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ABSTRACT 

The vehicle is the most used transport alternative and the major source of road traffic accident cause in 

the world. Even if there are many reasons like over-speed, inability to keep distance, unexpected local 

driving practices and street livestock. Damages, fatalities, and injuries were caused by longer stopping 

distances, pedal application errors, the requirement of driver effort to apply the sudden brake, and delay 

in transferring one’s foot from the accelerator to the brake, drivers may encompass those persons whose 

legs may not be as strong to apply the brake pedal and leg Tonus during an emergency, especially in a 

situation that involve frequent start and stop of the vehicle. Attempts have also been made to solve the 

problem through different types of combined brake-accelerator pedals. However, the designs were 

subjected to ergonomic problems, needs driver effort to apply brake and also do not totally illuminate 

pedal application Error. Therefore, the purpose of this thesis work is to solve these problems, a combined 

brake and accelerator pedal was designed and simulated for taxis. The method employed for this work is 

data collection, SOLID WORKS modeling, simulation, and motion analysis. Finally, System 

programming with Arduino software, and circuit diagram using potentiometric position sensor, Arduino 

Uno, L293N Motor driver, stepper motor and code simulation using Proteus software. The analysis 

results of four reports of the Federal Police Commission from 2016 to 2020 show that in Ethiopia, taxis 

account for 25.03% of deaths, 43.04% of serious injuries, 47.3% of injuries and 49.84% of property 

damages caused by public transportation. The average property damage over the four years by taxis 

equals 203,036,437.9ETB, which equals the budget needed to build several full-cycle elementary schools 

in remote areas of the country. In addition, two years traffic report analysis based on causes of the 

accident shows that brake inefficiency was responsible for 34.64% of death, 44.26% of serious injuries, 

42.88% of a slight injuries, and 37.94% of property damage caused by vehicle side. A designed pedal 

illuminates the requirement of driver-foot transfer between pedals and pedal application error in 

conventional systems. In addition to a decrease in stopping distance by 7m, a reduction in brake reaction 

time from 0.7sec to 0.5sec and rid-off driver from applying the brake pedal. Therefore, the designed 

combined pedal fits our country Ethiopia's traffic conditions especially, for vehicles that involve frequent 

start and stop. Finally, it is recommended that this combined pedal be manufactured and used to reduce 

accidents that may happen every day. 

Keywords: Combined pedal, Position sensor, Arduino Uno, and brake pedal actuator. 
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CHAPTER ONE 

INTRODUCTION 

1.1 Background of the study 

People move from one place to another to work, study, do business, or enjoy using multiple 

modes of transport. Vehicle is the most used mode of transport and the biggest cause of traffic 

accidents in the world. Nowadays, traffic accidents have been both a public and a growing 

problem and have attracted the attention of the world. According to a report by the World Health 

Organization (WHO), more than 1.35 million people are killed on the world's roads every year, 

and 20 to 50 million people are disabled or injured in traffic accidents (WHO, 2018). 

Low-income and middle-income countries have higher road traffic fatality rates 21.5 and 19.5 

per 100,000 population, respectively than high-income countries (10.3 per 100,000)(Gupta & 

Bandyopadhyay, 2020). Over 90% of the world’s fatalities on the road occur in low-income and 

middle-income countries, which have only 48% of the world’s vehicles (Mehsen et al., 2020). 

WHO predicts that “Road traffic injuries will rise to become the eighth leading cause of death by 

2030” The rate of road traffic death is highest in Africa (26.6/100,000 people) (WHO, 2018). 

According to this report, Ethiopia has not implemented at least 7 or all of the 8 priority UN 

vehicle safety standards and is subjected to the death of 37% of pedestrians and 63% of others. 

Road traffic accidents are a significant public health issue in Ethiopia and are getting worse 

(WHO, 2018). 

 

According to the Ethiopian Transport Authority, the result of the statistical vehicle reports of 

2021 shows that there are only 1,339,005 registered vehicles in the country in total. Out of this 

total number of public vehicles covers 61.67%. The remaining 38.33% consists of commercial 

vehicles and machinery vehicles. The analysis results of the four reports of the Federal Police 

Commission from 2016 to 2020 show that Ethiopian taxis cover 14.4% of the total number of 

vehicles in Ethiopia, but they cause 25.03% of deaths, 43.04% of serious injuries, 47.3% of 

injured injuries, and 49.84% of property damage caused by public vehicles. This result shows 

that taxis need serious attention. Because the average property loss over four years is Two 

Hundred Three Million Thirty-Six Four Hundred Thirty-Seven and Nine-Tenths Birr 
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(203,036,437.9 ETB), which is equivalent to the budget needed to build several full-cycle 

primary schools in remote areas. 

National Highway Transportation Safety Administration (NHTSA) reports that an estimated 

16,000 accidents resulting from pedal errors occur each year. This number means that, on 

average, 44 accidents occur each day as a result of the driver confusing the gas for the brake. 

Because of these reasons, several victims' families live on roadsides. This accounts for an annual 

average of 23 million birrs in property damage, 56.1 serious injuries, 99.1 fatalities, and 66.6 

minor injuries. (Hs, 2015). Therefore, this research is intended to highly reduce the percentages 

stated above.  

Automated Pneumatic braking control system research conducted by Yared and Intelligent 

braking with brake failure indicator by Yonas was based on using software called Catia to model 

parts, Arduino to program, and Proteus to simulate. Finally, the prototype was developed using 

an Arduino Uno microcontroller, ultrasonic sensor, solenoid plunger, relay, etc. for 

demonstration and checked for its functionality. (Woldu, 2021) (Admasu, 2019) 

The study investigates how automotive pedal design has changed over time. Despite being in use 

since the Model A Ford, the traditional accelerator and stop pedals have two fundamental 

drawbacks. At start-up, it takes about 0.2 seconds to switch the foot from the accelerator pedal to 

the brake pedal, allowing the vehicle to travel a long distance at high speed. The possibility of 

pressing the wrong pedal is another danger that can lead to an accident. 

The study suggests alternative remedies to these problems, including altering the size of the 

pedals, expanding the space between the pedals, shifting the pedal's pivot point, and using 

various brake and accelerator pedal types. The history, evolution, and changes to foot controls 

that have taken place over time are also covered in this research. The Transport for London (TfL) 

Safety Manager was consulted early on in the study's development by Human Engineering. To 

find potential answers, prior Human Engineering initiatives and pertinent scientific studies were 

examined. 

The thesis also offers a thorough analysis of car pedal design and suggests potential fixes for 

problems with conventional brake and accelerator pedals. To find feasible solutions, the study 
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was carried out by Human Engineering in cooperation with TfL, and relevant scientific studies 

and earlier initiatives were examined. 

 

This article has practical relevance in that it suggests potential remedies for problems with 

conventional accelerators and brake pedals in automobiles. These options include altering the 

pedal size, expanding the space between them, shifting the pivot point, and switching up the 

brake and accelerator pedals. By putting these suggestions into practice, it will be easier for 

drivers to react while switching from the accelerator to the brake, and the risk of pushing the 

wrong pedal, which can cause accidents, will be reduced.  The research offers a thorough 

examination of how car pedal designs have evolved for designers and engineers working in the 

sector. The well-known SOLIDWORKS 2019 software, an Arduino (ATmega328P 

microcontroller), and Proteus 8 software were also utilized in this study to model the parts, write 

the programs, and test the operation of the programs. Finally, SOLIDWORKS software was used 

to simulate and analyze the motion of the modeled elements. 

 

1.2 Statement of Problem 

According to the findings of the federal police commission's four-year report analysis from 2016 

to 2020, taxi-related traffic accidents in Ethiopia are a severe problem that result in property 

damage, fatalities, and injuries to pedestrians, passengers, and other road users. This report 

demonstrates that, despite the fact that there are numerous contributing factors, including 

excessive speed, driving out of lanes, failing to signal, failing to maintain a safe following 

distance, making quick turns and overtaking other vehicles, unpredictable local driving customs, 

livestock in the road, pedestrians, and a failure to adhere to basic vehicle safety standards. 

Damages, fatalities, and injuries were caused by brake system inefficiency, longer stopping 

distance due to brake reaction time, braking pedal error due to repeated driver’s effort as a result 

of frequent start and stop of the vehicle in high traffic congestion, the requirement of driver 

effort to apply the sudden brake, and difficulty in transferring one’s foot from the accelerator to 

the brake quickly because of leg tonus during an emergency. Also, due to a delay in switching 

the leg the accelerator brake pedal to the brake pedal. For instance, in conventional braking, the 

time taken to shift the foot from one pedal to the other will lead to an accident. It takes at least 
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0.2 seconds to move your foot from one pedal to the other and hence, at 80 kilometers per hour 

this adds five (5) meters to the vehicle’s stopping distance (Jadhav et al., 2019).  

Last but not least, drivers of vehicles include people whose legs might not be as powerful to 

press the brake pedals. With the population increasing and becoming older when the drivers 

become over the age of 65.  Older drivers may find it more challenging to operate a car safely 

due to age-related losses in their cognitive and physical capacities, including clouded eyesight, 

slow reflexes, and a constrained range of limb motions. They are consequently more prone to be 

injured in crashes. Older drivers are more prone to engage in PAEs when operating a vehicle (Xi 

et al., 2018). The study's scholarly contribution is its thorough examination of the development 

of car pedal design over time. The study also makes design ergonomically safe and suggests for 

potential remedies to deal with the problems posed by conventional accelerator and brake pedals 

in vehicles. The effectiveness and safety of automotive pedals can be enhanced by these 

techniques. For designers and engineers in the automotive sector who are interested in bettering 

the design of automobile pedals, the research can be helpful. 

 

1.3 Objectives 

1.3.1   General Objective 

The general objective of this thesis is to design and simulate the pedal that serve for both braking 

and accelerating purpose. 

1.3.2   Specific Objectives 

The following are the precise objectives: 

✓ To design a combined pedal and actuation mechanism. 

✓ To model the combined accelerator and brake pedal for further analysis. 

✓ To program and simulate the system to test its functionality. 

✓ To make motion analysis and simulation to check its response with average pedal application 

force of 58N. 
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1.4 Significance of the Study  

The significance of this study is that it proposes a new design for a combined accelerator and 

brake pedal that could potentially increase brake efficiency and reduce driver effort, particularly 

for vehicles that frequently start and stop. This could ultimately lead to a reduction in accidents 

and improve overall vehicle safety. The study also offers a thorough literature analysis on the 

subject, which may be helpful for future studies in this field. The main advantages of this study 

are; 

✓ It introduces a system of braking that uses the mechanism of inverse braking i.e., the 

vehicle will be in braking condition when the combined pedal is not pressed. Once the 

pedal is pressed the braking force is released and when further pressed the car will 

accelerate. 

✓ It reduces driver burden and PAEs, especially for passenger cars (taxis) which involve 

frequent start and stop. 

✓ It reduces brake reaction time which may result in fatal traffic accidents. 

✓ It helps automatic braking when the vehicle is stopped while idling. 

✓ It helps to stop the vehicle easily and safely. 

✓ It helps in the emergency he/she has to take his foot off the pedal to apply the sudden 

brake. 

✓ Braking is carried out without the possibility of error, and without interfering one 

function with the other. 

In general, it aids in lowering driver effort, traffic accidents, and property damages, to reduce 

pedestrian deaths and traffic injuries, and as a result, lessens problems with public health and 

economic growth in our country Ethiopia. 

1.5 Beneficiaries of the Study  

All road traffic users including vehicle owners, researchers, drivers, pedestrians, traffic police, 

society, and the country as a whole get benefitted from this work. 

The beneficiaries of this study could include:  

✓ Automotive engineers and designers who are interested in developing new and innovative 

vehicle control systems. 
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✓ Vehicle manufacturers could potentially implement the new combined pedal design in 

their vehicles to improve safety and performance. 

✓ The enhanced braking efficacy and reduced pedal effort may be advantageous to drivers, 

making driving safer and more pleasant.  

✓ Other scholars or groups with an interest in vehicle safety and control systems may find 

the study's findings and recommendations helpful. 

1.6 Scope of the Study 

The goal of this work is to develop and model a combined accelerator and brake pedal utilizing 

finite element analysis simulations and computer-aided design (CAD) tools. To highlight 

research gaps and constraints, the study also includes a thorough literature assessment on the 

subject of brake and accelerator pedals integrated with autonomous braking systems. The 

ultimate goal of the study is to reduce brake reaction time, stopping distance increase brake 

efficiency and reduce driver effort, particularly for vehicles that frequently start and stop, to 

improve overall vehicle safety. 

 

1.7 Organization of the Thesis 

There were five chapters in the thesis. The study's background, a synopsis of the issue, goals, 

significance, beneficiaries, and scope are presented in Chapter One. Chapter Two discusses in-

depth studies of the literature on combined accelerator and brake pedals in order to identify 

research limitations, provide solutions for them, and determine the primary causes of those 

constraints. The resources used for the study and the procedures that were followed step by step 

are discussed in Chapter Three. Additionally, the raw analysis and numerical designs are 

examined in this chapter. The results of the research are discussed in Chapter Four, and several 

comparisons between the current system and this thesis work are made using computer 

simulations. Finally, discusses the implications of the results, and limitations, and concludes 

remarks with key findings of the present investigation with recommendations and future work 

summarized in Chapter Five.   
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CHAPTER TWO 

LITERATURE REVIEW 

2.1 Introduction 

This chapter starts with brief evolution of foot controls the extensive reviews of the recent 

literature reviews related to the combined pedal for brake and accelerator, also automatic braking 

system was made for knowing the research gap, and the main reasons behind the limitations and 

improvements.  

2.2 A brief history of Vehicles foot controls 

To understand recent automotive pedal design, it is best to understand the origins and 

development of early automotive foot pedals and the changes over time. The development of 

pedals is an important starting point for the study of recent pedal design. The way drivers 

accelerate and decelerate cars is thought to have undergone major changes since the late 19th 

century when vehicles were invented  (Xi et al., 2018) as shown in Fig. 2.1. 

 

The birth of the car was not accompanied by the birth of the foot control. In 1866, Benz's current 

car was the first universally recognized car. It was operated primarily by a hand lever and 

steering wheel on the left side of the vehicle and had no foot controls. The first known 

automotive foot switch was introduced in 1890, when the French manufacturer Panhard 

introduced a foot pedal switch to control the transmission. Early forms of foot switches were not 

necessarily well received by most manufacturers and drivers as foot controls began to take on 

functions previously performed by manual controls. Evidence of the side effects of foot control 

emerged in repeated discussions that appeared in an early automotive journal (Bellis, 2019). 

 

In the early stages of car design, control functions, such as acceleration, were still transferred to 

footswitches in the form of buttons or pedals. In 1912, Cadillac introduced the first foot-operated 

starter motor. The first foot-operated reflection-dazzle handle was introduced in 1927 and was 

located in the pan for about fifty years until it was moved to the steering wheel. Other functions, 

such as the windshield, were also once controlled by the driver's foot. The foot controls of early 

auto divers had two main functions. First, you had to control more functions with your foot than 
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in modern cars. Second, foot switches existed in many forms, such as switches other than pedals 

as we see them today (Xi et al., 2018). 

 

Figure 2.1: Origins and Development of foot controls 

In general, the pedal system plays a major role in controlling the vehicle, due to its high 

functional density at the driver/vehicle interface. 

2.3 Review of recent related works on pedals 

It is preferable to have an awareness of the origins and development of foot controls in early 

automobiles and advances that have occurred over time through reviews of articles in order to 

comprehend current vehicles, pedal design, and why the pedals perform as they do today. The 

traditional separate accelerator and brake pedals, which appeared at the same time as the model 

A Ford, are technically simple and functionally safe, however, they involve two crucial 

drawbacks. First, the reaction time for a driver to move his or her foot from the accelerator to the 

brake is about 0.2 s; If a vehicle is traveling at 90 km/h it moves 5 m during that time. Second, 

there is the hazard of pressing the wrong pedal, i.e., a poor depression on the brake pedal or 

Other functions, such as the windshield washer, were also once 
controlled by the driver’s foot.

The first foot-operated headlight dimmer button was introduced in 
1927 and was located in the foot pan for about 50 years, until it was 

moved to the steering column

In 1912 Cadillac introduced the first foot-operated starting motor.

Foot control of clutch pedal in the Ford Model T which had three 
levels: neutral, low gear and high gear.

In the early stages of automotive design, acceleration continued to 
migrate to foot controls in the forms of pedals or buttons.

