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ABSTRACT 

 One of the most notable and preeminent turnovers that humanity has ever been through 

is the ability to use electricity. Our age is indeed called the “Age of Electricity”. Unfortunately, 

this big step in humanity’s advancement brought with it compelling crises: global warming and 

the energy crisis. The use of renewable energies and the energy recovery principle have proven 

themselves to be profitable and efficient solutions in tackling those issues. Within this context 

arose the idea of harvesting energy from speed bumps. Those latter are world-widely used and 

in some instances installed  in highly dense traffic areas. Previous researches investigated the 

potential of extracting electrical power from speed bumps. However, quantifying the real 

potential of producing electricity from those devices remains unachievable as results from 

literature greatly differ one from another. The aim of this project is therefore to assess and 

evaluate the real potential of harvesting energy that this concept presents. This is done through 

designing and simulating a system that generates electricity when cars pass by speed bumps. 

Our study also builds on findings related to an innovative energy-harvesting method referred to 

as MMR (Mechanical Motion Rectifier), that promises a significantly higher power output 

when used in such systems. Our study resulted in designing a system that promises an energy 

output of 65 Joules per car, which complies with findings of two teams that previously tackled 

this subject. The advantage of using the MMR technology was also evaluated, and it was found 

that this latter promises a 145% higher energy output.  
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I- INTRODUCTION 

 Since the beginning of times, tremendous efforts have been made to make life an easier 

and simpler process to go through. From the discovery of coal to the invention of the printing 

press, several determining events were key factors in making our daily life what it is today. The 

ability of using electricity has however proven itself to be one of the most prominent turnovers 

ever. This step of a giant was the starting point of many of the current technological 

advancements achieved as of today [1]. Electricity undoubtedly revolutionized industry which 

resulted in all those works of the genius; from TVs to cars passing by smartphones. Today, 

numerous daily-life tasks cannot be done without electricity. No computer, light bulb, or 

microwave would function without this essential and crucial resource. Our era is indeed called 

the “Age of Electricity” [1]. 

 Burning fossil fuels such as coal, natural gas, and petroleum is the main method of 

producing electricity in the world [2]. Those natural resources are however undoubtedly limited. 

As the world’s population is currently rising along with the general demand on electricity, fossil 

fuels will be at some point insufficient to fulfill the world’s needs [3]. This is what is commonly 

referred to as the energy crisis. Furthermore, producing electrical energy from fossil fuels 

creates emissions that are highly harmful for humans and the environment. Those latter can 

cause serious health issues such as heart diseases or lung cancer. Each year, 2.5 million people 

die as an effect of air pollution [4]. Other to humans, many creatures such as plants and animals 

can suffer from those dangerous effects. In fact, The entire planet is endangered by those 

emissions that cause global warming, the increase of temperature in air and oceans [4].One of 

the main preoccupations of the modern worldwide society is indeed the climate change as 

pollution levels are pointing out a catastrophic situation where our planet, along with our well-

being in it are threatened by those toxic emissions [5]. Developing alternatives to the current 

accustomed methods of electricity generation is therefore critically compelling. 
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 Within the context of the energy crisis and climate change, new methods of electricity 

production came into view. Those latter make use of daily phenomena and free resources such 

as the solar radiations, the wind, or even ocean waves to produce electrical energy. Another 

promising technology is gaining a greatly growing concern: energy recovery. This latter is 

defined as the collection of energy from the ambient environment, and is in fact considered as 

one of the most important techniques to address the issue of the energy crisis and climate change 

[6].  

 

 Speed bumps are devices that present a potential source of high-energy harvesting [6]. 

Those latter consist of a vertical obstacle that is used to calm the traffic, by reducing the 

vehicles’ speed, and therefore improving road safety [7]. Their usage is very common, as they 

are installed in parking areas, public roads, near schools. Whenever a vehicle passes through a 

bump, its weight is exerted on this latter and energy is accordingly transferred from the vehicle 

to the speed bump. This energy can be exploited through energy recovery.  

 

 Considering the significant traffic volume in some areas, this phenomenon presents a 

possibly high potential in energy production that can directly go within the context of 

developing crucial solutions that counter the energy crisis and climate change. Many researches 

tackled this subject, and designs are being developed as it is the case in the US where a system 

that recovers energy from speed bumps was tested in the entrance of a gun show [8].  

 

 Previous personal work was performed within the context of energy recovery using 

speed bumps. A system was designed using the 3D design and simulation software SolidWorks. 

The result was a sampling equation that relates the weight applied on the system and its power 

output. The simulation accordingly demonstrated an output mechanical power generated of 
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3.4kW per car. This result greatly lacks realism as the conducted simulation does not take into 

consideration many real-life variables such as friction, inertia, and gravity. The result also 

remains greatly inaccurate. This is due to the fact that the simulation resulted in an equation 

that relates the weight applied on one specific point of the system to the power it can generate. 

To come up with a specific value of the power generated, an estimate of 25% of the vehicle’s 

weight was considered to be applied on the system, which certainly is far from real-life 

conditions. Also, the implementation of the design in real life was not discussed.  

 One of the major considerations that were taken into account during the design phase of 

the previous system was building on the existing phase of an energy-harvesting technology 

called MMR. This technology is used in car dampers in the form of regenerative shock 

absorbers to generate electrical power. This is achieved by the means of converting oscillatory 

vibrations into a unidirectional rotation of a generator. MMR, the concept used in the latter 

system, is to be implemented for our system that harvests energy from speed bumps. Previously 

developed systems commonly generate power when the car presses down the system’s speed 

bump. The use of the MMR design will benefit our system in such a way that it generates power 

both when the bump is pressed down and when it is coming back to its initial position.  

 In our study, the existing basis of the system previously designed will be used and built 

on. The MMR technology will be merged with the design in a way that allows its 

implementation in real life. A greatly more elaborate simulation will be developed. It will 

reproduce the real passage of a car on an MMR energy-harvesting system instead of simply 

reproducing a point force as it is the case on the previous personal work. It will also involve 

variables that mimic real life conditions i.e. gravity, realistic contacts, and inertia. This 

simulation will therefore aim to produce realistic values that represent the energy output 

generated through speed bumps. The advantages of using the MMR technology will also be 

evaluated in order to assess the validity of using this latter mechanism. 
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II- LITERATURE REVIEW 

1- Overview about Speed Bumps 

 Speed bumps are devices that calm the traffic, by slowing down vehicles. They were 

invented in 1953 by Arthur Holly Compton, a physicist annoyed with fast cars passing by his 

university. Those devices were made of rubber, as it is commonly the case today [9]. They are 

generally made in either a circular, sinusoidal, or parabolic shape with a height that is usually 

between 7 and 10 centimeters. Their width varies between 360 and 420 centimeters, while their 

ramp is from 90 to 180 centimeters long [10]. 

 

 

Figure. 1. Illustration of a speed bump [10] 

 

Figure. 2. Common shapes of a speed bump [11] 
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1.1. Advantages of speed bumps: 

 Research shows that speed is a key variable affecting traffic accidents along with their 

severity. At high speeds, accidents cannot only happen easier than at low speeds, but also in a 

more severe way. Traffic calming and speed reduction are then key factors in protecting both 

drivers and pedestrians. Using speed bumps therefore proves itself to be an efficient way to 

increase traffic and pedestrian safety [11].  

