
 

 SCHOOL OF SCIENCE & ENGINEERING – AL AKHAWAYN UNIVERSITY 

 

 
SCHOOL OF SCIENCE AND ENGINEERING 

 

 

 

 

 

 

 

 

SPEED BUMP GENERATING ELECTRICAL POWER 
 

 

Capstone Design – EGR 4402 

 

 

Ahlam Laksimi 

 

 
 February 2019 

 

 

 

 

 

Supervised by  

 

 

Dr. H. Darhmaoui 



i 

SPEED BUMP GENERATING ELECTRICAL POWER     

 

 

Capstone Report 

     

 I, Ahlam Laksimi, hereby affirm that I applied ethics to the design process and in the 

selection of the final proposed design. And that, I have held the safety of the public to the 

paramount and has addressed this in the presented design wherever may be applicable. 

 

 

 

_____________________________________________________ 

Ahlam Laksimi 

 

 

 

 

 

Approved by the Supervisor 

 

 

 

____________________________________________________ 

D. H. Darhmaoui 



ii 

ACKNOWLEDGEMENTS 

 

 

To my father, my idol. To my late mother, I missed you as the sky misses the sun. The 

persons I owe it all to. To my brothers, the ones that motivate me in every step in my life. I am 

grateful to have you in my life. To friends and other members of my family, thank you! I might 

lose a lot but after all life is a journey of experiences. 

Very special thanks to my supervisor, Dr Darhmaoui to whom I owe a lot of respect 

and admiration, you helped me during this process of research: thank you for all your support. 

I would like to thank as well, Dr Bentamy, who I have lean a lot during his lectures. Even if I 

failed in your exam, your classes served me to accomplish this capstone design project. Also, 

Dr Lghoul, who opened his office for me and helped me in designing my project in Solidworks: 

thank you for allowing me to attend your classes!    

A very special gratitude to the persons I shared my office with, Pr Tenghiri, Mr Amr, 

Ms Samia. Thank you for your support and believing that my project is great. I would like to 

thank you as well for our long lasting discussing about science and engineering, especially 

black holes. 

 I place on record my sincere thank you to Dean of Science and Engineering school, Dr 

Kevin Smith for continuous support and encouragement. I would like also to thank Mrs Saad, 

dean’s assistant for her incredible work. Dr Abid, who helped me to get an office in the 

research lab and Mr Najem for installing Solidworks software in my computer.  

Finally, last but by no means least, I take this opportunity to express gratitude to all professors 

and doctors who shaped my personality and enriched my background to be the student I am 

today.  

Thanks for all your encouragement! 

 



iii 

LIST OF FIGURES ....................................................... ERROR! BOOKMARK NOT DEFINED. 

LIST OF TABLES .............................................................................................................. VI 

NOMENCLATUR ............................................................................................................ VII 

ABSTRACT .................................................................................................................... VIII 

1 INTRODUCTION .......................................................................................................... 1 

2 STEEPLE ANALYSIS ................................................................................................... 3 

2.1 SOCIETAL IMPLICATIONS ................................................................................................ 3 

2.2 TECHNOLOGIES .............................................................................................................. 3 

2.3 ENVIRONMENTAL IMPLICATIONS..................................................................................... 3 

2.4 ETHICS ........................................................................................................................... 3 

2.5 POLITICAL ...................................................................................................................... 3 

2.6 LEGAL FRAMEWORK ....................................................................................................... 3 

2.7 ECONOMIC IMPACT ........................................................................................................ 3 

3 LITTERATURE BACKBROUND ................................................................................ 4 

3.1 History of speed bump ................................................................................................ 4 

3.2 Advantages and disadvantages ............................................................................... 4 

3.2.1 Advantages ........................................................................................................... 4 

3.2.2 Disadvantages ...................................................................................................... 5 

3.3 New Technologies ....................................................................................................... 6 

3.3 Speed Bump … a Source of Renewable Energy ....................................................... 6 

3.4.1 Advantages of using speed bump generating electrical power ................................ 8 

3.4.2 Disadvantages of using speed bump generating electrical power ............................ 8 

3.5 Different designs of mechanism .............................................................................. 9 

3.5.1Crankshaft-type ..................................................................................................... 9 

3.5.2 Roller-type ......................................................................................................... 11 

3.5.3 Hydraulic-type .................................................................................................... 11 

3.5.4 Rack-pinion type ................................................................................................ 12 

3.6 Mechanism ............................................................................................................... 13 

3.6.1 Mechanical Components ..................................................................................... 13 

3.6.2 Electrical Components ........................................................................................ 14 

4 METHODOLOGY ....................................................................................................... 16 

4.1 PROJECT DESCRIPTION.................................................................................................. 16 

4.2 SOLIDWORKS COMPONENTS DESIGN AND SPECIFICATIONS ........................................ 17 

4.2.1 Bump ..................................................................................................................... 17 

4.2.2 Compression Springs ............................................................................................. 18 

4.2.3 Rack and Pinion .................................................................................................... 24 

