.2 FUTURE WORK 60 

REFERENCES 61 

Vlll 



.. 

LIST OF TABLES 

Table 2.1: Comparative Table 13 

Table 4.1: Calculations for Different Cases 37 

IX 



LIST OF FIGURES 

Figure 1.1 Simple block diagram of AMPC 3 
Figure 2.1 Different types of electricity generation systems 7 
Figure 2.2 Comparison of different electricity generation systems 8 
Figure 2.3 AMPC complete block diagram 10 
Figure 3.1 Roller mechanism 15 
Figure 3.2 Crank-Shaft mechanism 16 
Figure 3.3 SB design 1 7 
Figure 3.4 Springs in compacted form 18 
Figure 4.1 RK-10X6 SB 21 
Figure 4.2 RK-18X8 SB ....................................•..................................................................... 22 
Figure 4.3 RK-36X8 SB 23 
Figure 4.4 Rack and pinion 24 
Figure 4.5 Specification of gear. 26 
Figure 4.6 Sprockets and chain 27 
Figure 4.7 Spur gear 27 
Figure 4.8 Spur gear structure 29 
Figure 4.9 Mechanical-Electrical comparison 30 
Figure 4.10 Fleming's right hand rule 32 
Figure 4.11 Current path 33 
Figure 4.12 Constructional diagram of generator. 34 
Figure 4.13 Smart grid 38 
Figure 5.1 AMPC simulink model block diagram .40 
Figure 5.2 Automobile module 41 
Figure 5.3 Rack module 42 
Figure 5.4 Gear module 42 
Figure 5.5 Generator module 43 
Figure 5.6 DC-AC module 44 
Figure 5.7 SG module 45 
Figure 5.8 Velocity of automobile 46 
Figure 5.9 Tire's force 46 
Figure 5.10 RPM ofwheel. 47 
Figure 5.11 Movement of rack 47 
Figure 5.12 Movement of pinion .48 
Figure 5.13 Simple gear. 48 
Figure 5.14 Variable gear 49 
Figure 5.15 Flywheel's torque 49 
Figure 5.16 Speed of alternator 50 
Figure 5.17 Current in armature 50 
Figure 5.18 Field's current 51 
Figure 5.19 Generator's torque 51 
Figure 5.20 DC output voltage 52 
Figure 5.21 DC output current. 52 

X 



• 

Figure 5.22 Three phase voltage 53 
Figure 5.23 Three phase current 53 
Figure 5.24 Three phase signal power.. 54 
Figure 5.25 Active and reactive power.. 54 
Figure 5.26 DC power output 55 
Figure 5.27 Automobile coming to SB 56 
Figure 5.28 Automobile crossing over SB position change in arrangement 56 
Figure 5.29 Electricity generated and system reloaded 57 
Figure 6.1 Rack with 2 pinions 60 

Xl 



AMPC 

DG 

SB 

SC 

DC 

AC 

RPM 

SG 

VAR 

KW 

EP 

MP 

K.E 

.. 

ABBREVIATIONS 

Automobile Motive Power Converter 

Distribution Generation 

Speed Breaker 

Short Circuit 

Direct Current 

Alternating Current 

Revolution per Minute 

Smart Grid 

Volt Ampere Reactive 

Kilo Watt 

Electrical Power 

Mechanical Power 

Kinetic Energy 

Xll 



CHAPTER! 

INTRODUCTION 

1.1 Overview 

The basic and most cosmopolitan need of all works done by man is energy. In all types of 

work energy changes its form from one to another. Most common thinking about the word 

energy is what we getting inside our body as our diet or to machines and we therefore 

think about primitive energy sources, crude fuels and electricity. 

In this chapter of thesis we are going to discuss the basic idea of the thesis. It includes 

some background related to it. The objectives to do this thesis and difficulties expected to 

do this are explained. 