 

1.2- Disadvantages of speed bumps: 

 As the main purpose of using speed bumps is slowing down vehicles, this task can be 

disadvantageous when applied on emergency vehicles like ambulances, firefighters’ trucks, or 

police cars. Those devices also present a potential source of damage for vehicles, as they can 

cause wear in the suspension system and brakes. They also increase noise levels resulting from 

cars when either breaking before the speed bump, or speeding up after it. This also results in 

increasing the fuel consumption of those vehicles. Another disadvantage is that they cause 

discomfort to the passengers and driver [12].  

 

 

2- Overview about Existing Systems that Harvest Energy from Speed 

Bumps: 
 

2.1. Working principle 

 There is no doubt that a system that harvests energy from speed bumps must firstly 

acquire an energy in a certain form from this latter, and followingly convert it into another form 

that can be used to generate electricity. The majority of projects and studies previously 

examined use a system where a platform is pressed down after the passage of car. This latter 

event will result in a linear downward movement that can afterwards be converted into a 
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rotational one, that can allow the generation of electrical power through, for example, the use 

of a generator. 

 In order to convert the mechanical linear movement into a rotational one, many 

mechanisms can be used among which are the roller, magnet, crank-rod, or rack and pinion 

mechanisms. The system designed and simulated within this study will adopt the rack and 

pinion mechanism. After the review of previous works and studies, it was found that this 

mechanism is the most used. Adopting this latter will therefore provide us with a richer basis 

of results than other mechanisms.  

 

Figure. 3. Rack and pinion mechanism [13] 

 

 

 

Figure 4. Todoria et. Al system 
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Figure 5. System that harvests energy from speed bumps using the rack and pinion 

mechanism [7] 

 

 Figure 3. shows a rack and pinion mechanism. When the rack performs a linear 

movement, the pinion rotates. This principle can then be used to transform the movement 

caused by the car that presses on the speed bump into a rotational one. Figures 4 and 5. illustrate 

the diagram of a system designed by Todaria et. Al where a rack and pinion mechanism is used. 

The system also uses springs, with the purpose of bringing the speed bump back up to its initial 

position. A gear set is used to link the rack and pinion mechanism to the generator. Gear sets 

are commonly used to transmit a rotational movement while changing the speed of rotation. 

Figure 6. Shows a typical gear set.  

 

Figure 6. A typical gear set [14] 
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 Gear sets allow the transmission of a rotational movement while changing the speed of 

rotation. The change of speed is done through the following equation: 

𝑊 𝑜𝑢𝑡𝑝𝑢𝑡

𝑊 𝑖𝑛𝑝𝑢𝑡
=  

𝐷 𝑖𝑛𝑝𝑢𝑡

𝐷 𝑜𝑢𝑡𝑝𝑢𝑡
 [15] 

Where: 

W output : Rotational speed of the output gear 

W input : Rotational speed of the input gear 

D output : Diameter of the output gear 

D input : Diameter of the input gear 

 One can deduct from the equation that for the case of a gear driving a smaller one (D 

input > D output), the rotational speed will be amplified. In the system developed by Todaria 

et. Al, a gear set is accordingly used to amplify the rotational speed by which the generator will 

be fed. Electrical power can then be produced. 

 

2.2. Results and findings from literature:  

 Prior to examining the literature of studies that tackled harvesting energy from speed 

bumps, it was necessary to determine the nature of the final output that will serve as a 

comparison basis between those different studies. Many of the studies found expressed their 

final results in terms of power generated. This output was nonetheless inappropriate for judging 

and comparing the different works. Let us assume two systems; system A with a peak power of 

1000 Watts and B with 200 Watts. If system A outputs the 1000 Watts in only 1 second, and 

then drops to 10 Watts for 9 other seconds, its total energy produced will be 1000 Joules as 

shown below: 

Energy = Power  Time [23] 

Energy = (1000W  1s) + (10W  9s) 

Energy = 1090 Joules 
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 System B, on the other hand, outputs its peak power of 200 Watts for 10 seconds. Its 

output energy will be 2000 Joules according to the previous equation. The two systems both 

generated electricity during 10 seconds, but the one with the lowest peak power produced more 

energy. Therefore, in our study’s literature review, energy will be used to compare findings. 

 As mentioned previously in the same section, most results from literature are 

expressions of power. In order to come up with the energy values, the peak power mentioned 

in studies was assumed to be achieved during the entire system’s functioning time period. 

Followingly, the time variable during which this power was achieved was needed. This 

information was nonetheless not available from the examined studies. This missing variable 

was then retrieved from the work of Todoria et. Al who simulated an MMR and a non-MMR 

system. The time during which the two systems harvest energy were recorded and it was found 

that the time for non-MMR systems is 0.153s, and for MMR ones is 0.72s [7]. those two 

durations were assumed constant for all studies in order to standardize the results.  

 The first study examined is the one conducted by Ramadan et. Al. They built a prototype 

of a system that harvests energy from speed bumps using the rack and pinion mechanism. Figure 

7. shows the prototype of the system designed. This system involves a generator that converts 

rotational mechanical energy into an electrical one. Tests were conducted by applying weights 

of 35, 73, and 85kg as testing the system with a real car proved itself to be out-of-reach [6]. 
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Figure 7. System designed by Ramadan et. Al [6] 

 Figure 8. shows the power generated by the system designed by Ramadan et. Al versus 

the mass applied on it. 

 

Figure 8. Power generated VS. mass applied on the system designed by Ramadan et. Al [6] 
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 Those results demonstrate that the power produced by the system approximately 

increases from 4W for 35kg into 65W for 85kg. In order to calculate the power generated by 

the passage of a real 1500kg car, Ramadan et. Al calculated ratios of power generated versus 

load for the three masses used using the following formula: 

𝑅𝑥 =  
𝑃𝑜𝑤𝑒𝑟 (𝑙𝑜𝑎𝑑𝑥)

𝑙𝑜𝑎𝑑𝑥
 [6] 

 The three ratios obtained were 0.11W/kg , 0.59W/kg, and 0.76 W/kg. Those three ratios 

were afterwards averaged which gave the value of 0.49W/kg. This ratio was then accepted to 

be the performance indicator of the system [6]. This means that for a car weighing 1500kg, the 

output power would be: 

Power (car) = R * 1500kg 

Power (car) = 0.49W/kg * 1500kg 

Power (car) = 1.14kW 

 Therefore, and since the system developed by Ramadan et. Al was a non-MMR one, the 

total energy it produced is, according to our assumptions: 

Energy = Power  Time [23] 

Energy = 1140W  0.153s 

Energy = 174.4 Joules 

 The next study is the one conducted by Iyen et. Al where they performed an 

experimental analysis on a system that uses the rack and pinion mechanism. It was found that 

this system outputs a peak power of 1.9kW. The system examined within this study is a non-

MMR one. Similarly to the work of Ramadan et. Al, its energy output was computed and was 

found to be 290.7 Joules [24].  