4.2.4 Sprocket and Chain ............................................................................................... 25 

4.2.5 Gear Box ............................................................................................................... 26 

4.2.6 Generator .............................................................................................................. 26 

4.2.7 Inverter ................................................................................................................. 27 

4.2.8 Batteries ................................................................................................................ 27 

4.3 THEORETICAL STUDY AND RESULTS.............................................................................. 29 



iv 

5 FINANCIAL AND LEGAL ANALYSIS ..................................................................... 30 

5.1 COSTS .......................................................................................................................... 30 

5.2 LEGAL FRAMEWORK ..................................................................................................... 33 

6 CONCLUSION & FUTURE WORK .......................................................................... 35 

8 REFERENCES ............................................................................................................. 36 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



v 

LIST OF FIGURES  

 

 

FIGURE 1 DIFFERENT COMMON SPEED BUMP SHAPES  ................................................................ 5 

FIGURE 2 POTENTIAL IMPACTS OF SPEED BREAKERS   ................................................................ 5 

FIGURE 3 HOW THE ACTIBUMP SYSTEM WORKS TO SLOW CARS DOWN    ..................................... 6 

FIGURE 4 ENERGY CONSUMPTION BY SECTOR IN MOROCCO ..................................................... 6 

FIGURE 5 SCHEMATIC OF SPEED BUMP ENERGY HARVESTER    .................................................... 7 

FIGURE 6 CRANKSHAFT WORKING DIAGRAM    .......................................................................... 9 

FIGURE 7HYDRAULIC-TYPE WORKING SCHEME    ................................................................... 12 

FIGURE 8 COMPARISON OF VARIOUS MECHANISM    ............................................................... 12 

FIGURE 9 SPEED BUMP POWER GENERATOR MECHANISM    ...................................................... 13 

FIGURE 10 STEPS TO TRANSFORM MECHANICAL ENERGY TO ELECTRICAL POWER .................. 16 

FIGURE 11  BUMP PART DESIGN - VIEW FROM FRONT ............................................................. 17 

FIGURE 12  BUMP PART DESIGN - VIEW FROM BELLOW .......................................................... 18 

FIGURE 13 COMPRESSION SPRING PARAMETERS    .................................................................. 19 

FIGURE 14 SPRING PART DESIGN ............................................................................................ 20 

FIGURE 15 EXPLODED VIEW OF SPRINGS + SUPPORT + BUMP .................................................. 21 

FIGURE 16 SOLID MESH OF SPRING ......................................................................................... 22 

FIGURE 17 SPRING WITH APPLIED FORCE ................................................................................ 22 

FIGURE 18 SPRING STRESS STUDY ......................................................................................... 23 

FIGURE 19 RACK AND PINION TERMINOLOGY  ........................................................................ 24 

FIGURE 20 RACK AND PINION ASSEMBLY DESIGN .................................................................. 25 

FIGURE 21 SPROCKET AND CHAIN ASSEMBLY DESIGN ............................................................ 26 

FIGURE 22 ASSEMBLY OF THE MECHANICAL PART ................................................................. 28 

 

 

 

 

 

 

 

 

 

 



vi 

LIST OF TABLES  

 

TABLE 1 LOAD VS. VOLTAGE GENERATED    .............................................................................. 8 

TABLE 2 SPEED VS. VOLTAGE GENERATED     ............................................................................. 8 

TABLE 3 VEHICLE LOAD CORRESPONDING VOLTAGE AND CURRENT  ........................................ 9 

TABLE 4 EXPERIMENTAL RESULT FOR ONE TIRE  .................................................................... 11 

TABLE 5 SPRING DESIGN SPECIFICATION ................................................................................ 19 

TABLE 6 DESIGN SPECIFICATION OF SPRING    ......................................................................... 20 

TABLE 7MECHANICAL PROPERTIES OF AISI 1015 COLD DRAWN STEEL  ................................. 23 

TABLE 8 DESIGN SPECIFICATIONS OF THE RACK ..................................................................... 24 

TABLE 9 GEAR DESIGN SPECIFICATION .................................................................................. 25 

TABLE 10 SPROCKET DESIGN SPECIFICATION ......................................................................... 25 

TABLE 11  GEAR BOX DESIGN SPECIFICATIONS ...................................................................... 26 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



vii 

NOMENCLATUR 

 

C Capacity  

E efficiency of the generator  

F forced applied 

h is the height of the bump 

I Current 

k spring constant 

Lo the free length of the spring 

m number of teeth of the gear  

n the number of revolutions 

ni is the influence of the length on the edges 

  Angle made between the rack and pinion 

P power  

Pout Output power  

Pin Input power  

r   radius of the pinion  

T torque  

V Voltage  

W is the winding ratio spring 

 Rotational speed  

X extension of the object 

 

 

 

 

 



viii 

ABSTRACT 

 