1.2 Background 

Energy as electricity has become an important part of man's life. Electricity itself is one of 

the greatest inventions in the history of science. This has revolutionized the world and 

given inspiration to man to invent those things that seemed to be impossible a couple of 

centuries ago. The steady but increased usage of electric energy has brought major change 

to all kinds of industries. All our enormous and tiny equipments work with it. There is not 

even one thing in our daily life on which electricity has no impact. The clothes we wear 

are stitched with electrical machines. The books we read are printed with electrical 

machines. Our computers our mobiles our televisions everything runs on electricity. If we 

say that electricity has become a basic need of man's life we would not be wrong. This is 

truly called the era of electricity. It has completely changed our way of living and 

travelling as well such as electric trains and vehicles. 

As we look around we will notice that our dependency on electricity is increasing day by 

day and our population is also increasing rapidly. Requirements of electrical energy are 

also increasing. This increment in need of electricity has a major effect on the economy of 

any country if it is totally dependent on producing electrical energy with conventional 

ways. Because in conventional ways we are using one source of energy i.e. oil to produce 
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another source of energy i.e. electrical. In other words we are wasting one type of energy 

to get another. So this thing is forcing man to find other means to produce electricity in 

which our other energy reserves wouldn't be used and we can utilize that energy which we 

are wasting in our daily life without knowing. So we should think of the renewable energy 

sources in which there is no chance of using other energy reserves and which can 

minimize our cost of production of electricity. 

In this era of information technology where the earth has become a global village the still 

dealing with three big issues, maintaining peace, poverty eradication, preservation of 

environment [1]. 

All routine energy sources will end one day. Now a day's most of countries are focusing 

on renewable energy resources as replacement, for power generation. As fuels are 

expensive in cost and as with increasing population and requirements of electricity it is no 

more affordable. It causes atmospheric pollution also. On the other hand nuclear reactors 

are not easy to control and could be dangerous as well. Thus renewable energy resources 

promise bright future. These are cheap in cost and non-polluted also. 

In accordance to the renewable energy means, one should be more concerned pertaining to 

usage of natural resources. We should think about techniques to reutilize energy keeping 

this in mind that energy can't be created we have to change it into that form we need from 

that form we are wasting. 

Many renewable resources can be found in our common life. The only thing we have to do 

some arrangements to convert these resources into required resources. By comparing 

conventional energy resources with renewable energy resources we will come to know that 

the later one is quite easy to control and cheap as well. Usually power is supplied to the 

users by the Grid stations but we can install our system near to the smart grid to decrease 

the cost or it can be transferred directly to users instead from Grid. It would be only 

possible if we can find an idea which can fulfill our needs in that particular domain either 

its domestic or commercial or industrial. 

If we will have a quick look around us we will see that with the increase in population the 

road traffic has also increased enormously. A moving vehicle itself can be a big source of 

energy if we understand the value of that. Through the dissipation of heat energy and 
2 
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friction a huge amount of energy is lost at the speed breaker when a vehicle passes over 

that. If we design the speed breaker with few mechanical arrangements in such a way that 

it would work as power converter (from mechanical to electrical) then the electricity 

generation is guaranteed. It will convert vehicle motive power to electrical power for 

domestic use. It will definitely help in the economic growth of any country as we are not 

spending any money on any of raw material for electric generation. The use of energy is a 

symbolization of any emerging country. 

Figure 1.1 Simple block diagram of AMPC 

An energy crisis in Pakistan is not new and it's not very rich economically also. Instead of 

going with old methods to produce electricity which are expensive as well we must go 

with these new technologies. By installing units of "speed breaker power converters" the 

shortage of electricity can be minimized with little expenditure. 

1.3 Problem statement 

Electricity is major need of routine life now. A technique is used to convert automobile's 

motive force exerted by its tires to electrical power with some mechanical arrangements in 

the speed breaker. We will use automobile motive power converter system for this purpose 

with good efficiency. And electrical power can be transferred to neighboring societies or to 

the smart grid. 