 The third study examined is the one performed by Makumi et. Al. This team developed 

a system that adopts the MMR technology and constructed a real prototype. This latter was 



19 

 

Figure 9. Mechanism of energy harvesting used by  Todaria et. Al [7] 

tested using loads that range from 26 to 40kg. The team then came up with an equation that 

links the load applied on the system to its power output using graphing methods. From there, 

the power output for a car of 1500 kg is found to be 145.3W. For this study, the time used for 

the energy calculation is 0.72s. The output energy was therefore found to be 104.62 Joule [25]. 

 The fourth study is the one conducted by Sabri et. Al where they developed a prototype 

of a non-MMR system that harvests energy from speed bumps. This latter was tested using 

various loads: a man by itself, a bike with a man riding it, and then a car with a man in it. The 

study resulted in a power output of 115 Watts for a load of 1030 Kg. the energy output was then 

found to be 17.6 Joules [26]. 

 The last study is the one conducted by Todaria et. Al. Similarly to the previous work, a 

real implementation of the system was done. Figure 9 shows the energy harvesting mechanism 

used in the Todoria et. Al’s system [7]. 

 

 

 

 

 

 

 

 

    

 The results that Todaria et. Al. found are showed in figures 10. and 11. The first graph 

shows the simulated electrical power output of the system. this graph was obtained using the 

analytical study conducted by the team. The second graph however shows results obtained from 

the prototype that was designed [7]. 
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Figure 10. Simulated electrical power of the system [7] 

 

Figure 11. Experimental electrical power of the system [7] 

 The first graph shows the expected power output resulting from the passage of the front 

wheels of the car only. This graph has two positive slopes due to the fact that Todaria et. Al 

used an innovative technology, called MMR (Mechanical Motion Rectifier) that allows the 

production of power when the system is moving both upward and downward. This technology 

presents a promising potential as the peak power of the upward movement (190 W) represents 

approximately 45% of the peak power generated through the downward movement (420 W) of 
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the speed bump. The experimental results confirm the simulated ones, in spite of the minor 

differences that can be due to realistic variables such as friction and heat losses. The results of 

the latter study also show that the curves of energy harvesting do not immediately drop to 0 

after the positive slopes. From the working principle of the rack and pinion mechanism, one 

can understand that when the bump reaches its lower level, the rack will stop moving and the 

pinion will accordingly stop rotating too, which will directly stop the energy production. This 

is not the case for the system designed by Todaria et. Al, and this is also due to the use of the 

MMR technology. After integrating the curves of energy production of the latter system, i.e. by 

calculating the area under the curves, Todaria et. Al concluded that their system that adopts the 

MMR technology promises 4 to 5 times more energy output than a traditional system that 

harvests energy from speed bumps. Contrary to the previous studies, the energy output for this 

work was computed using a different method. This is due to the fact that the instantaneous 

power output of the system was given with respect to time. Energy was therefore computed 

from the graph showed in figure 11, by approximately calculating the area under the graph. 

This output energy was found to be 88.2 Joules. 

 

 

3- Overview about the MMR technology: 

 The MMR technology, or Mechanical motion rectifier, is a technology used in systems 

that harvest energy from car’s suspensions. Those systems recover the energy lost in irregular 

vibrations of the cars’ suspensions by transforming the two-way linear movements of the 

suspension parts into a unidirectional rotational movement of a generator. This is done through 

using the rack and pinion mechanism and two one-way clutches: devices that link two rotating 

objects, but that allow the transmission of the movement in one direction of rotation only [16].  
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 In the first case where the suspensions of the car are being compressed, the rack moves 

linearly as shown in figure 12. This causes the first two pinions that are linked to it to rotate 

counter-clockwise. During this first phase, the first one-way clutch is the only one that is 

engaged which links the generator to the first pinion. This causes the generator to rotate 

clockwise. 

 

Figure 12. MMR technolgy’s working principle during suspension’s compression 

  

 In the second case where the suspensions of the car are being decompressed, the rack 

moves linearly as shown in figure 13. This causes the first two pinions to rotate clockwise. As 

opposed to the first phase, the second one-way clutch is now the only one that is engaged which 

links the generator to the second pinion. This second pinion drives another pinion, the reversing 

one, which itself rotates counter-clockwise. As the second one-way clutch is engaged, the 

generator is linked to the reversing pinion which causes the generator to rotate clockwise. 

When the suspension 

is being compressed 

Pinion 

One-way clutch 1 

One-way clutch 2 

 

0 

Generator 

Rack Clockwise Rotation 

1 

 

      2 
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Figure 13. MMR technology’s working principle during suspension’s decompression 

 

 As illustrated in figure 12 and 13, one can conclude that the suspension’s compression 

and decompression are movements that are both causing the generator to rotate in the same 

direction even though they are perfect opposites. This principle is used in systems that harvest 

energy from speed bumps in order to harvest energy when the bump is both moving down, and 

back up to its initial state.  

 One other significant feature of the MMR technology is that it also exploits the inertia 

of rotating components of the system to produce energy. When the rack stops moving by 

reaching the motion limits (when both going up or down), the two one-way clutches are both 

disengaged and the shaft of the generator can keep on rotating freely. The inertial energy stored 

in the latter shaft can therefore be used to generate electrical power [7].  

When the suspension 

is being decompressed 

Generator 

Rack 

Pinion 

One-way clutch 1 

One-way clutch 2 

 

0 Clockwise Rotation 
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 All of that being said, the MMR technology proves itself to be a promising solution, as 

stated by Todoria et. Al who claimed in their study that this technology can multiply the power 

output of a system harvesting power from speed bumps by 4 to 5 times [7]. 

 

4- Summary of the Literature review: 

 Examining the literature review that is relevant to the topic of this study resulted in the 

following  findings: 

• Determining the real potential of energy harvesting from speed bumps was impossible. 

Except for the two works of Todoria et. Al and Makumi et. Al who found  relatively 

close results (88.2 joules versus 70.7 Joules), results from the studies examined highly 

differ one from the other. The output energy found by the team of Iyen et. Al is more 

than 16 times higher than the one found by the team of Sabri et. Al even though both of 

them studied similar systems (non-MMR ones).  

• Two studies (work of Todoria et. Al and work of Makumi et. Al) exhibit systems 

adopting the MMR technology. In the study of Todoria et. Al, the use of this technology 

promises an increase in power output of 4 to 5 times as compared to conventional 

systems. This is explained, according to the research team, by the fact that the MMR 

technology: 

▪ Allows the production of power in both the downward and upward 

movements of the system. 

▪ Exploits the rotating inertia of the generator’s shaft to produce more 

power. 

• The rack and pinion mechanism is the one to be used in our system in order to transform 

the linear movement into a rotational one. This is due to the fact that adopting this 
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mechanism allowed us to reach a richer basis of results and works versus other 

mechanisms. 

• Springs will be used in order to bring the system back to its initial state after the down-

movement, as those are the most commonly used components for that matter [6] [7] 

[17]. A gear set will also be used to amplify the rotational speed fed into the generator. 

This is due to the fact that the rotational speed in the output of the rack and pinion 

mechanism is not sufficient to feed up the system’s generator [7]. 
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III- SCOPE OF THE STUDY  

 The fundamental and main problematic that this study aims to address is to counter-act 

the destructive and alarmingly threatening effects of climate change and energy crisis through 

the methods of renewable energies and energy recovery.  