In this era of technologies and innovation, renewable energies development has being the 

subject of many researches. Countries all over the world do their best to reduce the energy 

consumption coming from fossil fuel. Electricity is an important source of energy. Countries 

embrace all kind of renewable energy that avoid energy waste. Speed bump generating 

electrical power is a machine that adopts this technology. The aim of this capstone project is to 

design and test the effectiveness of speed bumps that generate electrical power. The design will 

be on an engineering software, which helps to analyze the design using some tool such as stress 

analysis and so on.  The project is oriented toward the metropolitan city in the Casablanca, 

Morocco. It will conduct a financial study with the costs of the materials and also the 

installation and maintenance. 
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1 INTRODUCTION 

  

Since 1953, a great invention came in the world of physics and solved many problems of car 

accidents; speed bumps were back in time and still one of the most innovative ways to reduce 

car speed and prevent the driver and the pedestrians from many problems. Through time, speed 

bumps took many shapes and different materials. This kind of innovation gathered many fields 

from the world of science and engineering such as materials science, mechanics of materials, 

physics and so on. As this innovation grew through time, sustainable energy development has 

become the source of many innovations as hybrid cars, solar panels, wind turbines and so on. 

When bringing new ideas to the world of science, engineers take into consideration the 

environment. The world is consuming a lot of energy that comes from fossil fuel, which cause 

climate catastrophe.  

  

What is more interesting is to bring theses two -speed bumps and energy conservation-and 

create one thing that will both be effective technically and also energy conserving. Many 

countries such as Japan and UK, use speed bumps generating electrical. It has also been the 

subject of many scientific researches.  

 

Speed Bump Generating Electrical Power (SBGEP), transforms kinetic energy and potential 

energy (horizontal force exerted by the car) into electrical energy (electrical generator) stored 

in batteries and ready to be used for public lighting. This means that there will be no energy 

waste (almost null). Hence, this machine very useful since it, embrace sustainable energy 

development. However, it will not depend on whether it is sunny (solar panel) or windy (wind 

turbines) or wavy (water paddles) to produce energy. Choosing the right place to install this 

device will make all the difference. This device depend on the frequency by which vehicles 

move across it. In other words, when placing it in a road where traffic rate is almost constant 

during the day, it can produce enough electrical power to supply public lights during day and 

night.   
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In this this capstone, we will conduct a study on Moroccan market and more precisely the 

metropolitan city of Casablanca. An existing design will be taking into account to bring some 

modifications and test it experimentally on a computer software.  

 

In Chapter 2, we discuss information gathered from literature review. A summary about the 

history, the advantages and disadvantages of speed bumps. In addition, the experimental study 

conducted in the UK. At last, the mechanical components and electrical components that are in 

the speed bumps followed with basic formulas used to do the calculations.  

 

In Chapter 3, we conduct a feasibility study focusing on the design chosen and its 

implementation in the engineering software, Solidworks. Besides, the testing of the design 

using specific materials using the analysis tools in the software.  

 

In Chapter 4, we do a financial study. A table listing the price of the different materials used if 

willing to manufacture it. Also, the fees for installation and maintenance if any. Followed with 

legal articles concerning the implementation if they exist. 
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2      STEEPLE ANALYSIS 

 

2.1 Societal Implications 

Speed bump generating electrical power take a big responsibility when it comes to the 

environment and citizens. It does involve people in participating in building a better 

environment in the economic city of the Kingdom, Casablanca.  

2.2 Technologies 

We will focus on the design and implementation and the testing to see how effective this design 

is experimentally. The stress and fatigue analysis used in SOLIDWORKS.  

2.3 Environmental Implications 

Speed bumps generating electrical power is eco-friendly. It does preserve energy waste since it 

recycles kinetic energy to produce free electricity. A clean energy will not even save money but 

also the world.  

2.4 Ethics 

Involving people in taking responsibility of preserving the planet from energy waste. Thus is 

does promote environmental awareness.  

2.5 Political  

There is no political aspect concerning this device since it is not harmful for the environment 

not for the citizen. 

2.6 Legal Framework  

Preparing a legal plan to implement the speed bumps in street of Morocco and precisely the 

metropolitan city of Casablanca. Still there is no harm in bringing this new technology to the 

market. 

2.7 Economic Impact  

The production of those speed bumps can be competitive to both classical speed bump and 

solar panel streetlights. An explicit business plan is in progress to make a good quality speed 

bump with lower possible price.  



4 

3 LITTERATURE BACKBROUND 

 

3.1 History of speed bump 

In the Egyptian civilization, speed bump existed not to serve as speed reducers but to protect 

from the mud of early roads. On June 7, 1906, precisely in Chatham, came out the first speed 

bump in the history made of flagstones and cobblestones. Crosswalks where raised by few 

centimeters above the road level to lower the speed of cars that bothered the 1,400 resident of 

this village. “There were several persons in the machine, and when the heavy rubber tires 

struck the elevation there was a palpitation of the machinery and the car shot up several feet in 

the air. Goggles, hats, a monkey wrench, sidecombs, hairpins and other articles flew in all 

directions” [1].  