1.3.1 Objectives 

The main purpose of this system is to get over the inadequacies of electricity of any 

country or to increase the growth of electricity. 

3 
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To minimize the expenses that is used in production from conventional ways. 

System could be installed at suitable place near the place of requirement or to smart 

grid so the chances of line losses and theft will be less. 

1.4 Research Contribution 

In this thesis we tried to purify and improve the results comparatively to the previous 

researches by taking the practical values, like automobile's weight and wheel radius etc, to 

calculate our output. And we suggested using DC generator so that the generated output 

can be stored directly to batteries for further use. If the generated electricity is more than 

our need after charging the batteries then DC-AC converter system with Grid interfacing is 

also proposed in the thesis. 

1.5 Difficulties 

Complicated mechanical arrangements of automobile motive power converter to 

make it more efficient and for regular generation of electricity. 

There is risk of Breakages if the vehicle heavier than system bearing limit passes 

over it. 

1.6 Summary 

This chapter was an introduction of this thesis. We discussed why we need this kind of 

energy resources with the increase in population. Our research contribution has been 

explained to improve this system and to get better results. 
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CHAPTER2 

LITERATURE REVIEW 

2.1 Overview 

Energy is essential aspect in all commercial and industrial advancement. Renewable 

energy implies the energy associated with recycling procedure and also from un-obtainable 

natural energy resources entirely above and over the actual traditions. 

Electricity produced by different energy resources in the world is explained in this chapter. 

We will discuss the block diagram of our system step by step that we will perform in this 

thesis. 

2.2 Background of Energy Converter System 

Renewable vitality methods energy sources are generally restocked by Mother Nature i.e. 

Wind, Sun, Geo-thermal and Seawater. Different tools or machineries are used to convert 

these energies to required form of energy especially electrical. 

Nowadays we mostly using petroleum and gas to run our cars, to warm our houses, to cook 

and even to generate electricity but these resources will end one day. Our requirements are 

increasing so we started using these resources rapidly. So despite these natural sources we 

should think about some non conventional sources. 

Any country's energy needs can be estimated to grow 33% throughout the next 2 decades 

but our conventional resources are decreasing so renewable energy resources are capable 

to fulfill this space. Even if few countries have limitless oil reserves according to their 

needs but renewable energy resources are much healthier for environment whereas the 

other hot fuels causes' green house effect and causing the earth temperature go high. 

On the other hand these renewable resources can't fully meet our requirements. 

Dependency on these resources should be partially. For example solar energy will be 

definitely decreased on grey days or peaceful weather will never be helpful to run wind 

turbines. Even we use these systems as supplementary it will be quite helpful and cheap as 

oil prices going very high. [ 1] 
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The production and usage of renewable energies has grown rapidly in modem days. Before 

going through the whole procedure of electricity generation we see the customer's 

requirement and finances also. Electricity production from renewable is low priced and 

atmospheric friendly. The generation of electricity from road traffic also doesn't harm the 

environment. However the system must be efficient to satisfy the requirements of user and 

if there is any extra energy it would be transferred to SG. A whole AMPC consists. 

• Substantial fulfillment regarding consumer capacity. 

• Establishing an efficiently immaculate engendering area 

• Efficient coordinating layout involving mental ability ever-changing via neighborhood 

classic energy location to be able to SG 

Despite the fact AMPC has many benefits but as well as some problems or difficulties also 

which are; 

• Mechanical arrangements 

• Consumer prerequisites managing and connecting to SG 

• Electric apparatuses 

Mechanical parts need proper arrangements to make the system more efficient and to 

avoid the breakages. These parts can be expensive and can increase the budget. Alternator 

plays key role in this AMPC system which is part of electric work. The input from 

mechanical system drives the alternator to produce electrical energy. And managing the 

produced power will be supplied directly to user if it's near about the AMPC or to preserve 

on battery banks or to SG. 
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