In 1890 when the French manufacturer, Panhard, adopted a foot pedal 
clutch to operate the gearbox

Benz motor car (In 1886), (by a hand lever located on the left side of 
the vehicle, there were no foot controls)
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simply contacting the wrong pedal (e.g., pressing the accelerator rather than the brake pedal) 

(Nilsson, 2018). 

 

 To identify potential solutions, Human Engineering had early discussions with the 

Transport for London (T f L) Safety Manager on the issue, reviewed relevant scientific reports 

and previous projects undertaken by Human Engineering and Provided potential solutions like 

changing the size of pedals, increasing the distance between pedals, changing the pivot point of 

the pedal, use different pedal types for brake and accelerator (suspended vs. organ pedal, etc.) to 

increase awareness of foot location (Bright et al., 2011). In addition, the installation of a barrier 

between pedals, bus drivers to use left-foot braking, redesigning the throttle so drivers must 

accelerate using hand controls, etc. to make it more difficult to place the foot in the wrong place.  

Increasing the difference in the level of the two pedals can reduce the risk of pressing the wrong 

pedal (Bright et al., 2011; Nilsson, 1989). This tactic, however, has a serious disadvantage in that 

it increases the operator’s reaction time in braking. Attempts have also been made to solve the 

problem through different types of combined brake–accelerator pedals. 

As shown in Fig. 2.2. Winkelman developed and patented the compound pedal mechanism in 

1959 (US Patent No. 2878908). 

The gas pedal engages when pressed with the front of the pedal with the toes, and the brake 

engages when pressed with the back of the heel. 

 

Figure 2.2: Wikelman's innovative accelerator and brake pedal design (U.S. Patent No. 2878908) 
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Over the years, designers have developed various combined brake–accelerator pedals to 

eliminate the operator’s risk of pressing the wrong pedal as well as to reduce his or her reaction 

time in braking.  According to (Senthil Kumar et al., 2020)  the development of a new 

combination pedal for one-foot braking and acceleration, shown in Figure 2.3, reduces braking 

time and  the  stopping distance is improved and accessible for people with physical disabilities. 

The most effective is thought and planned optimizing different ways of use. The brake can be 

pressed from under the pedal, which is activated by pressing. The accelerator is placed directly 

above the brake, using a rotary mechanism to activate the accelerator, the accelerator is 

connected to the accelerator by a throttle cable. They used the bell crank mechanism to avoid 

pressing the wrong pedal. 

However, they used mechanically controlled components and ergonomic problems if the driver 

has difficulty in relaxing because of concern for unintentional braking, physical tension and 

strain are likely to occur. 

 

 

 

 

 

 

 

 

Figure 2.3: Senthil Kumar combined pedal side view (Senthil Kumar et al., 2020) 

Also, (Jadhav et al., 2019; Mugundhan et al., 2018) designed a pedal that can provide both 

accelerating and braking functions. The main objective behind this work is to get rid-off drivers’ 

efforts and reduce road accidents. Also, to avoid misapplication of the accelerating pedal instead 

of the brake pedal & also to reduce the time required to transfer the foot from the accelerating 

pedal to the brake pedal. The vehicle can be accelerated by rotating the pedal about the upper 

pivot point with a torsion spring. The forward motion of the lever with a helical spring will be 
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used for the braking circuit. The helical spring will bring back the lever which pivoted to the 

ground to its original position.  

 

According to  Chandira & Kanuru, (Chandra & Kanuru, 2020), a study shows the day’s death 

rate because of accidents increased a lot and is around 27%. This system can at least reduce the 

percentage by 1-2%. (Girish et al., 2021) also used the same design which involves accelerating 

a foot's movement and, while braking comes from extending the whole leg. to avoid the problem 

of the foot may be inaccurately placed on the brake resulting in bad braking performance due to 

inaccurate foot transfer while switching between pedals during an emergency. Transport for 

London Bus Safety Standard Report pedal application error prevention & recovery reported that 

the brake/accelerator light indicator solution is a simple and clear method for providing feedback 

to drivers regarding which pedal they are pressing, which could help drivers to recover from 

pedal application error incidents (Runham et al., 2018). 

Prithiviraj et al., (Prithiviraj et al., 2018) also used the same principle as above with a slight 

difference in which the pedal is mounted in the same position as the conventional accelerator as 

shown in Fig. 2.4. The right foot is placed on the pedal and should stay there during the drive. A 

heel support prevents the foot from slipping off the pedal. When accelerating, the driver pushes 

with the forefoot in the usual manner and when breaking the driver pushes with the whole foot. 

The main aim is to avoid interference of braking during acceleration and vice versa by a 

combination of the pedal for brake and accelerator. (Ramachandran & Raghul, 2017) using 

on/off and cutoff limit switches for electronic vehicles this same technique is also applicable to 

normal vehicles and it can be used for physically challenged persons.  

One of the worst cases occurred in Santa Monica in 2003 when an 86-year-old man pressed the 

wrong pedal killing 10 people and injuring 63 when his speeding car plowed through an outdoor 

market his incident happened because of pedal misapplication. However, it is observed that it is 

difficult to operate the pedal during climbing on hills. To overcome that problem, we should use 

a handbrake. It will be uncomfortable for the user.  
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The same principle was used by Chandra and Kanuru (Chandra & Kanuru, 2020), with the main 

goal of this innovation being to eliminate the operator's risk of pressing the wrong pedal during 

an emergency, as well as to reduce the driver's reaction time when switching from accelerator to 

brake or vice versa. 

 

Figure 2.4: Jadhav combined pedal design (Jadhav et al., 2019) 

Another combined pedal shown in Fig. 2.5 was developed by researchers (Nilsson, 2002; 

Shanmugasundar et al., 2018).  The new combined brake–accelerator pedal was devised by Sven 

Gustafsson and further developed by the Swedish company Nomix Development, Inc. The pedal 

is mounted approximately where the accelerator is normally placed. The combined pedal consists 

of a brake pedal arm on which is mounted an accelerator. To prevent accidental braking during, 

e.g., vigorous acceleration the pedal arm is held in place by an electromagnet. The strength of the 

magnet can be adjusted to adapt to each individual. 
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 During braking, acceleration is automatically disengaged independent of the accelerator’s 

position. Thus, it is unnecessary to reduce the speed of acceleration at the time of braking. 

 

Figure 2.5: Combined brake and accelerator setup (Shanmugasundar et al., 2018) 

The study of Khakhar et at., (Khakhar et al., 2018) contributed to eliminating the possibility of a 

driver pressing the wrong pedal or he/she may take more time in switching his/her leg and this 

may lead to fatal accidents during emergencies. To solve this problem, they designed another 

brake pedal and accelerator system. Various components were individually designed and then 

assembled. In this mechanism, the vehicle is in braking condition when the pedal is not pressed. 

When the pedal is pressed it will first slowly disable braking. Half of the pedal play is given for 

braking. When the braking is completely disengaged, by further pressing the pedal we can 

throttle the vehicle. However, the system is carried out manually and mechanically.  

In 1991, a new combined pedal system Naruse Fig. 2.6. When the foot was turned to the right to 

control the lever, the gas pedal was engaged, and when the pedal was pressed, the brake was 

engaged. (Matsunaga et al., 1996) compared the time when the foot moves from the gas pedal to 

the brake pedal and the braking distance using both traditional pedals and the Naruse pedal. The 

average leg transfer time with the Naruse pedal system was 0.16 seconds shorter than with the 

traditional pedal system.  
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The stopping distance of the Naruse pedal has been reduced by 1.6 m compared to the stopping 

distance of a conventional pedal system. 

 

Figure 2.6: The Naruse's pedal operation (Xi et al., 2018) 

(Lakew, 2018) In order to prevent accidents brought on by brake system failure, Lakew 

developed an intelligent braking system for buses with a brake failure indicator system that 

makes use of an IR sensor to gauge the distance to an obstruction as well as other parts like an 

Arduino Uno microcontroller, a buzzer, and so forth. In summary, electronic control techniques 

were applied in this study, which decreased the braking distance from the existing (62.1m) to 

49.4m at the maximum speed (105 km/h). However, because to the identification of impediments 

when turning, it has an IR sensor constraint (Yared, 2019) Using the same idea, Yared also 

created a prototype for an automated pneumatic braking control system for a Sinotruck. The goal 

of his research is to alter the design and development of an automated pneumatic braking control 

system by using Catia for software modeling parts and Arduino programming tools. This will 

change the brake system of Sinotruck. Additionally, a solenoid for activating the brake and an 

ultrasonic sensor (IR) for detecting objects or obstacles were incorporated into the design. When 

compared to the old system's 42.2m stopping distance at 75 km/h, it was found that the 

automated braking system reduced stopping distance by 27.6m. However, it involves the 

limitation related to IR sensors due to the detection of obstacles while taking a turn.  

Nisson (Nilsson, 2002) in his study highlighted problems that drivers may face when they switch 

between pedal systems. The results indicate that drivers were able to learn the combined pedal 
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mechanism quickly and effortlessly. The number of mistakes was extremely low during the 

acquisition phase in learning the combined pedal system. The drivers reported that the combined 

pedal offered greater physical comfort and was considerably more natural to operate. Forward 

movements are advantageous in that they make the handling of the vehicle quite ‘natural’. 

(Wevj- et al., 2015). 

 

2.4 Summary of the Review 

Cars have been equipped with the same foot-pedal arrangement since the days of the A-Ford. 

The clutch is to the left, the accelerator to the right, and the brake in the middle. The right foot 

should be used for pressing the accelerator and the brake. This arrangement guarantees, that the 

throttle is released as the driver brakes. However, it also means that the foot almost always is 

placed at a distance from the brake, that is, on the accelerator, thus movement time adds to brake 

reaction time. During foot movement, the foot may also be inaccurately placed on the brake 

resulting in bad braking performance and it may even miss the brake and hit the accelerator. To 

reduce the risk of misapplication the pedals are usually mounted at different levels, the brake is 

higher and closer to the driver. However, different levels cost extra movement time. 

 

To overcome the drawbacks of the traditional pedals various combined accelerator-brake pedals 

have been constructed with different mechanisms of application. All of these constructions 

focused on decreasing reaction time, avoiding misapplication (pedal error), and providing greater 

physical comfort which were the major problems with conventional ones. Most of the studies try 

to develop different types of combined pedal braking systems for various vehicles based on 

manual (mechanical) systems of braking (i.e., it needs driver force to brake “press or push 

action”) by combining the pedal. The others are based on objects/obstacles sensed by the 

ultrasonic sensors and in combination with other signals like the speed of the vehicle, brake oil 

pressure, and application brake in both pneumatic and hydraulic power-assisted brake systems to 

control and archiving of reducing traffic accidents as well as road users’ death and injuries. 

However, the latter case is automatic and does not involve a combined pedal system.  
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Additionally, some studies demonstrated the development of intelligent braking, automated 

pneumatic braking control systems, and brake failure indicator circuits that continuously monitor 

the condition of the brake using a variety of techniques, such as adjusting the rider before the 

wire is severed or using a sensor that detects the brake shoe's wear and leakage and sends a 

signal to the microcontroller. Finally, when an obstacle is detected, the vehicle may 

automatically apply the brakes or signal the driver. As a result, the vehicle is safer thanks to this. 

 

2.5 Design Guidelines and Standards for automotive pedals 

The brake pedal is part of the car that initiates the entire brake system in a vehicle. In automatic 

cars, it’s the pedal on the left side, and in manual cars, it’s the middle pedal. When you press 

down on it, all the components of your braking system swing into action. The following 

information is gathered through reviews of the existing design standards and recommendations 

for automobile pedal design. Reviews of the current design standards and recommendations for 

pedals used in vehicles, as well as a breakdown of the different features of pedal design, such as 

pedal size and position. Governments, national and international standards groups, professional 

organizations, and other institutions have all released different standards or guidelines over many 

years. 

The '1958 Agreement' is a framework that the United Nations Economic Commission for Europe 

(UNECE) devised in 1658 to harmonize the criteria for a vehicle that are connected to safety, the 

environment, anti-theft difficulties, and energy. The UNECE's Inland Transport Committee 

includes the World Forum for Harmonization of Vehicle Regulations (WP 29). The WP 29 

produced a number of car regulations based on the 1958 Agreement. Regulation No.35 (Uniform 

Provisions Cornering the Approval of Vehicles concerning the Arrangement of Foot controls) of 

these laws specifies the arrangement of foot controls in passenger vehicles, including those with 

automatic and manual transmissions (Xi et al., 2018). The standards focus on the accelerator 

pedal and brake pedal in a passenger car. Recommendation from perspectives such as pedal 

resistance, travel, position, and considerations helpful to the pedal design exist in pre-viewed 

articles, design handbooks, and government reports (Whitfield, 1967). 
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A. Pedal position: The pedal position is measured in three dimensions. The position of the 

pedal may relate to the driver’s safety and comfort in a car. Pedal positioning is dependent 

upon factors such as a driver’s leg length, foot length, and seat position, as well as vehicle 

footwell size. For this study, the pedal position is assumed as it is in the previous position.  

 

B. Pedal size: Proper pedal size will allow for comfortable foot contact and aid in creating 

distinct sensations for various pedals. This includes things like pedal width, pedal length, and 

pedal travel. 

a) Pedal length: The preferred pedal length is indicated by an asterisk; suggestions for the 

accelerator pedal are provided in green, while recommendations for the brake pedal are 

shown in red, as seen in Fig.2.7. 

 

Figure 2.7: Summary of pedal length((Xi et al., 2018))  

The ideal length for a standing hinged on-floor accelerator pedal is 254 mm, and the 

recommended range is 229 mm to 305 mm. (Xi et al., 2018). 
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b) Pedal width: An overview of the pedal width design suggestions (the preferred pedal width is 

indicated by an asterisk; the green and red colors correspond to the accelerator and brake 

pedal recommendations, respectively). as depicted in Fig. 2.8. 

 

Figure 2.8: Summary of pedal width ((Xi et al., 2018)) 

It was suggested that the pedal width for a standing accelerator pedal with a floor-mounted hinge 

should range from 61 mm to 114 mm, with 89 mm being ideal. 

c) Pedal travel: is also known as "pedal stroke" or "pedal displacement" in the literature. It 

usually refers to the translational travel of the pedals, but as pedals can also move in a curved 

path, the translational travel of the pedals can also be characterized by the angular travel of the 

pedals or by the contour of the journey path. Fig. 2.9 depicts a summary of the pedal design 

advice for accelerator pedal travel. The preferred accelerator pedal travel is indicated by the 

asterisk. 

  

 

Figure 2.9: Summary of accelerator pedal travel ((Xi et al., 2018)) 
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Said that the angular range of the ankle-operated pedal for an accelerator should not exceed 30 

degrees due to the ankle's maximum range of motion. assuming that a 160-degree knee angle 

will deliver significant foot force without pain based on height. 

d) Pedal angle: The angle made by the pedal surface and the vehicle floor is referred to as the 

pedal angle or pedal orientation. Ankle comfort is related to the pedal angle since it 

determines the foot angle. For the summary of the accelerator pedal angle see Fig. 2.10. 

 

Figure 2.10: Summary of accelerator pedal angle (Xi et al., 2018) 

If the seat is 152 mm or lower, such as in a sports car, it is advised that the accelerator pedal 

should be 45 degrees (from horizontal); 35 degrees if the seat height is between 432 mm and 

432; or 15 degrees if the seat height is 432 mm and higher. The advice was based on the comfort 

of the driver; if the pedal angle is too steep, the ankle will easily tire when the driver releases the 

pedal. 

e) Pedal resistance: Also known as pedal force, is the resistance that the foot experiences when 

pressing the pedal. It has numerous effects on how the pedals work. For instance, in everyday 

driving situations, drivers may use pedal resistance as a cue to distinguish one pedal from the 

other and to vary the force they apply to the pedal. The ideal pedal resistance can support the 

foot when it is resting on the pedal and is strongly related to the maximum foot/leg force the 

driver can exert. It can help reduce reaction time and foot travel time. (Xi et al., 2018). 
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Recommendations for pedal design summarized Fig. 2.11 depicts the pedal resistance. The 

chosen resistance is denoted by the asterisk. Green denotes suggestions for the acceleration 

pedal, while red denotes suggestions for the brake pedal. 

 

Figure 2.11: Summary of pedal resistance design suggestions (Xi et al., 2018) 

Cited the speed regulation and foot comfort as criteria for the accelerator pedal, stating that the 

lowest pedal resistance should allow the foot to softly rest on the pedal and suggesting the 

accelerator pedal resistance not exceed 89 N (20 lbs.). 