 

Physicist and Noble-prize winner, Arthur Holly Compton who known for his work in 

electromagnetic theory, invented “traffic control bump” in 1953. In 1970 in Europe, the first speed 

bump was placed in Delft in the Netherlands. In 1973, the British Transport and Road Research 

Laboratory published a report about different types of speed bumps. During that time, speed bumps 

where places only in private areas [2].  

 

3.2 Advantages and disadvantages  

3.2.1 Advantages 

The purpose of installing speed bumps was to reduce speed not only in the private areas but 

also in public streets. When the driver see the speed bump, he is obliged to reduce his car 

speed. Thus, safety of pedestrians and drivers is taken into consideration [3]. Figure 1 shows 

the different shapes of speed bumps. The most common shapes are circular and parabolic. 
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Figure 1 Different common speed bump shapes [4] 

3.2.2 Disadvantages 

When it comes to cons, speed bumps can damage cars if the driver drives fast. Figure 2, 

illustrate the negative impact that SBGEP can have. It has a high impact on vehicle dynamics. 

Besides, it can also cause discomfort to people on board and be the cause of chronicle 

backache. Besides, emergency vehicles such as ambulance and fire trucks make more time 

when they are on duty due to acceleration and deceleration. What’s more, noise of engines and 

vehicles going over the bumps. Besides, large vehicles and buses can lose control if they pass 

over bumps at high speed. Speed bump can also cause pollution when vehicles change speed 

and thus fuel consumption [3].  

 

 

 

Figure 2 Potential impacts of speed breakers   [5] 
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3.3 New Technologies  

In Sweden and Australia, a new technology of speed bumps emerged which is “dynamic speed 

bump” [6]. This technology is installed few centimeters bellow the road level providing speed 

bump only for speeding vehicles; they only appear when the speed sensors detect car that are 

driving beyond the speed limit. A system increasing safety without forgetting to lower noise 

and pollution emission [6]. Figure 3, illustrate the concept of “actibump”.  

 

 

Figure 3 how the actibump system works to slow cars down   [7] 

 

3.3 Speed Bump … a Source of Renewable Energy 

Renewable energies become one of the main strategies of countries. Countries all over the 

word embrace this new politics to reduce the pollution and their energy consumption coming 

from fossils. The table below show the energy consumption by sector [8].   

 

Figure 4 Energy Consumption by Sector in Morocco 
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Speed bumps where constantly used to reduce the speed of cars to prevent accidents. A new 

technology developed with the use of renewable energies. Speed bump generating electrical 

power are a new source of producing free electricity. The UK considered implementing this 

new technology in London for a trial in 2009. It can produce between 10-36 KW of power for 

a steady flow of traffic. In other words, on speed bump can produce between 1.3$ to 4.5$ of 

energy per hour for up to 16 hours. Thus, between 7,745$ to 27,782$ per year. Moreover, 

electricity left is transferred to a storage or even to national grid. This new tool can whether act 

as a real speed bump or as stay flat in order to not be noticed by drivers.  

In Rotterdam, Netherlands, a nightclub is partially using electrical energy from footsteps of 

dancing people. In 2008, experimental study shows that even pedestrians could produce 

electrical energy in shopping centers [10]. Figure 5, shows the process of producing energy 

starting from mechanical energy to energy storage.  

 

 

Figure 5 Schematic of speed bump energy harvester   [4] 

 

Other countries like Japan did already put this in trial and many dozen countries considered 

embracing this renewable energy source in the future. Researchers found that four ramps could 

produce enough electrical power to light up a road along one mile. In addition, ten ramps can 

produce enough power produced by a wind turbine [11]. This is a huge amount when it comes 

to comparing this source of energy that when installed in a place with constant traffic will never 

depend on any other external source. Whereas, wind turbine or solar panel does depend on 

external factors mainly weather.  

Experimental and theoretical studies shows that SPGEP are very effective. In the graphs 

bellow, table 1 and table 2, it is clear that when increasing the weight of the vehicle (kg) and 

lowering its speed (km/hr), voltage generated (volts) is also increased. Thus, it is very effective 

since vehicle do decrease their speed when driving over the speed bump. SPGEP should be 
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stored in places where there is constant traffic to guarantee constant energy storage and thus 

production. 

Table 1 Load vs. voltage generated   [12] 

 

Table 2 Speed vs. voltage generated    [12] 

 

3.4.1 Advantages of using speed bump generating electrical power 

With the use of this new technology, there will be no pollution; there will be no fossil fuel 

consumed. Electricity produced on a regular basis. The construction is simple and does not 

require much time [12].  