 A system that harvests electrical power from speed bumps presents a promising 

potential as for being an energy recovery solution that directly confronts the environmental 

preeminent challenges. This study will therefore aim to quantify the real potential of generating 

electricity from speed bumps through developing and simulating an energy recovery system. 

This study also intends to judge and examine the premises and findings of previous work, 

regarding the advantages of adopting the MMR technology. This will be done through 

producing and comparing output energy values for the system with an MMR setup then without 

it. 

 The energy recovery system designed within this work will adopt the rack and pinion 

mechanism. The study will be carried on using the 3D modeling software SolidWorks.  
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IV- DESIGNING THE SYSTEM 

1- General design of the system 

 As discussed in the problematic & scope of the study section, the energy recovery 

system will adopt the MMR technology and the rack and pinion mechanism. The operating of 

the system will be in two phases:  

• The first phase will take the system from its initial state to its fully-down state. This 

movement will be caused by the car pressing on the system’s outer component i.e. the 

speed bump. 

• The second phase that brings the system back to its initial state. This movement will be 

caused by the springs that are compressed when the car presses on the system. Those 

former will bring the system back up after the car’s load is removed. 

 

 Consequently, and as the system adopts the MMR technology, two separate rack and 

pinion mechanism will be needed with each one harvesting energy during one of the system’s 

two operating phases.  

 The two rack and pinion mechanisms aim to transform the linear movements of the 

system during the two phases (upward and downward) into a rotational one. In order to acquire 

the linear movement, the two racks will need to be assembled with the system’s outer 

component that travels up and down. This component will need to fulfill the task of a 

conventional speed bump when the system is at its fully-down state. This is why it will consist 

of a conventional speed bump with a base platform fixed below it. When the system is at its 

initial state, both the speed bump and the platform will be above the ground level. As the car 

passes by the system, it will first push down the platform so that when the system reaches its 

fully-down state, all what remains above the ground level is the conventional speed bump. The 
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component that consists of the conventional speed bump and the platform will be, in what 

follows of the report, be referred to as the system’s carapace. 

 As discussed previously in the literature review, the system’s design will require a gear 

set that amplifies the rotational speed of the pinions. Because two rack and pinion mechanisms 

are being used, the system will require two gear sets. The output shafts of the gear sets and the 

input shaft of the generator will all have to be linked. This can simply be achieved through the 

use of one single common shaft.  

 All of the components of the system, except the carapace, will have to be assembled 

with a base frame that holds them all together. This frame will be fixed below the ground’s 

surface. 

 

2- Listing of the system’s parts 

 After setting up the general design of the system, the parts and components that 

comprise the system will need to be enumerated. Table 1. illustrates an enumeration of each 

system’s component with the quantity needed of each. 

 

Table 1. List of the energy recovery system’s parts 

Component Quantity 

Rack and pinion mechanism 2 

Gear set 2 

One-way Clutch 2 

Transmission shaft 1 

Frame 1 

Carapace 1 
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3- Designing the system’s parts  

 This section details the design phase of each component of the energy recovery system 

that adopts the MMR technology and the rack and pinion mechanism. The multiple design 

constraints involved with this task are presented, along with how they were dealt with. 

Important is to mention that, for optimization purposes, the design of each component will be 

simplified as much as possible. This will allow a simplification of the model, and consequently 

of the simulation which will allow its smoother and more efficient processing, along with more 

accurate results. This section is divided into sub-sections with each one detailing the design of 

a specific component. 

 

3.1. Rack: 

 The rack is the system’s component that acquires the input linear movement, and that 

accordingly moves in a linear fashion. It is usually a metallic rod of a rectangular cross section 

with teeth on one of its faces, that mesh with those of a circular gear wheel or pinion [17].   

 

Figure 14. Illustration of a rack [18] 

 The first design constraint involved with creating the rack of the system is its length. 

This element is fixed to the system’s carapace that travels from the initial to the fully-down 
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state. Consequently, its length will need to be greater than the distance traveled by a point when 

the system goes from its first to its second state. As mentioned in the sub-section “General 

design of the system”, the conventional speed bump is all what stays above the ground of the 

system’s carapace in the fully-down state. Existing designs of this former are approximately 

5cm high. The other determining dimension needed is the minimum ground clearance of the 

car that passes on the system, which is the minimum height available below the car. This 

dimension is crucial to our design: the system’s carapace should never touch the car, as for 

instance when the system is in its initial state and when the car’s front wheel have passed the 

system while the rear ones still did not. For our study and simulation, the sample car chosen is 

the Hyundai Accent 2017. This car represents the urban mid-sized every-day car. The 

dimensions of this car will serve as a guide to the dimensioning and design of the system and 

its parts.  

 

Figure 15. The Hyundai Accent 2017, car assumed for our study [19] 
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 The minimum ground clearance of the Hyundai Accent 2017 is approximately 14cm 

[20]. We can therefore deduct that the maximum height of the system’s carapace in the initial 

state is 14cm, while the minimum height of this latter in the fully-down state is 5cm. the 

difference between those two thresholds gives us a maximum travel of 9cm. this is what makes 

us conclude that the rack should have a length of the order of 9cm.  

 The cross sectional area of the rack is not a parameter of a big importance in our design. 

It was chosen to be 25 x 30cm. The teeth profile of the rack was also not of a big importance, 

as the linkages between mechanical parts are to be implemented in a virtual manner using the 

mates feature of SolidWorks. Creating real contacts between the mechanical parts of the system 

was not possible, due to the limited performance resources of the machine used. This is why 

implementing the components with realistic teeth profile was not necessary. This latter profile 

was also to be simplified as much as possible in order to allow a smoother processing of the 

simulation. The rack was also designed with an orifice on its top so that it can be assembled 

with an arm. This latter will serve as a linkage between the rack and the system’s carapace, and 

will allow us to use a shorter rack as discussed in further design details. 

 The final design constraint involved with the conception of the rack is related to the 

MMR technology. As discussed in the section “Literature review: Overview about the MMR 

technology”, a major advantage of this latter is that it allows a greater energy harvesting due to 

the exploitation of the rotational inertia of the generator’s shaft. In other words, this means that 

the generator will continue rotating even if the system stopped moving when reaching one of 

the two end states. In order to implement this in the SolidWorks software, the rack will be 

designed with a portion that has no teeth. When the system is at one of its end states, the pinion 

reaches this portion of the rack, and is therefore disconnected from this latter, which allows the 

free rotation of the pinion in that particular state. 
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 Consequently, and based on the previous findings and solutions, the final design of the 

rack was generated. Figure 16. shows this design along with the defining dimension of the rack 

i.e. its length.  