 

2.6 Summary of relevant design recommendations  

As stated in Table 2.1, a summary of pertinent design guidelines for the throttle pedal for this 

study are found in design handbooks, peer-reviewed studies, and government reports. 
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Table 2.1: Summary of relevant design recommendations 

Design criteria recommendations Size/type/position  

Pedal type Organ type 

Pedal position As it is (in the previous 

position) 

Pedal length 25cm 

Pedal width 8.25cm 

Pedal travel 27deg 

Pedal angle (when depressed from the floor) 17deg 

Maximum Pedal resistance 89N 

 

Therefore, the above summary was used for the design purpose of the combined pedal. 

 

2.7 System Components 

The two primary parts of the combined accelerator and brake pedal brake system are as follows: 

✓ Conventional components and 

✓ Electronic components, 

2.7.1 Conventional Hydraulic Brake Components 

The conventional Hydraulic brake components involve the following components shown in Fig. 

2.12. 

These are: 

✓ Brake Pedal 

✓ Brake booster 

✓ Master Cylinder 

✓ Oil Reservoir 
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✓ Brake calipers/shoes 

✓ Pipeline 

 

 

Figure 2.12: Conventional Hydraulic brake components (Winner et al., 2017) 

Brake pedal: The brake pedal is part of the car that initiates the entire brake system in a vehicle. 

In automatic cars, it’s the pedal on the left side, and in manual cars, it’s the middle pedal. When 

you press down on it, all the components of your braking system swing into action. The foot 

pedal (accelerator, brake, or clutch pedal) has three important measurements as shown in Fig. 

2.13. These are: 

Free play: The free stroke of the brake pedal is to measure the distance traveled by the pedal 

before the master cylinder starts to act for the first time. Depress the pedal until you feel a slight 

resistance.  

Pedal height: The brake pedal height is the travel distance between the brake pedal seat and the 

floor. 

Reserve distance: The brake pedal reserve is the measured value from the floor of the vehicle to 

the top of the brake pedal when the brake is applied.  
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These three important pedal measurements work for all brakes. Accelerator and clutch pedal. 

 

Figure 2.13: Pedal free play (a), Height (h), and Reserve distance (r) 

(https://autoedu.info/en/auto-mechanic/brakes/hydraulic-braking-system/checking-brake-pedal/) 

2.7.2 The Electronic Components 

These parts unite to form a braking system that uses combined accelerator and brake pedal. They 

are merged with the parts of a traditional brake system. Which are: 

✓ Arduino UNO  

✓ Position sensor 

✓ LED lights  

✓ Dc motor. 

✓ L293N Motor Driver Module 

Arduino UNO Microcontroller - Arduino UNO is a widely used open-source microcontroller 

board based on the ATmega328P microcontroller and developed by Arduino.cc. In order to 

create and upload computer code to the physical board (the hardware boards are reasonably 

priced), Arduino comprises of both a physical programmable circuit board (commonly referred 

to as a microcontroller) and a piece of software called an IDE (Integrated Development 

Environment) that runs on your computer. (B-E-N, 2022). 

The board features 14 Digital pins and 6 Analog pins. It can be powered by a USB cable or by an 

external 9-volt battery, though it accepts voltages between 7 and 20 volts. It’s not allowed to use 

a power supply greater than 20 Volts as you will overpower and thereby destroy the Arduino. 

https://autoedu.info/en/auto-mechanic/brakes/hydraulic-braking-system/checking-brake-pedal/
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The recommended voltage for most Arduino models is between 6 and 12 Volts. The pins on the 

Arduino are the places where it will connect wires to construct a circuit probably in conjunction 

with a breadboard and some wire. They usually have black plastic ‘headers’ that allow you to 

just plug a wire right into the board (makerspaces, 2018). 

The Arduino Uno in Fig. 2.14 includes a variety of pins, each of which is identified on the board 

and has a particular purpose. 

Figure 2.14: Arduino uno microcontroller (makerspaces, 2018) 

Board Breakdown 

Here are the components that make up an Arduino board and what each of their functions is. 

1. Reset Button – This will restart any code that is loaded to the Arduino board. 

2. AREF – Stands for “Analog Reference” and is used to set an external reference voltage. 

3. Ground Pin – There are a few ground pins on the Arduino and they all work the same. 

4. Digital Input/Output – Pins 0-13 can be used for digital input or output.  

5. PWM – The pins marked with the (~) symbol can simulate analog output.  

6. USB Connection – Used for powering up your Arduino and uploading sketches.  

7. TX/RX – Transmit and receive data indication LEDs.  

8. AT mega Microcontroller – This is the brain and is where the programs are stored. 
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9. Power LED Indicator – This LED lights up anytime the board is plugged into a power 

source. 

10. Voltage Regulator – This controls the amount of voltage going into the Arduino board. 

11. DC Power Barrel Jack – This is used for powering your Arduino with a power supply. 

12. 3.3V Pin – This pin supplies 3.3 volts of power to your projects  

13. 5V Pin – This pin supplies 5 volts of power to your projects.  

14. Ground Pins – There are a few ground pins on the Arduino and they all work the same 

15. Analog Pins – These pins can read the signal from an analog sensor and convert it to digital 

And also, normally additional 3 or 4 voltage pins connect to the Arduino which are: 

1 – Ground: connect to the ground on the Arduino. 

2 – 5v Vcc: connect to the 5v on the Arduino. 

3 and 4 – Signal pins: carries the trigger signal from the Arduino that activates the relay. 

Light Emitting Diodes (LED) - An LED is a small light that operates at relatively low power. 

The LEDs have polarity, which means they only light up when you point legs correctly. The long 

leg is usually positive and should connect to a digital pin on the Arduino board. The short leg 

goes to GND; An LED bulb usually also has a flat edge on this side, as shown in Fig. 2.15. It 

only takes a few lines of code to make the LED light blink. The first thing we do is define a 

variable that holds the pin the LED is connected to, to make it easy to swap it for another pin. 

We use an integer variable (called  int)(Robbins, 2012). Only in one direction, from the anode to 

the cathode, does current flow. 

 

Figure 2.15:Light emitting diodes (Robbins, 2012) 

Two LEDs have been used. The green LED shows that the brake is not being held while the red 

LED indicates that the car is braking. The dashboard in front of the driver is equipped with two 

LEDs (green and red). The red LED shows that the vehicle is braking, while the green LED 

indicates that the vehicle is in a safe condition (not braking). 
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Position Sensor - detects the position of something which means that they are referenced either 

to or from some fixed point or position. They can detect the movement of an object in a straight 

line using linear sensors or angular movement using rotational sensors. The most commonly used 

of all the “Position Sensors”, is the potentiometer because it is an inexpensive and easy-to-use 

position sensor. It has a wiper contact linked to a mechanical shaft that can be either angular 

(rotational) or linear (slider type) in its movement, and which causes the resistance value 

between the wiper/slider and the two end connections to change giving an electrical signal output 

that has a proportional relationship between the actual wiper position on the resistive track and 

its resistance value. In other words, resistance is proportional to position. A DC reference voltage 

is applied across the two outer fixed connections forming the resistive element. The output 

voltage signal is taken from the wiper terminal of the sliding contact as shown  in Fig. 2.16. This 

configuration produces a potential or voltage divider-type circuit output which is proportional to 

the shaft position. Then for example, if you apply the voltage of say 5v across the resistive 

element of the potentiometer the maximum output voltage would be equal to the supply voltage 

at 5v, with the minimum output voltage equal to 0v. then the potentiometer wiper will vary the 

output signal from 0 to 10v, with 2.5v indicating that the wiper or slider is at its half-way or 

center position.  

 

The output signal from the potentiometer is taken from the center wipe connection as it moves 

along the resistive track, and is proportional to the angular position of the shaft. 

 

 

 

Source:https://www.electronics-tutorials.ws/io/io_2.html) ( 

https://www.thomasnet.com/articles/instruments-controls/all-about-position-sensors/) 

Figure 2.16: Potentiometric Position Sensor 

Potentiometric Sensor has three pins. These are: Vcc, output, and ground pin 

✓ VCC: The pin power the sensor as the reference voltage, typically with +5V 

https://www.electronics-tutorials.ws/io/io_2.html
https://www.thomasnet.com/articles/instruments-controls/all-about-position-sensors/
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✓ Output pin: The pin which sends signal voltage to the Arduino so that it produces an 

output accordingly. 

✓ Ground: The system's ground is connected to this pin. 

The sensor's output is determined by the combined pedal's location; it is an analog voltage signal 

proportional to movement or position. 

DC-motor- A DC motor is an electrical machine that converts mechanical energy into direct 

current and vice-versa. An electric motor is a machine, which converts electric energy into 

mechanical energy. Most electric motors operate through the interaction between the motor's 

magnetic field and electric current in a wire winding to generate force in the form of torque 

applied on the motor's shaft. Its action is based on the principle that when the current-carrying 

conductor is placed in a magnetic field (R. S. Khurmi, 2005).  In this study, the stepper DC 

motor for motion control purposes to actuate the brake pedal by pressing the brake pedal through 

a lead screw has been used. 

 

L293N Motor Driver Module 

This L298N Motor Driver Module is a high-power motor driver module for driving DC and 

Stepper Motors. This module consists of an L298 motor driver IC and a 78M05 5V 

regulator. L298N Module can control up to 4 DC motors, or 2 DC motors with directional and 

speed control. The L298N Motor Driver module consists of an L298 Motor Driver IC, 78M05 

Voltage Regulator, resistors, capacitor, Power LED, and 5V jumper in an integrated circuit. 

78M05 Voltage regulator will be enabled only when the jumper is placed. When the power 

supply is less than or equal to 12V, then the internal circuitry will be powered by the voltage 

regulator, and the 5V pin can be used as an output pin to power the microcontroller. The 

jumper should not be placed when the power supply is greater than 12V and separate 5V should 

be given through a 5V terminal to power the internal circuitry. ENA & ENB pins are speed 

control pins for Motor A and Motor B while IN1& IN2 and IN3 & IN4 are direction control pins 

for Motor A and Motor B  (Rittenberry, 2005). 
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 In this study, the L293N motor driver module which is shown in Fig. 2.17 is used to control a 

single stepper motor. 

 

 

 

Figure 2.17: L298N-Module-Pinout and Internal-Circuit-Diagram  

( https://components101.com/modules/l293n-motor-driver-module) 

Resistor 

A resistor is a passive two-end electrical component, and the resistor is implemented as a circuit 

component. Electronic circuits use resistors to reduce current, regulate signal levels, divide 

voltage, bias active components, and terminate transmission lines. High-power resistors can 

dissipate watts of electrical energy in the form of heat and can be used as part of a motor control, 

power distribution system, or generator test load. The resistance of a fixed resistor varies slightly 

with temperature, time, or operating voltage. Variable resistors can be used to tune circuit 

https://components101.com/modules/l293n-motor-driver-module
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elements (such as volume controls and dimmers) or as heat, light, humidity, force, or chemical 

activity detection devices  (R. S. Khurmi, 2005). 

 

2.8 Working principle 

The vehicle's engine is what kicks off the entire system. The sensor transmits a voltage signal to 

the controller when the pedal is close to the brake, and the controller uses the stepper motor to 

regulate the brake. The microcontroller won't get any signal and the brake won't be applied if the 

pedal is too far away. The working principle is shown  in Fig. 2.18. 

 

 

 

 

 

 

 

 

 

Figure 2.18: Working Principle of combined brake and accelerator pedal. 

a. Braking: In this mechanism, the vehicle is in braking condition when the pedal is not pressed. 

It will first slowly disable braking. Half of the pedal play is given for braking in the combined 

pedal & no acceleration is taken place at this stage. 

b. Acceleration: When the braking is completely disengaged, by further pressing the pedal we 

can throttle the vehicle. This can be achieved by setting the cable position to the point where 

the brake is completely released. 

In general, Once the pedal is pressed the braking force is released, and when further pressed the 

car will accelerate. To apply the brake on the vehicle the operator has to slightly release the force 

off the brake pedal and in an emergency he/she has to take his foot off the pedal to apply sudden 

brakes. 
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2.9 Stopping distance of the vehicle 

The distance required to stop a vehicle depends on its speed, weight, drivers’ reaction distance, 

and braking distance in addition to the factors of energy, heat, and friction. The brake power 

required to stop a vehicle varies directly with its weight and the “square” of its speed. For 

example, if the weight is doubled, stopping power must be doubled to stop at the same distance. 

If the speed is doubled, the stopping power must be increased four times to stop at the same 

distance. When weight and speed are both doubled, stopping power must be increased eight 

times to stop at the same distance (Yared, 2019). 

2.10 Research gap 

All investigation stated above has their research gaps. Most of them are limited to manual 

(mechanical system for both braking and accelerating) braking and accelerating system using a 

single pedal which needs driver effort or force required to apply both brake and acceleration 

separately. Most of them involve ergonomic problems and others need the presence of an 

obstacle for automatic braking using ultrasonic sensors. Thus, the vehicle brakes while taking 

turn. However, the driver uses the conventional brake system (which does not provide a driving 

control that permits the quick and smooth transition from acceleration to braking, due to the need 

to transfer the foot from one pedal to another) to stop the vehicle in the absence of any obstacle. 

Thus, acceleration and braking cannot be done quickly. 

 

The system also causes issues when the vehicles turn because a sensor could falsely indicate an 

obstruction and apply the brakes. The detection range of an object depends on its size, shape, and 

orientation, and curved objects or objects made of sound-absorbing materials like fabrics or non-

woven materials reflect less energy back to the sensor. Granular materials' surface variations 

and/or angle of response may cause them to absorb sound or reflect it away from the sensor. In 

addition, both sensors and signals may be affected by atmospheric conditions like humid air, and 

dusty roads, which get damaged easily, since they are exposed or externally fitted and feed 

external signals. Furthermore, this system is futuristic and difficult to apply in a country like 

Ethiopia due to high traffic congestion. 
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In general, in most of the above-combined pedal investigations, they only focused on manual 

braking which needs driver effort (force application for both brake and accelerator application), 

and the other's autonomous braking which needs the presence of an obstacle to brake while the 

numbers of pedals are three (do not involve combined pedal system. Thus, acceleration and 

braking cannot be done quickly). So, this study aimed to fill the above gap by using the idea of 

reverse braking (i.e., the brake is applied as we release the combined pedal when it is in the 

braking region) using position sensor work with a combined pedal system in addition to the 

existing one. which may be highly useful for the signs stated above, especially for taxis that 

involves frequent start and stop in denser traffic condition in a country like Ethiopia. 

 

  



32 
 

CHAPTER THREE 

MATERIALS AND METHODS 

3.1 Place of study with geographical location (ASTU) 

The study was conducted at Adama Science and Technology University (ASTU), which is 97 

kilometers from Addis Abeba in Ethiopia's Oromia region. 

3.2. Materials 

When choosing the material, the following considerations are taken into account. These 

considerations include: - Material cost; - Material availability; - Material compatibility for the 

operating conditions; - Material strength, durability, machinability, and weldability. The best 

material is one which serves the required objectives. 

Safety considerations should take priority over cost or usability concerns in pedal design since it 

is active safety and the most important driver vehicle interface. The other considerations are next 

to this based on design requirements. 

In Table 3.1 the software applications utilized for electronic simulation in this thesis project are 

listed. 

Table 3.1 lists the supplies (computer programs) needed for the simulation. 

 

 

 

 

 

 

 

Material Selections 

a) Arduino Uno 

The Arduino uno selected for this study is shown in Table 3.2  a detailed explanation of which is 

given in Chapter Two section 2.9.2. 

 

 

Software Tools Unit Quantity 

Arduino uno Microcontroller Set 01 

DC motor (Stepper) Pc 01 

Position Sensor (Potentiometric) Pc 01 

Battery (12v) Pc 01 

LEDs (Green &Red) Pc 02 

Circuit/Jumper wires Pc -- 

Motor Driver (L293N) Pc 01 

Resistors (220 ohm) Pc 02 
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Table 3.2: Arduino uno Specifications 

Microcontroller ATmega328P 

Operating voltage 5v 

Input voltage (Recommended) 7 – 12v 

Input voltage (Limit) 6 – 20v 

Digital I/O pins 14 (of which 6 provide PWM output) 

Analog Input pins 6 

DC per I/O pin 20Ma 

DC for 3.3v pin 50Ma 

Clock speed 16MHz 

LED built-in 13 

Length 68.6mm 

Width 53.4mm 

Weight 25g 

https://en.wikipedia.org/wiki/Arduino_Uno 

b) Motor Selection 

In this study DC motor is selected as the actuator of the brake pedal based available power 

source which is 12v DC on most vehicles, also there are different types of DC motors used for 

control like a stepper and servo DC motors, based on the following conditions shown in Table 

3.3. 