3.4.2 Disadvantages of using speed bump generating electrical power 

Since this device has a mechanism, it can crack down. Thus, maintenance should be handle 

from time to time to make sure that it is operational. Concerning electricity production, 

lightweight vehicle will help in making an important amount of electricity [12].  
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3.5 Different designs of mechanism  

3.5.1Crankshaft-type 

The crankshaft transforms circular motion to a reciprocation motion or vise-versa. A crank is 

an arm linked to a shaft with a precise angle. When the vehicle passes over the speed bump, the 

vertical motion is changed to a circular motion. Afterwards, the dynamo, linked to a spur gear 

attached to a shaft rotates and produces energy. Figure 6, shows the main steps of crankshaft 

design to transform the mechanical energy into electricity [13].  

 

 

Figure 6 Crankshaft working diagram   [13] 

Table 3 Vehicle Load Corresponding Voltage and Current 

[13] 

 

Assuming the mass of the vehicle is 250 Kg  

Height of speed brake = 5cm 

Work done= Force distance  

Force= Weight of the body = 250 9.81 (gravity) = 1962 N  

Distance traveled by the body= height of the speed breaks = 10cm  

Output power=Work done/sec= (1962 0.05)/60=1.63 Watts  

 Case of 1 Pushing force 
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 Power developed for one vehicle passing over the speed bump for one minute = 

1.62 Watts  

 Power developed for 60 minutes (1 hour) = 98.1 Watts  

 Power developed for 24 hours (1day) = 2.35 KW  

This power developed is enough to supply electricity to four streetlights at nighttime. [13] 

3.5.2 Roller-type 

When the vehicle passes over the speed bump, rollers rotate and allow the dynamo linked to a 

rotter shaft to rotate and produce electricity [14].  

 

Image 1 Testing of the Fabricated Model [14] 

Table 4 Experimental Result for one Tire [14] 

 

3.5.3 Hydraulic-type 

Using Bernoulli’s principle, the fluid inside the piston compresses and flows inside an external 

pipe with increased velocity. This speed of the fluid is transformed by the hydraulic turbine (1) 

into mechanical energy and then into electricity. Figure 7, shows the main components of this 
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design which are (1) hydraulic turbine, (2) Cylinder, (3) piston, (4) accumulator, (5) reservoir, 

(6) damper and, (7) ramp [15].  

 

Figure 7Hydraulic-type Working Scheme   [15] 

3.5.4 Rack-pinion type 

Rack and pinion type is the one tested in this project. Among described designs, rack and 

pinion design is the most effective. Table below gives the comparison between the three 

designs:  

 Crank-shaft Mechanism 

 Roller-type Mechanism  

 Rack and pinion Mechanism  

 

Figure 8 Comparison of Various Mechanism   [16] 

 In the next section, a detailed description about each component of this design is given. 
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3.6 Mechanism  

Speed bumps generating electrical power are made of two major components; mechanical and 

electrical components. It does convert the kinetic and potential energy to electrical power [17].  

They come in many designs. However, most designs use rack and pinion, gears, and springs. 

Those are the mechanical components. The electrical components include the generator, and 

the battery to store electricity.  

 

3.6.1 Mechanical Components   

When the driver passes through the speed bump, the vertical displacement of the vehicle 

produces a kinetic and potential energy to convert the mechanical component into an electrical 

component. Figure 9 shows the mechanical components of SBGEP. 

 

Figure 9 Speed bump power generator mechanism   [18] 

 

a) Spring 

With its elastic capacity, when a force is applied -in this case vehicle- a mechanical energy is 

stored due to compression and stretching. The problem faced is that the spring can break down 

due to larger deflection [18].  

To know magnitude of force that is applied, spring constant formula is used:  

        

K spring constant 

F forced applied 

X extension of the object 

F = K x  (1) 
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 sinFr   (2) 

b) Rack and Pinion  

The rack is linked directly to the bump. The vertical motion is transmitted and cause the rack 

to move vertically downward. The rack is also linked to a pinion that rotate in one direction 

only. Thus, the vertical motion is turned into rotational motion [18].  

To know the maximum torque that is by the entire system: 

 

 

  Angle made between the rack and pinion 

F force required to give the spring maximum depression  

r   radius of the pinion  

c) Sprocket and Chain  

After, the vertical motion is turned into rotational motion, the pinion transmit the energy to the 

sprocket, which constitute of two wheel with teeth that has meshes linked to the chain that 

causes torque. The upper wheel is the one connected to the pinion and the other wheel is 

connected to the generator [18].  

 

3.6.2 Electrical Components  

After converting the kinetic and potential energy through a mechanical mechanism, comes the 

role of a generator. A generator is a device that transforms mechanical energy into electricity. 

Hence, the generator is very important in this process since it does the transformation.  

a) Generator 

In this case, we will use a generator not a motor since the generator is a device that transforms 

the mechanical energy into electrical power whereas, the motor transforms the electrical power 

into mechanical force. The generator uses electromagnetic induction principle [18].  

b) Rectifier 

It is the device that transforms the AC power to a DC power and vice versa. It is mandatory in 

this mechanism since it will transform the AC power produced from the generator to a DC 

power ready to be stored in batteries [19].  