 

Figure 16. Final design of the rack with a total teeth length of 100mm 

 

3.2. Pinion: 

 As mentioned in the previous sub-section, the teeth profile was not pertinent to this 

work, as it is the case for the thickness of the pinion. The only design element that proves itself 

to be relevant to our study is the diameter of this component. This is due to the fact that this 

specific parameter directly affects its rotational speed, and therefore the output power that the 

system can harvest. Assuming the same distance traveled by the rack, a big pinion will make 

less rotations than a smaller one when both are coupled to this same former rack. Figure 17. 

illustrates this principle. 
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Figure 17. Linear displacement versus rotation angle of the rack and pinion mechanism 

  

 If we assume a point in the radius of the pinion, the distance traveled by this latter point 

will be the same as the linear travel of the rack. This is what the following equation illustrates: 

L rack = L pinion 

With, 

L pinion = R x A , where A is the angle by which the pinion rotates, and R its radius 

This implies that:  

L rack = R x A 

 This equation means that for a fixed travel of the rack L rack, increasing R decreases 

A. in other words, a pinion with a higher radius will rotate less than a pinion with a smaller one. 

This directly implies that for the pinion to rotate the most, it should be the smallest possible. Its 

radius was therefore chosen to be 25mm (diameter = 50mm). Figure 18 shows the final design 

of the pinion. 
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Rack 
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Figure 18. Final design of the pinion 

 

3.3. Gear Set 

 As mentioned previously in the section “II-2.1  Working Principle”, gear sets are 

devices that allow the transmission of a rotational movement whilst adapting the rotational 

velocity. The use of gear sets in such a system is explained by the fact that the angular velocity 

of the pinion is insufficient to feed the generator, and that it therefore has to be amplified. 

Therefore, the pinion will need to be linked to other gears in order to create a gear set that 

increases this former’s velocity. We know that the equation governing the velocity change 

during the transmission of the rotational movement using gear sets is as follows: 

𝑊 𝑜𝑢𝑡𝑝𝑢𝑡

𝑊 𝑖𝑛𝑝𝑢𝑡
=  

𝐷 𝑖𝑛𝑝𝑢𝑡

𝐷 𝑜𝑢𝑡𝑝𝑢𝑡
 [15] 
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where the input gear is the pinion. The angular velocity of the gear linked to the pinion will 

therefore be: 

𝑊 𝑜𝑢𝑡𝑝𝑢𝑡 =  
𝐷 𝑝𝑖𝑛𝑖𝑜𝑛

𝐷 𝑜𝑢𝑡𝑝𝑢𝑡
 ×  𝑊 𝑝𝑖𝑛𝑖𝑜𝑛 

 In order to increase the pinion’s velocity, the gear linked to the pinion will clearly have 

to be much smaller than this former. This task proves itself to be undoable since the pinion was 

already designed to be as small as possible. 

 The solution would be to fix the pinion with a gear wheel, referred to as gear 1, that has 

a much bigger size than it. With that being done, the pinion and gear 1 will rotate with the same 

velocity. 

𝑊𝑝𝑖𝑛𝑖𝑜𝑛 =  𝑊1 

 

 Gear 1 can then be linked to another smaller gear, gear2, which will allow the 

amplification of the pinion’s velocity. The equation describing the link between gear 1 and 2 is 

as follows: 

𝑊2 =  
𝐷1

𝐷2
 ×  𝑊1 

𝑊2 =  
𝐷1

𝐷2
 ×  𝑊𝑝𝑖𝑛𝑖𝑜𝑛 

 Knowing that gear 1 is bigger than gear 2 (D1 > D2), this setup allows us to amplify the 

pinion’s rotational velocity. D1 and D2 were respectively chosen to be 140 and 25mm. Plugging 

those values into the equation describing W2 makes us assert that this gear set amplifies the 

pinion’s velocity by a factor of 5.6 times. Figure 19. Illustrates the final design of the gear set. 
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Figure 19. Design of the gear set 

 

3.4. One-way clutch: 

 As discussed in section “II-3-Overview about the MMR Technology”, one-way clutch 

are used to implement the MMR technology. They contribute into allowing the system to 

harvest energy both downward and upward, but also allow the significantly important 

exploitation of the rotational inertia of the generator when the system is resting at one of its 

states. Unfortunately, and up to my knowledge, the SolidWorks software does not allow the 

implementation of such devices. Our study will therefore not be able to take into account the 

potential of energy harvesting from the inertia of the generator. However, the two-way energy 

harvesting feature will still be investigated. 

 

3.5. Transmission shaft: 
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 For optimization purposes, the transmission shaft that links the two output gears of the 

gear sets to the generator was chosen not to be physically created. This will simplify the model, 

and therefore the simulation which will allow its smoother and more efficient processing. The 

shaft will only be virtually created through the use of the mate feature, that allow the creation 

of a virtual linkage between the simulation’s components. On the other hand, for calculation 

purposes, the dimensions of the shaft were taken to be as follows: a radius of 25mm (equal to 

the one of the output gear), a length of 21cm, and a total mass of 320g (when implemented with 

steel of a density of 7800kg/m3. 

 

3.6. Frame 

 As for previous components, the frame of the system was also simplified to the extreme. 

All design elements of this part that could be replaced by a virtual mate were omitted. Therefore, 

the frame now consists of a simple planar part with holes on it that allow the virtual mate of the 

rotating elements (pinion, gear1, gear2) with it. Figure 20. Shows the design model of the 

system’s frame. 
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Figure 20. Design model of the system’s frame 

 

3.7. Carapace: 

 As mentionned in setion “IV-1-General design of the system”, the system’s carapac is 

the outer component that gets in contact with the car in order to move downwards linearly. The 

first dsign that was created for this component is the one shown in figure 21. This design model 

consists of a platform that moves linearly up and down, and that is fixed with two arms (in 

yellow on figure 21) that transmit this linear movement to the two rack and pinion mechanisms. 

This platform is assembled with two ramps usign a rotating linkage, so that both of them can 

rotate around the platform’s edges. When the car passes by the system, it gets on one of the 

ramps, which makes both ramps slide on the ground and rotate. The platform then is lowered 

down. After the car’s passage, the carapace is brought back to its tatus-quo state using springs.  
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Figure 21. Initial design if the carapace 

 

 

 

 

This first design was however omitted due to the following reasons: 

• The carapace component involves three separate parts which makes the design more 

demanding in terms of machine’s ressources. This will complicate the model and make 

the simulation’s process less efficient. 

• This design of the carapace was impractical and unrealistic. The two ramps had to slide 

on the ground in order for the platform to move down. Coming up with a durable and 

sustainable mechanism that allows this sliding, assuming the very rough surface of the 

road, was not doable. Also, the carapace of the system was going to be subject to very 

high loads under frequencies that are also very high, which will put a considerable 

stress on the rotating linkages between the platform and the two ramps. This will induce 
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non-negiligible maintenance and even repairing costs as those linkages can break down 

under the high loads that the system will have to undergo. 

• When the system is at its fully-down state, the carapace does not accurately mimic a 

real speed bump. 

 

 An updated design was then created for the carapace. Firstly, the carapace had to include 

a real speed bump, so that it can accurately mimic this latter when the system is at its fully-

down state. This conventional speed bump will then be fixed with a platform underneath it. 

When the car passes by the system, it will first get in contact with the platform, which will 

lower the carapace until all what reamisn above the ground from the carapace is the speed bump. 

The updated design model of the speed bump is illustrated in figures 22 and 23.  

 

Figure 22. Updated and final design of the carapace of the energy recovery system 
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Figure 23. Close view of the carapace of the energy recovery 

 This updated design was chosen over the first one because of the following reasons: 

• The first design consisted of three separate entities that move with respect to each other 

while the updated carapace only consists of one entity, i.e. the conventional speed bump 

fixed on the platform. This allows the simplification of the design in a considerable 

manner, and therefore insures more accurate results. 