Table 3.3: Application attributes for stepper versus servo motor 

Application Requirements Stepper Servo 

High torque at low speed (<1000rpm) ✓   

Open loop ✓   

Low voltage (<75v) ✓   

High voltage (400-480 +volts)  ✓  

Low speed (up to 1500rpm) ✓   

Medium to High speed (>1500rpm)  ✓  

In terms of cost ✓   

Motor life ✓   

Repeatability ✓   

Source:(Gill, 2016) 

Once the strengths and weaknesses of servo and stepper motor systems are clearly understood. 

Stepper motors are a convenient solution due to their low cost, versatility, ease of setup, long 

https://en.wikipedia.org/wiki/Arduino_Uno
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motor life, high torque at low speeds, high overload safety, and simplicity of motors. Therefore, 

the stepper motor was preferred for this study's motion control. 

Stepper Motors 

A stepper motor shown in Fig. 3.1 is a special brushless DC electric motor that divides a 

complete rotation into several equal steps (movement in separate steps). Stepping is controlled 

by a computer for highly accurate positioning and speed adjustment. Computer-controlled 

stepping can be used to achieve highly accurate positioning and velocity regulators. Stepper 

motors are excellent for many precision motion control applications. Stepper motors are used in 

an array of precision moving and measuring devices such as nuclear power plants, aeronautics, 

robotics, automotive, medicine, manufacturing, etc. (Ahmed M.T. Ibrahim Al-Naib, 2019; Gill, 

2016). 

 

Figure 3.1: Stepper motor (Ahmed M.T.Ibraheem Al-Naib, 2019) 

Types of stepper motor 

By construction, the stepper motors come into three broad classes as shown in Table 3.4. 

✓ Permanent Magnet Stepper  

✓ Variable Reluctance Stepper  

✓ Hybrid Step Motor  
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AA’ and BB’ are two 

phases 

AA’ and BB’ are two 

phases 

Table 3.4: Types of stepper motors 

Type  Explanations Image 

 

 

 

 

 

Permanent 

Magnet 

Stepper  

 

The magnetic poles of the rotor and stator of 

a permanent magnet stepper motor have no 

teeth. In contrast, the rotor has alternating 

north and south poles parallel to the axis of 

the rotor shaft. When the stator is energized, 

an electromagnetic pole is generated. The 

magnetic rotor is aligned with the stator 

magnetic field. Then the other stator in the 

sequence is powered, and the rotor moves to 

adapt to the new magnetic field. Therefore, 

when the stator is energized in a certain order, 

the stepper motor rotates at a certain angle 

 

 

 

 

 

Variable 

Reluctance 

Stepper  

 

The variable resistance stepper motor has a 

non-magnetic soft iron-toothed rotor. When 

the stator coil is energized, the rotor moves to 

have a minimum clearance between the stator 

and its teeth. Note that the teeth on the rotor 

are designed so that when aligned with a 

phase, they will be misaligned. 

 

(Ahmed M.T.Ibraheem Al-Naib, 2019) 

 

Unipolar and bipolar stepper motors 

Unipolar SMs are collected of two windings; everyone has a center tap. The center taps are either 

carried outside the motor as two individual wires or coupled to each other inside and carried 

outer the motor as a single wire. A bipolar stepper motor has one winding per stator phase. A 

two-phase bipolar stepper motor has 4 leads in a bipolar stepper we don’t have a common lead 

like in a unipolar stepper motor. A bipolar stepper motor has an easy wiring arrangement but its 

operation is a little complex. 

Permanen

t magnet 

rotor 

Coils 
Motor 

casing 

Soft iron 

core rotor 

Motor 

casing coils 
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Comparison between unipolar and bipolar  
 

The current runs through the whole coil instead only half coil as in a unipolar motor. As a result, 

the Bipolar motor will produce more torque than a unipolar motor of the same size. Compared to 

unipolar motors, the bipolar motor is uncomplicated in structure but necessitates a positive and 

negative source and an extra complex switching electric circuit. Therefore, bipolar stepper 

motors are selected for the automatic pedal-controlling system. The selection of the size of the 

stepper motor was made based on design analysis in section 3.4.2. 

 

c) Selecting the best type of screw 
 

The threading mechanism provides a means of generating linear motion by rotating either the 

screw or the nut in the assembly. A screw is a cylindrical element with a thread formed on it. The 

nut is the component that matches the screw. There are three main types of screw technology 

used in linear actuators: acme, ball, and roller. The difference lies in the design and operation of 

the matching nut, as well as the design of the shape of the screw (Tlomatic, 2021). 

Acme Screws 

The Acme screw has a thread form having a trapezoidal tooth shape that is typically rolled into a 

steel shaft. The thread form itself is very strong and linear force is transmitted to a solid nut from 

the sliding surfaces on the flanks of the thread form. The efficiency of a solid nut system is 

determined by the nut material and the lead, it can range from 20% to 40% and is relatively low 

compared to other screw technologies. However, the disadvantage of the low system efficiency 

is the increased motor torque input required in comparison to other screw technologies. Common 

nut materials include brass, bronze, self-lubricating plastics, resins, and metals (Tlomatic, 2021). 

See a typical Acme power screw in Fig.3.2. 

 

Figure 3.2: Acme power screw (Tlomatic, 2021) 

Acme Screw Advantages: 

✓ Low cost, quiet operation, reduce or remove back driving  
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✓ Ideal for applications with slow to medium speeds, low-duty cycles, and low to medium 

force capacities. 

Acme Screw Limitations  

✓ Solid nut design may wear, increase backlash, and affect positioning.  

✓ Lower efficiency ratings require higher input torque. 

✓ Unpredictable service life. 

✓ External factors such as environment can affect screw life  

Summary  

For most applications that require high force, repetitive cycles and long expected life a roller 

actuator and ball screw are used. The most common applications of ball and roller actuators 

include robots and aircraft. Acme screws provide a more reliable design for common 

applications. With no back-drive and low cost, this design is a very flexible solution for most 

automated linear motion applications. From the above explanation, the automatic vehicle pedal 

locking electric linear actuator use an Acme type screw because this linear electric actuator 

works with lower force and vertical actuation and it is low cost, quiet operation, and reduces or 

removes back driving. 

 

3.3.  Methods 

The main data sources for this thesis work were secondary and primary data. Most of the thesis 

work data collection methods were based on the collection of secondary data. However, as 

primary data observation and oral questions were used somewhere accidents occurred during our 

study. However, this is not so much acceptable, instead, it is base for motivation for studying this 

problem and collecting secondary data. Secondary data was obtained from the Ethiopian Federal 

Police Commission, the Ministry of Transportation, and the Ethiopian Transport Authority. 

Moreover, different books, journals, articles, and reports publications were also conducted. A 

literature survey about the different types of combined pedals was the key methodology of this 

thesis. After reviewing the literature, the design of an appropriate combined pedal mechanism 

was carried out by using Solid work. The overall methodology followed in achieving the 

objectives of this thesis work is illustrated in Fig.3.3 in the form of a flowchart. The 

implementation of a combined acceleration and braking pedal for taxis, namely the Minibus 5L 

type, is the subject of this thesis work. 
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✓ Data gathering, organization, and analysis. 

✓ Material choice. 

✓ Component design, and analysis. 

✓ Modeling, simulation, and motion analysis using Solid Works. 

✓ Programming the system with Arduino software. 

✓ Circuit schematic and simulation using proteus software. 

 

 

Figure 3.3: Flowchart methodology of the thesis 

If Run/safe No 

Yes 

                    Start 

Literature review 

Software and design 

Validation 

Interpretation and conclusions 

Verification 

Documentation 



39 
 

3.4. Analysis 

Under this topic analysis of raw data, design analysis, modeling, and simulation of designed 

components and circuits was made. 

3.4.1. Analysis of Row Data 

Data from the four-year total traffic accident statistical data report from the Ethiopian Federal 

Police Commission show that road accidents are Ethiopia's leading source of mortality, serious 

injury, minor injury, and property damage. The report's four-year cumulative summary is 

displayed in Fig.3.4. 

 

 

Figure 3.4: Analysis of Ethiopia's four-year total traffic accident record data 

The majority of the criteria, according to the report, are rising yearly. This demonstrates how 

terrible traffic accidents are in Ethiopia and how they require immediate care. 

In this study, the data from four years are first divided into three categories according to the 

functions of the vehicles. The following are these groups. 

✓ All public means of vehicles 

✓ All freight or cargo means of vehicles 

✓ All machinery-type vehicles 

All forms of public transportation: Bicycles, motorcycles, cars, station wagons, taxis, 

minibuses with up to 12 seats, medium buses with up to 45 seats, buses with more than 46 seats, 
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three-wheeled Bajajs, and trains are included in this group. The analysis of four years' worth of 

traffic accidents involving public transportation is illustrated in Fig. 3.5. 

 

 

Figure 3.5: Four years of public means of vehicle traffic accient analysis 

All cargo means of vehicles: Carts, pick-ups up to one ton, trucks between one and four tons, 

trucks between five and ten tons, and heavy tracks with trailers fall under this group. See Fig. 3.6 

for a four-year analysis of freight vehicle traffic accidents. 

 

 

Figure 3.6: Examination of four years' worth of cargo vehicle accidents 
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All machines type vehicles: Construction vehicles and machinery vehicles fall under this 

category. Fig. 3.7, which is given , displays data from four years of traffic accident analysis for 

vehicles of the machinery type. 

 

 

Figure 3.7: Analysis of four years' worth of accidents involving machinery-type vehicles 

We use the average accident report from the previous four years to summarize the category 

analysis. as Fig. 3.8 illustrates. 

 

 

Figure 3.8: An investigation of traffic accidents in Ethiopia over a four-year period. 

According to my analysis of the traffic report data from the previous four years: 

✓ Public transportation accounts for the majority of fatalities, serious injuries, minor 

injuries, and property damage. 

✓ Cargo transportation accounts for significantly less of these things.  
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Screening by category 

According to the aforementioned statistical finding, public transportation vehicles are more 

responsible than cargo and machinery-type vehicles for causing fatalities, serious injuries, minor 

injuries, and property damage. Look at Table 3.5. As a result, this study emphasizes or pays 

attention to public transportation. 

Table 3.5: Screening by category 

Parameters 

(average) 

Public means of 

vehicles 

Freight or cargo 

vehicles 

Machinery-type vehicles 

Death 2059.5 1342 55.25 

Serious injury 2928.25 1195.5 38 

Slight injury 1738.5 650.75 38.25 

Property damage 19916 8620.25 132.75 

Rank 1 2 3 

Remark Selected Not selected Not selected 

Therefore, for this study, public means of vehicles are selected. 

Public means vehicles or public transportation options 

This category also covers various vehicle kinds, so more research is required before choosing 

just one to focus on. As a result, this group is further divided into two of the following: 

✓ Private vehicles and 

✓ Public vehicles 
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Private vehicles: This category contains bicycles, motorbikes, station wagons, and automobiles. 

For four years traffic accident analysis for private vehicles sees in Fig. 3.9. 

 

Figure 3.9: Four-year examination of private car traffic accidents 

Public Vehicles: Taxis, minibuses with up to 12 seats, medium buses with 13 to 45 seats, buses 

with more than 46 seats, three-wheel bajajs, and trains are included in the category of public 

vehicles (see Fig. 3.10). 

 

 

Figure 3.10: Public vehicle traffic accident analysis over four years 
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As demonstrated in Fig. 3.11, the private vehicle category has the lowest ratio of fatalities, major 

injuries, minor injuries, and property damage as compared to public vehicles throughout the 

course of four years of statistical data analysis. 

 

Figure 3.11: Analysis of four years' worth of traffic accidents by kind of vehicle (private and public) 

Sub-category Screening 

Sub-category screening is shown in Table 3.6. 

Table 3.6: Screening by subcategory 

Parameters Private Vehicles Public Vehicles 

Death 537.25 1,522.25 

Serious injury 1,129.5 1,796.5 

Slight injury 624.5 1,109.5 

Property damage 34,209 11,363.5 

Rank 2 1 

Remark Not selected Selected 

 

Therefore, this study focused on public vehicles. Shared vehicles include a variety of vehicles. 

Thus, the research needs further analysis to choose one type of vehicle. So, this category is 

further divided into six which are: 

✓ Taxis 

✓ Mini busses up to 12 seats 

✓ Medium busses from 13 -45 seats 

✓ Buses above 46 seats 
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✓ Three-wheel bajaj 

✓ Trains 

Taxis 

Figure 3.12 shows how much of the total number of deaths, serious injuries, minor injuries, and 

property damage is caused by taxis. 

 

Figure 3.12: Four years traffic accident analysis for Taxis 

Mini busses up to 12 seats 

Fig 3.13 shows how much of the total number of deaths, serious injuries, minor injuries, and 

property damage is caused by minibusses with up to 12 seats. 

 

Figure 3.13: Four years traffic accident analysis for mini busses up to 12 seats 
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Medium busses from 13 -45 seats 

Fig 3.14 shows how much of the total number of deaths, serious injuries, minor injuries, and 

property damage is caused by medium buses with 13-45 seats. 

 

Figure 3.14: Four years traffic accident analysis for medium busses from 13 -45 seats 

Buses having above 46 seats 

Fig 3.15 depicts the percentage of deaths, serious injuries, minor injuries, and property damage 

caused by buses with more than 46 seats in comparison to all public vehicles. 

 

Figure 3.15: Four years traffic accident analysis for buses above 46 seats 
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Three-wheel bajaj 

Recording of deaths, serious injuries, injuries, and property caused by three-wheeled bajaj began 

in 2018/2019, and no damage was recorded this year. However, death, serious injuries, minor 

injuries, and property damage in 2019/2020 are 49, 54, 42, and 45 respectively. 

Trains 

A statistical data reports from the Ethiopian Federal Police Commission on total traffic accidents 

show that trains are subjected to one (1) slight injury in 2017/2018, again three (3) death in 

2019/2020. Therefore, bajaj and trains are responsible for very little cause of the accident. Fig. 

3.16 shows the average number of bus fatalities, serious injuries, injuries, and property damage 

for each public transport vehicle. 

 

 

Figure 3.16: Four years average traffic accident analysis by each public vehicle 
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Sub-sub-category screening 

For sub-sub-category screening see Table 3.7. 

Table 3.7: Sub-sub-category screening 

Parameters 

(Average) 

Taxis  up to 12 seats 

(minibusses) 

Medium-sized buses 

with 13-45 seats 

Bus has more than 

46 seats 

Death 381 521.75 465 141 

Serious injury 773.25 648.5 279.5 76.5 

Slight injury 524.75 336.25 142.75 95.25 

Property damage 5663.25 3509.25 1485.75 693.75 

Rank 1 2 3 4 

Remark Selected Not selected Not selected Not selected 

 

Therefore, among the modes of public transportation, Taxis were chosen for this study. For 

shared vehicle-related fatalities, serious injuries, minor injuries, and property damage. Fig 3.17 

displays the percentage of taxi fatalities, serious injuries, minor injuries, and property damage. 

 

Figure 3.17 The proportion of fatalities, serious injuries, injuries, and property damage that taxis cause. 

From above, 25.03% of deaths, 43.04% of serious injuries, 47.3% of minor injuries, and 49.84% 

of property damage are caused by taxis from shared vehicles. 
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Property damage  

All property damage in Ethiopia  

According to the Triennial Traffic Accident Statistics Report of the Ethiopian Federal Police 

Commission, traffic accidents are a major and gradually increasing cause of property damage. 

Due to these disasters, our country Ethiopia lost billions of birrs. For three years aggregate 

property damage report in Ethiopia see Table 3.8. 

Table 3.8: Property damage report over three years. 

Year In ETB, all property damages 

July 2016 – June 

2017 

1,187,486,803.00 

July 2017 – June 

2018 

920,771,314.80 

July 2018 – June 

2019 

872.884,881.00 

 

Property damage over three years is (See Fig. 3.18). 