15 

c) Batteries 

The device stores the DC power in order to transport it to street lighting. Since most of street 

lighting nowadays uses LED lighting, it is important to have inverter in order to provide the 

street and traffic lighting system with DC power [19]. 
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4 METHODOLOGY 

 

4.1 Project Description 

The objective of this project is to design and test the power generated by the SBGEP. Various 

designs are available for previous studies but the design chosen to work with is the “Rack and 

Pinion “type. In this section, the parts are designed using Solidworks engineering software and 

then assembled to form the whole mechanism as seen in Figure 9. After the assembly of the 

parts, the whole components together will form a single mechanism. Motion is added to the 

mechanism and an analysis is conducted using some tools in the software to do the stress 

analysis of the main parts of the design such as the springs, the gears of the sprocket and chain 

and the rack and pinion. The figure 10 shows the major steps and their role in the mechanism 

of SBGEP. 

 

Car 

Moving 

across 

SBGEP 

Translation 

Stress 

Springs 

Mechanical 

Guidance 

Rack and 

Pinion 

Rotational 

Motion 

Electrical 

Power 

Generator 

Storage 

Battery 

Sprocket 

and Chain 

Lighting  

Figure 10 Steps to Transform Mechanical Energy to Electrical Power 
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 Translation Stress   The car apply a force F on the bump, which is 

defined as a kinetic motion. 

 

 Mechanical Guidance and Rotational Motion  The force in translational 

motion changes in rotary motion because of the rack and pinion 

 

 Electrical Power   The force is then transformed into an electrical 

power by the generator  

 

 Storage and Lighting  The electricity is then stored in batteries to be ready 

to use for supplying necessary devices such as public lighting for streets or even 

traffic lights. 

 

4.2 Solidworks Components Design and Specifications 

4.2.1 Bump  

The bump as seen is Figure 11 and 12 is the upper part of the mechanism, which is the only 

think visible to the public.  

 

Figure 11  Bump Part Design - View from front 
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Figure 12  Bump Part Design - View from bellow 

4.2.2 Compression Springs 

The springs were the first component to design as seen in Figure 10, since they have a major 

impact on the overall process. They define the bearing force that the bump can handle by their 

elasticity. The type of spring designed and its specifications listed in Table 5 below along with 

the spring parameters as seen is Figure 13. 

As stated before, spring are one of the most important components to define before starting the 

design of the whole structure. Using Solidworks, a stress analysis in conducted to know which 

appropriate material with precise specifications used to satisfy the requirement of the SBGEP. 

Calculations done using formulas shown below:  

    

For F=2000 N 

G= 70000 N/mm^2 

W is the winding ratio spring. W= 10 is the most used value   

 

 

 

 

    (3) 

d = 10.69 mm ≈ 11 mm 
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Calculating the Mean Diameter D    

 

 

 

To define the Lo the free length   

ni is the influence of the length on the edges and n the number of revolutions 

 

 

 

d 11 mm 

D 110 mm 

Lo  380 mm 

No of Springs 4 

Material AISI 1015 cold drawn Steel 

Table 5 Spring Design Specification 

Figure 13 Compression Spring Parameters   [20] 

  

D = 10*d = 10*11 = 110 mm (4) 

Lo =    (5) 

Lo = 379.5mm ≈ 380 mm 

ni = 3 
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Figure 14 Spring Part design 

Before moving to the design motion analysis and stress analysis, the loaded height should be 

calculated using the following equation of Hook’s law.  

 

 

The spring constant k = 6.672 N/mm is calculated using a calculator online in acxesspring.com. 

The table below, shows the data collected from previous calculations. 

Table 6 Design Specification of Spring   [21] 

 

 

∆X=F/k= 2000/6.672 = 299.76 mm  (6) 
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Before proceeding to the simulation study of the spring, support and bump part, figure 15 

shows the exploded view of the assembly. 

 

Figure 15 Exploded View of springs + Support + Bump 

 

After designing springs in Solidworks, comes the analysis of the part using specific tools in the 

engineering software. First, the study simulation. The assembly considered as one part to 

facilitate the study. Applying a force F with load 2000 N having a direction in the opposite sign 

of the Y-axis. First, the material is chosen as Annealed Stainless Steel with Shear Modulus G= 

70000 N/mm^2 and low thermal conductivity. Second, the bottom of the support is fixed 

(green arrows in figure 17). A 2000 N force applied on the upper part (pink arrows in figure 

17). The springs are set into contact with support in the lower part (bottom support). Third, 

the mesh applied on the entire structure to create one solid mesh. Last, the study start to give 

the report.  
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Figure 16 Solid Mesh of spring 

 

Figure 17 spring with Applied Force 

Moving to the stress analysis of the spring design, the following figure shows the result of the 

simulation study and precisely the deformation of the spring when applying the force of 2000 

N. 
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Figure 18 Spring Stress Study 

Following  figure 18 of spring stress analysis. It shows that there is stress in the edges of the 

spring, where the force is applied and at the support. The maximum applied stress is 3.014e8 

Pa, which gives 301.4 MPa.   