• The first design was very impractical and unrealistic. The updated one proves itself to 

be very realistic as it only involves an every-day speed bump fixed on top of a platform. 

The updated carapace does not contain any moving mechanism, which makes it 

substantially durable and sustainable reducing therefore any needed maintenance costs. 

• The system properly mimics a real speed bump. As the car passes by the system, this 

latter switches to its fully-down state where the only element of the carapace that stays 

above the ground is the speed bump. 

 As shown in figure 23, the system’s carapace included two cavities that serve as fixation 

points. Those latter will be used to link the carapace with he rest of the system. 

Conventional 

Speed bump 

Fixation 

points 

Platform 
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4- Assembling the system’s parts 

 This section displays the process followed in order to assemble the different components 

that were previously designed. The assembly will be constructed using the mate feature of the 

SolidWorks software. This feature allows linking parts in various different ways, all in a virtual 

manner. The first step was to create the assembly file, then inserting the first component i.e. the 

frame of the system. This latter was fixed in the assembly so that other moving components can 

be linked to it. Figure 24. illustrates the frame in the assembly file. 

 

Figure 24. First step of the assembly’s creation 

  

 Followingly, the rack and pinion was to be assembled. The SolidWorks software has a 

dedicated mate for that matter called the rack and pinion one. Inputs of this latter include a line 

section of the rack component along with a circular section of the pinion. The mate then asks 

for the distance traveled by the rack when the pinion effectuates one revolution, or in other 

words the circumference of the pinion. this input allows the linkage of the movements of the 

two components. In our case, the pinion has a radius of 25mm. its circumference is therefore: 
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Circumference = 2  R 

Circumference = 2  25 

Circumference = 157.08mm 

 A pinion’s circumference of 157.08mm means that when the pinion travels linearly this 

former distance, the pinion will achieve one rotation.  

 Figure 25. shows the rack and pinion sub-assembly. 

 

Figure 25. Assembly of the rack and pinion 

 The rack and pinion mechanism was then linked with the gear set. The pinion was first 

linked with gear 1, a gear fixed with the pinion that has a greater size as discussed in the section 

“IV-3.3. Gear Set”. This was done through directly creating the two components as one. In 

other words, gear 1 was created in the same part file as the pinion. this made a single component 

for the software. Figure 26. shows the sub-assembly between the rack and pinion mechanism 

and gear 1. 
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Figure 26. Sub-assembly between the rack and pinion mechanism and gear 1 

 In order to complete the creation of the gear set, gear 1 had to be linked with gear 2. 

This was to be done using a mate type especially made for that purpose. The “gear mate” feature 

allows the linkage of two gear wheels based on their respective sizes. The inputs of this feature 

are the diameters of each of the two wheels added to a circular section from each . In our case, 

the inputs were the respective diameters of gear 1 and 2: 140 and 25mm. The sub-assembly 

between the rack and pinion mechanism and the gear set was done. Figure 27. shows this latter 

sub-assembly. 

 

Figure 27. Sub-assembly between the rack and pinion mechanism and the gear set 
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 The sub-assembly between the rack and pinion mechanism and the gear set was then 

assembled with the frame of the system. Figure 28. shows the former sub-assembly linked to 

the system’s frame. 

 

Figure 28. The rack and pinion mechanism and the gear set linked to the system’s frame 

 

 Since the system adopts the MMR technology, it comprises two rack and pinion 

mechanisms and two gear sets. The two rack and pinion mechanisms are exactly similar. This 

is why the steps followed to assemble the first mechanism were reproduced in order to create 

the second one. The two gear sets are also similar in all points except in the fact that the second 

gear set has one more gear linked to gear 2 as discussed in the section “II-3. Overview about 

the MMR technology”. This gear, gear 3, is the exact copy of gear 2. Both components are 

linked with a gear mate using the two inputs; 25, 25mm.  Important it is to mention that the 

system needed two separate rack and pinion mechanisms instead of only one rack and two 

pinions linked to it. This is explained by the fact that the outputs of the two pinions will need 
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to be concentric, i.e. sharing the same rotational axis. Within the scope of our study, this was 

only possible through the use of two separate racks.  

 Next, the second gear set was created and assembled with the second rack and pinion 

mechanism. The two output gears of the gear sets were then virtually linked, as discussed in 

section “IV-3.5. Transmission shaft”. The overall sub-assembly we ended up with, referred to 

as the energy-harvesting unit, was afterwards linked to the system’s frame. Figure 29. illustrates 

the result of all previous steps. 

 

 

Figure 29. Energy harvesting unit 

 Th next step was to assemble the energy harvesting unit with the system’s carapace. 

Considering this latter component’s travel of 9cm (as discussed in section IV-3.1.Rack), the 

Rack and 
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Gear Set 1 Gear Set 2 

Pinion 2 

Frame 
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two racks could not be directly linked to it. This task would have required much longer racks. 

For that matter, two arms were created with the purpose of linking the system’s carapace to the 

energy harvesting unit. Those arms transmit the linear motion of the carapace to the rack and 

pinion mechanisms. Figure 30. shows the design model of those parts.    

 

 

Figure 30. Design model of the two arms 

 The two arms were followingly linked to the two racks in such a way that makes them 

fixed to each other. Figure. 31. Shows the two arms after their linkage to the energy harvesting 

unit. 
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Figure 31. The energy harvesting unit linked to the two arms 

 The sub-assembly of the energy harvesting unit and the two arms was at present ready 

to be assembled with the system’s carapace. In order to do so, the two arms were linked with 

the two fixation points on the carapace using the concentric and coincident mate. To prevent 

this component from rotating, another mate was created between one of its lower horizontal 

surfaces and a horizontal fixed surface in the assembly using the parallel mate. The system was 

therefore completely assembled and was ready to be fixed on the ground. Figure 32. illustrates 

the fully assembled system. 
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Figure 32. Fully assembled system 

 As figure 32. Illustrates, the carapace was fixed to the system from one of its ends. This 

choice was made in order to simplify the simulation, as linking the system to its carapace from 

this latter’s middle involved complications in the carapace’s design. Important is to mention 

that this choice will not affect the realistic properties of the simulation; a virtual mate was 

specially created in order to prevent the carapace from rotating. The carapace is therefore only 

allowed a single degree of freedom which is the vertical translation.  

 The last step was to install the system on the road. A space within this latter, and where 

the system is going to be put, was created. The frame of the system was fixed to the road via 

merging them into a single part. The road part was created within the frame file. The space that 

was created within the road also includes two flat surfaces that stop the carapace when the 

system is at its fully-down state. Figure 33. shows the system installed on the road. 
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Figure 33. Final design model of the energy recovery system installed on the road. 
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V- SIMULATING THE SYSTEM 

 

1- Simulation methodology:  

 After fully creating the system’s parts and assembling, the final design of the energy 

recovery system was ready to be simulated. The simulation will be conducted using the 

simulation feature of the SolidWorks software.  

 Our system undoubtedly requires a mechanism that brings it back to its initial state after 

its fully-down one. As discussed in the section “II-4-Summary of the literature review”, springs 

will be used for that purpose. Those latter can be implemented directly within the simulation of 

the system. this will allow us to get a fully operating system. 