 

Figure 3.18: Property damage over three years 

Here, the result shows that shared vehicles take more responsibility for property damage than 
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 Property damage caused by public means vehicles  

Based on this, we have two classes. These are:  

✓ Private Vehicles: Includes bicycles, motorcycles, cars (automobiles), and station wagons  

✓ Shared (public) vehicles:  taxis, minibusses with up to 12 seats, medium-sized buses with 

13-45 seats, buses with more than 46 seats, and trains. For comparison see Fig. 3.19. 

 

Figure 3.19: Property damage comparison of public transport vehicles 

The result shows that shared vehicles receive more credit than private vehicles.  

 Property damage caused by taxis  

From a research point of view, it is very important to know the damages caused by taxis because 

most of our passengers prefer taxis because they are affordable and the best public transport 

available (See Fig 3.20). 

  

Figure 3.20: Propert damage due to taxis 
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The result indicates that taxis need serious attention. Because the three-year average property 

loss is Two Hundred Three Million Thirty-Six Four Hundred Thirty-Seven and Nine-Tenths Birr 

(203,036,437.9 ETB), which is equivalent to the budget needed to build several full-cycle 

primary schools in remote areas of the country. 

 Analysis related to accidents caused by vehicle side 

The two (2) years of data collected from the Federal police commission show that the causes of 

traffic accident mainly involve Vehicle-related causes such as brake inefficiency, steering 

problem, tire explosion, and other tire problem. Driver related causes such as: using alcohol, 

using cocaine, driving out of right hand, not giving way to another vehicle, not giving way to 

pedestrians, not keeping distance, not following by keeping distance, overtaking on the tip of a 

bumpy road, overtaking on a curve, sharp turn after overtaking, overspeed, overtaking by 

unallowed manner, taking a turn in an unallowed manner, ignorance of traffic police command, 

refusion to wait for a traffic light, refusion to consider stop traffic sign, refusion to consider give 

way traffic sign, Improper takeoff, Improper parking, driving with poor healthy (tired/sleep), 

showing unnecessary signals, overloading, In addition to external causes such as road condition, 

pedestrians’ problem, and other unknown causes. For this study, the analysis was carried out 

only by considering causes from the vehicle side.  

According to the report, a summary of the two years is given in Fig 3.21. 

 

Figure 3.21: Two years aggregate causes from vehicle side in Ethiopia 
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In this study, the analysis starts by categorizing all causes registered from the vehicle side in two 

years of data into four categories based on individual causes registered from vehicles. These 

categories are: 

✓ Steering problem,  

✓ Tire explosion,  

✓ Brake inefficiency and 

✓ Other tire problem 

Accident causes due to Steering problems and output 

The two years traffic accident analysis due to the steering problem is shown in Fig. 3.22. 

 

Figure 3.22: Two years accident report analysis caused by steering problem in Ethiopia  

Accident causes due to Tire explosion and output 

The two years traffic accident analysis due to tire explosion is shown in Fig. 3.23. 

 

Figure 3.23: Two years accident report analysis caused by tire explosion in Ethiopia  
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Accident causes due to Brake inefficiency and output 

The two years traffic accident due to a tire explosion is shown in Fig. 3.24. 

Figure 3.24: Two years accident report analysis caused by brake inefficiency in Ethiopia  

Accident causes due to other tire-related problems and output 

The two years traffic accident due to other tire problems is shown in Fig. 3.25. 

Figure 3.25: Two years accident report analyses caused by other tire-related problems in Ethiopia  

To generalize the category analysis, we can make the percentage of two years traffic accident 

report. as shown in Fig. 3.26. 

Figure 3.26: The average two years traffic accident analysis registered on the vehicle side in Ethiopia. 

From the above two years of traffic report analysis, it was found that: 

3
1

.4
4

2
3

.2
3

2
9

.8
2

3
.6

7

4
4

.4
4

3
4

.2
8

3
6

.5
3

2
7

.0
1

J U L Y  2 0 1 8  - J U L Y  2 0 1 9 J U L Y  2 0 1 9  - J U L Y  2 0 2 0

P
ER

C
EN

TA
G

E 
FR

O
M

 
TO

TA
L

YEAR (G.C)

Death Serious Injury

3
6

.4
4

1
8

.7
4

4
2

.0
6

2
9

.5
2

1
.7

9

2
0

.0
6

4
.9

2

0
.7

6

3
4

.6
4

5

4
4

.2
6

4
2

.8
8

3
7

.9
4

2
7

.3
6

1
6

.7
4

3
9

.3
6

3
1

.7
7

D E A T H S E R I O U S  I N J U R Y S L I G H T  I N J U R Y P R O P E R T Y  
D A M A G E

Steering problem Tire explosion Brake inefficiency Other tire problems

3
5

.4
6

3
3

.8
3

2
9

.8
2

5
8

.7
1

5
2

.6
3

3
3

.1
4

2
6

.3
2

4
9

.5
6

J U L Y  2 0 1 8  - J U L Y  2 0 1 9 J U L Y  2 0 1 8  - J U L Y  2 0 1 9

P
ER

C
EN

TA
G

E 
FR

O
M

 
TO

TA
L

YEAR (G.C)

Death Serious Injury Slight Injury Property Damage



54 
 

✓ Vehicle brake inefficiency is the leading cause of death, serious injury, minor injury, and 

property damage.  

✓ Vehicle tire burst cause relatively fewer deaths, serious injuries, minor injuries, and 

property damage compared to others.  

In general, above brake inefficiency is responsible for 36.44% of death, 18.74% of serious 

injuries, 42.06% of slight injuries, and 29.52% of property damage caused by the vehicle side 

(See Appendix C). 

Vehicle Statics in 2013 

According to data taken from the information communication technology directorate. (See Table 

3.9). 

Table 3.9: Ethiopian vehicle statics. 

Vehicles category Registered  

Percentage from  Total vehicles number 1339005 

Public means vehicles 825866  

All vehicles registered 

 

61.67% 

Public transport vehicles  

298095 

Total number of vehicles 22.26% 

Total public means  36.1% 

 

From the point of view of the research, it is very important to know the area where there is a lot 

of public transport. According to data taken from the information communication technology 

directorate the region in which a high number of public vehicles is shown  in Fig. 3.27. 

 

Figure 3.27: Region in which public means vehicles is high. 
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In comparison with their geographical coverage public transportation (taxis) is high in Addis 

Ababa. As a result, a city like Addis Ababa is a critical application area in this study due to 

congested traffic conditions. 

 

3.4.2 Design Analysis, Modeling, and Simulation 

Based on the analysis of the original data presented in Section 3.4.1, taxis cause 25.03% of 

deaths, 43.04% of serious injuries, 47.3% of minor injuries and 49.84% of property damage 

caused by shared vehicles. Moreover, data from the Ethiopian Police Commission shows that 

brake failure causes 36.44% of deaths, 18.74% of serious injuries, 42.06% of minor injuries, and 

29.52% of deaths, serious injuries, minor injuries, and property damage. damage to the side of 

the vehicle (see Appendix C).  Due to high traffic congestion, it is difficult to control two pedals 

(brake and accelerator pedals) with a single foot. Therefore, to complete this work the vehicle 

must be specified.  

Toyota 5L 2000 Model minibus shown in Fig. 3.28 is selected because of its higher number and 

used for public services as a taxi. See the general specification of the Toyota 5L in Table 3.10. 

 

Figure 3.28: TOYOTA 5L model minibus  

(http://www.toyota.co.jp/jpn/company/history/75years/vehicle_lineage/catalog/60015447/html5

m.html#page=28) 

 

 

 

 

http://www.toyota.co.jp/jpn/company/history/75years/vehicle_lineage/catalog/60015447/html5m.html#page=28
http://www.toyota.co.jp/jpn/company/history/75years/vehicle_lineage/catalog/60015447/html5m.html#page=28
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Table 3.10: Vehicle Specification 

Vehicle type TOYOTA 5L  

Model Code KG-LH172V 

Engine Diesel, SOHC, Straight-4, vertical, Displacement, 3.0 

L, 2,986 cm3 (182.20 cu in), Firing (injection) order 

Mechanical (1-3-4-2). 

Compression ratio  22.2:1 

Maximum power 91 PS (67 kW; 90 HP) at 4,000 r.p.m 

Maximum torque 191 Nm (19.5 kg*m; 141 ft*lb.) at 2,400 r.p.m 

Tire size Front tires (195R15−6PRLT), Rear tires 

195R15−8PRLT 

Minimum ground clearance 200mm 

Wheelbase 2570mm 

Front overhang 1050mm 

Rear overhang 1075mm 

Dimensions (width x length x height)  1690 x 4690 x 1980 mm 

Allowable maximum speed 100Kmph 

Maximum payload 1250 kg 

GVW  2800kg 

Electricals battery 12 volts, 150Ah 

Brake Pedal Free play 1-6mm 

Height 162mm (average measured value) 

Minimum pedal reserve 

distance with the pressure of 

294N 

 

115mm (average measured value) 

Driver seat Adjustable driver seat 

Brakes Both rear and front brakes are hydraulic brake 

Source:https://www.beforward.jp/toyota/hiace-van/bf63992/id/57830/, https://www.engine-

specs.net/toyota/5l.html, https://toyota.dreamhosters.com/pages/hiace-

tmc/spec_van_standard.php. 

Aoki measured the braking force of 60 men, 54 high school students (16 years old), and 37 

disabled people of both sexes in a vehicle model. The author concluded that the resistance of the 

https://www.beforward.jp/toyota/hiace-van/bf63992/id/57830/
https://www.engine-specs.net/toyota/5l.html
https://www.engine-specs.net/toyota/5l.html
https://toyota.dreamhosters.com/pages/hiace-tmc/spec_van_standard.php
https://toyota.dreamhosters.com/pages/hiace-tmc/spec_van_standard.php
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brake pedal should be less than 294 N and the optimal 196 N. If the pedal is pressed by the ankle 

joint, the resistance should be less than 196 N. According to Musta, the resistance of the 

accelerator pedal must be in the range of 36-53 N and the resistance of the brake pedal should be 

less than 267 N. The author briefly described the experiments that led to the recommendations. 

Nineteen participants were instructed to reproduce different force levels using multiple foot 

controls. The force participants thought they would exert on the pedals (intended force) was 

compared to the actual forces they exerted. The results showed that when the target force is less 

than 29 N, the accurate perception of the force level is lost, and when the target force is greater 

than 89 N, the level of leg fatigue increases. In addition, according to the author, a force of 36 N  

was calculated as the force level at which the foot rests on the gas pedal. (Xi et al., 2018). 

Researchers have concluded that the maximum active pedal force varies from 136.3 N to 387 N 

(Macuzic & Lukić, 2019). From the research of the above researchers, the maximum pedal force 

applied to this combined pedal is as follows. 

✓ Suppose the maximum force required to step on the brake pedal is 294N.  

✓ The maximum force required to apply the accelerator pedal is 89N.  

A. Design of electric linear actuator 

Therefore, the total force required by the linear electric actuator is 294N to depress the brake 

pedal. The components should be designed based on this force. 

Electric linear actuators have various components as shown in Fig. 3.29. The inner tube is known 

as the extension tube or the motor tube. This tube is attached to the threaded drive nut and 

expands and retracts as the nut moves along the axis of rotation. The lead screw/rotary 

screw/lifting screw of the linear actuator rotates to extend or retracts the inner tube nut/tube, 

creating a linear motion. The drive nut can be tapered or spherical and connected to the inner 

tube and moving along the main shaft or rotary screw. A nut is a component that allows the inner 

tube to extend or retract. Using a gear, it is possible to decrease or increase the speed between the 

drive of the drive mechanism and the speed of the inner tube of the driven parts. The motor is 

where all the power is generated for the electric linear actuator (Team, 2018).  
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The motor housing contains all the internal parts of the gear motor without leaving anything 

exposed to external damage. 

 

Figure 3.29: Linear actuator exploded view (Team, 2018) 

i. Design of brake pedal actuator power screw 

A screw is used as a coupling in a machine to convert rotational motion into linear motion. 

Threads are formed by cutting continuous spiral grooves on a cylindrical surface. The power 

screw is composed of two main parts: a screw and a nut, which can be operated when the Screw 

rotates in bearings and the nut moves axially, the screw rotates also moves axially while the nut 

is kept fixed and nut rotates and the screw moves in axial direction Power screws have the 

following advantages: (Khurmi, R.s.,&Gupta, 2005). 

✓ The power screw has a large carrying capacity. 

✓ The power screw is small in size and compact in structure. 

✓ The design of the power screw is simple. 

The screws are usually made from C30 or C40 steel. See the property of carbon steel in Table 

3.11. Since the failure of the power propellers can lead to a serious accident, a higher safety 

factor is required. Nuts are made of a softer material than screws, so if they fail at all, the nut will 

fail, not the screw, which is more expensive and also difficult to replace. For the manufacture of 

Drive nut 

Lead screw 

Gear mechanism 

Electric motor 

Motor house 

Outer tube 

Inner tube 
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nuts, plastic, bronze, or copper alloys are used. For steel screw and bronze nut. The values of the 

safety factor for the ultimate strength of soft materials and alloys are about six.  

Table 3.11: Mechanical properties of carbon steel of the SAE1030 (Khurmi, R.s.,&Gupta, 2005) 

Properties Tensile 

strength 

Yield 

Strength 

Bulk 

modulus 

Shear 

modulus 

Elastic 

modulus 

Poisson’s 

ratio 

Metric 525 MPa 440 140Mpa 80Gpa 200GPa 7872kg/m3 

 

The maximum force required to depress the brake pedal is 194N. Suppose the material, 

coefficient of sliding friction, safety factor, and bearing pressure for the brake pedal force screw 

are let: 

• P = pitch 

• 𝑑𝑜 = Major diameter 

• 𝛼 = Helix angle 

• 𝜑 = Friction angle 

• 𝑤 = load to be lifted 

• 𝜇 = coefficient of friction 

• ℎ = Thread depth 

• σ = Axial stress 

• 𝑑𝑐 = Minor diameter 

• 𝑑 = pitch diameter 

• 𝑙 = lead 

• 𝑛 = number of engaged Thread 

The axial stress in the body of the power screw due to load W is 

σ=
𝑊

𝐴
=

4𝑊

𝜋(𝑑𝑐)2
………………………………………………………. (3.1)  

σ=
𝑡ensile stress

FOS
 …………………………………….….…………… (3.2) 

𝑑𝑐 = √
4W

𝜋𝜎
………………………………………………….………………. (3.3) 

Take the value of the minor diameter of the screw for the brake pedal power screw 4.001 mm. 

The brake pedal power screw minor diameter is approximately 4.02 mm from the basic standard 

of basic dimensions of ISO metric screw threads (Juvinall & Marshek, 2012) as shown in Table 

3.12. 
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Table 3.12: Basic dimensions of ISO metric screw thread (Juvinall & Marshek, 2012) 

Nominal or Major diameter (𝑑𝑜) mm 3 3.5 4 5 6 

Minor or core diameter (𝑑𝑐) mm 2.39 2.76 3.14 4.02 4.77 

Pitch (p) mm 0.5 0.6 0.7 0.8 1 

Area of core (Ac) mm2 5.03 6.78 8.78 14.2 20.1 

 

For the minor diameter of 4.02 mm (see the above Table 3.12.) gas pedal Acme tread screw the 

nominal or major diameter meter do = 5 mm, Pitch (p) = 0.8mm, Thickness t = 0.37p = 0.296 

mm and thread depth = h, for Acme screw h = 0.5p+0.25 = 0.65 mm and Pitch diameter = d= do 

– p/2 = 4.6 mm, Helix angle 𝑡𝑎𝑛 α =p π d = 0.8mmπ×4.6mm, α=3.17°. 

Ham and Ryan showed that the coefficient of friction in screw threads is independent of axial 

load, practically independent of speed, decreases with heavier lubricants, changes little with 

material combinations, and is best suited for steel on bronze (Richard G. Budynas & J, 2011). 

Therefore, the nut material chosen for this system is bronze. The friction coefficient for dry steel 

screw and bronze nut is 0.14-0.21, see Table 3.13. 

 

Table 3.13: Coefficients of sliding friction pair materials (Richard G. Budynas & J, 2011). 