 

Since the material of the spring is AISI 1015 cold drawn Steel and its yield strength is 325 MPa 

shown in table below, the conclusion is that there will be no permanent deformation of the 

spring.  

Table 7Mechanical Properties of AISI 1015 Cold Drawn Steel [22] 

 

301.4 MPa 



24 

4.2.3 Rack and Pinion  

Moving downward across the design of the mechanism, the second assembly is the rack and 

pinion as seen in figure 19.  

The data chosen is calculated using following equations and listed in table and 9. 

 

The normal force     

 

 

h is the height of the bump which is 55mm 

 

 

Since  

 

 

 

 

 

 

 

Concerning the rack, the length of it was taken from previous studies, which uses 

approximately the same load. The rack design specifications are listed in the table below. 

 

Figure 19 Rack and Pinion Terminology [23] 

 

Table 8 Design Specifications of the Rack 

Length 300 mm 

Module 1.5 

No of Teeth 32 

Material 
 Hardened 

Steel 

No of Rack 1 

 

 

Fn= 2000 N/cos (20) = 2128.35 N   (7) 

P = (F*h)/t=110 W (8) 

 

P=   

 

    T=35.014 N.m (9) 

r = 0.0175 mm 

D= 36 mm 

T = F*r  (10) 
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Table 9 Gear Design Specification 

Module m 1.5 

No of Teeth n=D/m 24 

Diameter D 36mm 

Material  Cast Iron 

No of Gears  1 

 

 

Figure 20 Rack and Pinion Assembly Design 

4.2.4 Sprocket and Chain  

 

The rack and pinion assembly is linked to the sprocket and chain assembly as shown in Figure 

21. The design specification of the assembly is calculated using the following formulas  

Since T = 35.014 N.m and F = 2000 N 

 

Then r of smaller gear  

And R of larger gear     

 

 

 

T = F*r  (10) 

r = 17.507 = 18 mm 

R=36 mm 
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V1/ V2 = ½      V2= 30*2 = 60 rpm  (15) 

n1 / n2 = 24/ 48 = ½      1: 2  (12) 

 

Since n, number of teeth are calculated using formula     

 

 

The sprocket ratio is calculated using the formula    

 

 

 

The rpm of the small sprocket is calculated using data collected from previous calculation of 

Torque = 35.014 N.m and Power = 110 W. Using equation    

 

 

With = (2 π N)/60   
 

Using the sprocket ratio  

 

 

Module m 1.5 

No of Teeth n=D/m 24 48 

Diameter D 36mm 72mm 

Material  Hardened Steel 

No of Gears  1 1 

Table 10 Sprocket Design Specification 

N = = 30 rpm (14) 

n = D/m (11) 

(13) 
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Figure 21 Sprocket and Chain Assembly Design 

4.2.5 Gear Box   

The gearbox is not uses along with the sprocket and chain. The gearbox will replace the 

sprocket and chain and then calculation of the output rpm of the gearbox will show witch 

design is more energy producing with the same force applied.  

Table 11  Gear Box Design Specifications 

Sprocket Diameter No. Teeth Speed Material 

1 36 24 30 rpm 

Steel 

2 18 12 60 rpm 

3 36 24 30 rpm 

4 18 12 60 rpm 

 

The output rpm of the gearbox is the same as the sprocket and chain. Since the sprocket and 

chain, known of energy loss and the gearbox needs lubrication and maintenance. The design 

chosen will be sprocket and chain because the design with the gearbox is more expensive and 

the maintenance is costly.  

4.2.6 Generator   

First, the output power produced by the generator is calculating in term of the input power and 

its efficiency E using the equation:   

 
E=  (16) 
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Since the small dc generator efficiency, vary from 75% to 95% with mean 85%, E=85% 

 

Thus, the output power is then:  

         (17) 

 

The generator is chosen in term of the power (P) and the voltage (V).  

 

 

Since I = 8 A, the battery charger linked to the battery and inverter have all I = 8A. Concerning 

the implementation of the design. The frequency of the country is taken into consideration 

since the frequency vary from country to country. In this case, frequency is 50 Hz since 

morocco uses electricity of 220V and 50 Hz frequency [24].The power supplied by the small 

generator is in DC.  

The original design is using the generator. However, in this design we will implement the 

dynamo since it is available in the online website of GrabCad.com. 

4.2.7 Inverter  

The power supplied by the generator is DC. There are two cases: 

1. Case supplying DC Street light. Use the electricity, which is directly produced by the 

battery charger. 

2. Case supplying AC Street light. Use the inverter, which is linked to the battery charger. 

The inverter should be a 12 V and 100 W. 

4.2.8 Batteries  

Batteries used depend on the energy needed by the streetlights and traffic lights. In this case, a 

70 W supplied during nighttime, which is 12 hours. Thus, the energy need is 840Wh 

 

 

P = V* I ↔ I = P / V ↔ I = 94/12 = 7.83 ≈ 8 A (18) 

 

 
Pout=  = 0.85*110 = 93.5 W ≈ 94 W 

 

E= 70*12=840 Wh (19) 
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The Capacity of the battery calculated using the equation  

 

 

The whole study made in this section gives us an assembly of each of the parts to form the 

speed bump mechanical part in one assembly shown in figure 22. 