 A sample car will be needed for our simulation. As discussed in section “IV- 3.1. Rack”, 

the car assumed in our study will be the Hyundai Accent 2017. This vehicle has a gross weight 

of 1600Kg, a wheelbase (distance between front and rear wheels) of 2571mm, a width of 

1700mm, and is generally equipped with P175/70R14 wheels [21]. The weight distribution is 

commonly used in the automotive field as to refer to the ratio of the cars mass that is applied 

on the front wheels versus the rear ones. A 50:50 weight distribution ratio is said to be a good 

car one for cars [22]. This is why the car was simulated with an object that consists of 4 wheels 

that are linked together, with each one carrying a quarter of the vehicle’s mass plus two 

passengers (70 + 50 = 120 Kg) i.e. 1720Kg / 4 = 430kg. This object adopts the same dimensions 

as the Hyundai Accent 2017 in terms of the wheelbase, width and size of the wheels. Figure 35 

shows the component that mimics the Hyundai Accent 2017. 

 The simulation of the system will therefore be conducted through  making the car pass 

by the system at different speeds. As further on explained in section  “V-4. Simulation output 

variables”, the required variables will be retrieved using the simulation feature of the software 

in order to come up with the final energy output of the system. 
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2- Simulation input variables: 

 Within our study, the main input variable of our simulation will be the velocity of the 

vehicle. Separate simulations will be created in order to investigate the effects of this input on 

the energy output of the system. Our study will limit itself to this input variable only and will 

unfortunately not tackle the effect of the mass of the vehicle because of time and resources 

constraints.  The input values for the vehicle’s velocity will be 1.111, 1.389, 1.667, 1.944, and 

2.222m/s which respectively correspond to 4, 5, 6, 7, and 8 km/h. values outside of this range 

could not be simulated using the software. It was later on found that velocities below 4km/h did 

not allow the vehicle to pass the bump, and values above 8km/h resulted in faulty and unrealistic 

simulations.  

 

3- Simulation parameters: 

 The first parameter involved in our study is gravity. This latter is directly implemented 

using a dedicated feature whose input is the direction, that was in our case the y-axis. Figure 34 

illustrates the implementation of the gravity variable. 
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Figure 34. Gravity parameter of the simulation 

 

 The second type of parameters in our study are the contacts between different parts. 

Realistic contacts between designed parts are not directly assumed by the software. They are to 

be implemented either virtually using mates, or realistically using the real contact feature. This 

feature allows the creation of a realistic contact between two parts with the possibility of 

choosing materials for each, or manually entering values for contact parameters such as the 

restitution coefficient or the friction coefficients. Those contacts were created between: 

• The vehicle and the road 

• The Vehicle and the system’s carapace 

• The road and the system’s carapace 
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 Those contacts guarantee a highly realistic simulation with a greater accuracy. Figure 

35 illustrates the creation of one of the contacts between the road and the vehicle. 

 

 

Figure 35. Creation of a real contact between the vehicle and the road 

 

 For simplification purpose and because of resources limitations related to the machine 

used, friction between the three components concerned was omitted. 

 The last parameter involved in our simulation is the spring. Inputs for creating one 

within the simulation involved its spring constant k, its original length L0, and its damping 

coefficient. The purpose of using spring is to bring back the mechanism to its initial state after 

the car’s load is no more applied on it. This is why the spring had to only counteract the weight 

of the system. In order to calculate this load, the evaluate option of the software was used. The 

carapace of the system, which was designed according to real dimensions of speed bumps, was 
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assigned the “rubber” material. Calculating the mass of the carapace of the system gave us a 

value of 51kg, as illustrated in figure 36. 

 

 

 

Figure 36. Mass of the system’s carapace 

 

 Followingly, using a free-body diagram analysis of the system’s carapace when the 

system is at its initial state gave us the following: 

Wcarapace = F Spring 

Mcarapace  g = k  L 

 As discussed in section IV- 3.1. Rack, the ground clearance between the carapace and 

the surface that blocks it at the fully-down state should be 9cm. At the initial state, the spring 

should have a length of 9cm plus its length when it is fully compressed (chosen to be 5cm). this 



56 

 

takes into concluding that the length of the spring when the carapace’s weight is applied on it 

is 14cm. 

 This gives us: 

 Mcarapace  g = k  (L0 – 0.14) 

Plugging the values of Mcarapace = 51 kg and g = 9.81 gives us: 

𝐿0 =  
500.31

𝑘
+ 0.14 

 Choosing a sample value of k = 10kN/m gives us an initial length of 19cm. 

 The initial length value unfortunately did not allow a proper simulation’s flow. The 

carapace of the system was higher than the threshold (minimum ground clearance of the car) 

expected when implemented in the software. The reason for that could not be investigated. After 

multiple try-outs, the input values for the spring were as shown in figure 37. 

 

 

 

Figure 37.  Implementation of the spring 
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Figure 38. Spring in the simulation file 

 

4- Simulation output variables:  

 As discussed in the simulation’s methodology, the output of our study will be the 

mechanical energy generated by the system. In order to calculate this variable, the following 

formula was used: 

E = 
𝟏

𝟐
 × 𝑰 × 𝒘² [27] 

Where: 

E, is the mechanical rotational energy in Joules 

I, moment of inertia of the transmission shaft around its axis of rotation in kg m² 

w, output angular velocity of the system in rad/s. 

 Consequently, the values of the angular velocity are to be acquired from the simulation. 

The values generated from the simulation will be instantaneous. This why the energy output for 

each instantaneous value will be calculated using a spreadsheet. Their sum will be the overall 
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energy output of the system for a specific vehicle’s velocity. Moreover, the moment of inertia 

of the transmission shaft is calculated from its dimensions mentioned in section “IV-3.5. 

Transmission shaft”. 
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VI- RESULTS  

 Within our study, 5 different simulations were created in order to test different vehicle’s 

velocity inputs. Those latter were run using the previously discussed parameters. The values of 

the angular velocity were generated using the simulation feature of the SolidWorks software. 

Figure 39 shows one simulation being played.  

 

Figure 39. Simulation of the vehicle’s velocity of 1.111m/s being played 

 

1- Acquiring the Results: 

 After completely running the simulations, the results were acquired. Figure 40 shows 

the generation of angular velocity results for a vehicle’s speed of 1.111m/s. 
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Figure 40. generating results for the output angular velocity for a vehicle’s speed of 4km/h 

 The software generates results in the form of graphs and CSV files that contain a table 

of instantaneous values versus time. Figures 41 and 42 illustrate two sample results of the output 

angular velocity for tested vehicle’s velocities of 2.222 m/s or 8 km/h, and 1.994 m/s or 7 km/h. 

 

Figure 41. Output angular velocity for a tested vehicle’s velocity of 2.222 m/s or 8 km/h 
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Figure 42. Output angular velocity for a tested vehicle’s velocity of 1.994 m/s or 7 km/h 

 

2- Processing the results: 

 In order to calculate the energy output of the system per car’s velocity, the CSV data 

was generated for each graph. Those files list instantaneous values of the angular velocity with 

respect to time. Figure. 43 shows a sample CSV file for the angular velocity at vehicle’s speed 

of 6km/h. 