   

Screw material 

Nut material 

Steel Bronze Brass Cast iron 

Steel dry 0.15-0.25 0.15-0.21 0.15-0.19 0.15-0.25 

Steel, machine oil 0.11-0.17 0.10-0.16 0.10-0.15 0.11-0.17 

Bronze 0.08-0.12 0.04-0.06 - 0.06-0.09 

From the friction coefficient, the friction angle φ can be found  

𝑡𝑎𝑛𝜑=𝜇, 𝜑=𝑡𝑎𝑛−1(0.18) =10.20° 

The torque required to rotate the screw is  

T=W × tan(α+φ) d/2……………………….………… (3.4) 

Shear stress in the screw due to torque 

𝜏 =
19𝑇

𝜋(𝑑𝑐)3
 …………………………………… (3.5) 
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Bearing pressure(𝑷𝒃) Determination 

To reduce the wear of the bolt and nut, the pressure of the bearing on the thread surfaces must be 

within the limits. In the design of power bolts, the bearing pressure depends on the materials of 

the bolt and nut, the relative speed between the nut and the bolt, and the nature of the lubrication 

(Tlomatic, 2021). See Table 3.14 for bearing pressure on different materials.  

Table 3.14: Limiting values of bearing pressures (Khurmi, R.s.,&Gupta, 2005) 

Application of 

screw 

Material Safe bearing 

pressure in 

N/mm2 

Rubbing speed at the thread 

pitch diameter 

Screw Nut 

Hand press Steel Bronze 17.5 - 24.5 Low-speed, well lubricated 

Lead screw Steel Bronze 1.05 – 4.25 High speed > 15m/min 

This power screw is used for lead threads and the screw nut combinations are steel and bronze 

respectively, so the safe pressure is 1.05 to 4.25 N/mm2. Suppose that the load is evenly 

distributed across the threads it is in contact with.  

The number of meshes between threads and nuts is 

𝑛 =
𝑊

𝜋

4
((𝑑𝑜)2− (𝑑𝑐)2)𝑃𝑏

…………...……………………… (3.6) 

Bending (𝜎𝑏), Shear, compressive, and buckling stress 

The maximum bending stresses 

The maximum bending stress occurs at the root of the thread. It is calculated by assuming the 

thread is a simple cantilever beam built in at the root. The load is assumed to act at the mid-point 

of the thread (Gopinath, 2014). 

𝜎𝑏 =
3𝑊ℎ

𝜋𝑑𝑛𝑡2 ……………………………………………. (3.7) 

The maximum Shear stresses 

Both the nut and screw threads are subject to traverse shear stress resulting from the bending 

forces. For a rectangular section, the maximums shear stress occurs at the neutral axis and equals  

(Gopinath, 2014). 

𝜏 =
3𝑊

2𝜋𝑑𝑐𝑛𝑡
……………………………………………… (3.8) 
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Tensile / compressive stresses 

A loaded power screw is subject to a direct tensile or compressive load. The tensile stress area is 

generally provided in a screw using a stress area based on the root diameter may be used for 

conservative design studies (Gopinath, 2014). 

𝜎𝑡/𝑐 =
𝑊

𝐴
 ……………………………………………...…. (3.9) 

Where:  𝐴 =
𝜋𝑑2

4
 

Combined stresses 

According to the maximum shear stress theory and maximum normal stress theory, the 

maximum shear stress, the maximum normal stress is: 

𝜏𝑚𝑎𝑥 =
1

2
√(𝜎)2 + 4𝜏2  and    𝜎𝑚𝑎𝑥 =

1

2
𝜎𝑏

1

2
√(𝜎)2 + 4𝜏2 

ii. Design of Brake pedal drive nut 

Bronze is the ideal material selected for nut because of its excellent corrosion resistance, Higher 

tensile strength and excellent machinability, comfortability, and lower coefficient of friction. The 

elastic limit of bronze may be taken as shown in Table.3.15. 

 Table 3.15: Elastic limit of bronze 

Conditions The elastic limit of 

bronze 

In tension 100MPa 

In compression 90MPa 

In shear 80MPa 

 

Let: 

• 𝐷1 = Inner diameter of the nut 

• 𝐷2 = Outer diameter of nut collar 

• 𝑁 = Number of threads engaged 

• 𝜎𝑡 = Tearing strength 

• 𝑤 = load to be lifted 

• 𝜎𝑐 = Compression strength 

• ℎ = Axial length of nut (ℎ = 𝑛 ∗ 𝑝 ) 

• 𝑡1= Thickness of nut col 
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Inner and Outer diameter of the nut 

Inner diameter (𝐷1) is found by considering the tearing strength (𝜎𝑡) of the nut and the outer 

diameter (𝐷2) is found by considering the crushing strength as 

𝐷1 = √
4W

𝜋𝜎𝑡
+ 𝑑2 …………………………………….... (3.10) 

Where: 𝑊 =  
𝜋

4
((𝐷1)2− (𝑑)2)𝜎𝑡  

𝐷2 = √
4W

𝜋𝜎𝑐
+ 𝐷1

2…………………………………… (3.11) 

Where 𝑊 =  
𝜋

4
((𝐷2)2− (𝐷1)2)𝜎𝑐 

The thickness of the nut collar 

By considering the shearing of the collar of the nut 

𝑊 = 𝜋𝑑𝑡1………………………………………...……... (3.12) 

𝑡1 =
𝑊

𝜋𝑑𝜏
 …………………………………………..……... (3.14) 

The shear stress at the root of the threads in the nut and screw is given by 

𝜏 =
3𝑊

2𝜋𝑑𝑛𝑡
……………………………….…………... (3.15) 

iii. Design of coupling between the lead screw shaft and stepper motor shaft 

A good coupling should be easy to connect and disconnect, should transmit full power, should 

hold the shaft in perfect alignment also should reduce transmission of shock loads from one shaft 

to another shaft (Khurmi, R.s.,&Gupta, 2005). 

Design of sleeve 

Torque (T) transmitted by a hallow section is given by  

𝑇 =
𝜋

16
∗ 𝜏𝑐(

𝐷4− 𝑑4

𝐷
)…………….………….…….……… (3.16) 

Where: T = Torque transmitted by the shaft 
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• F = Tangential force 

• 𝑑 = Diameter of shaft 

• l = Length of key 

• 𝑤 = width of the key 

• 𝜎𝑐 and τ = crushing and shear stresses 

• τ𝑐 = Permissible shear stress 

• t = Thickness of key 

Proportions of a cast iron sleeve coupling are  

Outer diameter of sleeve, D = 2d +13mm, D = 2*5mm + 13mm = 23mm 

Length of the sleeve, L = 3.5d, L = 3.5*5mm = 17.5mm 

The safe value of shear stress for cast iron may be taken as 14 MPa (Khurmi, R.s.,&Gupta, 

2005). The induced shear stress in the sleeve is less than the shear stress value of cast iron. 

Therefore, the design is safe. 

Design of key 

The length of the coupling key is at least the same as the length of the sleeve (that is, 3.5d). 

Table 3.16 shows standard parallel, taper, and Gib head key ratios by IS: 2292 and 2293-1974 

(Khurmi, R.s.,&Gupta, 2005).  

 

Table 3.16: Proportions of standard parallel, tapered keys (Khurmi, R.s.,&Gupta, 2005). 

Shaft diameter (mm) 

up to and including 

Key cross-section 

Thickness Width 

6 2 2 

8 3 3 

10 4 4 

12 5 5 

17 6 6 
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The diameter of the shaft is 5 mm, the length of key L=17.5 mm, the Width of key w=2 mm, 

Thickness of key t=2 mm. The induced shear and crushing stresses are key.  

Shearing of the key Considering shear stress (τ) and crushing stress (𝜎𝑐)  

𝜏 =
2𝑇

𝐿𝑤𝑑
 𝑎𝑛𝑑 𝜎𝑐 =

4𝑇

𝐿𝑡𝑑
……………………………... (3.17 

The permissible crushing stress for the usual key material is at least twice the permissible 

shearing stress. Therefore, we have w = t. In other words, a square key is equally strong in 

shearing and crushing. Since the induced shear and crushing stresses are less than the permissible 

stresses (14 MPa), therefore the design of the key is safe. 

 

iv. Determination of motor power required to control brake pedal 

The maximum power required by a stepper motor to depress the automobile pedals can be 

determined by  

𝑝 = 𝑇𝜔𝑛………………………………………………. (3.18) 

The distance that the drive nut travel to depress the pedals is equal to the maximum travel 

distance of the pedal. It is equal to the maximum pedal travel of the brake pedal (43mm).  

v. Determination of speed of brake pedal motor 

The driver's reaction time includes recognizing a change in the light signal, the decision to 

continue driving or to brake, and when stopping - applying the brake (remove the foot from the 

accelerator and apply the brake). In general, the normal reaction time of the driver is 0.5-3 

seconds. 

The standard driving regulations act requires 0.7 seconds for perfect reaction time (Yared, 2019). 

This includes 0.5 seconds for perception and 0.2 seconds for foot movement, which is the time it 

takes to move your foot from the gas pedal to the brake pedal. 

A controlled study showed that total brake reaction time (defined as the period between the point 

at which the driver began to release the accelerator pedal to the maximum brake application 

point) was 2.2 seconds for the IDS and 2.3 seconds on the test track. Time to throttle release was 
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also compared between the two studies (Mcgehee et al., 2000). This implies that the time 

required for foot movement is 0.2 and the time required to depress the brake pedal is (2.3sec – 

0.2sec) equal to 2.1 seconds. In this case, since there is no need of moving your foot from the gas 

pedal to the brake pedal. Thus, 2.1sec can be taken as brake pedal application time excluding 

foot movement. 

𝑉 =
𝑠

𝑡
=

0.04𝑚

2.1𝑠𝑒𝑐
=  0.019𝑚/𝑠 

Where: s is braking pedal travel which is 40mm (average pedal height (164mm) minus average 

reserve distance (124mm)) average value measured for three 5L Engine type minibus taxis. 

Lead is the linear travel of the nut. The lead for a single start power screw is equal to the pitch of 

the screw and approximately equal to one revolution of the screw expressed as: 

Lead (l) = pitch (p) ≈ 1 revolution 

𝑛 =
𝑉

𝑙
=

0.019𝑚/𝑠

0.0008𝑚
= 23.75𝑟𝑒𝑣/𝑠 = 1425𝑟𝑒𝑣/𝑚𝑖𝑛  

Angular velocity (𝜔)  

𝜔 = 2𝜋𝑛 = 149.15𝑟𝑎𝑑/𝑠 

The power required by motor (P) 

𝑃 =  0.1308𝑁𝑚 ∗ 149.15𝑟𝑎𝑑/𝑠 

𝑃 = 19.54𝑤𝑎𝑡𝑡 

vi. Selecting the appropriate stepper motor  

The type (see section 3.1.1) and Specification of the stepper motor should be within the 

following specifications see Table 3.17. 
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Table 3.17: Required specifications and type of stepper motor  

Criteria’s Brake pedal motor 

Maximum power 19.54watt 

Maximum torque 0.1308Nm 

Maximum rpm 1425rpm 

Type of stepper motor 

Based on the arrangement of stator 

windings 

Bipolar 

Based on construction Hybrid  

Input voltage 12V 

 

For the required data specification NEMA 17 bipolar stepper motor 12VDC which has a 5mm 

diameter shaft that fits screw diameter can meet the requirements (See Fig.3.30 for speed torque 

curve of bipolar drive). 

 

Figure 3.30: Stepper motor torque vs speed 

vii. Design of brake pedal actuating inner tube 

Inner tubes are also known as extension tubes, drive tubes, translating tubes, or pistons. This tube 

is usually made of aluminum or steel. While retracted, the inner tube is where the spindle is 

located. This tube is attached to a threaded drive nut that expands and contracts as the nut moves 
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along the rotating spindle. For this task, the material chosen for the inner tube to reduce weight is 

aluminum (Elsherif et al., 2019). For material properties of aluminum alloy see Table 3.18. 

Table 3.18: Material properties of aluminum alloy (Elsherif et al., 2019). 

Properties Ultimate 

tensile 

strength 

Tensile 

Yield 

Strength 

Compressive 

strength 

Shear 

strength 

Shear 

modulus 

Elastic 

modulus 

Young’s 

modulus 

Metric 310MPa 276MPa 280Mpa 207MPa 26Gpa 200GPa 68.9GPa 

  

The inner tube is the hollow circular part of the linear electric actuator and is also considered a 

vertical rod subject to buckling and compressive stress, one end of which is free and the other 

end is fixed. The force on the inner tube, which is equal to the load required to operate the brake 

pedal, is 300 N with a rod length of about 31 mm. The minimum inner diameter must be greater 

than the outer diameter of the screw shaft and there must be sufficient clearance between the 

screw shaft and the inner tube. Suppose the gap between the screw and the inner tube is 1mm. 

Determination of crippling stress for inner tube 

 

Figure 3.31: Inner tube 

According to Euler’s theory, the crippling or buckling load (𝑊𝑐𝑟) under various end conditions is 

represented by a general equation. 

𝑊𝑐𝑟 = 𝐶𝜋2𝐸
𝐼

𝐿2
………….…………………. (3.19) 
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𝐼 = 𝐴𝐾2
…………………………….……... (3.20) 

Where: E= elasticity modules 

• C = end fixing coefficient (c = 0.25 for one ended fixed) 

• L= length 

• A = area 

• 𝑊𝑐𝑟 = Crippling load 

• 𝐾= radius of gyration 

By substituting Eq in Eq the buckling load become 

𝑊𝑐𝑟 = 𝐶𝜋2𝐸
𝐴

(
𝐿

𝐾
)2

……………………… (3.21) 

Buckling stress 𝜎𝑐𝑟 is also given by 

𝜎𝑐𝑟 =  
𝑊𝑐𝑟

𝐴
=

𝐶𝜋2𝐸

(
𝐿

𝐾
)2

 …………...…………. (3.22) 

Where: 
𝐿

𝐾
= slenderness ratio (if 

𝐿

𝐾
< 80 the bar is short bar otherwise long bar). 

By equating the buckling stress equation with the buckling load equation 
𝐿

𝐾
𝑖𝑠 < 80. Therefore, 

Euler’s formula is not valid, thus Professor Johnson’s formula for the short bar was used for the 

determination of the diameter of the inner tube. 

𝐷 = √
4𝑊𝑐𝑟

𝜋[𝜎𝑦−
2𝜎𝑦

3𝜋
(

1

𝑘
)√

𝜎𝑦

3𝐶𝐸

+ 𝑑2……..……… (3.23) 

 

viii. Design motor mounting bar 

The distance between the mounting tape point and the load applied by the motor is 

approximately 150 mm (valley measurement). The maximum force applied to the rod is 294 N. 

The material used for the engine mounting rod can be aluminum or steel metal. Steel which has 

an ultimate tensile strength of 650Mpa is more suitable for rail installation because it has a 
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higher resistance to bending, pressure, shear, and tensile strength than aluminum. The specified 

cross-section is a circular steel bar due to its higher resistance to bending than the sacred cross-

section. 

Maximum bending moment (𝜎𝑏𝑚𝑎𝑥) 

𝜎𝑏𝑚𝑎𝑥 = 𝜎𝑏
𝜋

32
(𝐷3)……………………………... (3.24) 

Where: 𝜎𝑏= allowable bending stress is given by: 

𝜎𝑏 =
𝜎𝑢𝑙𝑡𝑖𝑚𝑎𝑡𝑒

FOS
=

650MPa

2
= 325Mpa 

Determination of Maximum bending moment from free body diagram  

Free body diagram 

Figure 3.32: Free body diagram 

Maximum reaction force at the fixed end can be expressed as 

𝑅𝐴 = 𝐹 = 294𝑁 

The bending moment at A 

∑ 𝑀𝐴 = 0, 294𝑁 ∗ 150𝑚𝑚

.

.

= 44.1𝑁𝑚 

Shear force diagram 

 

Figure 3.33: Shear force diagram 

Shear force at A, 𝐹𝐴 = 𝑅𝐴 = +294𝑁 

The shear force between A and B is constant and equal to +294N. 
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Shear force at B, 𝐹𝐵 = −294𝑁. 

Bending moment diagram 

 

Figure 3.34: Bending moment diagram 

The bending moment at A, 𝑀𝐴 = 44.1𝑁𝑚 

The bending moment at A, 𝑀𝐵 = 0 

Therefore, the maximum bending moment at B is equal to 44.1Nm. thus, the diameter of the bar 

for the maximum bending moment is calculated as: 

𝐷 = √
32𝑀

𝜎𝑏𝜋

3
…………………………………… (3.25) 

 

 

 

 

 

 

 

 

 

Figure 3.35: Actuation mechanism SOLIDWORKS model 

The kinetic energy of the vehicle 

Arduino Uno program relates the position sensor (potentiometric sensor) and actuator travel 

distance to activate the brake pedal.  