 

Figure 22 Assembly of the Mechanical Part 

C= (840*0.5) / (12*0.8) = 44 Ah   (20) 
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4.3 Theoretical Study and Results 

In this section, a theoretical study is conducted to calculate the power produced by the 

mechanism using some formulas and solved in Excel.  

First assuming the mass of the vehicle moving across the speed bump 203.87 Kg. Force applied 

is 2000 N. Following some manufacturing standards. Speed bump height should be around 55 

mm. assuming the speed bump height is 55mm and adding the upper part of the support, which 

is 30 mm, gives a total height of 85mm.  
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5 FINANCIAL AND LEGAL ANALYSIS 

 

In this section, after the design and testing is conducted, a financial study is based on the costs 

of each component of the design. Besides, the costs of maintenance is approximate based on 

previous designs already tested. The SBGEP are subject to many research and engineering 

study but not all of them where installed in real life other than experimental testing.  

5.1 Costs  

The costs are mainly in Moroccan dirhams since the project aim is to be implemented in the 

metropolitan city of Casablanca in Morocco. Many companies where contacted whether by 

phone calls or by email to gather all the costs in the table below.  

 

Component Image Main Role Features Price 

Speed bump 

 

 

 

The part that is 

visible of the 

whole design 

 

Rubber 

surface fixed 

to the inner 

surface 

which is 

made of iron 

 

217.7$ 

Steel Box 

 

Holds the entire 

mechanical part 

Steel 

Resists to 

corrosion 

Capacity of 

100 Kg 

 

100$ - 

200$ 
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Spring 

 

 

Holds the entire 

assembly. 

Resist to 

pressure by car 

with its 

elasticity 

 

Stainless 

Steel 631 

 

0.01$-

9$ 

Rack and 

Pinion 

 

 

 

Transmit the 

translational 

motion to the 

sprocket and 

chain 

 

Stainless 

Steel 

 

28$-

30$ 

Plummer 

Block 

 

 

Holds the 

Pinion to be 

fixed when rack 

is moving in 

translational 

motion 

Durability 

Sturdiness 

 

6.5 $ 
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Sprocket 

 

 

 

Transmit rotary 

motion from 

rack and pinion 

to generator 

 

Stainless 

Steel 

No corrosive 

Durability 

 

0.58$  

Chain 

 

Transmit power 

from  sprocket 

to rear sprocket 

Durability 

No corrosive 

Resist to 

tension 

19 $ 

Generator 

 

 

 

Converts the 

mechanical 

energy to 

electrical power 

 

E=0.85 

V=12 V 

 

126 $ -

165 $ 

 

Inverter 

 

 

 

Inverts the DC 

power to AC 

 

V = 12 V 

I =8A 

P=100W 

 

8$-9$ 
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Battery 

Charger 

 

 

 

Conduct 

electricity from 

generator to 

whether 

batteries or 

device to supply 

 

V= 12 V DC 

I= 10A 

 

10$ - 

18$ 

 

Batteries 

 

 

 

Stocks the 

electricity in 

order to be used 

when needed 

 

I = 12V 

C= 44Ah 

 

100$-

118$ 

 

Total Cost varies between 616.4$ and 1236$ depending on the quantity and quality and type of 

material used as well as manufacturer.  

5.2 Legal Framework 

Concerning the implementation of the project, a legal part covers the regulations assigned by 

the ministry of energy, mines, and sustainable development. In the ministry official website, is 

stated the draft law No. 48-15 relating to the regulation of the sector of electricity. The 

electricity market in Morocco is an open market for competitors to produce and commercialize 

electricity to customers using “VHV / HV / MV, in accordance with the law 13-09 renewable 
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energy” [25]. This shows that the renewable energy market in Morocco is open for investments 

for private sector.  

Concerning public lighting, new equipment are installed such as LED lamps, stabilizers for 

energy saving.  
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6 CONCLUSION & FUTURE WORK 

 

From this project, we conclude that speed bumps generating electrical power are very efficient 

when it comes to producing electricity. The entire project assemble both mechanical 

background and electrical knowledge to come up with the idea of creating electricity from a 

source that is not harmful for the environment. The theoretical study shows that the design is 

very efficient since only a 200 Kg mass that goes aver the bump can produce 90 W of energy. 

In other words, it can supply enough electricity for a one streetlight of 70W, which is a 

considerable amount of energy.  

This design is to be studied in future work for further details such as friction forces and 

gravitational force. The study conducted in this capstone design project is the ideal case where 

all external forces are excluded. However, to have a more realistic result, a more accurate 

study should be conducted. Moreover, the gear box will also be taken into consideration in the 

future work. Besides, the chain in the sprocket and chain assembly can be replaced by the belt.  
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