 



62 

 

 

Figure 43. CSV file data points for angular velocity at vehicle’s speed of 7.5km/h 

 

 This file was then converted into a two column excel spreadsheet. The instantaneous 

energy output was then calculated by implementing the following formula, discussed in details 

in section “V-4- Simulation output variables”, in Excel: 

 E = 
𝟏

𝟐
 × 𝑰 × 𝒘² [27] 

 Figure 44 illustrates the spreadsheet with energy output calculations for a vehicle’s 

speed of 8 km/h. 
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Figure 44. Spreadsheet showing a portion of output energy calculation for vehicle speed of 

8km/h 

 

 The energy output for a specific car’s velocity was therefore calculated by summing up 

all the calculated instantaneous values. Figure 45 shows the total power output calculated for a 

vehicle’s speed of 8km/h. 
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Figure 45. Calculation of total energy output for a vehicle speed of 8 km/h 

 

 After following the same process for the 5 simulations conducted, more than 6000 data 

values were collected and processed in order to come up with the 5 output energy values. Table. 

2 shows a summary of energy output values for each one of the 5 simulations. 

Table. 2. Output energy for different vehicle’s velocity 

 

 The results shown in table 2 illustrate the output energy for the system with the MMR 

setup. As mentioned in section “III- Scope of the study”, in order to evaluate the advantages of 

adopting the MMR technology, output energy values will have to be generated for the system 
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without the MMR setup. In our study, this setup allows the system to harvest energy when the 

system is going back up too. Then, in order to generate non-MMR results, the values of energy 

that correspond to the upward movement were omitted as shown in figure 46. 

 

Figure 46. Generating non-MMR values 

 After generating the non-MMR values, the two sets of values were compared as shown 

in table 3. 

Table. 3. Energy output results for the MMR and non-MMR setup 
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3- Analyzing the results   

 Firstly, from the energy output values of the system with the MMR setup, we can remark 

that the results increase with an increasing car’s velocity. Those latter started with 49.77 Joules 

for 4 km/h and continuously increased to 80.22 Joules for 8km/h. The velocity by which the car 

passes on the system therefore is positively correlated with the energy output. 

 The 5 MMR output energy results were averaged in order to come up with a figure that 

describes the energy output of the system designed within this study. The value that we got is 

therefore 65 Joules. 

 Followingly, the energy output of the system with and without the MMR setup were 

compared as shown in figure 47. 

 

Figure 47. Comparison of the energy output of the system with and without the MMR setup 

 Analyzing the results shown in figure 47 allows us to deduce that the MMR technology 

guarantees a noticeable gain in energy output. This gain is almost equal for all vehicle speeds 
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i.e. 20 extra Joules. Here also, in order to come up with a representative figure of the gain in 

energy output when using the MMR technology, the percent gain in energy harvested was 

calculated for each car’s velocity. Those percentages were then averaged which gave us an 

overall gain in energy output of 145%. 
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VII- STEEPLE ANALYSIS  

Socially: this project targets the worldwide community as it is aiming to counter an issue that affects all 

humans i.e. Global warming and the energy crisis. 

Technologically: the project builds up on the existing basis of renewable energies and energy recovery 

technologies. It is also inspired from existing literature about MMR systems used in regenerative shock 

absorbers. 

Environmentally: the main preoccupation of the system is to target the issue of global warming. This 

is why the system proves itself to be an eco-friendly one. 

Economically: the project aims to develop a system that is economically profitable in terms of the 

electricity costs that it can save. 

Politically: No political aspect is specifically involved with this project. 

Legally: The system does not go against any of the Moroccan laws. Its implementation will however 

require going through the Moroccan legal process. 

Ethically: All design processes involved with our study of the system were done following ethical and 

moral laws. 
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VIII- CONCLUSIONS 

 The problematic addressed by this study was to test an innovative engineering solution 

that aims to counter act the effects of the climate change and energy crisis through the basis of 

renewable energies and energy recovery. The high potential of energy harvesting that speed 

bumps present had to be examined. This was done through designing a system and simulating 

it using the SolidWorks software. 

 Following the review of the literature, it was found that the potential of producing 

electricity from the passage of cars on speed bumps was not clearly defined. Findings from 

previous works greatly differed one from the other. The team of Iyen et al presented an energy 

output that is more than 16 times greater than the one of Sabri et al. Our study therefore aimed 

to measure the real potential of harvesting energy from speed bumps. Also, a technology called 

MMR was adopted by studies in their systems. This latter presented promising advantages as 

for increasing the energy output of the system. It was claimed by Todaria et al that adopting an 

MMR setup allows a 4 to 5 times higher energy output.  

 Our study therefore aimed to quantify the real potential of harvesting energy from speed 

bumps, and eliminate the ambiguity concerning that matter. The result was an average energy 

output of 65 Joules. The values we found comply with the ones of Todaria et al and Makumi et 

al. Our results, along with the ones of the two teams, present a fairly accurate figure of the 

energy that can be harvested from the passage of cars on speed bumps.  

 Regarding the advantages of adopting the MMR technology, our study concluded that 

a gain of 145% could be achieved through using it. However, the real gain behind using this 

technology was not fully examined, as one of its main advantages which is exploiting the inertia 

of rotating parts could not be investigated within our study. Using this technology therefore 

proves itself to be very advantageous in terms of energy harvesting. 
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Finally, using a system that harvests energy from the passage of cars on speed bumps does not 

prove itself to be a viable and efficient solution to counter act the energy crisis and global 

warming challenges. The energy output of the system, which is 65 Joules, translates to 0.02Wh. 

Traffic lights require a daily load of 373.8Wh [results complying]. This allows us to deduce 

that nearly 19000 car will have to pass by the system on a daily basis in order to only power 

traffic lights. This deduction allows us to conclude that such systems do not present a sufficient 

potential as for being a solution that targets the energy crisis and global warming challenges. 
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IX- RECOMMENDATIONS  

 When the project first started, big goals were aimed for. However, due to time and 

resources constraints, not all desired results could be achievements. The limited resources of 

the machine, time constraint, and some aspects of the simulation that are unrealistic all 

contributed into that. Accordingly, further work and recommendations include: 

• Simulating the system with the vehicle’s mass as an input in order to investigate how 

this variable affects the harvested power 

• Investigating the effect of higher velocities on the system’s output power. Velocities 

that range from 4 to 8 km/h were the only values tested. Lower values did not allow 

the car to pass the bump, and higher values resulted in unrealistic results (car’s 

jumping…)  

• Implementing the inertia feature of the MMR technology. This feature is one of the 

biggest advantages of using this technology. However, it could not be simulated and 

was therefore not included in the analysis.  

• Allowing a more accurate comparison between presented and literature work. The 

output energy from previous work was computed using time estimates. This 

assumption does not represent a very solid comparison basis.  
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XI- APPENDICES 

Appendix 1 – Angular Velocity and Torque plots for V = 4km/h 
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Appendix 2 – Angular Velocity and Torque plots for V = 5km/h 
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Appendix 3 – Angular Velocity and Torque plots for V = 6km/h 
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Appendix 4 – Angular Velocity and Torque plots for V = 7km/h 
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Appendix 5 – Angular Velocity and Torque plots for V = 7.5km/h 
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Appendix 6 – Angular Velocity and Torque plots for V = 8km/h 

 

 

 

 

 