Tube 

Sleeve & key Lead screw 

Drive nut 

Stepper motor Mounting bar 
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Using the specification, the maximum speed of the TOYOTA 5L minibus taxi from the above 

data collection is 100kmph (27.78 meter per second). 

The braking force required to stop 5L minibus can be found after the calculation of the kinetic 

energy of the vehicle using Eq.3.26. 

For the body in motion, the kinetic energy is given by: 

𝐾𝐸 =
1

2
𝑚𝑣𝑉𝑣

2……………………………………… (3.26) 

Where:   𝑚𝑣= mass vehicle (kg)  

                𝑉𝑣 = vehicle speed (m/s) 

              KE = kinetic energy (kJ)  

𝐾𝐸 =
1

2
𝑚𝑣𝑉𝑣

2 

The net weight of the demonstrate vehicle is 2800 kg and encompasses 

a greatest admissible speed of 27.78 meter per second. 

𝐾𝐸 =
1

2
2800𝑘𝑔 ∗ (27.78 𝑚 𝑠⁄ )2 

𝐾𝐸 = 1,080.419𝐾𝐽 

Work done (W) is defined as 

W = KE = F*Sd……………….………………………. (3.27) 

Where: 𝑆𝑑 = stopping distance (m)  

              𝑊 = work done (kJ) 

            F = brake force (N) 

Therefore, W = KE= 1,080.419𝐾𝐽 

 

The vehicle stopping distance 

One of the particular targets of this proposition is to diminish the ceasing separation of minibus 

taxis by progressing the execution of brakes utilizing the combined pedal. Hence, 

the ceasing remove of this minibus is decreased by minimizing the response time to apply the 

brake. 
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Braking distance (𝑫𝒃) 

When the minibus taxi is equipped with a combined pedal and travels at a maximum allowable 

speed of 27.78m/s. The braking distance is calculated as follows using equation 3.28. 

𝐷𝑏 =  
𝑉2

(2∗𝜇∗𝑔)
……………….………………………… (3.28) 

(https://www.101computing.net/stopping-distance-calculator/) 

Where: V = velocity before applying brake (m/s)  

            𝐷𝑏= brake distance (m)  

            g = acceleration due to gravity (m/𝑠2) 

            μ = coefficient of friction asphalt road 0.8  

𝐷𝑏 =
𝑉2

(2 ∗ 𝜇 ∗ 𝑔)
 

𝐷𝑏 =
(27.78 𝑚 𝑠⁄ )2

(2 ∗ 0.8 ∗ 9.81 𝑚 𝑠2⁄ )
= 49.167𝑚 

Reaction Distance (𝒅𝒓) 

Reaction distance is the distance the vehicle travels before the driver notices the danger and 

starts braking. The full response time takes 0.75 seconds from the standard driving regulation 

act. Of this, 0.5 second is for perception and at least 0.25 second is for foot movement or the 

average reaction time required to release the accelerator and to depress the brake pedal is ¾ of a 

second. Using equation 3.29. 

𝑑𝑟 =
(𝑉 ∗ 𝑡𝑟)

3.6⁄ ……………………………………...….… (3.29) 

Where: V = Vehicle speed (km/hr.) 

             𝑡𝑟  = reaction time (sec) 

            𝑑𝑟 = reaction distance (m) 

𝑑𝑟 =
(100 𝑘𝑚 ℎ⁄ ∗ 0.75)

3.6
= 20.83𝑚 

Reaction distance resulting from delay in driver reaction time is reduced (It decreases 

misjudgment of operating the wrong pedal.) since there is no foot movement which requires at 

https://www.101computing.net/stopping-distance-calculator/
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least 0.2 seconds. because the system will automatically apply the brake pedal by sensing the 

pedal position.  

The new reaction distance becomes: 

𝑑𝑛𝑟 =
(100 𝑘𝑚 ℎ⁄ ∗ 0.5)

3.6
= 13.88𝑚 

Stopping distance (𝑺𝒅) 

The vehicle will not come to a stop immediately after the application of the brake. It takes some 

movement to come to a stop this distance is stopping distance. It depends on the speed of the 

vehicle, coefficient of friction (between the tire and the road), and brake system efficiency. Thus, 

it is calculated using Eq. 3.30. 

Sd = Reaction distance + Braking distance……………………………. (3.30) 

Sd = Reaction distance (dr) + Braking distance (Db) 

𝑆𝑑 = 20.83𝑚 + 49.167𝑚 = 70𝑚 

When the vehicle is equipped with a combined pedal the new stopping distance (𝑆𝑛𝑑) is reduced 

to: 

Snd = Reaction distance (dnr) + Braking distance (Db) 

𝑆𝑛𝑑 = 13.88𝑚 + 49.167𝑚 = 63𝑚 

Therefore, for the vehicle equipped with a combined accelerator and brake pedal the stopping 

distance (𝑆𝑑) of the vehicle is 63m at the maximum allowable speed. 

According to the world speed limit used in Ethiopia in town is 60km/h and out of town 100km/h, 

70km/h, and 60km/h depending on road conditions 1st, 2nd, and 3rd road levels respectively; for 

vehicles weighing up to 3500kg (Scale et al., 2022). 
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Table 3.19: The vehicle stopping distance. 

 Vehicle speed, expressed in km/h 

30 40 60 70 100 

 

 

Distance in (m) 

𝐷𝑏 4.42 7.86 17.7 24.1 49.15 

𝑑𝑟 6.25 8.33 12.5 14.58 20.83 

𝑑𝑛𝑟 4.16 5.55 8.33 9.72 13.88 

𝑆𝑑 10.25 15.64 30.2 37.71 70 

𝑆𝑛𝑑 8.58 13.41 26.03 33.82 63.03 

 

This show that the vehicle speed and vehicle stopping distance are directly proportional to each 

other. 

Brake force (F) 

From the general formula of work done equation 3.27 would get brake force. 

w = 𝐹 ∗ 𝑆𝑑 

From the above work done is 1,080.419𝐾𝐽 

1,080.419𝑘𝐽 = 𝐹 ∗ 𝑆𝑑 

1,080.419𝑘𝐽 = 𝐹 ∗ 70𝑚 

𝐹 =  
1,080.419𝑘𝐽

70𝑚
= 15.43𝐾𝑁 

For a vehicle equipped with a combined pedal, the stopping distance at maximum speed is 63m. 

Thus, the braking force is increased to 17.15 kN. 

Braking time: 

Covers the time from the fully developed brake achieved to the time vehicle stops its movement.  

𝑎 =  
𝑑𝑣

𝑑𝑡
…………………………………………………. (3.31) 
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The longest braking time happens by driving the loaded vehicle at a maximum speed. 

∫ 𝑑𝑡 =  ∫
𝑑𝑣

𝑎
……………………………………………. (3.32) 

𝑎 =  
𝐹𝑏

𝑚𝑣
 

𝑡𝑏 =  
𝑣𝑣

𝑎
 

The ratio of the product of vehicle mass and vehicle velocity to forces that contribute to overall 

braking effort equals braking force. (See Eq.3.33). 

𝑡𝑏 =  
𝑚𝑣𝑣

𝐹
……..………………….…………………….. (3.33)  

Where: 𝑡𝑏 = time to brake (s) (i.e., braking time) 

              𝑚𝑣 = mass of the vehicle (kg)  

              𝑣 = vehicle speed (m/s)  

            F = brake force (N) 

𝑆 = 𝑢𝑡 − 1
2⁄ (𝑎𝑡2)…….…………………………… (3.34) 

             𝑠 = the distance at which the vehicle stops (m)  

              𝑢 = speed of the vehicle (m/s)  

            t = time (s) 

            a = acceleration (m/𝑠2) 

 

Notice that,  𝑡 = 𝑡𝑏 and 𝑎 =
𝐹

𝑚𝑣
  so, 

𝑠 = 𝑢𝑡 − 1
2⁄ (

𝐹

𝑚𝑣
𝑡2)………………………………...… (3.35) 

The maximum engine rpm determines the maximum speed. This is achieved at the gear ratio: 1:1 

(the minimum gear ratio).  

Thus, the propeller shaft maximum rpm =
The max.Engine speed

The min.gear ratio
…………… (3.36) 

Therefore, braking time at the maximum allowable speed of 27.78m/s is calculated from 

equation 3.33. 

𝑡𝑏 =  
𝑚𝑣𝑣

𝐹
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𝑡𝑏 =  
2800𝑘𝑔 ∗ 27.78 𝑚 𝑠⁄

15.43𝐾𝑁
 

𝑡𝑏 = 5.04 𝑠𝑒𝑐 

Using the above equation for calculating stopping distance (Eq. 3.34). 

𝑆 = 𝑢𝑡 − 1
2⁄ (𝑎𝑡2) 

𝑆𝑑 = 27.78 𝑚 𝑠⁄ ∗ 5.04𝑠𝑒𝑐 − 1
2⁄ (

15.43𝐾𝑁

2800𝐾𝑔
(5.04 𝑠𝑒𝑐)2) 

𝑆𝑑 = 70𝑚 

Table  3.20: Vehicle stopping distance and braking time (at selected speeds) 

 Speed of the vehicle (in km/h) 

30 40 60 70 100 

𝑡𝑏(s) 1.51 2.01 3.02 3.53 5.04 

𝑡𝑛𝑏(𝑠) 1.36 1.81 2.72 3.17 4.53 

 

B. Design of Combined brake and accelerator pedal 

The brake pedal is part of the car that initiates the entire brake system in a vehicle. Organ type 

pedal enables muscles of both the calf and the shin to completely relax and also for better 

control. In automatic cars, it’s the pedal on the left side, and in manual cars, it’s the middle 

pedal. When you press down on it, all the components of your braking system swing into action. 

From reviews of the existing design guidelines and standards on automotive pedal design which 

is organized by different aspects of pedal design, such as pedal position and pedal size the data in 

Table 2.1 in section 2.6 was obtained. The material for each of the components is listed (see 

Appendix E) with their properties. 
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By using the conventional pedal design guidelines and standards listed in Table 2.1: (Summary 

of relevant design recommendations) the combined accelerator and brake pedal model was made 

as shown in Fig. 3.36. 

 

Figure 3.36: SOLIDWORKS model of combined brake and accelerator pedal 

The analysis was carried out using the following consideration into account. High-quality mesh 

using high-quality elements. 

✓ A tetrahedron ISH shape. 

✓ Four curvy “Tri-angular ISH” sides. 

✓ Six parabolic edges and  

✓ Ten nodes result in more equations and more accurate results, as shown in Fig. 3.37. 

Meshing: Representation of the model in tiny chunks that the computer can easily work with. 

Dicing model in tiny elements enables many simpler calculations. (Curvature-based mesh is used 

as shown in Fig. 3.37). 

Treadle 

Push/pull rod 

Spring 

Knuckle pins 

Accelerator 

Sensing bar 

Base 

Wheel 

Push/pull fork 
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Quality: high quality (curved edges). 

Level of detail: coarse. 

A high aspect ratio is bad as it results in skinny elements. The aspect ratio should be <20. 

Figure 3.37: Combined pedal Mesh  

The model is supported in such a way approximate reality. Some of the components are excluded 

from the analysis for the sake of reducing redundancy and their effect on analysis. Application of 

load that adequately and accurately validates the design. 

 

Figure 3.38: Combined pedal application of boundary conditions and mesh 

Then finally SOLIDWORKS analysis is carried out to check the strength of the pedal in terms 

of: 
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✓ Stress (Von Mises) 

✓ Strain and  

✓ Displacement. 

Major Conditions applied for simulation. 

Table 3.21: Major conditions applied to the simulation 

Study type Static Study 

Contact set No penetration 

External load  90N per item (see section 3.1.2) 

 

Figure 3.41: SOLIDWORKS simulation for Displacement analysis 

Finally, the motion analysis of the combined pedal was made after design in SOLIDWORKS. 

Design of spring  

Inadequate pedal design of spring often leads to fatigue and discomfort for drivers. The material 

used for spring is stated in Table 3.21 above with its properties. The model with SOLIDWORKS 

is shown in Fig. 3.39. 

 

Figure 3.39: SOLIDWORKS Spring model 

Spring design requirements (boundary conditions) 

✓ Able to extend about 21.23mm during the pedal full depression at an average foot force 

of 58N (see section 3.1.2) for the accelerator pedal. 
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✓ The normal height should not exceed 48mm to satisfy the pedal design requirement (Xi et 

al., 2018). As shown in Fig. 3.40 and Fig. 3.41. 

 

Figure 3.40: Undepressed pedal spring length 

 

Figure 3.41: Fully depressed pedal spring length 

 

Using spring design boundary conditions, the SOLIDWORKS simulation analysis for spring was 

carried out.  
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3.4.3 Motion Analysis 

Finally, the motion analysis was made with the following boundary conditions in 

SOLIDWORKS software for both the combined pedal and actuation mechanism. 

A. Combined Pedal Motion Analysis 

 The combined pedal motion analysis is carried out under the following conditions: 

✓ The maximum force of 90N is applied on the pedal. 

✓ The motion analysis is carried out for 5sec. 

✓ Gravity (g = 9.81m/s2) is applied to the system. 

✓ The force is set to off condition at 4 sec. 

 

Figure 3.42: SOLIDWORKS combined pedal motion analysis setup 

B. Actuation Mechanism Motion Analysis 

The time (in seconds) needed to extend the brake actuation tube up to 40mm (brake pedal travel) 

under the following situations: 

✓ Motor rpm: 1425 rpm (see section 3.1.2). 
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✓ The direction of rotation is clockwise. 

 

Figure 3.43: SOLIDWORKS Brake pedal actuator motion analysis setup 
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CHAPTER FOUR 

RESULT AND DISCUSSION 

4.1 Design results of combined pedal 

Initially, in the design of the combined pedal, the model is made with SOLIDWORKS. The mesh 

detail result is shown in Table 4.1. 

Table 4.1: Mesh detail 

Study name Static1 (default) 

Mesh type Solid mesh 

Mesher used Curvature based mesh 

Jacobian points 4 points 

Mesh control Defined 

Max element size 9.27581mm 

Min element size 1.85516mm 

Mesh quality  High 

Total nodes 67130 

Total elements 94933 

Maximum aspect ratio 20.372 

Percentage of elements with aspect ratio < 3 76 

Percentage of elements with aspect ratio >10 0.746 

% Of distorted elements (Jacobian) 0 

Re-mesh elements failed parts with incompatible mesh Off 

Time to complete mesh (hh: mm: ss) 00:00:07 

Computer name DELLI5-PC 

 

The result of the SOLIDWORKS simulation analysis was carried out to check the strength of the 

pedal in terms of Stress (Von Mises), Strain, and Displacement is shown in Fig 4.1, and 4.2 

respectively. 
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Figure 4.1: SOLIDWORKS Simulation of combined pedal results 

Similarly, for return spring 

 

Figure 4.2: SOLIDWORKS simulation of spring results 
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Table 4.2: SOLIDWORKS simulation of combined pedal Result 

Component Stress (MPa) Strain  Displacement (mm) Remark 

 

Pedal 

 

27.20 

 

8.963e -05 

 

0.09584 

Maximum stress and strain 

displacement are less than 

the ultimate yield strength 

of spring and pedal material 

alloy steel (620.4Mpa) and 

stainless-steel sheet metal 

(172.3Mpa) respectively. 

 

Spring 

 

547.5 

 

1.890e-3 

 

21.22 

 

The design and simulation of combined brake and accelerator pedal design analysis, 

SOLIDWORKS software (modeling, simulation, and motion analysis), and Arduino code and 

simulation in proteus were carried out with the assignment of various materials to each 

component, formulation of connections, fixtures, and constraints so that it resembles reality. The 

designed combined pedal components result shows that the maximum stress (27.2Mpa), strain 

(8.963*10-5) displacement (0.09584) is less than the ultimate yield strength of combined pedal 

components materials alloy steel (620.4Mpa) and stainless-steel sheet metal (172.3Mpa) which 

implies safe design.  

Combine pedal components were made based on the dimension of automotive pedal design 

guidelines as explained in Chapter 2. The Spring design geometric dimensions are shown in 

Table 4.3. 

Table 4.3: SOLIDWORKS Simulation Spring design result  

Component Parameters Symbols Value (Unit) 

Tension Spring Height H 37.3mm 

Revolutions N 8.095 

 Coil diameter Dc 25 (mm) 

Spring constant K 4 (N/mm) 

Number of coils N 9 

Wire diameter 𝑑𝑤  2.5 (mm) 
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The designed spring enables the driver to rest his/her foot freely (with pivoted toe) on the 

combined pedal without the risk of pressing the pedal (minimum force required 58N) and 

provides good sensitivity. In addition, in a manner that does not cause foot fatigue (maximum 

force needed 90N). 

 

4.2 Motion analysis result of combined pedal 

Motion analysis result for combined pedal treadle depressed for 4sec with the average 

accelerator pedal force of 58N is as shown in Fig.4.3. 

Figure 4.3: Motion analysis of Combined pedal results 

From fig.4.3 motion analysis in SOLIDWORKS software (to know whether the combined pedal 

return to its initial position immediately after the applied force is removed. 

Motion analysis result of combined pedal treadle depressed for 4sec with the average accelerator 

pedal force of 58N shows that the spring is strong enough to return the treadle to its original 

position without any delay (within less than 0.1sec). Also, the average force of 58N can depress 

the pedal fully which allows the application of the pedal effortless and good stability to control 

the gas. 
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4.3 Design results of brake pedal actuator components 

The design geometric dimensions of brake pedal actuation system components are shown in 

Table 4.4. See Table 4.5 for maximum bending, shear, and bending stress. 

Table 4.4: Brake pedal actuator dimensions. 

Actuating system Components Parameters Symbol Values (Unit) 

 

 

 

 

 

 

 

Brake pedal 

actuator 

 

 

 

 

Lead screw 

Minor diameter 𝑑𝑐 4.02 (mm) 

Major diameter 𝑑𝑜 5 (mm) 

Helix angle Α 3.07 (°) 

Friction angle Φ 10.2 (°) 

Thread depth H 0.65 (mm) 

Pitch P 0.8 (mm) 

Thickness T 0.296 (mm) 

Pitch diameter D 4.6 (mm) 

Thread arrangement with nut n 10 

 

Drive nut 

Inner diameter 𝐷1 7 (mm) 

Outer diameter 𝐷2 8.5 (mm) 

Thickness T 1.5 (mm) 

Axial length L 10 (mm) 

 

Inner tube 

Outer diameter D 7 (mm) 

Inner diameter D 6 (mm) 

Length L 50 (mm) 

 

 

Shaft coupling 

 

Sleeve 

Outer diameter 𝐷𝑜 23 (mm) 

Inner diameter D 5 (mm) 

Length L 17.5 (mm) 

 

Key 

Length L 17.5 (mm) 

Width W 2 (mm) 

Thickness T 2 (mm) 
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Table 4.5: Maximum bending, shear, and bending stress for brake pedal actuators 

Components Parameter Values 

(N/mm2) 

Remark 

Brake pedal 

 lead screw 

Maximum bending stress 32.78 Maximum bending, 

shear, and combined 

stresses are less than 

the ultimate tensile 

stress of screw 

material (150N/mm2)    

The maximum shear stress (for threads) 8.22 

Tensile or compressive stress 28.11 

Combined 

stress 

Maximum shear stress theory 18.34 

Maximum normal stress theory 36.67 

 

4.4 The motion analysis result of the brake pedal actuator 

The motion analysis result of the brake pedal actuator shown in Fig. 4.4 indicates that the stepper 

motor with 1425 rpm actuates the brake pedal up to 44mm in 2sec. Motor actuation of brake 

pedal SOLIDWORKS motion analysis result. Motor actuation of brake pedal SOLIDWORKS 

motion analysis result 
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Figure 4.4: Motor actuation result 

Actuation Mechanism Motion Analysis result shows that if the combined pedal is released 

suddenly the lead screw able to extend up to 44 mm within 2 seconds using a stepper motor with 

1425rpm which is less costly and requires 12 DC which is already available on the vehicle to 

provide panic brake. Due to the use of this actuation mechanism instead of transferring the foot 

between the brake and the accelerator pedal is illuminated. As a result, the stopping distance was 

reduced to 63m from 70m (at maximum speed and load). Therefore, the combined pedal reduced 

the stopping distance by 7 (see Table 4.6). 

4.5 Stopping distance comparison for existing pedal and combined pedal  

When the braking system of the existing or conventional pedal type was compared to the 

combined pedal brake system the result in Table 4.6 was obtained. 

Table 4.6: Combined pedal and conventional pedal comparison in terms of stopping distance. 

Vehicle speed, 

expressed in km/h 

Stop distance (m) 

Conventional pedals Combined pedal 

30 10.25 8.58 

40 15.64 13.41 

60 30.2 26.03 

70 37.71 33.82 

100 70 63.03 
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As the speed of the vehicle increases the stopping distance also increases. They are directly 

proportional to each other (see Fig 4.5). 

 

 

Figure 4.5: Combined pedal and existing pedal stopping distance comparison 

 

 4.6 Braking time and stopping distance combined pedal brake system 

As the vehicle speed increases both braking and stopping distance increases (that means they are 

directly proportional to each other) (see Table 4.7). 

 

Table 4.7: Optimized Combined pedal. Braking and stopping distance 

Braking time (s) Vehicle speed (m/s) Stopping distance (m) 

1.36 8.33 8.58 

1.81 11.11 13.41 

2.72 16.66 26.03 

3.17 19.44 33.82 

4.53  27.78 63.03 
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Figure 4.6: Combined pedal stopping and braking distance 

 4.7 Schematic circuit diagram of electronic system 

The two working conditions simulated in the electronic system are normal and braking operating 

conditions (see Table 4.8). 

Table 4.8: Normal operating conditions and braking conditions of a system 

System components Red LED  Green LED  Linear Actuator  

Normal operating condition Do not glow Give light Retracts 

Braking condition Give light Do not glow Extends 

 

The proteus software was used for schematic circuit diagrams. As a result, the operation of 

individual components in the circuit was able to be observed. 

All the system components were functioned as presented in Table 4.8, both during braking and 

normal operating conditions. The Arduino code is compiled as a HEX file and uploaded to 

Proteus. Proteus software is used to test the circuit to check whether the system is working 

properly. POT-HG in the Proteus library generates different input voltages for the 

microcontroller. POT-HG allows the resistance to be changed during the simulation run in 

Proteus. Based on the program developed by Arduino and burned on the microcontroller, the 

simulation model circuit shows the pedal status. Two conditions continuously measure the pedal 

position. The three combined pedal positions are shown in Fig. 4.7. 

The first position is fully depressed position with pedal angle (measured from floor) 170. When it 

is released first it leaves acceleration region by combination of return spring of acceleration rod 

and sensing mechanism spring about 300 from floor. The further release of the pedal does not 

0

50

100

8.33 11.11 16.66 19.44 27.78

Braking and  Stopping distance

Stopping distance Braking time
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have any effect on throttling (stay at released position) as push rod has no any effect on 

accelerating fork. 

(a) Fully depressed position                       (b) Combined pedal released position 

Figure 4.7: Combined pedal fully depressed position (a) and acceleration released position (b) 

Finally, the combined pedal enters the braking region by further release of the pedal beyond 300 

up to 440 measured from floor as shown in Fig. 4.8. During this time the sensor mounted under 

the pedal senses the movement of the pedal in this region as it released and apply the the brake-

on-brake pedal accordingly through brake actuation mechanism (the amount of brake application 

is following the position of pedal release between 300 and 440). At 440 the brake is at fully 

applied position. 

Figure 4.8: Combined pedal fully released position 

Potentiometric sensor 

Push rod  

Accelerating fork  

Accelerator 
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Condition one: When the pedal is in the accelerating region the system shows the green LED 

glow-up. In addition, the combined pedal mechanism is designed in a manner that allows the 

driver to know the pedal position through foot feel as it touches the accelerating fork due to a 

change in pedal resistance. For the wiring and program simulation see Fig. 4.7. Also, for the 

imbedded program see Appendix F. 

  

 

 

 

 

 

 

Figure 4.9: Mechanical condition of Combined pedal in accelerating region  

Figure 4.10: Electronic Circuit Diagram Simulation not braked condition 

Accelerating Region 

Accelerating fork  

Pedal angle 

As pedal pressed down the push rod 

push the accelerating fork down, this 

cause accelerator moves to the left 

as indicated and cause vehicle to 

accelerate mechanically. During 

movement in this region the sensor 

is out of sensing region. Thus, the 

system indicates green LED and no 

braking as long as it is in this region. 

Push rod 

Accelerator 
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Condition two: When the pedal is in the braking region the system shows the red LED glow-up. 

In addition, the combined pedal mechanism is designed in a manner that allows the driver to 

know the pedal position through foot feel as it leaves the accelerating fork due to a change in 

pedal resistance. (see Fig.4.11.). 

 

 

 

 

 

 

 

 

 

Figure 4.11 Mechanical condition of combined pedal in braking region 

 

Figure 4.12: Electronic Circuit diagram simulation during Braking 

Accelerating Region 

Pedal angle 

Braking Region 

Push rod 

Up and down movement in braking region has no effect on acceleration because the push rod moves 

freely (due to change in diameter) in accelerating fork as long as the pedal is in Braking region. During 

movement in this region the foot feel is only by sensing mechanism spring and the sensor senses the 

position of pedal in this region and apply brake through actuation mechanism in accordance of amount of 

release. In this region the shows red LED as shown in Fig.4.12. 

Sensing mechanism spring 

Accelerating 

fork 
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The combined accelerator and brake pedal involves the indicators to inform the position or level 

of the pedal to the driver in addition to a design mechanism that involves a change in resistance 

as the driver enters or leaves the accelerating region. Finally, all of the electrical components of 

the combined accelerator and brake pedal such as; Arduino Uno, position sensor, led, etc. are 

less costly and can be easily replaced. It is designed in a manner that braking is carried out 

without the possibility of error, and without interfering with one function with the other.  
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CHAPTER FIVE 

SUMMARY, CONCLUSIONS, AND RECOMMENDATIONS 

5.1 Summary 

For design of combined accelerator and brake pedal the required information or data are gathered 

from a reliable source. Then after organization, and analysis, modeling and simulation of the 

collected data was made using SLIDWORKS software. Finally, using proteus software the 

simulation of program written in Arduino software was made. 

Combined pedal works using a different sensor and electrical component. The system is 

activated by starting the engine. As a pedal is in the region of the signal to the controller and 

controller controls brake through the stepper motor. If the pedal is out of range the 

microcontroller will not receive any signal and the brake will not be applied. The vehicle is in 

braking condition when the pedal is not pressed. It will first slowly disable braking. Half of the 

pedal play is given for braking in the combined pedal and with no acceleration at this stage. 

When the braking is completely disengaged, by further pressing the pedal it can throttle the 

vehicle. This can be achieved by setting the cable position to the point where the brake is 

completely released. 

In general, Once the pedal is pressed the braking force is released, and when further pressed the 

car will accelerate. To apply the brake on the vehicle the operator has to slightly release the force 

off the brake pedal and an emergency situation he/ she has to take his/her foot off the pedal to 

apply sudden brake. 

 

5.2 Conclusions  

Based on result of the design analysis, motion analysis and simulation: 

✓ The stopping distance at maximum speed and load is reduced to 63m from 70m. 

Therefore, the combined pedal is selected over the conventional one. 

✓  As observed through analysis, combined pedal preferable over existing brake and 

accelerator pedals by reducing collision. so that using a combined one is better than the 

existing brake and accelerator pedals. 



98 
 

✓  All components of the combined accelerator and brake pedal like; potentiometric sensor 

Microcontroller, (Arduino), LED, and stepper motor are less expensive. And also, can be 

replaced easily. 

✓ It designed in a manner that braking is carried out without the possibility of error, and 

without interfering one function with other. 

✓ The combined pedal system is not costly for the implementation on any kind of vehicle 

simply by modifying the accelerator pedal components of the conventional accelerator 

pedal and motor size further, no need of additional skill of driving from driver. 

✓ The combined is the best fit for automatic transmission vehicles, as a result, it reduces 

the foot pedal requirement to only one. 

✓ In general, it covers both the past and future. 

5.3 Recommendations 

✓ During data collection through the visit of Federal Police Commission to collect the 

offices refused to provide data. Therefore, to fix the gap it is necessary to give at least 

one copy of the study. 

✓ It is important if this combined pedal is used in vehicles such as buses, trucks, etc. (those 

involve frequent start and stop). 

✓ The interested researcher can manufacture and assemble the design and interface the 

system to the minibus taxi vehicle.  

✓ The other advantage of the combined pedal could be especially useful for elderly drivers. 

✓ It is the best fit for even Automatic transmission vehicles. 

5.4 Future work 

Additional study of different scenarios related with a traffic accident is recommended related to a 

traffic accident. Therefore, it is better to add the following: 

✓ To implement a combined pedal for the braking system, the design of the existing Engine 

Control Module is needed. So that it takes sensor information and implement it. 

✓ Also, it needs further study so that the driver can select speed through his foot by 

involving a locking system to enable ease of foot control. 
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APPENDICES 

Appendix A: Traffic accident report by different vehicle types (Four year’s) 
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Appendix B: Accident reports of traffic (three year’s) 
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Appendix C: Accident causes by vehicles their output 
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Appendix D: Up to 2012 Vehicle statics in Ethiopia. 
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Appendix E: Parts and assembly drawings for combined pedal and its actuation system 

Table: Properties of components materials for combined pedal (Fischer-Cripps, 2004). 

Components Materials Tensile 

strength 

Yield 

Strength 

Shear 

modulus 

Elastic 

modulus 

Poisson’s 

ratio 

Treadle and 

Base 

Stainless 

steel sheet 

580 Mpa 172.369 

Mpa 

- 1.99e+11 Mpa 0.27 

Push rod Stainless 

Steel 

685 Mpa 292 Mpa - 2.07e+11 Pa 0.27 

Spring and 

Mounting 

bracket 

Alloy steel 723.8256 

Mpa 

620.422 

Mpa 

7.9e+10 Pa 2.1e+11 Pa 0.32 

Collars 

/washers 

Carbon steel 482.549 

Mpa 

248.168 

Mpa 

7.6000 Mpa 2e+11 Pa 0.32 

Knuckle 

pins 

Alloy Steel 723.8256 

Mpa 

620.422 

Mpa 

7.9e+10 Pa 2.1e+11 Pa 0.28 

Sensing bar Aluminum 689.356 

Mpa 

275.742 

Mpa  

2.7e+10 Pa 6.9e+10 Pa 0.33 

Wheel Rubber 20 Mpa - - 10 Kpa 0.45 

Accelerator 

lever and 

Fork 

Aluminum 

(6061) alloy 

124.084 

Mpa 

551.485 

Mpa 

2.6e+10 Pa 6.9e+10 Pa 0.33 
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Part and assembly drawing for actuation system 
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Appendix F: Electronic Circuit and Arduino Code for Proteus simulation 
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Arduino Code for Proteus simulation 

///Udesa Getachew Shunu//// 

#include <Stepper.h> 

// Change this to the number of steps on your motor 

#define STEPS 100 

// Create an instance of the stepper class, specifying 

// the number of steps of the motor and the pins it’s 

// attached to 

Stepper stepper(STEPS, 8, 9, 10, 11);  

// The previous reading from the analog input 

int previous = 0; 

int greenLed = 13; 

int redLed = 12; 

void setup() { 

// set the speed of the stepper motor to 1425 RPMs 

   

  Stepper setSpeed(1425); 

  pinMode(greenLed,QUTPUT); 

  // The determination of output pins 

 pinMode(redLed,OUTPUT); 

  pinMod(3,OUTPUT); 

  pinMode(2,OUTPUT); 

  digitalWriter(3,HIGH); 
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 // Continuously working Arduino pins  

  digitalWrite(2,HIGH);     

  //To operate L298 motor driver 

  Serial begin(9600); 

} 

void loop() { 

  // Get the potentio sensor value 

  int sensorReading = analogRead(A0); 

  // Asigniin arduino pins for sensor reading 

int step=map(sensorReading,0,1023,0,STEPS);   

  // Mapping sensor total step to sensor readings 

 // Move a number of steps equal to the change in 

  // sensor reading 

 stepper.step(step - previous); 

  // Remember the previous value of the sensor 

  previous = step; 

 if (sensorReading > 0 && sensorReading < 1023) 

{ 

  digitalWrite(redLed, HIGH); 

  digitalWrite(greenLed, LOW); 

} 

else { 

  digitalWrite (greenLed, HIGH); 
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  digitalWrite (redLed, LOW); 

} 

// determination cases for LED operation 

Serial.prinln("sensor reading="); 

Serial.println(sensorReading); 

Serial.print("Step="); 

Seral.println(step); 

} 


